THE CONVENTION CITY.

Atlantic City is unique among the pleasure resorts of this
country in that it receives and entertains guests during the
entire year. Annually between 6,000,000 and 8,000,000
people visit Atlantic City expecting to be amused or to find
benefit in the climate. The city has no factories or no ship-
ping and none of the large industrial enterprises to which other
communities lay claim. It tries to forget the existence of those
institutions in which men toil and labor. In doing so it the
more successfully succeeds in affording relief to those who
wish to escape business cares and worry.

But Atlantic City does boast of its hotels, and it may right-
fully do so, both as to number and quality. Of the hotels
there are twenty-two that have a capacity of more than 500
people each, and these, together with the 900 other licensed
hotels and boarding houses, have a total capacity for about
300,000 guests. Few cities can boast of better accommoda-
tions than they afford.

But the hotels and even Atlantic City itself are incidental
to the Boardwalk. This cosmopolitan thoroughfare, which
varies in width from 20 ft. to 60 ft. and which stretches for
five miles along the beach, has an inexplicable fascination for
and leaves an indelible impression on every visitor to Atlantic
City. Probably the explanation lies in the fact that the
proximity of so many others, all on pleasure bent, the large
shop windows in which everything is enticingly arranged to
attract the attention of the purchaser, and the wide expanse
overhead, and eastward in the direction of the ocean, combine
to turn one’s thoughts from himself and drive dull care away.

The roller chair is a feature of the boardwalk to the same
extent that the walk itself is a feature of Atlantic City. These
chairs are always in readiness for those who have spent too
much of their energies in battling with the waves while in bath-
ing or in keeping their place for several hours in the continuous
promenade along the ocean. There are more than 1300
roller chairs licensed by the city, and to the observer it appears
that the entire number passes him during an evening promenade.
The boardwalk, it may be added, was constructed by the
municipality at a cost of $300,000.

One cannot help but reflect on the amount of money left in
Atlantic Gity annually by the horde of visitors. An official
estimate places it at $110,000,000. Assuming that there
are 6,000,000 visitors annually, this would allow of each
visitor spending about $18. The estimate has every appear-

ance of being a conservative one. The amount in the aggre-
gate seems a prodigous sum, but no doubt it would be much
less than the money value of the benefits derived by the visitors
could a price be placed on improved health, clearer brains and
rested nerves.

Atlantic City of course owes its existence to the ocean and
to the gradually descending beach which causes the surf to
roll in a manner which is peculiarly fascinating to the observer.
Almost every wisitor during the summer season comes with
firm resolution to spend at least a portion of the time each day
in the water, and usually does so. During the height of the
season there are often as many as 40,000 people on the beach
in bathing suits at one time. A few bathers may be found in
the water during the early morning hours and some venture
into the ocean after dark, but the throng begins to appear
about 10 o’clock in the morning. From this time on the
beach is crowded until evening, when all return to their hotels,
to sally forth soon afterward on the boardwalk or to patronize
some of the many amusement features which are to be found
on the several steel piers.

Those who care to stray from the influences of the beach,
the boardwalk and the piers will find many other pleasant and
wholesome ways of spending their time.

In the inlet at the northern terminus of the boardwalk are
small steamboats, sailboats and tugs which can be engaged for
excursions along the shore or for fishing trips out into the ocean,
while those who are too timid for either of these pastimes may
enjoy a sail over the waters of the Thoroughfare, which divides
the island on which Atlantic City is located from the main-
land.  Still others prefer to drive on the Speedway, which con-
tinues seven miles from Albany Avenue to Seaview, or on the
several highways which extend to Longport, South Atlantic
City, Lighthouse and other nearby points of interest.

A very pleasant trolley trip may be had by taking the elec-
tric cars which traverse the ocean front and extend from the
Inlet at the northern end of the island through Chelsea, Ven-
tor and South Atlantic City to Longport, where the trolley is
met by a steamboat on which the trip may be continued across
an inlet to Ocean City. Another trolley trip may be taken
across the Thoroughfare to Pleasantville and to Somers Point
on the mainland, and thence to Ocean City over a long trestle
which has recently been completed. The Country Club,
located at Northfield seven miles away, affords every opportu-
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nity for golf and other outdoor sports at all seasons and can
be reached by trolley at any hour.

Many visitors undoubtedly leave Atlantic City under the
impression that it consists wholly of the boardwalk, the beach,
the hotels, the bathing pavilions and souvenir stores. But such
is not the case. Behind what can be seen from the shore
there is in fact a well planned and carefully built city with 40,-
000 permanent inhabitants who have their work and their
business institutions just as do residents of other cities.

The city has five national banks and three trust companies
with aggregate deposits of $8,500,000. There are ten
public school buildings with about 150 teachers and 5800
pupils. Of churches of all denominations there are thirty.
The police department consists of 100 members, the fire de-
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is owned by the Pennsylvania Railroad Company, there are
three electric railway systems in and about Atlantic City.
The Atlantic City Electric Railway extends the full length

of the island on which Atlantic City is located, from the-inlet-

on the north to the landing opposite Ocean City on the south.
It is owned and operated by the Pennsylvania Railroad.
There are seventeen miles of track and the passenger equipment
consists of twenty semi-convertible and thirty-five open cars.
The repair shops are at Main and Arctic Avenues.

The Atlantic City & Shore Railroad extends from Vir-
ginia and South Carolina Avenues across the Thoroughfare to
Pleasantville and thence to Somers Point. -An extension un-
der the name of the Atlantic City & Ocean City Railroad is
being built across Egg Harbor to Ocean City. For a portion
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MAP OF THE HOTEL DISTRICT, ATLANTIC CITY

partment of 140 men and the city beach patrol or life saving
corps is composed of 55 guards.

The city’s water supply i1s obtained partly from ffteen
artesian wells, which supply 4,000,000 gallons of water per
day, and partly from a cedar-grown protected watershed on
the main land. In August the daily consumption is over
10,000,000 gallons, exclusive of that of many of the larger
hotels, which obtain their water from private artesian wells.

Sixty miles of sewer pipes carry sewage to a common sta-
tion, from which it is pumped up into the Thoroughfare sev-
eral miles back of the city. By this method the water of the
bathing beach is kept pure, as has been proven by repeated
analyses.

ELECTRIC RAILWAYS

Exclusive of the West Jersey & Seashore Railroad, which

of the distance between Pleasantville and Atlantic City the
cars are operated over the tracks of the West Jersey & Sea-
shore Railroad, and for this reason the cars are equipped with
third-rail shoes. On the mainland catenary construction over-
head is used.  Current for operating the line is purchased from
the West Jersey & Seashore Railroad. The high tension lines
from the power station at Westville are carried to a rotary
converter sub-station belonging to the Atlantic City & Shore
Railroad at Somers Point. The run between Atlantic City
and Somers Point, a distance of fourteen miles, is made in
thirty minutes.

The Atlantic City & Suburban Traction Company also
operates between Atlantic City, Pleasantville and Somers
Point. The road has seventeen miles of track and twenty-two
The power station and shops are at Pleasantville.

cars.
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THE SCOPE OF THIS ISSUE

It seems a far cry from the Richmond road of 1888, with
its two 7!/-hp motors per car hung on the underframing, to
the powerful electric locomotives which are now hauling trains
of twelve or more heavy Pullman sleepers out of the Grand
Central Station in New York—to the high-speed motor trains
which are carrying more passengers between Camden and At-
lantic City and on the electrified portions of the Long Island
Railroad than were ever transported by their steam predeces-
sors—to- the single-phase leviathans of the New Haven and
Pennsylvania railroads, and to the latest developments in elec-
tric traction locomotives in England and on the continent of
Europe. The past nineteen years, which have been crowded
with developments in other branches of engineering, have con-
situated practically the entire history of the modern electric road.
Starting almost as a toy at an exposition it soon developed into
the street railway as we know it now, then into the suburban
extension of the city system, then by almost insensible grada-
tions into the interurban road which is familiar to readers of
this paper. From this point the advance to heavy electric
traction was a rapid one.

Practically all of the electrified steam railroads in this coun-
try have been described in the technical press at the time or
soon after they were placed in operation. A list of the most
important of these articles which have appeared in the Street
Railway Journal is presented below. In this table the elevated
railways which have been converted from steam to electricity,
like those in Brooklyn and New York, have been omitted.

TRUNK LINE RAILWAYS FOR TRUNK LINE CONDITIONS
Present Length Reference to

: o STREET RAILWAY
Name of Company. Route.  Track. JOURNAL.

N. Y. Central (N.Y.Zone) 17 85 Vol 26, 336, 600,
837, 872, 920.

N.Y,NH &H......... 22 100 Vol. 27, 558;
Vol. 30, 242, 278,

308.

Baltimore & O. (Belt Line) 4 8 Vol. 21, 398, and
earlier issues.
Long Island Railroad...... 42 97 Vol. 27, 323, 536,

806, 936, 968.
TRUNK LINE RAILWAYS FOR BRANCH LINE CONDITIONS
Pennsylvania Railroad—

West Jersey & Seashore. 74 150 Vol. 28, 928
N.Y,N H. & H—

New Canaan Division.. .. 8 8 Vol 14, 540.

Providence-Warren-Bristol 24 44 Vol. 19, 225.

Middletown-Berlin ...... 17 17 Vol. 30, g12.
Erie R. R—Port Morris Br. 34 34 Vol. 28, 1091.
West Shore R. R.—

Utica-Syracuse .......... 44 105 Vol. 29, 996.
Boston & Maine—

Concord & Manchester... 164 1612  Vol. 20, g21.

INDEPENDENT LINES, OPERATED BY STEAM OR ELECTRIC
RAILWAY COMPANIES

Albany & Hudson.......... 37 37 Vol. 17, 141.
Cincin.,, Geo’twn & Portsm’th 53 56b Vol. 21, 286.
Evansville, Sub. & Newburg. 28 28 Vol. 29, 446.
North Shore, California... 12 24 Vol. 23, 4, 56.
Lockport Line—Internation-

al Railway, of Buffalo... 134 134  Vol. 14, 535.

b, partly operated by steam.

These articles, as well as most of those which have ap-
peared elsewhere in the technical press, have described the en-
gineering features of the roads as they were when completed

and turned over to the operating department of the railroad
company. here has been a dearth of information, however,
as to the practical operation of these roads. It is as if the
constructional features only are of interest to the engineer and
manager and that the question of operation is a minor detail.

This is very far from the fact and it is the intention of this
paper to supply this omission so far as the most conspicuous
examples of the recent changes from steam to electric traction
are concerned.

For this reason a careful study has been made of the elec-
trical engineering operating practice of the New York Cen-
tral & Hudson River Railroad, the Long Island Railroad, the
West Jersey & Seashore Railroad and the West Shore Rail-
road. As the New York, New Haven & Hartford Railroad
was described so recently in these columns no attempt has
been made to take up the electric operating practice of this
company so completely as in the case of the other roads men-
tioned, but the use of single-phase locomotives adds such an
interest to the practice of this company that it has been deemed
wise to take up this matter in considerable detail. Additional
information is also presented of the electrified division of the
Erie Railroad between Rochester and Corning to supplement
the article on this subject in the second section of this issue, and
of the Interborough Rapid Transit Company in its power sta-
tion department. It is thought that this account will be of in-
terest in this connection because of the similarity between its
conditions and those of the electrified steam railroads already
mentioned.

Finally an article from the pen of Philip Dawson discusses
the progress being made abroad in heavy electric traction, par-
ticularly in the field of single-phase motors. As will be seen
from Mr. Dawson’s review of the subject, European engineers
and managers are fully alive to the possibilities of electric power
on their steam roads. Probably the most ambitious plans at
present being formulated in this direction are those of the

Swedish Government, whose extensive trial of electric power

receive ample discussion in Mr. Dawson’s paper. Germany,
Switzerland, Italy and England, however, are not far in the
rear of their Northern neighbor and are engaged in electric
traction work of the greatest importance.

In many respects it is believed that this compilation will be
of great value not only to the steam railroads which are con-
templating or have contracted for electrical equipment but also
to the electric railway companies of the country. The man-
agements of the latter have worked out their problems along
certain lines, but as the high-speed electric road is the out-
growth of the city line it is not surprising that the conclusions
reached should have been different from those obtained when
the same question is taken up from the steam railroad stand-
point, and when the electric road in question is operated as a
part of a large trunk line system.

The editors and publishers of this paper take this occasion
to express their sincere thanks for the courtesy and co-operation
of the engineers and managements of the different lines whose
practice is described, in the preparation of these articles and the
compilation of the data contained in this issue.



GENERAL FEATURES OF THE NEW YORK CENTRAL
ELECTRIFICATION

The New York Central & Hudson River Railroad Com-
pany’s terminal electrification at New York City, including the
northern suburban zone tributary to the metropolis, involved
the solution of engineering and operating problems of unpre-
cedented magnitude before commercial electric train service
could become a reality. The far-reaching scope of the changes
required in the physical equipment of the road has already been
outlined by the design and construction articles printed from
time to time in the columns of the Street Railway Journal.
Nothing less than the complete reconstruction of the Grand
Central terminal as a whole is required, with the building of
a new double-level station for the reception and dispatch of
trains; the construction of new streets over depressed electrified
tracks; the installation of a complete system of power plants,
transmission lines and sub-stations arranged for reliable and
flexible operation, and the placing in service of a third-rail
distribution system capable of meeting the demand for con-
tinuous service under all conditions and emergencies which
can be anticipated. The substitution of the electric motor for
the steam locomotive in the local and through train service of
the road demands the solution of numerous problems in rolling
stock design, operation and maintenance—problems which in
many instances can be settled only by the test of service. The
fundamental necessity in the construction period has been to
carry out the momentous changes at issue with a minimum
interference with traffic, and the essential requirement in the
present period of initial operation is to give as good service, if
not better, than was given with steam locomotives, leaving the
accomplishment of minor economies to be worked out in a
gradual way as each month goes by.

Although at this writing the electric train service of the
New York Central extends only as far as High Bridge on the
Hudson River Division and to Wakefield on the Harlem Divi-
sion, the general operating features of the electrical zone are
well determined. The organization has been built up with
the idea of giving safe, reliable service under all possible an-
ticipated conditions. The ample provisions made for emer-
gencies can be followed through every root and branch of the
system. While some of these provisions are doubtless of a
tentative nature, the magnitude of the traffic demands a fixing
of responsibility in the operating organization, a definite ap-
prehension of limits of authority, and a crystallized knowledge
of the proper course in emergencies and in routine duties which
would be entirely out of place in a small system.

It must be borne in mind by the reader that the operating
methods described in the following articles are not necessarily
final in themselves. The temporary terminal facilities now in
use at the Grand Central Station and at Lexington Avenue
cannot be selected as a basis for estimates of the operating sit-
uation in the permanent terminal station, but from the stand-
point of the electric railway engineer, the temporary solutions
of such problems are as interesting as the final ones.

Construction and train operation in the electrical zone,
which will ultimately extend from the Grand Central Station

to Peekskill on the Hudson River Division and to North White
Plains on the Harlem Division, are in charge of the Electrical
and Operating Departments of the company. In so far as the
operating routine comes under the head of train movements and
service, it falls under the immediate jurisdiction of the operat-
ing department; and in so far as the operating routine concerns
the provision of adequate power and the maintenance of elec-
trical rolling stock in proper condition for service, it falls with-
in the jurisdiction of the Electrical Department.

ORGANIZATION OF ELECTRICAL DEPARTMENT

The chart published on the opposite page shows the
general organization of the Electrical Department as developed
by Mr. William J. Wilgus. A Vice-President of the com-
pany is in charge of the work of the Department and next in
command is the Chief Engineer of Electric Traction. Four
heads of departments report directly to the Chief Engineer of
Electric Traction, namely, the Electrical Engineer, the En-
gineer of Power Stations, the Superintendent of Power and the
Superintendent of Electrical Equipment. The work of the
Electrical Engineer is largely of a designing and constructional
nature, as can be seen by the make-up of his subordinate force.
The Engineer of Power Station’s duties in a similar manner
cover the field of power station design and construction. The
Superintendent of Power 1s responsible for the supply of elec-
tricity to the third-rail and his jurisdiction begins at the coal
pile and ends with the dclivery of power to the rolling stock at
the third-rail. The Superintendent of Power has charge of
operating matters rather than construction work. The Super-
intendent of Electrical Equipment is responsible for the main-
tenance of electric rolling stock and operation of repair shops
and inspection sheds. The employees reporting to him in-
clude an Assistant Superintendent and a clerical force in addi-
tion to men on the road and in the shops.

The chart published on page 542 illustrates the organi-
zation of the force at each power station. Reporting to
the superintendent of the station are a small clerical force and
three watch engineers. The functions of the different subor-
dinate employees are clearly shown in the diagram.

Detail organization sheets covering each subdivision of the
electrical department have been prepared to enable the Chief
Engineer of Electric Traction and the other heads of depart-
ments to keep a continuous and simple record of the status of
their working force. Three of these are shown on page 543
and one other 1s reproduced later in this issue in connection with
the discussion of ‘‘Maintenance of Rolling Stock.” An im-
portant feature of these detail organization sheets is a tabula-
tion made up each month, summarizing the force on the pay
rolls as compared with the force of the previous month and
showing the authorized number of employees, their total salaries
and the number of employees who are estimated as necessary
for the month to follow. This method is described in detail in
the chapter on maintenance of rolling stock.
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POWER STATION PRACTICE OF THE
NEW YORK CENTRAL

Two power plants have been built to furnish current to
the electrical zone of the New York Central, one being located
at Port Morris and the other at Yonkers. In salient features
these stations are duplicates, each having an ultimate capacity
of 30,000 kw normal output at full rating. The Port
Morris and Yonkers stations were described in the Street
Railway Journal of Nov. 11, 1905, and Nov. 3, 1906.
The operating organization of each plant provides for an
elastic service capable of current supply separately or in mul-
tiple to the various transmission lines and rotary converter
substations, meeting routine and emergency conditions with
positive assurance of successful cooperation. The distribu-
tion of power and to some extent the operation of the main
generating plants are supervised by a highly developed load
despatching system, described under the caption ‘‘Distribution
System.””  This feature of the work and the scientific methods
of analysis practiced in the power plant production processes
are of peculiar interest in connection with the general relia-
bility and economy of the power supply. So far as the
generation of power is concerned the station routine follows
practice accepted in the heaviest central station work, but at
every stage the question of continuous service is paramount.

The Port Morris power station was started in May, 1906,
and it has thus far supplied all the current necessary for train
service, both preparatory and commercial. The first trial train
was operated in July, 1906, and the first regular electric train
was run intc the Grand Central Station on Dec. 11, 1906.
Since July 1, 1907, all the New York Central trains have
been electrically operated into and out of the Grand Central
Station and the Lexington Avenue temporary terminal. The
Yonkers station is practically in readiness for operation.

Sixteen 625-hp boilers have now been installed at Port
Morris, the ultimate capacity of the station being twenty-four
boilers of this size. Four 5000-kw turbines have been in-
stalled, each machine consisting of a Curtis-General Electric
five-stage, three-phase, 25-cycle, 11,000-volt unit of the re-
volving field type. Six turbines constitute the ultimate station
equipment at each plant. The Port Morris station is 237
ft. long, 167 ft. wide and 105 ft. high. It has the Custodis
stacks, each 250 ft. high above the grates and 15 ft. 6 ins.
in diameter. The turbine room at Port Morris is 231 ft.
8 ins. long by 69 ft. wide, the boiler room being 88 ft. wide.
All high-tension switching at each power station is effected
in a separate switch house. This building is 100 ft. long by
50 ft. 10 ins. wide at Port Morrs, and at Yonkers, on
account of the fact that it is combined with a rotary converter
substation, the switch house is 255 ft. 4 ins. by 37 ft. 4 ins.

COAL HANDLING

The coal burned at Port Morris is of the semi-bituminous
variety from Clearfield County, Pa. A typical analysis 1s
presented under the caption ‘“Work of the Engineer of Tests.”
This coal is delivered at the power station by water, although
in case of necessity it can be delivered by rail, and the same
conditions apply at Yonkers. The capacity of the coal barges
which deliver at Port Morris varies from 400 to 700 tons
each. Aside from the hoist for unloading coal from the boats,
which is handled by steam, the coal handling apparatus is all
driven by electric motors.  The conveyors are driven by 220
volt three-phase induction motors varying In capacity from
71/ hp for the ash conveyor to 40 hp for the coal crusher and
conveyors.

Coal delivered by boat is elevated by means of a hoisting
towei to a hopper over the car tracks, whence it is delivered
to the crushers. From the crushers the coal is fed to an elevat-
ing conveyor of the bucket type which carries it to a point
above the bunkers, whence it is distributed by four scraper
conveyors acting independently. From the coal bunkers the
coal is discharged to the hoppers of the stokers through cast
iron chutes and distributing aprons. The ashes fall from the
grates to hoppers below, which discharge into hand push-
cars of one ton capacity. These dump their load into con-
veyor hoppers in the basement underneath the boiler room
and the ashes are carried up by malleable iron bucket con-
veyors to storage bins over the trestle where they are loaded
into cars. A gang of ten men is busy looking after the coal
and ashes all the time. The coal conveying system is run
about 10 per cent of the time.

There are three coal bunkers above the boilers, the capa-
city being 4800 tons, and in addition there is ample yard
room for storage in case it is needed. About 2500 tons
are usually kept in the bunkers. In case of fire in a bunker
the coal is used from that bunker as quickly as possible and,
if necessary, the coal is run out of the bunker, wet down and
returned to the bunker; however, there has been but little
trouble from bunker fires.

Calorimeter tests and chemical analyses are made in the
testing department laboratory of the fuel used, four or five
samples being taken from each barge load. A Parr calor-
meter is employed, and both proximate and ultimate analyses
are made if necessary.

STACK AND FUEL GASES

Each of the two chimneys is of the Custodis radial brick
type, and is 250 ft. high above the grates and 15 ft. 6 ins.
in diameter. Twelve boilers are operated on one stack and
four on the other. The draft averages about 34 in. An
automatic CO: recorder is used in the boiler room; fre-
quent analyses of flue gas are also made with the Orsat
apparatus.

BOILERS

Each of the sixteen boilers at the Port Morris station has
6250 sq. ft. of heating surface and 112 sq. ft. of grate sur-
face, with a total superheating surface of 1230 sq. ft. The
boilers are equipped with Roney stokers and each stoker
engine operates four stokers in normal operation, but eight can
be run per engine in case of emergency. The boilers have an
overload capacity of 50 per cent for 24 hours and 175 lbs.
per square inch pressure is used in regular operation. Super-
heated steam is employed for the turbines and all the auxiliar-
ies, the average superheat being about 150 degs. F.

The boilers are usually operated on a common header, but
if desired, when the load increases the station can be operated
on the unit system. To take care of the latter procedure the
apparatus in the station is divided into groups. Each group
consists of four boilers, one feed pump and feed water heater
and a complete condensing plant.

The maximum load of the plant so far is carried on six
boilers. Only one turbine is operated at present, except at
times of peak load, when two machines are in service.
Twelve hundred and fifty kw per boiler can be carried on the
turbine continuously.
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FEED WATER

The feed water enters the boilers at a temperature of 212
degs. F. Croton water is used for boiler feed and very little
scale forms. The boiler drums are cleaned about twice a
year and the tubes once in three months; a turbine cleaner is
used for cleaning the tubes. No oil 1s allowed to enter the
water supplied the boilers.

COAL AND WATER CONSUMPTION

The usual rate of combustion varies from 28 to 29 Ibs. of
coal per square foot of grate surface per hour at times of
heavy load. The monthly coal consumption under present
load conditions averages 2.9 lbs. per kw-hour. About 100
tons of coal are burned daily at present, the amount of ashes
averaging about 15 per cent to 20 per cent in weight.
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The load factor of the station in July, 1907, averaged
44.4 per cent on a 15-minute peak assumption. At time
of writing this article the load on the plant was increasing on
account of the addition of electric trains on the New York,
New Haven & Hartford Railroad.

TURBINE AUXILIARIES

The concrete intake line for the circulating water of the
condensing system is protected by a double screen at the outer
end. No trouble was experienced with ice at this point last
winter. The intake racks are cleaned once daily and the
screens three times a week. In starting the centrifugal pumps
which supply the circulating water to the condensers the
pumps are primed from the dry air pump. The circulating
and dry air pumps are steam driven, but the hot well pumps are
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TYPICAL WEEKLY POWER STATION LOAD, PORT MORRIS STATION

The water consumption of the plant averages about 8 Ibs.
per kw-hour. This includes the water required for auxiliary
and general uses, exclusive of lavatories. It is estimated that
from four to five pounds of water per kw-hour are required
for make-up in connection with the turbine operation, when
the condensing system is tight.

OUTPUTS

The total kw-hour output of the Port Morris plant from

March, 1907, to July, 1907, was as follows:

IVALCIT o056 oin i e oo e o eere ne e o ot o o 1,687,730
ADIIl mmsnnsmsmsamom s s siass s ma s s 1,093,050
May ooagemons S e § W 4 S W Y R 1,790,000
Lt I s i s =l e el 2§ 51 1,717,020
July ool SOSTETRELE ...1,036,060

motor driven. Practically the only head against which the cir-
culating pumps work is that due to the pipe friction, as the
discharge 1s below the water level. The capacity of each
pump is 18,000 gals. per minute against a head of 20 ft. at
250 r. p. m. The minimum temperature of the circulating
water during last winter was from 30 to 31 degs. F. and the
maximum summer temperature is about 65 degs. F. The
average temperature of the discharge is from 6 to 9 degs.
higher than that of the intake.

OIL

Three grades of oil are used in the plant; first, a high tem-
perature cylinder oil adapted to operation at 175 lbs. steam
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pressure and 200 degs. superheat. This 1s used in recipro-
erating engine cylinders; second, ordinary engine oil used gen-
erally in the bearings, and third, crank case oil used in the
stoker engines. The oil consumption in July, 1907, was
216 gals. of cylinder oil, 101 gals. of engine oil and 10 gals.
of crank-case oil. A gravity oiling system is in use, two storage
tanks being located at the roof level. [Each machine is sep-
arately piped for both cylinder oil and engine oil. The oil is
cooled mainly by circulation through the power house and 1s
filtered by two Turner oil filters which both strain and wash it.
TURBINE OPERATION

The turbines are warmed up previously to starting if there
1s time. About fifteen minutes are required for this work.
In case of emergency a turbine can be brought up to speed in
two minutes from the cold state and placed in service in
three minutes, all told.

In starting a turbine, the switchboard operator notifies the
watch engineer in charge of the shift when another umt is
needed. An emergency machine is kept standing ready all
the time with water circulating through the condenser at half
speed in the pump. One short blast on the turbine room
whistle calls the turbine operator’s attention to the switchboard,
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In shutting down, one whistle calls the attention of the
watch engineer or the turbine operator. The number of the
machine to be withdrawn from service is struck on the bells at
the turbines from the switchboard. The throttle is partially
closed and at the same time the switchboard operator lowers
the load by means of the field rheostat and also by the motor-
controlled governor. When the throttle is nearly closed the
turbine operator signals the switchboard operator and the
generator switch is opened.

When the load is above 5000 kw for one hour, a second
turbine is cut into service and the same thing is done after the
load is above 6000 kw for a few minutes. The maximum
sustained overload usually permitted is about 20 per cent for
one hour.

The turbine step bearings each require from 8 to 10 gals.
of water per minute for lubrication. It takes about three-
quarters of an hour for a turbine to come to rest after steam
is cut off, with full field on and two hours without the field.

The repairs of the turbines as compared with reciprocating
engines have been very much lower. None has been required
to the wheels or wheel casing; the bearings also have given
little trouble. Spare armature coils, valve fittings, governor
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and by means of a speaking tube, which connects the operating
gallery with the main floor of the power station, he learns what
is wanted. The turbine operator is then ordered to bring the
machine up to speed, by the watch engineer, and this is done
by opening the throttle to 10 or 15 lbs. pressure, as indicated
by the first gauge.
In addition to the speaking tube and whistle, pilot lamps
are provided for connection between the switchboard gallery
and the operating gallery of the turbines, a bell calling the

attention of the attendant at either end, to the lamps. The
whistle signals are as follows:

One short blasts s omsninsnmsniminrinsp Calls turbine operator
Qe lonSblast. oo osspinipien eimetyss Calls watch engineer
Two short blasts............ Indicate machine phased in or out
ALt eEs eliteine S cammnzn0 00000060 5050 3.5 090 Call dynamo man
One short and one long blast........... Call electrical operator
Two short and one long blast........ Call boiler-room foreman
Fout short blastsi:as qs.ams s s« Call all hands for emergency

The machine, after being started, is synchronized at the
switchboard and placed in service. Two whistles are then
blown, notifying the turbine operator that the machines are
tied together, and immediately the throttle is opened wide, the
new turbine taking its share of the load. Normal excitation
1s used in starting.

LOAD, PORT MORRIS POWER

STATION

parts, field-ring brushes and similar small supplies for the tur-
bines are carried in storage against emergencies.

EXCITER SYSTEM

The exciter system operates at 125 volts, power being fur-
nished from two 150-kw Curtis turbines and one 150-kw
motor generator. In addition to these a battery having a
capacity of 1200 amps. at the onehour rate is provided.
The exciter turbines are of the horizontal type, two-stage,
2000 r. p. m., and operate non-condensing, the exhaust from
them being used for heating the feed water. Two direct-
current bus-bars are provided so that the crane motors and
any other direct-current load can, when desired, be operated
on a separate machine from that used for field excitation. A
200-hp, 220-volt, three-phase induction motor is used for
driving the motor generator set. The exciter battery consists
of seventy-four cells, each containing 21 type “R” plates and
has a capacity of 1200 amps. for one hour. It will fur-
nish sufficient current for exciting the fields of four 5000-kw
generators for about four liours.

SWITCHBOARD

The entire electrical equipment in the station is controlled
from the switchboard gallery on one side of the generator
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room. Enclosed in a glass booth in the center of the gallery
is the main operating board, on either side of which are sep-
arate boards for controlling the exciters. The lamp and motor
circuits in the station are controlled from
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motors; two 1/5-hp motors driving battery end cell switches;
forty-five motors of .9 hp each for operating oil switches; and
four motors of 14 hp, each for operating generator field

Form E. D. 1§—W HOCo,~7-06—750

smaller switchboards situated at either end of
the operating gallery and the field panels are

New York Central & Hudson River R. R. Co.
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located outside the operating booth on each et Fromita .
side.
In the switch house two sets of high-tension DAILY REPORT Turbine No.. % ... Dater.. FGt 0L
bus-bars are provided, one being divided into S,
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house. With a few exceptions, all the incan-

descent lamps in the station, about 1000 in

number, are fed with alternating current, although the lamp
circuits are arranged so that they can be thrown on the ex-
citer bus-bars should occasion require.

AUXILIARY MOTORS

A large number of small motors is in use in the Port Morris
plant for auxiliary purposes. These include one 15-hp ele-

E D 12—WHCCo.~2.07—1750
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rheostats. All of these motors are 125-volt direct-current
machines.

The alternating current motors in the plant are wound for
220 volts and are all of the three-phase induction type; these
consist of two 30-hp coal crusher motors, one 15-hp and two
20-hp motors driving scraper conveyors, and one 7}/-hp ash

conveyor motor; one 15-hp motor for driving winch used in
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vator motor; four crane motors of 25,50,71%,25 hp; four con-
denser hot well-pump motors, 10 hp, each run on the exciter-
bus as a provision against shutdowns; four 1/6-hp governor

hauling cars along coal trestle, one 40-hp and one 7};-hp
motor driving air compressors; four |-hp driving sump pumps;
one 3-hp driving house pump, and one 7!/%-hp motor driving
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fan In connection with heating and ventilating of the switch
house, also several small fan motors.
MACHINE SHOP
The Port Morris power station is equipped with a first-
class machine shop located on the north gallery of the turbine

"Fern & D. §=WHOCO—2-07--600
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duty in case emergency repairs are necessary. This shop has
been of considerable value in making the final adjustments and
slight changes required in the plant during the construction
period, and in the early months of regular operation.
STORE ROOM

On the gallery near the shop is a store room where pipe
fittings, valves, packing, gaskets, nuts, bolts, cutters and tools
are kept. Each machinist is provided with several numbered
brass checks which he exchanges for tools when he wishes to
draw them out of the store room for use. At a conspicuous
place in the store voom is a check board fitted with num-

No.t Ne2 | to.3 | Nov: | bered hooks, each number representing a specific tool. In
il e v borrowing a tool from the store room the machinist leaves his
loure each turbine is in scrvice In: = . .
o . brass check on the correspondmg hook. By this arrange-
Max. load carried - s 3v.5 .
ment the total number of tools out at any one time, the num-
Ave. temp. ateam at throttlo 513 S o .
ve.tenp. icam at thrtt ber of tools of the same kind which are out, and the num-
Ave.guige prasine st thot] 52 > bers of the men who are using them, can be observed at a
Ave e in wches 285 e glance. There is also another store room on the turbine-room
Ave.temp.candecuing water, It & 7 gallery which contains electrical supplies, including lamps,
* , Outlet " ki
R —— gr . FORT MORRIS FOWER STATION WATER METER AZADINGS
. 97 N.Y.C & H.R. R. R. CO. TiME. OATE, 190_
hot nell - e ——
METERS WO, e e | U EReT [CUBC T or® | oierennce | mone on Less
feed watoy A1 Atz Boulevard 8278546 T
Boulevard N. 278848
B
e e g
“House Tank 263704
Total Cubin Fout Passed Boylovart Mutars Bouvlevard Mators Lbs.
Totat Cublo Feot Passed Powar Houso Meters Powar Houss Lbs.
Passed House Tenk Moters Houso Tenk Lbe.
Total Cublo Fast Paseed Powss House 8nd Houss Tenk Meters Filing Yerd Tenk Los.
Maz. no. boilers fn service &= Boiters bunked but 5ot up to pressure  f Total Cublo Feot Pazsad Fllling Yard r.n: Ne Loa.
o o e et iy
Total oo, of boiler hours 73 Watar In N. Yord Tank { e { s H
: Waterin 8. Yard Tunk Fu ton.
Ave. temp. city water = “REMARKS
Water passed city moter—ibe. 1071, T80 Water passod bouse méter—Iba, 1,027 TR
Amt. witer in storage tanks—iba.  North taok Yo% 78y -Somhtank Y 78Y WATER METER RECORD
& L JAY 8 % e/ N
Ave. temp. Bue gas in uptakes
" poroent. €. 0.21n B gus New York Central & Hudson River R. R. Co.
= barometer reading 3ot
- DAILY COAL AND ASH REPORT POWER STATION
Tons ¢oal in bunker No. 1 623 No.2 In3 No.3 (%o Total /986
5 ' Date
Tons eoal in care In barges Total coal oo haod /754 -
¢ - Coal in Bunker No.}.—Tons
Tons ashes remaved . 2$™ Yomtm m 0wl fmeg M ¥y Yy Coal In Bunker No. 2.—Tous
Machines down for repairs Coal in Bunker No.3.—Tons
TOTAL
Coal on Cars in Yard
No. of men working' /o' Coal on Boat in &lip
= Coal Unloaded Today
Ramerks Ashes Removed Today
Pl M 7&.. 76 %v0
fr VR . o TRy T
2 GET No. of Men on Coal and Ash Handling: DAY NIGHT
fer 75 2pc
T o, Signed

DAILY REPORT OF BOILER AND TURBINE OPERATION

Form E D. 86— BOCo.—2-07—1200

room below the main operating switch-

DAILY COAL AND ASH REPORT

New York Central & Hudson River R. R.

board.  All the machine tools in this shop ELCTRIC DVISION. (B, P
are driven by direct connected motors. soiLcs N senvice x DAILY BOILER REPORT

The shop is well lighted by north windows RS S LY C— Do S £ SV
and is accessible from the main traveling TR e S P i Feiam
crane of the station. The equipment con- - S I o e e Sl

sists of one 48-in. Prentiss radial drill

driven by a 5-hp 125-volt motor; one

24-in. Gould & Eberhardt shaper, driven 1

by an 8-hp motor; one Blount emery

wheel, and one 24-in. Davis drill, driven Sianed .

by a 2-hp motor; one 30-in. Lodge &

Shipley lathe, driven by a 10-hp motor;

one 16-in. Lodge & Shipley lathe, driven by a 4-hp motor;
and one National bolt cutter, driven by a 3-hp motor. Speed
controls are provided for each machine on the machine frame
and the lathes are provided with controls on the carriages. On
the north side of the shop is a bench where hand work is car-
ried on. Three regular machinists devote their time to the
work of the shop in the day time. At night one man is on

WATER TENDER

DAILY BOILER REPORT

fuses, carbon, brushes, and wiring fittings, compactly disposed
in tiers of labeled compartments. Beneath the boiler room is
a storage compartment for heavy spare parts and supplies.
LOAD CURVES
A typical weekly load curve of the Port Morris plant for
the seven days ending Aug. 10, 1907, is given on page 545,
together with capacities of generators and boilers in service.
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The full line indicates the hourly load, the dotted line the boiler
capacity and the dashed line the generator capacity. By ex-
amination of these curves it will be seen that there are two
prominent peaks upon each week day, with prominent de-
pressions at noon, and in the small hours of the morning. The
maximum load during the week was about 6100 kw. The
minimum load upon the station occurred between 4 and 5
o’clock a. m. on Thursday, being 750 kw. The maximum
output of the station during any single day of the week was
77,210 kw-hours, on Saturday, Aug. 10. The Sunday
load was light in the early morning, and extremely regular
during the day. The load variations on Monday, Tuesday,
Wednesday, Thursday and Friday resemble each other quite
closely, but on Saturday a large and sustained afternoon and
evening load reflects the conditions of the weekly half-holiday.
The minimum output of the station during the week was 45,-
360 kw-hours, which occurred on Sunday. The turbine ca-
pacity in service reached 10,000 kw nine times during the
week. The boiler capacity in service follows the fluctuations
of the load quite closely.

The diagram on page 546 illustrates a typical week-day load
curve at the Port Morris power station. The day taken was

Monday, Aug. 7, 1907, and the
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rent light and power service. Deducting this auxiliary power
consumption of 1425 kw-hours from the gross output of the
turbines the net output of the station figures 75,785 kw-hours.
This is an average commercial output of 3150 kw. The
load factor from the station for the day was 58 per cent,
defining the former as the ratio of the average load to the
maximum hour load. The maximum momentary output re-
corded was 6800 kw at 8:27 a. m. and the minimum [000
kw at 4:45 a. m. The maximum ffteen-minute load oc-
curred between 8:30 and 8:45 a. m., being 6600 kw.

The daily boiler-room report used, original size 1334 ins. x
8 ins., is reproduced on page 548. This shows at a glance
the condition of each one of the sixteen boilers in the station
at every hour of the day, the load on the station at those times,
total number of boilers in service, steam pressure and tem-
perature of the feed water. On Aug. 10 boilers Nos. 1 and
2 were cold all day; boilers Nos. 3 and 4 were in service a
large part of the day, though both were banked at 3 and 4
a. m.; boiler No. 5 was not in service during the day; boiler
No. 6 was in service during one of the early morning hours
and from 7 a. m. throughout practically the rest of the day;
boiler No. 7 was banked until noon and then used until 9

. . Foen BT 10~=WIHOCo 007 —m0
average load during this day was NEW YORK CENTRAL & HUDPSCN RIVER R.R. CO.
a5 ELECTRIC DIVISICH.
3000 kw. The mmlmum.load B g e s f6
was IOOO kW, and the maximum *. C.TOAD Topat Substation | Batbery Bowste]  Total Aub- ignal Fars, Stations Bhope
load Of the day 6600 kW oc- 11,000 Vol Kasta Rotancs  {Lightand Powe]  Motors station Proper | Department |Light and Power] Light and Powerl  Tarat.
; ;
curred at 6 p. m. The morning favee | | au farac | aea
peak reached a value of 5400
kw. The morning peak, as a
whole, lasted for about three and 12 200 | a79 ay faen | ey
a half hours, and the afternoon wdeent | un | e e aer | o 70 vkq
peak, as a whole, was of prac-
tically the same duration. The
. . N C. LoAD (utput of Input to Qutput of Efbciency Net Output To Third Bignal
minimum load lasted for about 440 Volt Busis Retaries Battry | Battery | of Batiery | Subatation | Pl Fesders e _| A
ﬁve hours. 1eto vte s 20 753 €30 e
BLANKS AND FORMS L i R *
A considerable number of spe- .
cially devised blank forms are in 2% | e [etce et o
use in the operation of the sta- | mwssimim .l seay | w0 | vero s || as || oo || A
tions.
The daily electrical log sheet I
. . . " Teo
of the plant, size 20 ins. x 15 ins., et .. utput of Sutors_ 10 119 tntie aad cber =
B m, . g SLab
shows the bus-bar voltage, aver- BTN e R ey, GO T s

age load in kw during fifteen-
minute periods as derived from
recording wattmeter readings on each generator, the total
load on the plant every fifteen minutes, average howly
load on the plant, power factor of the generators in service and
miscellaneous notes. In view of the fact that the station is at
present operating at less than one-fourth of its continuous
capacity it must be borne in mind that figures of operation
given in the following paragraphs do not carry the same
significance that they will when the electrical zone is com-
pleted. On a typical day’s run, taken for Saturday, Aug. 10,
1907, the bus-bar voltage averaged 10,800 all day. Tur-
bine No. 2 was in operation from midnight until 10:45 p. m.
During the morning peak load turbine No. 4 was placed in
service at 7:25 a. m. and cut out at 9:32 a. m. As this was
Saturday, the afternoon load necessitated the use of turbine
No. 4 again between 1:59 p. m. and 7:00 p. m., and this
latter machine carried the entire station load from 10:45 p.
m. until the close of the day. The total output of the sta-
tion on this day was 77,210 kw-hours, of which 740 kw-
hours was consumed in exciting the turbine, and for direct-
current light and power, and 685 kw-hours for alternate cur-

DAILY REPORT OF

DISTRIBUTED OUTPUT

a. m. and boiler No. 8 was banked and in use irregularly dur-
ing the day. Boilers Nos. 9, 10, 11, 13, 14, 15 and 16
were cold throughout the day; boiler No. 12 was banked all
day except during the morning peak load, when it was cut
in service to help the others. The chart shows at a glance just
how the boilers were handled as the load varied, and as it is
filled out by means of simple symbols it is a very easy mat-
ter to keep it correctly. Variations of the load require from
one to five boilers in service at different periods of the day.
The daily report of the boiler and turbine service, original
size 1334 ins. x 8 ins., also on page 548, shows the total
number of hours each turbine is in service, the maximum
load carried, various temperatures and pressures, water con-
sumption, coal on hand, ashes removed, and number of men
on duty. On Aug. 10 turbine No. 2 was in service 14.45
hours, and No. 4 15.48 hours. The average temperature
of the condensing water on that day was 67 degs. at the inlet
and 75 degs. at the outlet. The average temperature of the
hot well was 98 degs. F. for turbine No. 2 and 94 degs. F.
for turbine No. 4. The total number of boiler hours re-
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quired was 73 and the water used inside the house meter
1,027,950 lbs. The total coal on hand during this day was
1986 tons and eight men were required for coal and ash
handling, four being on day work and four on night work.
The number of men working in the plant on this day was 110.

TESTING DEPARTMENT

The headquarters of the tesling department are located
at the Port Morris power station, and this work is in charge
of a department head called the engineer of tests, with nine
subordinates reporting to him.  The work of the power house
chemical laboratory is included in this department. In addi-
tion to the chemical lests outlined on the next page, the
engineer of tests makes all electrical tests on the machines in
the power stations and substations, tests of energy consump-
tion on locomotives and motor cars, switchboard meter tests,
rail bond tests, locomotive ammeter calibrations and tests on
underground and overhead lines. The routine tests of the
department include monthly insulation measurements on high
tension and low tension lines, monthly readings of ground
potentials relative to track rails and negative conductors, and
semi-annual meter tests.

BOND TESTS

Two men are working continually on bond testing. There
are about 30,000 bonds to be maintained in the electrical
zone as at present installed. It takes about two minutes to
test a bond on the running rail, 200 bonds being a fair av-
erage day’s work of eight hours. Greater care is necessary
in testing the bonds on the third-rail, and here 100 bonds
per day is a fair average.

A differential voltmeter is used for bond testing, the zero
being in the middle of the scale and the total deflection being
fifteen millivolts each way from the center. By means of a
special contact device one of the coils is connected across the
rail joint, the distance between contact points being 8 ins.;
one terminal of the second coil is connected to one of the
contact points referred to above and the other end of the
coll is connected to the rail by means of an adjustable con-
tact, this contact being moved until the drop in the rail equals
the drop in the joint, this being indicated by the needle on the
voltmeter coming to zero. A scale on the contact device
indicates the length of third-rail equivalent in resistance to the
8-in. length at the joint. Average results show that on the
third-rail 18 ins. and on the track-rail 20 ins. is equivalent to
an 8-in. length at the joint. The average maximum and
minimum variations for the third-rail are from 24 to 14 ins.
and for the track-rail from 27 to 20 ins. If the resistance is
equivalent to 36 ins., bonding of the joint is repaired.

INSULATION TESTS

The initial tests on 11,000-volt, three-conductor cables
are made with a pressure of 22,000 volts between conductors
and also from each conductor to grouncl; subsequent tests
which may be necessary are made at 15,000 volts, although
no regular break-down tests are made on these cables unless
they have been out of service for repairs. Monthly insula-
tion resistance measurements are made on these cables, as well
as on the armature windings of the turbo-generators. A
special transformer is installed in the power station for use in
high voltage tests; the primary of this transformer is connected
to the 11,000-volt bus and the secondary to the line to be
tested. The secondary voltage can be varied from 2000
to 30,000 volts by means of moving a section of the iron
core of the transformer.

Daily insulation tests are made by the substation operators
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on the 660-volt feeders and on the rotary converters. The
overload relays and speed limit devices on the substations are
tested at regular intervals.

FORMS

The form shown below, original 8 ins. x 104 ins., is that
used in reporting the results of bond tests. It shows the

NEW YORK CENTRAL & HUDSON RIVER RAILROAD CO.
ELECTRIC DIVISION
BOND TESTER’S DAILY REPORT

August 15, 1907.
Bonds inspected from Sta. 105 4 30
ToSta. 154 4 50
NUMBER OF BONDS TESTED

Track No. t Track No.2 | Track No.3 Track No.4 Total
Run 3d Run 3d Run 3d Run 3d No.
Rail Rail Rail Rail Rail Rail Rail Rail

E.|W. E.(W.| | E.[W. E.|W.

150| 15 300

Bonds having an equivalent of over 36 inches of continuous rail.

Location Sta. 130 -+ 25, E. Rail 40 inches

Location =
Location ....eveveeee. = “
LOCALIOM . . vinioiei o oBliteie & SRS o (S50 5 LSS £ TSRS SAEST (oTels Slreion o= “
Maximum = 24 inches of continuous rail.

Minimum = I4 * " “ e

Remarks and General Inspection:

............................ tessesesenee

Bond Tester.

number of bonds tested in a day on the east running rail, the
west running rail and the third-rail of each track, with the
totals. The location of bonds having an equivalent of over
36 ins. of continuous rail is specified, as are the maximum
and minimum bond resistance values noted during the day by
the tester.

The next, original 8 ins. x 13 ins., illusirates a transmis-
sion line test made for the purpose of locating a ground. In

TRANSMISSION LINE TEST

Reason for test: To locate how far from Shore, Ground exists under Harlem
River at Drawbridge. Cable cut at both ends of Bridge, measured at No.
End of Draw.

TEST FOR GROUNDS. Date,2/19/'07. Time..........

Phases Giounded, One Phase Grounded.
Insulation Resistance by Voltmeter.

READINGS FOR MURRAY LOOP TEST. Date, 2/21.
Length of Line: 720 feet.

Time, 4.45 P.M.

Fig. used by Contractors.

Clear Grounded Readings
Phase Phase A B At B!
40.6 59.4 59.1 40.9
40.8 59.2 59.0 41
Average 40.7 59.3 59.05 40.95
| 40.825
Calculated Distance from End of Cable on S. Side of River to Ground
= 139.2 feet.

POTENTIAL TEST. Date....cccooosssscess Time ., ollisae
Three
Single}Phase
Between Phases .......... Volts.iacaas Amps. Charging Current
Cableto Ground ..evveuen. Volts........ Amps. Charging Current
Remarks....cooes oo atataisiale/aiale ule slal s 'aia siniwn e mitinie s Slsiskelels oiaipinissluran s okurs et siate

making this test the cable was cut at two points, and with one
phase grounded readings were taken for the standard Murray
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loop test. As shown by the readings, the calculated distance
of the ground from the end of the cable was 139.2 ft.

CHEMICAL LABORATORY

The chemical laboratory is located on the upper floor of
the switch house and it contains a standard line of reagents.
In one corner of the room is a small shop driven by a 1/4-hp
motor, the equipment of the shop consisting of a grinder and a
lathe belt-driven from a countershaft. The routine work con-
sists of a daily coal analysis and a daily gas analysis. Other
work includes tests of engine, cylinder and transformer oils,
insulating compounds, acid and water. The importance of
the chemical laboratory in the economy of the modern power
plant is well illustrated by the character of the work done here.
Several analyses are given below to show the scope of the
work:

EXAMPLE OF A FLUE GAS ANALYSIS, ORSAT APPARTUS,
JUNE 21, 1907

No.

Boiler. Co, 0. GG N. Draft. Doors.
7 12.20 7.70 o.1o 8o 34 in. Open
7 10.60 9.30 0.25 70.85 i 2
7 11.85 8.10 0.30 70.75 4 “

7 13.50 6.30 0.25 79.05 o »
7 13.80 6.10 0.10 8o.00 3 .
7 14.20 5.00 0.35 79.85 . “
9 13.60 6.30 0.25 70.85 . “
9 14.20 5.80 0.00 8o.00 . 4
9 14.10 5.60 0.20 8o.10 5 &
9 12.70 7.10 0.10 8o.10 & &
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SAMPLE COAL ANALYSIS

Per cent Per cent Per cent

moist coal. dry coal. combustible.
Moisture .....oviiiiiii ... .334
Volatile combustible matter....22.166 22.24 24.122
Fixed carbon................. 67.024 68.15 73.917
ASN msmewsuismin s s @ims s, wh 7.776 7:802  ai.iss
SUIDhUL St e e (5 6 s 5 s 1.8 1.808 1.961

B. T. U. per pound moist coal by calorimeter, 13,055.

B. T. U. per pound moist coal by proximate analysis, 14,500.
B. T. U. per pound conbustible, 15,136.

Boiler No. 10, draft 14 in. Co: 12.7 per cent, 3:10 p. m.

Boiler No. 13, draft 15 in. Co. 12.3 per cent, 3:30 p. m.

EXAMPLE OF AN ANALYSIS OF ANTI-FRICTION METAL FOR
BEARINGS, JUNE 15, 1907

L0l o S0n6icoo0 080500000 g toss 505000050 60.39 per cent
(0703 37 13 3705
IHOIHL [l A STl (TR o S i ot i 00.05 “
TN, o555 8,55 5508 55 B o B8 e 55 i s st 00.58 ¢
ZANC s 505 5 06 506 5ok s 5 513578 4 605 519 5 W A 06 55 59 00.01 “
@ther IMPUBINES s <ol o s on s 6l 1 65165 8 .02

The main constituents of this metal are seen to be
lead and copper.

EXAMPLE OF AN OIL TEST, JUNE s, 1907

Air Comp. Air Comp. Cyl. Oil

Cyl. Oil.  Oil. Oil. Cyl. Oil. used.
Flash point......560° F. 460° F. 413° F. 500° F. 520°F.
Burning point....617° F. 497°F. 456°F. 628°F. 611°F.
Specific gravity...893 875 .0025 8875 2.00 water
Resinous matter. .27% 7% 13% 23% 1%
Acidity .......... no no no no slightly
Alkalies ......... trace trace present trace none




POWER DISTRIBUTION SYSTEM OF THE
NEW YORK CENTRAL

In no branch of the terminal electrification has greater pro-
vision been made to insure continuoms service than in the high
and low tension distribution systems. The use of alternating
current generators with three-phase transmission and the dis-
tribution of direct-current from rotary converter substations
require a very complete operating organization to handle the
routine and emergency work, in view of the large number of
separate lines, switches, feeders, jumpers, rotaries, transformers
and auxiliary apparatus in service. I he responsibility of each
employee in the power department is definite, and his duties
under all anticipated conditions have been mapped out with
great care. In the following section on the New York Cen-
tral distribution system a number of points on power house and
substation operation are included for the reason that it is diff-
cult to draw arbitrary lines separating the different parts of
the transmission, conversion and distributing equipment into
distinct operating sections. The system as a whole, from the
bus bars to the third-rail shoes, is an organized group of ap-
paratus with inter-related and not separated parts.

The transmission lines and substations of the electrical divi-
sion were described in the Street Railway Journal of Nov. 19,
1905, and only a brief resume will therefore be given at this
time of the construction features. When the work is com-
pleted eight substations will be in operation, viz., No. 1,
Fiftieth Street and Lexington Avenue; No. 2, Mott Haven;
No. 3, Kings Bridge; No. 4, Yonkers; No. 5, Irvington; No.
6, Ossining; No. 7, Bronx Park; No. 8, Scarsdale.

Nos. 1, 2 and 7 are now in service, and Nos. 3 and 4
are ready for service at any time. The present equipment of
all the substations is three 1000-kw rotary converters each,
with the exception of Nos. 1 and 2, which have three 1500-
kw rotaries each. [Each substation may be fed from either
power station, and the lines are so disposed that no ordinary
accident can cut off a substation from its power supply. The
system is designed to give the greatest protection against inter-
ruptions of all kinds, and the transmission lines are partly over-
head and partly underground. Throughout the Park Ave-
nue tunnel, along the viaduct, and also through the Harlem
Division depression the conductors are carried in steel pipes,
and in crossing the Harlem River the conductors are sub-
marine cables laid in the bed of the river. The transmission
line voltage at the power house is 11,000.

HIGH TENSION CIRCUITS

The diagram herewith shows the connections of the trans-
mission lines with the power stations and substations. As stated,
station has an initial equipment of four
turbo-generators. Each station is provided with two sets
of main high tension bus-bars. Each generator and each
high tension line is provided with two selector switches and
can be connected to either bus.  The generators have an addi-
tional main switch in series with the selector switch.  The test-
ing transformers and the light and power transformers in each
station can be operated from either set of high tension buses.
Each substation is supplied by at least two high tension lines,
and in the majority of cases special switches are provided in the
substations, so that if desired the high tension current entering
the station by one line can by-pass the substations and feed the
next substation directly without going through the high ten-
sion bus of the first substation. The substation bus bars can
be separated in two sections if necessary. The general flexi-
bility of the scheme is clearly shown in the illustration.

The next cut shows the substation and power station high

each power

tension circuits a little more in detail as regards the bus bars and
oil switches. Line oil switches and machine oil switches, both
present and future, are shown, together with the tie switches,
which enable the 11,000-volt power on any circuit to be
fed past the substation if desired. All the high tension lines
leaving Port Morris power station are carried underground.
Both overhead and underground circuits will be run out from
Yonkers power station.

LOAD DESPATCHER’S BOARD

The load despatcher’s indicator board contains a skele-
ton diagram of the high tension system. At the Port Morris

YONKERS

S,

ﬂpﬂﬂﬁnﬂ?@%m@ hhd

] 0 T P

PORT MORRIS

Street Ry.Journal

DIAGRAM OF HIGH-TENSION TRANSMISSION SYSTEM

load despatcher’s office, for example, the Port Morris high
tension bus bars are shown near the bottom of the board, and
the Yonkers buses at the top. The board is mounted against
the wall close by the load despatcher’s desk. The pilot
lamps indicate the condition of the 11,000-volt oil switches
in the station, and are operated in harmony with the oil switch
movements by relay currents. A green light burning at any
point on the diagram indicates that the oil switch at that point
1s open, and a red light indicates that it is closed. Similarly,
red disks hung on the appropriate hooks indicate that the cor-
responding rotaries are running in the substations, and green
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disks show that the corresponding machines are shut down.
The high tension lines are shown in red on a slate background.
The load despatcher’s office also contains a direct current
feeder dummy board showing the condition of each feeder and
third-rail in the electrical division. Pegs are used to indicate
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used in emergencies. In this figure an auxiliary feeder cable
running from substation to substation is also shown. A main
circuit breaker is provided for the substation connection and
the circuit breaker house as a whole, and each one of the four
cables leading to the third-rail is also provided with a circuit
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DIAGRAM OF HIGH-TENSION CIRCUITS
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whether switches are open or closed. A similar board is
located in the office of the superintendent of power.
LOW TENSION DISTRIBUTION

The general connections of the direct current wiring in a
typical circuit breaker house are shown on page 554. The
four third-rails of the main line opposite each circuit breaker
house are connected at the middle points of double throw single
pole switches, by means of which theycan be thrown upon either
the main 660-volt current bus of the house, or an auxiliary bus

Circuit Breaker
House

Sub-Station

DIRECT-CURRENT CIRCUITS

breaker, as shown in the diagram. A spare breaker is in-
cluded in the circuit breaker house outfit for use in case of
emergencies.

CIRCUIT BREAKERS

All the circuit breakers in the substations are operated by
small motors, these being of the series wound type to assure
sufficiently quick acceleration. A switch is in series with each
circuit breaker, this switch also being operated by the same
motor which operates the circuit breaker proper. In closing
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the circuit breaker the breaker proper is first closed and then The upper diagram on page 555 gives in schematic form the
the auxiliary switch, so that in case the feeder is closed on a d. c. connections between four typical substations and their cir-
short circuit the breaker can immediately open. The connec- cuit breaker houses. The isolated sections of third-rail in front
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tions for operating these circuit breakers are shown herewith. of each substation are 800 ft. long. The flexibility of the
The two elevations of the circuit breaker are shown on page third-rail supply from either the main or auxiliary substation
555, bus or circuit breaker house buses is evident from the diagram.



Plate V

EXTERIOR OF YONKERS POWER STATION (UNDER CON- ENTERIOR 01 PORT MORRIS POWER STATION
STRUCTION)

VIEW FROAM RIVER OF PORT MORRIS POWER STATION OF NEW YORK CENTRAL RATLROAD, SHOWING RELATION OF
POWER STATION AND SWITCI-ITOUSE



Plate VI
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Plate VIII

FOOSTER ROOM SHOWING BATTERY END CELL SWITCH

INSTRUMENT BOARD AND .
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LOAD DISPATCHER'S OFFICE

REMOTE CONTROL SWITCHBOARD
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Plate 1X

SATTERY ROOM, BRONN PARK SUBSTATION SATTERY ROOM, KINGSBRIDGE SUBSTATION

b
i
o
3
:
§
$
»
%

%

A a—
== e
T TTH

T,

SN 0 0

KINGSBRILGE SUBSTATION NO. 3, NEW YORK CENTRAL RAILROAD

PRONX PARK SUBSTATION (NO. 7), NEW YORK CENTRAL RAILROAD



Plate X

L e — -
o s i P

SIGNAL BRIDGE AT 3o8TH ST, LOOKING NORTIL, NEW YORK CENTRAL RAILROAD

TYPICAL PIPE CONDUIT, LOOKING NORTI FROM 100TH ST.,, NEW YORK CENTRAL

|
|
RAILROAD ;



Plate XI

SPLICING CHAMBER AT 99TH ST. WEST SIDE OF RAILROAD TRACKS, NEW YORK CENTRAL RAILROAD
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Plate XII

TYPICAL CIRCULT BREAKER HOUSE, NEW YORK CENTRAL RAILROAD
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YARD DIAGRAMS
The cut on page 556 shows the scheme of third-rail connec-
tions throughout in the Grand Central yard and in the vicinity
of substations 1, 2, 3 and 7. The long lines projecting from
each rectangle representing
a circuit breaker house or

STREET RAILWAY JOURNAL.
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is not necessary for the employee responsible for closing the
circuit breaker corresponding to his section to go back to the
circuit breaker house on foot and thereby lose time. Each
section of the yard is provided with a separate circuit breaker

2 ) g s
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tral Station itself. The
various third-rail jumper
connections between the
different yard tracks are
also indicated.

The diagram on page
558 illustrates the track
layout at the Grand Cen-
tral terminal, and that on
page 557 the layout at
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4000 AMP. MOTOR OPERATED CIRCUIT BREAKER
AND SWITCH ’

the Mott Haven yard, the overhead contacts in each case being
shown by cross dotted lines. The lower part of the former
figure represents the Lexington Avenue terminal, and the upper
part the Grand Central Station tracks. The arrangement of
these tracks will, of course, be greatly changed upon the com-
pletion of the construction work for the new terminal as planned
by the company and now in process of execution.

An interesting feature of the yard practice at Mott Haven
is the provision of remote control switches at eleven points in
the yard. In case any section of the third-rail is cut out, it

3rd Rail
=~ Feeder
—w— Jection Switch

-7 Cr.Bir. Mousi 8

Putnom Crossing
Sta. 3474+ 74

Seotion Sy High Br.
Cr.Bler. 1fouse™ 10
Morris Ueizhs
Sta., 435+ 25

Substation” 3
Kings Britze
Sta. 493+ 33

SIMPLIFIED DIAGRAM OF D. C. FEEDERS—MAIN LINE, THIRD-RAIL

in the circuit breaker house and the remote control switches
control these switches as desired.

In case repairs are necessary on any section of the third-rail
at this point the circuit breaker corresponding can be elec-
trically locked against closing by a suitable connection on the
yard switch.

SUBSTATIONS

Each substation converts the high tension current to direct
current of 666 volts for delivery to the third-rail, and each sub-
station is provided with a storage battery equipment of sufficient
capacity to operate the maximum train load for about
one-half hour. In order to provide against interruptions in the
substations the following general principles of design were fol-
lowed: (1) The path of the current was made as short and
direct as possible from the transmission lines to the d. c. feed-
ers; (2) the wiring is as little exposed as possible and yet is
readily accessible; (3) all machinery is on the same floor as
the operating switchboards; (4) the principal apparatus is
under the direct control of the operator while standing at the
boards; (5) all equipment is so arranged that the effects of an
accident will be confined to the place where it occurs; (6)
risk of accident to the operator is as slight as possible, and
finally (7) the stations are of fireproof construction.

All overhead lines are provided with knife switches to dis-
connect them from the substation apparatus. The oil switches
are provided with pilot lamps to indicate at the control board
whether they are open or closed. There are two controlling
switchboards situated in a part of the station which will be
the center when the station is extended to its final limits. The
substation batteries have capacities varying from 2250 amps.
to 4200 amps. for one hour.

The direct current feeder system is designed to provide
duplicate paths for the current from the substation to the third-
rail. Opposite each substation is a section of the third-rail
800 ft. long separately fed from the substation. In case of
trouble this isolated section can be killed to prevent a train
bridging between the main sections each way from the sub-
station.

BOOK OF RULES

The following paragraphs are taken from the book of instruc-

tion and rules for the electric power department :
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NORMAL OPERATION OF THE
ELECTRIC POWER
SYSTEM.

A. ELECTRIC POWER
SYSTEM.

1. The “electric power
system’” consists of the
power houses, 11,000 volt
lines, substations, 660
volt feeders, circuit break-
er houses, the third-rail,
overhead working con-
ductors, and track rail
return.

B. LOAD
DESPATCHER.

2. The general opera-
tion of the electric power
system is under the im-
mediate supervision of
the Load Despatchers, re-
porting direct to the Su-
erintendent of Power.
For the initial operation
there is one Load De-
spatcher’s office, located
on the second floor of
the Port Morris switch
house, This is connected
by a private telephone
line known as the Load
Despatcher’s telephone
system with the different
substations, the two pow-
er stations and such of-
fices as are necessary.
There are also telephone
cor];n_ections through tge
- public service to the
4 = Load Despatcher’s office
s me | & ~ e =  and to the stations and

_ é substation. Also through
= the railroad company’s
Z o general service and sub-
2% station party line sys-

tems as explained in
emergency directory.

3. All cases of trouble,
which are likely to affect
the operation of the elec-
tric system, occurring In
or reported to the power
house or substations, must
be promptly reported to
the Load Despatcher on
duty. The oad De-
spatcher will then com-
M . | municate with the proper
department or person and
will take such further
steps as,_ may be meces-
sary to insure continuity
23323 of operation.

il i C. POWER STATIONS.

4. Each power station
is in charge of a Superin-
tendent, reporting direct
to the Superintendent of
Power. Reporting to the
Superintendent of the
Power Station are three
watch engineers, one of
whom is always on duty.
The watch engineers have
immediate charge of the
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8. All substations are in charge of the Superintendent of
| Substations, reporting direct to Superintendent of Power, and
' ' each power substation and its adjoining signal substation is 1n
charge of a Substation Foreman. In case the foreman is not
‘ on duty the power substation and also the signal substation will
| be in charge of the Power Substation Opcrator on duty.
[ 9. The substation operators will run such rotaries as may be
& [ | needed to carry the load, and will operate their storage batteries
3 [ | as may be directed from time to time by the Superintendent
L ‘ of Substations. )
¢ ‘ 10. No 11000 volt line switches
|
[

14
23

19,

shall be operated without instructions
from the Load Despatcher, except 1n
case of extreme emergency, and if so
operated the Load Despatcher must be
promptly adviscd. Tbis also applies to
the 2200 volt signal circuit switches.
11. The substation foremen or oper-
ators will take instructions from the
Load Despatcher in regard to Switching
5 all outgoing or incoming circuits.
[E 12. The Load Despatcher must be
=M kept advised of the number of rotaries
| [ running and also, in a general way, as
2 to the amount of power left in the
storage batteries. . .
> | 13. Any trouble occurring or 1im-
Q | pending in the substations must be re-
in il ported to the Load Despatcher as soon
P® as possible, also any trouble occurring
i or impending near the substation on the
© lines or third-rail which may be brought
10 to the attention of the substation fore-
men or operators must be reported at
~ once to the Load Despatcher.

o E. SIGNAL SUBSTATIONS.

at 14. The signal substations furnish
T single phase alternating current at a
frequency of 25 cycles for supplying
3 the signal system. All signal substa-
tions furnish this current at zz00 volts
ressure, except at signal substation
Jo. 1, where 300 volt signal circuits
are used for supplying the Grand Cen-
tral yard. A 2200 volt signal circuit
also runs from No. 1_signal substation,
supplying_the main line signals north
of s7th Street. .

15. In signal substations Nos. 2, 3
and 7 current is furnished nqrmall by
a static transformer, stepping down
from 11,000 to 2200 volts. Motor gen-
erators with 660 volt direct current mo-
tors and 2200 volt alternating current
generators are also provided. In case
of failure of the 11,000 volt supply of
current, the motor generators will be
operated, current for them being fur-
nished from the storage batteries in
the power substations. i

16. In substation No. 1 no static
transformer is provided for stepping
down from 11,000 volts. Motor gen-
erators are used for generating alter-
nating current at a pressure of 300
volts. A static transformer is pro-
vided for stepping up from 300 to 2200
volts.

17. The operators in the signal sub-
stations will report to the foreman of
their respective power substations, or
to the operators on duty in the power
substations.

18. The circuits running from the
signal substation must not, except in
. i case of emergency, be opened with-
out instructions from the office of the Engineer of Signals, these instruc-
tions to be given to the Load Despatcher. The Load Despatcher will,
before ordering circuit opened, obtain permission from the Train De-
spatcher of Electric Division.

F. CIRCUIT BREAKER HOUSES.

19. Two circuit breaker houses are located between each two adjacent
power substations, and between substations No. 1 and No. 2z there are
three. Each circuit breaker house contains, as a rule, six circuit breakers,
one for the connection to each of the four third rails, one for the aux-
iliary feeders and one for a spare, in case of the failure of either of the
other five.

20. The circuit breakers will open on an overload automatically, and
can also be opened or closed from the nearest power substation, pilot
]amris ind the power substations indicating whether the breakers are opened
or closed.

21. The Superintendent of Substations is responsible for the opera-
tion and maintenance of the circuit breaker houses.

G. CABLE DEPARTMENT.

22. The cable department is under the general direction of thc Super-
intendent of Cables, reporting direct to the Superintendent of Power.
Two assistants, Foreman of Overhead Lines and Foreman of Under-
ground Lincs, report to the Superintendent of Cables.

23. The lines taken care of by this department are the 11,000 volt, three-
phase circuits, the 660 volt direct current feeders, the 2200 volt alter-
nating current signal circuits, the control circuits for operating the re-
mot? .cgntrgllcd circuit breaker on d. c. feeders and all jumpers connecting isolated sections of track
or third-rails.

24. The headquarters for linemen, jointers, inspcctors and hclpers in this department, together
with the store room for the dcpartment, are at Iligh Bridge. Men will be on twenty-four hour duty
herc ready for emergency calls. Men will also be on twenty-four hour duty in thc base-
ment of substation No. 1.

25. Foremen must kcep their office posted so that they can be reached readily by telephone, or
ctherwise, if thcy are nccded in casec of emergency.

26. The Cablé Superintendent’s responsibility, with both overhead and undcrground lines, will end
where these lines run into the first terminal inside of a powcr station, substation, or circuit breaker
house, also with connections to third-rails and overhead working conductor.

27. The Superintendent of Cables is responsible for the operation and maintecnance of the cable
towers connecting overhead and underground lincs.

EMERGENCY OPERATING INSTRUCTIONS.
A. 11,000 VOLT LINES.

28. In case of trouble on lines or in substations, causing one or more 11,000 volt linc switches
to open in the power house, the Switchboard Operator will report at once to the Load Despatcher,

$ 34

1

0
gty

st iz
O

9
=
Ea

PRy

Pullinan_yard,

13
£

Freight:

MOTT HAVEN YARD

Fasd Yard

Drop Tabie™ 1

TRACK DIAGRAM,

A

Layont not Determined
~9
Y fead

nsport-Track

Swamp
5
Dendhead
£

g F 12121

9.
&
g
douse Tr'k
T

ery Spnn

m—— L TN

New Yard

e Indicates 0.1. Conductor



558

giving information as to switches that open. If any damage has becn
caused, eithcr to the turbines or to the oil switches, he will report the
same, and will advise the Load Despatcher as to the station’s ability to
carry the load which has becn dropped.

29. The Switchboard Operator will prepare to test the feeders which
have opened, but will not put current on them until instructed by thc
Load Despatcher to do so.

30. If an idle bus is available the feeders to be tested will be thrown
to this bus and the test made by means of one of the turbo generators or
by the testing transformer in the switch housc.

31. This test should be made beginning at not morc than 2500 volts.
If no trouble develops inside of one minute, advise the Load Despatcher,
who will then notify the substations to put load on line or lines which
have been tested.

32. If an idle bus is not available, either a section of one of the two
buses will be killed or temporary connections will be made from the
testing transformer.

33. If but one line is out of service, and if both buses are in use,
the test may be postponed for a short time if the line is not needed im-
mediately. Instructions from the Load Despatcher will govern.

34. If test shows there is trouble on a feeder, endeavor to isolate it
in case it is possible to open the feeder in a substation or cable tower.

35. These tests, as covered by paragraphs 29, 30, 31, 32, 33 and 31,
will be made under the direction of the power station electrical foreman
or his assistants, under instructions from the Load Despatcher.

TRACK DIAGRAM,
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the second time, wait thirty seconds and close again. If they open the
third time, notify the Load Despatcher, who will report the trouble to
the office of Superintendent of Cables. The feeders must not be closed
again without orders from the Load Despatcher.

45. The Load Despatcher may at his discretion order the feedcrs
closed for further test. e must not, however, order this done after
the feeders have been turned over to the cable department, without first
receiving advice fromn the foreman on the work.

46. In the case of a general short circuit, causing all or part of the
d. c. line circuit breakcrs to open in the lines feeding either to the north
or south from his substation, a substation operator will first see that all
or part of the d. c. line circuit breakcrs are open in the circuit breaker
houses contrelled from his substation to the north or south, whichever
way the trouble may be. He will then proceed to make alive in his sub-
station first one third-rail and then another of those which have bgen
killed until either all are alive or until the trouble is isolated. He will
then notify the Load Despatcher, who will, after talking with the adjoin-
ing substation, advise him in regard to closing the circuit breakers in the
circuit breaker houses. i . 1

47. In case of current being held off from one or more third-rails on
account of a wreck, it mnust not be put on without orders from the Load
Despatcher, and the Load Dcspatcher must not give such orders without
first rcceiving corresponding orders from the Train Despatcher or Super-
intendent of the Electric Division. As soon as notice is given by the
Train Decspatcher or Superintendent to the Load Despatcher to have
current put on, the Load Despatcher
will so notify the substations affected,
provided he has received word from
the Superintendent of Cable Depart-
ment, or his foreman, that the third-
rails are clear.

C. SIGNAL LINES.

GRAND CENTRAL YARD

48. The 2200 volt signal lines must
not be ordered off except in case of

cxtreme emergency. i
40. If these lines open automatically
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.36. Further tests to dctermine the exact location of trouble in any
given feeder will be made under the direction of the Engineer of Tests.

37. In case of a 11,000 volt line switch opening in a substation, the
substation operator will report the trouble at once to the Load Despatcher,
and instructions for testing this feeder will be given by the Load Des-
patcher.

38. As soon as possible after trouble occurs on the 11,000 volt lines
the Load Despatcher will notify the office of the Superintendent of
Cables, so that arrangements can be madc to assemble men for repair
work. This must be done at once without waiting for tests to be made
to locate trouble.

39, The Superintendent of Cables, or his assistant on duty, will im-
mediately send out one or more men to look for the trouble, and will
hold his otbcr men to await further reports from tlie men sent out, or
from the Load Despatcher’s Office.

40. If the trouble is found by the men sent out by the Superintendent
of Cables they must not start work on_ the line without first getting per-
mission from the Load Despatcher’s Office, as there is a possibility of
current being on for testing purposes.

41. As soon as repairs have been made on an underground 11,000
volt line, both insulation and phase tcsts must be made before the line
is again put in service, this test to he made by the Engineer of Tests,
who may call upon the Electrical Foreman of the Power Station, or his
assistants, to make the test if necessary. The Engineer of Tests will,
however, be held responsible for the test.

42. At the discretion of the Load Despatcher an overhead 11,000 volt
line may be put in service after repairs have been made, without any
tests.

B. 660 VOLT DIRECT CURRENT FEEDERS.

43. The four direct current feeders to the isolated section of the third-
rail opposite each substation are connected to one circuit brcaker. In
case this circuit breaker opens, close it immediately. If it opens the
second time isolate the trouble by opening first one knife switch and then
another until the trouble is found, then leave the knife switch open on
the section of track on which the trouble is located, reporting the same
at once to the Load Despatcher. If a man is available in the substation,
send him to examine the isolated section, and if the trouble is found re-
port at once to the Load Despatcher the nature and extent of same. If
a man_is not available, the Substation Operator will report trouble to
%ogii Despatcher, who will refer same to office of Superintendent of

ables.

44. In case of circuit breakers opening on the feeders other than to
the isolated section of third-rail, close them immediately. If they open

in thc signal substations they must be immediately closed, and if they
open the second time closc them again. If the trouble still holds on,
report at once to the Load Despatcher, who will advise as to further tests
and who will report the trouble to the Train Dcspatcher, to the Super-
intendent of Cable Department and to the Engineer of Signals.

5o. The Line Foreman working under the direction of the Superin-
tendent of Cables will, as quickly as possible locate the trouble, and if
it cannot readily be removed will isolate as much as necessary of the
signal ciicuit in order to clear trouble. Ile will then report to Load
Despatcher, stating condition of lines and request that such parts as he
has cleared, be made alive.

st. Further repairs will be made as directed by Superintendent of
Cable Department.

52. Failures of 2200 volt signal transformers on overhead or under-
ground lines_will be reported from the office of the Engineer of Main-
tenance of Way to the Load Despatcher’s Office and by the Load Des-
patcher to the line trouble men on duty. These men, working in pairs,
will locate trouble, and will repair or replace whatever is necessary as
quickly as possible.

53. The 50 volt signal circuits will be maintained by the maintenance
of way department, the dividing line being at the 50 volt terminals of
the transformers.

54. Trouble with the transformers, cven though it be with the 350
volt winding, will be taken care of by the electric power department.

55. The 300 volt signal circuits from signal substation No. 1 will be
taken care of by the maintenance of way department. The maintenance
of way department will also replace 2z00 volt transformer fuses.

D. SUBSTATIONS.

56. In case of loss of 11,000 volt power on substation bus bars, the
substation operator will immediately open the high tension oil switches,
both on the rotaries, boosters and the feed to the signal substations,
leaving the high tension line switches as they are, and then throw the
battery switch direct to the negative bus.

57. The operator or his assistant will next call u
stating that he has lost the 11,000 volt power an
clear from the high tension bus. . J y

58. After this, call the operator in the adjoining signal substation
and see that he has started the motor generator and is maintaining current
on the signal circuits.

59. If the battery is discharging at more than the twenty minute rate,
bring the discharge down to the twenty minute rate by opening feeders to
one or more tracks.

60. If at the end of ten minutes a. c. power has not been restored,

the Load Despatcher,
that all machines are
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open sufficient feeders to bring the discharge down to the half hour rate.
The substation operator will then advise the Load Despatcher as to the
situation in his substation and as to the probable length of time he can
carry what load he has on the battery.

61. As soon as a. c. power is restored, start up from the a. c. end as
many rotaries as were running previous to the trouble, being sure that the
polarity of each rotary is right before starting the next machine. As
soon as these rotaries are running, close them one after another to the
direct current bus.

62. Be sure that the signal substation operator is notified before clos-
ing the rotaries to the direct current bus, so that he car watchb his motor
generator closely when the increased direct current bus pressure comes.

63. If the battery has been discharged to such an extent that it takes
an excessive charge, open battery circuit breaker and leave battery off
until provisions can be made for charging through the booster.

64. If the battery has received an excessive discharge it should be at
least partially charged as soon as possible.

65. As soon as a. c. power is restored, and substation is operating
normally, notify the signal substation operator so that he can shut down
his motor generator and throw his signal circuits to the static transformer.

E. GENERAL INSTRUCTIONS.

66. The superintendent of cable department will see that a sufficient
force of men 1s kept on duty night and day to handle ordinary cases of
trouble, and will see that all of his men can be readily reacbed by tele-
pbone, or otherwise, at any hour, either nights, Sundays or bolidays.

67. Notices have been sent to the agents in the passenger stations, and
have beenJ)osted at various points along the right of way, giving the power
station and substation telephone numbers, so that in case of an emergency,
instructions can be telephoned asking to have the power cut off from the
third-rail. Party line telephones with direct conncctions to substations
a}'e installed in all passenger stations and at other poines along the right
of way.

68. In case such telephone messages are received at the power houses
or substations definite information should be asked as to the nature and
location of the trouble, and the name of the party asking to have current
cut off should be ascertained. .

69. A substation operator upon receiving such a call will immediately
cut off current from the track or tracks as requested, providing his sub-
station feeds the place from which current is asked to be cut off, and
be will also call Load Despatcber so that the adjoining substation can be
notified to open their feeders to the same place.

70. If a substation operator receives a request to have current cut off
from track not fed from his substation he will notify Load Despatcher,
wbo will transmit the request to the proper substation. Such a call should
be put down in writing as soon as possible after it has been received.

71. After the third-rail has been killed in this manner, it will not
again be made alive until the Load Despatcher has received word from the
Superintendent of Cables, his foremen or some other responsible parti,
that it is safe to put current on. If the trouble has been due to a wreck,
permission must be received from the Superintendent or Train Despatcher
of the Electric Division before putting current on.

F. TOSS OF TELEPHONE COMMUNICATION.

72. Ordinarily telephone communication between the power stations,
the substations and the Load Despatcher will be on the private system
known as the Load Despatcher’s telephone system. A New York Central
general telephone system is installed and connections made from this
system to the Load Despatcher’s office, power stations and substations.
There are also connections from the New York Telephone Company’s
exchanges to the Load Despatcher’s office, all power stations and sub-
stations. Telephone numbers will be found in the emergency directory.

73. In case of the failure of the Load Despatcher’s system, use the
general system, and in case of failure of this, use the New York Telephone
Company’s Lines.

In case of trouble occurring during a time that all telephone sys-
tems are out of order, the following rules should be observed:

75. If 11,000-volt line switches open at the power station two minutes
will be allowed substations to clear their buses, when power will be
thrown on again or as soon thereafter as the power station is ready.

6. If the switch or switches open the second time they will be left
off7 until communication is re-established by telephone or otherwise with
the substations affected. . .

. If a 11,000-volt line switch opens in a substation on a line which
runs beyond the substation, the operator will after an interval of two
minutes close this_line switch, first cutting the line clear from the sub-
station bus bars, if there is such a connection. If it opens the second
time he will leave it open until communication by telephone or other-
wise is established with the Load Despatcher’s office.

RULES TO INSURE SAFETY OF EMPLOYEES AND OTHERS.

A. GENERAL INSTRUCTIONS.

78. Visitors will not be allowed in power stations or substations with-
out properly signed permits. .

79. Visitors will not be allowed on switchboard gallery or in bus bar
chambers of power stations, nor in basements of substations unless such
permission is specifically given on their permit to visit station or substa-
tion.

.80. If a visitor’s pass allows him to visit switchboard gallery, or the
vicinity of high tension work, he must be accompanied by a responsible
employee of the station or substation.

81. No employee shall touch either with or without rubber gloves any
switch, current or potential transformer, cable, bus bar or conductor or
any other apparatus which ordinarily carries current at a potential higher
than 700 volts, until he has positively ascertained that such conductor or
apparatus is disconnected from all sources of such potential.

82, Before starting work on any high or low tension cables or bus
bars which are supposed to be dead, the foreman in charge of the work
will make his own tests to ascertain if they are dead. Test lamps or a
light fuse to be used on low tension work and electroscopes or other suit-
able devices for high tension work.

83. Foremen must confer with head of department to whom they
report in regard to approved methods of testing to ascertain if cable or
bus bars are alive.

84. In replacing potential transformer fuses either in power stations,
substations or on signal transformers rubber gloves must be used and
in addition the fuse must be held in wooden tongs. In case of signal
transformers on aerial lines a suitable insulated holder for the fuse
block must be used in place of the wooden tongs.

B. WORK ON HIGH TENSION LINES.

85. When work is to be done upon any high tension lines, either
overhead or underground, written permission must be obtained from the
Load Despatcher for killing the same, unless the work is of an emer-
gency nature so that there is not time for getting written permission. In
such cases permission must be obtained by telephone.

86. After the Load Despatcher has granted permission for work on
these lines, before the work is started he will arrange with the station
and substations affected for having the line or lines killed, and will instruct
the operators in the station and substations to tag the feeder or feeders
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upon which work is to be done.
vided for this purpose.

87. The name of the foreman who will have charge of the work to be
done on the line in question must appear on this tag, and the line cannot
again be put in service after repairs have been made until released by
the foreman whose name appears on the tag.

88.” A tag must be placed upon each end of the line and a “not
clear’ cargl (Form.h. D 37) must be placed upon the control switches
for operating the oil switches at each end of the line and also upon the
corresponding dummy switches on tbe Load Despatcher’s indicator board.

89. At the same time the Load Despatcher notifies the power station
and substation operators to tag the line he will also notify them to open
the knife switches in serics with the oil switches at each end of the line,
and also short circuit and ground at least one end of the line. In case
of a line running from the power station this short circuiting and ground-
ing must be done at the power station end. If tbe line is to be cut it
must be short circuited and grounded at botb ends. .

90. When the Load Despatcher receives information from the power
station or substation operators that the line bas been short circuited
and grounded, and that the necessary tags and ‘“‘not clear” cards have
been placed he will release the line to the foreman, at the same time
advising him of the places where tags have been installed and also where
short circuiting and grounding has been done. :

91. Upon completion of the work tbe foreman will personally sign the
tag from at least one end of the line, stating that the work is completed,
and so advise the Load Despatcher, The Load Despatener will then order
off the short cicuiting and grounding connections and have the tags and
“not clear” cards removed. i

92. If the work has been such that there is a possibility of the con-
nections being changed a phase test must be made before the line is put
in service.

93. All tags are to be removed as soon as possible arter the comple-
tion of the work, and no lines are to be left tagged wmen work is not
being done upon them if they are in condition to be used.

94. Tags which have been removed must be sent to the Load Des-
patcher after removal.

C. WORK ON DIRECT CURRENT FEEDERS.

95. Permission must be obtained from the Load Despatcher for any
work on the direct current feeders which makes it necessary to put them
out of service, and the same rules in regard to tagging as used for high-
tcnsion cables will govern in the case of low-tension cables, except that it
will not be necessary to ground the feeders before working on them.

96. In case of direct current feeders which are to be killed to permit
of work being done on them, tags must be placed on all switches in
cither the circuit breaker houses or substations from which it is possible
to make these feeders alive.

97. If a third-rail is killed on account of work to be done on it, all
control switches by whicl it is possible to throw current to the section
of the third-rail to be killed must have tags placed on them in the same
manner_as specified for direct current feeders in the preceding paragraph.

98 In case work is to be done on low tension apparatus in stations
or substations the switches controlling said apparatus must be tagged in
the same manner as for high tension lines, and the foreman who is to
do the work must obtain written permission from the Load Despatcher
before starting the work, and must also release the apparatus as soon as
the work is completed and must sign the tag stating that the work is com-
pleted and must then so advise the Load Despatcher.

99. Men working on the overhead or underground lines, or any other
work along the right of way, must be careful not to leave any tools, scrap,
loose wires or other material between track rails or which might lie so as
to short circuit the third-rail, or foul third-rail shoes. Foremen must
use great care to enforce this rule and inspectors will report violations
to the Superintendent of Cables.

A regular tag (Form E. D. 18) is pro-

VI. SPECIAL RULES.

A. WORK IN POWER STATIONS AND SUBSTATIONS.

100. When work is to be done upon any piece of apparatus in a power
station or substation which will prevent any turbine, rotary, motor gener-
ator or booster from being ready for service on short notice, the Load
Despatcher must be so advised by the Superintendent or Watch Engi-
neer of the Power Station, or by the foreman or operator of the sub-
stations.

101. Exciter storage batteries in the power stations, and the main
and auxiliary storage batteries in substations, must not be put out of
service unless absolutely necessary, and not until permission has been
received from the Load Despatcher. The Load Despatcher will, before
granting permission to put a battery out of service, confer with the Su-
perintendent of Power.

B. WORK ON THIRD-RAILS.

102, If it is necessary to take current off from the third-rails which
are in actual service, for other than emergency causes, arrangements must
be made with the Train Despatcher or Supcrintendent of the Electric
Division. The Division Superintendent will notify the Load Despatcher
in regard to the track to be killed and also as to the time current is to
be taken off and put on again. After a track has been cut dead at the
request of the Train Despatcher or Superintendent, it will not be again
made alive until so ordered by themn.

103. The Engineer of the Testing Department shall upon request of
the Engineer of Maintenance of Way, the Division Engineer, or of the
third-rail foreman working under the Division Engineer, make con-
ductivity tests to determine if track or third-rail bonds are in proper
condition.

C. FIRE APPARATUS.

104. A sufficient number of fiber pails, filled with clean, dry sand, must
be kept in all power stations, power substations, signal substations and
circuit breaker houses. .

105. A sufficient number of chemical extinguishers must be kept in all
power stations, power substations and signal substations.

106. A monthly report in writing must be sent to the Superintendent
of Power from the Superintendent of each Station and the Superintendent
of Substations, giving the number and condition of fire pails, chemical
cxtinguishers and other fire extinguishing apparatus, including fire pumps,
hose and fire lines.

D. SAFETY DEVICES.

107. Safety apparatus, such as speed limit devices, reverse current and
overload relays on power station and substation apparatus must be tested
at frequent intervals to be sure that the same are kept in working order.

108. Each substation foreman, and also the elcctrical foreman of each
power station, must make up a monthly list of spare fuses on hand, this
list to also state the total number of each kind of fuses needed for the
full complement of the power station or substation.

E. ADDRESS OF EMPLOYEES.

109. Each employee who is likely to be called for emergency work
must keep his foreman or superintendent posted as to his residence and
the number of the nearest available telephone. Foremen and supér-
intendents will see that they have completc lists of the names and ad-
dresses of all men whom it may be nccessary to call for emergency work.



SUB-STATION PRACTICE OF THE
NEW YORK CENTRAL

The sub-station practice of the New York Central resembles
in many of its general features that of large street railway
companies as regards the handling of individual machines, but
the variety of equipment installed and the importance of the
service given broaden the duties of the employees in a marked
degree. It is not too much to say, however, that the work of
these sub-stations measures close in quantity and quality to the
operating duties essential in many good sized power stations.

Careful provision through regular records of the behavior
of the equipment, special arrangements for the use of auxiliary
connections in case of trouble, well established methods of
handling the machinery, switchboards and batteries, and the

entire time in repairs and construction work in the sub-stations
and circuit-breaker houses.

The sub-station operators are in direct charge of the opera-
tion of the sub-station, the dynamo men look after the com-
mutators and collector rings on the machines in service and
clean up all apparatus; they also assist operators when neces-
sary. [Each rotary and motor generator is cleaned at least
four times a week. The static transformers are cleaned
weekly. Compressed air at 35-lbs. pressure is used for this
work. The batteryman keeps the battery room clean, replaces
evaporation of cells with water, and takes the necessary read-

The sub-station batteries are in direct charge
of the sub-station foreman. General super-
vision of all batteries is kept by a battery fore-

ings on battery.

man reporting to the superintendent of sub-
stations.
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STARTING AND SHUTTING DOWN ROTARIES
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Rotaries are started up ordinarily from the
d. c. side, but can be started from the a. c.
side. In starting up from the d. c. side the

first operation is to throw the field circuit to
bus excitation. The field resistance is then
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adjusied and the starting switches closed and
rotary brought up to speed by cutting out re-
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sistance in the armature circuit. Immediately
after the rotary starts the switch which con-
nects the transformer secondary to the rotary
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\ / slip rlngs is closed.

The rotary is then thrown
upon its own excitation and synchronized, at

which time the d. c. switch opens automatic-
ally. The d. c. bus and machine voltage is

1000 x t .
Indicates output of Substation then compared and the remote controlled cir-
Y - . AT it : ‘ | cuit-breaker closed, putting the machine in
530 .31 32 33 31 535 .36 =7 55 540 service.  The entire operation usually takes
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about a minute.
CURVES SHOWING DIVISION OF LOAD DBETWEEN ROTARIES AND

BATTERY—READINGS TAKEN AT INTERVALS OF 5 SECONDS

widespread adoption of the remote control principle on both
a. c¢. and d. c. sides of the installation combine to illustrate
the importance of detailed planning of operating arrangements
in the electrification of a large terminal service.

OPERATING SHIFTS

All sub-stations which are in service are operated on three
eight-hour shifts daily. FEach sub-station is in charge of a
foreman who works from 8 a. m. to 6 p. m., and under him
are three sub-station operators, three dynamo men, three signal
station operators and one batteryman. One sub-station
operator is on duty per shift, the shift hours being 8 to 4
p. m., 4 p. m. to 12 midnight and 12 midnight to 8 a. m.
The batteryman’s hours are from 8 a. m. to 5 p. m.

The sub-station forces as a whole are under the jurisdiction
of the superintendent of sub-stations, whose headquarters are
at Port Mons power station. In addition to the regular
perating force there is a circuit-breaker inspector who makes
a daily inspection of all circuit breakers in circuit-breaker
houses. There is also one oil switch inspector who makes re-
pairs on oil switches and inspects all switches at least once a
Both the circuit breaker and the oil switch inspectors
This force of men spends its

month.
are included in a repair gang.

To start from the a. c. side taps are
brought out from the secondary of the
transformer giving one-third and two-thirds voltage. On
starting, the field circuit is split up so that but two field coils
are in series, thus reducing the inductive voltage when the
current is first thrown on. If the machine builds up with
wrong polarity, provision is made to reverse the direction of
the current in the field circuit until the right polarity is
established.

In taking a rotary out of service the load is first cut off by
adjusting the field rheostat. The circuit breaker connecting
the d. c. side of the rotary with the main bus-bar of the station
is then opened; the high-tension oil switch is next opened,
after which the secondary switch and the selector switch are
opened. This takes about ten seconds.

BATTERY OPERATION

The largest battery on the system is the one at sub-station

No. 1, near the Grand Central terminal. This consists of

318 cells of chloride accumulators, type R-71. The charg-
ing rate of this battery is as follows:

Amperes.
Contmuous normal 8-hour rate......................... 804

maximum battery not over 9o per cent full.. 1,200
maximum battery not over 85 per cent full.. 1,500
maximum battery not over 75 per cent full.. 2,000
Maximum for one minute under normal conditions of
operation with battery in normal state of charge..... . 4,020

“

“«
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Discharging rate—

Maximum for one hour..................... Shie e 4,020
“ for thirty minutes............... €S e wE e 6,030
«“ for twenty minutes............o0ns 5o s 8 8,040
“ for one MINUte . ws .o @ese a0 29w s me we 12,060

CARBON REGULATOR

The storage battery is connected to the bus-bars at all
times, but the boosters are not used excepting when the bat-
tery is being discharged at time of the peak, or when it is
being charged. In order to get the proper use of the bat-
tery for taking sudden variations in load, the carbon regulator
is used in connection with the booster.

The normal function of the battery is to regulate the mo-
mentary fluctuation of the load falling on the battertes,
the adjustment being such that the total amount of the charge
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WEEKLY STORAGE BATTERY INSPECTION REPORT

compensates for the discharge, such operation being known as
floating. By adjusting the tension of the spring on the car-
bon regulator the amount of the discharge can be made to ex-
ceed the amount of the charge producing a net discharge or

vice versa.
PILOT CELL

A convenient cell has been selected as a pilot cell. The
automatic cell-filling apparatus keeps the height of the elec-
trolyte constant in the pilot cell. An accurate specific gravity
reading of this cell is taken every hour with the compensating
hydrometer and the readings recorded on a form provided for
the purpose and also on the recording voltmeter charts op-
posite the corresponding hours, at the time the chart is re-
moved from the instruments. The temperature of the room
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and of the electrolyte is taken twice each day and recorded
with other readings on a form provided.

To make sure that the automatic cell filler is always in
order, the level of the electrolyte is noticed every time the
other readings are taken. and any indication that it is out of
order is reported immediately to the storage battery foreman.
The compensating hyrometer is used in the pilot cell only.

FLOATING
Charts are figured usually by noting the average voltage
for each hourly division separately and then averaging the
whole twenty-four hours; the result is divided by the number
of cells in circuit which gives the average voltage per cell for

the day. The average is noted on the chart, together with
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FORM FOR KEEPING SPECIFIC GRAVITY RECORDS

the date and number of cells in circuit, any irregularities being
noted on the back. The charts are mailed daily to the storage
battery foreman.

In daily operation the pilot cell’s specific gravity is not al-
lowed to go higher than 0.005 below the maximum specific
gravity reached on the previous weekly overcharge, and
when the battery is merely regulating, charge and discharge
being the same, the specific gravity of the pilot cell is main-
tained as near 0.005 below the maximum as possible. For
instance, when doing the regulating work only, if the maximum
specific gravity of the pilot cell as shown by the previous
weekly overcharge is 1207, the battery would be operated
with the pilot cell reading 1202, but no higher. The aver-
age voltage while floating as shown by the Bristol voltmeter
should then be between 2.06 and 2.10 per cell in circuit. If
the average is above this the battery is receiving a net charge,
and if lower, then a net discharge. For instance, if there
are 318 cells in circuit the average voliage for floating as

shown by the records should be 661 to 668.

DISCHARGING AND CHARGING

On discharging, the specific gravity of the pilot cell is not
allowed to fall below the maximum by more than 0.025, at-
tained on the previous week’s overcharge; for instance, if the
preceding weekly overcharge maximum specific gravity of the
pilot cell is 1207, the discharge would be stopped when it
has fallen to 1182. If the discharge is at the eight-hour rate
the voltage would not be allowed to go below 1.75 per cell;
if the current is less than the eight-hour rate the voltage is not
allowed to go so low; if at the one-hour rate the voltage is
not allowed to go below [.6 per cell.  Thus, if there are 318
cells in circuit the discharge would be stopped when the volt-
age has fallen to 556 with the eight-hour rate lowing; and to
509 with the one-hour rate flowing.

As soon as practicable after the discharge the battery is
re-charged. The continuous charging rate of the average
of net charge while regulating is not allowed to exceed, un-
der ordinary operating conditions, the eight-hour rate, ex-
cept in a case of emergency, and then the maximum is not al-
lowed to exceed the one-hour rate. The charging lasts until
the specific gravity of the pilot cell has risen to a point which
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is 0.005 below the preceding weekly overcharge maximum.
With constant charging rate the recording voltmeter is used
to check the cutting off point, and the curve is allowed to just
pass over the bend after the rapid rise characteristic of the
end of the charge and before the voltage has ceased rising.
In case of an overcharge the battery is charged until the pilot
cell specific gravity has shown no further rise for a period of
thirty minutes with normal eight-hour charging current flowing.

On one day each week, which is determined by the storage
battery foreman, the batteries are given an overcharge at a
rate as near the eight-hour rate discharge as possible. This
overcharge lasts until five consecutive fifteen-minute specific
gravity readings of the pilot cell are obtained at the same value
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similar to those used by the company in its other operating de-
partments to instruct employees in the use of apparatus.

REPORTS TO SUB-STATION FOREMEN

The recording voltmeter charts after the average cell volt-
age has been carefully figured and noted on the back are sent
in daily to the sub-station foreman, also a report covering the
condition of the gassing on all the cells, together with the max-
imum specific gravity of the pilot cell during the last over-
charge and maximum and minimum specific gravity of the
same during the day. Pilot-cell readings for the week which
ends the day preceding an overcharge are promptly sent in
alco.

PILOT CELL SPECIFIC GRAVITY READINGS
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or until five consecutive fifteen-minute readings of the voltmeters
across the battery terminals show no further rise in voltage,
the current being kept constant while these voltage readings
are being taken. The rccording voltmeter charts are made
use of to determine the point of maximum voltage and the
curve is run flat for an hour after the maximum is reached
with the eight-hour rate current flowing. Just before finish-
ing the overcharge, with as near constant current rate as pos-
sible, a voltage reading of all the cells is taken on a form pro-

vided for the purpose.
VENTILATION

Care is taken at all times to have the battery rooms freely
ventilated, as it is of the utmost importance when charging.
Care i1s also taken never to bring an exposed flame into the
battery room during or immediately after the gassing period of
charge. Trouble of any description is promptly reported to
the storage battery foreman.

STIMULATING INTEREST IN BATTERY WORK

In order to stimulate the interest of the batterymen in
their work, and to encourage them to attain a broad knowl-
edge of the behavior of batteries in the service of the electrical
division, a set of over one hundred questions has been pre-
pared. These questions raise a large number of practical
points with which the men are expected to familiarize them-
selves. They are not reproduced here, but the questions are

CHART OF PILOT SPECIFIC GRAVITY READINGS

REMARKS ON OTHER SIDE
. Street Ry.Journal

The form on page 561,original 1324 ins.x8 ins.,is the stor-
age battery weekly inspection report which is made out at each
sub-station and submitted to the battery foreman. The spe-
cific gravity and voltage of each one of the 318 cells at Mott
Haven sub-station (No. 2) are shown, together with the
temperature of the electrolyte, battery room, average voltage
of the battery per cell for the week and charging current while
taking voltage readings. To save the trouble and time of
writing 12 before the figures in the specific gravity columns
the 12 is omitted, and the figures are understood to mean
either 1205 or 1206, 1199, etc., as the case may be. The
figure 2 is also omitted from the voltage per cell columns for
the same reason.

The form on page 563, 14 ins. x 15 ins., shows the sub-sta-
tion daily log in use at this writing. It gives a half-hourly
record of bus-bar voltage a. c. and d. c. rotary inputs, battery
performance and inputs of booster motors. Maximum swings
of the ammeters reading rotary output, battery output and
third-rail output are also given. On Aug. 14, the day shown,
the high-tension voltage varied from 10,800 to 11,000 at
the Mott Haven sub-station, and the voltage on the sub-
station d. c. bus varied from 660 to 670. Rotary No. 1 was
in service from 6:30 a. m. to 8 p. m.; rotary No. 2 from mid-
night to 12:30 a. m. and from 12:30 p. m. to midnight,
and rotary No. 3 from 12:30 a. m. to 12:30 p. m. Two
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rotaries were in service between 6:30 a. m. and 8 p. m.
The maximum average kw load on the a. c. side of the sub-
station was 2500 kw, occurring from 6:30-7 p. m. The
battery was discharged only in the hours of peak load in the
morning and afternoon, i. e., from 7 to 9:30 a. m. and from
4 to 6:30 p. m. The maximum d. c. ampere swings were
5210 amps. on the rotary output, 5000 amps. on the
battery output, and 9000 amps. to the third-rail, the latter

Form E D 4~ WHCCo—7-25-06-34t
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and the storage battery in sub-station No. 2 on Aug. 7, 1907,
between 5:30 and 5:40 p. m. Two 1500-kw rotaries were
in operation, and the readings of the battery and rotary d. c.
ammeters were taken every five seconds. Inspection of the
curves shows that the rotaries carried an average load of
about 3900 amps. during the time covered, with an ex-
treme fluctuation per rotary of about 2500 amps. The
sub-station output varied from a maximum of 8000 amps.

NEW YORK CENTRAL AND HUDSON RIVER R.R. CO.
ELECTRIC DIVISION
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DAILY LOG OF SUBSTATION

occurring at 5 p. m. The battery carried 5000 amps. of
this momentary fluctuation. The company expects in the
future to modify the form of this log somewhat, retaining the
important features and adding several new ones. The new
log will be about the same sized sheet, but will show kw-hour
readings on the a. c. sides of the rotaries and boosters, with
space for daily insulation tests of rotaries and auxiliary ap-
paratus, and hourly readings of the maximum swing of the
sub-station main d. c. ammeter. There will also be space for
wattmeter readings at midnight of the preceding day and mid-
night of the day charted, with the difference. Power-factor
readings will also be included.
BATTERY PERFORMANCES
The diagram on page 560 at the beginning of this chap-

ter illustrates the division of load between the rotaries

to a minimum of 1300. Practically all fluctuations about the
4000-amps load on the sub-station were carried by the
battery, and when the load fell below 3800 amps. the
rotaries charged the battery. The maximum rate of automatic
charging was about 2500 amps. The maximum sus-
tained peak load on the sub-station lasted for nearly one
minute, reaching 8000 amps. total, and during this fluctua-
tion the combined output of the two rotaries, with carbon
regulator in operation varied from but 3800 to 4100 amps.,
or but 150 amps. per rotary.

The form on page 549 (1334 ins. x 8 ins.) shows the dis-
tributed output of the electric division for Aug. 14, 1907.
As only three sub-stations out of eight are in operation as yet,
and the loads are small, the figures given reflect preliminary
rather than completed service. The outputs shown cover
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the train service between the Grand Central Station,
High Bridge and Woodlawn, including in the latter
about twenty-four New York, New Haven & Hartford
trains, which at this wrting are being electrically operated.
As shown on the report, the total a. c. input of the three sub-
stations was 70,889 kw-hours, the largest input being taken
by the Mott Haven sub-station (No. 2). Less than two per
cent of the a. c. input of the sub-station was required for sub-
station lighting and local power service. The total d. c.
rotary output was 58,367 kw-hours, of which the third-rail
feeders took 55,226 kw-hours. FEach sub-station can be
lighted from the a. c. 11,000-volt lines through step-down
transformers, from the motor-generator control battery charg-
ing set or from the control battery itself at 110 volts. The
control battery is installed as a reserve of 55 small cells to in-
sure the operation of oil switch and circuit-breaker motors at
all times. In case the a. c. supply fails at night in a sub-
station, a switch can be thrown which will light a row of re-
flector lamps at the top of the upright board, illuminating by
current from the control battery the instruments at the bench
board.

The small diagram on page 561 illustrates the method
adopted by the company of keeping the specific gravity
records of the individual cells in the storage battery. The
vertical lines represent the various cells of the battery in proper
order from one to any number of cells. The horizontal black
lines are taken as base lines, one for each reading, and dated
and named according to the condition of the battery at the time
the reading was taken: for instance, 7/1-1200, meaning that
for the reading taken July 1 the base line represents a specific
gravity of 1200. Each horizontal line then at the point
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of the intersection with the cell line represents a certain specific
gravity with relation to the base line. In the case of the reading
taken July 1, beginning at cell No. 1, the readings were as fol-
lows: 1200, 1202, 1201, 1203, 1199, 1204, etc. Connect-
ing the points of these readings, we have a line crooked or
straight, according to the evenness of the electrolytes’ specific
gravity. The principle of the method is that other readings of
the same cells, if taken correctly and if the battery is in uni-
form condition, completed and connected in the same manner,
should form a line similar in direction as shown by comparison
of the lines formed by readings taken July 1, July 8 and July
22; but if anything is wrong with any cell or if a reading is
not taken correctly, it will be shown up in the manner indi-
cated in the line by readings taken July 15. Thus, in cell
No. 12, a short circuit occurred July 15, the specific gravity
falling to 1205. Such other data as temperature of the
electrolyte, temperature of the room, the name of the party
taking the reading, etc., may be noted on the base line of the
reading to which they belong. This record gives at a glance
the specific gravity readings at various days, a comparison of
various readings showing, in a way that cannot be overlooked.
trouble in any cell or changes in specific gravity caused by any
other reason, or readings taken incorrectly, and a line show-
ing the evenness of the specific gravity throughout the battery.

The chart on page 562 (6 ins. x 11 ins.) illustrates the read-
ings for a single week on the pilot cell of the battery located
at Fiftieth Street and Park Avenue. The variation in specific
gravity corresponds closely to the condition of the battery as
regards charge or discharge. The temperature of the elec-
trolyte is also shown in each day, the average charging cur-
rent and the specific gravity during the time of charge.




ELECTRIC ROLLING STOCK OF THE
NEW YORK CENTRAL

The general features of the rolling stock used in the elec-
trical zone of the New York Central & Hudson River Rail-
road have been described in previous issues of the Street Rail-
way Journal and need not be repeated here. Both the motor
cars and the electric locomotives are equipped with multiple
unit control. In general the motor car control does not differ
matenally from that installed on previous systems, but the
high power of the electric locomotives renders their control of
special interest. In view of the care taken by the company
to forestall troubles, the course followed in handling both the
motor car and the locomotive control under normal and abnor-
mal conditions is given in the following paragraphs at con-
siderable length, and the essential details of locomotive control,
arrangement and operation have also been included. A spe-
cial feature of the motor-car equipment is the use of graduated
release air brakes, and as comparatively little has thus far been
printed in regard to the handling of this improved apparatus, a
liberal space has been allotted to the discussion of this subject.
Among the detailed tasks which accompany the electrification
of a steam railroad, few are of greater importance than the
training of the enginemen in the handling of the revolutionized
rolling stock. The preparation of instruction books for this
purpose is a problem of no small moment, and for this reason
extracts from the work of the New York Central along this
line have been fully utilized. Flexibility and safety in opera-
tion are apparent in all the details of the rolling stock design
and service.

The company now operates thirty-five electric locomotives,
131 motor cars for suburban service, and fifty-five trailers.  Six
of the motor cars are combination baggage and passenger cars,
Electric locomotives are operated as far as High Bridge and
Wakefield, but the motor cars are at present hauled by steam
locomotives from these points north to Croton and North
White Plains. The Peekskill local trains consist of motor
cars and trailers, and are hauled through to Peekskill by steam

locomotives.
INSTRUCTION BOOK

In anticipation of the beginning of operation in the elec-
tical zone, an exhaustive Instruction Book was prepared by
the Equipment Department for the use of employees in the
train service. This book describes the electrical and mechan-
ical features of the motor cars and locomotives in detail, the
phraseology being carefully selected with the object of making
the electrical equipment details clear to train-service employees
familiar with steam locomotive practice. In addition to the
description of the apparatus incorporated in this book, in-
structions were included to meet emergencies, and the course
to pursue in overcoming troubles and in handling the equip-
ment most effectively was given in considerable detail. In
view of the fact that the rolling stock of the Electrical Division
has been described in previous issues of the Street Railway
Journal, only such particulars will be given in the following
paragraphs as throw additional light upon the actual operation
of the cars and locomotives.

MOTOR-CAR ELECTRIC CONTROL

Two master controllers are provided for each motor car.
Four points are indicated on the cap plate for forward di-
rection and two for reverse. The first point in either direc-
tion 1s called the “‘switching’” or “lap’ position, the second

“full series.”  The third point forward is called the ‘‘parallel
lap,”” and the fourth the “‘full parallel.”

The train cable is composed of seven conductors, each be-
ing covered with different colored braiding for identification.
These conductors are attached to numbered plugs in the
coupler sockets at the ends of the car and branch wires ex-
tend to the master controllers. Each motor car is provided
with two circuit-breaker setting and tripping switches. Mov-
ing the handle in one direction makes connection from the
master controller switch through the train cable to the various
setting coils of the circuit breakers, and moving the handle in
an opposite direction completes a circuit through the tripping
coils on the various circuit breakers throughout the train. An
emergency air-brake attachment is fitted to each master con-
troller. The panel board at the end of each car contains
vestibule and headlight fuses, car-lighting fuses, fan-motor fuse,
vestibule and headlight switch, heater switches, car-lighting
switch, fan-motor switch, heater fuses, main switch, control
cut-out switch and fuses, current-limit relay, air-compressor
switch, and air-compressor fuse. The concentration of fuses
and switches at one point greatly adds to the operating con-
venience of the car.

Before attempting to start a train the motorman closes the
air-compressor switches located on the panel boards of the
various cars and waits until the train line and reservoir are
properly charged, following the air-brake instructions in re-
gard to testing brakes. HHe then sees that all main switches
are closed and all master-controller switches open, with the
exception of the one near the controller which he is to operate.
He also moves the circuit-breaker switch to its ““on” position,
allowing about one second for the circuit breakers throughout
the train to close.

To start the train the motorman presses down the button
in the controller handle, inserts the handle key and gives it a
quarter turn. It is necessary to hold down the knob in the
top of the handle to prevent the pilot valve in the controller
from operating and applying the brakes. This is not neces-
sary while in any running position, as the air brakes will not
be applied automatically unless the controller handle is at its
“off” position and the knob released. The main or motor
current flows from the third-rail shoes to the main switch,
through the circuit breaker and main fuse to the contactors,
then through the reverser and No. 1 motor to a set of rheostats,
then through another set of rheostats and No. 2 motor to
ground. The controller handle is then gradually advanced un-
til the full series position is reached. A “‘bridge’ connection is
established by the contactors. The motors are then connected
in parallel with rheostats connected in series with each, after
which all the resistance is cut out of circuit by means of the
contactors, and the motors are in full parallel.

The arrangement of apparatus is such that the train may be
operated in either direction from any master controller in the
train. It is necessary, however, in order to operate in a
reverse direction at full speed, to operate from a master con-
troller at the end of a car toward the direction in which the
train is to be moved.

Should the train break apart the control couplers pull out,
cutting off current from the train cable on the section of train
behind the break. This drops out all the contactors on the
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rear section, while the front section continues under the con-
trol of the motorman.

OPERATING QUESTIONS
The following questions and answers have been issued by
the company to assist the motormen in understanding the
operation of the electric control system:

Q. 1.—If train fails to move after instructions under train operation
have been followed, what should be done?

A.—Light circuit switches should be cut in to ascertain if there is power
in the contact rail, or motorman sbould note if trains in neighborhood are
moved by power.

Q. 2.—If it is found that tbere is current in operating car, what should
be done?

A.—Master controller handle should be moved to first point, then mas-
ter controller switch opened to ascertain if thc master control circuits are
closed, which will be indicated by the sound of slight arcing at master
controller switch.

Q. 3.—What would cause the failure of train cable circuits?

A.—First, imperfect master controller fuse; second, grounded train
cable; third, imperfect contact in master controller; fourth, loose coupler
jumper.

Q. 4.—What should be done to detect imperfect fuse?

A.—Insert new fuse, and if this fails it is evident that the trouble is
elsewhere.

Q. s.—What should be done when a grounded train cable occurs?

A.—The master controller fuse should be replaced and the controller
moved to the ‘“on” position to determine if fault lies in construction of
fuse. If this fails, an attempt should then be made to locate the ground
in tbe train cable. Tbe first thing to do is to throw the control cut-out
switch on the operating car to “off” position. If this proves ineffective,
this operation should be repeated back through the train, cutting out, how-
ever, the train cable jumper between car tested and one to be tested.

Q. 6.—What should be done to detect imperfect contact in master
eontroller?

A.—Motorman should remove cover from controller and note the move-
ment of contact fingers. The action of the train is dependent upon the
contact of these fingers, and if it is found that the contact is imperfect
he should endeavor to readjust the contacts, and if he fails in this it is
then necessary to operate the train from the next car.

Q. 7.—What should be done to detect a loose jumper?

A.—Motorman should lose no time in going back through his train to
determine if the coupler plugs are properly inserted in the sockets, and,
if not, he should insert themn properly.

Q. 8—What are the other causes that would prevent the operation of
a train or reduce the speed?

A.—TFirst, the blowing of third-rail shoe fuses; second, the blowing of
main motor circuit fuses; third, the blowing of circuit breakers or main
fuses; fourth, an imperfectly acting triple valve causing brakes to remain
set on one or more cars in train.

Q. 9.—How can enclosed fuse that is blown be detected?

A.—If an enclosed fuse has blown there is a deposit or collection of
grayish powder at the ends of the box.

Q. 10.—What should bc done in the event of a third-rail shoe fuse
blowing?

A.—This fuse will blow only when there is a short-circuit on the car
equipment, and fuse should not be replaced but train continued in the
regular manner, and report promptly made to the train despatcher or
person in charge of nearest terminal.

Q. 11.—If a circuit breaker acts or blows, what should be done?

A.—The circuit breaker setting switch should be moved to tbe
position.

Q. 12—What should be done when a triple valve acts imperfectly ?

A.—Air-brake instructions should be followed, i. e., valves sbould be
cut out and auxiliary reservoir cock opened to release brakes.

Q. 13.—If a train is standing on crossover and current cannot be ob-
tained on the operating car, although the other cars of the train and trains
in the neighborhood have current, what does this indicate?

A.—This indicates that the bus-line fuses between the operating and
adjacent cars have blown, or that bus jumper is loose or disconnected.

Q. 14.—What should be done to continue operation of train?

A.—MNotorman should go back to the first motor car where current can
be obtained and move train through crossover, then go back to the first
car again and proceed in the usual manner until a point of inspection can
be reached and inspector notified.

0. 15.—1If a fire occurs in any car in the train, what should the motor-
man do?

A.—Open all circuit breakers by moving the circuit-breaker switch to
the *““off” position, and if this fails he should then open the main or motor
circuit and the main cut-out switch on the car on which the trouble occurs.

0. 16.—If smoke or fire is observed by the trainmen in any of the ligbt
or heater circuits within the car, what should be done?

A.—The trainman should immediately cut out the light or heater
switches, whichever the case may be, and the trouble be reported to the
despatcher in charge of the nearest terminal.

Q. 17.—If an unusual noise is observed in the movement of tbe train,
what should be done?

A.—To prevent delay the motorman should have tbe conductor stand
beside the train to locate the noise while he moves tbe train, after which
if the trouble is with the brake rigging, same should be tied up.
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Q. 18.—If the noise is located within the motors, what should be done?

A.—Motorman should open the cut-out switch on tbe car affected, and
proceed after reporting trouble to despatcher in cbharge of terminal.

Q. 19.—If a third-rail shoe support is broken, what should be done?

A.—Motorman should first pull the bus-line jumpers at botb ends of
the car, insert wooden insulating slippers between the contact shoe and
rail, and then proceed to detach or tie up remnants of device, exercising
extreme care tbat the contact device is kept clear of the truck frame, con-
tact rail, structure, or any grounded parts to prevent injury to himself.

Q. zo.—If either pilot or emergency air-brake valve leaks badly, whbat
should be done?

A.—First try applying brakes by releasing the knob in the controller
bandle several times, and if this does not remedy the difficulty cut tbe
valves out by means of a cut-out cock located in the pipe leading to them
from the train line.

LOCOMOTIVE ELECTRIC CONTROL

The general features of the Sprague-General Electric type
AT

M’ control, as used on the suburban motor cars, also ap-
ply to the electric locomotive control, except that the train cable
in the locomotive control has twenty wires, seventeen of which
are connected to the master controller and to the motor-control
apparatus. Of the remaining three wires two are used for
the sander device and one is an extra bus ground. This con-
trol, in the same way as on the suburban motor cars, comprises
two distinct sets of circuits, namely, the main or motor-control
circuits and the master-control circuits, the former being gov-
erned by the latter. Each locomotive has four motors, the con-
trol being arranged for operating the motors first, all in series,
then in series parallel, and then in parallel relation. The two
ends of locomotives are designated the “A’ end and the “B”’
end, the main switch being located on the “B”’ end.

The motor control on each locomotive consists of the fol-
lowing apparatus:

Contactors.

Reversers.

Rheostats.

Main switch.

Main motor cut-out switches.

Individual motor fuses.

In addition to these pieces of apparatus there are four sets
of third-rail contact shoes—two shoes in each set—and two
overhead contact shoes, with the necessary main cables con-
necting them to the control apparatus on the locomotive.
There is also a main cable extending through the locomotive
terminating with couplers at the ends, so that the third-rail
shoes and the overhead shoes of any two or more locomotives
may be connected together. This cable is termed the ‘‘bus-
line.”” The circuits from the contact shoes—both third-rail
and overhead—are protected by fuses, a set of two fuses in
multiple being located near each shoe to protect the circuit of
that shoe. From the third-rail shoes or from the overhead
shoes the main circuit is carried through the respective fuses
of each to bus line, to the main switch and through the motor
fuses to the contactors and thence to motors.

There are forty-three contactors, located in the end com-
partments of the cab, one group on each side of the end com-
partment. The contactors are numbered progressively around
the cab, No. 1 being nearest the No. | reverser. Each con-
tactor has a plate with its number, which is attached in front
above the arc chute.

There are two reversers—one in each end compartment.
The No. 1 reverser, which is on the main switch end of loco-
motive, has the armature and field leads of the two motors on
that end connected to the studs of its contact brushes. The
connections of armature and field leads for producing forward
and backward movement of locomotives are established by
means of copper bars pressed against spring-contact brushes,
through a toggle mechanism.

The handle for the main switch, which is a knife-blade,
quick-break switch, is located in the *“B” end compart-
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ment of the cab. It is never opened while the current is on
the motors, except in an emergency, but is opened before
the individual motor fuses or contactors and reversers are ex-
amined.

The main motor cut-out switches are for the purpose of
cutting out the individual motors in case of any ground or
defect in a motor which renders it inoperative. There are
four of these cut-out switches, one for each motor, and they
are located on the sides of the cab, the switches for No. |
and No. 2 motors being just over the No. | reverser and for
No. 3 and No. 4 motors over the No. 2 reverser. The num-
ber of the motor to which it is connected is marked on each
switch. Each switch also has a small auxiliary control cut-
out switch which opens and closes with the larger switch for
opening the circuit of the series contactor.
These switches are normally kept closed,
except in case of individual motor trouble.
They are kept well closed, so that the small
auxiliary switches make good contact.
When one of these switches is opened on
account of motor trouble, the locomotive
will not move until controller handle
reaches the eleventh notch.

There are four motor-fuse boxes, each
motor having its individual fuse. These
boxes are located one over each third-rail
shoe, just above the shoe-fuse boxes. A
copper ribbon fuse of 1000 amps. rating
is used in these boxes. FEach box has
marked on it the number of the motor
whose circuit it protects.

The third-rail shoe fuse boxes are sim-
ilar to the motor fuse boxes, but somewhat
larger. There are two of these arranged
in multiple for each pair of third-rail shoes.
A copper ribbon fuse of 1200 amps. rating
is used in each of these boxes.

The overhead shoe fuse boxes are practically the same as
those for third-rail shoe, but are mounted on the roof, two in
multiple near each shoe. A copper ribbon fuse of 1200
amps. rating Is used here also.

The third-rail contact shoes are of the slipper spring actu-
ated under-running type. The shoe bracket is mounted on a
wooden insulating beam. There are two shoes in muliple
on each bracket.

OVERHEAD CONTACT

The overhead contact device is a pneumatically operated
shoe. There is a valve near each master controller in the
cab, by means of which the shoe may be raised or lowered.
When air is applied the shoe is lifted so as to make contact
with the overhead rail.  When air is released the shoe drops;
also if the shoe runs off the rail it is tripped automatically and
drops. Moving the handle forward operates the pilot valve,
by means of which a slide-valve is thrown to admit air from
reservolr to cylinder of contact shoe device. Pulling the han-
dle back operates another pilot valve and the slide-valve is
thrown over to connect air chamber of contact device to ex-
haust. The handle will spring back to the middle position
from either direction. There are two of these overhead con-
tact shoes, which are controlled in common by either valve in
the cab. They are mounted on wooden insulating blocks.
It is very important that these shoes are not raised when they
will come in contact with overhead obstructions.

TRACK SANDER CONTROL

The track sander control comprises the following pieces of
apparatus:
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One main sander switch.

Two sander operating switches.

Two electro-pneumatic valves.

The main sander switch, located in the “A” end com-
partment of cab, is for the purpose of admitting or cutting off
current from the sander operating switches. This switch con-
tains a 10-amp. fuse. The switch is opened on inspecting
fuse. This switch has plate marked *‘Sander.”

Sander operating switches are located on one side of cab
near each master controller. These are double-throw switches
and are marked *“‘Sand Forward,”” *‘Sand Reverse.”” Mov-
ing the handle to the ‘‘Forward” position energizes the valve
which applies sand to rail for forward direction. *‘Reverse”
position of hardle applies sand for the reverse direction.
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The electro-preumatic valves are located one in each end
compartment. Ore valve operates a sander for one direction
of movement, the other valve operates a sander for the other
direction, only one valve being operated at a time. The
valve is operated by a magnet, which is energized by current
applied in the sander operating switch.

ELECTRIC LOCOMOTIVE OPERATION

Before atteinpting to start the locomotive, the motor-
man first closes the pump switch, then he closes the main
switch and sees that the main control switch and all the cut-
out switches are closed.  After the reservoir and train line are
charged, the overhead control switch over the controller from
which locomotive is operated is closed and the reverser handle
thrown in the direction of desired movement of locomotive.
The motorman then proceeds on the signal. After releasing
the latch on controller handle he pulls the controller handle to
the first notch, then to the second notch, arnd so on, until the
desired speed is attained. For coupling with the locomotive,
light, the first and second notches are ordinarily sufficient. If
it is desired to get up to speed as soon as possible the handle
i1s moved around notch by notch, allowing the latch to take
each notch until the last notch is reached. If the motor-
man feels, at any point, the further movement of the con-
troller checked, he does not exert undue pressure on handle—
no more than is ordinarily required to move the handle from
one notch to the next. Whenever the current through the
motors is higher than a certain amount the automatic governor
acts and stops the further movement of handle. When the
current falls to a certain amount the governor releases con-
troller cylinders and another rotch may be taken, and so on.
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Every notch on the controller must invariably be taken by
latch in moving controller on, whether in accelerating or in
throwing controller on with motors already up t6 speed. In
throwing off, the notches need not be observed. The off
notch of the controller is called the zero notch. The first
closed position of the controller is the first notch and so on.

If the reversers are not already thrown to the position cor-
responding with the position of the reverse handle when the
controller is thrown to the first notch, current will pass through
the proper operating coil to ground. After the reversers have
reached the correct position interlocking contacts on each re-
verser cut off current to ground and establish a circuit through
three contactor coils. Moving the reverse handle does not
operate the reversers, but simply arranges the contacts, so that
when the controller is turned to the first position the reversers
will be thrown in the proper direction. The operating coil for
one direction on one reverser is in multiple with the corre-
sponding coil on the other reverser, these two coils being
controlled by one wire from the master controller and pro-
tected by one fuse.

On the first notch the main or motor current flows from
the third-rail shoes or from the overhead shoes through the
shoe fuses to the main switch, then through the No. 1 motor
fuse, through the reverser and No. | motor, through a set of
rheostats, then through another set of rheostats to reverser and
No. 2 motor, then through the other reverser and No. 3
motor through a set of rheostats, then through another set of
rheostats to reverser and No. 4 motor, and then to ground.
The four motors are here all in series, with all the resistance in
circuit, and the locomotive, if light, may start, or if coupled
to a train may simply take up draw-bar slack. Each of the
next three steps cuts out one complete set of motor resistance,
and on succeeding steps, until full series is reached, the re-
maining set is cut out in six more steps. After full series,
between the tenth and eleventh notches, bridge connections
are established, and then on the eleventh notch motors are
thrown in series parallel relation. Resistance is cut out in
six steps to full series parallel, the seventeenth notch. Bridge
connections are then established and the motors are thrown
all in parallel, the resistance being cut out again in six steps.
When motors are in parallel each is protected by its own fuse.

When it is necessary to reverse the direction of train move-
ment, leaving controller handle in the off position, the reverser
handle is thrown in the opposite direction and then move
controller handle on in the same way. The reverser handle
is thrown in the direction corresponding to direction of move-
ment required. The motors are not reversed while the loco-
motive 1s moving, except in case of emergency, and then if
speed is more than a few miles per hour the wheels would
probably slip. If it is necessary to reverse while moving, the
motorman is not allowed to throw the controller handle beyond
the first notch, if all the motors are cut in, or beyond the
eleventh notch, if one motor is cut out.

OVERHEAD SECTIONS

When operating on an overhead rail section the overhead
contact shoe is tripped and will drop on leaving this section.
The motorman, however, as an extra precaution, throws the
valve handle back. Either for raising or lowering the over-
head shoe it is necessary to hold handle in position only long
enough for the shoe to start movement.

To sand the rails the sander operating switch is moved
over in the direction of movement of the locomotive. To
stop the sand the handle of this switch must be brought back
to the middle position.

The control cut-out switch, if open, disconnects the operat-
ing parts of contactors and reversers on the locomotives from
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the train cable, but does not affect the operation of the other
locomotive if two are connected together, although it is cut
out on the locomotive whose master controller is being operated.
The control connections for the reverser are so arranged that
unless it is at the proper position current is cut off from con-
tactors, so that motors on that locomotive will receive no
current. In case of electrical trouble within the master con-
troller train cable, couplers, or connection boxes, the single
fuse in the master control switch will protect them. In case
of local trouble on contactors or reversers the fuses in the cut-
out switch will protect the circuit.

ELECTRIC LOCOMOTIVE CATECHISM

The following catechism has been issued by the company
to instruct the locomotive motormen in the operation of the
system:

Q. 1.—If locomotive fails to move after instructions under train oper-
ation have been followed, what should be done?

A.—TFirst, after making sure that the overhead and main master con-
troller switches are closed, throw controller on two or three points and
off, and observe by the sound whether any contactors are operating.

Q. 2.—1If none of the contactors operates, what should be done?

A.—Turn on light circuit switches to ascertain if there is power on the
third-rail or overhead rail.

0. 3.—With current on the locomotive, what would cause the failure of
centactors to operate?

A.—Tirst, an imperfect master control fuse; second, imperfect contact
in master controller on some of the fingers of the primary cylinder; third,
two or more imperfect 4-amp. fuses in the control apparatus circuits.

Q. 4.—What should be done to detect imperfect master controller fuse?

A.—Open main master controller switch and renew fuse, and if there
is still no operation of contactors the trouble is evidently elsewhere.

Q. s.—How can enclosed fuse that has blown be detected?

A.—A small circle in center of table is charred and turned black when
fuse is blown, This is termed the “Telltale” of fuse.

Q. 6.—What should be done to detect imperfect contact in master con-
troller?

A.—Cut out master controller switch, then remove controller cover and
open arc deflectors; first on the right-hand side. Turn on controller and
see that the controller fingers make good contact with their respective
cylinder segments. If any contact is imperfect endeavor to readjust, if
there is time. Failing in this, go to the other controller and operate from
that, after cutting in its overhead switch and the main master controller
switch again.

Q. 7.—What should be done to detect imperfect fuses in the control
apparatus circuits?

A.—Remove cover from the cut-out switch on back of No. 2 controller
and inspect the five top fuses and the eighth and ninth from top. If any
one of these fuses shows signs of being blown, from the telltale being
black, renew the blown fuses.

Q. 8.—If some of the contactors close on the first test without giving
main current, what should be done?

A.—After opening main switch throw reverser handle back and forth
two or three times, throwing controller to first notch at each reversal and
note whether both reversers respond, throwing over at each reversal.

Q. 9.—If neither reverser responds, what should be done?

A.—Renew fuses eighth and ninth from top on cut-out switch and
then try.

Q. 10.—If one reverser responds to reversals on controller and other
does not, what should be done?

A.—Throw over by hand the reverser that is not operating, making
sure after throwing that the reverser is properly locked by toggle. It
would require considerable force to lock reverser, but it is absolutely
essential that it be locked, and no attempt should be made to operate be-
fore making sure of this.

Q. 11.—What contactors should close on the first notch of controller?

A.—1, 2, 4, 19, 22, 25, 33, 41 and 42. Contactors 1, 4 and 19 close
after No. 1 reverser throws; 25, 33 and 41 close after No. 2 reverser
throws. Contactors 2, 22 and 42 are governed by the No. 1 circuit on
master controller.

Q. 12.—If contactors 2, 22z and 42 do not close, what should be done?

A.—First, renew top 4-amp. fuse on cut-out switchboard; second,
examine main motor cut-out switches. See that they are well closed, so
that auxiliary contacts are closed.

Q. 13.—If this is not effective, what should be done?

A.—After closing main switch again, throw controller to eleventh
notch, moving slowly from tenth to eleventh, and begin operation in series
multiple. Motorman should here move handle more slowly than ordi-
narily, as the automatic feature may thus be cut out. Motorman should
watch meter and should not exceed 1000 amperes in series multiple and
2000 amperes in multiple.

Q. 14.—If two locomotives are being operated together and the master
controller fuse blows again, after being renewed, what should be done?

A.—Pull zo-point jumper between locomotives and try renewing fuses,
and then operate from locomotive on which fuse does not blow again.
1f a new zo-point jumper is available this may be substituted and tried.
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Q. 15.—If motors do not take current between eleventh and seventeenth
notches or between the eighteenth and twenty-fourth notches, what should
be done?

A.—Renew the second and fifth fuses for the first case and the second
and fourth fuses for the second case. If this is not effective, examine
contact fingers for the primary cylinder and adjust if any of these fingers
are not making good contact. Failing in this operate from the other
controller.

Q. 16.—What are the other causes that would prevent the operation
of locomotives?

A.—First, the blowing of the third-rail shoe fuses. Example for this,
if lights are not obtainable in turning on light switches (See Q. 2).
Second, the blowing of an individual motor fuse.

Q. 17.—What would tend to reduce the speed?

A.—First, in operating with two locomotives, if either locomotive is
inoperative from any of the causes referred to, or if there is a loose
20-point jumper, or the bus line jumper is loose or out, and the shoe
fuses blow on either locomotive, of course, one locomotive would be dead
load; second, imperfectly acting triple, as would be indicated by meters
showing excessive current.

Q. 18.—What should be
blowing?

A.—These fuses will ordinarily blow only when there is a short
circuit on locomotive equipment. If the cause of fuses blowing is evi-
dent, however, as from the temporary grounding of some part of tbe
third-rail shoe circuit or from the breaking off and grounding of a shoe,
the fuse may be renewed after the ground has been removed. To do
this put slipper boards under all the contact shoes of both locomotives
and pull bus line jumper between locomotives and release overhead shoes
fiom overhead rail. In removing slippers from under shoes, after renew-
ing fuses, do not stand nearer the fuse box than is absolutely necessary.
If one locomotive is grounded and the other is not, leave out bus line
jumper and operate from locomotive which is free from ground.

Q. 19.—~What should be done in case of an individual motor fuse
blowing, as indicated by contactors 1, 2, 4, 19, 22, 25, 33, 41 and 42
closing properly on first notch without taking current?

A.—After making sure that the motor cut-out switches over reversers
are all closed, open main switch and see which motor fuse is blown,
renew this and proceed. If this fuse blows again, open cut-out switch
for this motor and start train from the eleventh notch.

Q. 20.—If a third-rail shoe support is broken, what should be done?

A.—Motorman should first pull bus line jumper if two locomotives are
coupled together, insert wooden insulating slippers between the contact
shoes and rail on the crippled locomotive and retrieve overhead shoe if
upon rail and then proceed to detach or tie up remnant of device, exer-
cising extreme care that the contact device is kept clear of the contact
rail and kept clear of truck or any grounded part to prevent injury to
himself.

Q. 21.—What should be done in case air pump fails to operate?

A.—Renew fuse in pump switch which is located in “A” end cab. Open
the pump switch before doing this. If this does not remedy the trouble
inspect the governor contacts and adjust them if necessary.

While many of the conditions referred to are somewhat
imaginary and may never arise in practice, the questions and
answers given serve to give the motormen familiarity with the
circuits and the operation of the control.

After the motormen have acquired familiarity and experi-
ence in electrical operation they are allowed on occasions to
exercise their own judgment and common sense to better
advantage.

done in the event of third-rail shoe fuses

LOCOMOTIVE AIR-COMPRESSOR CONTROL

The air-compressor control comprises the following pieces of
apparatus:

A pump motor switch.

A pump governor.

A pump motor circuit contactor.

The pump motor switch is located on side of passage “A’
end compartment. This switch is for the purpose of opening
the pump motor circuit when locomotive is not in service.

This switch contains a 40-amp. fuse, which protects the
pump motor circuit.

The pump governor is located in “A’” end compartment
on side opposite No. 2 reverser. The governor is of the
diaphragm type of construction, the movement of the dia-
phragm, as air pressure falls or rises, operating a lever mech-
anism which serves to give a quick make and break to a small
switch of the contactor type. This switch does not close
the pump motor circuit itself, but closes the circuit through the
pump motor circuit contactor, which has higher current ca-
pacity on its contacts than the governor. This contactor is
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located to the left of the governor. When the air pressure in
the reservoir falls to 125 Ibs. the governor closes its contacts,
thereby energizing the contactor coil, which in turn closes its
contacts; the pump motor circuit being thus completed, the
pump starts. When the air pressure reaches 135 Ibs. the
governor opens the circuit of the contactor coil, which in
turn opens and breaks the pump motor circuit and the pump
stops. Both the governor and the contactor have strong
magnetic blow-outs at their contacts, sufficient to handle any
current which they may take in this service.

AIR-BRAKE EQUIPMENT ON MOTOR CARS

The air brakes on the cars and locomotives in electric
service are essentially the same as those on the other passenger
equipment, except that the steam driven air pumps on the
locomotives are replaced by electrically driven air compressors,
one on each electric locomotive and each motor car, and the
design of the air brakes is such that their release, as well as
application, can be graduated.

The use of an air compressor and main reservoir on each
motor car necessitates the use of an additional train pipe to
connect all the main reservoirs together and to the motorman’s
brake valve. This extra train pipe is called the control pipe.

The graduated release feature of the brakes makes it de-
sirable to provide a double cut-out cock, which controls at the
same time communication between the triple valve and brake
pipe and between the triple valve and control pipe.

A safety valve is placed in the end of the main reservoir
on each motor car to prevent overcharging the brake system
in case the electric pump governor fails.

In suburban service it is highly important not to block the
road. Therefore, motormen are required to remember, in
case anything gets out of order, that the first important thing
is to get out of the way; and to learn carefully just what to
do in order to make the proper move quickly; for example:

1. In case of a burst hose, if it be the control pipe hose,
the cut-out cock on both sides of it should be closed; but
if it should be the brake pipe hose, then it is necessary to close
the cut-out cock ahead of the brake and the double cut-out
cocks on each of the cars back of it; then open, and leave
open, the auxiliary reservoir bleed cocks on all of the cars that
are cut out. In a case of this kind some one is designated and
prepared to operate the hand brakes on the cars that are cut
out in case a car coupling should break and cause the train
to separate.

2. In case of inability to release a brake, caused, for in-
stance, by the emergency valve remaining unseated after an
emergency application, close double cut-out cock and open,
and leave open, bleed cock of auxiliary reservoir on this car
and proceed.

3. In case of brake sticking after service application make
about a 10-Ib. reduction and place the handle of the brake
valve in release position. This will usually release the brake.
If not, or further trouble is had with this brake, do as recom-
mended in preceding case 2. It will be seen by these three
examples that by a knowledge of the operation of the air
brake the motormen and trainmen can formulate rules for
themselves that, in case of trouble, will enable them to get out
of the way with little or no delay.

To gain time the brake-pipe reduction for application of
brakes is adapted to the speed. For example, for high speed
make a full application and graduate off when a short distance
from the stop. To handle train smoothly make the applica-
tion heavy and soon enough, so that if held on the train would
stop a car length or so short of the mark. Then as the stop
or mark is approached graduate the pressure out of the brake
cylinder so that little remains when stop is made. If on a
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level, complete the release; if on a grade, hold until the signal
to start is given, then release. As the pressure has been
graduated down so that little remains in the cylinder, it will
be seen that the start can be made promptly.

As the automatic brake is applied by a reduction of the
brake-pipe pressure, no matter how produced, it is plain that
leaks will produce results not intended or desired by the motor-
man, and sometimes interfere with the accuracy and smooth-
ness of the stop.
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Therefore, they are kept down and reported as surely and
promptly as any other defect. Motormen observe as care-
fully as possible the action of the governor, feed valve and
gages; that is, their adjustment, etc., as much better opera-
tion can be obtained if all are approximately uniform.

One of the things that the motorman learns carefully re-
garding the automatic brake is that after a certain reduction of
pressure in the brake pipe, say, 18 to 20 lbs., the auxiliary
reservoir and brake cylinder have equalized. Therefore, no
greater braking power can be obtained, and to further reduce
the brake-pipe pressure wastes a great amount of air which
must be restored to the brake-pipe before a release can be
made, and interfere with that release to such an extent that a
rough stop is usually the result.

Properly handled this brake possesses all the flexibility of
the straight-air brake, while the safety and reliability of the
automatic brake has beer greatly increased.
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For instructing its employees in the use of the air
brakes there is a catechism with questions and answers very
similar in style to those employed with the electrical equipment.
Accompanying these questions and answers are illustrations
which emphasize the rules enjoined. No attempt will be
made here to reproduce the text of these instructions, but the
accompanying diagram and explanation are reproduced from
the discussion in the hand book on good and bad braking.

The brakes are applied at O and the train comes to a
stop at S or T. The curve shows the decreasing velocity
after the brakes are applied. The diagram shows the varia-
tions of cylinder pressure during the stop. The full lines show
the proper method of handling, and the dotted lines the im-
proper. It will be seen by the dotted diagram and curve
that the retardation of the train during the first part of the stop
is comparatively small. The motorman is afraid to put on
his brakes, and as a result applies them little by little, till at
the end of a stop he has full cylinder pressure, and the retarda-
tion of the train is very sudden and dangerous. Often a
motorman will find, when using such a method, that he has to
make full release of the brakes and then reapply, as shown on
the diagram, in order to keep the train from stopping short of
the station. This causes jerks and uneven motion throughout
the train and a great waste of air, resulting in overworking the
compressor and causing unnecessary wear on the brake ap-
paratus. On the other hand, if the motorman throws full
pressure at once into the cylinder the retardation during the
first part of the stop is much greater, and, as the speed gradu-
ally decreases, the motorman gradually releases the cylinder
pressure in such a way as to keep the retardation of the train
at a maximum. ©he amount gained in retardation during
the first part of the stop by the proper method of braking
makes the time required for the entire stop much less than in the
other case, the time saved being represented by the distances
ST

The air compressors used on the electric locomotives each
consists of a duplex, single acting vertical air pump, motor
driven. The piston displacement is 75 cu. ft. per minute
when operating at 600 volts, and against a tank pressure of
130 Ibs. per square inch.

The air compressor is intended to operate on 600 volts, and
for such operation the motors are always connected in series.
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TY PICAL SECTION OF ELECTRIC ZONE, ITARLEM DIVISION, NEW YORK CENIRAL RAILROAD
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Plate XIV
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Plate XVII
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INTERIOR OF NEW YORK CENTRAL ELECTRIC LOCOMOTIVE
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VIEW OF TRUCKS, NEW YORK CENTRAL ELECTRIC LOCOMOTIVE
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MULTIPLE UNIT TRAIN, NEW YORK CENTRAL RAILROAD

95 % Betweey Lives

I

——
5 32" i
71 St'd.Straiaht g

R

Rolled iy

—_—
Wshier 13

Section C.p

Hul pexe o Wikher

to e Finishei Sinooth
|

AL Cg's Put. 93536 12 con - ;

Brass

W -
et O R 125> -
=== "7

- ;f\ .,lf-/.”liut\\ een Hulbs

Btreet Rty Jurnat oles Drilleq to Gage v .

DRIVING WIIEEL USED ON NEW YORK CENTRAL LOCOMOTIVE



MAINTENANCE OF ELECTRIC ROLLING STOCK
ON THE NEW YORK CENTRAL

The comparatively short time during which the New York
Central electric train service has been in operation has been
msufficient to bring out data of value regarding the wear of
rolling stock, and in the equipment department as in others
the fundamental problem has been to forestall all possible
troubles and improve upon the old service. Inspection has
been essential from the first, and repair facilities have in no
degree been lacking. At the same time the maintenance has
been of a light character and the work so far necessary has not
taxed the company’s facilities for repairs. A strong organiza-
tion has been created, and careful records of mileage and in-
spection are being gathered to form bases of future policies in
reference to the overhauling of the equipment. The excellent
behavior of the equipment thus far has been gratifying to all
concerned, and this freedom from trouble in service has con-
tributed to keep the repair work from assuming proportions of
any special magnitude. An account was published in the
Street Railway Journal for June 8 of the design of the Harmon
and other shops of the company and in the accompanying de-
scrption the methods only in the operation of its shops will be
considered.

INSPECTION

At the present time the Harmon shops of the company are
in operation to only a limited extent and the third-rail has
not been carried as far as this point. Both electric locomo-
tives and cars are inspected at Wakefield, locomotives only at
High Bridge and motor cars only at North White Plains.
Locomotives make 750 miles each between thorough inspec-
tions and motor cars 900. Two locomotives are usually in-
spected at the same time. The only repairing which motor-
men are expected to make on the road is the replacement of
fuses. Motormen do not always have the same equipment in
operation. All the rolling stock has thus far shown remark-
able immunity from trouble. In the case of a breakdown, the
succeeding train pushes the stalled train to the nearest inspec-
tion point rather than attempting to make emergency repairs
on the spot. The density of traffic is so great in the electric
zone that it 1s not feasible to make other than the slightest ad-
justments on the main line tracks. The only tool carried on
each electric locomotive 1s a No. 4 alligator wrench and no
tools whatever are carried by the motormen.

The inspection of the electric locomotives takes about two
hours, and the inspection of a multiple-unit train three hours.
Cars are not detached from trains when an inspection is to
take place, but the train is inspected as a unit. This elimi-
nates an enormous amount of switching and train movements
which would otherwise be costly and obstructive. After
about 200 miles of running a new electric locomotive or motor
car generally runs smoothly. The principal adjustments re-
quired are to secure proper lubrication of journals. No
trouble has been experienced through the flashing over of
locomotive or motor car armatures. The center of gravity of
the electric locomotives is much lower than in the case of a
steam locomotive and the former rides much more easily and
engineers are able to work with less fatigue than in steam prac-
tice. Practically no inspection except of lamps, the oil in the
journal boxes and the main switches is required of the loco-
motive and motor car train men. Very few modifica-
tions in the details of the rolling stock have been necessary as
yet, with the exception of the locomotive control contactors.

The contactors have been subdivided by means of a new
interlocking arrangement to facilitate the breaking of heavy
arcs. Idle contactors on the motor cars have also been used
for this purpose.

Every locomotive coming to Wakefield 1s inspected, as is
every one which reaches High Bridge. At Lexington Ave-
nue shoes and air hose are inspected, but only a limited ex-
amination is made of rolling stock at this point. The motor-
car trains are made up in units of two, three, four, five or six
cars each, so that any reasonable combination of cars can be
obtained to supply the necessary elasticity in handling the
trafic.  No fires have occurred on account of the car wiring
in any rolling stock and no changes have been required in the
wiring as a result of the company’s experience in handling
locomotives and motor cars. Sand is blown off the locomo-
tive commutators every 750 miles and a considerable amount
of sand is required on the locomotives on account of the pres-
ent dampness in the Park Avenue tunnel and under the via-
ducts. The electric locomotives are daily handling trains
weighing from 750 to 800 tons and in approaching the Grand
Central Station there is a 1 per cent temporary grade which
requires sanding in order to accelerate upon it.

At the time that the locomotives are inspected the gage of
the third-rail shoes is also measured. In addition at 110th
Street a check on the gage of the third-rail shoes is automatically
maintained and an inspector, who is on duty all day, takes the
numbers of the cars or locomotives upon which the shoes are
too high or too low. A special device is provided at this
point which rings an electric bell of one tone in case a shoe
1s too high and sounds a bell of another tone in case it is too

low.
GENERAL OVERHAULING

The heavy repairs on all the rolling stock will be made at
the Harmon repair shops. It is planned to put one motor
car in the shops for a thorough overhauling after it has made
from 35,000 to 40,000 miles, but the mileage which should
be made between overhaulings i1s as yet undetermined. The
rolling stock will be gradually passed through the shop until
the last car or locomotive is in at the conclusion of the mileage
which the company’s experience shows is desirable between
overhaulings. A locomotive will also be run 35,000 to 40,-
000 miles before a thorough overhauling for the purposes in-
dicated above.

The company’s practice is to carry extra trucks, extra wheels
and extra armatures instead of holding a locomotive out of
service a long time while repairs are made upon a single part
of it. Thus, the electric locomotive might be out of service
a week or two in case of a burned-out armature, whereas to
substitute a new armature does not keep it out of service more
than twelve hours. Not a single locomotive armature has
burned out because of the service, and almost the only repairs
on the locomotives thus far have been the replacing of brushes,
contactor-wearing parts and other light maintenance work.

WEAR

Very little wear of the contact shoes has been experienced.
It was found quite difficult at first to educate the trackmen to
the point of giving the proper clearance for the shoes, but this
has come by practice. About 40 lbs. pressure is carried by
the shoe against the underside of the third-rail.
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FORCES AND ORGANIZATION

The chart on page 572 gives the organization of the inspec-
tion force at Wakefield and is reproduced from one of the
standard organization charts of the company (original size
1314 ins. x 734 ins.), to which reference has already been
made on pages 540 to 543. In this diagram, as in the other
organization diagrams in the preceding pages referred to,
each position is shown with space for the number of men doing
that kind of work, to be filled in, and their rates of pay. The
sheet illustrated is submitted each month to the superintendent of
equipment and in case a position is vacant the blank space in
the lower left-hand corner is filled in in red. If it is occupied
the number of men is written beneath the title of the position,
and in any case the rate of pay remains in the upper left-hand
corner.

OTHER FORMS

Another cut on the opposite page i1s a reproduction of the
upper part of a sheet, original size 1234 ins. x 874 ins., used
to show at a glance all work in progress in the equipment de-
partment at any time. Squares are provided for each day
of the month and spaces for thirty-two different jobs on each
sheet if necessary. When a piece of work is started on a car
or set of cars, or on any of the locomotives, the title of the
work 1s inscribed in the left-hand space and the number of
pieces of rolling stock changed over or attended to each day
is placed in the smaller squares at the right. Thus at a
glance the superintendent of equipment can tell just what work
should be hastened in case a delay occurs anywhere along the
line.

The tell-tale report is also reproduced in part on the opposite
page. This form, original size 13 ins. x 8 ins., is kept by the
inspector at | 10th Street, and shows the shoe-gage of the dif-
ferent cars, if above or below the proper gage.  This report 1s
sent to the office of the superintendent of equipment.

Another form, original 13 ins. x 7 ins., is a letter devised to
save extra correspondence in connection with the employing or
transferring of new men. One of these notices is sent to the
assistant superintendent of electrical equipment by the fore-
man of the shop or inspection barn when he employs or transfers
a man. The sheet is arranged with a stub at the bottom

Foal

the work, the location where it is performed, the time re-
quired to complete it and the man’s pay.

The chart below, original 1334 ins. x 8 ins., gives the classi-
fication of the inspection force at North White Plains, Cro-
ton, High Bridge, Wakefield and the Grand Central Sta-

N.Y.C. & H.R.R. R,
COMPARATIVE RATES PAID TO INSP. FORCES.

N.W.Piains Crotun H.Bridge Wakefield G, C.8ta,
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MOTIVE POWER DEPARTMENT.
DAILY TIME CARD.
Name of Workmaa,... ... .o

Key Nowoo. v .

———— Date,. .
Shop, .. TR Rate,

M R Electric Division.

190....
Name

TIME
VIORK ON OGESCRIPTION OF WORK

Nationality

HOURS

coumenceo

fimierto pavwork | picce woan Address

Employed as

Date hired

L | Afen...

Rate

EXAMINED AND APPROVED,

WORKMAN’S DAILY TIME CARD

which is returned to the foreman in case the employment or
transfer is approved. If it is not approved no return notice is
sent.

The time-card blank shown above, original size 914 ins.
x 4V4 ins., is filled in by each workman in the shop or in-
spection barn and transmitted to the main office by the fore-
man at the conclusion of each day’s work. Inspectors and
repair men all use this blank, which discusses the character of

Foreman
Place.
FORM GIVING EMPLOYEE'S RECORD

FOREMAN.

tion. At each one of these points are a foreman, general in-
spector, machinist and carpenter and a group of inspectors,
helpers and miscellaneous employees as listed. The inspection
of the equipment is performed in groups; that is, one force of
men inspects the air brakes while another inspects the con-
trol.  Similarly the motors, the fuses, the lamps and the trucks
are inspected separately. No particular order is followed in
this inspection work with the exception of the fact that the
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work 1s kept from overlapping as far as possible. The blank
1s designed to show the number of men at work during the day
and during the night at each one of these inspection points.
The third form on page 573, original size 434 ins. x 4 ins.,
is used to summarize the particulars of each man’s employ-

This Car REPAIRS

Sent in for

No.

THIS CARD TO BE SENT TO THE
OFFICE OF SUPERINTENDENT

<3 a
4

T

RED TAG ATTACHED TO CAR REQUIRING REPAIRS
ACCIDENT

ment in maintenance work. Full records are, of course,
kept of all applicants and employees, but this blank is de-
signed to show at a glance the salient points. A duplicate
of this blank is retained by the foreman under whom the man
works.

The tag shown above, original size 834 ins. x 314 ins., is at-
tached to any car or locomotive requiring repairs and the stub
at the end of it is sent to the office of the superintendent of
electrical equipment. When the stub reaches the office it is
placed in a rack with a numbered slot corresponding to the
number of each car and locomotive, so that the namber of
cars and locomotives in the shop can be seen at any time with-
out trouble.

The record of miles run is kept in a loose-leaf book with
leaves ruled as shown below. The mileage figures are not
secured from the conductors’ reports but are computed in
the main office as follows: All trains arriving at the station
are met by a platform man who puts down in a notebook the
train number, individual car numbers, points of departure and

NEW YORK CENTRAL & HUDSON RIVER RALROAD °7 "™ "™
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list is turned over to the clerk who immediately copies all car
numbers on delivery inspection cards which are slipped into
metal holders and tied to the controller handles. These cards
are 8V ins. long by 214 ins. wide, original size, and as shown
below, call for inspection under one general heading and
eleven special headings. This scheme is
more convenient than separate signed re-
ports on a car for all the signatures are on
one card, and before the final inspector
adds his final 0. k. he can see at a glance
whether every part of the inspection

10 ¢ B
n

1

13

N

Tota]

PART OF LOOSE LEAF MILEAGE BOOK, WITH PAGES RULED
FOR 31 DAYS, WFEKLY TOTAL AND GRAND TOTALS

time of arival. This book is turned over to a mileage clerk
who enters the data on the train sheet, reproduced on page 572,
original size 15V4 irs. x 1314 ins. This train sheet illus-
trates the number of trains, the leaving time, the number of
each car making up the train, who the motorman was, the in-
spector, the time of leaving, any defects noted, whether the
car was north-bound or south-bound, the despatcher, the date.
At the end of the day this train sheet is submitted to the chief
mileage clerk who proceeds to compute the mileage from the
run data given.

When several cars have reached the 750-mile limit a kst of
their numbers is sent to the proper car-house foreman. This

=
z i) - o
g g process has received attention. The name
g of the employee who makes the particular
4 inspection designated is always written on
z 2 . 5
2 | & this card and any defective work can be
7 g .
5 . traced with ease. One of these cards is
3 2 s o 5
a ¢ 3 kept in the foreman’s office in each inspec-
tion shop, for each car upon which work
DUE O is done.
.
L Locomotive No.......
Car 0. Date
Date Shed
Shed Air Compressor Inspected.
Air Compressor Inspected & Oiled. i.
1.
. Motor Inspected.
Motors tnspected. 2
2.
Trucks Inspected.
Trucks Inspectsd.
3 35
g Cabs Inspected.
Car Body inspected. l‘
&4, .
Brakes Inspected. Brakes Inspeoted.
5. S.
Contactors, Reverser & Circuit 8rake lnsp. Contactors Reversers.
6- 6.
Controtlers & Switches Inspeoted. Controliers & Switches,
7. 7.
Generat Car Wiring Inspected. General Wiring.
8. 8.
Ali Motor & Truck Bearings Olled Motor & Truck Bearings Oiled.
and Gears Greassd.
9, 9.
Motors & Trucks Cleaned. Motors & Trucks Cleaned.
10. 10.
Contaot Shoes & Bsams. Contact Shoes & Beams.
L it
Car Js 0. K. Locomotive is 0. K.
12. 12.
In oharge, in charge.

CARD PLACED ON LOCOMO-
TIVE TO BE INSPECTED

CARD PLACED ON CAR TO
BE INSPECTED

Each inspector has two small books in which he makes notes
of the different items found. One of these books is used on
Mondays, Wednesdays and Fridays, and the other the re-
maining days of the week, to enable the men to turn in their
books every day for record by a clerk, who also keeps the
original inspection tag. Should a car later become crippled
before the next regular inspection it is an easy matter to trace
the trouble due to careless work. In case a car is turned in
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due to some accident, such as a broken brake beam, the red
tag is tied to the controller handle, the stub is torn off and sent
with a statement of defects to the superintendent of equipment
for his information. The car then goes through the usual in-
spection process before it is allowed to go into service again.
The daily report, original size 8 ins. x 13 ins., which is sub-
mitted by the car-house foreman on the equipment in hand
and the number of employees caring for it, is shown below.
The total number of inspectors, helpers, repair men, car clean-

FORN E B. & CES 4-19-070M

New York Central & Hudson River Railroad Co.
DAILY REPORT ON EQUIPMENT.

Date ioeeniinn 190 Ending... ....P. M. Location.... .. .....
FORCE. EQUIPMENT
DAY, [NIGHT 0.’K. | DISABLED

No. Insp and Helpers Motor Cars. =

No. Repair Men Trailer’ ‘i o
No. Car Cleaners and Wipers L ives

Total No. Men on duty, Combination Cars.....[meweerosmren: fems o

-

Detail report of Disabled Equipment should be made in proper space below, shéwing in *Remarks*
column disposition of Equipment, as to whether *Shopped " waiting for drders ordate 0. K. for service.

No. CLASS. CONDITION OF EQUIPMENT. . | Y | 0. K. [Cripple|Service
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locomotive between the Grand Central Station, Wakefield,
High Bridge, are shown by check marks. These sheets are
figured up in the office and the mileage of the different locomo-
tives checked by their indications.

"I'he next, original size 13 ins. x 8 ins., illustrates the report
of a despatcher at either High Bridge, Wakefield, Lexington
Avenue or the Grand Central Station.  This report shows the
number of each train, the time of its leaving or arrival, the
name of the motorman, his helper, the number of the locomo-
tive and any delay in case such occurred.

The despatchers in charge of the movement of the electri-
cal equipment are responsible for the make-up and the man-
ning of all trains. There are eight of these men, four being
on day work and four on night work. They supervise the

DAILY REPORT OF
ELECTRIC LOCOMOTIVE MILEAGE

Bt G.C.S.| G.S.S.| G.C.S.| H. Bdg.| Wake, | M.O.
Yngme to to to to to to
Number Wake. | H. Bdg.| M.O. | G.C.S.| G.C.S.| G.C.S

= - - | B -

FOREMAN’S DAILY REPORT OF EQUIPMENYT UNDER
AND NUMBER OF EMPLOYEES

CARE

WEOGo—Forn E. B 4.—6-07~10M,

NEW YORK CENTRAL & HUDSON RIVER RAILROAD
ELECTRIC EQUIPMENT DEPARTMENT

Despatcher’s report at (/4 B)
From {7)_AM. 1o (7) p.m.
5 P. M. to A M. Date /Q//‘?/‘V /
TRAIN | TIHE HOTOREAN HELPER Loco. DELAY | RemamEs
26 |Fam| Spmiths Gores 3421 | 3nwv
DESPATCHER

DESPATCHER’S RECORD OF DELAYS

ers, wipers on both day and night work are shown together
with the total number of motor cars, trailers, locomotives and
combination cars which are o. k. or disabled, the number of
the car or locomotive, its class and condition with respect to
inspection, availability for service. One of these reports is sent
to the superintendent’s office daily from Harmon, High Bridge,
Croton, North White Plains, Wakefield and the Grand Cen-
tral Station.

The next form, original size 514 ins. x 8 ins., shows a slip
giving a daily report of the electric locomotive mileage. One
of these reports is filled out at the end of each day by each
motorman and the trips which he makes and the number of his

To C. H. QUEREAU,
Supt. Electric Equipment,
No. 335 Madison Ave., N. Y. City. Room No, 1245.

DAILY REPORT OF LOCOMOTIVE MILEAGE

supplying of men for the runs designated on the time table in
the electric division and are in general charge of the provision
of electric locomotives and motor cars to meet the schedule. It
requires about three minutes to make the change from steam
to electricity at the High Bridge and Wakefield terminals. In
changing locomotives, two men are required. As soon as the
train pulls in these two men uncouple, and the locomotive,
which is to be cut off, moves out of the way as quickly as pos-
sible. The new locomotive immediately backs down, is
coupled to the train and the air brake test is made from the
rear of the last car.

The card on page 576, original size 5 ins. x 8 ins., is used
in summarizing the troubles of each motor car throughout the
year. Space is given for a summary of the troubles occurring
on each day in the year, the total number of defects being
recorded in a small square corresponding to the day. The
frequent occurrence of any trouble or the frequency of any
inspection can be told at a glance by examining this card. A
white card is used in the same way for keeping track of loco-
motive troubles. Both sides of the cards are used.

The next form, original size 5 ins. x 8 ins., is a card used
for keeping armature records. The number of the car or lo-
comotive on which the armature is placed is given with the
date of application, removal, mileage made between shop
visits and notes of general repairs made. This record is kept
in the office of the superintendent of equipment and is compiled
from repair reports sent in from the inspection sheds and shops.

The third form on page 576, original size 51/ ins. x 8 ins.,
gives the number of employees required for the maintenance of
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equipment on day work and night work at the various inspec-
tion stations and at the Harmon shops. It shows at a glance
when filled out the total number of each class of men at work
on a given day and is compiled from the sheets which are
sent 1n to the office daily from the different inspection and main-
tenance points.

The form opposite, orginal size 874 ins. x 434 ins., is
used in keeping records of wheel applications. A sheet of the
same size takes account of wheel renewals, and is also repro-

duced.
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tendent. No ballast, ties, tools, ladders, refuse or construction
material of any sort is allowed to lie within the clearance lines
of a track in service. The track and road bed are kept clear
of scrap, loose wire, and all material which might cause a
short circuit. Special care is also taken to keep divergent track
rails in the same plane for a distance of 33 ins. between diver-
gent rails in order to prevent the contact shoes from touching
the track rails, causing short circuit.

In no case are any planking, ballast, or other obstructions
allowed to come above the plane of the tops of the run-
ning rails for a distance of 33
ins. out from the gage line.

N Special care is used to keep

DATE 1]12({3]|a]s " 15|16 [JT |16 1920

21

22 26 |27 TOTAL

this clearance where tracks

January.

have a superelevation. The

Fehruary

distance between the third-rail

March

and track is tested frequently

April

with a template so that the

May

proper gage can be maintained

June

and the templates are frequent-

July

ly compared with the division

August

standard. The division stand-

September

ard is checked with that of

Qctaber

the superintendent of electrical

November

equipment at least once a year.

Dgcember

GENERAL PRECAUTIONS

‘Lrain Detentions toremess s sen ik I Inspection

Where work is to be done

*Includes

close to the third-rail, foremen

CARD RECORD OF TROUBLES DUE TO
OF THE EQUIPMENT

GENERAL RULES

Exmployees of the Maintenance of Way Department in the
electrical zone are governed by the book of rules of the Main-
tenance of Way Department of the road in effect Aug. 1,

MAKER'S No, N.Y.C&HRR No.

TYPE RECORD

YEAR RECEIVED

R ks B [URodsE) lunbos K TROUBLL
! il
— el ] e e e e
ARMATURE RECORD CARD
1906. In addition to this book other detail instructions have

been prepared for the men in this department. In every tele-

A PARTICULAR PART

phone beoth there 1s posted a list of the names and addresses of

REPORT ON HELP AND MAINTENANCE OF EQUIPMENT

are obliged to provide them-
selves with a special insulating
form to be placed or held so
that there will be no possibility of contact with the third-rail.
All employees are obliged to know that metal tools or wooden
tools that are wet coming in contact with the third-rail may
injure them or others, or interrupt train service. Special in-
structions are given to the employees to avoid stepping, sitting,
walking upon, or brushing against the third-rail. Unless it is
definitely known that current has been turned off for a definite
period it is required to be understood that current is turned on
at all times on all third-rail and overhead conductors. Abso-
lutely no change is allowed in the location or construction of
the third-rail or third-rail appliances without an approved plan

and letter of authority.
ORGANIZATION OF THE DEPARTMENT

The supervisor of third-rail reports to and receives instruc-
tions from the division

engineer. He has charge

DAYS ] NIGHTS of and is responsible for
Location Fore- | Inspec-| Rep. | Car . Host- | | Fore- |Inspec-{ Rep.| Car . Host- | Total the safe and economical
man | tors Men |Cleanrs| Oilers| “lers || man | tors Men |Cleanrs| Oilers| “fers

maintenance of all third-

High Bridge ..

rail, all overhead con-

Wakefield. .. .. , o ductqrs, and all rail
= t—— — bonding. He employs

Harmon Insp| | o
Bl such foremen, mechanics

No. W. Plains.

and laborers as may be

Harmon Rep..

authorized and is re-

G. C. Station. ‘

quired to know that fore-

men are sober, trust-
worthy men with knowl-

edge and experience in

men who are to be called in case of emergency; this list is re-
vised monthly by the superintendent.
OBSTRUCTIONS
No hand car or push car or any obstructions which may
not be easily removed within sight of an approaching train is
allowed upon the tracks without permission of the superin-

the work. He instructs
them as to their duties as occasion may require and sees that
all his men understand their duties and faithfully perform them.
He is also required to see that the men are supplied with the
proper tools and that they use and care for them properly.
The supervisor of third-rail employs ordinary laborers for all
work which it is possible for such men to perform, and advises
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OCTOBER 1605.]
the supervisor of track of any track construction or method of
work which improperly affects the third-rail or overhead con-
ductor.

The third-rail foreman reports to and receives instructions
from the supervisor of third-rail. He has charge of and is re-
sponstble for third-rail and track bonding, cross bonding and
frog bonding and all third-rail and overhead conductor con-
struction in his territory. He has jurisdiction over foremen,
mechanics, patrolmen, helpers and laborers in his employ. He
is required to personally examine at least three times a week

Form
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day patrolman is in charge from 7 a. m. to 7 p. m. and each
night patrolman from 7 p. m. until 7 a. m. At least twice
in his trick each patrolman is required to examine the con-
struction assigned to him and see that everything is safe. He
reports by telephone or telegraph to the nearest sub-station any
defects noticed in the transmission cables, supports or other
connections and also reports any defects in track or roadbed

to the section foreman.
Patrolmen or any persons requiring power cut off a third-
rail are obliged to obtain permission of the superintendent who
notifies the superintendent of power, giving

. REMOVALS. the details as to the track and length of
time required and the name of the person
= — Mm:mm T - XL who .will be in charge of.the work.. The
= et A L% v I 1) B S g J:u;r’:ﬂ R‘:E'icn supermtend.ent of power is responsible for
: the handling of jumpers and switches.
Immediately before cutting power off the
third-rail the load despatcher advises the
e —_— 1 - chief train despatcher. When the work
UPPER PART OF WHEEL REMOVAL SHEET is completed or the time has expired the
all construction under his jurisdiction and
to take immediate action to prevent dam-
age from exposed third-rail and other con- N e APPLICATIONS.
ductors, defective sheathing, inadequate
. “ . Date WHEFLS AXLES
clearance or defective construction of third- M - - . - —— Vhekhe )
rail, overhead conductors or other ap- oy | e | e o o BN [ g b o ) -
pliances. He notifies the superintendent of B T —"
power whenever there is doubt of the
proper condition of any bond, jumper, cross
bond or other connection. The third-rail ~— T ‘/ T

foreman is required to see that each
patrolman has a complete set of tools in
good condition for the work he may have to perform and
that a sufficient reserve is kept in stock and in prescribed places.
He receives from patrolmen and forwards to the supervisor of
third-rail daily reports showing what defects were discovered
and what action was taken. He is obliged to respond to any
request from the superintendent of power or superintendent for
emergency repairs and is charged to give special attention to
inclines to see that they do not become loosened or displaced.

The section foreman or his assisiant foreman is required to
be consiantly with the gang. He gives such oversight to the
work of track workers and special watchmen as may be pos-
sible from the time they enter upon the tracks until they leave
them. He advises the patrolmen of any defects in the third-
rail insulators, sheathing, track bonds, cross bonds, jumpers,
and any other connections and telephones or telegraphs the
information to the third-rail foreman. He also assists the
patrolmen or third-rail men in emergency.

The section foreman sees that the relation between the top
of running rails and the under side of the third-rail is carefully
maistained so as to give proper contact at all points between
the under side of the third-rail and the contact shoes on the
locomotives and cars, and after every leveling or lining of tracks,
replacing of rails, changes of switches or frogs, he has the
patrolmen test the third-rail as to height above the top of the
running rail and clearance of overhead conductors and dis-
tance from the gage line.  Except in emergency the removal or
renewal of rails, frogs, or switches that are in tracks which are
bonded is allowed only after the co-operation of the signal forces
and third-rail forces has been secured.

Each patrolman reports to and receives instructions from
the third-rail foreman. Two patrolmen have immediate charge
of such section of the third-rail, the bonds of the track rail and
overhead conductors as the third-rail foreman may direct and
are responsible for its safe and economical maintenance. Each

UPPER PART OF WHEEL APPLICATION

SHEET

person who asked to have the power cut off is obliged to report
the third-rail ready for current to the chief train despatcher. The
chief train despatcher then notifies the load despatcher that the
third-rail is ready for current. The load despatcher then orders
current turned on and notifies the train despatcher as soon as this
has been done. Patrolmen are required to be familiar with all
rall circuits and to report at once to the third-rail foreman any
defects which cannot be corrected without assistance. Each
patrolman is obliged to see that the despatchers, agents, and
signal men on his section have his addiess and to promptly
notify them in case of a change. He is oblized to respond to
all calls from the despatchers for emergency work or repairs of
any kind and forwards a copy of his report to the third-rail
foreman. He also complies with requests of section foremen
to bond the track rail and calls upon the section foreman to
help him in times of emergency.
THIRD-RAIL MAINTENANCE

Broken or defective insulators are replaced at once and six
33-ft. lengths of third-rail, properly prepared for bonds, are
kept in rail racks not more than one mile apart. Duplicates
of all special sections of third-rail are stored on rail racks at
suitable places and at yards and terminals an adequate reserve
of materials for erection and repair of third-rail are stored at
convenient places. Tool boxes marked *“Third-rail main-
tenance’” are kept at twenty-one places enumerated in the in-
struction book. [Fach tool box contains the following ma-
terial:

1 adze.

1 template for X bracket.

1 template for Y bracket.

1 template to gage dapping out of ties.
$4-in. ship auger.

2-1b. No. 2z bull point hammer.

1%4-in. square socket lag screw wrench.
flogging chisel.

1 4-1b. double-face hammer.

= =
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1 hacksaw frame.
1 dozen hacksaw plates.

square taper shank, No. 4 packer sleeve ratchet.
1-in. square taper shank twist drills.
center punch.

¥%-in. bolts 20 ins. long, threaded and fitted with nuts on each

end for clamp.

¥4-in. backing-out punch.

drift pins for opening bond terminals.
dozen sheets emery cloth.

track bolt wrenches.

14-in. flat bastard files.

pair 6-in. clamps.

Sievert blow torch.

small acid brushes.

yds. cheese cloth.

Ibs. 2-in. insulating tape.

pairs rail tongs.

cross-cut hand saw.

claw hammer.

1%-in. wood chisel.

1-in. cold chisel.

5-gal. can gasoline.

1-qt. can neutral acid.

brackets.

Y brackets.

dozen 34-in. x 6-in. lag screws.
dozen 34-in. x 4%-in. lag screws.
dozen ¥4-in. x 2-in. machine bolts.
dozen ¥4-in. lock washers.
1% dozen channel extensions,

1 dozen pairs (No. 1) insulators.
3 pairs (No. 2) insulators.

N = Qv
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1 dozen (No. 1) hook bolts.
3 (No. 2) hook bolts.
1 1b. Hydrex felt.
2 dozen solder bolts.
2 dozen track bolts.
15 dozen twin terminal bolts.
6 pairs third-rail splice bars.
36 pairs 34-in. x 215-in, track bolts.
6 pairs half-and-half solder bolts.
3 lbs. drive screws.
2 pairs rubber gloves.
2 rubber mats, 18 ins. x 36 ins.
1 box “first aid to the injured.”
Each took box is in charge of the patrolman on whose dis-
trict it is located, but tools are for the use of any one who
properly has a master key. The person using the tools is

responsible for their condition and prompt return.
TRACK WORK

No track jack is ever allowed between the third-rail and the
track. Bracket ties are thoroughly tamped under and for 16
ins. each side of each running rail; the remainder of the tie
has a uniform bearing and is lightly tamped. These ties are
placed and maintained at right angles with the track and
where possible are put in the track from the side opposite the
third-rail.  Lining bars are not allowed between the third-rail
and track, but when it is necessary to line adjacent rail away
from the third-rail a hook and jack are used.




EFFECT ON TERMINAL OPERATION

OF THE

NEW YORK CENTRAL ELECTRIFICATION,

The New York Central electric trains are being operated
upon the same schedules as were formerly used with the steam
trains, so that the effect of their more rapid acceleration in re-
ducing the maximum speed is hardly perceptible to the ordi-
nary passenger, however evident it may be at the time of start-
ing the trains. It is in the atmosphere in the tunnel that the
greatest difference from former conditions is apparent. The
primary reason for the adoption of electricity on the New
York Central Railroad was to eliminate locomotive smoke and
gases of combustion, and the results have certainly justified
expectations. The Park Avenue tunnel, which is some two
and one-half miles in length, is now almost clear.

Formerly the entrance of a train into this portion of the
route was the signal for the closing of all the windows and
doors. Then followed a ride of some five minutes in a stifling
atmosphere. It is difficult for any one who has not had the
actual experience to realize the immense improvement effected
iz this respect. Passengers on the trains which run observation
cars now occupy the rear or observation platform in traveling
from Forty-Second Street to 125th Street. This was not
possible a year ago.

The New York Central Railroad has changed over its
equipment entirely, but 80 per cent of New Haven trains are
still drawn by steam locomotives. When these are finally
eliminated and electric locomotives are substituted for them,
it is the intention of the management to thoroughly clean and
whitewash the tunnel and possibly introduce some system of
lighting.

Another reason why the full benefits have not yet been se-
cured by the New York Central from its electrical equipment
is that the work of reconstructing its Forty-Second Street ter-
minal is still under way. Plans showing the proposed im-
provements were published in the Street Railway Journal for
Nov. 18, 1905. The excavation east of the old station has
largely been completed and all New York Central suburban
and Harlem Division trains are being dispatched from the
Lexington Avenue station. Others still leave and enter the
old station on Forty-Second Street. As the excavation gang
progresses with its work, trains are changed from one track
to another and new portions of the excavation are attacked.
The smoothness with which the operation of the trains is car-
ried on is remarkable.

In spite of these facts it is already possible to determine some
of the results which have followed the electrification of the
New York Central terminal and it is proposed to describe them
in the following paragraphs.

EFFECT ON STATION LABOR

From an operating standpoint the first question which might
be raised is whether the terminal service requires less help than
when steam was used as a motive power. There has been a
marked reduction in this item of expense, although its extent
is difficult to determine as yet. Thus, practically the entire
engine house force is dispensed with, such as the turntable
men, ash men, water men, etc.

This absence of attention necessary to the locomotive at the
terminal is one of the marked features of the electrical machine.
Formerly when a train was pulled into Forty-Second Street by
a steam locomotive it would require from one to two hours to
prepare the locomotive for use again.  This time was taken up

in dumping the ashes, receiving a fresh supply of water and
the necessary attention of the inspectors. With electricity
this work is of course entirely eliminaied. Electric locomo-
tives come into Grand Central Station, uncouple from the in-
bound train and couple to an outbound train ready to start on
the return trip in a very few minutes. This has permitted the
pooling of locomotives at Forty-Second Street to a greater ex-
tent than heretofore, and consequently has resulted in a con-
siderable reduction in train movement.

The total number of movements in the yard on July 2, not
only for regular trains, but also of switches, showed a decrease
of about 33 per cent due to the use of electricity. This de-
crease in movements, combined with the enlargement of the
terminal, has increased its efficiency to such an extent that on
July 2 the delays had been reduced from a total of 443
minutes per day to |22 minutes per day. On July 2, 1907,
the New York Central Railroad alone was handling a total
of 350 tramns in the Grand Central tunnel, of which 327,
amounting to 94 per cent, were handled by electricity. The
New Haven Company on the same day was handling 145
trains, all its motive power being steam. On Aug. 20 all New
York Central trains and twenty-four New Haven trains were
being handled by electricity, leaving 133 New Haven trains
hauled by steam.

STORAGE AT SUPPORTING YARDS

The conditions at the Grand Central Station at present
do not permit of very much storage of either cars or locomo-
tives, and for this reason the practice is still followed of stor-
ing most of the locomotives and motor cars at the Mott
Haven yards between 150th and 160th Streets. The empty
trains passing between the Grand Central Station and these
supporting yards are run on the same schedule as regular trains
to unify train movement. [From one to two electric locomotives,
however, and about the same number of motor car trains are
usually held at the Forty-Second Street yards.

When a train reaches the incoming platform assigned to it
the duty of the crew is over. 'The men leave the locomotive
or car and it is run to its siding or to the Mott Haven yards
by a special switching motorman.

LOADS HAULED

The heaviest train under normal conditions which is hauled
in or out of the Grand Central Station is made of from eleven
to fourteen Pullmans with occasionally a maximum of eighteen
Pullmans. There is no doubt, however, that the electric loco-
motives could haul longer trains. In fact, on one or two oc-
casions, when steam locomotives have broken down in the
tunnel, an electric locomotive has hauled the dead locomotive
and train as well as its own.

EMPLOYEES

The electric trains are operated by the former steam
engineers and firemen, and two men are kept in the cab, both
with the electric locomotives and the motor cars.  On the loco-
motive, the fireman and on the motor cars an inspector acts as
an assistant. No change has been made in the wages paid to
the crews, but the work is undoubtedly very much simpler than
with the steam locomotives, as well as cleaner and more pleas-
ant. Employees of the electric division are governed by the
book of rules of the operating department of the New York
Central & Hudson River Railroad Company.
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YARD OPERATION

In coupling up locomotives to trains the electric locomotive
has an advantage over the steam locomotive because with
the latter the blowing off of steam makes it more difficult for
the engineer and fireman to hear and see the brakemen doing
the coupling, and in winter this is frequently a serious matter.
There 1s also a difference in the sensitiveness of the control of
the two machines in favor of the electric locomotive.

The yards are safer with electric power on account of the
reduction in noise and the absence of smoke and escaping steam.
The yard men have had to adapt themselves to the new con-
ditions, however, because the electric locomotives do not give
the same noisy warning of their approach as their steam pre-
decessors.

INCREASE IN CAPACITY AND COMPARISON OF COST
It is practically impossible at the present time to determine
how great will be the increase in the capacity of the Forty-Sec-
ond Street terminal resulting from electric operation. The limit-
ing feature of the capacity of the Grand Central terminal is of
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course the tunnel, and any increase in the capacity of the tun-
nel can be secured only by shortening the blocks. At present,
during the rush hours, trains are run three minutes apart, the
same schedule as employed in steam days. This headway cor-
responds to twenty trains an hour on each track, or forty trains
an hour each way for the four tracks. After the New Haven
steam locomotives are finally banished from the tunnel and all
smoke and steam removed the blocks will be shortened. The
trains during rush hours may then be run on a headway of two
minutes, or even one and one-half minutes, which would cor-
respond to an increase of 50 to 100 per cent in the capacity
of the tunnel, measured in trains per hour. The figure is of
course the theoretical capacity, based upon absolutely no de-
tensions from open draws, switches, crossings or other causes.
Very careful observations of the comparative cost of opera-
tion by steam and electric power are now being made by the
railroad company, and the results will soon be ready for an-
nouncement. Enough has already been learned to indicate that
electricity has even other attractions than the elimination of
nuisances incident to steam power, and greater efficiency.




ELECTRICAL OPERATION ON THE WEST SHORE
RAILROAD

The operation of the electrified section of the West Shore
Railroad between Utica and Syracuse, N. Y., illustrates a
combination of urban and interurban service that is unique in
the present development of heavy electric traction. The nov-
elty of the service lies in the fact that it is a combination of
street and steam railroad service. The cars use the steam
tracks between Utica and Syracuse, a distance of some forty-
four miles, and are also operated on local tracks in the streets
of both cities, giving at the terminal cities a house-to-house
distribution and collection of passengers which is out of the
question in either suburban or interurban steam railroad service.
For some time past transportation experts have sought to de-
velop a system of this character which would be sufficiently
free from restrictions to enable its economic value to be deter-
mined. The electrified section of the West Shore has been in
operation only since Sunday, June 16, 1907, but from the
company’s experience thus far in this particular field there
seems to be no question about the attractiveness of the com-
bined urban and through service offered.

The regular electric service now in operation between Syra-
cuse and Utica provides facilities which were not in existence
before, and aside from offering cheaper through and round trip
rates than were in force in connection with the old steam
service, it affords means of tying the rural regions to the
business centers in a way which was formerly impossible.
This result is usually attained in the building of an interurban
trolley line, but in the case of the West Shore the permanent
way was already established, with low grades and long radius
curves permitting a much higher schedule speed than is ordi-
narily the case. The increase in the frequency of the service
has proved a great boon to the population tributary to the line,
and journeys from the country-side to the city which hitherto
consumed a large part of a day on account of the small number
of local steam trains scheduled are now completed with the
minimum of time consumption, easily less than half a day in
many Instances.

In its engineering features, the West Shore electrification
illustrates standard practice in alternating current supply to
rotary converter substations with third-rail direct current dis-
tribution.  The construction details of the work were described
in the Street Railway Journal of june 8, 1907, and only such
reference will be made to them in this article as is closely re-
lated to the operation of the road. Briefly, the operating
problem has been simplified as far as possible, and the remark-
able differences in conditions between the West Shore situation
and the electrified terminal work in the vicinity of New York
are reflected in the manner of handling the service in each case.
High density of traffic has yet to appear on the West Shore
electrified section, and the resemblances to interurban conditions
are apparent at many points. The electrified service has not
been in use long enough for its operating details to become fully
settled, but it is interesting to note the influences of both the
steam and the street railway in the scheme as it is thus far
developed.

SUMMARY OF PHYSICAL CHARACTERISTICS
The electrified section of the West Shore extends from
the westerly limits of Utica to the easterly limits of Syracuse,
the distance between terminals being about forty-four miles.
There are 30.515 miles of double track, 8.843 miles of triple

track section and 4.582 miles of four track line, the total elec-

trified mileage being 105.887. Power is purchased at 60,-
000 volts from the Hudson River Electric Power Company,
and delivered by that company to a substation at Clark Mills.
The railroad service is supplied from Clark Mills and from
three other substations, located respectively at Vernon, Canas-
tota and Manlius Centre, which are connected with Clark Mills
by a 60,000 volt three-phase transmission line carried on steel
towers. [Each substation contains the usual step-down trans-
former and switching equipment, with two 300 kw rotary
converters and space for a third. The oil switches are motor-
operated, current being supplied to the motors by a storage bat-
tery of fifty-five cells. The third rail is of the bullhead type,
weighing seventy pounds per yard, and of the same cross sec-
tion as that employed in the terminal work of the New York
Central, arranged for an under-running contact. No direct
current feeders are required. The rolling stock consists of
fifteen cars equipped each with four General Electric **73”
motors and multiple unit control.
GENERAL OPERATING ORGANIZATION

An agreement between the New York Central and Hudson
River Railroad Company and the Oneida Railway Company
provided that the latter should lease the West Shore Railway
between Utica and Syracuse, and equip its tracks for electrical
operation and conduct the passenger business between these
two points; while on the other hand the New York Central
agreed to abandon the local trains on these tracks, reserving
the right to continue its through steam trains and to haul freight
over the section by means of steam locomotives.

The operation of the electrified section is in general charge
of the vice-president and general manager of the Oneida Rail-
way Company, C. Loomis Allen, of Syracuse. Operation in
details falls under the jurisdiction of W. J. Harvie, electrical
engineer, and F. J. Gerdon, superintendent of transportation,
of the Utica & Mohawk Valley Street Railway, a prop-
erty closely associated with the Oneida Railway Company.
The train movements over the West Shore tracks are directed
by the regular New York Central train despatchers at Ultica,
who are responsible jointly to the Oneida Railway Company
and the New York Central. Maintenance of the transmis-
sion line between Clark Mills and Manlius Centre is handled
by the Oneida Railway Company, this line belonging to the
West Shore, and not to the Hudson River Electric Power
Company. Maintenance of rolling stock on the electrified sec-
tion of the West Shore is performed under the jurisdiction of
the Oneida Street Railway Company in the Utica shops of the
Utica and Mohawk Valley Street Railway Company. The
Oneida Railway Company is now building a repair shop in
Syracuse, which will be jointly used by the Oneida company
for the maintenance of West Shore rolling stock and by the
Syracuse Rapid Transit Company.

Reporting to the electrical engineer is an assistant electrical
engineer, H. S. Williams, who has general supervision of the
work done on the West Shore cars at the Utica repair shop,
with the co-operation of the master mechanic of the Utica and
Mohawk Valley Street Railway; a subordinate clerical and
drafting force; a chief substation operator, and general fore-
man of maintenance and construction. Reporting to the
superintendent of transportation are an assistant superintendent,
F. L. Van Slyke, who has charge of all train crews; a clerical
force, and in part the New York Central train despatchers.
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All electrical and mechanical construction on the West
Shore electrified section is under the jurisdiction of the electrical
engineer, the work being charged to the Oneida Railway
Company under the lease of this section of the former steam
road. At the present time the construction work has nearly
all been completed, the principal work remaining being the
building of concrete
platforms at each reg-
ular stopping point
on the West Shore
private right of way.
Each of these plat-
forms will be 100 ft.
long and 7 ft. wide.
The general foreman
of maintenance and
construction is in di-
rect charge of this
work and about half
his time is devoted to
each of the branches
designated in his title.
i Three subforemen re-
port to the general
foreman and the
working force in-
cludes about forty
men. At the com-
pletion of the con-
struction work this or-
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© IROUBLE The New York
Central & Hudson

River Railroad maintains all the track on the West Short elec-
trified section. The maintenance of the third-rail is handled by
an organization of nine third-rail patrolmen responsible to the
general foreman of maintenance (and construction). Eight of
these patrolmen are regular inspectors, and each man patrols
about twelve miles of single track per day on foot, making
minor adjustments and repairs. The ninth man is a relief in-
spector. The third-rail patrolmen make their headquarters at
the various substations along the line and can be reached by
telephone at these points rather than at other points along the
right of way. It has not yet been considered necessary to in-
stall telephones at other points than the substations and com-
pany offices. The third-rail patrolmen inspect ties, insulators,
hook bolts, the third-rail itself, third-rail bonds, covers, crossing
jumpers, inclines and track bonds. They replace broken parts,
maintain the third-rail in the proper alignment and elevation,
including inclined approaches and recessions. Thus far it has
not been necessary to make any electrical tests on either the
bonding of the running rails or of the third-rail. In case a
third-rail bond should work loose it would result in the heat-
ing of the cover. A visual inspection suffices at present, but
later it is probable that some form of regular bond test will
be inaugurated.

REPORTS OF THIRD-RAIL PATROLMEN

Each third-rail patrolman makes out a daily report on a
blank illustrated on this page, original size 5 in. x 7145 in. This
form is kept in a book with provision for a duplicate carbon,
colored yellow, which is kept by each patrolman for future
reference. The original blank is a blue sheet and these are
sent regularly to the Oneida company’s office in Utica. The
third-rail patrolman records the subdivision of the line on which
he is at work, the date, the character of repairs made, the
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number of the track, the nearest mile post and the section num-
ber where the work was done. The cost of the work is fig-
ured in the office from the known rates and material quanti-
ties consumed as indicated on the back of the report by the
general foreman of maintenance. Spare crossing jumpers are
kept in cable form at each substation and bonds with line
material are kept at the substations. No bracket or third-rail
insulator tests are made on the road, but these were handled
at the factory. It has not yet been necessary to make any
resistance tests on either the third-rail or track.

LINE MAINTENANCE
Line maintenance is handled by two high tension patrolmen
who report to the chief substation operator. They each cover
from eight to ten miles of line per day on foot, but on Sunday
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mornings the trip over the line is made on a regular car. The
high tension line parallels the tracks of the electrified section all
the way from Clark Mills to Manlius Center, and can be
inspected in a general way from a car platform without diffi-
culty. These patrolmen report at each substation as they walk
over the route, so that the office can give them special instruc-
tions if necessary. There are about thirty-three miles of 60,-
000 volt line maintained by the Oneida Railway Company in
connection with the West Shore service.

REPORTS OF LINE PATROLMEN

Since the road was placed in electrical operation only one
insulator has failed, and this, it is thought, was broken by a
stone or other missile. The factory tests on the insulators were
described in the Street Railway Journal of June 8, 1907,
and at that time reference was made to the plan followed in
specifying a certain duty for the insulators rather than attempt-
ing to settle detail dimensions and shapes. The company’s
experience seems to justify the former practice. In case it is
necessary to change insulators on the 60,000 volt line the line
is shut down for the purpose, the work being done at night if
possible. Each patrolman uses a blank form like the one
shown on this page, original size 41/ in. x 71/ in., in making
his daily inspection and maintenance report. The line is
carried on steel towers, No. O wire being used to give the
requisite mechanical strength for the spans, which are 480 ft.
in average length. The circuit is of the three phase star con-
nected type, with grounded neutral. The inspection report
is provided with a tower diagram in the upper left hand por-
tion, the top insulator being numbered 2 and the left and right
hand insulators being numbered | and 3 respectively, looking
west. The report indicates the location of the line trouble,
the nature of repairs, number of linemen, helpers and quantity
of material required, the cost being figured in the office at the
conclusion of the work. A gasoline motor car is used for
emergency repairs on both the transmission line and third-rail.
It has a maximum speed of about twenty miles per hour and is
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ordinarily kept at the Oneida Castle station, which is twenty-
two miles from Utica. This car is never used in routine in-
spection, but is held in readiness for prompt movement over
the line in case of trouble, particularly in emergencies when
power for operating the motor cars might be shut down.

LINE OPERATION

Thus far no shutdown from lightning has been experienced
on the high tension line. Power is at present supplied at
60,000 volts from the steam plant of the Hudson River Elec-
tric Power Company at Utica, but this company’s transmission
line from the Spier Falls station on the Hudson River, about
100 miles distant, is being pushed westward with the view of
ultimately operating the West Shore from the hydro-electric
plant at Spier Falls. No line short circuits have thus far been
experienced on the West Shore. The towers are thirty-nine
feet high and are provided with steps to facilitate inspection and
repairs. Two men are required to replace an insulator, the
time expected being about thirty minutes with the use of tackle.
Not enough of this work has had to be done as yet to fix a
minimum time for its performance under usual conditions.
The country paralleling the line is all of open character. No
breaks have as yet occurred on the line. Telltale papers are
not as yet used to record lightning arrester discharges, but
probably will be soon. The arresters have made an excellent
record thus far, one having handled four severe discharges in
twenty-two minutes. Danger signs have been installed on all
the West Shore high tension towers. The minimum clearance
of tree sections from the line is about twenty-five feet. A few
troubles have occurred in the low tension distribution on ac-
count of mechanical injury to third-rail jumpers, but these have
become largely matters of experience.

SUBSTATION OPERATION

The chief substation operator on the electrified section of
the West Shore Railroad has direct control of the handling
of the transmission line and the four substations. The opera-
tion of the latter is effected by nine substation employees, in-
cluding a helper. There are two daily shifts in each sub-
station, the day shift being eleven hours long and the night
shift thirteen hours in duration. The headquarters of the chief
operator are at Clark Mills. The helper takes care of the
thirteen-hour run on a change-over which occurs once in two
weeks, and the rest of the time is occupied in small repairs and
maintenance.

The third-rail is kept continuously alive, one rotary being
run during the night in some one substation. The other sub-
stations are started at 5:30 a. m. and are operated until 1 a. m.

The inspection of the substation machinery falls under the
jurisdiction of the chief operator. The apparatus is blown out
once in two weeks and the switchboards wiped down daily.
Oil switch motors and contacts are inspected weekly. As far
as possible, inspection and repairs are confined to the day-
time. The third-rail potential is 600 volts, and the section-
alizing at substations is of the simplest character. The third
rail of each track is broken opposite each substation and a
cable connection carried from the end of the third-rail through
a switch and circuit breaker to the D. C. 600-volt positive
bus bar. This enables each track to be independently fed
each way from each substation, there being four feeder panels
on a two-track section, as shown in the accompanying
sketch. By keeping the east and west-bound tracks entirely
distinct except through the bus bars an interruption on one
track has no effect on the other. In one or two instances,
where there are long passing sidings equipped with third-rail,
there has been added an extra panel to the switchboard to
supply current for this section.

In starting the rotaries half voltage taps on the a. c. sides
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are used. The full load on the direct current side of each
machine is 500 amperes. The half-voltage taps prevent the
starting current from exceeding full load and the machines are
brought up to synchronism quickly and smoothly. Should the
d. c. polarity chance to come up in the wrong direction, it is
readily changed by means of the field-reversing switch pro-
vided for this purpose. By this method, in any circumstances,
a rotary can be started, run up to full speed and be delivering
power to the line inside of a minute. The rotaries are
operated with their series and shunt windings both in service.
The maximum continuous overload allowed per rotary is 50
per cent.
MISCELLANEOUS OPERATING NOTES

The high-tension line is continuous through each sub-
station, and no maintenance work has as yet had to be done
on the 60,000-volt circuits within the substation buildings.
Each transformer and hence each rotary can be cut off from the
bus bars by oil switches without interfering with the operation

Third Rail Track 1 Third Rail Brack 1

Third Rail Track 2 Third Rail Track 2

Switches

Streat Baiheay Journal ~+ Bus in Substation

DIAGRAM OF THIRD-RAIL CONNECTIONS

of the substation beyond the one where the particular trans-
former and rotary are located. The voltage of the remote
control motor circuits is 125. It was not considered neces-
sary to provide motor-driven direct current circuit breakers in
this installation. Totalizing wattmeters are used on the in-
dividual rotaries in the substations. The high-tension voltage
is measured by multiplying the indications of a secondary volt-
meter by the proper constant. Fifteen minute readings are
taken on the indicating instruments in the substation switch-
boards during each shift. No curve drawing instruments are
in service as yet, and it has not yet become necessary to make
regular tests on the transmission line from any of the sub-
stations, either in sections or as a whole. Supplies for the
substations are ordered through the purchasing department of
the Oneida Railway Company at Utica.

The substation batteries are charged and discharged by
floating on the live wire a suitable resistance between them
and the 600-volt d. c. bus. Records of specific gravity and
cell voltage are kept by the chief substation operator. Com-
pressed air is used regularly in all the substations for cleaning.
No trouble has been experienced with hunting in the operation
of the rotaries, which are 40-cycle machines. The chief sub-
station operator has full power to order in or out of service any
machine at any time. Two rotaries are regularly used in each
substation.

TELEPHONE SERVICE AND EMERGENCY OPERATION

As stated in a previous paragraph, there are as yet no
telephones located along the road except at the substations,
where a leased private line of the Bell Company between Syra-
cuse and Utica enters. This connects with two private branch
exchanges in the offices of the Utica & Mohawk Valley Street
Railway Company and the Syracuse Rapid Transit Com-
pany. For commercial company service another line is shortly
to be added, but it is not planned to carry this into the sub-
station. No interference with telephone service has been
caused by the high potential transmission line thus far. No
telephones are carried on the cars. The movement of rolling
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stock on the electrified section of the West Shore is handled
entirely by telegraph, in the routine work of the New York
Central despatches. An emergency telephone connection is
in service between the Clark Mills substation and the steam
plant of the Hudson River Electric Power Company at Utica,
so that if any trouble occurs in the substation which relates
to the high-tension power supply, immediate communication
can be had with the generating station. In case of a short
circuit on the third-rail, when the breakers keep coming out,
the substation operator on duty at that particular moment tries
to close the line three times, then waits three minutes, and
then tries to close the circuit once a minute for five minutes
more, after which he tries to establish a power flow once every
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tension current passing through the 60,000-volt bus bars at
Clark Mills varied during the 24 hours from 3 to 20 amperes.
The maximum loads at different substations do not occur at
the same time, which explains the occurrence of the trans-
mission line maximum current of 20 amperes at 11:30 a. m.
instead of at 5:30 p. m. Friday, the time of maximum load
at the Clark Mills substation. The average a. c. line load
for the 24 hours was about 9 amperes at 60,000 volts, three
phase. The voltage on the a. c. side of the substation rotaries
at Clark Mills was held closely at 365 practically the entire
day.

The direct current load curve of the substation on 15-
minute readings shows an output varying from 0 to 1800
amperes, momentarily in swings and an average of about 400
on swings. [he actual load on the station from hour to hour
as deduced from the recording wattmeter readings averaged
92 kw throughout the day, with an average maximum of
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three minutes. No outdoor line switches are in service on the
electrified section of the West Shore, and no branch tracks of
the road are equipped electrically as yet. No fires have as
yet occurred on account of trouble on the 60,000-volt trans-
mission line or its connections. There are no machine shops
in the substations, and only minor substation supplies, like
rotary brushes, spare cable and tools, are stored at these points.
SUBSTATION LOG SHEETS

The cuts on Plate XXVIII (originals 14 ins. x 25V ins.)
illustrate two log sheets of theClark Mills substation of the West
Shore Railroad for Friday, Aug. 16, and Sunday, Aug. 18,
1907. These log sheets are kept in every substation and are
sent to the office in Utica daily and bound as parts of a loose
leaf book. The voltage and load records are plotted on the
logs in the form of curves, and special occurrences are tabulated
also. Wattmeter readings on both the incoming and outgoing
circuits are recorded in figures.

On Friday, Aug. 16, single-car trains were in service all day
except for a few hours in the morning and afternoon, when
two-car trains were operated. The increased load due to this
is plainly evident upon the curves. Rotary No. | was in
service from 7 a. m. to | a. m. on Saturday and again at
6 a. m. Saturday, the 24 hours beginning at 7 a. m. Friday.
Rotary No. 2 was in service throughout the same period, ex-
cept that it was shut down at 11:50 p. m. Friday instead of
at | a. m. the next morning. Between | a. m. and 6 a. m.
Saturday the line was kept alive by some substation beyond
Clark Mills. The d. c. voltage (practically at the third-rail)
varied from 595 to 620, the average for the day being about
610, the readings being taken every 15 minutes. The high-

PEEOER TIME | MIN. cAusE

STATIONS orr.

16 AND AUG. 18

140 kw between 5 and 6 p. m. It will be seen that the fluc-
tuations are very severe in proportion to the average output
of the substation. This arises from the small number of
trains at present required to maintain the schedule, four cars
being sufficient to hold up the present intervals, although eight
cars are operated during hours of heavier traffic. The log
shows that the two rotaries divided the day’s load almost
evenly, the d. c. kw-hour output of No. | being 868, and of
No. 2, 875, making a total d. c. output from Clark Mills of
1743 kw-hours. The log sheet also shows the time of breaker
openings in connection with the different rotaries and tracks.
SUNDAY LOG

On Sunday, Aug. 18, two-car trains on an hourly schedule
were run throughout the day, and the load peaks on maximum
swings were very much higher, reaching an extreme of 2000
amperes twice, and exceeding 1750 amperes eight times. The
average d. c. load on the substation at Clark Mills during the
19 hours in which it was operated between 7 a. m. Sunday
and 7 a. m. Monday, the 19th, was 149 kw, or 62 per cent
more than on Friday. The average maximum load on the
substation during any hour as determined from the recording
wattmeter readings was 200-kw. The average amperes out-
put on swings was about 800. The maximum sustained
loads occurred between 9 and 10 a. m.; | and 2, and 6 and
9 p. m. Both rotaries were in service throughout the 24
hours, except that between | and 6 a. m. Monday the sub-
station was shut down. The rotaries divided the load evenly
with 1412 and 1420 kw-hours d. c. output respectively.

The a. c. secondary voltage at Clark Mills varied from 345
to 365 with a well sustained average of 360 during the hours
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of machine operation. The high tension 60,000-volt cur-
rent varied from 4.5 to 20 amperes during the 24 hours, the
average being about 11 amperes.
trains on the line as a whole is reflected in the higher and more
frequent maximum readings. Direct current voltage was held
between 600 and 630 during the day with an average of
about 610.

TOTAL SUBSTATION PERFORMANCE
The forms on page 48, original 61/ ins. x 7% ins., shows
outputs of the different sub-
stations. These are designed
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connecting cars on all local lines in Syracuse and Utica. The
fare from Syracuse to Utica is 75 cents, the round trip cost-
ing $1.40. Before the electrified service began, the fares were
$1.08 and $2 respectively, so that the reductions by elec-
tric service are 32.6 per cent and 30 per cent. No season
tickets are sold on the electrified sections, but through tickets
originating on the electrified section are sold to all points as in
steam railroad days. There are still four daily through trains
hauled by steam locomotives and carrying passengers over the
electrified section, in addition to the motor car service.
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The interruptions to service
were slight during the day. The efficiency of the substations
to Aug. 17 for the month averaged 73.5 per cent.

WATTMETER READINGS

The hourly wattmeter readings at the substations are taken
on a blank 914 ins. x 1134 ins. herewith, space being pro-
vided for the recording of the individual dial readings at each
hour of the twenty-four. The exact position of the pointers
on the dials are sketched into the dial blanks, space being left
for the subtraction of previous readings later. One sheet is
used for each wattmeter and the report Is signed by both the
day and the night operator.

A typical Saturday load was that of Aug. 17, 1907, in
which the substation efficiency reached 80.4 per cent. The
total a. c. input at substations was 15,370 kw-hours, and the
total d. c. output 12,350 kw-hours. The individual sub-
station d. c. outputs to the third-rail were:

Clark Mills, 3074 kw-hours.

Vernon, 3075 kw-hours.

Conastota, 3260 kw-hours.

Manlius Center, 2941 kw-hours.

TRAIN SERVICE

Train service in Utica is handled over the Utica & Mo-
hawk Valley Company’s lines, the car movements being locally
directed until the electrified section of the West Shore is
reached. In Syracuse the Oneida Railway Company directs
the movement of the cars. Each train service man is under
the rules of the New York Central and the two local com-
panies en route. Crews are not changed en route, and all
cars make through runs between Main Street, Utica, and
James and Salina Streets, Syracuse. Cars are held in the
Utica Park house when not in operation. Transfers are given to

FORM FOR RECORDING

IIOURLY WATTMETER READINGS

DISTANCES AND RUNNING TIME

The following table shows the distances between stations
and the running time of electric trains at present scheduled:

Station. Miles. Hours. Min.
Main Street, Utica.......... .00 0 0
Genesee and Bleecker Streets. S o] 3
Oneida Square............... 1.16 o] 9
West Shore—Genesee Street. 2.26 0 15
New York Mills............. 3.54 0 19
ClaeleE MullSEEr. oo e s 8.30 0 30
Hecla ..o, 12.18 0 38
Vernon Grade............... 13.69 0 41
Vernon ......oovviuiiinn.... 17.04 0 48
SHETILL 5053 57 e ein e ot mpm e s oo 20.02 0 55
Oneida Castle,............... 22.23 1 00
Wampsville «.ovvvvinnninins. 25.61 1 06
CANASEOtA oy s e 00w ims s s 655 4 o 27.92 1 10
SUIIVAT eswe smemomssmsms s AT.52 1 17
Chittenango «................ 34.13 I 21
Kirkville ...oovvvivinnno. .. 38.08 1 28
Manlius Center.............. 40.75 1 33
Eastwood .............o..... 45.63 it 40
Syracuse Line:..c:vsenene.o.. 146.56 1 43
Qak Streel. weinsmdvehasming: 47.59 I 49
James and Townsend Streets. 48.2 1 £3
James and Salina Streets..... 18.63 I =7

CIHHARACTER OF SERVICE

Electric train service begins at each end of the line at 6
a. m. and is continued on an hourly schedule both ways until
IT p. m. At present the cars are handled on the telegraph
block system while on the West Shore, there being ten stations
between Utica and Syracuse. The regular normally operated
block signal system used on the main line of the New York
Central is shortly to be installed, and when this is in service
limited cars will be run between the two cities.  As outlined in
the June 8 issue of the Street Railway Journal, three classes
of service will be given:
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1. Limited cars or trains, two stops en route, hourly head-
way, | hr. 28 min. schedule.

2. Local cars or trains, highway stops en route, hourly '

headway, 1 hr. 58 min. schedule.

3. Through steam service,
freights.

The limiteds in class I will cover the West Shore right of
way in | hour. For local trains there are a possible 39 stops
all told aside from railroad crossing stops and two stops at the
city line to turn the third-rail shoes up if the cars are inbound
and down if they are outbound from the city. The total distance
between terminals, including local street railway tracks, is
covered in a shorter time than would formerly have appeared
to be feasible in view of the urban running involved. Out of
19 half trips timed by the company it was found that in the
Utica portion of the route the average number of urban stops
was 6 in 2.26 miles, aggregating 90 seconds; and on the local
tracks in Syracuse, about 2.5 miles, the average number of
stops was 4, aggregating 108 seconds. About 15 minutes
are required at each end in running over the urban sections.

infrequent passenger, and

CARS

No freight service is electrically handled on the West Shore,
and no trailers are operated. The maximum speed of each
car is 52 miles per hour, and the maximum grade on this sec-
tion of the West Shore is 0.57 per cent. The shortest curve
is a 3-degree arc. Crouse-Hinds arc headlights are used on
the West Shore right of way, but in the city streets the arcs
are cut off and incandescents used. No advertisements are
allowed in the West Shore cars. The car signs are of the
simplest character, the names of the terminal cities being the
only designations used. Girder rails are in use in Utica and
tram girder rails in Syracuse. Chemical extinguishers, a screw-
driver, hammer, wrench, tape, section of cable 25 ft. long, fuses
and one spare third-rail shoe are carried on each car. The
current per car during acceleration is about 525 amperes, and
the rate of acceleration 1.25 miles per hour per second. The
usual axes, bars and sledges are carried on the cars; the cars
weigh about 38 tons each, and are 48 ft. over all. Grad-
uated release brakes are used on each car.

TRAINMEN

The trainmen required to handle the service number 44
regular and 16 extra men. The men like the West Shore
runs better than city service and are selected from experienced
employees of the Syracuse and Utica companies. Before the
road was electrically operated about three weeks of practice
runs were completed under the oversight of a New York
Central pilot and experts from the General Electric and West-
inghouse companies. The only repairs expected of trainmen
on the road are the replacement of fuses, shoe adjustments and
air hose replacements when necessary. The West Shore can
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run any steam trains it desires over the line as long as they do
not interfere with the service of the Oneida company or handle
local passenger business. Trunks, mail and other baggage are
not as yet handled by the motor cars, with the exception of
one baggage car, which carries National Express matter. No
special switch is required for slow speed city running. Car
crews get correct time from Western Union clocks at the ends
of their runs. Inside '
* Form A~43-6-18-07-10m

the cities the cars are

run as double headers.
In case the dog holding

the lhlrd-rall ShOC L1 Flogmen will report on this blank all detentions to kis car,

5 ber, ber, time, place,
place gets out of ad- Evptheddls rainacehs C8 AR T S
justment, the shoe au-

Oneida Railway Company.
DETENTION REPORT.

TUse a separate sheet for each detention.

tomatically returns to Dars R0
its vertical position. TRAIN No Can No
INSPECTION AND DELAYED FROX. v, 20 -,

MAINTENANCE

Each car in service
makes about 250 miles
per day. The mileage
1s figured from the con-
ductors’ trip reports by
the auditing depart-
ment of the Oneida
company. At each end
of the route and after
every trip each motor
car has a layover of
one hour. Air brakes,
trucks, control parts
and shoes are inspected
then, and an inspector
is constantly on duty
for this purpose. The
repairs so far have been
running repairs only,
with very light main-
tenance. The Utica &
Mohawk Valley or-

ganization handles the shop repairs in detail, as outlined be-

.PLACE,

CAUSE

{Give resson for detontion a3 fully as possible).

CONDUCTOR

MOTORMAN

FLAGMAN.

DETENTION REPORT USED ON THE
WEST SHORE RAILROAD

fore.  Minor cleaning is done at the car house at the end of
each trip.  About one week is required before a new car runs
smoothly. The gage of the third-rail shoes is tested at the

end of every trip. No inter-terminal inspection takes place.
Spare armatures, control, air brake and truck parts are kept in
the shops to enable a car to be put back in service promptly
if it is needed. Very little wear of rolling stock has thus far
occurred, and it is too early to present any life records. Axle

and armature bearings on the cars are lubricated every two
weeks.
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Plate XXIII

VIEW TAKEN IN HIGH-TENSION COMPARTMENT, SHOW- SECOND FLOOR OF IIIGH TENSION COMPARTMENT,
ING CHOKE COILS AND TOP OF LIGHTNING CLARK'S MILLS SUBR-STATION, WEST SHORE
ARRESTERS, WEST SHORE RAILROAD RATLROAD

BATTERY OF CHLORIDE ACCUMULNATORS FOR OPERATING OIL SWITCHES IN CLARK'S
MILLS SUB-STATION, WEST SITORE RAILROND
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Plate XXV

WEST SIHHORE TRACKS WITII TIHRD-RAIL AND FIBRE PROTECTION
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Plate XXVI

INTERIOR OF STANDARD PASSENGER MOTOR CAR, WEST SHORE RAILROAD
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Plate XXVII

JUNCTION OF TRACKS OF WEST SIHORE RAILROAD AND UTICA CITY TRACKS
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VIEW OF WEST SHORE TRACKS, SHOWING TYPICAL GRADE CROSSING
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OPERATING FEATURES OF THE LONG ISLAND CITY

POWER STATION

OF THE PENNSYLVANIA

TUNNEL AND TERMINAL RAILROAD CO.

This station was described in detail in the Street Railway
Journal of April 7, 1906, and in the present article particulars
of the construction of the station are given only to the extent
required for an understanding of the operating features.

The station is operated by the Pennsylvania Tunnel & Ter-
minal Railroad Company, and eventually a large percentage
of its output will be used in hauling trains through the tunnels
now being completed by the company between New Jersey
and Long Island. Since its completion about two years ago
the output of the station has been purchased by the Long
Island Railroad for operating the electrified portions of this
system. Cost figures are not given for the reason that the
station is being operated at only about one-fifth of its ultimate
capacity, and any statistics given under these conditions would
be without material significance.

The present building is designed for six 5500-kw generators,
of which three are now installed. The power consumption of
the Long Island Railroad, however, necessitates under normal
conditions the use of only one turbine, but occasionally two
are required. It will be readily understood that the labor and
fuel cost per kilowatt is much greater than it will be when the
station is operated at nearer its full capacity and when peaks
and sudden fluctuations of load are smoothed out.

The station is in charge of C. S. Krick, superintendent of
the Pennsylvania Tunnel & Terminal Railroad Company, and
its operation is under the immediate supervision of F. G. Clark,
superintendent of the station.

COAL
Coal for operating the station, generally known as mountain
coal, is brought by rail from Pennsylvania to South Amboy,
N. J., and is there loaded into barges of 850 gross tons capa-
city, which are towed across New York Bay and up East River
to the power station.
The average analysis of the coal shows:

MOISEUTE v eetvenuer e eeeiieeenannneenannnansns 1.16 per cent

Violatile Matter s wmsw:mssm s semessvims sms @ o 18.06

Fixed carbon......ooviiiiiniiiiiniiiiiinennnns 7033

G e e - o s s 5 0 6 5805 0 5 4 1 86 R S TG N 10.45 &
BROTAIN - v o e s i w0 8 i @ o o s 3 98 e 6 9 0 0 100.00 per cent

Sulphr ..o 1.69 “

Theoretical evaporation water per pound of coal..... 14.71 1bs.

The coal, it may be noted, is low in heat umts and is high in
ash and sulphur. Other grades higher in heat units have been
tried, but these were objectionable because they contained an
excessive amount of volatile matter and were consequently
smoke producers.

A complete analysis is made once each month in the test-
ing laboratories of the Pennsylvania Railroad Company at
Altoona, Pa. In selecting a sample for analysis about one
ton of coal is spread out on the boiler room floor and quartered.
A sample is taken from each quarter and these samples are
mixed together and quartered again. The process is con-
tinued until a representative 5-lb. sample is obtained. Calori-
meter tests and carbon and ash tests are made twice each month
in the station testing laboratories by means of a Parr calori-
meter.

COAL HANDLING

The coal handling plant was fully described in the article
previously referred to. A hoisting tower on the end of the
dock and about 600 ft. distant from the station is connected
to the station by a steel bridge built 107 ft. above the dock
and at the height of the top of the coal bunkers. This bridge
is provided with a cable railway which makes a complete cir-
cuit over the coal bunkers and around the tower. Three steam
engines located in the hoisting tower about 25 ft. above the
dock and supplied with steam from the power house boilers
are employed to handle the two-ton Haywood ‘‘clam shell”
bucket in which the coal is elevated from the barges. An
engine to drive the coal crusher and another for operating the
cable railway are installed in a closed compartment at the top
of the tower.

Four men are required to operate the coal handling appara-
tus. Two are located in the barge being unloaded, a third
stationed in the tower about 25 ft. above the dock operates
the biter, trolley and hoisting engines which handle the bucket
and a fourth man stationed at the top of the tower fills the
cable cars.

From the “clam shell”” bucket the coal is dropped in a small
hopper. The fine coal passes through screens into a receiving
hopper, while the larger lumps are run through a crusher. The
man stationed at the top of the tower loads the cars from this
receiving hopper. The cars are automatically dumped at
any predetermined point over the bunkers and when empty
continue around the loop track to the loading tower. The
plant has a capacity of about 100 tons of coal per hour, but is
operated at about a 75-ton per hour rate, as the reduced speed
reduces the maintenance considerably. Usually about 3000
tons, or a three weeks’ supply, of coal is stored in the bunkers.
No special precautions are taken to prevent fires in the bunkers
and practically no trouble has been experienced from this
source. The coal is watched and whenever any is found to
be heating it is used as quickly as possible. During the two
years the station has been in operation the maintenance charges
on the coal handling plant have been about the same as with
other coal-handling systems. Repairs have been confined
largely to the renewal of cables, which have a life of about

100,000 tons.

BOILER ROOM PRACTICE

The boiler installation consists of thirty-two Babcock &
Wilcox water-tube boilers, sixteen boilers being installed on
each of the two boiler room floors. All of the furnaces are
fitted with Roney stokers driven by Westinghouse engines,
there being one engine to eight stokers. The ashes from the
furnaces on both boiler decks fall into chutes having outlets
in the basement immediately over a track upon which small
trucks carrying ash buckets are run.

Green economizers are installed in the rear of the boilers.
The flue connections are such that all of the economizers may
be thrown in multiple or they may be used in connection with
only the boiler behind which they are installed. The gases
are finally discharged into two steel stacks.
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FIRING METHODS

With the present load more than fifteen boilers are never
required, and it is the usual practice to operate the boilers on
one floor for about six months and then to change to the other
deck. The boilers on the idle deck are left entirely cool. In
winter the lower deck is operated because of the danger of
freezing to which the lower boilers would otherwise be sub-
jected.

The boilers are usually fired with an .18 to .20 in. draft on
the individual hand regulated dampers. There are in addi-
tion automatic stack dampers for controlling sudden fluctua-
Under a .20-in. draft the boilers are fired at about 75
per cent of their normal rating, which has been found to be
most economical. A boiler fired at this rate is termed ‘“‘active”
and about 2000 lbs. of coal per hour are burned in the fur-
naces. When a peak load requires the boilers to be “forced”’
the dampers are adjusted to about a .5-in. draft, and at this
setiing approximately 3000 lbs. of coal are consumed per
hour.

A “‘reserve’’ boiler is one kept in readiness for emergencies.
The damper is adjusted to about .1-in. draft and about 1000
Ibs. of coal are consumed per hour. A boiler held in reserve
makes practically no steam, but it can be made active on a
momert’s notice.  When the service of a boiler is not required
for six hours or more it is “banked.” The draft is shut off
so that steam pressure is not kept up. About 3000 Ibs. of
coal are required to bank a boiler; no additional coal is needed
for 36 hours, and with no leakage the period will be longer.

The fires are generally cleaned before the boilers are banked
or reserved, and those of an active boiler are cleaned once in
eight hours and those of a forced boiler once in four hours.
The interval of cleaning depends, of course, on the character
of the coal.

tions.

One-half hour’s time of one man is required to
clean a fire and during this cleaning the boiler is out of service.

Soot is steamed off the tubes with the boilers in service
twice a week, and at intervals of two to three months they
are taken out of service and the tubes are cleaned thoroughly of
soot. It is the general practice to blow the boilers down one
gage once or twice a day. Attempt is made to clean the in-
side of the tubes when the scale or incrustation becomes 1/32
in. thick, and they are accordingly cleaned at about six months
intervals.  With untreated make-up water it would be neces-
sary to clean them out about every two months.

The boilers are built for 200 lbs. pressure, but because of
the small load they are operated at about 185 lbs.  With high
pressure at the present light load the quantity of steam would
be less than required for proper operation of the valves of the
turbinre and accordingly the quantity is increased by decreas-
ing the pressure. Steam leaving the boilers at normal load at
150 degs. superheat reaches the turbines at a superheat of
about 125 degs. Saturated steam only is supplied to the
auxiliary apparatus, but changes in the piping are contemplated
which will permit all engines to be supplied with superheated
steam.

FEED WATER

Fresh water is obtained from the Citizens Water Company,
of Long Island City, and under present operating conditions
about 30 per cent of the total used in the boilers is make-up
water. The excessive amount is due primarly to the light
load on the station. The auxiliary apparatus, a great portion
of which exhausts into a closed heater, takes almost as much
steam at half as at full load on the turbine. Arrangements
are being made to use an open heater only, and this will de-
crease considerably the per cent of make-up water required.

STREET RAILWAY
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The water is treated with about 4 lbs. of soda ash per 1000
gallons. The chemical 1s first dissolved by adding water and
then boiling the mixture with steam. The solution is then
allowed to mix with the make-up water in the proper propor-
tion. The treated make-up water is heated to about 212
degs. in the Cochrane open heater and is then mixed with
water from the turbine condenser hot wells at about 90 degs.
The mixture enters the economizers from the closed heater at
approximately 200 degs. and is fed into the boilers at an
average of 265 degs. Saline tests are made on the hot well
water at frequent intervals and water showing 20 grains of salt
per gallon is regarded bad.

The boiler feed pumps are provided with a regulator which
keeps the pressure in the feed mains fairly constant and at
from 10 to 15 lbs. above the boiler pressure. The water
tender regulates the feed valves of the different boilers by
hand.

ECONOMIZERS

The economizers are usually operated in multiple, or in
other words, flue gases are distributed through all of those on
one boiler room deck irrespective of whether or not all the
boilers are in service. Approximately 5 hp is required to
drive the scrapers of each economizer, there being one econo-
mizer to two boilers. The maintenance on the economizers
has been almost negligible. The water entering them is at a
high temperature (about 200 degs.), and as there is no
sweating of the pipes the scrapers remove practically all the
soot deposited. The economizers are blown down each day
and at intervals of a few months the soot is removed through
doors provided for this purpose.  They have a negligible throt-
tling effect on the gases, the small difference in draft on the
sides being due principally to the fall in temperature of the
gases.

FLUE GASES

With normal load the flue gases leave the boilers at about
450 degs. When the boilers are forced the temperature rises
to 600 or 700 degs. and with boilers reserved to about 350
degs. The drop of temperature in the economizer is 75 to
100 degs. A CO: recorder with connections to all of the
boiler flues is installed in the boiler room. Gases from active
boilers show about 15 per cent CO:. Before cleaning the
fires the percentage goes as low as 12, and with reserved boil-
ers it is about 16.

TURBINE AUXILIARIES

Condenser water is obtained through an intake flume ter-
minating at a point under the dock opposite the station. The
fiume is protected by two sets of screens of No. 10 gage copper
wire, V5-in. mesh, which are held in vertical guides, there
being three screens placed one above another in each set.  The
frames holding the screens are pulled up and cleaned twice each
week, this work requiring about two hours’ time of two men.
The intake flume 1s provided with a rack for protection from
ice and a connection has been provided from the overflow so
that warm water may be run into the screen chambers in the
event of ice blocking it, but no occasion has yet arisen for the
use of this connection.

Water 1s supplied to each condenser by a 24-in. double
suction centrifugal pump. Usually the pumps lift the water
without any priming, but an injector is provided for use when
necessary. In starting the pumps work against a 15-lb. head,
but when once the condensers are filled with water the siphon
effect reduces the working head to about 5 lbs. There is a
very slight corroding effect noticeable on the pumps due #e #he
salt water.
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CONDENSERS

The turbine condensers are of the Alberger type, the cooling
surface consisting of No. 18 S. W. G., I-in. seamless drawn
brass tubes. During the summer season the average tempera-
ture of the condenser water is about 60, in winter it is ap-
proximately 50. The vacuum maintained is in summer 281/
ins. and in winter 28%4 ins.

The condensers are tested for defective tubes whenever the
saline tests of the hot well water indicate them by filling the
condensers with water and noting the leakage. Wood plugs
are kept on hand and when the leakage is excessive the con-
denser is opened up and the tubes plugged. Alfter several
tubes have been plugged in this manner and the cooling sur-
face is appreciably lessened, the tubes are replaced.  Salt water
has not appreciably affected the condensers. Gases in the
condensed water have corroded the interior of the cast iron
centrifugal hot well pumps considerably, and these are to be
replaced by bronze pumps.

CARE OF AUXILIARY APPARATUS

Auxiliary engines and pumps are tested at comparatively
frequent intervals by taking indicator cards. If nothing trans-
pires during a year’s time to necessitate them being taken apart
the working parts are then opened up and examined.

' OILING SYSTEMS

Quite an extensive oiling system is provided for supplying
bearing oil to the turbines. A storage tank 8 ft. in diameter
and 14 ft. 8 ins. deep is located in the upper portion of the
boiler room and from this the oil flows by gravity through the
machine bearings and through coil coolers to filters. Two
duplex piston pumps each with a capacity for 200 gals. per
minute return the oil to the elevated tanks.  All of the ol pip-
ing is of brass.

The system usually contains 7500 gals. of oil, and about
4000 gals. per hour pass through each operating turbire.
The loss of oil due to the turbines is about one gallon per day
per turbine operated. In passing through the bearings the oil
is heated about 2 degs. and it is afterwards cooled by allowing
it to come in contact with pipes containing the make-up water
fresh from the city mains.

The oil is filtered through canton flannel bags approximately
1 ft. long and 4 ns. in diameter, of which about 400 are sus-
pended from the filter tanks. The bags are washed each
week in benzine or gasoline and are then wrung out with an
ordinary clothes wringer. One man spends all of his time
cleaning the filters and caring for the oil pumps. As the oil
is entirely enclosed in the pipe system and is never open to the
air except in the filters, no dirt gets into it, and practically all
that the filters remove are the crushed and carbonized par-
ticles.

The oil employed is a much cheaper grade than that rec-
ommended by the turbine manufacturers. In selecting it speci-
fications are sent out containing requirements for viscosity,
flash test and other qualities and the bids sent in are accom-
panied by samples which are tested and analyzed in the Penn-
sylvania testing plant at Alioona. The oil must be a heavy
one with hard globules and it must show a viscosity test of
about 140 and a flash test of about 400.

CRANK CASE OIL

A separate system with two storage tanks is provided for
the crank case oil used in the Westinghouse engines driving the
stokers and the large centrifugal pumps. When the oil gets old
it is separated out and is used to lubricate sheaves and other
working parts which do not require a better grade of oil.
Specifications for the crank case oil require that it be fairly
heavy and that it emulsify rapidly.
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The maintenance charges on the turbines have been very
much less than would have been required on a reciprocating
plant of the same capacity. The only repair parts carried in
stock are one primary poppet valve complete, ready to put in
the turbine, and a few pounds each of the different kinds of
blading. The repairs to the governing mechanism have not
been nearly as great as for a reciprocating engine and the re-.
pairs to the poppet valve mechanisin have been less than are
usually required by a Corliss valve mechanism. Very little
trouble has been experienced with the blading.. The part re-
quiring greatest attention is the governor mechanism, which is
cleaned thoroughly once each week and is overhauled two or
three times a day. The generators are cleaned after every
shut down by blowing them out with compressed air and wip-
ing them off with cheese cloth.

The method of excitation usually employed protects the
generators against overloads. The exciter is driven by an
induction motor supplied with current from the turbine gener-
ators and an oveiload on these lowers the voltage and decreases
the power factor to such an extent that the motor slows down
and reduces the excitation of the generator. This, of course,
causes a further drop in the voltage. When the generator
voltage on a short circuit drops below 5000 volts for an ap-
preciable length of time the excitation is destroyed.

A Tirril regulator in the exciter field holds the voltage fairly
constant, there being a variation of not more than 100 or 200
volts. In addition to the motor driven exciter, a steam driven
generator or a storage battery may be employed. The load
on the station is of a fluctuating character, the momentary loads
running up to 16,000 kw. Fluctuations up to 12,000 kw
are carried on one machine. On ordinary days the peaks are
below this and the average load is usually considerably below
6000 kw, the most economical loading for one turbine.

To warm up a cold turbine properly and get it started would
require two or three hours, but leakage of the throttle valve is
usually sufficient to keep the machine warm so that in an emer-
gency a turbine can be started and the load thrown on it in
one or two minutes. With the turbine cold there would be
no hesitancy in an emergency in getting a machine under load
in twenty minutes. If valve leakage is not sufficient to keep
the reserve turbine warm the pilot valve is opened sufficiently.

THE SWITCHBOARD

The switchboard 1s locaied in an enclosed compariment
about 25 ft. above the turbine room floor. A small over-
hanging balcony permits a view of the floor, but while at the
board the switchboard operator is in such a position that he
cannot see the turbine room or communicate directly with the
engincer. Operating signals are made by means of a special
signaling apparatus. A signal device on the wall of the turbine
room is connected to buttons on the switchboard operator’s
desk. Likewise signals on the switchboard are connected to
buttons on a small board within easy reach of the throtile valve
of each turbine. Pressing the different buttons illuminates the
proper signals. Signals to start another turbine usually origi-
nate with the switchboard operator, but in case the engineer
desires to shut down a turbine for any reason he may give the
signal.  Quite an elaborate code of signals has been gotten
up. These care for practically every emergency that may
anse. However, should it be desired to communicate directly
with the engineer or any one on the turbine room floor a gong
and a whistle are provided and a code of signals established
whereby any one in the operating room may be called to a
telephone booth on the turbine room floor.
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OPERATING SIGNALS

On the south wall of the turbine room there is a general
signal, a synchroscope and an air whistle electrically controlled.
Opposite each turbine there is an opal globe, inside of which
is a red, a white and a green lamp, and on a bracket outside
of the globe a plain incandescent lamp. Near the main
throttle of each turbine is a switchbox having four signals to the
operating room and a gong push button for attracting the atten-
tion of the operator. The red, white and green lamps within
the opal globe are used to denote the position of the weight
upon the governor control of the turbine. The red lamp sig-
nifies speeding, the white lamp dead center and the green lamp
slowing. These signals are pilot indications of the position of
the governor control weight, which is controlled from the oper-
ating room.

The other apparatus is to be used as follows:

1. To Cut in Generator.

Operator. Engineer.
(The number of generator) (If OXK.) from the corres-
IN-Whistle. ponding generator IN-Gong.
When turbine is ready for load the engineer sounds the
gong again. The operator connects synchroscope and syn-
chronizing lamp and when switched in parallel disconnects
synchroscope and synchronizing lamp, signaling O.K.

2. To Cut out Generator.

Operator. Engineer.
(The number of generator) (If O.K.) from the corres-
OUT-Whistle. ponding generator OQUT-
Gong.

Operator connects synchroscope and synchronizing lamp.

When the generator is cut out synchroscope commences to
revolve and synchronizing lamp to pulsate.

Operator signals O.K.-Whistle and disconnects synchroscope
and lamp.

Engineer signals O.K.-Gong.

All signals disconnected.

3. To Cut in Turbine.

Engineer. Operator.
From Turbine, IN-Gong. From corresponding generator,
Operation then continues as IN (if O.K.)
in first case.
4. To Cut out Turbine.
Engineer. Operator.
From turbine, OUT-Gong. From corresponding generator,
The operation then continues OUT (If O.K))

as in second case.

5. To Change Over.

First and second or third and fourth to be followed in
sequence, depending upon whether the change is made from the
operating room or from the turbine room. In case of trouble
of such a nature as to require one unit to be cut out before the
other is cut in, the operator or the engineer will show both
signals as (number of generator)—OUT (number of gener-
ator)—IN and give long blast of whistle or ring gong rapidly
to call attention to the signals displayed.

6. To Cut in Exciter.

Operator. . Engineer.
(Number of exciter) IN- Brings exciter up to speed,
Whistle. when ready signals U.IZ.-

Gong; from No. 1

Operator cuts in and signals :
K Turbine.

All signals "disconnected.

7. To Cut out Exciter.

Operator. Engineer.
(Number of exciter) OUT- 0.K.-Gong; from No. 1
Nhistle. Turbine.

When exciter is cut out oper-
ator signals
All signals disconnected.

8. Stand-By Signals for Engineers.

Operator. Engineer.
S.B.—(Number of generator) S.B.-Gong.
Whistle. Engineer signals O.K.-Gong.

When over
Operator signals O.K.-Whist’e.
All signals disconnected.
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9. Stand-By Signals for Operators.

Engineer. Operator.
From turbine, S.B.-Gong. Number of generator, S.B.-
When over. Whistle.

Engineer signals O.K.-Gong.  Operator signals O.K.-Whistle.

All signals disconnected.

10. When whistle is given one long blast, or gong is sounded
several times rapidly it is to convey the meaning that the
operation, whether a single or a double one, is to be per-
formed as quickly as possible.

To insure familiarity with the signals, the operating force
goes through the complete set every few days in the same man-
ner as when using the signals.

In starting a turbine the fields are built up gradually to full
voltage after the machine has attained full speed. The gen-
erators are then synchronized and the main generator switch
is thrown in.  This switch is so wired that it cannot be closed
until the synchronizing plug has been inserted into its socket
in the operating board. In cutting out a machine the load is
taken off the generator by reducing the field excitation and then
the main switch is opened. Afterward the fields are cut out.
With the fields out a turbine will continue to revolve about 45
minutes before coming to a standstill, but it will stop in about
ten minutes with the fields excited.

The switchboard operator gets his orders to cut current off
or to throw current on the high tension lines from the sub-
station operator at Woodhaven Junction. He does not,
however, change the switches until he is assured that the person
giving the order has the authority to do so.

CARE OF SWITCHBOARD

The switchboard proper is wiped off two or three times a
day and every three or four months it is given a coat of lacquer.
The high tension switches are inspected two or three times a
week, and in addition after every blow-out they are gone over
carefully. Inspections include trying the switches to see that
they work properly, and in going over the link motion and oil-
ing all working parts. Once each week the contacts are in-

spected.
CALIBRATING INSTRUMENTS

The electrical department is provided with a testing board
and precision ammeters, wattmeters and voltmeters. Some of
the switchboard instruments are tested each month and the
integrating wattmeters are calibrated about once in two months.
In calibrating these wattmeters they are removed from the
switchboard and the work is done at the testing board. They
are adjusted to about 1/ per cent accuracy at full load and
about | per cent at half load.

STORAGE BATTERY

A storage battery consisting of 110 chloride cells with a
discharge rate of 366 amps. for one hour is installed in the
engine room basement. It was installed for operating the dis-
tant controlled switches, and for excitation and lighting in
emergencies, and is controlled from the main switchboard.
Usually it is floated across the lighting bus and it is generally
employed to excite the first turbine started after the station has
been completely shut down. In an emergency the battery
would continue to excite one generator for about six hours, as
about 100 amps. is required fully to excite each machine.
The battery is inspected and cared for according to the stand-
ard directions of the manufacturers.

REPAIR METHODS
The power house is provided with a well equipped machine
shop which occupies the gallery immediately over the switch-
board gallery. It contains one of each of the following tools:

48 in. radial drill,
13 in. single spindle drill,
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20 in. Bock geared shaper,

30 in. x 30 in. x 8 ft. planer,
16 in. x 8 ft. engine lathe,

11 in. x 14 in. speed lathe,

30 in. x 16 ft. engine lathe,

34 in. to 2 in. bolt cutter,

2-ton portable crane hoist,

214 in. x 14 in. water tool grinder,
214 in. x 18 in. dry tool grinder,
grindstone and hacksaw.

In addition there is located in the boiler room basement a
blacksmith shop and a pipe cutting and threading machine
capable of handling pipe up to 18 ins. in diameter. The ma-
chine shop was fitted up to care for the contemplated power
station of the operating company in New Jersey as well. A
foreman machinist has charge of the shop and of general re-
pairs. Altogether thirteen men are employed in the repair
department.

STORE-ROOM PRACTICE

A well equipped store room occupies a portion of the top
gallery adjacent to the machine shop. Pipe fittings, packing
and duplicate parts of all apparatus likely to get out of order
are kept in stock. In addition all tools are kept in the store
room and these are checked out only on a written order from
the man in charge of the work for which they are required.
A system of records in use in the store room has a card for
every object and every kind of material in the department.
Records of materials issued and materials received are kept
on the cards, so that an inspection of the card shows the
amount of material or supplies on hand. It is the intention to
carry a two months’ supply of materials.

DISTINGUISHING PIPING SYSTEMS

So many systems of piping are carried throughout the sta-
tion that a means of readily identifying the different ones has
been found of considerable convenience. A schedule of colors
has been devised by the aid of which any pipe is readily iden-
tified as being a part of any system. All the pipe covers on
the pipes are painted to correspond with the colors as given on
a chart, posted at convenient points around the station.

PIPE COLORS

1. White—High pressure steam lines.

2. Red—Drips from superheated steam lines, including
Holly system and Holly connections to boilers.

3. Red with black striping—Drips from saturated steam
lines, including Holly system and connections to header.

4. Yellow—Exhaust from all auxiliary apparatus and low
pressure drip pipes.

5. Black—Boiler feed pipes from feed pipes to boiler
drums, closed heaters, open heaters, boiler drum heads, flues
and economizer casings.

6. Blue—All water pipes other than feed pipes from
pumps to boilers and fire pumps.

7. Structural—Fire protection system.

8. Maroon—Blow-off piping.

9. Green—Air piping.

10. Slate—Crank case oil piping between engines and
separators.

11. Brass not painted—All oil piping other than crank case
oil piping between engines and separators.

ORGANIZATION OF OPERATING FORCE
The organization of the operating force and the number of
men usually employed are shown in the diagram. The num-
ber of hours a day the men in each position work is shown by
the figures following the position.

SUPERINTENDENT OF POWER STATION

Chief Clerk

|

Telephone boy

Electrical Superintendent

|

|

Mechanical Superintendent

|

2d Asst.
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Stock clerk

‘ 3d Asst. Operator

2d Asst. Operator

|

15t Asst. Operator

Foreman Machinist

Engr. 3d Asst. ngr.

Eng.

1st Asst.

Asst. Engr.

88—y

12—8

12—8

Oiler

4—12

Messenger

2 steam fitters, 9

Water tender

Oiler

Oiler

2 store-room clerks, 10

Switchboard man Switchboard man

Switchboard man

2 steam fitters’ helpers, ¢

Pumpman

2 stoker operators

Pumpman

Oilman

2

Generator tender Generator tender 2 watchmen,

Generator tender

3 machinists, 9

Water tender

Coal passer

Wiper, o

Pumpman

1 janitor, 10

3 machinists’ helpers, o

Stoker operator

Water tender Sicker oiler, 9

Wiper, ¢

Gallery tender, 9

Gallery tender, o

1 pipe coverer, 9

Coal passer

Telpher man, 9

2 stoker operators

General repair man, ¢

1 blacksmith, ¢

Ash man, 9

Coal passer

1 foreman boiler cleaner, g

Stoker oiler, ¢

6 boiler cleaners, 9

2 coal tower men, 9

2 coal handlers, ¢
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The chart shows that a total of seventy men, not including
the superintendent, are employed for continuous operation of
the station. On the day watch the second assistant engineer
has charge of the boiler room and of boiler room repairs and
other work of a similar nature. During the afternoon watch
and the night watch the first assistant engineer and the third
assistant engineer, respectively, have charge of both the tur-
bine and boiler room forces. The switchboard operators are
graded first, second and third assistant operators. All of the
men in the electrical department are under the immediate su-
pervision of the operator on the watch.

The duties of the generator tenders include in addition
to taking care of the main generators general supervision and
care of the auxiliary motors and the lighting system. The
gallery tenders inspect and clean the high tension switches and
occasionally help clean the generators.

POWER HOUSE RECORDS AND LOGS

To facilitate handling and filing all record sheets of power
house operation are made of a uniform size, 101/ ins. x 17 ins.
Separate boiler, turbine and auxiliary and electrical logs are
kept. The readings are written directly on logs covering a
period of only eight hours or of one watch. Afterwards the
figures for the three separate watches of each day are copied
on logs representing a day’s duration and the three sets of fig-
ures are then totaled. The logs for the eight-hour periods do
not leave the station, but copies of the daily logs are sent to the
office of the railroad company.

At the end of the month an operating report is made up
from the data on the logs mentioned.  There is also made out
at the end of the month an itemized account of the operating
and of the maintenance costs.

The time the several pieces of apparatus are in operation is
indicated on the boiler and on the turbine and auxiliary logs
by drawing a heavy line under the hours operated and oppo-
site the particular unit. The hours of operation of each unit
are copied from the logs to cards and each month the daily
hours are totaled on these and transferred to a monthly report.
For the several logs temperature and water meter readings and
others of a similar nature are taken every two hours. On the
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electrical log the load curve is plotted in red ink. The several
exciters are indicated on this log by the symbols M. E. for
motor exciter, E: and E: for the engine driven exciters. ‘‘No.
1,” “No. 2" and “No. 3” indicate the three turbo-generators.
Plus and minus signs are used before the power factor readings
to distinguish leading and lagging currents. The humidity is
recorded on this log because of its effect on static discharges.

The monthly operating report gives the total of the operat-
ing hours of the several units, total coal and water used and
the distribution of the output. The amount of coal used is ar-
rived at in two different ways. The coal factor or the amount
of coal used per hour by forced, active, reserved and banked
boilers is multiplied by the number of hours of service of each
kind of boiler, and the figures so obtained are checked by sur-
veying and estimating the contents of the bunkers at the end of
each month and adding to this the amount of coal received
during the month and subtracting the amount in the bunkers at
the beginning of the month. In filling out the sheet either
“more” or “less” is scratched out so that the line when filled
out reads “‘more than last month’’ or *‘less than last month.”

Only those expenses are entered on the monthly maintenance
account that are occasioned by repairs and up-keep of the
apparatus. The labor and material expenses are kept sepa-
rate and are finally reduced to cents per kw-hour. These
amounts are then compared with the preceding month.

The operating expenses are treated in a similar manner on
a separate sheet. On this latter sheet is finally summarized
the cost of the current per kw-hour generated and the cost of
the net output.

In addition to the reports mentioned here is made out each
month a “‘performance sheet” or a b. t. u. balance sheet. In
brief this sheet takes into account all the b. t. u. entering the
station in the coal and water and then account is made of the
manner in which the b. t. u. received are lost or are used.
It is of course necessary to approximate such items as the
amount of water and consequently b. t. u. lost in boiler and
economizer blow downs, but nevertheless comparatively accu-
rate results are arrived at. The sheet shows the thermal effi-
ciencies of the boilers, economizers, open and closed heaters,
and finally gives the total thermal efficiency of these appliances.
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SUBSTATION AND POWER TRANSMISSION PRACTICE
OF THE LONG ISLAND RAILROAD

During April, June and July, 1906, the Street Railway
Journal published a complete description of the physical features
of the electrification of the Long Island Railroad. Electric
trains have now been running for two years and some details
of the operating features are available. In this article it is in-
tended to describe such of them as may prove of interest, but for
a clear understanding of these, a few points descriptive of the
electrical features are necessary.

The distribution system consists of :

High tension circuit (overhead, underground, submarine).

Low tension feeders.

Protected third-rail.

Track return circuits.

The power house is located at Long Island City and the
six substations and two portable substation houses, exclusive of
two portable substations, are located as follows: (1) Atlantic
Avenue near Grand Avenue, (2) Atlantic Avenue near Vesta
Avenue (East New York), (3) Woodhaven Junction, (4)
Rockaway Junction, (5) Hammel, (6) Valley Stream. The
portable substation houses are located at Belmont Park and
Springfield Junction.

Between the power house and Woodhaven Junction is a
trunk line part underground and part overhead, consisting of
five circuits.  The underground portion, which is nearest the
power house, is located in a conduit system containing eighteen
ducts and the overhead section is supported upon steel poles.
From Woodhaven Junction substation the transmission circuits
go in three directions, west to substations Nos. 1 and 2, east
to substations Nos. 4 and 6 and to the portable substation
houses, and south to substation No. 5. The circuits west and
the circuits east for about 2 miles are underground. The cir-
cuits to No. 5 substation are overhead and are carried part of
the way on steel and the remainder of the distance on wood
poles. From substation No. 4 overhead circuits lead to the
Valley Stream substation, to Glen Cove and also to Belmont
Park and Springfield Junction portable substation houses.

The current furnished from the power house to these sub-
stations is metered at both ends of the line. The power house
meters are checked by those of the individual rotary panels in
the substations and both sets of meters are calibrated as often
as indications show necessary.

HIGH-TENSION CIRCUITS—OVERHEAD

All the high tension overhead lines are patroled once a day.
Each of the several sections of the line is inspected by a man
whose special duties are to report all defects in that section.
As this inspection is made, the inspector, in some cases a line-
man, in other cases a patrolman, makes it a practice to call
up the substation operator at Woodhaven Junction from tele-
phone boxes placed approximately 2000 ft. apart, and this
permits the substation operator to keep in touch with the men
at different points on the line. Whenever any trouble is noted
report is at once made by telephone to the high tension emer-
gency crews located either at Woodhaven Junction or at Long
Island City. The high tension emergency force at Wood-
haven Junction is on duty all the time. At Long Island City
it is on duty only during the day, the night work being cared
for from Woodhaven Junction. The crews at each point con-
sist of a foreman, two linemen and a chauffeur, who also acts

as a helper to the linemen. The crew are carried from their
quarters to the point where trouble occurs on a gasoline emer-
gency car. At times bicycle cars are also used.

Very little trouble has been experienced on the overhead
lines. The breakage of insulators from all causes, during
1906, amounted to only sixty-nine. Part of this breakage
was due to the small boy with the rock and part to electric
and mechanical breakdown.  As there are over 11,000 high-
tension insulators on the system, this is considerably less than
| per cent per year.

There has been little or no leakage over the insulators, not-
withstanding the fact that a portion of the line is in close
proximity to large bodies of salt water, and is subjected to the
constant action of moist salt air.

There have been several short circuits on the high tension
overhead lines caused by metallic materials being thrown across
the wires, but in no instance have they been of sufficient severity
to cause damage to other parts of the system or to interfere
with train service. In most cases, it has happened that only
one circuit has opened at a time, so that power was not entirely
off the lines, even for a very short time.

To prevent injury to men working on the high-tension lines,
the following precautions have been adopted:

When trouble occurs on a line, the substation operator cuts
it out at each end and it is then grounded and tagged in such
a way as to show that it is cut out for repairs. A feeder re-
pair permit is then given to the foreman of the emergency crew,
which is to work on the line. When repairs have been com-
pleted, the man receiving the permit reports, either over the
telephone or in person, that the line is ready for current and no
one else has authority to order restoration of current to that
particular circuit. Tags and grounds are then removed and
the circuit made ready for operation. Linemen on high-ten-
sion lines are provided with a grounding clamp which is at-
tached to the running rail or to any other suitable ground be-
fore they go up the pole. The cables of the tagged circuit
are then thoroughly grounded to this wire and clamp, after
which any necessary repair work is done.

During the two and a half years that the pole lines have
been erected, it has been found necessary to repaint a por-
tion of the steel poles but once, and the paint was applied prin-
cipally near the base of the pole over spots where rust had ap-
peared.

HIGH-TENSION CIRCUITS—UNDERGROUND

The underground high-tension circuits consist of three con-
ductor paper-insulated lead-covered cables located in a con-
duit system, which is provided with manholes at frequent in-
tervals. These manholes are inspected regularly by men who
keep them free from water and dirt and who also see that the
cables are in good condition. There are approximately 220
manholes in the conduit system and with the force employed the
inspection of each manhole occurs about once in five or six
weeks.

At Long Island City a portion of the conduit system is con-
structed below high-tide level, and to prevent accumulation of
water, tile pipes running underneath the ducts carry seepage to
sumps in which electric pumps with automatic control are
located. The two pumps provided at each sump are ar-
ranged so as to operate when the water reaches different levels.
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In this way should one pump fail to operate the second pump
would cut in at a little later time and take care of the difficulty.
Each pump is of ample capacity to care for the entire service,
but the arrangement of floats is altered from time to time, so
that each will get its fair share of duty.

Along the Atlantic division the conduit system for part of
the distance 1s built into the walls of the tunnels, and at other
points adjacent to the right-of-way fence and partly beneath
some of the operating tracks. In these sections where it was
possible the manholes are drained into the city sewer system.
In tunnel sections the manholes drain directly into the tunnel
system. On other portions where drainage has nct been pro-
vided owing to the condition of the soil but little trouble has
been experienced. What little water has accumulated has
been removed by the crew that makes the regular manhole in-
spection.
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quired have been confined to some parts of the lightning-ar-
rester equipment itself.

High-tension tests are not made on any of the circuits or ap-
paratus at regular intervals, but are made only as required by
change in the arrangement of cables to suit load conditions.
When so required a test of 24,000 volts is applied between
conductors and also between all conductors and ground for a
three-minute period. This voltage is obtained by connecting
the test apparatus at Woodhaven Junction through a separate
line to one of the generators in the power station at Long Island
City and varying the excitation of the generator to meet re-
quirements. Should the insulation on the apparatus tested
break down, a heavy surge of current would follow were it
not for a water rheostat which consists of twelve cells contain-
ing a brine solution and arranged six in series. This limits
the inrush of current to a predetermined amount. The high
voltage is measured by a static
voltmeter, which is checked for
accuracy by means of a spark

gap with needle points.

It is the usual practice to
operate all high-tension circuits
in multiple so as to get the most

economical results from the cop-
per in the conductors. During
severe storms, however, the lines
are separated and only such cir-

cuits are put in use as are required
to carry the load. This leaves
spare circuits between the power
house and Woodhaven Junction

sub-station and also between

Style **A** for 2,00

SPECIAL TERMIX

i C.M. Cables

A second conduit-inspection crew examines at regular in-
tervals the electrolytic condition of cables in the conduit sys-
tem. On the basis of the reports turned in by this crew neces-
sary precautions are taken to prevent damage to the cables from
this cause.

HIGILTENSION CIRCUITS—SUBMARINE

At two points on Jamaica Bay there are located draw-
bridges, and these necessitate the use of submarine cables
which are connected to the overhead lines through lightning-
arrester houses. No trouble whatever has been experienced
with the submarine cables.

LIGHTNING ARRESTER HOUSES

Lightning-arrester houses are located at two other points on
the system where overhead and underground lines meet. The
choke coils and arresters in these houses are inspected daily by
the high-tension emergency crews. At each inspection one
panel in each house is “‘cut out”” and cleaned, so that the en-
tire equipment is cared for at regular intervals. Sub-station
Nos. 3, 4 and 6, and the portable sub-station houses at Bel-
mont Park and Springfield Junction are entered by overhead
high-tension lines. These sub-stations are equipped with
lightning-arrester galleries which are cared for by the regular
sub-station attendants and not by the emergency crew.

After lightning storms the arresters throughout the system
are carefully inspected and tested for open circuit ard ground.
Although the overhead lines have been struck a number of
times, no damage to cables or sub-station apparatus, outside of
the arrester galleries, has been experienced, and the repairs re-

Style “*B** for 1,000,000 C.M. Cables

L3 FOR JUMPER CABLES—FLEXIBLE LEADS TO THE THIRD-RAIL ARE
SOLDERED INTO THE SMALLER TERMINALS

Woodhaven Junction and the
remaining parts of the system.
When operating under these con-
ditions, it has happened that one
of the active circuits has opened
so that the apparatus was mo-
mentarily cut off. When this
happens one of the spare circuits
1s immediately thrown into commission and the circuit which
opened is tested out at convenience. Such a method of
operation safeguards much of the spare apparatus as it is not in
any way subject to the lightning disturbances. This applies
especially to sub-station apparatus and to underground cables.
It also tends to limit the damage to the lightning arresters,
which can handle lightning discharges themselves more easily
than when the lightning is followed by generator current.
' LOW-TENSION FEEDERS

The only low-tension feeders on the system consist of short
sections between the d. c. bus-bars in the sub-station and the
third-rails, which pass near the sub-station buildings outside.
No long feeders of this class have been found necessary.

THIRD-RAIL INSULATORS

There are approximately 90 miles of protected third-rail
on the system, and this is inspected daily. The inspection is
made by third-rail patrolmen who are on duty during the day
only. They report broken insulators, damage to protection
board and other defects, and indicate by chalk mark or some
other convenient means the part which is considered defective
so that the repair gang can locate the defects without loss of
time. Urgent repairs are attended to immediately, while those
of minor importance are taken up in regular order, as the re-
pair gang works around the system on an established route.

Two or three men are kept busy replacing third-rail in-
sulators.  These men, who usually travel together, carry with
them a small jack for raising and holding the third-rail while
the insulators are being changed. They usually start with a

Street Ry.Journal
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day’s supply of insulators, which they place according to the
distinguishing marks made by the patrolmen. There are ap-
proximately 50,000 insulators and the repairs average about
250 a month.

The chief causes of the failure of insulators are breakage or
chipping of the glazed surface due to rail movement, burning
of the insulators due to excessive moisture trickling down over
the surface, displacement due to creeping of the third-rail, and
breakage due to derailments. A considerable amount of leak-
age over the insulators, which would finally result in burning
them, has been corrected by cleaning off the dirt with a piece
of cloth. Breakage due to the rail creepage has been reduced

by anchoring the rail as is described later on in this article.
JUMPERS
At road crossings and points in yards where there are in-
sulated sections of third-rail, underground cables or “‘jumpers’
These cables are provided with a varnished

are installed.
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short time only. All jumper repair work is taken care of by
four men, two of whom are splicers. Whatever excavation is
necessary is done by the regular section gangs.

THIRD-RAIL PROTECTION

For making repairs to the third-rail protection boards, two
carpenters are employed. The field work is kept to a mini-
mum by making the boards of a specified length in the shop
and keeping a stock of these and of the posts on hand. The
chief repairs to the protection board have consisted in replacing
those damaged through accidents.

APPROACHES

A change has been found necessary in the wood side-ap-
proach boards which are placed at switches where the car
shoes approach the third-rail at an angle or from a cross-over.
These approach boards were originally set at an angle of about
forty-five degrees with the horizontal, but this slope proved too

{

NoTE:-

A is for 2,000,000 cm. cables

B ' v 1,000,000 "
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CABLE CLAMPS AND SOCKETS FOR WIRE OF DIFFERENT SIZES USED IN TEMPORARY WORK TO SECURE JUMPERS TO TIIE
THIRD-RAIL

cambric insulation, covered with lead protected by jute and
asphalt and are laid directly in the ground.  The jumpers have
been subjected to some mechanical injury on some sections, and
on account of this, where there is likely to be a large amount
of track work it has been found advisable to install the jumpers
in ducts. The ducts terminate in concrete posts which are of
sufficient strength to withstand a chance blow from pick or
shovel without injuring the cable. Into these ducts are drawn
jumpers having a varnished cambric insulation and braid cover-
ing, the lead, jute and asphalt not being considered necessary.
The concrete posts are provided with terra-cotta caps which
fit over the end of the jumpers where they are exposed to the
weather.

It frequently happens that temporary jumpers between sec-
tions of third-rail are necessary. For this purpose a special
cable clamp has been used. This is made of bronze, and is
secured to the base of the rail by a bolt extending underneath.
Split cable terminals of the different sizes used are attached to
these clamps. The clamp does away with the necessity of
drilling the rail whenever a jumper connection is required for a

steep for the shoes to mount at a high rate of speed and many
shoe breakages occurred. All of the old boards have been
replaced by others set at an angle of thirty degrees with the
horizontal, and this change has obviated the trouble. The
new side approaches are made of well seasoned maple and are
so designed that they can be readily attached to or removed
from the third-rail, as conditions require.
THIRD-RAIL

There has been no appreciable wear of the third-rail or the
cast-iron end approaches due to action of the car shoes running
over them, but the wooden approaches require occasional
renewal, as the sleet scraping contact shoes cut into them.
Considerable rusting has occurred on the sides and base of the
third-rail and to prevent further oxidization the rail has been
treated with a cheap grade of crude petroleum applied with a
brush. Before this application of the oil, all of the loosened
rust was scraped off with a wire brush, but the action of the oil
has loosed scales of iron which were not removed by the brush.
In these places it is probable that a second coat of oil will be
necessary to give the desired protection.
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While third-rail creepage was anticipated it was not possible
to determine the direction in which it would occur and conse-
quently no attempt was made during construction to install
anchors or other means to prevent this trouble. Two types of

anchors have since been tried. One used on elevated struc-
tures consists of a wooden block, one end of which rests
against a tie and the other end against a clamp attached to the

third-rail.

On ground sections a mica strain insulator is in-

This Anti-Creeper used for Surface Work
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have proved inadequate to the pull exerted by the section of
rail to which they were attached.
CLEARANCE INDICATORS
The gage line of the third-rail, or the edge of the head on the
track side, is 26 ins. from the track gage line, and the elevation
of the third-rail is 31/ ins. above the track rails. The protection
board is 21/ ins. above the third-rail and is 2 ins. thick. This

location has given a satisfactory clearance to all cars which

This Anti-Creeper used for
Elevated Structure Work.
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METHOD OF ANCHORING THIRD-RAIL AGAINST CREEPAGE ON ELEVATED STRUCTURES
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INSULATOR USED IN ANCHORING THIRD-RAIL IN SURFACE WORK

serted between a clamp attached to the third-rail and a long
iron strap lagged to several ties. The first of these anchors is
intended to stand a pushing and the other a pulling strain. It
is perhaps of interest to note that on one section 2 miles long
where the rail is located on a dead level, no creepage has oc-
curred. The anchors, as above described, were installed in
other sections at intervals of approximately 1000 ft. Both
types of anchors have stood service conditions in a fairly satis-
factory manner, although in some instances the mica strains

have been brought on the system through transference of freight
except in the case of a few hopper coal cars.  While the latter
would clear the rail itself they would interfere with the pro-
tection board. To prevent trouble from this source, at the two
points on the system where foreign cars are received, namely,
at Long Island City and Bay Ridge, indicators are placed so
that all cars having on them projecting parts which would in-
jure the third-rail or the protection board will automatically
give notice to an inspector who will prevent their further move-
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ment. Each indicator is bolted down near the track and con-
sists primarily of a sheet-iron vane covered with carpet daubed
with white paint. The vane is attached to a shaft provided
‘with a commutator, and contact points on this commutator com-
plete an electric bell circuit when the vane is turned. When
the position of the vane is altered by being struck by a car, the
bell rings and a mark is made by the
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Under these conditions a short train may become stalled.
With trains of greater length some one of the shoes forms
contact with the third-rail and under these conditions service
is maintained. The introduction of an electric system has
resulted in a change of implements used by the section men,
especially those for the removal of snow. Metallic shovels

white paint on the projecting part of the @ r f__;_-__‘_l___\}
car making the contact. The inspector’s | 1% '| ! ‘
attention is attracted by the ringing of @ E i I 'f‘llt,xzhd:zecmr was designed for 100 1b, AS.C.E. rail.  If any other
the bell anf:l he can easily deh.armine the ! : : (R L R LT R 0
causes of interference, and either have ! ! : . et e et
the part removed or arrange for a trans- ! ! ! S . e
fer of load. ! [ I O e e e %o
To prevent the possibility of the part @ } | I = — W ii
being overlooked and afterwards injur- @ ! : | 8 () 5
ing the third-rail or its protection, heavy ! : | ?; .-____:::::___?_:Vﬂ"
cast-iron clearance blocks are located be- o ! i oL 1‘*/1,
yond the detector signals. These blocks | e 1 s 1”25
are of such a design and are so set in : i | ; o ur
position that anything which passes them @“‘ e i I :;-——————————Azﬁﬂ,
will clear the third-rail and they are @ 4 Ji HEG) B !
made of sufficient strength to tear from N
any car any rigid projecting part striking 914" 18" 18
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Single and two-car trains may ex-
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INDICATOR DESIGNED TO NOTIFY INSPECTOR OF CARS THAT WILL NOT CLEAR THE THIRD-RAIL
trains having greater length and weight with a larger num- have proven dangerous, and consequently the men employed

ber of contact shoes, has proved that the electric service is
liable to very little interruption from ice and snow. At
stations where the third-rail is installed near the platform and
no opening exists to the rear, snow packs in between the
rail and protection board, making a cushion over which sev-
eral of the contact shoes may ride without breaking through.

in cleaning interlocking parts and station tracks are now pro-
vided with wooden shovels and stable brooms for cleaning out
points where snow would cause difficulty.
TRACK-RETURN CIRCUITS
Both running rails are used for the return circuit without
additional negative feeders. The rails are bonded to their full
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capacity by bonds of the soldered and compressed terminal
types. These bonds are periodically tested by a gang of two
and sometimes three men, who test two hundred and fifty or
more joints per day. For this work a Whitney bond testing
outfit is used. To obtain sufficient current for the test, re-
gardless of what may at the time be flowing in the rails, a
portable resistance consisting of iron wire coils, such as are
used in the electric heaters in the cars, is employed. This is
connected between the third-rail and running rails and allows
a current of 30 amps. to 40 amps. to flow. A portable stor-
age battery has also been used to give the required current
through the rail.

The testing instrument is connected in the same manner as
a Wheatstone bridge, and comparison is made between four
feet of rail containing the joint and four feet of unbroken rail.
The instrument reads directly in rail feet. If the section of
rail containing the joint has a resistance exceeding eight feet
it is considered defective, and a distinguishing mark to indicate
the fact is placed on the protection board or tie nearby.

SUB-STATIONS

The six sub-stations, portable sub-station terminal houses
and lightning arrester houses are in charge of a general fore-
man, whose headquarters are at Woodhaven Jurction. The
operating force and capacity of each sub-station are given in
the following table:

Switch- Rotary ’
Fore. board Ten- Wip-
Rotary Converters, K. W. nien. Men. ders. ers.
1. Granel Avels:.aieones 3-1000 kw. 3 3
I
2. East New York...... 3-1000 kw. 3 3
3. Woodhaven Junction.3-1500 kw. 1 3 3 i
4. Rockaway Junction 2-1500 kw. 3 3
1-1000 kw. 1
6. Valley Stream........2-1000 kw. 2 1
& Haminel .. s 3-1000 kw. 1 3 3 1

These men operate in eight-hour shifts, beginning at 8
a. m., 4 p..m. and 12 midnight, and two men are continu-
ously on duty in all the sub-stations, except the one at Valley
Stream. This is built with the switchboard on the operating
floor so that it may be run by one man. Because of light traffic
it is not usually operated as late as the others, and only a
rotary tender is on the night shift. However, this man can
in an emergency start up the machines.

In addition to sub-station operators the sub-station force in-
cludes repair men under a foreman, who take care of all re-
pairs, an oil switchman and an instrument tester and his helper.
The sub-station men, some of whom are technical graduates,
usually start in as rotary tenders, and are afterwards promoted
to switchboard operators.

Train movements are such that all sub-stations are usual]y
shut down between the hours of | a. m. and 4 a. m. In
order that no trains may be left stalied on the line the rotaries
are not shut down unti] the operator at Woodhaven Junction
receives word from the train dispatcher that all trains are in.
In an emergency, should current be required while the sub-
stations are shut down, power could be put on the line in about
five minutes.

The rotary converters are liberally designed and can stand
loads up to 150 per cent of their normal rating without injury,
but the load on each machine is usually kept down to the nor-
mal rating by starting up additional machines when the total
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load warrants it. One machine in each sub-station normally
carries the load from the time current is put on until 6.15 a. m.
From this time until 7 p. m., two or three machines are re-
quired, after which machines are cut out as the load permits.
Whenever there is any special movement of trains, the dis-
patcher notifies the operator at Woodhaven Junction, who or-
ders enough machires cut in to care for the extra load.

The rotaries are usually started up by an induction motor
mounted on the armature shaft. The connections are, how-
ever, so arranged that they may be started from the direct cur-
rent side, should occasion arise.

In the Woodhaven Junction sub-station a wiper is employed
to clean the electrical and other apparatus, but in the other sub-
stations the rotary tenders do this work. Each sub-station is
equipped with an air compressor and the rotaries and switches
are blown out with compressed air every other day. The
commutators are wiped off daily with cheese cloth and vase-
line.  The oil switches are regularly inspected and in addition
lhey are carefu]ly gone over whenever they are tripped out un-
der short circuit. The instruments and meters are inspected
regularly by the instrument man and kept accurately calibrated.

STORAGE BATTERY

The only storage battery in use on the power circuits is
located at the Hammel sub-station, and consists of 314 cells
having a one-hour rating of 3200 amp-hours. It is inspected
and specific gravity and voltage readings taken on each cell
weekly. In addition, specific gravity readings are taken every
hour on a pilot cell. The battery is given an overcharge once
a week and during the period of overcharging specific gravity
readings are obtained every fifteen minutes and the overcharging
is continued unti]l five successive similar readings are obtained.
The outside of the wooden boxes of the cells are treated with
paraffine once a month, the paraffine oil being wiped over them
with a rag.  This is done to preserve the wood from the effect
of the acid fumes. The batteries are kept filled with distilled
water obtained from a still in the station and stored in a porce-
lain-lined tank. Samples of this water are sent to the battery
manufacturing company for analysis before it is used. In nor-
mal operation the battery is floated on the line with the use of
a booster. It thus takes the heavy swings on the station and at
times when the high-tension current is suddenly cut off, it feeds
the whole system. In some instances the swinging loads have
reached 7000 amps.

PORTABLE SUB-STATIONS

The two portable sub-stations of 1000-kw capacity each
are used regularly during the racing season; at Belmont Park
while the races are at that track, and at Springfield Junction
while the races are at the Jamaica track. At each of these
places a terminal house has been specially built for them. At
these times they are connected in multiple and operated as one
sub-station by two men. At other times they are held in re-
serve in the permanent sub-stations, each of which except Ne.
1 is equipped with a connection for the portable.

EFFICIENCY

The high-tension lines were designed for a 10 per cent dwop
to the most distant sub-station at maximum load, but ander
normal operating conditions the loss is approximately three per
cent. The combined efficiency of the rotary converter sub-
stations from the high-tension side of the step-down transborm-
ers to the direct current bus-bars is from 82 to 84 per cent.



MAINTENANCE OF ELECTRIC ROLLING STOCK OF
THE LONG ISLAND RAILROAD

The electric car equipment of the Long Island Railroad
consists of 130 steel motor passenger cars, 5 express cars and
a rotary snow plow. In addition there are 55 wooden trail
cars which have been wired with lights and heaters. The
express cars are provided with trucks, motors and controllers
identical with those of the steel cars.

The steel cars are very similar to those on the New York
subway and are of the Gibbs design. They are 51 ft. 2 ins.
long over bumpers and 8 ft. 634 ins. wide over side sills.
They are mounted on Baldwin M. C. B. trucks, the motor and
trail trucks having wheel bases of 6 ft. 8 ins. and 5 ft. 6 ins.
respectively. The wheels of the motor truck are 36 ins. and
those of the trailer truck 30 ins. in diameter. The steel tires
on all wheels are 3 ins. thick and are fastened to the centers by
shrinkage and with double lipped retaining rings. Two
Westinghouse No. 113 motors each of 200 hp are mounted
on the motor truck and these are controlled by Westinghouse
electro-pneumatic controllers.

Repairs to both electric and to steam equipments are com-
bined to a great extent in the original steam equipment repair
shops at Morris Park under the supervision of G. C. Bishop,
superintendent of motive power. In view of the fact that the
greater percentage of repairs on the electric equipment could
be done in the already existing shop, it was deemed unneces-
sary to erect a separate shop for the electric equipment only.
However, to care for the electric repairs a new building was
erected adjacent to the old shop and a new electric equipment
department was created. The new building consists of a one-
story portion containing thirteen repair tracks each of which
will accommodate two cars, and a contiguous two-story struc-
ture, the upper floor of which is used as a mill room by the
steam equipment department. The one-story portion con-
taining the repair tracks is 216 ft. long and 110 ft. wide. All
of the tracks have pits and the two tracks adjacent to the two-
story structure are provided with five-ton electric traveling
cranes. The lower floor of the two-story structure is equipped
for winding armatures and there are installed in it lathes and
drill presses for doing minor repair work. The repair work
of the electric equipment is all done by three departments of
the shop. Wheels and air brake apparatus repairs are cared
for by the locomotive department. The steam car depari-
ment makes necessary repairs to truck and the car body, and
the purely electrical apparatus is cared for by the electric car
equipment department. While in the shop organization the
electric car equipment department is on equal footing with the
others, it is in reality somewhat isolated from and independent
of them. The general foreman of this department is respon-
stble for the condition of the electrical equipment and must
see that the other sections are advised when repairs of any
kind are necessary. He gets such repairs made by issuing
shop orders on the other departments, and in issuing these care
is taken to indicate to what they are to be charged, as in the
accounting system all the maintenance charges on the electric
equipment are kept separate from those for the steam cars.
DIVISION OF ELECTRIC EQUIPMENT REPAIRS BETWEEN DE-

PARTMENTS

In the maintenance of the electrical equipment of a car
quite a large proportion of the repairs are of a semi-mechanical
nature, and rather than provide facilities for making these re-
pairs in the electric car department there has been a decided

tendency to divert them to the other two departments in the
original steam car shops. Accordingly air compressors are
maintained with the exception of making field and armature
repairs in the locomotive department. The same department
takes care of the air valves and air cylinders of the controller.
Although the armature winding is done by the electric car
department the winders are principally mechanics promoted
from the regular shop force.

To familiarize the old shop employees with the electrical
apparatus, a regular instruction course is from time to time
conducted by the electrical department. At one time all of
the controller parts were mounted on wood frames and con-
nected up so that their working could be observed. The
shop apprentice course now includes a period of threec months
in the electrical department. In general it might be said that
every effort is being made to free the regular shop men of the
idea that there is any radical difference between the repairs to
electric and steam cars.

As a result of the method of dividing the work very few
mechanical repairs have been left to the electrical department
and a few men in the regular repair shop keep up the work left
to this department. Motor and controller breakdowns are of
rather infrequent occurrence and the work of the repair force
is largely that of overhauling the motors and repairing defects
due to accidents. In addition to caring for the heavy cars
this force of fifteen men also does considerable repair work
for the Ocean Electric Railway, the Nassau County Rail-
way and other trolley lines subsidiary to the Long Island Rail-
road, and it takes care of numerous motors installed on the
railroad system.,

OVERHAULING AND REPAIR PRACTICE

Cars are usually cared for and kept at the two inspection
sheds at Dunton and Rockaway Park, and are brought into
the repair shop only when in need of repairs.

Several cars have not yet been in the shops and the motors
of these cars and also of some of those brought into the shop
for car body repair only as well have not been opened since
being mounted on the trucks more than two years ago. Dur-
ing this period the cars have averaged about 60,000 miles.
The appearance of many of the original bearings, which are of
brass with a thin babbitt lining, indicate that they are good for
another year at least.

When a car is brought into the shop for any defect what-
ever the electrical equipment is gone over thoroughly, except
that the motors are opened up only in case of motor troubles
or of worn bearings. The motor axle bearings which wear
first are changed when end wear on each bearing is V4 in.
or the wear of the bearing surface is 14 in.  When a motor is
overhauled it is lifted off the truck and the top shell is taken
off. The field coils are taken out and treated with three
coats of shellac. When replaced a sheet of red fiber 1-64
in. thick is inserted between the field and the motor shell.

In order to get the pinion housings off the armature shaft
the pinion must be removed. In replacing them they are
heated in a box to which steam is admitted for a period of
about one-half hour before being mounted. This treatment
not only expands the pinion but also cleans it thoroughly.

Several extra armatures are kept on hand, and usually to
save time a spare one is substituted for the defective one.
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Before being declared o. k. repaired armatures are subjected
to a test of about 2000 volts, the high voltage being obtained
from a transformer testing set mounted on a truck. Three
spare motor trucks are kept in the shop and when there is a
shortage of cars instead of holding a defective car in the shop
for truck repairs one of these trucks is substituted for the de-
fective one. Likewise three spare trail trucks are kept for
emergencies.

In removing one pair of wheels the motor is lifted from the
truck, and if both pairs are to be changed the motors are
removed and after disconnecting the tie straps under the jour-
nal boxes the truck is lifted off the wheels by means of a crane.
There has been no occasion to turn wheels because of wear of
the tread or because of sharp flanges. All changes have been
necessitated by flat spots. The wear on mate wheels is about
equal, there being no tendency toward sharp flanges on one
wheel and double flanges on the other.

In overhauling the controller the line switch is removed from
the car, is taken apart, and is assembled after replacing any
worn or defective parts. The reverser, unit switch box and
other parts of the controller are inspected and the resistance
grids and shoe beams are painted with an inexpensive grade of
insulating paint. The paint is applied by spraying and the
work requires about ten minutes per car. At each overhaul-
ing the 600-volt wiring and the 12-volt or control circuit
wiring are tested by using the high voltage testing apparatus
previously mentioned. A pressure of about 2000 volts is
used in making the test which is applied for ground insulation
only.

At each overhauling the compressor is dropped from the
car and is removed to the air brake department of the steam
shops. Here it is taken apart and cleaned and worn parts
replaced. On being returned it is tested to 120 lbs. before
being put under the car. Reducing valves, slide valves, feed
valves and engineers’ valves are taken apart and cleaned by
the electrical department, but are repaired by the air brake
department.

When a car is brought into the shop a tabulated sheet is
placed on it and on this blank are recorded the repairs made,
the materials used and the signature of the workman who does
the work and who 1s afterward held responsible for it.

CAR BODY REPAIRS

None of the steel cars has been in an accident involving
heavy repairs and it is therefore impossible to make a com-
parison of the costs of repairing bodies of wood and of steel
construction. However, there have been several minor acci-
dents resulting in bent vestibule fronts. For a time boiler
makers and metal workers were called upon to make these
repairs, but recently the work has been done by regular freight
car repair men. In cases of bent dashes or beams the bent
parts are heated with a large gasoline burner and are then
hammered back to shape.

Repairs so far made indicate a less cost for steel cars than
for those of wood construction. The labor item on the steel
car is about 30 per cent higher, but the matenal cost is al-
most negligible, as in most instances the original materials are
bent back into shape. The steel car, however, is out of
service longer, as more time is required to make the repairs.

INSPECTION

The small number of electrical repairs is no doubt due in
a great measure to the careful inspection to which the cars
are subjected at the Dunton and the Rockaway Park inspec-
tion sheds. The inspection shed at Dunton is 242 ft. 8 ins.
long and 92 ft. wide and contains six pit tracks, each of

STREET RAILWAY JOURNAL.

[VoL. XXX, No. 15.
which will accommodate five cars. The Rockaway Park
inspection shed contains three pit tracks.

Cars are brought in for inspection on a mileage basis.
After making 800 miles they are submitted to a general in-
spection. They are inspected for every ten days of service,
even if this mileage is not made. One man spends about
one-half hour per car inspecting and cleaning the control ap-
paratus. In making this inspection all the reverser, unit switch
box and other covers are removed, the contacts are brightened,
the tension on fingers is tested and finally the apparatus is
blown out by compressed air. In inspecting the brushes the
motor inspector removes them from the holders in order to
inspect the face of the brush and this also assures that any
tight fitting brush will be detected. The armature bearings
are oiled and the motors are finally blown out with compressed
air.  The trucks and brakes are inspected, new brake shoes
applied and the piston travel adjusted by other inspectors.
The shoe fuses are all tested with a bank of lamps.

On a basis of 4800 miles the cars are brought in for “‘gen-
eral oiling.” The oil and waste is removed from the motor
bearings, the waste is “‘teased’”’ and the bearings are washed
out. The armature clearance is determined by a gage having
two thicknesses, 7-32 in. and V4 in. If the thin gage cannot
be inserted under the armature the car is taken out of service.
Failure to get the thick gage under indicates that this motor
must be watched carefully in the future. The pedestals, side
bearings, center castings, sector bars and all parts that chafe
are oiled. The waste is pulled out of the journal bearings, is
teased and the journal is lubricated with two gills of oil. The
controller parts are all oiled and a coat of insulating paint is
applied to the inside of all of the covers and to the insulators
in the pipe conduits. Compressor oil is used in lubricating
the 12-volt contacts and interlocks, as it has been found that,
vaseline sometimes destroys the contact. The thoroughness
of the controller inspection may be judged from the fact that
for a month during which ninety motor cars were being in-
spected daily at Dunton only five cases of controller trouble
were reported, and these reports were for minor defects.

CARE OF BATTERIES

As the control system is completely dependent on the bat-
teries for its operation these are given particular attention.
Two sets are installed on each car. They are connected in
multiple with a resistance which is in series with the compressor
motor circuit so that when the motor is being operated they
are charged. Double-throw switches are provided on the
switchboard in the cab and by means of these the batteries may
be thrown either on the pump circuit for charging or may be
discharged through the control system. It is intended that
one set of batteries be charged while the other operates the
controller. As it is important that the batteries be not al-
lowed to run down, it has been made the duty of one man
at each inspection shed to throw the battery switches each
morning. On even days the switches are thrown up and
on odd days down. When two odd days come together, as
at the end of months having thirty-one days, the switches are
left up until the middle of the first odd day and then are
thrown down until the end of the first day of the month.
The man throwing the battery switches also tests the batteries
by placing a lamp bank of 2-volt lamps across the switches.
Batteries found weak are replaced by others and are recharged
in a charging rack. The battery terminals outside the boxes
are scraped clean once each month and a thick coating of
vaseline is applied over them. When cars are not in use, or
when the surplus equipment is stored during the winter, the
compressor motors are run for about half an hour once each
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week in order to keep the battery charged. The air brakes
and control system are also operated (without power) several
times during these intervals to prevent rusting and sticking.
Practically no battery troubles have been experienced; about
the only trouble, in fact, is the occasional breaking of the
jumper at end of cells, due to corrosion.
BRUSHES AND COMMUTATORS

Both soft and hard brushes have been tried and best re-
sults have been obtained by staggering the brushes in the hold-
ers so that a soft and a hard brush bear on the same com-
mutator surface. The brush holder springs are set to a ten-
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These slotted commutators have in fact given trouble by short
circuiting between bars.
BRAKE SHOES
Brake shoes have shown a life in express service on the trail
truck of approximately 6500 miles and of about 4700 miles
in local service with a loss of about 18 Ibs. of metal. The
life of the motor truck shoes is shorter, due to the heavier
braking.
CONTACT SHOES
The contact shoes with which the cars were originally
fitted were flat with upturned edges. This type of shoe had
a tendency to ride over ice and sleet on the third-rail and
because of this a special winter type was designed having
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sion of six pounds for hard and four pounds for soft brushes.
In putting in new brushes a scale is used to get the proper
tension. No shunts are used in connection with the brushes.
The bare brush is simply slipped into the holder with the brush
holder spring pressing directly upon it. Whenever it is found
that a brush is cutting the segments the commutator is rubbed
off with an oily rag. Very little trouble has been experi-
enced with flat commutators. The mica has been grooved
out of a few commutators, but as no trouble has been experi-
enced with high mica the practice has been discontinued.

sharp edges on either side. The shoe also has two openings
through the sliding surface which permit of additional cutting
edges. Normally the shoe is applied to the rail with a pres-
sure of from 10 to 15 Ibs. In winter a special tension device
is applied to the shoe beam which enables a tension of 100
Ibs. or more to be used. The motormen are instructed to
increase the tension on the shoes by means of the device in
the event of sleet. Shoe troubles have been confined to the
breakage of shoes, due largely to obstructions left in the path
of the shoe by track repair men.



OPERATION

OF ELECTRIC LOCOMOTIVES BY THE

NEW HAVEN RAILROAD

The construction details of the electric locomotives used by
the New York, New Haven & Hartford Railroad were de-
scribed in the issues of the Street Railway Journal of April 14,
1906, and Aug. 17 and 24, 1907. The actual handling
of the machines in service illustrates the flexibility with which
such high powered rolling stock units, designed for both direct
and alternating current working, can be utilized under the
exacting conditions of the terminal service between New York
and Stamford. Under the present conditions it is inevitable
that the electric locomotives of the New Haven road shall con-
stitute the most complex portion of the physical equipment
which is displacing the steam hauled trains. A study of the
manner in which operation is carried on within the cabs of the
machines, however, shows that if the number of parts in a
combined single-phase d. c. locomotive is large, it is still pos-
sible to arrange the handling of those parts in a clear and
straightforward way.

PRECAUTIONS

Each motorman is provided with one reverse lever with a
controller plug attached. This lever is returned to the terminal
office at the end of each run, ard locomotive operators are not
allowed under any circumstances to leave it on the machine.

In case any irregularity, such as a short circuit, arcing,
blowing of a fuse or smoke, develops in any part of a locomo-
tive while either standing or running, the controller is imme-
diately thrown to the off position, and if on a. c. power the
controller button marked “A. C. Trolley” is pressed down.
If the rnachiﬂe is on d. C. power, padd]es are p]aced between
the shoes and the third-rail before investigating the cause.

PREPARING LOCOMOTIVE FOR A. C. OPERATION

When the locomotives are in the terminal or lying idle in the
a. c. zone at the end of a run the condition of the apparatus is
supposed to be:

1. Both trolleys (18 and 57)%* locked down.

2. Both a. c. circuit breakers (19 and 143) open.

3. Both air compressor switches (71 and 128) and blower
switches (70 and 127) open.

4, Controller lever in “‘off” position.

5. Reverse lever and controller plug removed.

6. Battery switches (167 and 168) and motor-generator
switches (169 and 170) open.

7. Third-rail shoes up.

8. D. C. main switch (61) closed.

9. D. T. heater switches (114 and 181) in down posi-
tion. Train line heater switch open.

When preparing to run on a. c. power the motorman first
sees that both a. c. circuit breakers (19 and 143) are open
and that both trolley safety chain catches are unhooked. He
then raises the a. c. trolley, either by a push button or by the
use of the hand pump. Both a. c. circuit breakess are then
closed, and it is noted that the transformers are energized.
The next step is the starting of the air compressors, securing
140 Ibs. pressure, and noting that the compressors auto-
matically cut off at this pressure. The battery switches are
thrown up on even days of the month and down on odd days,
and the charging motor generator is started by closing the
motor generator snap switch and after it the knife switch. The
controller plug is then inserted, the bell tested and sanders and

*These numbers refer to those on Supplement to STREET RAILWAY
JoUurNAL, Aug. 17.

light circuits tried. The control is tested out as is later de-
scribed, and the d. c. trolley and third-rail shoes are lowered
and raised three or four times to make sure that they operate
properly. The fan motors are then started, the fans being kept
In constant operation while the locomotive is running.

When running on a. c. power only one trolley is used
normally, the other being kept in good working condition for
emergency use. he trolley not in use is kept locked down
and the lock cut out by closing the air cock on the trolley side
of the magnet valve leading to the unlocking cylinder of this
trolley. Trolleys are changed each day and under no cir-
cumstances is one trolley used continuously. At the end of
each day’s run the trolley used during that day is cut out and
the other one cut in ready for the next day’s run. The
trolley i1s greased once each day before starting on the first
run in the morning by filling its central groove with heavy
grease. lhe a. c. trolley locks are inspected each morning
before starting out, and both batteries are tested out at least
once each day or before starting on each run, by the use of a
20-volt lamp.

PREPARING LOCOMOTIVE FOR D. C. OPERATION

Emergency procedure in case of a short circuit or other
irregularity is the same when standing in the d. c. zone or in
leaving a terminal as in the a. c. zone. It 1s assumed that
while in the d. c. zone, standing, all apparatus will be in the
condition described when standing in the a. c. zone, except
that the shoes will be in contact with the third-rail, direct
current will be in the locomotives and the motor generator
switches will be open.

When 1t is necessary to retain a locomotive in the d. c. zone
and ready for service for a period of over one hour the battery
switches are opened, and if the temperature of the motors is
less than 50 degs. C., as read on the temperature meters, the
blowers are shut off.  After reaching the end of the run the
blowers are allowed to run until the temperature of the motors
is reduced to 50 degrees.

In preparing to run on d. c. power the motorman first starts
the air compressors and sees that 140 lbs. reservoir pressure
is secured, with automatic cut-off of pumps at this pressure.
The battery switches are then operated as in preparing for
starting on a. c. power, and the motor generator switches are
open. The controller plug is inserted, the control tested out,
with trial of bell, sanders, lights and d. c. trolley.

In leaving a terminal, passing over switches, transfer or
turntables and coupling up to a train, and in running at other
places where slow speeds are required, the controller handle is
allowed to be retained in one of the switching positions, but
these positions are not aliowed to be considered for anything
but unavoidable conditions. There are six economical run-
ning positions of the controller handle when operating on a. c.
power, and four in d. c. service. All other positions are
uneconomical and are avoided as much as possible, not only
to save power, but to keep from burning out grid resistances.
When the motorman first throws current into the motors he is
required to be sure that the ammeters in both ends of the
locomotive are registering, as a check on both pairs of motors
being cut in.

OPERATING TRAINS WITH A. C. POWER

When starting a train with a. c. power the controller handle

is drawn promptly to a. c. position Ne. 1, and from this point
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to positions 2, 3, 4, 5 or 6, with whatever speed Is necessary
for obtaining the desired acceleration. While the locomo-
tive is accelerating, the ammeter is watched carefully and a
current of 1600 amps. is maintained as nearly as possible, the
rule being never to exceed 1800 amps. If the controller lever
is by mistake pulled beyond No. 6 a. c., the power is cut off
from the locomotive and the lever is at once to be pushed
back to No. 6. Should the locomotive slow down before
this is done, the plug is removed from the side of the master
controller and the controller handle then pushed to the off
position, the plug reinserted and the controller handle then
pulled to the desired running position. A locomotive is never
allowed to stand with current in the motors.

OPERATING TRAINS WITH DIRECT CURRENT

In starting a train with direct current the controller handle 1s
promptly brought to a notch which will give a current of about
1600 amps. on the meter, and then promptly brought up to
the series d. c. notch, taking care never to exceed 1800 amps.
In case 2500 amps. are exceeded the d. c. circuit breakers
open, and in order to reset these the controller handle has to
be thrown to the off position. If a speed is desired lower than
that obtained with the controller handle in the d. c. series
notch, the handle is retained in this notch for a short period
and then shut off, with coasting, to get a low average speed.

CHANGING FROM A. C. TO D. C. POWER

When running on a. c¢. power and approaching the change-
over point to d. ¢. two posts are noted on the right of way.
These posts are illummnated at night. On reaching the
first ore, marked ‘“‘Shoes Down,”” the motorman presses the
controller button similarly marked and notes that all the shoes
are down on both sides of the locomotive. On reaching the
second post, marked ““Power Off,” the controller lever is thrown
to the off position. The storage battery knife switch and the
motor generator snap switch are opened. The third-rail
shoes after being down are automatically locked in that posi-
tion and the train is allowed to coast over the lap between the
a. ¢. power and d. c. power supplies. As soon as the third-
rail shoes come in contact with the third-rail the a. c. trolley
is automatically lowered, the a. c. apparatus in the locomotive
is automatically cut out, and the d. c. equipment is cut in.
As soon as the motorman notes that direct current has entered
the locomotive, and the above changes have taken place, he
pulls the controller lever to the proper speed point. If the
third-rail shoes are not lowered in time to catch the third-rail
the locomotive will receive no current, and the train must be
pulled back by a switch engine. If the third-rail is not
charged when the shoes come in contact with it, the a. c.
trolley will not be lowered automatically, but must be lowered
by pushing the appropriate controller button.

CHANGING FROM D. C. POWER TO A. C. POWER

When running on d. c. power, and immediately after
reaching the overhead a. c. construction, a sign post (illumi-
nated at night) is noted on the right of way, marked “‘Con-
troller Off.”” On reaching this post the engineer throws off
power as directed, taking care to throw the controller to the
off point before the end of the third-rail is reached, to avoid
drawing an arc which would damage the shoes. The con-
troller button marked ‘‘Shoe and Trolley Unlock’’is pressed and
held down until the shoes leave the third-rail, and the motor-
generator switches are closed in the order named.

When the shoes leave the third-rail they automatically fold
up to the side of the locomotive, and the a. c. trolley is auto-
matically forced up in contact with the trolley wire. As soon
as a. c. power enters the locomotive all d. c. apparatus is
automatically cut out and the a. ¢, apparatus cut in. As
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soon as it is noted that this operation has taken place and
that the transformers are energized, the controller lever can be
handled for the proper speed point.
MULTIPLE OPERATION

When two or more locomotives are to be operated together,
all locomotives are operated from one locomotive and one
controller, preferably the one at the forward end of the leading
locomotive. The first operation is to make the three jumper
connections between the locomotives; the second is to test the
control and make sure that its operation is perfect in all loco-
motives, and the third is to remove reverse levers and con-
troller plugs from all controllers except the one from which the
train is to be handled. While operating locomotives in mul-
tiple on a. c. power, one trolley on each locomotive is used.

OPERATION WITII D, C. OVERHEAD RAIL

About the d. c. zone, at crossovers and switches, d. c.
overhead conductors have been installed at many points where
there is a gap in the third-rail. Some of these points can be
coasted without the use of the overhead trolley, but in other
cases, where the gap in the third-rail is long, or when handling
heavy trains, power is obtained from this overhead conductor
as follows: First, the controller handle 1s allowed to remain in
a running position if the speed is not reduced; second, the
master controller push-button marked “‘D. C. Trolley Up™ is
held down and the controller handle is operated as in d. c.
service on the third-rail. The d. c. overhead trolley remains
up only as long as the controller button is held down, and it
is necessary to retain pressure on this button until the shoes
come in contact with the third-rail. The d. c. overhead
trolley 1s always kept down when the locomotive is not under
the overhead rail.

RAISING A. C. TROLLEYS

Under normal coneations air pressure for unlocking the
a. c. trolleys comes from the main reservoirs, which carry 1390
Ibs. pressure.  After a locomotive has been standing for some
time, such as over night, the pressure may leak off from these
reservoirs, and the unlocking can then be done by pressure
from the emergency control veservoir, which under normal
conditions carries 130 Ibs. pressure. To do this the handle
of the three-way cock is thrown to the right, and after the
trolley has been unlocked the handle is restored to its central
position.

If there is no pressure on the emergency control reservoir.
trolley No. 2 is unlocked by the use of the hand pump. The
trolley can be unlocked by three or four strokes, after which it
will be raised automatically. If both these methods fail, the
latch in the trolley lock may be pulled by the hook on the end
of the wooden pole carried in the locomotive. This is not
done from the top of the locomotive, as it can be done safely
by standing in the side door, or on a ladder. The pole is
kept dry and rubber gloves are used in handling it in wet
weather.

TESTING CONTROL ON A, C, POWER

In testing the control by daylight without electric lights the
motorman first sees that at least 70 Ibs. air pressure is on
the control reservoir, and then opens the a. c. circuit break-
ers. He inserts the reverse lever in the controller, moves it
to its forward position and notches up the controller to each
successive a. c. position, making sure that the proper switches
as shown in Fig. 6, Aug. 24 issue, come in at each successive
a. c. position. The controller handle is then returned to the
off position, the reverse lever thrown to the backward position
and the test repeated. Finally the a. c. circuit breakers are
closed.

In testing the control on a. c¢. power at night when electric
lights are required either controller may be used and only half
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the equipment can be tested at one time. The first move is to
see that the balancing transformer is completely disconnected
by throwing its connecting switches to the down position and
opening the air compressor switches. No. | right hand auto-
transformer is then disconnected from the trolley by opening
the right hand a. c. circuit breaker. The handle of No. 2
motor control cutout is then thrown to the *‘out’ position, and
the controller and reverse lever tests made as in daylight testing.
This tests switch groups 4, 5 and 6 on the right hand side of
the locomotive.  The next step is to throw the handle of No.
I motor control cutout to the “out’ position, then to reset the
right hand a. c. circuit breaker, open the left hand a. c. cir-
cuit breaker, throw the handle of the left hand motor control
cutout to the “in’" position and test with reverse lever and con-
troller handle. This tests switch groups 1, 2 and 3 on the
feft hand side of the locomotive, and completes the test. The
left hand circuit breaker is then reset, and the handle of the
left hand motor control cutout thrown to the “‘in’’ position.

TESTING CONTROL IN D. C. ZONE

This test may be made from either master controller. The
first move is to open the d. c. main switch. The reverse lever
is then inserted in the controller and thrown forward. The
master controller handle is then brought to the d. c. switching
position and then notched up to full multiple, the action of the
appropriate switches being noted. The controller is then
thrown off, reversed, and the test repeated, after which the
d. c. main switch is closed. This does not cut current out of
the lighting and heating circuits, or the circuits for the com-
pressor or blower motors.

INTEGRATING WATTMETERS
Each locomotive is fitted with one a. c. integrating watt-

1. c. integrating wattmeter which show the

meter and one d.

total amount of power used. On taking charge of a locomo-
tive both of these meters are read and a record kept of the
reading. On releasing charge of a locomotive both instru-
ments are read a second time, and a signed record of both

readings Is turned in to the foreman at the terminal.

ELECTRIC HEATERS

Current at about 600 volts, both a. c¢. and d. c. for heat-
ing trains, will be fed through the heater change-over switch
o the heater bus line of the locomotive. The bus line has a
‘jumper socket beneath the floor at each end of the locomotive
ffor attaching a jumper with which to make connection to the
cars. The change-over switch is connected to the heater bus
line by the single pole single throw heater bus line knife switch.
This switch must be closed in order to secure either a. c. or
d. c. power in the heater bus line, and when the electric heat-
ers are not in use it is opened. A. C. power is fed to the
change-over switch through a small balancing transformer
which may be connected to either one or both of the main
transformers through the single pole double throw knife
switches. One switch connects the balancing transformer to
the No. | main transformer, and the other switch connects it
to the No. 2 main transformer. When the electric heaters
are required, under normal conditions, both switches are in the
upward position, and when they are not required the switches
are down.

In the event of one of the transformers being out of service
and heaters required, one of them should be up and the other
down, under which condition all heating current will be drawn
from one transformer. These switches have no work to per-
form while operating on d. c. power, as the heater change-
over switch has a connection direct to the third-rail shoes.
When running from a. c. to d. c., or vice-versa, the heater
change-over switch adjusts the circuits automatically.
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TRANSFORMERS
In case of trouble with a transformer it is cut out by open-
ing the circuit breaker which feeds current to that particular
transformer, and also by making sure that the switch connect-
ing that transformer to the balancing transformer is in the
down position and by opening the compressor motor switch.

A. C, CIRCUIT BREAKERS

While running on a. c. power, if over 1800 amps. are
thrown on the motors, the circuit breakers one or both are
liable to go out, and can be reset by hand, but the controller
handle is always kept in the “‘off” position then. If a cir-
cuit breaker goes out repeatedly with less than 1800 amps. on
the motors, the adjusting screw on the overload trip is screwed
down to a point which will allow of this amount of current
without the operation of the trip. If a circuit breaker goes
out repeatedly without apparent cause, the control cutout on
the side of the locomotive on which the circuit breaker is
located is thrown upon the “‘out’ position, which cuts out
one pair of motors.

A. C. TROLLEYS

In case any mechanical difficulty occurs with the a. c.
trolley in use, the trolley is lowered, and if the locking mechan-
ism permits it is locked down, the air cock on the trolley
side of the magnet valve leading to the unlocking cylinder of
the trolley also being closed. The trolley is tied down with
a rope if the locking mechanism is out of order, and the safety
chains are not allowed to be used for this purpose, as they are
grounded and would cause a short circuit. In case of trouble
with the cable which connects the two trolleys, this cable is
disconnected from both trolleys by adjusting set screws and
drawing out the cable terminals. Under this condition it is
necessary to use both trolleys for operating the locomotive in
order to secure the use of both pairs of motors.

If trouble occurs between one of the trolleys and the circuit
breaker the cable between them is disconnected, cutting out
one pair of motors. Employees are not allowed to go on top
of a locomotive under any circumstances when any trolley is
in contact with any wire. Immediately after anyone goes
on top of a locomotive when the trolleys are down the safety
chains are snapped to both trolleys, which locks them down
and makes it impossible for them to be raised from the inside
of the locomotive. Before the top of the locomotive is left
both safety chains are unsnapped in order to permit raising the
trolleys. If one trolley should be raised while the other is
chained a short circuit would occur between the high tension
trolley wire and the ground.

UNIT SWITCH GROUPS

A failure of the unit switch groups is due usually to low
air pressure, low battery voltage or to improper contacts in the
control circuits. If low air pressure is suspected the gage
is required to register at least 70 lbs. in the control line,
with normal pressure of 130 Ibs., on the main reservoir gage.
Trouble in the three-way cock, if due to some slight obstruc-
tion, is usually removable by throwing the handle from one
extreme position to the other several times. Any slight ob-
struction in the reducing valve can as a rule be remedied by
tapping it with a hammer. In the event of low battery
voltage, in case the switches do not respond to controller move-
ment with the apparatus in normal condition, the battery
switches are thrown to the reverse position, which cuts in the
other storage battery.

If a movement of the controller handle to running position
results in the coming in of a portion of the switches and a
failure on the part of others, the trouble is usually due to im-
oroper contacts of some of the fingers of the motor control cut-
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outs, change-over switches or master controller. In this event,
if it is possible to handle the train with one pair of motors, the
side of the locomotive in which the failure occurs is cut out
and operation takes place on the other side. If this cannot be
done the locomotive circuits are arranged as described for test-
ing control, and the master controller is notched up until the
point of failure is reached. The cases of the control cut outs,
change-over switches and master controllers are opened, and
a piece of wood is run along the control fingers and interlocks.
A failure to make contact is noted quickly in this way and an
adjustment of the troublesome fingers follow. If the failure
cannot be located in this way and it is impossible to run the
train on two motors the only recourse is a call for assistance.
TIHIRD-RAIL SHOES

A broken third-rail shoe or shoe support is broken entirely
off when in the judgment of the motorman it will cause the
least delay. In either case before the shoes are touched the
d. c. switch is opened, compressor and blower switches
opened; also the single pole single throw switch to the heater
change-over switch, and wooden paddles are inserted between
the third-rail and all contact shoes on the locomotive. A
tool with a wooden handle is used to break off the remainder
of a broken shoe. A crowbar or a coupler pin are not allowed
to be used around the electric locomotives, and locomotives are
not allowed to enter the d. ¢. zone without at least one good
shoe on each side of each truck.
j CHANGE-OVER SWITCHES

Alr pressure for operating the change-over switches is sup-
plied from the control reservoir at eighty pounds. If one of
these switehes does not throw properly under at least seventy
pounds, the relay box is opened and it is noted whether the
relays are in their proper positions; that is, if on a. c. power,
both relays up and the d. c. relay down, and if on d. c. power,
both a. c. relays down and the d. c. relay up. If they are
not in their proper positions the change-over switch is thrown
by hand and the trouble reported at the terminal. A lever for
throwing this switch by hand is provided in the cab.

MASTER CONTROLLER

A failure of the master controller caused by an improper
contact or the displacement of one of the contact fingers is
readily noted and any slight difficulty of this nature is reme-
died on the road. In case of any serious disarrangement of
the parts the controller is cut out, the reverse lever and plug
removed, and the locomotive operated with the controller at

the other end.
REVERSING

In case the brakes fail, as an extreme measure the motors
are used for braking by throwing the controller lever to ‘‘off,”
reversing and notching up slowly until a stop is made. A
train can be stopped by the above method if power is off the
line. If running in the a. c. zone the lever is moved to any
position, but if in the d. c. zone the controller is brought to a

notch beyond the d. c. shunt No. 2.

OPERATING ON A. C. POWER WITH ONE TRANSFORMER OR
ONE PAIR OF MOTORS CUT OUT

In case a motor or transformer becomes disabled and it is
necessary to cut out a pair of motors the control cutout is
thrown out, the circuit breaker leading to the pair is opened
and the balancing transformer on the side of the locomotive
to be killed is cut out by the reversing switch. When operat-
ing under this condition a maximum of 2000 amps. is allowed.

OPERATING ON D. C. POWER WITH ONE PAIR OF MOTORS
CUT OUT

If it becomes necessary to cut out motors Nos. 3 and 4
when on d. c. power, the corresponding motor control cut
out is operated, and the same thing is done with Nos. 1 and
2 when necessary. The d. c. main switch is then opened,
and the trap door raised in the floor over the motors. The
leads are disconnected and the cable ends taped to prevent
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grounding. When operating in this condition the locomo-
tive is handled in exactly the same manner as when operating
with four motors, and a current of 2000 amps. is the maxi-
mum allowed.

OPERATING WITH ALTERNATING CURRENT THIRD-RAIL

The draw of the Cos Cob bridge is not equipped with the
overhead trolley, and it is the company’s intention that under
normal conditions trains will be allowed to coast over this
draw without the use of any current, and with the a. c. trolley
down. When a motorman approaches this draw he watches
the overhead wire closely, and just before reaching the draw
throws the controller handle to the “‘off” position. He then
lowers the trolley and after the draw has been passed raises it
again. This draw is equipped with an a. c. third-rail to be
used in the event of a train becoming stalled on it. To
operate under this condition the first step is to see that the
d. t. heater switches are both in the “‘up’ position. The main
d. c. switch is then thrown up and the third-rail shoes lowered.
The tower operator is signalled to cut current into the third-
rail and the controller is handled as in other a. c. operation.
The train is run on as low a speed point as 1s possible on the
master controllers, as rapid acceleration under this abnormal
condition is liable to injure the equipment.  Just before reach-
ing the end of the third-rail the controller handle is thrown
to the “off”” point, the d. c. main switch is then thrown down
and the trolley raised, which operation folds up the shoes.

BLOWERS

Each locomotive has two motor-driven blowers for forcing
a blast of air through the main motors, transformers and resist-
ance grids to prevent their becoming overheated. The blower
motors run on both a. ¢. and d. c. power. Each blower has
a conduit which carries the air from it through one pair of
motors and the transformers and grids connected thereto; but
the conduits are connected in such a manner as to, in the
event of one blower being disabled, carry air from one blower
through both pairs of motors, both transformers, and both
sets of grids. FEach conduit is fitted with two dampers close
to the blower, and in the event of a blower being disabled
both of these dampers are kept closed in order to prevent the
air from the blower in service from exhausting through the
standing blower instead of through the apparatus.

The air inlet to each blower is fitted with snow shutters
which can be closed during snow storms. Under this condi-
tion air 1s supplied to the blowers from the interior of the cab,
and in order to furnish this air, if the storm is not severe, one
of the cab doors is opened, otherwise one or two of the trap
doors in the floor.

REPLACING FUSES

In replacing third-rail shoe fuses the main compressor and
heater switches are opened and wooden paddles inserted be-
tween the shoes and the third-rail. In replacing light, blower
and heater circuit fuses the appropriate switches and breakers
are first opened and paddles used whenever the third-rail itself
is involved through direct connection.

MISCELLANEOUS OPERATING CONVENIENCES

The push buitons for operating the sanders, both forward
and back, are also connected with foot treadles. Each loco-
motive is provided with an electric speed indicator which
receives current from a small magneto and registers the speed.
in miles per hour on dials located on the instrument board in:
each end of the locomotive. The cab lights are controlled’
separately from the head and instrument lights. The read-
ings of the temperature meters are obtained from exploring
coils, one of which is located in motor No. 1 and the other in
motor No. 4. Each locomotive is provided with a steam
boiler for heating trains in cold weather. It is fired with oil,
the fuel being forced in by an air pressure of about 25 Ibs.
The oil tank can be filled either from the top of the locomotive
or from the floor.



ELECTRIC RAILWAY PRACTICE OF THE
NEW HAVEN RAILROAD

The electric train service of the New Haven system in and
near New York has been in operation so short a time that
practice has not yet become thoroughly settled in any depart-
ment of the work.  Experience alone will determire the routine
of handling the business electrically and the form of records
‘best adapted to the requirements. The problems of a rapidly
developing system, however, are no less interesting than those
of a long established organization, and the fact that any given
expedient or method may be modified later in no wise detracts
from the value of that method in representing the best knowl-
edge of how to meet a present situation.

Simplicity of organization has been sought to a remarkable
extent in the New Haven electric zone, as well as freedom
from complication in the equipment as a whole. As a high
official of the company tersely remarked, “The road is re-
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markable for what it has not.”” As far as possible every
effort has been made to disturb the existing steam organization
as little as possible; to handle the business with a new motive
power but with as little additional or altered operating per-
sonnel as is consistent with good service. At this writing the
New Haven electric train service in and out of the Grand
Central Station aggregates but thirty trains per day. The
load is therefore too small to enable representative studies to
be made of either the power house operation, the train move-
ments in terms of equipment capacity, or of maintenance prob-
lems. Sweeping conclusions cannot as yet be accurately
drawn as to the value of detailed practice, but already the
central fact stands forth, as in the case of the New York Cen-
tral service, that the electric locomotive is crowding its steam
driven predecessor off the rails. In the months to come there
is to be little question about the complete triumph of electricity
as a motive power in heavy terminal service.

ORGANIZATION OF ELECTRICAL DEPARTMENT

The inter-relation of steam and electric practice can be seen
readily in the chart on this page, which represents the organi-
zation of the electrical service in the New York terminal zone
of the New Haven system. As far as possible the regular
steam organization handles the work.  Operation is in general
charge of a Vice-President, whose special interest is trans-
portation; and construction, engineering and maintenance of
way matters are likewise under the authority of another Vice-
President. The general manager, mechanical superintendent,
division superintendent and division master mechanic are re-

SHOWING OPERATING ORGANIZATION OF THE NEW HAVEN RAILROAD

inspector 1s practically exclusive. The responsibilities in elec-
trical matters are indicated in the dotted lines in the chart.

The division of work of those reporting to the electrical su-
perintendent on electrical matters is as follows:

Road Foreman of Electric Locomotives, who has jurisdic-
tion over the maintenance and operation of electric locomo-
tives, and instructions to motormen and their helpers. He
receives his instructions in electrical matters pertaining to the
operation and maintenance of electric locomotives from the
electrical superintendent. In mechanical and ordinary routine
matters he reports to the master mechanic in the usual manner.
Requisitions and accounts are controlled in the master me-
chanic’s office.

Chief Engineer of Power Station (Cos Cob), who has
charge of the operation and maintenance of the electrical
equipment. In all matters pertaining to the operation and
maintenance of the power station, he receives his instructions
from the mechanical and electrical superintendents.  All requi-
sitions on the mechanical department must be approved by the
electrical superintendent.

Electrical Inspector, who reports direct to the electrical su-
perintendent. He has access to the power station and the
privilege of inspecting electric locomotives during operation.

Supervisor of Bridges, who has charge of the maintenance of
all bridges and culverts, and of the catenary bridges and electric
transmission lines. He reports.to the division engineer in all
ordinary and routine matters, and to the electrical superinten-
dent in all matters relating to the character, method and execu-
tion of all maintenance, repairs and restoration of catenary
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bridges, transmission lines and other appurtenances not other-
wise excepted.  All routine reports, material and payroll
distributions, methods of accounting, etc., are handled through
the division engineer’s office, being noted for his information, so
far as desired by the electrical superintendent. The electrical
repair and car force in connection with the same are under the
jurisdiction of the supervisor of bridges.

Track and bonding repairs are under the charge of the
Roadmaster, reporting through the division engineer to the
engineer of maintenance of way. The electrical superinten-
dent supervises and directs the proper installation and mainten-
ance of track bonds through the engineer of maintenance of
way.

In matters pertaining to the maintenance and repairs of track
bonding, catenary bridges, overhead lines, signals and signal
apparatus, the electrical superintendent reports through the
engineer of maintenance of way. In matters pertaining to the
operation of the power station and the electric locomotives,
other than electric, the electrical superintendent takes his in-
structions from the mechanical superintendent and from the
division superintendent.  The electrical superintendent fur-
nishes, through the electrical engineer, such data and reports as
may be required.
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and an extensive coal handling equipment has been installed
to facilitate the transfer of coal from the barges to the pockets
in the power plant. Coal will pass from the barges into a
hopper, thence to a crusher and second hopper, whence cable
cars will carry it to an automatic weighing outfit.  From this
point it will be delivered to the bunkers and handled at the
boiler furnaces by Roney stokers. The capacity of the coal
machinery i1s 400 tons in 9 hours.

At present the plant is burning about 30 tons of coal per
day. The coal is crushed to nut size or finer before being
used. The bunkers are of the underground type and have a
total capacity of 350 tons. They are kept full practically
all the time. No trouble has as yet been experienced from
fires in the bunkers, and as the coal is turned over com-
pletely about every 12 days, it is not considered necessary to
take temperatures. If necessary the bunkers can be flooded.
Besides the capacity available in the bunkers a temporary
storage of 350 tons in the yard is available.

BOILER AND AUXILIARY HANDLING

Three shifts of 8 hours each per day are now on duty
at Cos Cob. The station is in service continuously, but as
outlined above the output is largely confined to the hours of
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PRELIMINARY ORGANIZATION OF STAFF AT COS COB POWER STATION

In all matters pertaining to the operation of trains, not
specified above, the division superintendent has absolute con-
trol.

POWER PLANT OPERATION

The operation of the New Haven power plant at Cos Cob
has not as yet settled into the routine practice which should
result from the completion of the electric train service between
New York and Stamford. The load upon the station mani-
fests itself mainly in the morning and afternoon hours when
local traffic between Portchester and New York is at its height.
The different shifts have not as yet acquired a full measure of
routine duty, and construction work is still in progress at the
plant. Records of plant performance have not reached the
point where they would be instructive to the general reader,
but some tentative chart blanks and forms are included in the
following notes for the reason that they show the way in which
the company 1s working toward a settled routine.

The present equipment of the Cos Cob plant represents a
generating capacity of 15,000 kw. Three 5000-kw West-
inghouse turbo-alternators are ready for service and a fourth
unit of 6000 kw rating will shortly be installed. Twelve
550-hp Babcock & Wilcox boilers with superheaters provide
the steam for the plant. Mechanical draft is used instead of
natural draft, and the station supplies current at 11,000 volts,
25 cycles, to the single-phase trolley lines in the 21 miles of
electrified four-track line between Stamford and Woodlawn.

Bituminous coal is brought to the plant by rail at the present
writing, but it will shortly be handled by barges on the Mianus
River, which flows past the plant. This is a tide water stream,

peak load. These are from 5 a. m. to 9:30 a. m. and from
3p. mto7p. m One boiler in full service is sufficient to
handle the load during the light hours, the rest being either
banked or dead. As yet only six boilers are required at the
hours of peak load. Typical records and charts of boiler
performance are not as yet in shape, as some of the boilers
are still under construction. The grates are cleaned about
every two hours by shaking. The make-up water supply at
present comes from the mains of the city of Greenwich, Conn.,
and a tank of 600,000 gals. capacity is located in the yard to
provide enough extra make-up water to tide over any emer-
gency. The draft of the boilers is controlled by a Ford regu-
lator installed in connection with the throttles of the fan engines.
The usual silver nitrate test is used in connection with the
water returned to the boilers from the surface condensers.
The supply of feed water is controlled by a Ford regulator in
the pump lines. In nine months’ operation of one boiler no
scale has been discovered. The boilers are blown off daily, the
work being done at about midnight to about half the water
gage. The exteriors of the tubes are blown off daily with a
steam jet blower. It takes two men half an hour to do this. All
the auxiliaries are supplied with superheated steam, and the
boiler pressure carried is 200 Ibs., with 75 to 100 degs. F.
superheat. The boilers are ordinarily operated in multiple,
but if desired the station can be operated on the unit plan.
The feed water reaches the boilers at from 240 to 300 degs.
F. Three Green economizers are installed, one unit for each
four boilers. The scrapers are driven about two hours daily,
a 4 in. x 5 in. engine being installed on each economizer. So
far but one economizer has had to be used regularly, but all
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can be run in multiple if desired. Flue gas temperatures and
analyses have not yet been studied.

The average temperature of the circulating water discharge
1s from 75 to 80 degs. F., and the vacuum carried is 29 in.
The condensers are cleaned weekly, but to prevent deteriora-
tion in daily service they are flushed with fresh water for two
minutes each time they are shut down. The circulating pumps
are designed to deliver water against a static head of about
20 ft., and have not lost their suction in regular service. All
the auxiliaries are engine driven with the exception of two
exciters and the coal handling system. If the condenser intake
gives trouble next winter on account of ice a steam jet will be
used to keep the conduit clear.

An important accessory to the condensing equipment is a
motor generator set installed to prevent the electrolysis of con-
denser tubes by saline circulating water. In many plants
this trouble has attained serious proportions. At Cos Cob a
400-volt 8-hp General Electric induction motor is direct con-
nected to a | 10-volt direct current dynamo, and from the lat-
ter current is led to a regulator panel board at each condenser
in the basement. Each condenser is provided with seven taps
into which current is led at a potential of 4 or 5 volts in op-
posite direction to that of any probable electrolytic current to
counteract the effect of the latter. The plant has, of course,
not been in operation long enough for a final determination of
the value of this apparatus, but it is expected that it will do
away with the annoyance and expense of having to open up
condensers frequently, plug defective tubes, and then replace
them when enough have accumulated to interfere with the
most successful performance of the outht.

TURBINE OPERATION

At present two turbines are required in service between
5.30 and 9 a. m. and between 4 and 7 p. m. Galena tur-
bine oil is used on the bearings, Galena valve oil on auxiliaries,
and the same brand of crank case oil in the exciter and aux-
iliary engine crank cases. Control switches, emergency lights
and signal lamps are supplied with current from a 55-cell stor-
age battery at 110 volts.

In starting a turbine from the cold state the centrifugal cir-
culating pump is first primed, and then started, to pass cir-
culating water through the condenser. The turbine is warmed
up by the admission of steam to the throttle valve and started
up by being slowly turned over for ten minutes. It is then
brought up to half speed; the atmospheric valve is closed, and
the turbine exhausts into the condenser. It is brought up to
full speed, full field is put on, and the machine synchronized
at 11,000 volts. This takes about 15 minutes.

In starting a turbine which is warm, the turning over process
is dispensed with, and in from 3 to 5 minutes the machine is
ready for service.

In shutting down the *‘stand-by”” signal is first given. The
machine is cut off the line by the high-tension oil switch, the
feld excitation reduced and the field opened. The automatic
stop valve which closes the throttle valve is then tripped, and
after this the atmospheric valve is opened, breaking the vacuum.
With an open field the turbine will run about 30 minutes.

The signal system in the Cos Cob plant represents the
latest ideas in this branch of power-station operation. The
usual red and green pilot lamps are in service to show the
condition of high-tension switches. To facilitate communica-
tion with the floor from the switchboard gallery and vice-
versa an illuminated transparency is installed in a central posi-
tion on the gollery facing the floor. This contains space for
each machine number, and the designations ‘‘stand-by,” *‘in,”
“out” and “‘0.k.””  An emergency blank, and exciter numbers
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are also included. This is operated by switches on the main
control board, and eliminates the possibility of mistake due to
misinterpreting the sound of an audible signal. A whistle
signal in the turbine room simply calls attention to the trans-
parency and the work goes on from that point. Between the
turbine-room floor and the pump-room in the basement below
the signalling is done by two mechanical gongs and by speak-
ing tubes, the former simply calling attention to the latter. The
plant also has a private branch telephone exchange with in-
struments located in the chief engineer’s office, switchboard
gallery, boiler-room, turbine-room, coal tower, machine shop
and the nearest anchor bridge. The switchboard operator is
charged with the responsibility of following the load and put-
ting machines in and out of service.

ORGANIZATION

A diagram of the preliminary organization at the Cos Cob
power house is shown on page 609. Each shift is in immediate
charge of a watch engineer. On the turbine-room floor are
an assistant engineer and oiler on each shift, and in the pump
room, a pump-man and oiler. The plant has one boiler-room
engineer, and in his absence each shift is in charge of a water
tender, under whom are one fireman for every 4 boilers, coal
passers, a coal conveyor man and helper. The complete or-
ganization here has not yet been settled. The station has one
chief electrician. Reporting to him are on each shift a switch-
board operator, a tender or helper, assistant electrician (night
service ), and one repairman for the 24 hours.

PIPE COLORS
To facilitate the handling of piping the following colors
have been adopted, and in the boiler, pump and turbine-rooms
tabulations in actual colors are posted:

High pressure steam lines................. White,
Helly drip Systemie s ;s :swwmsm:m: s wemsi: o Red.
Exhaust from auxiliary apparatus......... Yellow.
Boller e w.m:wsrgsmsmsots s smsmsms sl Black
All other pipes except fire lines.............. Blue.
Fire protection SySt€m..........evvvueeee.ns Gray.
BloW=GtE DIDITEL Sulsiolepoterenshechelefentlonor-pote Ll Maroon.
AIT DIPING v ie it ei it Green.
Crank case oil piping................ Light green.
Cylinder oil piping........cooovviiiieininn. Pink.
Turbine oil piping........... Brass (not painted).

MACHINE SHOP

A small machine shop is installed at the Cos Cob station,
and it contains the following tools, driven in group by a 15-hp
moter:

2 lathes, 36-in. and 18-in.

1 planer, 24-in.

1 shaper, 16-in.

1 radial drill, 48-in.

1 speed drill. . )
1 pipe-cutting machine, 6-in.
1 emery grinder and stone.

The turbine room is lighted by eleven 24-in. Cooper-Hewitt
mercury vapor lamps and two large flaming arcs, which in
combination produce a brilliant yet soft and pleasing illum-
Ination.

BLANKS AND FORMS

Several blank forms for station records have been drawn
up in a tentative way, and are shown in the accompanying
reproductions:

The daily engine-room log, original 17V4 ins. x 11 ins.,
gives the important pressures and temperatures of each unit at
each even hour of the twenty-four, as well as the attendance,
hours of service, oil and waste consumption, inpection and re-
pair accounts.

The daily boiler-room log, original 1714 ins. x 11 ins.,
gives the hours of service of each boiler, economizer, pumps,
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blowers, stoker engines, and coal handling machinery, steam
pressures, atendance, temperatures, voltmeter records and
unit performance are planned for.

In the daily electrical log, original 11 ins. x 18 ins., spaces
are provided for an hour to hour load curve, readings on dif-
ferent phases and meters, attendance, remarks and weather
conditions.

The weekly comparison and eficiency report, original 8 ins.
x 1014 ins., shows the labor, fuel, repairs, construction and
material accounts in lots and per kw-hour for two compared
weeks, with space for increase, decrease and percentage.

Another form provides for the distribution of charges for
labor and material in a week in terms of the different equip-
ment, for both operation and maintenarce. The original is

8 ins. x 101/ ins.
DISTRIBUTION SYSTEM

The distribution scheme of the New Haven electrical zone
has been described in previous issues of the Street Railway

STREET RAILWAY

JOURNAL. [VoL. XXX. No. 15.

switches to a bus-bar looping around the bridge. Overhead
trolley wires are given the same numbers as the main tracks
beneath them; that is Line No. 1 is the line suspended over
track No. 1, etc. Parallel to the trolley wires are four other
wires carried along the sides of the roadbed for supplementary
work. One pair of these lines are power wires, and the
other pair, auxiliary lines. One power and one auxiliary line
are carried along each side of the right of way. The auxiliary
wire on each side is broken by a section insulator at every
alternate anchor bridge, and the power wire on each side is
tapped to a transformer primary at every alternate anchor
bridge. At every anchor bridge the bridge-bus is supplied
with 11,000-volt power through two auxiliary lines, the aux-
iliary connection being double, one branch passing through an
oil switch to the auxiliary on one side of a section insulator,
and similarly with the other branch, a connection is made
through a switch to the auxiliary. There are two transformers
at each anchor bridge with permanently alive primaries. These
transformers supply power for bridge lighting, motor-driven
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Journal, as have the other essential physical features of the
work. The arrangement of 11,000-volt circuits from the
operating standpoint, however, has not been discussed to any
extent. It partakes of the simplicity which characterizes the
New Haven problem’s solution in general, but allows for a
flexibility in operation scarcely realized by those who have not
made a personal study of the layout. Safety and continuity
of service are the keynote of the treatment.

The diagram on page 613 shows the 11,000-volt trolley
and auxiliary connections in detail between Stamford and
Woodlawn. Between Woodlawn and the Grand Central
Station the service is on the 660-volt third-rail operated tracks
of the New York Central & Hudson River Railroad.

At each anchor bridge the four main line catenary trolley
wires, No. 0000 B and S cross section, are carried through oil

signals in some cases, and for the remote control from the ad-
jacent signal towers of the oil switches on the bridges. Two
were provided to enable a reserve to be available.

Every cross-over is divided by one or more section insula-
tors so that it will not interfere with the cutting out of either
adjoining sections of track. No section of the line can be cut
dead from a single tower or anchor bridge, but two adjacent
towermen must co-operate in order to kill any section of trolley
between two successive anchor bridges. Any section of trol
ley can be fed from either end of the section, and any section
can be cut out over any corresponding track without inter-
fering in the slightest degree with the supply of power to the
other sections. Any given double tower section of auxiliary
line can be killed by opening the necessary oil switches in the
towers affected. If the power supply fails at one end it can
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be had from the other, and if one side goes out of service, the
other side is available for the supply of current. The com-
binations possible are easily apparent as the diagram is studied.

No definite dates have been set for the inspection of the
catenary. Anchor bridges are inspected once in ten days. It
has not been found necessary to inspect overhead trolleys at any
definite period. Qil switches are inspected when the anchor
bridge inspection is made. Gases from the steam locomotives
have not caused any trouble. For overhead inspection and
maintenance between Port Chester and Woodlawn six line-
men and one oil switch inspector and helper are required.
These are under the bridge supervisor, and are also subject to
call for emergency work. An emergency train fully stocked
with material is located at New Rochelle, and is held in readi-
ness at all times for service.

EMERGENCIES

In case of a wreck in the electric zone, the conductor is re-
quired to proceed at once to the nearest tower, and advise the
towerman as to the location, extent of wreck, tracks obstructed,
wires affected, etc., and then to fill out the regular accident re-
port, which is wired at once to the superintendent of the divi-
sion. The towerman first opens the switches supplying power
to his end of the affected section over tracks obstructed, and
nstructs the towerman in the tower next beyond the wreck to
open the switches at the other end of the affected section, thus
cutting off all power from the lines immediately over the wreck.
The conductor remains at the tower until notified in writing by
the towerman that power has been turned off the lines affected,
and he then returns to the wreck and notifies all concerned that
the power has been removed.

The superintendent notifies the electrical superintendent, the
bridge supervisor, the electrical inspector, the road foreman of
The
first duty of the emergency crew upon arriving at a wreck, is
to ground the overhead wires from which power has been
removed. In clearing wrecks great care has to be taken that
the derrick boom does not come in contact with the overhead
wires. After a wreck has been cleared and the overhead
construction is in order, the last duty of the emergency crew
is to remove these grounds and notify the towerman that the
line is ready for operation. The rules for handling wrecks
remain unchanged except as modified in the foregoing para-
graphs to meet the requirements of the electric service. Every
train will carry a telephone, and a complete telephone system
will shortly be in service with a plug box at every third column
in the catenary bridge construction. The emergency repair
crew is located at New Rochelle, and live material is kept at
both New Rochelle and Stamford.

The repair car used by the emergency crew is equipped with
a small gasoline engine and generator set of sufficient capacity
to operate the car at a low rate of speed independently of the
overhead system. This insures the movement of the car to the
scene of trouble, even though the normal operating current is
entirely shut off. The advantages of such an arrangement are
apparent.

electric locomotives and the electrical emergency crew.
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MAINTENANCE

The maintenance work so far performed in the New Haven
electric zone consists almost entirely of the light adjustments
resulting from inspection of the equipment in partial service.
As has been intimated before, the service at present given by:
electricity is too small a percentage of the service of the com~
pleted electric zone to produce normal conditions of wear. The;
inspection work has in itself not been standardized, and prac-
tically no repairs have as yet been necessary in connection with
the electric locomotives. Some provision for inspection and
repairs has of course been made, and this i1s touched upon in
the following paragraph, though with the qualification that it
does not necessarily represent permanent conditions and;
methods. ’

Electric locomotives are inspected upon their arrival in the
Grand Central Station, New York, at the end of each round
trip. Nothing like the full mileage possibilities of the locomo-
tives is yet obtained in the limited service given. At the end
of each 300 miles’ run the locomotives are given an exhaustive
inspection, the work taking place at New Rochelle or Port
Chester. The inspection at the Grand Central takes a man
and his helper about an hour.  Thirty-five electric locomotives
are now nearly in readiness for service in the New Haven elec-
trical zone, one of these being at the Jamestown Exposition.
New locomotives were shipped from Pittsburg by fast freight,
and only minor adjustments and assembly were required be-
fore the machines were ready for service.

Practically no spare parts except fuses are carried upon the
locomotives. Motormen make no repairs on the road. No.
trouble from excessive wear of third-rail shoes or pantograph
trolleys has been experienced, and the overhead trolley shows,
no signs of wear as yet.

TEMPORARY SHOP

At Stamford a small temporary shop has been set apart for-
the maintenance of the electric locomotives. This is a wooden,
building with two inspection tracks and a pit with a short sec-.
tion of third track in the middle of the building. The shop.
is equipped with a 24,000-lb. radial cantilever hoist, and the.
following machine tools driven by a 47-hp 500-volt General:
Electric motor:

speed lathe,

engine lathes,

shaper,

vertical drills,
planer,

emery wheel grinder.

o N N -

Spare armatures, facilities for bench work and racks for
control storage battery cells are providtd. The general store
room for line material is located close by.

TRAIN SERVICE

Eight cars per locomotive is the maximum number allowed
before a second locomotive is brought into service on that
specific train. Commercial service began July 24, 1907.
Through trains are not as yet handled by electricity.



THE POWER STATION PRACTICE OF THE
WEST JERSEY & SEASHORE RAILROAD

The West Jersey & Seashore Railroad was the first steam
railroad whose adoption of electricity as a motive power was
suggested by reasons other than, principally, to avoid the use
of smoke-producing locomotives. The New York Central and
the New York, New Haven & Hartford Railroads for that
reason had been required by statute to install some other motive
power than steam, and the Long Island Railroad, while not
yet running its trains under the East River into New York,
expects to do so during the next two years, so that its electrifi-
<ation was due largely to its future plans in this respect. With
the West Jersey & Sea Shore, however, there was no require-
ment as to the reduction of smoke. Its electrification was due
primarily to the desire upon the part of the owners of the prop-
erty, the Pennsylvania Railroad Company, to give uniformly
frequent and agreeable means of transportation for its local
travel and also for its through travel between Philadelphia and
Atlantic City, its great seashore resort, and at the same time
to forestall possible competition.

The electrified section of this road was described in the
Street Railway Journal Oct. 10, 1906, and a detailed ac-
.count of its equipment will not be given here. The present
series of articles is devoted to operation, but they require for
their better understanding a brief description of the system.

The electrified lines consist of 64 miles of double track be-
‘tween Camden and Atlantic City and 10 miles of a line branch-
ing off from the main line at Newfield and extending to Mill-
villee.  'With the exception of the Millville branch and a short
portion of the main line in the city of Camden the road is
equipped with a third-rail. Power is generated in a turbine
station at Westville about six miles out of Camden, and is fed
to seven substations exclusive of the one in the power station.
The road was electrified during the winter and spring of 1906
by the General Electric Company as contractors for the elec-
trical equipment.  As chief engineer of electric traction of the
railroad company George Gibbs had general supervision of the
work. The electrified lines are operated as a division of the
West Jersey & Seashore Railroad, of which D. H. Lovell is
superintendent.  This road is in turn a subsidiary line of the
Pennsylvania Railroad system. The operating electrical fea-
tures of the road are in charge of an assistant electrical engineer,

which position is held by C. B. Keiser.

POWER IIOUSE OPERATING FEATURES

When the power house was built twelve Sterling boilers and
three Curtis 2000-kw turbines were installed. Four boilers
and one turbine have since been added to the station. The
plant is not built strictly on the unit system, but each turbine
has its own auxiliary apparatus, and in the event of accident
the boilers may be cut off from each other to furnish steam to
separate turbines.

Coal for operating the station is obtained from Cresson, Pa.,
and is delivered in hopper bottom cars. The coal shows the
following analysis:

X EU CATDOs 516 040106 505 50 68 950 5 b5 & €160 a5 0 66.97 per cent

Volatile matter....o.ove e e nnnnnenns 10.67 “

AEN o owans searaBIEON BREEE R e R o TR 12:260
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Sulphur .o 337

B O R 13497.

It is known as E vein coal. Better grades have been tried,

and there was a smaller consumption per kw-hour with these,
but the difference in the price makes it more economical to use
the lower grade. Coal is handled by a standard C. W. Hunt
coal handling plant. A tower outside the building contains
a hoisting engine crusher and hopper, and a steel bridge extends
from the tower into the station and over the bunkers. After
the cars are unloaded the coal is dropped into a concrete
hopper between the track rails, from which it is passed through
a gate and into a skip bucket. The bucket after being hoisted
up the side of the tower is dumped into a crusher hopper at
the top.  After passing through the crusher the coal is caught
in a hopper underneath the crusher and from this it is let into a
gravity return car operating on the bridge, which car is auto-
matically dumped over the bunkers at any predetermined point
and returned to the tower.

Usually five men are required to operate the coal handling
plant. Two are stationed in the car being unloaded, another
loads the skip bucket and signals to the engineer at the top
of the tower and another is required at the top of the tower
to load the gravity car. About 50 tons per hour is the maxi-
mum capacity of the hoist.

Ashes are loaded into cars on the boiler room floor and are
then discharged into the skip bucket used to elevate the coal.
From this bucket they are dumped into a bin in the coal
handling tower under the crusher and when they accumulate
the ashes are dropped into standard steam road cars.

The coal bunkers have a capacity for 400 tons, or about
four days’ supply of coal under conditions of operation during
the summer season. The bunkers are usually kept well filled
and in addition seven or eight loaded cars are kept on the siding.
The frequency with which the coal in the bunkers is changed
removes any danger of overheating in the bunkers and no
trouble from fires has occurred. But in the event of a fire
the coal could quickly be let down to the boiler room floors.

Coal tests and tests of other materials and supplies for the
station are made in Altoona by the regular testing department
of the Pennsylvania Railroad.

The four boilers recently installed are equipped with Roney
stokers. The others are hand fired, but arrangements have
been made to install stokers under all of the boilers. The
number of boilers in service in the summer season varies from
twelve during the day and evening to four in the early morning
hours, when the others are “reserved.”” Under ordinary con-
ditions boilers are never banked as it is believed that bank-
ing them for short periods necessitates a greater coal consump-
tion than putting them in reserve.  The fires get frequent clean-
ings during the day, but the grates are all cleaned out thor-
oughly after 11 o’clock at night. Draft regulation is obtained
by means of hand regulated dampers in each boiler flue and a
Spencer automatic damper in each stack uptake. Boilers in
service have their individual dampers opened wide, and when
reserved the damper is left open only enough to permit the
gases to escape. At 50 per cent overload the draft in the
boiler flues is about 0.8 ins. The auxiliary operator takes
care of the boiler-feed pumps, which are provided with auto-
matic regulators and a water tender regulates the feed to each
boiler.

The soot is blown off the tubes about four times a week
and the exterior parts are given a thorough cleaning once a
month when the boilers are washed out and the interiors in-
spected. At this time a hydrostatic test is made at the work-
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ing pressure. A turbine tube cleaner is used to remove scale
from the tubes that cannot be removed by washing.

The turbine condensers are of the barometric type and the
boiler feed water is all taken from the condenser overflow
flume. Analysis shows it to be entirely free from salt and
comparatively free from scale-forming ingredients, so that no
chemical treatment is required. The plant is not provided with
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AUXILIARY APPARATUS

The intake for the condenser water extends about 20 ft. into
Big Timber Creek, a branch of the Delaware River, and
terminates in a concrete well supplied with screens. Some
slight trouble was caused by anchor
ice last winter, but changes will be
made before the coming season to
prevent their recurrence. The screens
are usually cleaned two or three
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economizers, and the water after passing through Cochrane
heaters goes directly into the boilers. The feeding tempera-
ture is usually 212 degs. Gases pass from the flues at a tem-
perature of approximately 500 degs. with full load on the
boilers. No provision is made for obtaining a continuous
record of the flue gas analysis, but analysis on a test gave the
following results:

ro;xu OF POWER ettt seieSisidiion
Y

the turbines and the maintenance cost
has been exceedingly small. No pro-
vision is made for heavy repairs to
the machines and the only extra parts
carried in stock are a few governor and bearing parts. The
throttle valves when closed permit very little leakage of steam.
In fact, leakage is so small that in a few hours the turbines
get cold enough to permit the men to work on them. It is,
therefore, necessary to warm them up before starting. The
load on the station is comparatively regular from day to day
and the requirements can usually be anticipated so as to have

STaTioN



OCTOBER 12, 1907.]

machines warmed up and in readiness. Whenever there is
to be any unusual movement of trains the power house 1s pre-
viously notified. The trainmaster notifies the assistant elec-
trical engineer at Camden and the order is then sent to the
power-station foreman who orders the necessary machines
started.

To warm a turbine, the throttles are opened slightly about
one-half hour before the machines are required. They are
never started without first warming. In starting, the turbine
is brought up to speed with the throttle opened one-fourth or
half way. The excitation is then brought up so that when the
machine is cut in it will be practically without load.  After it
has been cut in, the throttle is opened wide and the excitation
is brought up until the machine takes its share of the load.
About five minutes is required to get a turbine under load after
it has been warmed. When the engineer is at the throttle he is
in plain view of the switchboard operator, so that a simple
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An adjacent building contains a machine shop in which the
greater portion of the power house repairs are made. The
equipment of machine tools consisting of lathes, shaper, drill
presses and emery wheels, is driven by a motor. Another
building contains a well-equipped blacksmith shop. The re-
pair force consists of five men, a machinist, a pipe fitter, a
blacksmith, blacksmith helper and bricklayer.

STORE-ROOM PRACTICE

Repair materials for the power house, sub-stations, third-
rail and overhead lines are kept at Westville in a store room
which is in charge of and handled by one man. A card sys-
tem is employed to keep account of the material on hand.
Each bin is provided with a tin card holder and whenever ma-
terial is put in or withdrawn from the bin proper entry is made
on the card. On the first of each month entry is made from
the card on a stock record book, of the amount of the different
kinds of material on hand. The stock record book shows

POWER-STATION FOREMAN

|

8 a m.to4p m 7 a.m. to 6 p. m.

4 p-m.to 12 p. m.

|
l 1

12 p. m. to 8§ a. m. ;
,

Watch engineer Boiler-room engineer, 10 hrs. Watch engineer Watch engineer Storekeeper
Switchboard operator Boiler cleaners, fo Switchboard operator Switchboard operator Clerk
Auxiliary operator Towerman, o Auxiliary operator Auxiliary operator

Turbine oiler Conveyor man, 10 “  Turbine oiler Turbine oiler

Wiper Helpers, 10 “  Wiper Wiper Machinist, 10 hrs.
Water tender Water tender Water tender Repairman (pipe fitter), 1o “
Firemen Firemen Firemen PBlacksmith, 10 1
Coal passers Coal passers Coal passers Blacksmith helper, 10
Cleaner, 10 hrs. Bricklayer, io

ORGANIZATION CHART, WESTVILLE POWER STATION

signal system suffices to make the two men understand each
other.

When the station was first put in operation it was cus-
tomary to start up other machines as the load came on, to avoid
loading the turbines much above their rated capacity. Lately
the practice has been to defer cutting in other machines until
those in operation are considerably overloaded. In fact,
machines are allowed to take peaks of half a minute duration
of 75 per cent overload. On a test with 28 ins. vacuum,
175 lbs. steam pressure and 125 degs. superheat, the turbines
required 18.3 lbs. of steam per kw-hour at full load. At 50

per cent overload the consumption was 18.12 Ibs.
.SWITCHBOARD AND ELECTRICAL APPARATUS

The switchboard is located on a gallery between the tur-
bines and the transformers. The mechanism of the oil switches
1s gone over every two weeks, but the parts are inspected only
after storms or blow-outs. Although periodic testing and ad-
Justment of switchboard instruments has not yet been put into
practice, the important instruments are tested whenever readings
indicate that they are out of adjustment. The electrical
machinery, including the air blast transformers, is blown out at
frequent intervals by compressed air.

about 2500 different classifications of material in the store room.
POWER-HOUSE ORGANIZATION

The watch engineer has entire charge of the station in the
absence of the power-house foreman. The only electrical
operator in the station is the one switchboard man, and he is
directly under the watch engineer. The regular operating
force work on eight-hour shifts; the repairmen, coal passers,
boiler cleaners, the turbine-room cleaner and the men operating
the coalhandling plant, however, work ten hours. As the
coal-handling plant is operated only about five hours per day
the men operating it are employed the remainder of their time
in cleaning the intake screens, assisting in boiler cleaning and in
deing work of a miscellaneous character about the power
house. The number of firemen varies considerably at different
seasons of the year, being heaviest during July and August.
There is usually one man to two boilers, and a total of fifteen
men is usually required in the heaviest season, there being six
on the day watch, six on the night watch and three on the
early morning watch. The clerk and the store keeper divide
their time between the power station and the sub-station and
third-rail departments. The repair force is also called upon
from time to time to do considerable work for the sub-stations
and the third-rail repair men.



THE DISTRIBUTION AND SUB-STATION SYSTEM OF
THE WEST JERSEY & SEASHORE RAILROAD

The high-tension transmission system of the West Jersey &
Seashore Railroad reaches eight sub stations. One of these,
however, supplies current to the Atlantic City and Shore Line
with which this article is not concerned. The high-tension
lines, which are in duplicate throughout, are carried on 45-ft.
poles, spaced 125 ft. apart, with the six wires disposed in
inverted triangles on two cross arms |2-ft. and 8-ft. 6-in. long
respectively.  The insulators are 42 ins. apart, and the trans-
formers are Y-connected with the neutral point grounded.
The lines are protected by a ground wire of 5/16-in. galvan-
ized steel cable stapled to the top of the pole. Both lines are
installed in sections extending between sub-stations, which sec-
tions terminate at the sub-station bus-switches, with cutting
through and disconnecting switches arranged so that either line
may be made continuous throughout its length and may be
used to feed any or all of the sub-stations. This arrangement
makes it possible to dispense with a section of either line be-
tween sub-stations without interfering with the operation of the
road. In the event of a short circuit the affected section may
be cut out and all the current for the sub-stations beyond the
point of trouble may be carried the distance between the two
sub-stations on one line. At the sub-station just beyond the
short circuit the current may be divided at the bus-bars between
the two lines continuing from this sub-station.

For convenience in operation the different sections of the
lines are distinguished by letters and numbers. Between the
Camden and Glashoro stations, for example, the sections are
designated A: and A: Succeeding sections are termed B:
and B:, C: and C-.

The sub-stations are all built with a view of their being
operated by one man. All of the apparatus and the switch-
board is installed on one floor. The lighting arresters and
other high-tension apparatus are in a separate room.

The following stations each contain two 750 and one 1000-
kw rotaries: South Camden, Westville, Glassboro, New-
field and Atlantic City.

Reega contains two 750-kw rotaries, Mizpah two 500-kw
rotaries, while Clayville contains two 500 and one 1000-kw
machines. The machines are connected for starting from the
a. c. side through low voltage taps brought out from the trans-
former. The transformers are of the air-cooled type.

SUB-STATION OPERATING FORCE

The sub-station operating force (Westville excepted) con-
sists of two men at each station, one extra operator and one
repairman. [ he sub-station men work alternately; one-half of
the month day-time and the other half night-time. They are
relieved by the extra operator who goes about from station to
station, thus enabling the shift to be made without necessity of
the men working overtime. On the first of the month the extra
operator takes the day shift at the South Camden sub-station;
the former day man follows him at night and the former night
man goes on the following day. As a result each man gets
24 hours off from the time he leaves duiy to the time he re-
ports. The extra operator works in succession at each of the
other sub-stations, reporting again at South Camden on the
8th of the month, relieving the day operator. Each day
operator at the other stations is relieved in a similar manner.
A change of shift is again made at the South Camden sub-
station on the 16th, and the day operator is relieved on the
24th. The extra operator has the 15th, 30th and 31st of

the month off. The extra man is not required to do cleaning
about the sub-stations, but acts rather as an inspector, making
daily report to the electrical supervisor of the condition of the
station apparatus, and any suggestions which he may see fit to
make regarding the operation of the station. This position is
held by a college graduate or technical man, and is a training
course to fit himself for responsible positions should the electri-
fication of the lines be continued by the company. After the
extra operator has received thorough training in the operation
of sub-stations, he is given work at the power station, after
which he is transferred to the Engineering Department.
TESTING-OUT APPARATUS

As all of the oil switches and other apparatus are in use
almost every day, they are not operated at any stated periods
simply to see that they are in order. Instruments are tested
only when there are indications that they are out of adjust-
ment. As the voltmeters in all the sub-stations are kept at
650 volts, instruments out of adjustment to an appreciable
amount would be evidenced by one station feeding back into
another.

CARE OF APPARATUS

Sub-station operatois are required to care for all the ap-
paratus, and are held responsible for the general condition of
their station. The rotaries are blown out at frequent intervals
and the transformers are blown out every two weeks. The
bearings of the rotary converters are drained and washed once
a month. Each sub-station is provided with a 40-gal. Liberty
filter, through which the oil is cleansed. The commutators
are cleaned with cheese cloth and gasoline at frequent inter-
vals. Ordinary dynamo oil is applied to the commutator
several times a day with a piece of oil-soaked cloth on the
end of a stick. The alternating current brushes are removed
from the holders at frequent intervals and are washed in
gasoline.

The rotary converters are always started as induction
motors from the a. c. side. When the machine comes up
with polarity reversed the commutating switch in the field cir-
cuit is used to reverse the fields. The rotary converters are
built to stand overloads of 100 per cent, and it is the practice
to allow the peaks to rise to this amount on one machine
before another is cut in.

Readings of the sub-station wattmeters are taken every hour.
These readings and other matters relating to operation are
entered on sub-station log sheets, one of which serves over a
twenty-four-hour period. In addition to entering the opening
of automatic circuit breakers on the log sheet the sub-station
operator notifies the power station operator by telephone as
soon as a breaker has been put in.  Whenever for any reason
current is cut off the high-tension lines at the power house
the sub-station operators are given one minute to clear their
boards. In the meantime the power house operator is clear-
ing his own sub-station board. When the high-tension lines
are cut in again the men are instructed to get their machines
in as quickly as possible. With the high-tension lines dead
current has been gotten on the third-rail from all of the sub-
stations in three minutes.

STORAGE BATTERIES AND PORTABLE SUB-STATIONS

There are no storage batteries in connection with the system,
and as there is very little shifting of load over the system no
portable sub-stations are provided.
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APPROACH TO SOMERS POINT LINE TRESTLE WORK, ATLAKTIC CITY MEADOWS, WEST JERSEY & SEASHORE RAILROSD
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Plate XL

INTERIOR OF ATLANTIC CITY SUB-STATION, WEST JERSEY & SEASHORE
RAILROAD

SECTION OF TRACK NEAR MIZPAH, N. J., SHOWING TIITRD-RAIL AND TRANSMISSION LINE
OF THE WEST JERSEY & SEASHORE RAILROAD
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Plate XLIII

INTERIOR OF MOTOR CAR

STANDARD BAGGANGE AND ALAIE CAR, WEST JERSEY & SEASHORE RXILRO.XI)

STANDARD TASSENGER MOTOR CAR, WEST JERSEY & SEASITORE RAILROAD




Plate XLIV

TERMINAL YARD AT ROCHESTER OF TIIE ELECTRIFIED DIVISION OF THE ERIE RAILROAD

SIDING AT MORTIMER, ERIE RAILROAD, SIHOWING OVERHEAD CONSTRUCTION, SWITCH TOWER, SIGNAL AND
SWITCH LOCK
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SYSTEM OF CURRENT SUPPLY
With the exception of about 4 miles, the main line is
equipped with third-rail. The third-rail insulators are placed
8 ft. apart, and the rail is bonded with concealed ribbon com-
pressed terminal bonds, two of 500,000-circ. mil capacity be-
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ing used per joint. Third-rail protection is used only in yards
and at stations and on a short strip near Camden. The branch
to Millville, 10 miles long, and a stretch about 4 miles long near
Camden are equipped with an overhead trolley. The trans-
mission line, sub-station and third-rail maintenance and opera-
tion are in charge of the electrical supervisor who reports to
the assistant electrical engineer. The department has its head-
quarters and store rooms at the power station.
INSPECTION OF THIRD-RAIL, TROLLEY AND TRANSMISSION
LINES

To look after the third-rail, overhead trolley and high-ten-
sion transmission lines there are one foreman and eleven men,
seven of which patrol the 74 miles of electrified track between
Camden, Millville and Atlantic City. The other three con-
sist of two first-class linemen and one third-rail repairman, who
assist in making heavy repairs and changes and in installing new
work. The patrolmen are divided into two classes; namely,
first and second. The first-class men are in reality linemen,
who make repairs on the 1100-volt signal line and 33,000-
volt high-tension line, which are necessarily in service twenty-~
four hours a day, while the second-class men are used to_assist
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in making third-rail and line repairs, and also to do all track
bonding. The sections which these men patrol are arranged
as follows:

One first-class patrolman who looks after third-rail, high-
tension trolley and signal lines between Camden and South
Westville, a distance of 6.4 miles. This man also looks after
the electrified portion of the Camden yard, and is located at
Westville.

One second-class patrolman between South Westville and
Glassboro, a distance of 12.9 miles. This man is located at
Pitman.

One second-class patrolman between South Glassboro and
Forest Grove. Distance, 14.3 miles. This man is located at
Newfield.

One second-class patrolman between Forest Grove and
Mays Landing. Distance, 13.9 miles. This man is located
at Newfield.

One second-class patrolman between Mays Landing and
Pleasantville. Distance, 11.6 miles. This man is located at
Mays Landing.

One second-class patrolman between Pleasantville and At-
lantic City. Distance, 4.7 miles. This man is located at
Pleasantville. In addition to patrolling the lines he looks after
the switch tower built at Pleasantville to connect the Somers
Point sub-station of the Atlantic City & Shore Railroad to the
transmission lines.

One first-class patrolman between Newfield and Millville.
Distance, 10 miles, who looks after the overhead trolley and
high-tension transmission line.

One second-class patrolman stationed at Atlantic City, who,
in addition to looking after the third-rail at the electric ter-
minal, has charge of all yard and station lighting at both the
steam and electric terminals; also the motors used at the round
house and machine shop.

All the men are provided with telephone connections and
are subject to call twenty-four hours every other day; or in
other words, one-half of the force is on duty twenty-four hours
each day. Patrol boxes are located along the line one mile
apart. As the men go over their section they call up the
nearest sub-station operator from each box, reporting broken
insulators, tight jumpers due to third-rail creepage, loose or
broken protection boards at stations, loose or worn side ap-
proaches, broken conduits, conduit caps, broken cross bonds,
burnt-out cables, feeder bells, trolley ears, span wires, side
guys, broken feeder taps, blown fuses in section boxes, etc.
The men are provided with screw drivers, socket wrenches,
pliers, small monkey wrenches and climbers; and they make all
repairs possible while covering their section. On such repairs
as cannot be made alone the men of two adjacent sections
double up and assist each other. The repairs made consist
m cutting off or extending the third-rail when creepage neces-
states, rebonding both third and running rails, replacing in-
sulators for both the third-rail and high-tension lines, and re-
placing and tightening guy wires.

In addition the patrolmen are sworn in by the governor of
the state, thus enabling them to make arrests in any county.
The mere fact that they are officers of the law has saved the
company considerable annoyance from persons throwing wires
and scrap iron on the third-rail and high-tension lines and
shooting at insulators. The company has, therefore, without
extra expense, eleven police scattered the length of the line.

The men are being made familiar with the operation of the
sub-stations, so that they may be called upon to operate them
in cases of emergency. They also assist the electrical repair
force in making repairs at sub-stations, and thereby avoiding
the necessity of sending a number of extra men over the road.
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They are sometimes called upon to assist the men at Westville
in doing regular construction work, such as replacing poles,
stringing trolley wire and laying third-rail. As they are all
electrical men and work in the electrical department they can
be called on to do any work on the third-rail, overhead trolley,
sub-station and power house. )

The high-tension lines are comparatively free from troubles
of any sort. The section traversed is open country and is not
subjected to many of the troubles of lines near large cities.
The ground wire run on top of the poles has proven effective
in shielding the line from lightning troubles. The high-tension
lightning arresters which are all installed either in the sub-
stations or in the power station, are inspected and cleaned every
two weeks and are kept free from dust. After showers they
are gone over and inspected for trouble. Test papers are kept
between the cylinders, and these are examined for puncture from
time to time and always after storms. The papers bear the
date when put in and when removed. Those punctured are
always sent to the sub-station foreman together with a report
of any unusual happening or occurrence. Since installation
there has been no necessity for replacing any of the arrester
parts.

INSULATOR BREAKAGE AND REPLACEMENT

Patrolmen are supplied with a special blank on which the
breakage and replacement of high-tension insulators are re-
ported. The blank has upon it a diagram of a pole top with
the insulator drawn in such a manner that the nature and posi-
tion of a crack or defect may be indicated definitely by pencil
marks. The patrolman also indicates the circuit or line on
which the broken insulator is located, as this is not always
shown by the position of the insulator, because wires are trans-
posed to make a complete revolution between sub-stations.
The insulator blanks which are sent in after repairs are made
bear the date the broken insulators were observed and replaced,
the patrolman’s name and any additional remarks.

Insulator breakage has been comparatively light since the
line was installed. For July, 1907, two insulators were re-
ported broken and there was none the two preceding months.
There are about 32,000 insulators on the system, and the
breakage for a period of three months was therefore about

.0006 per cent.
PROTECTION TO REPAIRMEN WHEN WORKING ON THE HIGH-
TENSION LINES

When men are sent out to make repairs on the high-tension
line, an order is sent to the foreman of the power station to
have the line cut ““dead.”” A written order is then given to
the switchboard operator, who proceeds to cut out the line as
follows: The sub-station operators at either end of the line
or section to be cut out are instructed to cut the line “‘dead,”
which is done by first opening the oil switch controlling the
line, then the disconnecting switches. A warning tag is placed
on the switch panel and the switchboard operator at West-
ville notified that the line is cut *‘dead.”” The sub-station
operators then proceed to make out a standard tag, filling in
the time and date at which the circuit is cut out, placing the
tag on the oil switch, and removing the warning tag. If the
section is connected with the power house, the switchboard
operator also opens and tags the proper switches. After the
line is cut out the foreman of the repair gang is notified.

The lineman is provided with a grounding device on one end
of which is a clamp for attachment to the running rail. The
other end terminates in three branches provided with small
clamps for attachment to the three wires of the high-tension
circuit. The small clamps, moreover, are fastened on bamboo
rods. After the device has been grounded to the rail the line-
man ascends the pole and attaches the smaller clamps to each
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of the three wires, to which they are secured firmly by thumb
screws. When the repair work is completed, the grounding
devices are removed from the line and the foreman of the power
station 1s notified that the work is completed. If there are two
breaks in a line, or repairs are to be made on the same section
at two points, the repairmen act independently of each
other in getting the line cut out. Even though it is known that
the line is ‘“‘dead,” the second repairman proceeds just as
though it is “‘alive.”” In such an event the switchboard oper-
ator receives two orders, and must receive an order from each
of the repair gangs that the work is done before putting cur-
rent on the line. The three wires of each circuit are located
on each side of the pole, and it is customary for repairmen to
work on one circuit while that on the other side of the pole is

alive. However, they never work under this condition on wet

X2 XemporaceR

STREET RAILWAY JOURNAL.

621

REPORTS ON SWITCHES

An accurate record is kept of the position of all switches at
all times on the high-tension lines. The switchboard operator
in the power house is provided with a blank having upon it
spaces for indicating the position of each switch, and a diagram
of the high-tension lines for indicating the position of cutting
through switches. When the switchboard operator comes on
the watch at the power house he calls each sub-station operator
over the telephone and has him report the position of all the
switches in his sub-station.

The switchboard operator then marks his sheet, indicating
the closed position of the various switches by connecting the
lines left disconnected on the chart with a pencil mark. This
chart is then compared with the preceeding one, and if it does
not agree, the proper sub-station is called up and the error
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or rainy days. On such days, if repairs must be made, both
lines are cut out.

No provision is made for subjecting the lines or other high-
tension apparatus to high-voltage tests. Broken insulators
are always located by inspection. The peculiar humming
sound given off by a cracked insulator usually enables it to be
located a week or more before it breaks down completely.

Telephone and telegraph lines are located on poles on the
opposite side of the track and about 75 feet distant from the
high-tension lines. Except in very damp or foggy weather
there is no inconvenience from induced currents. The two
high-tension lines are always operated in multiple, as this is the
most economical method of operation. Each line is connected
to the bus-bar at every sub-station and the two lines are there-
fore tied together at each sub-station. This method is not
only the most economical one but, as already stated, a break
down or cutting out of one line between two sub-stations simply
results in the shunting of all the current over the other line for
a short distance.

located. Any changes made in the connecetions afterwards are
reported and indicated on the sheet, together with any special
remarks, such as time current was off the line.
THIRD-RAIL REPAIRS

The patrolmen usually wait until several third-rail insulators
are broken on their section before beginning to replace them,
and they then call upon the patrolmen of the adjacent section
for help. The two men carry a lever with which the rail is
raised high enough to allow the insulator to be slipped under
it During July there were 91 broken insulators. There is
a total of about 82,000 insulators on the 125 miles of third-
rail, and the breakage for July was consequently a little over
one-tenth of 1 per cent. The trouble report for July, which
is a typical one, also showed three broken posts and eleven
defective protection boards and one defective jumper. Only
one or two cases have been reported of grounding of under-
ground jumpers under highway crossings and at other points.
The jumpers are of rubber covered weather-proof wire run
in bituminized fibre conduit laid in concrete. Rail creepage
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and the straining of jumpers, however, has caused some
trouble. For emergency use cables are kept at several of the
sub-stations and the patrolmen are instructed to watch jumpers
closely, and in the event of one being found hot to install the
extra cable in a temporary manner by burying it a few inches

below the roadway.
BOND TESTING

Comparatively little trouble has been experienced with poor
bonding. A Whitney bond tester is used, but on account
of the intermittent flow of current through the rails little head-
way has been made in making a thorough test of the bonding.
The company is contemplating the use of a car fitted with
a motor generator set and the necessary instruments for making
these tests.

WEAR AND CREEPAGE OF THIRD-RAIL

Creepage of the third-rail occasioned considerable incon-
venience soon after its installation. The tendency of the rail
is to creep in the direction of travel and, as has been men-
tioned, caused trouble by pulling on and straining the jumpers
between sections. In a few extreme cases of creepage three
or four feet of one end of the rail was cut off and was spliced
to the short end. Expansion of the rail gave trouble particu-
larly on curves by breaking insulators. Trouble from creep-
age and expansion was practically eliminated by loosening
the angle bars and oiling the joints. The bars were made
loose and are kept so by the patrolmen, who go over the
joints occasionally and strike them with a sledge. As a
further precaution anchors are being installed at intervals of
from 1000 to 1500 ft. Nothing is being done to prevent
the rail from rusting. It has become coated with rust, but it
is believed that it will not be eaten to any depth.

FIGHTING SLEET

Sub-station men are instructed to keep close watch at times
when sleet is likely to form, and to give immediate notice of any
signs of sleet to the line foreman, who Is in constant touch
with all points on the line. Calcium chloride cars are held
for emergencies at Camden and at Atlantic City, and these
are hauled over the road by steam locomotives or motor cars.
The cars are simply old box cars provided with barrels hav-
ing an outlet extending over the third-rail. In summer the cars
are usually dismantled and used for other purposes. Shoes
with cutting edges of practically the same design as used on
the Long Island Railroad are employed in winter, and are
supplied with an extra tension device. Without the device
the tension on the shoes is about 18 lbs. and the pressure may
be increased up to 90 or 100 lbs. with it. It can be put into
service without tools in a very few minutes. The winter shoes
are removed in summer because of the danger of wearing the
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side approaches and replaced by lighter shoes. These ap-
proaches are the only part of the third-rail insulators showing
wear, there being no perceptible wear of the rail or the end
approaches or of the section insulators, which are installed
midway between sub-stations and at sub-stations.

Switches and fuses are located in boxes at the section in-
sulators between sub-stations. Instructions issued to operators
and others concerned state that the station and signal tower
operators are to open the switches when instructed to do so
by the superintendent or in case of wreck at the request of the
motorman or conductor or the section foreman. The third-
rail foreman is to see that they are properly closed. Those
who open the switches are to take the name and occupation
of the person requesting them to do so, and they are to advise
the superintendent promptly after doing so. Each box is
supplied with a hook on a long wood handle and this is
hooked into the blade when opening the switch.

THIRD-RAIL, PROTECTION

The third-rail is provided with protection boards in yards,
at stations and at other points where people might come in
contact with it. Cast iron warning signs are erected on
posts at all highway crossings, and notices in the cars state
that the third-rail must not be stepped on or touched and
that passengers must not get off cars except at stations and
upon station platforms.

NIGHT OPERATION

Electric cars are not usually operated between the hours
of 1 and 5 a. m., but as the motor-driven compressors used
in connection with the signal system take current from the
third-rail the sub-station in the power house is usually operated
continuously and current kept on the third-rail twenty-four
hours.

TROLLEY AND OVERHEAD CONSTRUCTION

The patrolmen on the sections equipped with trolley keep
record of all repairs and defects the same as the third-rail
patrolmen and send in reports to the foreman, who makes out
reports summing up all troubles, which he sends to the office
of the assistant electrical engineer. These reports are then
summarized for the month on special blanks. A baggage
car fitted up as a repair or tower car is used in making repairs.
The car is pulled over the road by a steam locomotive or
motor car. Lightning arresters are placed on every eighth
pole or at 1000-ft. intervals, and these protect the trolley line
satisfactorily.  Arresters are inspected after every storm.
Only one car has been struck by lightning. This happened
when lightning struck a signal bridge just as the car was
passing under it and resulted only in the blowing of the control
circuit fuses.




MAINTENANCE OF ELECTRIC ROLLING STOCK,
WEST JERSEY & SEASHORE RAILROAD

The original electric car equipment of the West Jersey &
Seashore Railroad consisted of sixty-two passenger cars and
six combination baggage and mail cars. Recently seventeen ad-
ditional passenger cars, two combination passenger and baggage
and two straight baggage cars were added. The cars are 55 ft.
514 ins. long and 9 ft. 834 ins. wide over side sills and are
of the Pennsylvania standard wood construction. They are
mounted on Baldwin M. C. B. trucks. Two G. E. 69 C.
motors of 200-hp capacity each are hung on one truck, which
has a 7-ft. wheel base. The wheels of this truck are 36 ins.
in diameter and have 3-in. steel tires shrunk and bolted on.
The control equipment is the Sprague-General Electric auto-
matic multiple unit type. All the wiring is in iron pipe con-
duit. The trail trucks are fitted with Schoen 33-in. solid
rolled steel wheels.

CAR REPAIRS AND INSPECTION

Heavy repairs and general overhaulings are made in the
Pavonia shops of the Pennsylvania Railroad Company, lo-
cated near Camden. These shops were formerly used as a
general locomotive and coach shop, but repairs to locomotives
have been discontinued and the shops are now used for steam
and electric car repairs only. There are three inspection sheds
on the road. One at Camden near the terminal train sheds
has three tracks, each of which will hold three cars. The
shed at Atlantic City has two tracks and that at Millville one
track. The tracks in all the sheds are provided with pits.
At the two smaller sheds only emergency repairs and inspec-
tions are made. All regular inspection is done in the Camden
shed, which is well equipped for such inspections and also
for making light repairs. One track is equipped with an
overhead traveling crane and a small shop is provided in one
corner. There are no storage barns for electric cars on the
system and when not in service the cars are stored outside
at the points at which they are likely to be required.

Inspection of the electrical apparatus is made on a mileage
basis. When the road was put into operation the limit was
600 miles, but it has since been increased to 1200 miles.
The mileage is computed by the night inspector from the con-
ductors’ slips by multiplying the number of trips the car has
made during the day by the miles between terminal points.
When the cars have made in the neighborhood of 1000 to
1200 miles, a list of such cars 1s given to the station master
at the electric terminal, who instructs the yard drill crews to
have the cars set aside for inspection. The average time be-
tween inspection varies from three to seven days, according to
the season of the year. The inspections are so arranged that
all cars will be in service Saturday afternoons and Sundays.

On Monday mornings about half of the total equipment is
due for inspection, and all men in the shop are put at inspection,
and from 20 to 30 cars are gone over. The number inspected
per day then diminishes towards the latter part of the week
and by Saturday noon all reported have been gone over. At
these inspections the hand-hole covers of the motors are
removed and the motors are blown out and the commutator
brushes and the clearances are inspected. A French brush
manufactured by Le Carbone Company is being used. The
commutator end armature bearing is oiled with 114 gills and
the pinion end bearing with 2 gills of oil. The compressor
motor armature bearings are also oiled. The control ap-

paratus is opened up and the switch and interlock contacts
are cleaned with sandpaper.
Triple valves and engineers’ valves are inspected and cleaned

every three months.
OILING

The journals are oiled and taken care of by a man stationed
on the terminal platform. An unusual amount of oil is re-
quired on the motor axle bearings because of the sand roadbed.
Attempt is made to flood the sand out by wsing a pint of oil
on a 5000-mile basis. Because of this sand roadbed, the side
bearings are not lubricated, but the center bearing is lubri-
cated every three months. Gears are greased with 4145 lbs.
of grease every two months. The crank shaft bearings and
the gears of the compressors are oiled every 30 days.

TROLLEY WHEELS

Although the cars are operated in trains, it is necessary to
have one trolley wheel on each car in contact with the wire,
for otherwise there is danger of blowing the trolley fuses.
The trolley wheel is 514 ins. in diameter and is of special
type, having a hub 3 ins. long and V5 in. in diameter. The
long hub necessitates a special type of harp to prevent the
wire catching between the harp and the wheel. The wheels
have a life of about 1500 miles and are oiled and inspected
by a man at the Camden terminal after each round trip.

BRAKE SHOES

Cast-iron brake shoes have been tried, but their life was
too short and the U Lappin flanged steel back shoe made by
the American Brake Shoe & Foundry Company is now used.
The original weight is 39 lbs. and they are worn down to 16 or
17 Ibs., giving 22 and 23 lbs. of wear. Due to the fact
that the cars are not turned at terminals the shoes wear very
evenly.

CONTACT SHOES

There is very little breakage of contact shoes and prac-
tically all of them are replaced because of wear. A few have
been broken by striking obstructions left by track men and
laborers.  The number replaced per month varies from 20
to 75. In June, 34 were renewed and replaced. During
that month 65 cars were operated with a total mileage of
292,767 miles.

ELECTRICAL EQUIPMENT TROUBLE

Troubles with equipment have been extremely light. In a
vear'’s time there has been only one grounded armature.
There has been no field trouble at all and the motors have
never been known to flash over between brushes. Trouble
with pump motors have been limited to those caused by bad
brushes and there have been very few cases of control trouble.

INSPECTION FORCE

The inspection and light repairs are in charge of the fore-
man of electric cars. The force in the inspection shed at Cam-
den consists of a barn foreman, electrical and air brake in-
spector and oilers.  There are also four men engaged on truck
repairs and replacing wheels, and there are two carpenters
employed in making general repairs.

The outside inspection force consists of day and night
general inspectors and a trolley pole inspector at the Camden
terminal and day and night inspectors at Millville and Atlan-
tic City. For the use of the Atlantic City and Millville in-
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spectors extra jumpers, trolley wheels, oil and waste are kept
at these points.
GENERAL OVERHAULING
The cars are given a general overhauling in the Pavonia
shops on a 50,000-mile basis. The motors are opened, the
fields removed and the

STREET RAILWAY JOURNAL.

[VoL. XXX. No. 15.

on which it works. Particular attention is given to over-

coming troubles which would result in delay on the road.

For use in instructing the men a book has been compiled and
special instruction apparatus has been built.
INSTRUCTION APPARATUS

All of the controller parts have been hung on frames in such
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ture is then given a ground test of 1000 volts. Armature bear-
ings are usually renewed to prevent possible danger of them
wearing through the babbit lining and cutting the shaft. The
lining is only 1/16 in. thick, and with new bearings there is
only 3/16 in. clearance of the armature.  The controller com-
pressor, air brake equipment and all parts get a general clean-
ing at overhaulings. It is the intention to bring the cars in for
varnishing and painting every year.
T EMPLOYMENT AND INSTRUCTION OF TRAINMEN
Steam locomotive men only are being employed as motor-
men, and of the applications for motormen those longest in the
service are given preference. The men are already familiar
with the road so that they need instruction regarding the elec-
trical equipment only. A special instructor is employed to
teach them regarding the apparatus and the general principles

Pennsylvania Railrcad Company
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placed over the painted outline of motors serve as fields and
armatures and other lamps in series represent the rheostats.
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After the men have received instruction they are subjected
to examinations regarding what they would do to get a train
in operation under different conditions.

THE INSTRUCTION BOOK

A general notice in the instruction book states that all
trainmen will be required to become familiar with the name,
location and purpose of all apparatus in order that they may
carry out instructions given them by motormen or conductors,
and that motormen will be required to know in addition the
general principle upon which the operation of the various ap-
paratus depends, the manner in which it should be operated
and the method of procedure in case of train failure. The
book describes in a rather detailed manner the air brake ap-
paratus, including the compressor and the compressor gov-
ernor. Instructions are given regarding handling the brake
in service and also regarding what is to be done in cases of
failure of the brake to work. The motor control and the
master control circuits are treated in a similar manner. In
connection with the descriptive matter numerous cuts are
presented, several of which show cross section views of the
apparatus. A complete diagram of the control and motor
circuits is given so that there is nothing to prevent the student
going as deeply as he desires into the workings of the apparatus.
The cuts on brake equipment and control apparatus are
bunched, and those to which frequent reference must be made
in following the reading matter are on insets, so that they can
be studied while the book is open at any page.

The instructions regarding caring for failures of the motors
and control apparatus are very much to the point and are as
follows:

A train failure—that is, a failure of a train of one or more cars to
nove or to attain full speed wlhen the directions for train operation have
been followed—may be due to one or more of the following causes:

First—Failure of power.

Second—Defect in master control circuit.

(a) Master control fuse blown or imperfect.
(b) Grounded train cable.

(¢) Poor contact in master controller.

(d) Loose train cable jumper.

Third—Defect in motor control circuit.

(a) Circuit breakers open.

(b) Bus fuses blown.

(¢) Loose or disconnected bus jumper.
(d) Main fuse blown.

(e) Shoe or trolley fuses blown.

Fourtb—Failure of air brakes to release.

A failure of power can be detected by closing the lighting switches; if
lights burn, power is on.

To determine if master control circuit is open, turn master controller
kandle to the first notch and open the master controller switch. The noise
of slight arcing indicates that tbe master control circuit is closed and
that the trouble is elsewhere. No arcing shows that the master control
circuit is open and indicates that fuse is blown or imperfect. A black or
charred spot in the center of the label, called a “Tell-tale,” indicates that
the fuse is blown and should be replaced. A fuse which shows no indica-
tion of being blown should be tested to detect faulty construction by re-
moving a fuse from a lighting circuit and inserting the fuse to be tested.
The lights burning indicate that the fuse is good, and it can then be
replaced.

To determine if train cable is grounded, operate tbe master controller.
1f tbe master controller fuse blows, it indicates that one or more wires of
the train cable are in contact with the ground, and the cable is said to be
“grounded.”

To locate a ground in the train cable, disconnect train cable on oper-
ating car from rest of train by removing train cable jumper from its socket
on second car. If the fuse now blows, when the controller handle is oper-
ated, it indicates that the ground is either in the operating car or its train-
cable jumper.

To determine whether ground is in train cable or jumper, remove the
jumper. If the fuse blows when the controller is operated, the ground is
in the car. If it does not blow, the ground is in the jumper, and a new
one should be inserted. If the fuse does not blow when the jumper is
disconnected from the second car, the jumper should he replaced and the
one between the second and third car disconnected from its socket on the
third car, and so on until the fault is located.

If the fault is found to be causcd by a defective jumper, and if the
train is not provided with an extra jumper, the jumper betwcen the last
two cars of the train should be taken to replace the dcfective one,

If the fault is found to be on the car and not in tbe jumpers, tbe
seven-point control cut-out switch on that car should be turned to the
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“off”” position, and the test repeated. If the fuse still blows when the
handle is operated the fault is in the train cable. If the fuse does not
blow, the ground is between the cut-out switch and the contactors, re-
verser and circuit breaker. If this is the case the cut-out switch on the
defective car should remain in the “off” position, thus cutting out the
fault as well as rendering that car inoperative, but in no way interfering
with the train cable, and permitting the operation of other cars in the
train, through the train cable in the usual manner.

If opening the cut-out switch does not remove the fault—that is, if the
fault is in the train cahle and the defective car is near the rear end—the
train should be operated from the front car as usual, the defective car
and those following being cut out by removing both train cable jumpers
on that car; if at or near the head of the train, the train should be run
friom the following car, all cars ahead being cut out.

To detect poor contact in master controller, open the master controller
switch, remove the cover from the controller and turn the handle slowly,
ncting if each finger makes good contact with the drum. If any contact
is poor and cannot readily be readjusted by the motorman, he should run
the train from the next car.

To detect loose train cable jumper the trainmen should note if the
contactors on each car are working while the train is accelerating. If
there is a loose train cable jumper, all cars ahead of the jumper will
operate; othcrs will not. The motorman should be immediately informed
if any car 1s not operating.

If one or more circuit breakers of a train blow when starting or
running, return the controller handle to the “off” position and move the
handle of the circuit breaker switch to the “on” position. If the circuit
bieakers again blow when the controller handle is operated, the brakes
should be examined to see if they have released.

If the circuit breaker on any car repeatedly blows, the motorman
sbould make an examination to see that it is properly adjusted. If the
trouble is not with the circuit breaker, the car should be cut out by open-
ing the seven-point cut-out switch on the switchboard and the main switch
beneath the car.

An open circuit in bus-line may be detected when the train is at a cross-
over and current cannot be obtained on operating car, although other cars
of the train have current. This indicates that the bus-line fuse or fuses
are blown, or that a bus-line jumper is loose or disconnected between the
operating and adjacent cars.

The motorman should inspect the bus-line jumpers, and if the trouble
cannot be quickly remedied, he should go back to the first car having
current and move the train through the crossover. The motorman should
then return to the first car and proceed in the usual manner.

When the main fuse is blown the motors will not operate, although the
contactors may be in working order and the circuit breaker closed. This
should occur very seldom, as it can only be caused by short circuit or
gtounding in the motors or motor circuits, which are usually protected by
the quicker acting circuit breaker. This fuse should not be replaced on
the road except to avoid serious delay to the service, as in the case of
sivrgle cars. Before renewing main fuse, open the main switch.

A shoe fuse may blow from short circuit, grounding of tbe car wiring
on some part of the car or truck, or may be caused by a contact slioe on
the car or train grounding, due either to being broken or from fouling
or picking up something along the line. If it is necessary to replace a
shoe fuse on the road so as to prevent delay to service, the motorman
should open the third-rail switch on the switchboard and insert the
wooden paddles, provided for that purpose, between all shoes on that car
that are in contact with the third-rail

A trolley fuse may blow from short circuit or grounding of tbe car
wiring on the car or truck, or because it has been overloaded by running
in a train with other trolleys down and taking current for the whole train
tkiough the one fuse. If this latter has been the cause, the fuse should
be replaced on the road if it is required to prevent delay to service. Be-
fore replacing the fuse, pull down both trolleys and open the trolley
switcl.

REPORT OF CARS INSPECTED

The foreman of electric cars sends in to the office of the as-
sistant electrical engineer a daily report which shows by their
rumbers the cars inspected, their mileage since last inspection,
and the number of days out of the shop.

There 1s also given the total mileage of all the cars since
their last inspection, the average mileage maximum and mini-
mum mileage and the average number of days out of the shop.
The report for Aug. 6, which is a typical one for the sum-
mer season, showed:

Total mileage ..:.ci.emovmimsnes G R WSS R 20,511
Number of ‘cars inspecteds . m:scswimimemnsss e se 21
Average Mileage «s:wsms s mems s omases oswsmssss 1,262 3/7
Average number of days out of the shop.......... 520/21
B T T L e R e e e bt i e i 740
Maxinmum, MIEAGE .. w. i me v ouiaioie s sioie oo o 1,845

RECORDS OF DETENTIONS
An effective method is pursued to find out the exact cause
of all train detentions and the amount of detentions. Motor-
men are supplied with blanks for reporting the extent and
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cause of detentions. The blanks are put up in books con-
sisting of 50 duplicate yellow and white sheets. A heavy
cardboard cover has printed on it a list of possible causes of

- o detentions which serve as suggestions and guides in making out
: g R reports.  The blanks have spaces for filling in the car numbers,
- g the place and cause and the number of minutes of any de-
oy tention. They are made out in duplicate at the end of each

o v : trip. The original on white paper is handed to the inspector

s at the terminal and the copy on yellow paper is deposited in

= a box and is later sent to the road foreman of engines. The

PT— R cause of detentions is given as specifically as possible, together

weeg onvs with such information as will enable the inspector to readily

0804g 1093U0)

locate the trouble.

The yellow copies received by the road foreman of engines
are carefully examined by the air-brake and electrical inspec-
tor, who notes whether the motormen took the right procedure
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= — in remedying the trouble. In case they were unnecessarily long
2 r and evidently did not understand exactly what to do, he gives
"o rng them instructions. All such detentions are called to the
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wmoyg eony

notice of the other motormen in order that they may be posted
as to what to do in similar circumstances.

As a check on the reports the inspector examines the equip-
ment reported and either 0.k’s the motorman’s report or makes
out a more complete one. In either case the motorman’s re-
port, and if there be one, the more complete report is sent to
the foreman of electric cars at Camden. Even though there
are no detentions the motorman makes out a defect slip, mark-
ing it o.k.

The conductors are also required to make out a regular re-
port of all detentions, which is telegraphed to the train dis-
patcher at the end of each run. In addition he has a special
form for reporting broken windows, seats and any defects about

e the car which do not come properly under the jurisdiction of the
pr—— motormen.  These reports are handed to the terminal inspec-
tor, who sees that the necessary repairs are made before the car
goes out again. The train dispatcher makes out a report from
the conductor’s blanks which are sent each morning to the
heads of departments. A list of all train detentions, due to
motive-power failures, is made up from these sheets by the
assistant electrical engineer and forwarded to the foreman of
electric cars, foreman of power station and line foreman, who
make a daily report of all failures with which they are con-
cerned. From these reports a daily report is made up by the
assistant electrical engineer and sent to the heads of the Motive
Power Department at Jersey City and Altoona. At the end
of the month a summary report of all motive-power failures is
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ELECTRIC TRAIN SERVICE

REPORT OF DETENTIONS TO PASSENGER TRAINS DUE TO FAILURES OF TRAIN EQUIPMENT FOR— ... _
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sy ZH- made up similar to that used in steam practice, which in turn
g is sent to the heads of Motive Power Department. This sum-
e mary includes 59 different defects, giving the number of deten-
:”:m:..: tions each day for any particular cause together with total
3 oD minutes lost. Totals are given for each day and for each
ZTE] tunnoom cause and the delays are reduced to car-miles per detention and
E : pepuncid car-miles per minute detention.
2| g In June this report showed 9 detentions with a total dura-
% 2re tion of 90 minutes, due to electrical equipment. This gave
: — 32,529 car-miles per detention and 3252.9 car-miles per min-
- u:...‘ ute of detention. On July 4, which might be said to have
. .H"‘j been the first crucial test of the electrically equipped road, there
B [ was not a detention due to defects of electrical equipment. The
Slaus | e car equipment is generally responsible for most of the deten-
g %83 [romeo tions; occasionally, however, the third-rail and the power-house
8 D e are at fault.
2 ES umolg 6803 (011U0D
hE ] TRAIN OPERATION
Ei 35| roauegsnep

The daily and Sunday time tables are followed closely and
comparatively few extra trains are run, as the length of trains

DATE
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is made to vary with the traffic. At times when the number Camden and Glassboro and local service between Atlantic
of passengers is uncertain a train of six cars is kept at the ter- City and Newfield.

minal. The rear cars are closed and as the front ones fill up For regular trains a system of numbers has been adopted
the rear ones are opened one by one to accommodate the new  such that the numbers distinguish electric from steam trains, and
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DIAGRAM SHOWING TIME-TABLE OF TRAINS ON WEST JERSEY AND SEASIIORE RAILROAD

arrivals.  The length of trains consequently varies from one to also indicate the service the train is in and to an extent the
six cars. During July the average length was 3 cars. time of leaving the terminal. Eleciric trains are numbered

The whole schedule is made up of four different sets of runs, from 1000 to 1700. Numbers from 1000 to 1200 are re-
express service between Camden and Atlantic City, through served for Camden-Autlantic City express trains; 1200 to 1400
trains between Camden and Millville, local service between to Camden to Millville: 1400 to 1600, Camden to Glass-
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boro; and 1600 to 1700 to Atlantic City and Newheld trains.

Eight numbers are reserved for each hour. This allows for
eight trains out of one terminal per hour without changing the
numbers of trains already scheduled. For example, the frst
train out of Camden in the morning is No. 1017 at 7 o’clock.
The number of the 8 o’clock train i1s 1025 and the 9 o’clock
one 1033. A train leaving near the half-hour has a number
four greater than that of the train leaving the hour preceding.
Extra trains take the number of the head car in accordance
with the custom of numbering extra steam road trains from the
locomotive number.
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good indication of the amount of suburban traffic that has been
established.  This 1s all the year around travel made up largely
of people going to and from their work in Philadelphia. Care-
ful attention is being given to its development, as it holds up
well throughout the year. The Camden-Atlantic City traffic
1s, of course, heaviest during the summer season. Last winter
it fell to a point where trains were required every two hours
only and usually the trains run were short ones.
TERMINALS

The only additional station facilities occasioned by the elec-

trification was a five-track train shed at Camden adjacent to
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ANALYSIS OF TIME-TABLE OF TRAINS DURING SUMMER SEASON, WEST JERSEY AND SEASHORE RAILROAD
The table shown above gives an analysis of the time table the steam train shed and a terminal at Atlantic City. Here a

for the summer season, and from this it may be noted that the
Saturday and Sunday schedule varies from the week-day one.
The difference consists primarily in increasing the number of
through trains between Camden and Atlantic City on Sunday
and decreasing the number of local trains between Camden,
Glassboro and Millville. The increased number of trains on
the through run to Atlantic City, however, is not a true indi-
cation of the increased number of passengers carried, as longer
trains are run on Sunday than on week days. The extra trains
on Sunday are run on the half-hour, as the regular week-day
trains are run almost every hour from 7 a. m. to 11 p. m.
The number of trains between Camden and Millville and par-
ticularly between Camden and Glassboro on week days is a

new passenger station, baggage-room and five-track train shed
was built at some distance from the steam terminal.

The five-track terminal at Camden has not yet been tested
to its full capacity, although in a given time the electric trains
have hauled as many passengers out of it as have been handled
by the steam trains in the thirteen-track terminal adjoining.
The fact that no switching is necessary and that an electric
train is ready to go out again as soon as it has been unloaded
and loaded decreases considerably the terminal station room
required. The lessening of the time at terminals results also
in better use of the equipment. On July 4 about the same
number of people were hauled on the electric line as on the par-
alleling steam road with twice the number of cars.




OPERATING FEATURES OF THE ELECTRICALLY
EQUIPPED SECTION OF THE ERIE RAILROAD

The recently electrified section of the Erie Railroad con-
sists of 34 miles of single track of the Rochester division, ex-
tending due south from Rochester through Avon to Mt.
Morris. The physical features of this single-phase road are
fully described in another section of this issue. In brief, how-
ever, it may be said that the road is supplied with current from
the high-tension lines of the Niagara, Lockport & Ontario
Power Company.

The one transformer sub-station is located at Avon, 19
miles from the Rochester terminal and 15 miles from Mt.
Morris. It supplies the entire line with power and contains
three 750-kw 60,000 to 11,000-volt transformers, the lower
voltage being that supplied to the trolley. The car barns are
located at Avon, adjacent to the sub-station. The six motor
cars are all equipped with the Westinghouse system of multiple
unit control.

OPERATING FEATURES

The electrical section is operated as a portion of the Roch-
ester Division, and has the same operating officers, with the
exception that the electrical features are in charge of a Super-
visor of Electric Service. Under this supervisor are eight
men employed in the maintenance of the electrical apparatus.
As the company supplying the power delivers the current to the
sub-stations the railway company is not concerned with the
operation and maintenance of the high-tension lines.

The sub-station is very economical with regard to the
amount of labor required to operate it. Two car-house men,
who work in 12-hour shifts, one at night and the other during
the day, have charge of the sub-station and each does not
usually devote more than an hour’s time a day in caring for the
sub-station. This time is spent in frequent inspections of the
station, occasional cleaning of the apparatus, and changing the
chart on the recording wattmeter once a day. This recording
wattmeter is used in addition to an watt-hour meter to measure
the energy supplied to the road. Up to the present no sys-
tematic plan of testing instruments has been inaugurated.
However, the oil used in the transformer is tested and run
through a dehydrater at intervals.

Although the cars are operated over a period of only 15
hours a day, under ordinary conditions, current is left on the
trolley twenty-four hours a day and the sub-station switches
are not disturbed except when for some reason it is desired to
cut the current off the trolley. Since the beginning of opera-
tion there have been no breakdowns of sub-station apparatus
or necessity of renewing parts, and it may be said that the
sub-station practically runs itself.

THE TROLLEY

The trolley line is inspected once a day by an inspector who
rides over the line on a regular train.  In addition once a week
a more thorough inspection is made by a man who either walks
over the line or makes the trip on a bicycle car. This trip is
made particularly to examine the condition of the poles. The
inspectors are part of the regular trolley maintenance crew of
three men. These men have their headquarters at Avon, and
although they work regularly only 12 hours a day, they are
within reach by telephone at all hours. Practically the only
trouble that has been experienced with the trolley line has been
the grounding of two or three strain insulators. Not one of
the porcelain insulators on the line has broken down in service.

The line crews are provided with box cars fitted with plat-

forms on the roofs. Repairs that are not urgent are made at
night. At such times the power is shut off and the repair car
is hauled over the road by a steam locomotive. When the lines
are to be repaired at night the linemen simply notify the sub-
station man to disconnect the current. It is a fixed rule that
after current Is once cut off it Is not to be put on again until
6 o’clock in the morning, but that it will be put on at this time
unless special word not to do so is received from the linemen.
To guard against possible accident the trolley is always
grounded by the men working on it.

Section switches are located at five points on the line or
about 5 miles apart. These switches are opened and closed
by the station agents nearest them only on orders from the
electrical supervisor. Up to the present time bonds have not
been tested but they are examined by the regular track walkers
and when found in bad order repairs are made by the regular
line crew.

Steam trains operate under the trolley, but several careful
examinations have failed to disclose any corroding effect on the
trolley and messenger wires due to the gases from the loco-
motives.

CAR MAINTENANCE

The car shops at Avon themselves contain no tools or ma-
chinery, but they are located adjacent to the Avon round-house,
which possesses some facilities for making repairs. However,
the shops are fitted with an arrangement for changing trucks.
Between two of the tracks there is a shallow pit containing a
transfer table large enough to hold one truck and provided with
a section of track. When trucks are to be changed the car is
placed so that the truck is on the transfer table. The car is
then jacked up and the transfer table with the defective truck is
pushed out sideways and the truck runs off on the adjacent
track.

Up to the present time there has been no occasion for ex-
tensive repairs to cars, in fact, the only work done on them,
which could not be classed as inspection work, has been the
replacement of contact tips and trolley shoes.

Cars are brought in for inspection on an 800-mile basis.
At this time the motors and all of the control apparatus and
the air motor are blown out with compressed air, the motor
brushes are taken out of the holders and examined, and the
electrical apparatus in general gets a thorough examination,
cleaning and oiling. All of the motor bearings are supplied
with oil wells in which the height of the oil can be determined.
The height is gaged at each inspection and oil is kept at the
proper level by additions whenever required. Journal bear-
ings get half a pint of oil each at inspections in addition to a
small amount of oil put in them each day at the terminals.

About 10,000 miles wear is gotten out of the pantograph
trolley shoes. These trolleys are kept on the wire with a ten-
sion of 8 lbs., the tension being tested with a spring balance
at every inspection. The shoes are lubricated with graphite
and vaseline once a day. Up to the present time copper shoes
have been used, but steel shoes are now being substituted.
About two hours’ time of one man is required to change trolley
shoes.

Cars are cleaned by the mechanical department at the Roch-
ester terminal.  All the car-barn work is done by two day men
and one night man, and two of these men spend a portion of
their time in the sub-station, as has already been mentioned.
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Some of the minor defects to cars are taken care of by two
inspectors, one located at each termina], who go over the cars
at the end of each trip. They are aided in this work by de-
tention reports filled out by the motormen and conductors.
These reports are made out in duplicate, one copy going to the
terminal inspector and another copy to the supervisor of elec-
tric service. Spaces are provided on them for the car num-
ber and the length, place and cause of the detention. The in-
spector on examining the equipment either endorses his ap-
proval of the report or sends it with a more complete account
of the defect to the supervisor. In all cases the defect is re-
paired at the terminal if this is possible.

Key Electric

STREET RAILWAY JOURNAL.

[Vor. XXX. No. 15.

has been experienced because of the mixed service. As the
operation of four classes of trains over a single-track line is
necessarily a complicated proposition, and as the Erie condi-
tions are typical of a vast majority of roads in the United
States, a graphical timetable of the line is presented on this
page. Particulars will also be given of the block signal system

under which the trains operate and are passed at the different
switches.

BLOCK SIGNAL SYSTEM
The electric division is protected by a positive manual block
signal system operated in accordance with the standard code of
the American Railway Association. There is a total of eleven
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GRAPHICAL TIME-TABLE OF THE TRAINS ON THE ROCHESTER BRANCH OF THE ERIE RAILROAD

TRAINING OF MOTORMEN

Old engineers only are employed as motormen. After an
engineer has made application for a position on an electric train
he is given personal instruction regarding the electrical equip-
ment by the supervisor and an instruction book gotten up es-
pecially for the equipment aids him in getting a knowledge of
the apparatus. After he has become, in the judgment of the
supervisor, sufficiently familiar with the apparatus, he is re-
quired to make several trips with a regular motorman and is
then given a run. 3

SCHEDULES

Four classes of trains operate over the electrified section—
electric trains which are first class, steam passenger trains or
second class, through freight or third class, and way freight
trains or fourth class. The only steam passenger trains run
are those which continue beyond the electrical section. As
first-class trains the electric cars have right of way over all
steam trains. In all other cases the general rules for train
operation of the Erie Railroad apply. No trouble whatever

signal stations and the blocks consequently average about 3 miles
long. Some of the signal stations are located at regular way
stations, and in most cases of this kind the regular agent operates
the signals. The signal towers at other points are in charge of
men working in twelve-hour shifts. The telephone is used in-
stead of the telegraph or the bell signal system, for communicat-
ing between signal stations, so that there is no necessity for the
tower men to be telegraph operators, and usually they are not.

All switches are electrically locked and are controlled from
the nearest tower.  This makes it impossible for a train to move
off a siding on to the main track without the knowledge of the

operator.

The operation of trains is in charge of a chief despatcher lo-
cated at Rochester. He, of course, supplies the motorman or

engineer with train orders on leaving, and under ordinary con-
ditions this train is blocked through without further orders.
The block operators know the schedule of the train and as the
time for it approaches each operator
operator ahead, asking whether or not the block is clear.

telephones the next

The
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first operator sets his signals in accordance with the reply, and
if the block is clear the second one sees that the stop signal is
set for opposing trains. The signals, however, automatically
return to the stop position. Trains off schedule are blocked
through in the same manner. The telephone is not em-
ployed in giving train orders, and where it is necessary for any
reason to give orders of this kind, they are received by the
motorman or engineer and conductor at regular way stations
from the telegraph operators at these points.

The term “‘positive”” block signal system carries with it
the idea that only one train will be admitted to a block at a
time, and does not permit of the free use of “‘permissive’” orders
whereby a train may be permitted to follow another one into
a block before the first one has cleared the block. Permissive
orders are given only by the chief despatcher, and are given
only in case of wreck or some very unusual occurrence. ‘When
they are given, a detailed account of the circumstances by
which they are occasioned accompanies them.

All block signal operators are required to keep block sheets
of the usual form which gives the times of the passage of the
trains together with the train numbers.

TRAIN SERVICE
The daily electric train mileage is approximately 500 miles
on week days and 400 miles on Sundays. On week days one
train makes six and another four round trips between Mt.
Morris and Rochester. A third train makes one round trip
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between terminals and in addition two round trips between
Avon and Mt. Morris. On Sunday the two trains operated
each make three round trips between terminals.

The schedule is somewhat irregular, but on week days it
approximates a two-hour service for twelve hours a day. The
run between terminals, 34 miles, is made in one hour and
twenty minutes. There are six regular stops and in addition
twenty-two other signal stops. The steam trains which make
only the regular stops are scheduled at approximately the same
speed as the electric trains.

The electric trains vary from one to four cars in length, but
in ordinary service one and two-car trains are run. [wo-car
trains are usually made up of a motor car and a standard
steam coach as a trailer. Longer trains contain two motor
cars. In general it may be said that the length of trains varies
with the traffic, for at terminals trailers are kept behind motor
cars and are either left behind or coupled up as the service
requires.

The train crew of single cars consists of a motorman and
conductor, but two-car trains carry a brakeman in addition,
and a brakeman is always carried when there is baggage to be
handled.

The notable feature in the operation of the electrical division
is the few men required to operate and maintain the electrical
apparatus. The alternating current sub-station, of course,
eliminates a great deal of labor, as does also the absence of
trouble on the line or with the car apparatus.

PL . . S '




OPERATING FEATURES

OF THE FIFTY-NINTH

STREET STATION OF THE INTERBOROUGH
RAPID TRANSIT COMPANY

The Interborough Rapid Transit Company operates two
generating stations, one at Fifty-Ninth Street and North
River, for the subway system, and another at Seventy-Fourth
Street and East River, for the Elevated lines. As superin-
tendent of motive power of the Interborough system H. G.
Stott has charge of both stations, and the engineers immedi-
ately under him divide their time between the two. The
same general practice is consequently followed in the opera-
tion of both plants except where different practice is necessi-
tated by differences in design. The operating features of
the Fifty-Ninth Street station are therefore representative of
the Interborough Company’s central station practice.

The construction of this station was described by John
Van Vleck in a contributed article in the Street Railway Jour-
nal of Oct. 8, 1904, so will not be taken up here. It is suffi-
cient to say the station is built on the unit system. Each sec-
tion consists of twelve boilers, two reciprocating engine driven
units, two condenser equipments, boiler feed pumps and smoke
flue systems. This sectionalizing system is carried out for the
five secticns installed, with the exception that one of the recipro-
cating engine units is substituted by three 1250-kw turbines.

COAL

Pennsylvania semi-bituminous coal is used exclusively and
is bought and delivered under printed specifications which re-
quire that it be delivered by water in self-trimming lighters
containing at least 700 tons. According to the specifications,
“Coal must be a good steam, caking, run of mine, bituminous
coal, free from all dirt and excessive dust, a dry sample of
which will approximate the company’s standard in heat value
and analysis as follows:”

CATIIEN i e sererg s e sresois o s e s i e e e 3 e e et o s s £ s 71 per cent
Volatile MatlEr . cucuusiem. o om e bd siisme e 20 “ ¢
) S g ¢ <
Sulphur .. e 1.50 “ ¢
Y T (UL anona mas amm s 060 m ohmsn Kt s b mm e 14250 ¢

Samples for analysis are obtained from each lighter by tak-
ing a quantity from each weighing hopper. The bulk so ob-
tained is crushed and quartered successively to about ten
pounds and placed in a box. Other bulks obtained while
the lighter is being unloaded are treated in a similar manner,
and finally the entire bulk obtained is crushed and quartered
to a two-pound sample. This is afterwards pulverized and
submitted to chemical analyses by the company’s chemist.
The analyses are made in accordance with the standard
adopted by the American Chemical Society, and the results
of the analysis made each day are sent to the station on spe-
cial blanks at the end of each week. Samples for moisture
determination are taken from the sample bulk before it is finally
crushed and quartered.

The price to be paid by the company varies from the con-
tract price in accordance with the moisture b. t. u., ash,
sulphur and volatile matter values as shown by analysis.
Roughly, one cent per ton is deducted from or added to the
price for each variation of 50 b. t. u. below or above the
standard value. Deductions are also made for excessive
amounts of moisture, volatile matter, ash and sulphur.

One of the two coal handling plants consists of a movable

electric hoisting tower on the dock, containing a crusher and
weighing apparatus. A clam shell type bucket of 44 cu. ft.
capacity, operated by a 200-hp motor, elevates the coal from
the lighters to the crusher. The other coal handling plant is
entirely steam driven. After being weighed the coal falls on
belt conveyors and is carried to the bunkers. Seven men are
required to operate the plant at a rate of 185 tons per hour.

The bunkers usually contain about 7500 tons. The sta-
tion is operated on 2.38 lbs. of coal per net kw-hour output.
The bunkers are cleaned out thoroughly once in four months,
and very little trouble has been experienced from fires in them.
When fires do occur the coal is drawn and burned out as fast
as possible. An arrangement for transferring coal makes it
possible in the event of fire or other emergency to take that
from any one bunker and distribute it to all of the boilers.

BOILER ROOM PRACTICE

The boiler installation, which consists of sixty 600-hp Bab-
cock & Wilcox water-tube boilers, is on one deck. All are
provided with Roney automatic stokers. Ashes are dis-
charged into hoppers underneath the furnaces, and thence into
ash cars on the basement floor. Sturtevant fuel economizers
are located on the floor above the boiler room and over the rear
end of the boilers.

The boiler force consists of one water tender, two stoker
operators and two assistant stoker operators to every set of
eight boilers. During the day the second assistant engineer
is in charge of the boiler room, and there is in addition a watch
engineer for each watch. The boiler room force, as well as
all the men of the steam department, work in eight-hour shifts,
the changes being made at 8 a. m., 4 p. m. and 12 midnight.

The high peak loads and the periods of very low loads
necessitate the number of boilers in service and the rate of firing
these to be varied greatly during different portions of the day.
To provide for the irregular demands for power the number
of boilers required to be kept in reserve and to be kept banked
is rather large. Usually the monthly report shows the
number of banked boiler hours to be approximately half the
number of service hours, and in addition the number of reserve
hours is near one-third that of the service hours. An idea
of the coal consumption occasioned by the irregular firing may
be obtained from the fact that a banked boiler requires 150
lbs. of coal per hour. The reserved boilers, of course, require
considerably more.

The irregularity of the load moreover allows the boilers to
be fired at their most economical rating, which is the full load
rating, for only about six hours in twenty-four. During the
peak load they are fired 35 to 50 per cent above rating, and
during the early morning hours they are just kept alive. Over
a twenty-four-hour period the average rate of firing for the
active boilers is about 80 per cent.

Firing conditions will be considerably improved by the in-
stallation of a duplicate set of stokers under the rear of the
boilers. The installation is now being made, and when com-
pleted the boilers may be fired during the peak load at double
their rated capacity. This will, of course, decrease the num-
ber of banked and reserved boilers required.

Draft on the fires is controlled by dampers placed in each
boiler uptake. The automatic feature of these dampers has
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been discarded, and they are now regulated by hand. At
tempt is made to keep the draft at .25 in. for a boiler working
under average conditions, as it has been found by a long senes
of experiments that with the coal used this gives the most
economical results. The dampers are not changed, but the
furnace doors are closed when a boiler is banked or reserved.
The draft of .25 in. is cut down about .05 in. by the drop
in the economizers.

Flue gases leave the boiler at about 480 degs. and the
economizer at approximately 320 degs. A CO: recorder
installed has connections to all of the boiler uptakes, and the
analysis of the gases shows from 10 to 14 per cent of CO:
under normal conditions. Indications as high as 17 per cent
have been made for all-day periods.

As a check upon the firemen and as a precaution against
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loose sediment. At such cleaning the fires are allowed to go
out 12 hours before emptying, so that the boilers are prac-
tically cool when flushed. The boilers are never blown
down, as frequent washing removes the necessity of doing so.

When the station was erected forty-eight boilers were
equipped for hand firing, arrangements being made, however,
to install automatic stokers should it be deemed advisable.
The fact that hand firing with anthracite coal did not permit
the boilers to respond to the sudden fluctuations of load was
largely responsible for the abandonment of hand firing alto-
gether.

FEED WATER, ECONOMIZERS AND CONDENSERS

All of the condensers are of the barometric type, and all of
the boiler feed water is obtained from the city mains. Un-
treated water is used, but it is probable that chemical treat-
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smoking chimneys a man stationed on the dock watches the
smoke stacks, and when smoke is observed notifies the firemen
of that section of the boiler house by means of an electric
signalling system, and they at once remedy the cause. The
watchman sends in his report on a special blank, which gives
the time the stacks were observed to be smoking and also the
names of the stoker operators on each watch.

The exterior of the boiler tubes are blown off with steam
every watch, or, in other words, at eight-hour intervals. The
interior of each boiler gets a general cleaning once a year, and
this requires the time of two men for four days. The deposit
on the tubes, which is largely calcium sulphate, varies from
practically none in the bottom portion up to a coating of 13 in.
thick on the top rows of tubes. An air-driven turbine tube
cleaner is employed in the work. In addition every two
months the bottom rows of tubes and the mud drums are
cleaned, and at intervals of three weeks the boilers are emptied
and enough feed water is injected into them to wash out any

ment will be adopted.  This treatment will, of course, elimi-
nate to a great extent the mechanical cleaning of the boilers.

Water from the city mains is piped into open type feed
water heaters and thence into storage tanks, and from the
tanks it is fed through the economizers to the boilers. The
feed water heaters add 50 degs. to the temperature of the
water, which is received from the mains at about 60 degs.,
and the economizers add about 100 degs., so that the water is
fed into the boilers at about 210 degs. The efficiency of
the economizers, it may be seen, is rather high, and reduces
the coal consumption approximately 10 per cent.

Automatic regulators on the boiler feed pumps keep the
feed line pressure at about 20 lbs. above the boiler pressure,
and the feed to each boiler is regulated by the water tender.

The economizers are arranged to be operated either in mul-
tiple or series. The customary practice, however, is to oper-
ate them in series or to make all water for a unit of three
boilers pass through all of them in succession, as by so doing
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so that no trouble is occasioned by blocking of the intake with
ice. The screens at the river end of the flume are raised and
cleaned once a day by three men, who spend about one hour
in the work.

The average vacuum carried is 2734 ins. The tempera-
ture of the condenser water, which is supplied in the propor-
tion of about 45 to 1, is about 45 degs. in winter and in
summer 60 degs. In summer the temperature of the dis-
charge is approximately 110 and in winter 100 degs. The
condensers require no cleaning whatever. The pumps are
started against a head of about 45 ft., but the vacuum in
the condensers reduces the effective head to about 15 ft.

OILS

The practice of requiring oil furnished to conform
to a specified formula of ingredients has been abandoned,
partly because good and bad oils sometimes
showed ingredients so nearly in the same pro-
portion that chemical analysis did not indicate
the difference. Results are now specified, and
a certain wear and appearance of the bearing
are required.

The engine bearings are flooded with oil
under about 30 lbs. pressure from a central oil-
ing system containing about 10,000 gals. The
amount circulated per hour varies with the
number of engines in service, there being 200
gals. circulated per hour for each large unit
operated. About 50 gals. of oil are lost out

Qauge Prosears, e,
Faclor of Evaporatios » =+ = =

a=

Coul Oonvumed ~Totel oo, = = .
Combastible Comsumed--Total fbu. » =

STREET RAILWAY JOURNAL.

TOTAL FOR MONTH.—POWER STATIONS.

Tomperature Crolse Weter, Deg. F.—Averags o7 MesOh =
Temparalure Feed Weter, Dog, F.~Aversge for Moath -

Water Eveporaled by Bollers, Totalths.
Exqulv, Walor Evap. from and ot 212% F,, Tetal 1

Actual Evaporalioe per b, Coal » =~ -
Actusl Eveporalion por b, Comburtible -
Equlv. Evep. from and ot 212* F, per Ib. Coal =

635

best showing was made. Further loading was prohibited by
the heating of the generator.

About one-half hour is required to warm up a cold tur-
bine, but as valve leakage usually keeps them warm they can
be started up and gotten under load in an emergency in about
five minutes. The reciprocating engines have the advantage
with respect to time required in starting, as it is the common
practice to get them under load from a standstill in two min-
utes, and it has been done in 45 seconds.

SWITCHBOARD

The control and instrument boards are located on the sec-
ond gallery above the engine room floor, and speaking tubes,
telephones, red lights and whistles are employed as means of
communication between the men in the gallery and the engin-
eers and floor men. When a unit is to be started the engineer

e -
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of the system per day, some of this being drawn
off in filtering the oil and the remainder being
lost in leakage.

The oil, after being filtered through canton
flannel bags, is passed slowly through a tank
provided with barriers, which necessitate it
flowing first to the top of the tank and then to
the bottom. The finer impurities are pre-
cipitated to the bottom of the tank. This
precipitate and the water carried into the filters
with the oil are cleaned out each day. The
bag trays are made in duplicate so that the
oil may be diverted from one to the other,
while the bags of one tray are being cleaned.
The bags are washed each day in the power
house laundry.

TURBINE PRACTICE

The station is provided with three 1250-kw
Westinghouse turbo-generator units used for
lighting the subway. Maintenance cost of
these turbines and of those in the Seventy-Fourth
Street station of the company, in comparison
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with the reciprocating engines, show ten to one

in favor of the turbines. In arriving at these

results actual maintenance figures were taken, and those for the
tutbines were multiplied by the proportional capacity of the
reciprocating engines to turbines. The operating force required
per kw capacity for the turbines is about one-fifth that required
for the reciprocating engines. It is the practice to open up the
turbines and examine the blades at intervals of six months.
The only duplicate parts of the turbines kept in stock are some
governor parts.

The average load factor on the turbines in the Fifty-Ninth
Street station is only about 75 per cent of full load, and the
maximum overload carried is about 50 per cent. To deter-
mine their most economical loading, overloads up to 70 per
cent have been carried on the turbines, and at this load the

MONTHLY DATA SHEET

1s usually called to the telephone by a whistle and given the
necessary instructions. After the engine has been started the
switchboard operator informs the engineer that the generator
has been cut in by closing the circuit through a red light on
the engine. Each engine, moreover, is provided with an indi-
cating wattmeter which enables the engineer to note the load.
One engine is kept ready for any emergency and is indicated
by a metal sign hung on it. A special whistle signal signifies
that this engine is to be gotten up to speed as quickly as pos-
sible, and when this signal is given the engineer gets the engine
ready for load without any further instructions. After the
engine has been started the emergency sign is transferred to
another unit.
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Special precautions are taken by the men inside the station
and those outside to insure against injury to workmen on the
high-tension apparatus. Before working on a high-tension
switch or cable it is tested by means of a ground wire provided
with a long, high-tension fuse on the end of a stick. The fuse
protects the apparatus and the workman in the event of the
line being alive. Afterwards the line is well grounded, both
at the station and sub-station, and these grounds are not re-
moved until the sub-station operator and the switchboard man
in the power station are properly notified by the linemen.

The switchboard is in a comparatively clean place, and it
is only necessary to brush the dust off the parts once in about
two weeks. At six-month intervals it is cleaned thoroughly.
One man in the power station gives all his time to the inspec-
tion and maintenance of switches, which are inspected every
day, and every two weeks they are gone over carefully. The
oil pots are opened and inspected after every short circuit or
blow out, but otherwise these are left without attention for a
year. Reports of oil switch inspections are made on special
blanks, upon which the oil pots of the switches are indicated by
circles.  'When pots are inspected the corresponding circles on
the reports are marked. These inspection sheets are kept on
file by the chief operator.

Switchboard instruments are calibrated and taken care of
by the company’s regular testing department. Wattmeters and
other important instruments are calibrated and corrected once
a month, while the less important ones, including feeder am-
meters, are tested at three-month intervals. All of the instru-
ments are tested on the switchboard in their regular posi-
tion. The switchboard in the power station is so arranged
that a spare panel may be substituted whenever the instruments
of one section are to be tested.

STORAGE BATTERIES

One battery is installed for exciting the generators in emer-
gency, and another smaller one is provided for operating the oil
switches and other control apparatus. One man gives all of
his time to the care of these batteries. They are overcharged
once each week, and during the remainder of the week they
are brought down about 15 points in gravity. Pilot cell read-
ings are taken every hour, and each week voltage and specific
gravity readings are taken of each cell A duplicate of these
readings is sent to the storage battery manufacturers. Water
for the batteries is distilled in the power station. The gen-
erators are usually excited from motor generator exciters across
which the large storage battery is floated. In an emergency
the battery will continue to excite the generators for about

two hours.
REPAIR METHODS

A machine shop is located on one of the galleries, and all
of the repairs are made by the station repair force. A wind-
ing room is provided for making armature and field repairs.
Spare armature and field coils are kept for the larger generators
and for the auxiliary motors, of which there are about 150
in and around the station. A very heavy stock of repair parts
are kept in the store room. For engines the parts carried in-
clude spare pistons, rods, valves and in fact a sufficient number
of parts to equip an extra unit.

HANDLING SUPPLIES

On the 10th of each month the motive power department
makes a requisition on the general store room of the company
for operating supplies required for the following month. The
materials are then delivered to the store room on the first of the
following month. For those required within a week’s time
special emergency requisitions are made.  All supplies are re-
ceived at the power station by the storekeeper, and store-house
orders are made on him as they are required.
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ORGANIZATION OF OPERATING FORCE

The mechanical and cable engineers, the electrical superin-
tendent and all those operating men who report direct to Mr.
Stott fill similar positions for both the Manhattan and the sub-
way divisions. In general it might be said that the mechanical
engineer has under him all those men concerned with the opera-
tion of the station from the coal to the generators.

In addition to having charge of the generators and all of the
electrical apparatus in the stations the electrical superintendent
is responsible for the maintenance and operation of the high-
tension feeders and the sub-stations.  The first assistant
engineer, who is under the mechanical engineer, has immediate
charge of the operating room, and the second assistant engineer
under him has charge of the boiler room and coal handling.

The chief operator under the electrical superintendent is held
immediately responsible for the operation and maintenance of
the electrical apparatus in the station. The switchboard force
under the electrical superintendent consists of a chief operator,
three assistant operators and a first and a second switchboard
man. The assistant operator is on duty during the day watch
only.

POWER STATION LOGS AND RECORDS

The greater portion of the operating data kept by the sev-
eral departments is used to make up a monthly data sheet,
upon which are entered all items of vital importance, including
pounds of water evaporated and pounds of coal consumed per
kw-hour, evaporation of water per pound of coal, total kw-
hours generated and maximum loads and load factor for the
month.  This monthly sheet is made out in such a manner that
the results of the Seventy-Fourth Street and Fifty-Ninth Street
stations may be readily compared. Many of the data for it
are gotten from the summary of power station daily logs, which
is made up from the boiler-room daily log, the engine-room log
and the electrical log. In most instances the data on these
three logs are compiled from subsidiary record sheets.

The watch engineers in the boiler room keep record of and
report on special blanks the number of active, working and
banked boilers each hour. For every 24-hour period, ending
midnight, the station engineer submits a report giving a sum-
mary of the reports of the three preceding watches on boilers,
and also gives the amount of water taken from the mains,
the amount of coal received, consumed and quantity in the
bunkers, quantity received at the dock during the day and the
quantity at the dock. Figures regarding coal are obtained
principally from a report made out by the foreman of the coal
tower which in addition gives the duration of stops of the coal
handling apparatus and the causes. The daily boiler-room log
is made out by the boiler-house clerk from the several data
sheets referred to. On this log is also given the temperature
of the boiler feed water each hour.

Data regarding the operation of the engires are entered by
the watch engineers directly on a yellow daily log sheet, from
which a white copy is made for office use.  This log shows the
periods of operation of the different engines, the steam and
vacuum pressure and the condition of the oil tanks.

The engine room and boiler room daily logs are not made
out as much in detail as they would be, were it not for the fact
that in each room there is kept a log book in which all important
events are entered. On the daily electrical log is entered the
readings taken at 15-minute intervals of each of the main
generator wattmeters, and from these the daily load curve is
plotted. Hourly readings of the output of the generators and
of the amounts generated and used by the exciters and auxil-
iaries are also entered on it.  Finally a summary is made show-
ing the total output, total consumption for station operation and
net output.



ELECTRICAL EQUIPMENT OF MAIN LINE RAILWAYS
IN EUROPL

By Philip Dawson, M. Inst. C. E.

The electrical equipment of main line railways is a subject
which appeals with great force not only to the railway authori-
ties throughout the world, but always, perhaps with even
greater force, to engineers and manufacturers.

The interest which such papers as that of Messrs. Stillwell
and Putnam, as well as Mr. Sprague’s criticism thereof, have
excited, and the heated discussions they have caused, clearly
prove the actuality of this important and vast field. Moreover,
the amount of work already completed, under construction or
contemplated, must convince even the most skeptical that the
era of the electrical equipment of railroads on a scale thought
impossible a few years ago is not very far remote.

Railways or railroads, as differentiated from tramways or
street railways, originated in the old country, just as the lat-
ter originated in the United States. Hence the views held
on this side of the water must necessarily carry considerable
weight, and may therefore prove of interest to your readers on
both sides of the ocean.

Reference has already been made by the writer in previous
articles in this journal to the general headings under which
railway electrification in different countries may be considered.
It may be of interest to again review some of these headings and
discuss them in the light of work which is now actually pro-
ceeding or has been determined upon.

The three we will mention, although obviously only two
need be seriously examined in the present case, are:

(1) Railways which, through local conditions, are com-
pelled to equip electrically within a given area all classes of
traffic and service.

(2) Railways which find it advantageous to adopt electric
power, in consequence of special local conditions, such as cost
of fuel, gradients, and the existence of water power, for some
or all of their services.

(3) Railways which resort to electrical equipment of sub-
urban portions of their systems in consequence of tramway com-
petition or insufficiency of existing lines and termini to handle
current requirements.

The first of the above three cases requires few, if any, re-
marks, as obviously railways which are compelled to abandon
steam have no other alternative but to adopt electric traction.
Suffice it here to cite some examples of such cases, as for in-
stance, the New York Central and New York, New Haven
& Hartford railroads, so far as the electrification of their New
York ends is concerned; the underground and tube rail-
ways all over the world; Alpine tunnels, like the Simplon, etc.

In all these cases no arguments in favor of electric traction
were required. They were furnished nearly twenty years
ago when the system which was to be adopted for hauling
trains on the City & South London Railway was finally
settled upon. Nothing has happened since to vitiate the de-
cision the directors of that pioneer company came to so many
years ago, to use electric traction, then only in its infancy.

The far more interesting cases which have to be discussed
are those in which arguments have to be put before the rail-
way authorities, of such a nature as to be absolutely convinc-
ing to shrewd men of business, that the great capital expendi-
ture required by the introduction of electric traction is justified
by the benefits which are certain to accrue in consequence of its

introduction, and that no equally efficacious and cheaper
means exist at present, or are indicated in the near future, for
obtaining similar ends. It is only if such arguments are
forthcoming and can be demonstrated to be sound and capa-
ble of proof, that railways can be expected to adopt that
method of haulage to which electrical engineers look to con-
fer such boons, both on the traveling public and on the own-
ers of the raillways, be they a body of shareholders or a
Government.

It must be borne in mind that in the present instance it is
intended to consider only the problem of the conversion of ex-
isting steam roads to electrical haulage, and not the proposi-
tion of the construction of entirely new railway systems, It
will be evident that if a good case can be made for the re-
placement of steam by electricity on existing lines, that “a
fortiori” it would be of greater advantage in the case of new
lines, where no scrapping of expensive plant or alteration of
existing methods would prove necessary.

The theoretical advantages, as they might be called, of
railway electrification as well as those which have been de-
duced from calculations, have of late been much before the
public. ~Suffice it as an example here to refer to Messrs. Still-
well and Putnam’s paper so recently published in the columns
of this journal. It may, therefore, be of interest to examine
this fascinating problem, which is so full of promise for the
future of the electrical industry, in the light of what has been
either actually carried out, what is now under consideration,
or what responsible railway authorities are seriously contemplat-
ing, and to investigate the causes which have brought this
about, as well as the arguments which have been successful
in causing steam railways, which are the most conservative
bodies in all countries, to adopt entirely new methods.

The first case which will be considered is that in which it
is intended to convert a long distance main line from steam
to electric haulage, and perhaps the most interesting at pres-
ent in contemplation is the electrification of what is known in
Germany as the Eifel Bahn. The route of this line is shown
on Plate XLIX, on a map prepared specially for this article.

Other cases which are also of considerable interest, but in
which the reasons for conversion are more obvious, owing to
expensive fuel and plentiful and cheap water power, or to
other local conditions, such as difficulty of ventilation of long
tunnels, will next be considered.

THE EIFEL BAIIN

The Eifel Bahn extends from Cologne to Treves and is
112 miles long and double track. It passes through what is
known as the Eifel, a bleak mountainous high volcanic plateau,
seamed with rocky gorges, and situated between the rivers
Rhine, Moselle and Roer.  This plateau extends over a
length of about forty-five miles, and is some twenty-five miles
wide. The nature of the land traversed has resulted in the
line having, for a railway, many severe gradients. The line
starts at an elevation of 120 ft. above the sea at Cologne, and
passes the watershed at a height of 1815 ft. fifty-two miles
from Cologne. It then descends to Treves, which is 435 ft.
above sea level. As will be seen from the map, a short dis-
tance beyond Treves there is the very important coal and iron
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field of the Saar, while on the other side and close to Cologne
there are other large and important coal and iron districts. The
mineral and other freight traffic between these two important
industrial centers of Germany is of great volume. Two rail-
way systems connect these rich districts; the one along the
valley of the Rhine via Coblenz, the other the Eifel line now
under consideration. The former line is already overcrowded
with traffic, both passenger and freight; the latter has so hilly
a profile that the most powerful existing steam locomotives
can only haul small trains under uneconomical conditions.
Careful calculations have convinced the Prussian State Railway
engineers that the use of electric locomotives combined with
the adoption of the single-phase system will not only produce
considerable economy in operation, but will also enable trains
a thousand tons or more in weight to be hauled, a thing which
with present methods is quite out of the question.

It is with this end in view that Dr. Eichberg (whose name
is so intimately connected with the Allgemeine Electricitaets
Gesellschaft’s successful single-phase work in FEurope) has
recently completed several 25-cycle, 350-hp, single-phase
motors (see Plate LII), and a locomotive to be fitted with such
motors and gear driven is now nearing completion at the
works of the Allgemeine Electricitaets Gesellschaft in Berlin.

The overhead construction for a railway of this description
can be of the cheapest character, and probably a line pressure
of 10,000 volts will be adopted, the current being transmitted
to static transformer substations at from 30,000 to 40,000
volts. Power will probably be furnished by two generating
stations, one of which will probably be erected in the neighbor-
hood of Cologne on the lignite coal fields which are to be found
there, and which can be exploited in a most economical man-
ner, as the lignite is in a very thick bed and can be got at di-
rectly by excavating from the surface without the necessity of
sinking any shaft. The motors, which have only six poles,
are fan-cooled, which method, given a large locomotive cab
and the necessity of a locomotive driver, offers no difficulty.
By this means astonishingly favorable results have been ob-
tained, as shown by the following figures:

Horiz. Effort Efficiency Power Factor
Brake H. P. R.P. M. in Kgs. in per Cent.  in per Cent.
205 600 1400 81.5 90
368 425 3550 89.5 94.5
395 400 4000 go 94.5

This motor, thanks to its design and forced ventilation, is
capable of giving continuously 250 hp, a very valuable feature
considering the sort of work it will be called upon to per-
form. The gear ratio is 1:4.15, and the maximum horizontal
pull at starting can reach 4500 kgs. The locomotive is being
fitted with wheels 1400 mm in diameter, and the actual re-
sults which will be obtained with it will no doubt be watched
with the greatest interest by all railway engineers throughout
the world.

So much for this very interesting decision of the progressive
Prussian Government railway authorities to electrify a main
line railway—a decision caused by the necessity of hauling
heavier loads than could be done by steam and at more eco-
nomical rates, notwithstanding the cheapness of fuel and the
practical absence of any available large water power. The
conditions obtaining in this case are particular, and no gen-
eral deduction can be made as regards the probability of elec-
tricity replacing steam under ordinary working conditions. At
the same time it is a great step forward and there is little
doubt that the results obtained will be of the greatest practical
value to railway men throughout the world.

We now come to the consideration of other causes—and one
can even say more easily comprehended causes—for replacing
steam by electricity, such as expensive fuel and plentiful water
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power—conditions which exist in Austria, Switzerland, Italy

and Sweden. In many cases it is not only the abundance of

utilizable water powers, but also the great difficulties of proper

ventilation of long tunnels, which have caused the governments

of these countries to study the subject of electrification seriously.
SWITZERLAND

The Swiss have appointed a special committee of experts
who have reported on the whole subject of railway electrifica-
tion throughout the country, and the Oerlikon Company has
equipped the Seebach Weitingen line near Zurich with its
well known single-phase system, with a view to the Govern-
ment acquiring experience from actual results. The Govern-
ment itself is acquiring water powers all along the route of
the St. Gothard, which will probably be one of the first main
line railways in Switzerland to be converted to electric trac-
tion. Here again the difficulty of ventilating the St. Gothard
tunnel has materially influenced the Swiss railway authorities
in their decision. Switzerland may be looked upon as one of
the pioneers of main line electrification with high pressure al-
ternating current, for it was the Swiss who were responsible
for the historic Burgdorf-Thun line equipped many years ago
by Messrs. Brown and Boveri.

ITALY

Italy must not be overlooked as one of the pioneers of main
line railway long distance electrification, for the Valtellina line,
worked on Ganz’s concatenated three-phase system, is world-
famed, and the Milan Gallarte Porto Ceresio line is too well
known and has been too often described to require any com-
ment here. At the same time the results obtained on these
lines, as well as the very serious question of tunnel ventilation,
the great cost of fuel and the presence of water power, have
influenced the Italian Government in its decision to increase
greatly the extent of electrically operated main line railways,
and the Government has consequently authorized the expendi-
ture of $10,000,000 for immediate electrification of several
important lines.

The Valtellina line, the electric operation of which now
terminates at Lecco on the lake of Como, is to be extended
south as far as Milan; furthermore, lines connecting the Val-
tellina system with the town of Bergamo are to be electrified,
naturally on the already operating Valtellina three-phase sys-
tem. The roads, so far as their passage through the Apen-
nines is concerned, between Milan-Genoa and Turin-Genoa,
are to be electrified, and electric traction is to be introduced
on the Mont Cenis tunnel. The electric operation on the
three-phase system installed by Messrs. Brown and Boveri on
the Simplon has been so successful that it is proposed at once
to extend it to Domodossola, and eventually to Milan. The
existing Gallarate third-rail line is to be extended to Arona and
Laveno on the Lago Maggiore.

The passage of the main line from Milan to Florence
through the Apennines, when again the tunnel question crops
up, 1s also to be electrified between Pistora and Poretta.
Two other lines, which are electrified for other reasons, due to
heavy trafic, which will be discussed later in this article, are
in the neighborhood of Naples.

It will thus be seen that Italy is already pledged to electric
railway traction on a very considerable scale, but unfortunately
on many different systems, all of which are being extended,
the authorities apparently not having come to any definite con-
clusion as to what system is most advantageous to fill their

requirements.
SWEDEN

Last but not least we must consider Sweden, and here
one cannot but admire the business-like and scientific methods
with which here, no less than in Germany, the problem has
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been approached by the chief engineer of the Swedish State
Railways, Robert Dahlander, and his able assistants. The
first point to settle was the general advisability of electrifica~
tion, and a careful study has convinced the Swedish Govern-
ment that owing to very costly fuel and the presence of large
and numerous waterfalls, electricity offers great advantages.
Calculations show that there would not be a very great finan-
cial benefit due to electrification, but the fact that the Gov-
ernment would be relieved of the necessity of importing for-
eign coal was a great feature in the decision generally to elec-
trify all the Swedish railways. A careful and thorough study
convinced Mr. Dahlander that the only system which would
meet his requirements, and which indeed would be of utility to
Sweden, was the single-phase system. That important point
decided, he proceeded to equip a few short sections of line
round Stockholm, and to acquire motor equipments of various
makes, purchased for this purpose one locomotive equipped
with Westinghouse single-phase motors, one locomotive
equipped with Siemens-Schuckert single-phase motors and two
motor coaches, each equipped with two W. E. 115 single-
phase motors from the Allgemeine Electricitaets Gesellschaft.

He has carefully studied the results and has convinced him-
self that for his purpose an economical and simple overhead
and transmission system is essential; and his experiments have
shown him that with the single-phase system such a line can
be very readily and economically installed, and that, provided
proper precautions are adopted, no interference with telegraph
or telephone circuits need be apprehended. Indeed there is
no other engineer who has collected so much valuable and im-
portant information in this direction as Mr. Dahlander, and
it is to be hoped that the very interesting information and data
which he possesses may shortly be made public by him for
the benefit of the engineering profession.  Suffice it to say that
his experiments, carried out for over a year, have satisfied him
and his Government that the electrification of many, and
eventually of all, of Sweden’s railways is desirable; and the nec-
essary steps have already been taken to acquire the requisite
water powers, so that the electrification of all the Swedish
railways 1s now a thing of the near future.

In the foregoing the case of general electrification has been
considered and a few of the causes have been cited which may
eventually bring about the electrification of entire railway

systems.
GREAT BRITAIN

We will now consider the conditions which obtain in Great
Britain and ascertain how these differ from those already in-
vestigated and see how far, at present, electric traction prom-
ises to replace steam. We shall also consider the principal
causes which may be expected to bring about such a trans-
formation. In this connection it must be carefully borne in
mind that whatever systems are discussed, it is only in connec-
tion with the electrification of existing lines of our main line
railways, since new constructions might very likely present fac-
tors which might render advisable a different system from that
which would prove most suitable in the case of the electrifica-
tion of an existing system; moreover, the discussion only applies
to British lines which are, or will be, governed by Board of
Trade rules and regulations, and which must be operated by
existing railway officials, and therefore as far as possible meet
with their approval.

Considering general conditions that obtain iz Great Britain,
it will at once be seen that no such circumstances exist as have
induced the Prussian Government to electrify the Eifel Bahn.
All our lines are practically level and straight—in fact, perhaps
too much so—and consequently enormously expensive. There
are no water powers to speak of, in any case none are avail-
able, and the cost of fuel is relatively low. Neither do we
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suffer, except so far as the Mersey tunnel and Metropolitan,
Distnict and tube lines are concerned, from the difficulty of -
ventilation experienced in Austria, Italy and Switzerland.
Neither are there any lines now in existence in this country
which, as in the case of the New York Central or New York,
New Haven & Hartford Railroad, have had electrification
forced upon them by law. But there are other causes quite
as impostant which are no less certainly compeliing our railway
companies to adopt electric traction for at least a portion of
their systems, although by no means on such an extensive scale
as Messrs. Stillwell and Putnam would have us believe will
be the case in the United States.

Let it at once be stated that the only portion of railways on
which present experience would indicate that electric haulage
would be beneficial are the suburban lines in and around our
great cities, and the interurban connections between large
cities which are near each other and between which there
exists a very heavy and frequent train service, such as between
Manchester and Liverpool, Leeds and Bradford and other
similar cases.

The two principal reasons which will compel our railways
to action are (1) the very serious financial losses due to electric
tramway competition, which in the case of one railway alone—
the London, Brighton & South Coast—amount to over
£30,000 per annum, and (2) the constant growing demands
for a frequent and rapid suburban train service, resulting both
from the increase of population and the education which the
public has received in rapid transportation, from electric tram-
cars, motor omnibuses and tubes. These considerations
definitely prove the desirability—yea, necessity—of increasing
the net profits, or at least of finding some means of counter-
balancing the losses the railways are suffering due to competi-
tion from other modes of rapid transit, and of increasing their
carrying capacity and speed of their trains without incurring
undue and excessive additional capital expenditure.

It is apparent therefore that it is to increase present facilities
rather than to reduce actual total working expenses that rail-
ways will enter into the path of electrification, and experience
has shown that when that path is once entered there will be no
retreat. Conditions in London as well as in most of Britain’s
great cities, are practically unfavorable to the railway com-
panies, as the tramways are nearly exclusively operated by the
municipalities at fares so low as in many cases to threaten
serious losses to the rate payers, among the largest of which
the railways themselves are numbered. Fortunately for the
railways, municipalities are gradually awakening to the fact
that fares may be made too low, and the railway shareholder
can therefore hope that a better time may be in store for him,
provided the railways introduce electricity on their suburban
systems.

Owing to the short distance between stations—on most
London suburban lines this distance is well under one mile—
the average speed of local trains is between 12 and 14 m. p. h.,
and in consequence of the overcrowding of existing lines and
termini as much as half an hour or more may have to elapse
between two local trains. On the other hand, the London
County Council tramways frequently give a five to ten minutes
service and operate at an average speed of 10 m. p. h., or
only very little slower than the railways. Hence it is not
surprising that passengers prefer a crowded tramcar rather
than to miss a train and to have to wait over half an hour for
the next, and then to travel at a speed perhaps not 20 per cent
greater than that of a tramway.

All London main lines end in termini, a fact which conduces
to delays, as some six minutes must elapse after the arrival
of one train before the platform at which it arrived again be-
comes available for another. Electricity changes all this, as



(JCTOBER 12, 1907.]

it will enable a platform to become available for the next train
in two instead of six minutes, a saving of four minutes for
each suburban train. Furthermore, it will enable an average
traveling speed of from 20 to 25 m. p. h. to be obtained, as
compared with the present 12 to 14 miles speed. In other
words, the use of electricity, taking into consideration the small
proportion of long distance trains to local ones, will practically
result in doubling not only the average speed of local trains, but
also in doubling the carrying capacity of existing lines and ter-
minal facilities. What this latter point means can be gathered
from the fact that the enlarging of one of London’s big termini
has cost approximately $6,000,000 and that there is a large
number of such termini where enlargements even at a much
greater cost is practically impossible.

COMPARISON OF OPERATING EXPENSES AND OTHER
RESULTS OF ELECTRIFICATION

Having shown the reasons which are inducing railways to
decide on the electrification of their suburban lines, the ques-
tion of operating expenses becomes important and may con-
veniently be considered at this juncture.

It is practically impossible to compare directly the cost of
electricity and steam per train mile and obtain anything like
satisfactory results, for the reason that the introduction of elec-
trical haulage on a suburban line will at once alter the size
and type of train adopted, and in all probability lead to shorter
train units being used and run at more frequent intervals than
was the case with steam.

Furthermore, whereas for suburban service there is very litile
difference, as far as steam locomotive costs are concerned, in
hauling a train having a capacity of, say, 250 passengers, as
compared with the cost of hauling a train seating, say, 700
passengers, with electricity on the multiple unit system, a unit
train, say, of three cars, once adopted, would according to
requirements, be made up in multiples of three and the cost per
train mile for locomotive power would be practically strictly
proportional to the number of units of which a train is com-
posed.  Still, it may be interesting to compare some published
results on the train mile basis for steam and electricity on the
same road.

The Mersey Railway is the only one of what may be called
main line systems which has been completely electrified in this
connection and working for a sufficient number of years so that
figures are available to warrant fairly accurate conclusions be-
ing drawn from the results obtained. It is also a good ex-
ample to quote, since electricity superseded steam on a given
day when the whole system was converted from steam to
electric haulage. There is little use in considering the increase
of traffic resulting from electrification in this case, because the
line when operated by steam gave a fairly rapid and frequent
service. It is a short distance traffic line, and there existed no
particular reason why electricity should largely increase the
traffic.

But the financial resulis as regards cost of operating and
the cost of locomotive power per train mile operated by steam
and electricity, as well as the cost of maintenance of permanent
way, fully bear out the expectation of those engineers who have
made electric haulage on railways a serious study.  The figures
show that with the increased speed which electrification ren-
ders possible, with slightly smaller and therefore more con-
venient train units, the train mileage can be enormously in-
creased without increasing the total operating costs, and that
notwithstanding the very much larger train mileage, the repairs
of permanent way do not, as might be expected, increase, but
are rather lower in their total annual cost than when steam
is the propelling power.

The following table affords a highly interesting compari-
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son of steam and eleciric operation on the Mersey Railway for
the years 1901 and 1905, respectively:

1901 with 1905 with
Items. Steam. Electricity.
Locomotive cost per train mile in pence.. 13.653 6.29
Train lighting and cleaning per train mile
I PEMCE ti vt ttet et ettt e eeaannnn 1.665 0.580
Repairs and renewals of carriages and
wagons per train mile in pence........ 1.719 1.075
TN TTLESE U1 s as e s s oo e s it 2 311,360 820,808
Total expenaifiines: « m:ssrmsms - %m0 £64,602  £69,036
Maintenance of permanent way.......... £6,055 £3,793

The total gross receipts for the half year ending June 30,
1901, were £38,327, while those for the half year ending
June 30, 1906, were £47,129, or an increase of 23 per
cent.

Another comparison of Mersey figures is between the year
1901, operated by steam, and the year 1906, operated by
electricity, which entirely confirms the figures given in the
previous table; thus, in 1901 the total expenditure, including
everything, was £64,662, the train mileage being 311,350
train miles; in 1906 the total expenditure, including every-
thing, was £70,930 and the train mileage 829,188 train
miles. It will thus be seen that an increase in train mileage of
167 per cent increased the total expenditure by only 10 per
cent.

In comparing the cost per train mile of steam and elec-
tricity it must be borne in mind that steam trains were, on
the average, composed of seven cars, having a capacity of
350 passengers. Now, when operated by electricity, accord-
ing to the time of day, the number of cars per train varies from
two to five, and the average seating capacity of an electric can
be taken as 55 passengers, as compared to the average seat-
ing capacity of steam cars of just under 50 passengers.

These figures clearly demonstrate the great benefit which
railways will get by electrification of their suburban systems.
It shows that they will, owing to the high rate of acceleration,
be able greatly to increase the average speed, and therefore
the number of trains, and thus to utilize better the existing
facilities, both as regards tracks and termini. Consequently
they will largely augment their earning capacity without in-
creasing their present total working expenses. And as Mr.
Aspinall (the general manager of the Lancashire & Yorkshire
Railway) has always maintained, the object of electrification
is not so much to decrease the expenditure of a railway com-
pany as to increase its earning power. Nothing but a greatly
accelerated and more frequent service can enable them to hold
their own, and it is only electric traction that will provide this
acceleration. That frequent and rapid service does, in most
cases, provide an efficient remedy is clearly shown by the sat-
isfactory results obtained both in the case of the Lancashire &
Yorkshire Railway and of the North Eastern Railway. The
latter is a particularly good example, because the electric lines
between Newcastle and Tynemouth suffer from the most acute
tramway competition. Notwilhstanding this fact, the profits
are considerably greater now on this railway than they were
in the days before there existed any electric tramway com-

petition.  This is clearly shown in the following table:
NORTHEASTERN RAILWAY E!.ZECTRIFICATION RESULTS:
N g
= “.!’-; W 'g.g S
g8 Sew :
SRS > g &g
e E TEg §¢g
mg (3} o
Items. 7] 5] [
Gross earnings ........... £120,000 £151,000 17.1
Running costs ...... sooco £42,761 £47,779 11.7
Ratio of costs to receipts.. 33.2% 31.8%
Loco. costs per train mile. . 14.5d. 6.75d. -
Passengers carried ....... 2,844,000 3,548,000 24.8

In reading the above table it must be borne in mind that
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the figures given as running costs for steam operation, are, if
anything, too low. An exact figure is unobtainable owing
to the difficulty of differentiating between the costs for local
service and the total locomotive costs for the whole service.
But even on the supposition that the comparison is a fair one,
it affords a most satisfactory proof of the advantages to be
obtained from electrification, particularly in view of the fact
that electric tramway competition has very largely increased
of late, which shows that the electnification of the railway has,
therefore, not only enabled it to hold its own but also to in-
crease its traffic.

Having thus considered the actual results as regards work-
ing expenses which are obtainable and authenticated, it may be
interesting to study some figures specially compiled for Lon-
don conditions and in which an attempt has been made to
compare on a similar basis the cost of operating a service under
similar conditions.

EXPENSES UNDER LONDON CONDITIONS.
STEAM N ELECTRIC———
Cost per train mile, 7- Cost per train mile, 3-
car train, with seat- car train, with
ing capacity of 520 capacity 210 pas-

Items. passengers. sengers in London.
Fuel or current.............. 6.06d. 5.00d.
Water, oil, waste and stores.. o0.god. o0.00d.
Maintenance and repairs..... 3.41d. 0.85d.
Wages ..ooovviiiiiiiiiinn, 3.25d. 1.58d.
Lighting «..c.ovvviiii ... 0.85d included in current.
HeiEl: con R0 s aa e on S0t 0800 15.37d. 7.52d.

Ratio of locomotive costs of electricity to steam 48.5 per cent
(including current and capital charges on conduction and dis-
tributing system).

From the above table it will be seen that on the train mile
basis the locomotive costs for electric traction, maintenance
and capital charges in electrical distribution included, are less
than half the cost per train mile if operated by steam. Against
this, however, would have to be placed the fact that the ca-
pacity of the steam train is more than double that of the elec-
tric train under consideration. But there is the additional
important consideration that the costs given for electric service
are for an average acceleration more than double that ob-
tained with steam, and consequently that the average speed
of traveling with the electric train is nearly double the maxi-
mum that the local steam trains, with present stops, can attain.

It must be borne in mind that it would be Impossible with
steam haulage to increase effectually the speed of these local
trains. To make a fair comparison, one must take as the
average speed for electric trains the same speed as that of the
present steam trains. On that basis the same number and
power of motors that are required to drive the three-car train
as given in the previous table, would be amply sufficient to
operate a seven-car train, and if the trailer and rolling stock
were the same as that at present in use with steam haulage,
the carrying capacity of the train should easily equal that of
the present steam trains. The table previously given would
then very closely represent the comparative cost of operating
by steam and electricity under the same conditions.

From this it will be seen that, when compared on the same
basis, the cost of hauling suburban trains by means of elec-
tricity is less than half that of operating by steam, with the
additional advantage already cited thrown in, of the saving
of time effected at termini, owing to the use of motor cars and
multiple unit control.

But there remains another and most important factor to
take into consideration, and that is the better use of the seat-
ing capacity per hour if run by smaller and more frequent
trains instead of fewer and more capacious trains.

COMPARISON OF SYSTEMS

Having thus briefly considered the present state of electric

traction in Europe and the various causes which are operating
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in the minds of those who have brought about the present
condition of affairs, it may be interesting briefly to consider
the various systems now in existence, and the reasons which
have caused the single phase system to occupy so important
a place in the minds of European as well as of many Amen-
can railway engineers. ’ 0

The three systems which are now under consideration and
have been practically adopted for railway work are:

Low tension 600
volts.

High tension 1000
to 2000 volts.

(1) The continuous current motor

(2) Three-phase motors.
(3) Single-phase motors.

As far as the first of these is concerned the standard low-
tension motor has been so fully developed and has proved so
satisfactory that nothing further need be said in its favor.

As regards the second, or three-phase system, it has been
introduced with satisfactory results on the Valtellina line and
on the Simplon, but so far all those who have had to decide
when electrification of suburban systems was in question have
not found it advisable to adopt it and little therefore need be
said of it here, so that the only two systems which require
serious consideration or which need be compared are the con-
tinuous current high-pressure motor constructed up to 1000
volts and claimed as possible and useful up to 2000 volts
pressure, and the single phase low-pressure motor.

The fight over these has raged so hotly in America that
it 1s unnecessary to reopen it here; suffice it to recapitulate
briefly the reasons which have weighed with those railways
which have adopted electric traction on the single phase sys-
tem, and to consider the weight of those objections which are
so frequently brought up against single phase motors.

In this connection it is instructive to remember that one of
the chief engineers of the Prussian State Railway, Herr
Geheimer Baurat Wittfeld, after the most careful investiga-
tion, and having only in view the best interests of his rail-
way, decided on the adoption of a single phase system for the
suburban line of Hamburg Ohlsdorf Blankenese. An order
was consequently placed for ffty-four two-car trains with the
Allgemeine Electricitaets Gesellschaft of Berlin, each train be-
ing equipped with three W. E. 115 motors, and an order for
six similar trains, each equipped with two Siemens-Shuckert
single phase motors, was placed with the Siemens-Shuckert
Werke. Furthermore, it is this system which the Prussian
Government has adopted for the Eifel Bahn. Robert
Dahlander, the chief engineer of the Swedish State Rail-
way, also, after most careful research and investigation, has
decided upon the single phase system for the Swedish Gov-
ernment railway electrification.  As regards Switzerland, it
1s this system with which experiments are being carried out on
the Seebach Wettingen line with a view to its adoption on the
St. Gothard. In Italy the position is different, but in that
case the greatest portions of the work there under consideration
are extensions of lines equipped before the single phase motor
came into the field or had been made a practical success.
The Midland Railway in England has also adopted single
phase for the experimental line it is now equipping, and the
London, Brighton & South Coast Railway, after the most
careful investigation on the writer’s part, is installing it on the
first portion of its suburban system, now being equipped with
‘Winter Eichberg single phase motors.

The only serious objection brought by its detractors against
the single phase motor is *he additional weight and conse-
quent additional cost of a single phase equipment as compared
with the equivalent continuous current equipment, and the
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lower efficiency of the motors—i. e., greater energy consumption
—which its opponents claim for it.

As regards the first point, it is perfectly true that a single
phase motor equipment is more costly and more heavy at
present than direct current equipment, and that the former re-
quires a transformer on the car which is not required with
direct current motors.

But even granted that the enormous difference in weight
which Mr. Sprague claims between d.c. and a. c. motors
exists and that the cost were equally disproportionate, the
difference in weight and cost would take but an unimportant
place among those many and complicated considerations which
weigh with practical as well as theoretical railway engineers,
managers, and directors when deciding upon the system most
suitable to fill their requirements. For taking the weight of
a train unit at 120 to 150 tons, the difference of 5 tons or
even 10 tons in weight would be unimportant when compared
with traffic and management requirements. A good example
of this in railway work is to be found in the weight of the
cars, particularly those forming part of the most modern
American trains, such as the Pennsylvania Limited, etc.
What manager would think of rejecting a more useful or
comfortable dining, sleeping, or drawing-room car, because it
weighed 71/ per cent or even 10 per cent more than a
car which in other ways is less desirable? And in this con-
nection let it be reiterated that it is not reduction of working
expenses which constitute the chief or even a very important
factor in the minds of railway authorities when considering
the question of electrifying a suburban line.

In the case of a suburban system, careful calculation has
demonstrated that there is not much to choose as regards first
cost (although what difference exists is in favor of the single
phase) between a complete d. c. and a. c. installation from
and including the power station, feeder distribution, conduct-
ing system, and rolling stock, provided the installation is prop-
erly carried out so as to comply with the Board of Trade reg-
ulations which obtain in Great Britain.

As regards lower efficiency, this is to a very large extent
counterbalanced by the absence of regulating resistances which
the d. c. system necessitates, as the voltage regulation is done
by means of a transformer, instead of having the difference in
motor terminal and line voltage largely absorbed by resistances,
as Is necessary with continuous current motors. But besides
this it must be borne in mind that for any large railway system
the current must of necessity, if present means are adopted, be
generated as alternating current, and therefore not only the
losses in transformation from a. c. to d. c., but also the extra
cost entailed of operating and maintaining such substations
must be added onto the d. c. motor before a fair comparison
can be instituted. If this is done it will be found that the
a. c. motor comes out on the whole very well indeed; in fact,
many authorities maintain far better than the d. c. motor.

But it is not the object of this article to enter into polemics
on what might be called *“‘the battle of systems,” but only
to show that there are far greater possibilities in the a. c. sys-
tem than some would have us believe. All the disadvantages
and objections which d. c. enthusiasts, who appear blinded to
all except their own arguments, bring up against the a. c.
motor are fully known to those engineers who having no in-
terests in any particular system have investigated simply those
in existence and have adopted the a. c. as the most suitable to
their own special requirements. They are fully cognizant of
any weakness which the a. c. system may possess, as well
as of the many very admirable features of the d. c. motor,
which has continually been perfected during the past twenty
years.

One of the principal advantages of the a. c. motor is the
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absence of a third rail and the possibility of using very high
pressure in the conductors without any dangerous pressure hav-
ing to be manipulated in the car, or being at all accessible
either to the officials or the public. This undoubted ad-
vantage is evidently appreciated even by those who would
detract from the merits of the a. c. system, as their alternative
is nearly always the adoption of a d. c. motor, worked at
pressures untried as yet in the praclical railway field, and
which would not permit the use of a third rail, which so
many d. c. enthusiasts have held to be a benefit instead of a
necessary nuisance at the best. In this connection it should
not be forgotten that the first main line electrification in the
United States, on the Baltimore & Ohio, was originally in-
stalled with overhead conductors, but owing principally to
current-collecting difficulties, the method had to be abandoned
in that case in favor of the third rail arrangement.

Summing up, it becomes clear that for continuous current
motors to bear comparison with alternating current motors,
motors of at least half the required pressure advantageous for
operation and distribution must be commercially produced,
leaving out of consideration many disadvantages which might
accompany their adoption.  Such high pressure motors would
also necessitate the use of rotary conversion, or their equivalent
continuous current at 6000 to 10,000 or even 15,000 volts.

All the previous remarks are not intended in the least to be-
little the endeavor of those who are attempting to develop
and place on a sound manufacturing basis the high-pressure
continuous current motor, and two firms at least are known
to the writer whose 2000-volt continuous current motor and
controlling apparatus are essentially workmanlike and satis-
factory. There may be a great many cases in which such a
motor might with the greatest benefit to all concerned find ap-
plication.  All that has been attempted is to show that the
single phase motor as at present constructed possesses great
and real advantages which make it admirably suited to the
requirements of raillways working under all conditions, and
just as suited to handling heavy suburban traffic as long dis-
tance traffic, to which latter field only many, particularly
Aumerican, engineers would have it relegated. Fortunately
for all, operations will shortly be conducted on a sufficiently
large scale to enable satisfactory conclusions to be drawn from
three examples of single phase main line railways whose subur-
ban traffic is electrically handled, namely, the Hamburg Ohls-
dorf-Blankenese, which is now working experimentally, and
which is expected to be operating regularly by the end of this
year; the ‘‘Victoria-London Bridge’ section of the London,
Brighton & South Coast Railway, now under construction,
and which should be completed early next year; and last, but
not least, the New York, New Haven & Hartford Railway.
By the end of next year, therefore, some real substantial facts
should be available, facts which will be most appreciated by
all railway men all over the world, and which will be of great
assistance to railway authorities in guiding their future actions,
which, in the opinion of the writer, are intimately bound up
with the electrical industry.

The recent decision to electrify the Berlin Stadt and Ring
Railway with the single-phase system clearly upholds this view.
The complete plan embraces some 366 miles of track. The
voltage employed on the trolley will be 10,000, and motor-car
trains, probably of the two-car form of the A. E. G., like those
on the Hamburg Altona line, will be used. A headway of
two minutes is planned and a maximum speed up to 38 m. p. h.
will be reached.  The first section is to be electrically equipped
by 1913 and the entire system by 1920. '
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SOME OF THE APPARATUS IN USE ON THE
CONVERTED STEAM RAILROADS

The plan of this issue, devoted as it is principally to the
subject of operation, has precluded any extended reference to
the types of apparatus used upon the electrically equipped sec-
tions of the steam railroads described. It is not the intention
in this chapter to mention all of the equipment installed, but
to give credit, so far as it has been possible to collect the data
from the different manufacturers, for the electrical equipment
supplied to the trunk line railways whose practice is de-
scribed in this section.

THE GENERAL ELECTRIC COMPANY furnished for
the electrical equipment of the West Jersey & Seashore Rail-
road all of the active elements, including three 2000-kw Curtis
turbine generators, exciters, transformers and switchboards for
supplying 33,000-volt, 3-phase current through 70 miles of double
transmission lines to seven rotary converter sub-stations. These
sub-stations aggregate 11,000 kw in capacity and distribute 650
volts direct current to 110 miles of third rail and 27 miles of
overhead trolley. There are ninety motor cars, each equipped
with two 69-C General Electric railway motors and Sprague
General Electric type M multiple-unit train control system.
The West Shore Railroad electric equipment supplied by the
General Electric Company comprises four sub-station equip-
ments, each containing two 330-kw transformers, two 300-kw,
600-volt, 40-cycle rotary converters and accessories; also seven-
teen GE-73 four-motor car equipments with Sprague General
Electric multiple-unit control. The New York Central equip-
mrent supplied by the General Electric Company included thirty-
five locomotives, eight Curtis turbines, four two-unit, two-
bearing motor generator sets, four 200-kw o.c. transformers,
125 type M control, two-motor GE-69 equipments, 250 GE-69 C
motors, eighteen 550-kw., the fifty-four 375-kw transformers
for sub-stations, switchboards for eight sub-stations, power
cables, circuit-breaker houses, etc.

THE AMERICAN LOCOMOTIVE COMPANY built the
thirty electric locomotives for the New York Central electric
division, in conjunction with the General Electric Company.
The locomotives were erected at the Schenectady plant of the
locomotive builder, and the specifications called for work of
the same quality as furnished by the builders for the New
York Central steam locomotives. As will be seen from the
engravings of these locomotives, they were designed and built
as far as possible in accordance with regular locomotive prac-
tice.

THE WESTINGHOUSE ELECTRIC & MANUFAC-
TURING COMPANY, the Westinghouse Machine Company,

the Westinghouse Air Brake Company, Westinghouse,
Church, Kerr & Company and the other Westinghouse
interests were largely represented in the equipment of
the railway lines described. A complete list is hardly

necessary, in view of the recent dates of the publication
of articles on the different roads. It might be said, however,
that all the New Haven locomotives and line appliances are of
Westinghouse make, that Westinghouse-Parsons turbines are
used in the power stations of the New Haven and Long Island
Railroads and that Westinghouse motors are used on the Long
Island and Erie Railroads. A large part of the rotary con-
verters in the New York Central sub-stations are of the West-
inghouse make. Roney stokers are employed very extensively
in the different power stations. Westinghouse, Church, Kerr &
Company were the designing engineers and contractors for the
Long Island and Erie installations and for the New Haven
power station.

BALDWIN LOCOMOTIVE WORKS, of Philadelphia,
built both motor and trail trucks for the Long Island Railroad
and the West Jersey & Seashore Railway, and trucks for the
locomotives for the New York, New Haven & Hartford Rail-
rcad. The trucks for the Long Island company are built for
standard-gage track, and designed to carry a weight of 20,000
Ibs. on the center pin. The motor trucks are each equipped with
two Westinghouse No. 86 motors arranged for nose suspension.
The wheelbase is 6 ft. 8 ins. The wheels are 36 ins. in diameter,
with cast-iron centers and steel tires. The journals are M. C.
B. standard, 5 ins. x 9 ins. Cast steel is used for the bolsters
and centerplates, while the end frames, center transoms and
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spring planks are of channel iron. The bolster springs are
double elliptic, 28 ins. long, and the equalizing springs are
double coil. The loaded height from rail to center plate is 3114
ins. The trailer trucks are similar in many respects to the
motor trucks, although they are lighter in construction. The
wheel base is 5 ft. 6 ins., and the wheels are 30 ins. in diameter.

The latest trucks built for the West Jersey & Seashore Rail-
road by the Baldwin Works are designed to carry a load of
30,500 lbs. on the center plate. The motor trucks are each
equipped with two G. E. No. 60-C motors, arranged for nose
suspension. The wheel base is 7 ft. 3 ins. The wheels are 36
ins. in diameter, and the journals are 5 ins. x 9 ins.,, M. C. B.
standard. These trucks are equipped with wrought-iron
frames, cast-steel bolsters and center pins, channel iron tran-
soms, triple elliptic bolster springs and double coil equalizing
beam springs. The height from rail to center plate is 31%5 ins.
loaded. The trailer trucks have a wheelbase of 7 ft., with
wheels 33 ins. in diameter. The journals are 44 ins. x 8 ins.
The working loads and heights are the same as those for the
motor trucks.

THE RAIL JOINT COMPANY, of New York, furnished
insulating rail joints to the New York Central & Hudson River
Railroad, of a “Special” Weber type. To the New York, New
Haven & Hartford Railroad, the Long Island Railroad and the
Rochester Branch of the Erie Railroad, it furnished standard
Weber insulating joints.

THE ELECTRIC SERVICE SUPPLIES COMPANY, of
Philadelphia, secured a good share of the rail bond work on
the Long Island Railroad, both for the track rail and contact
rail, including the bonds for the a. ¢. signal system. The com-
pany’s total sales of rail bonds to the Long Island exceed 150,-
000 bonds. The entire rail bond contract of the New York, New
Haven & Hartford Railroad was secured by the Electric Ser-
vice Supplies Company, including the bonds required for the
signal system. The total of bonds was a little more than 40,000.
The Electric Service Supplies Company secured the contract
for all the rail bonds of the Rochester Branch of the Erie
Railroad, through Westinghouse, Church, Kerr & Company.
The company also secured the contract for the special pole
brackets for the catenary construction, and much of the other
details of the overhead catenary work, through Westinghouse,
Church, Kerr & Company. For the West Jersey & Seashore
Railroad the Electric Service Supplies Company furnished rail
bonds for the a. ¢. signal system, through the Union Switch
& Signal Company.

W. N. MATTHEWS & BRO., of St. Louis, furnished Stom-
baugh guy anchors in large quantities to the New York Cen-
tral, Long Island Railroad and Erie Railroad for the Rochester
Branch. The New York Central has used Kearney cable clamps
in connection with its work. The Erie Railroad has adopted
the Hold Fast lamp guard, made of No. 14 B. W. G. wire, and
call it the Erie Standard. Matthews & Brother have furnished
the company several thousand in the past few months.

THE STANDARD STEEL WORKS, of Philadelphia, Pa.,
supplied the wheels and axles for the Long Island Railroad,
the West Jersey & Seashore, the New York, New Haven &
Hartford, and the Erie Railroad.

THE POWER SPECIALTY COMPANY, of New York,
supplied the Foster superheater, erected in connection with Bab-
cock & Wilcox boilers, purchased by the New York, New
Haven & Hartford Railroad. The superheaters supplied are of
standard Foster construction, the steam being taken from each
drum separately and carried down through connecting pipes
made of seamless drawn-steel tubing, fitted with expanded
joints. These tubes lead into transverse headers, from which
the steam is distributed through a series of return elements,
also made of seamless drawn tubing, covered with rings of
cast iron for protection against the heat. The bent portion of
the tube is protected by a cast-iron jacket, cast in halves and
held firmly against the tube by heavy band rings, shrunk on.
The outlet header, which is directly below the inlet header,
is connected with the steam pipe by means of seamless tubing
with expanded joints. The entire superheater is supported from
overhead, and does not rest on the brickwork or interfere in
any way with the action of the boiler. No joints or hand-hole
plates are so located that they will come in contact with the
very hot gases. An important feature of this construction is
that each tube contains an inner tube or core centrally sup-
ported, leaving an annual space between the main tube and the
core, through which the steam is forced to pass, rendering the
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heating surface highly efficient. No flooding is necessary in this
type of superheater. Hence, there is no danger of scale form-
ing on the inside, or of water being delivered to the engines
when the apparatus is being put into service.

THE RAILWAY SPECIALTY & SUPPLY COMPANY, of
Chicago, Ill,, has a large number of its Arc-Damp lightning
arresters in use by the signal department of the New Haven
Road in the electric zone. With the 11,000 volts, at 25 cycles,
there exists an appreciable induction in signal, telephone and
telegraph wires, and the company has installed metallic circuits
for its signal system and has equipped these circuits with the
arc-damp arresters to take care of lightning and heavy static
charges. The Arc-Damp arrester is in multiple between the line
and ground, and not in series with the line. There are no
fuses to blow under light charges, and there is no chance of
escape of the working current to ground through the fusing of
any choke coil to the ground plate, or through the lodging
there of drops of water or other material.

THE NATIONAL CARBON COMPANY, of Cleveland,
Ohio, supplied the New York Central Railroad with Columbia
carbon brushes for its generators, and to the Long Island Rail-
road the National Company supplied its National No. 15, La-
clede and National regular brushes; to the West Jersey & Sea
Shore, Partridge brushes, and to the New York, New Haven
& Hartford, Columbia and Partridge brushes.

THE COLUMBIA MACHINE WORKS & MALLEABLE
IRON COMPANY, of Brooklyn, N. Y., made inclines, third-
rail brackets, contact shoes, frames, overhead brackets, hook
bolts and nuts, and various devices for the third-rail and over-
head equipment of the New York Central & Hudson River
Railroad Company, Long Island Railroad, Oneida Construction
Company, New York, New Haven & Hartford Railroad Com-
pany, and the West Jersey & Seashore Railroad.

THE AMERICAN CAR & FOUNDRY COMPANY (Jack-
son & Sharp plant), of Wilmington, Del., built two orders of
car bodies for the West Jersey & Seashore division of the
Pennsylvania Railroad Company. The original order was for
twenty-two cars, which were shipped in May, 1906. Another
order of eleven cars has just been completed. These were
similar to those supplied on the first order, differing only in
minor details. Both lots of cars were 46 ft. 6 ins. over body
framing in length, with steel underframe. The other dimen-
sions were similar to those for steam car construction, with
the necessary changes in the vestibules to adapt the cars for
electrical service.

THE OHIO BRASS COMPANY, of Mansfield, Ohio, fur-
nished to the New York Central Railroad all the third-rail
insulator blocks. These are of semi-porcelain and similar to
the blocks which were supplied to the West Shore Railroad be-
tween Utica and Syracuse, which were described in the STREET
RAILwAY JOURNAL of June 8, 1907. The Ohio Brass Company
also furnished a portion of the third-rail bonds used on the
New York Central electrified division, which were a special
form of bond very much similar to the company’s Type GA—
Form 2. This is a soldered terminal bond for application to the
ball of the rail, and is of the ribbon type with the body bent to
a “U” shape, and the terminals formed by compressing the ends
of the ribbons in special dies to a solid terminal, as in the case
of all of the “All Wire” bonds manufactured by this company.
These bonds are of 500,000 ¢. m. cross-section, and two are in-
stalled at each joint. The terminals were slightly recessed on
the side next to the rail, which makes a somewhat better
soldered union in bonds of extra large size, such as these were.
To the West Jersey & Seashore the company furnished “All
Wire,” Type F—Form 7, compressed terminal bonds.

THE CLIMAX STOCK GUARD COMPANY, of Chicago,
I1l., equipped the Long Island Railroad and the West Jersey &
Seashore Railroad with its Climax clay cattle guards, which
are adaptable to third-rail construction, as they can be fitted
in"around the jumper plugs, located in cross-overs and turn-
outs without special preparation.

THE AUTOMATIC VENTILATOR COMPANY, of New
York, equipped all the cars used in the electric service of the
New York Central & Hudson River Railroad with thé auto-
matic ventilators. The device is applied in the clerestory of the
car in the space occupied by the ordinary deck-sash, and fur-
nishes a copious supply of fresh air, as well as removing the
vitiated air, odors, and smoke from the cars. It is neat and
attractive in appearance, and is capable of easy application to all
conditions, as is shown by the manner of ventilating the saloons

STREET RAILWAY JOURNAL.

645

in these cars, the same being connected by metal pipes with the
clerestory, through which the fresh air is driven, and the vitiated
air withdrawn. A noticable feature of the device is that it
secures an ample supply of fresh air to all parts of the car
without draughts.

THE SHERWIN-WILLIAMS standard car body color,
made by the Sherwin-Williams Company, of Cleveland, is in
use on the New York, New Haven & IHartford Railroad and
the Erie Railroad. On the New York Central and Erie, prac-
tically all the locomotive and car equipment is finished with
various products of the Sherwin-Williams Company.

THE LOCKE INSULATOR MANUFACTURING COM-
PANY, of Victor, N. Y., furnished its No. 600 porcelain strain
insulators for 11,000 volts to the New York Central Railroad.
To the New York, New Haven & Hartford Railroad, the com-
pany furnished the large 14-in. bridge insulators, and to the
Erie Railroad it furnished its No. 6o1 strain insulator for use
on the Rochester Branch. The Locke Company also has the
contract for the complete equipment of high voltage insulators
and the metal pins for the West Jersey & Seashore Rail-
road, furnishing its No. 312 insulators to the extent of about
21,000, After more than a year of service the operating de-
partment of the West Jersey Company reports that not a single
insulator has failed.

THE GREENBRIER POLE COMPANY, of Charleston,
Kanawha, W. Va., supplied the Long Island Railroad Com-
pany nearly all of the poles used in its overhead work.

THE HAYES TRACK APPLIANCE COMPANY, of
Geneva, N. Y., reports that its derailing devices are in exten-
sive use on the New York Central, Long Island Railroad,
West Jersey & Seashore, New York, New Haven & Hartford,
and the Rochester Branch of the Erie Railroad. This com-
pany understands that its derails have been used exclusively,
wherever derails are required, in the territory electrified on the
New York Central, Long Island Railroad, and Rochester
Branch of the Erie Railroad.

THE FELT & TARRANT MANUFACTURING COM-
PANY, of Chicago, has its Comptometer adding and calculating
machine in use in large numbers by the New York Central
Railroad Company, the Long Island Railroad, and the New
York, New Haven & Hartford.

DOSSERT & COMPANY, of New York, report that the
New York Central & Hudson River Railroad Company has
made extensive and varied use of the Dossert solderless con-
nector in the electric zone. Up to date the company has used
more than Ioco straight two-way connectors of all sizes up
to 1,000,000 c. m., and of cable taps the company has used an
even larger number, the sizes being from 350,000 c. m. up to
1,350,000 ¢. m. These cable taps were used principally in
tapping off from the third-rail, in series of three, to connect by
way of the structure to the overhead cables. Dossert & Com-
pany have also made for the New York Central Company an
emergency jumper clamp connector, which in case of a break
in the third-rail current is attached to the third-rail on either
side of the break, thus preventing a tie-up of the service until
the regular flow of current is re-established.

THE WILDER SNOW-PLOW & MANUFACTURING
COMPANY, of Worcester, Mass., designed a special radial
plow to meet conditions on the electrified zone of the New
York Central Railroad. C. E. Lindsay, engineer maintenance
of way of the railroad, informed the Wilder Company that
their company’s regular snow plow equipment could not be
used here owing to the third rail, expressing his belief that
the radial plow could only be used. Mr. Lindsay was especially
anxious to have the wings done away with, and the sides of
the plow built out to cover the third-rail. With the exception
of changes noted, the plow is the same as the Wilder Com-
pany’s standard Style A, size 2. The plow is further designed
to take the railroad company’s regular motor car wheels, axles,
boxes, motors, etc. On the sharpest curves, 300 ft. radius, the
deviation of the extreme point is less than 1)4 ins. from the
normal line on tangent, so that it may practically be disregarded.

THE W. T. VAN DORN COMPANY, of Chicago, installed
on the Long Island Railroad electrical equipment, the “Van
Dorn” drawbars as used in the New York Subway. The com-
pany also installed on the branch lines of the New York, New
Haven & Hartford different styles of its couplings for clectric
service. Van Dorn couplers are also in use on the New York
Central and on the Rochester Branch of the Erie Railroad.
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THE CONSOLIDATED CAR HEATING COMPANY, of
New York, reports that the New York Central steel cars are
all equipped with the company’s No. 217L type of cross-seat
heater. Thirty of these heaters are used per car under cross-
seats and six of the No. 203S truss plank heaters. Two of
the truss plank heaters are placed in each cab, and one in each
saloon. The heating equipments are arranged for four degrees
of heat. All the steel cars for the Long Island Railroad are
equipped with the company’s panel heaters No. 205, which is
attached to perforated steel riser. There are also two motor-
men’s cab heaters, No. 102MS, one used in each cab. The heat-
ing equipments are arranged for three degrees of heat. The
motormen’s cabs of the new cars for the West Jersey & Sea-
shore Railroad are equipped with the company’s electric heat-
ers, No. 102MS, two of these heaters being used on each plat-
form. Seven of the New York, New Haven & Hart-
ford Railroad coaches are equipped with Consolidated heaters.
The New Haven Company has equipped very few cars, and
these heaters are for trial. The company equipped five cars with
Consolidated No. 217L type of heater, same as used in the
New York Central, but use thirty-four heaters per car of this
type and two No. 102W heaters fitted with wall hangers, one
for each saloon; and two cars with their No. 102H type of
heater, with two No. 192W heaters for saloons. The heating
equipments arranged for four degrees of heat. All the cars
of the Rochester Branch of the Erie Railroad are equipped
with the company’s truss plank heaters, No. 203S.

THE SAMSON CORDAGE WORKS, of Boston, Mass., has
its Samson spot waterproofed trolley cord and Samson drab and
mahogany signal cord in use on the New York Central &
Hudson River Railroad, the Long Island Railroad, the West
Jersey & Seashore Railroad and the Erie Railroad.

AMERICAN BRAKE SHOE & FOUNDRY COMPANY,
of Mahwah, N. J, furnished to the New York Central electric
lines steel-back crucible insert type shoes for the electric loco-
motives, and for motor and trailer brake shoes a flanged steel-
back Christie type brake shoe, with expanded metal and hard
inserts, and to the Long Island Railroad the company furnish
Christie type steel-back flanged brake shoes, with expanded
metal and hard iron inserts. To the West Jersey & Seashore
Railroad the company is supplying a flanged steel-back Christie
type brake shoe, “U” type, with extra face chill. This is a
shoe similar to that used on the Interborough subway and ele-
vated lines of New York City. To the New York, New Haven
& Hartford Railroad the company furnished a flanged steel-
back Diamond “S” shoe (expanded metal insert). For the
Erie Railroad the company furnished a flanged steel-back
Christie type shoe with expanded metal insert. It will be noted
that all these roads use a flanged steel-back wrought lug brake
shoe, and in all cases the body metal is of hard iron, which
forms, in connection with inserts, a very durable and effective
shoe. The steel-back flanged shoes of the M. C. B. Christie
type noted herein are similar in pattern to shoes advocated for
general use on electric railway equipment for 3-in. treads and
over, all taking the M. C. B. Christie brake head. The flanged
steel-back Christie type brake shoe is in universal use on heavy
interurban equipment using the width of wheel treads of steam
railroad practice, and is giving great satisfaction.

THE HARRISON SAFETY BOILER WORKS, of Phila-
delphia, is well represented in the different power stations
through its Cochrane feed-water heater and purifier which is
used in the Long Island City power station and also in that of
the West Jersey & Seashore Railroad.

THE BABCOCK & WILCOX COMPANY, of New York,
furnished boilers of the Babcock & Wilcox type fer the Long
Island City power station, and also for the two power stations
of the New York Central & Hudson River Railroad Company.
The Stirling department of the Babcock & Wilcox Company
was the contractor for the boilers and boiler settings for
the Westville power station of the West Jersey & Seashore
Railroad.

THE ALBERGER CONDENSER COMPANY, of New
York, supplied the condensers and the vacuum and hot well
pumps for the Long Island City power station; the feed-water
heaters for the power stations of the New York Central & Hud-
son River Railroad Company, and the condensers and pumps
for the Cos Cob station of the New York, New Haven & Hart-
ford Railroad.
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THE UNITED INDURATED FIBER COMPANY, of
Lockport, N. Y., supplied the indurated fiber protection for
covering a large part of the third-rail construction of the West
Shore Railroad and of the New York Central Railroad.

JOHN A. ROEBLING'S SONS & COMPANY, of New
York, supplied a large part of the third-rail bonds for the West
Shore Railroad.

THE UNION SWITCH & SIGNAL COMPANY supplied
the block signal system of the West Jersey & Seashore Rail-
road and of the Long Island Railroad.

HENRY R. WORTHINGTON,, INC,, of New York, sup-
plied the boiler-feed pumps, make-up pumps, step-bearing pumps
and step-bearing water-return pumps used in the power station
of the West Jersey & Seashore Railroad. The same com-
pany also supplied the condensers for the New York Central
power stations.

HALE & KILBURN MANUFACTURING COMPANY, of
Philadelphia, furnished the seats for the cars of the West
Jersey & Seashore Railroad.

THE GENERAL RAILWAY SIGNAL COMPANY, of
Buffalo, N. Y., furnished the block and interlocking systems
used in the New York Central electric zone. This installation
is unique in being the first which is supplied with power from
a single source, as all of the track circuits, signal mechanism,
line relays, signal lights, interlocking battery, charging motor-
generator sets, etc., are supplied with alternating current from
one transmission line.

THE ADAMS & WESTLAKE COMPANY, of Chicago,
supplied the hardware for the New York Central & Hudson
River and West Jersey & Seashore cars.

THE AMERICAN STEEL & WIRE COMPANY supplied
the New York Central Railroad with by far the larger part of
the bonds used on its third rail and running rail. It also fur-
nished the company a large amount of 7-strand bare copper
wire for 11,000 volts, paper insulated cables, accessories, tele-
phone wire, etc. In the Long Island Railroad installation a
number of Crown bonds are used on both running and third
rails. The West Shore Railroad employs a great many twin
terminal bonds of the company’s make for both the running rail
and third rail. The company also supplied for this installation
bare stranded copper cable. In the New Haven equipment the
company supplied some concealed bonds for the running rails
and a large amount of bare and insulated cable. The American
Steel & Wire Company supplied the messenger wire in the Erie
installation.

THE CURTAIN SUPPLY COMPANY, of Chicago, states
that its Forsyth fixture No. 8 is in service in cars on the
Rochester Branch of the Erie Railroad and the West Jersey
& Seashore. This is its standard Forsyth fixture which has
been in service a number of years, having the adjustable and
self-righting features. Upon the New York Central and New
York, New Haven & Hartford cars a later type fixture is being
used, namely, the Ring, No. 88.

THE J. G. BRILL COMPANY, of Philadelphia, has fur-
nished cars {for both the West Jersey & Seashore Railway and
the New York, New Haven & Hartford Railway, as follows:
West Jersey & Seashore, sixteen regular passenger coaches,
built by the J. G. Brill Company, and twenty-two of the same
type by the Wason Manufacturing Company. A more recent
shipment from the Wason Manufacturing Company consisted
of seven passenger cars, two combination passenger and bag-
gage and two baggrge and mail cars. - New York, New Haven
& Hartford, five motor combination passenger and baggage
cars and twelve trailer cars for passengers only. These cars
measare 31 ft. 614 in. over the bodies; 40 ft. over the end
panels. The company also supplied the rolling stock for the
electrified division of the West Shore Railroad.

THE ELECTRIC STORAGE BATTERY COMPANY, of
Philadelphia, Pa., furnished elaborate storage battery systems
for the Long Island Railroad and the New York Central &
Hudson River Railroad.

THE STANDARD UNDERGROUND CABLE COM-
PANY, of Pittsburg, Pa., supplied the Long Island Railroad
with varnished cloth, lead-covered cable which, with special
end-bells or terminals, have been installed for an operating
pressure of 11,000'volts. The New York, New Haven & Hart-
ford Railroad Company was furnished with rubber-insulated
and weather-proof braided cable for 11,000 volts operating
service.





