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STREET RAILWAY CONDITIONS AND FINANCIAL RESULTS
IN METROPOLITAN BOSTON

T is intended in this investigation to describe
the principal investment, traffic and operat-
ing characteristics of thirty-nine street rail-
ways located in the city of Boston, and in
about seventy-five suburban cities and towns
in the immediate neighborhood. The ter-

ritory covered is shown on the accompanying map. It

is generally limited to the area more or less dependent for
its prosperity upon Boston proper, excluding several inter-
esting and prosperous systems which, though connected

BEACON HILL ACROSS BOSTON

with the Boston suburban system by street railway lines,
are, nevertheless, working independently in their own re-
spective fields.
GENERAL CHARACTER OF THE
TERRITORY

The living conditions of the people of metropolitan Bos-
ton are probably better than those of any other large
American city—perhaps of any in the world. Boston is
really a city exceeding 71,000,000 inhabitants, but more
than half this number live, not in Boston proper, but in
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sonie thirty suburban cities and towns within a half-hour's
ride from the business section. In the territory under in-
vestigation are no less than 1,250,000 permanent residents,
to say nothing of a large summer population. These con-
ditions make for health, homes, and a fair prosperity, as
well as for transportation profits.

The diagram, page 473, shows the relative growth for
eighty-five years past of Doston proper, of Boston with
its annexations, and of mectropolitan Boston, including
twenty-six towns within ten miles of its State House. It

PUBLIC GARDENS
will be seen how little the old city has grown, and how
stationary is its present population; and how rapidly the
suburbs have grown, especially since the beginning of
street railway building, about 1850. The curve of metro-
politan Boston has taken a sharp upward turn, ever since
1835, and cspecially since 18go, when electric traction
came to Boston in force, and the census of 19oo is guite
sure to show a continuance of this upward movement.
The maximum population density of this area is 63,800
per sq. mile, and is found in the district within a half mile
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of the State Iouse.  IFrom this figure it rapidly falls off, so
that from three to four miles away 1t is but 6000 per sq.
mile, and from nine to ten miles but 1300. In the whole
area about 45 per cent of the entire population are living
within a quarter mile from steam railroad suburban lines,
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monwealth Avenue, the seat of social happenings in
Boston and the incarnation of blue blood and wealth;
of the DBoston DPublic Library, largest and best in
all the United States, excepting the Congressional
Library at Washington, and recently housed in a most
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beautiful and artistically decorated building in a fine
location on the Back Bay; of the State House, with
its gilded dome and “sacred codfish;” of Bunker
Hill and IFaneuil Hall; and of Trinity Church,whose
rector was the world-famed Phillips Brooks? All
through the suburban cities, too, are houses inter-
esting from one cause or another, such as the homes
of Lowell and Longfellow, in Cambridge; the old
IFairbanks farmhouse in Dedham, dating from 1636;
and “The OId Ship,” of Hingham, said to be the
carliest church edifice in America. A large amount
| of money has been spent by the Metropolitan Park
Commission in improving Revere Beach, and this is
now one of the finest coast resorts on Massachusetts
Bay, while south of Doston, Nantasket Beach is a
popular pleasuring ground.

Regularly twice a day a great majority of Bos-
ton's business men pass between home and office
over electric or steam railroad tracks. Several times
a week their wives and children “go in town” for
shopping, visit friends in other suburbs, or, in the
summer months, take a pleasure ride on the trolley
cars, either with or without an object. The three or
four thousand students and professors of Harvard
and Tult's Colleges in Cambridge and Medford near
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THE FIELD OF INVESTIGATION

the service on which is wonderfully good, and the fares
low, averaging, for commutation tickets, considerably less
than one cent a mile.

These suburbs of Doston are not composed, as with the
newer cities of America, of strag-
gling lines or groups of houses, in-
terspersed with large areas of geo-
metrically arranged “city lots,”
weed  overgrown and  gencrally
painfully “new.”  Rich and poor
alike live in Boston suburban cities,
the former in beautifully and care-
"fully kept up country houses, with
fine old treces and all the con-
veniences of city life, and the latter
in tastefully built individual homes,
cach with its garden plot and lawn,
and with strong neighborhood as-
sociations and local prides. All
through this area are the modern
comforts of gas, electric lights,
water supply, sewerage and street
ailways. 2\ magnificent metro-
politan park system has been es-
tablished, and reservations of wood-
lands and picnic grounds, the lay-
g out of boulevards, arboreta and
pleasuring places of many kinds on
land, on river ironts, around lakes
and ponds, and on the beautiful
coast of Massachusetts Bay, have
been among the most beneficent
results of recent State and city leg-
islation.  Who has not heard of
Boston Common, with its Frog Pond of ante-Revolution-
ary famlc; of the Boston Public Gardens, with their beauti-
fully laid out flower beds; of Beacon Street and Com-

by have much to do with Boston proper, both day
and night. The great manufacturing city of Lynn
and the charming residential cities along the North Shore
furnish an immense amount of business to the railroads
and street railways serving them, and in all directions are
found comfort and prosperity on large or small scale and

BEACON STREET AND BOSTON COMMON

comparatively little of grinding poverty or tenement house
living.
How valuable, from a transportation standpoint, is the



SEPTEMBER, 1808.] STREET
arca nnder investigation, may be judged from the fact
that 231,000,000 passengers per annum, in routtd numbers,
were carried on its street railways alone in their last finan-
cial year—an equivalent of 633,000 passengers, or one-half
the entire population, per diem.  In 1885 the number of
street railway passengers in this same arca was but 91,000,-
ooo!  The difference is due partly to the great increase in
mileage, partly to the electrical equipment of all lines,
partly to consolidations, with thetr attendant advantages
to the people, and partly to the natural increase of popula-
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tion and traffic. Nearly 50,000,000 passengers per annun
use the steam railroads i and out of Boston, but this num-
ber is decreasing quite rapidly with electric railway com-
petition, the decrease in the last year alone being 7.1 per
cent, and in the last four vears, 12.2 per cent, as against
an increase of street railway traffic in the same four years
of 31.2 per cent.

The Massachusetts svstem of conferring street railway
franchises is peculiar and merits
special attention. [t is not possible
for Massachusetts street railways
to obtain * vested rights,” prop-
erly so-called. Theoretically, they
hold their locations in the streets
and on the highways at the pleas-
ure of the municipal authorities,
who can order a change in, or the
complete removal of tracks, their
orders being subject, however, to
revision by the State Board of
Railroad Commissioners. It must
not be hastily inferred. however,
that for this reason Massachusetts
franchises are valueless or even

_less valuable than those conferred
in most of the remaining States,
for it is undoubtedly true that re-
spect for true or even presumptive
vested rights, and a desire to do
justice in dealing with invested
capital is, and alwayvs has been,
unusually strong in  Massachu-
setts, and it is almost certain that
public opinion would never coun-
tenance arbitrary or unreasonable
use of authority, while the check
imposed by the Railroad Commis-
si<m~compose(1 of three men of
fixed tenure in office responsible in effect directly to the
people, though appointed by the Governor—is of no nmean

value to investors,

In practice, there has never been a case of extreme con-
flict between the 11111111(11)'11 authorities and street railway
companies, or of serious interference with the reasonable
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rights of the latter.  As a matter of fact, the power re-
served to the municipal authorities amounts to little more
than a club held in reserve to compel the companics to
wive proper service and fulfil their just public duties.  The
Massachusetts Railroad Commission is known all over
the country as exceptionally able, broad minded and in-
telligent, particularly in its dealings with the new probleims
brought up by the introduction of clectromotive power on
street railways, and its wise decisions have probably done
more to establish clectric railroading in Massachusetts on
a sound and profitable basis than any other single in-
fluence.

The new law recently passed by the Massachusetts Leg-
islature recognizes 8 per cent as a fair and just (l1v1(1u1(1
to be paid by street railway companics upon their stock
in any year, and 6 per cent per aunum from the beginning
of operation.  If dividends exceeding 8 per cent are paid
by any company, an amount equivalent to the excess
must be paid by it in addition to other taxes, provided that
the company shall have paid at least 6 per cent per annum
since the date of commencing operation.  An excise tax
on gross receipts is also imposed on all Massachusetts rail-
ways, on the following basis:

Gross receipts of $4.000 or less per mile of track operated,
per cent.

Gross receipts of $4,000 to $7.000 per mile of track operated,
2 per cent.

Gross receipts of $7,000 to $14,000 per mile of track operated,
2% DEer celit.

Gross reeeipts of $14,000 to $21,000 per mile of track operated,
274 per cent.

Gross receipts of $21,000 to $28,000 per mile of track operated,
234 per cent. i ]

Gross receipts of $28,000 or more per mile of track operated,

3 per cent.

This tax is apportioned to the cities and towns in which
a company’s tracks are located in proportion to the total

COMMONWEALTH AVENUE

vrack mileage (including sidings and switches)
by the company in the several cities.
OCATIONS, INVESTMENT AND REVENUE
PRODUCING POWER

The street railways of the Boston metropolitan system

operated
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may be conveniently grouped for discussion as fol-
lows:

The Boston system.

The Lynn & Boston system.

The Gloucester group.

ON BOSTON COMMON

The Wakefield-Stoneham group.

The Newton group.

The Iramingham group.

The Dedham group.

The Brockton-Bridgewater group.

The Quincy-Hingham group.

THE BOSTON SYSTEM

A single corporation, the Bos-
ton Elevated Railway Company,
controls the entire street railway
system of Boston proper and many
of its suburbs. This control is by
lease from the owners of the prop-
erty, the West End Street Rail-
way Company, until recently in
independent operation since 1888,
when it was formed by consoli-
dation of five previously existing
street railway companies. There
1s at present no elevated railway
in Boston, but franchises for the
construction of elevated lines pres-
ently to be mentioned are pos-
sessed by the Boston Elevated
Railway Company, which intends
to build as soon as necessary con-
sents can be obtained.

The lines of this company ag-
gregate 154 miles in length of
streets occupied, and 303 miles of
single track. The entire resident
population served by this company
alone is about 788,000, equivalent
to 5100 per mile of road. About
2650 passenger cars are owned, of
which 2360 are equipped for electric operation. About
half the equipment is in open cars.

An examination and analysis of this system will show
the enormous strength of its position from an investment
and traffic standpoint, and will also make clear some of the
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difficulties connected with its service of the public. It is
distinctly a radiating system, whose center is the Boston
business district, a little peninsula with an area less than
one-fiftieth that of the territory tributary to it. Irom this
center no less than fourteen main lines pass into the ad-
joining country, north, south and west, as follows:

The East Boston-Chelsea Division (connected
with the peninsula by ferry) serves, approximately,
75,000 population, and requires about 44 cars per
hour in East Boston and Chelsea.

The Charlestown-Somerville-Medford-Everett Di-
vision serves about 165,000 population and requires
about 82 cars per hour. Over this line pass, also,
about 30 cars per hour of the Lynn & DBoston Rail-
road Company from Chelsea, Revere and Lynn.

The Cambridge-Arlington, Newton & West Som-
erville Division serves about 130,000 population,
and requires about 156 cars per hour.

The company’s Second and Ninth Divisions, serv-
ing the Back Bay, Brookline and Allston, together
with parts of Jamaica Plain, Roxbury, Brighton,
Newton and Cambridge, require over 200 cars.

Five lines to Roxbury and West Roxbury,
through Columbus Avenue, Tremont Street, Shaw-
mut Avenue, Washington Street and Harrison Ave-
nue, serve about 125000 population and require
about 140 cars.

Two lines to South Boston serve about 70,000 popula-
ticn and require about 64 cars, and the line to Dorchester
and Milton serves about 50,000 and requires about 40 cars.

The above car requirements are based on the heaviest
Lours of the day in the summer scason.

From the above analysis of the system it will be seen
how serious must be the congestion of traffic in this small
business area and how completely is the service of the

TREWONT STREET AND BOSTON COMMON, SHOWING SUBWAY ENTRANCES

cntire system dependent upon some relief from congestion.
As a matter of fact, until the recent opening of a portion |
of the new Subway, Washington and Tremont Streets, the
two main thoroughfares north and west, were centers of
congestion, which often caused stoppage of traffic or de-
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lays equivalent to a heavy reduction of the total speed
advantage to the system in electric traction over horses.
No less than 216 cars per hour formerly passed cer-
tain points on Tremont Street. In an article by Louis
Bell, published in the STREET RATLWAY JOURNAL in Jan-
uary, 1890, was given a very interesting analysis of
the results, in the matter of saving in speed, brought
about by electric traction in Doston, from which ar-
ticle is taken the accompanying map of a district swept
by a five-mile radius around the Doston peninsula. The
heavy lines on this map
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in the conntry, if not in the world.  The plan recom-
mended by the Rapid Transit Commission for the relief
of street railway traffic was not, however, approved by the
Legislature, but in July, 1804, a second body of men, the
Boston Transit Commission, was appointed by the Gov-
ernor, and by this commission the plans now being carried
into effect were prepared. The work of this commission
forms the subject of a special article in this issue, and will
not be here described in detail. 1t is sufficient to say that
a subway has heen constructed from the Northern Union

represent the fifteen and
thirty-minute bounda-
ries under horse and
clectric traction, ‘re-
spectively, the inner
dashed lines represent-
ing the old boundaries
with horse traction, and
the outer solid lines the
points possible to reach
in fifteen and thirty min-
utes, respectively, from
the peninsula. Dr. Bell %%
c
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finds that the area added
by electric traction to
the fifteen-minute dis-
trict was 1.15 sq. miles,
or 37 per cent, while
that added to the thirty-
minute district was 8.3
sq. miles, an increase of
57 per cent. It will be
seen how narrow is the
fifteen-minute  district
north and south through
the business center, and
how little has been added
to it by electric traction,

The best engineering
and financial talent of
the State has been for
many years at work
upon various plans to
relieve this congestion
in the heart of Boston,
and to make it possible
to greatly perfect the
service to the public. A
Board of Rapid Transit
Commissioners was ap-
pointed in 1891 to ex-
amine the transporta-
tion conditions and re-
port a plan of relief. The
problemwhich this com-
mission had to solve
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was not only to provide
better means for pass-
ing street cars through
the city, but to improve- also the railroad termini
and connections so as to overcome, as far as pos-
sible, the grave difficulties connected with river traffic,
bridges, grade crossings, etc. Through the efforts
of this commission, with modifying influences, five
steam railroad lines entering four separate stations at
the northern part of the city have been brought into a
single Union Station, while four railroad systems enter-
ing the city at four stations in the southern part are now
being diverted into a southern Union Station—the largest

Street Pailway Journal

FIFTEEN AND THIRTY MINUTE TRANSIT AREAS WITH HORSE AND ELECTRIC TRACTION

Station to and along Tremont Street and through a por-
tion of Boston Common to a point on Shawmut Avenue,
with a branch from the corner of Boylston and Tremont
Strects to a point in the Public Garden near Boylston
Street.  The southern portion of this subway has now
been in operation since September, 1897, and has already
ereatly relieved the congestion on Tremont and Wash-
ington Streets, and materially reduced the time from the
center of Doston peninsula on all the company’s southern
routes. When the northern portion is opened this fall, it



476 STREET RAILWAY JOURNAL.

1s expected that the relief will be much more apparent and
the northern lines will be greatly benefited.  The subway
was built by the city and was leased to the West End Street
Railway Company for twenty vears at a rental equivalent
to 47 per cent of the net cost to the city (about $5,000,000),

SCOLLAY SQUARE

and is now controlled by the DBoston Elevated Railway
Company through its lease to the West [End.

In connection with the subway it is proposed to build an
clevated line between the northern and southern stations
around Atlantic Avenue and further south to Norfolk [Touse
in Roxbury, a connection being made at the Shawmut
Avenue entrance to the subway, by which certain of the
trains may pass back to the northern station through the
subway. Another elevated line is to go north to Charles-
town, and a third is to go west irom Scollay Square
through a subway to the river, and thence to Har-
vard Square.  The Doston Transit Conunission 1is
also authorized and instructed to build a tunnel
under the river to [Last Doston, but nothing has as
vet heen done to carry out these instructions beyod
making the preliminary surveys.

Wlien all these plans are carried into effect, cen-
tral Doston should he a very different thing from
what it is at present, and the improvement will be
felt to the uttermost suburban regions. The aggre-
vate value of the time saved to the people by these
mmprovements will be incalculable.

The general balance sheet of the West IEnd Street
Railway Company on Sept. 30, 187, showed that
the total permanent investment in the property
amounted to 823,138,913, equivalent to $97.666 per
mile of main track. Of this amount, $32,384 per
mile was spent on construction of roadbed, track
and electric distribution system, $25,114 per mile
for equipment and $40,169 per mile for land. build-
ings (including power station and plant) and other
permanent property. The investment in land, build-
ings and all equipment, exclusive of roadbed, track
and distribution system,amounted to $6,346 per car owned.
The total capital liabilities against the Boston system are
much less than those of any other important street railway
svstem in the country, while the percentage of interest
charges to gross receipts is also extremely small, being
on the West End system in 187 but 5.6 per cent.

[Vor. XIV. No. 9.

The Doston system carned in its last financiai year
{September 30, 1897) $8,710,032, cquivalent to $56,700
per mile of route operated, $.2927 per car mile and $.0505
per passenger carried. This earning power per mile of
road is exceeded by that of the Metropelitan Street Rail-
way Company and the Third Avenue Railroad Com-
pany, of New York City, and the Capital Traction
Company, of Washington, only among the impor-
tant properties of the country, though the North
Chicago Street Railroad, of Chicago, has an earn-
ing power about the same. The earning power per
car mile is very large, but is considerably less in
this year than the West IEnd Company’s own record,
which is $.3611, made in 1892, and to this carning
power there is a strong probability that the com-
pany will return with increase of population and
greater inducements to local riding by reason of the
subway and elevated railway, and the relief from
street congestion caused thereby.

The Boston Elevated Railway (West End) Com-
pany’s carnings from operation applicable to return
on investment amounted last vear to $2,118,167,
cquivalent to $.071 per car mile, and to a return of
8.44 per cent on the total permanent investment.
Isight per cent was declared last year on the pre-
ferred stock and 74 per cent on the common stock,
leaving a surplus ior the vear of $431.573. This
property is very conservatively handled financially,
many charges being made to operating expenses,
which on some preperties would be charged, though
probably incorrectly, to construction aceounts. So long
as it deals fairly with the city it is practically secure from
competition, as there are no valuable routes in the heart
of the city possible to obtain for a rival system, which are
not pre-empted by its tracks.

For a system of this kind there arc two policies which
could be followed regarding further extensions into tlhe sur-
rounding country. One is to build for its own benefit
practically every connecting line or extension where there

FANEUIL HALL SQUARE

is a possibility of profit, and the other is to allow other
capital to make these further extensions and build feeders
for the main system. The West End Company has always
pursued the latter policy, which will probably be continued
by the Boston Elevated Railway Company. All of the
groups of railways presently to be described are con-
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nected with the DBoston IElevated Railway lines, as in-
dicated upon the accompanying maps.  To the considera-
tion of these outlying groups we now proceed, and will find
them extremely interesting from many points of view,

THE LYNN & BOSTON SYSTEM

The Lynn & DBoston Railroad Company now controls
practically the entire street railway system of the famous
North Shore of Massachusetts and connects
twenty-one cities and towns with cach other and
with Doston, entrance to the heart of the city
(Seollay Square) being gained through Charles-
town by a trafic agreement with the Doston
Elevated Railway Company.  Inecluded in the
arca served Dy its lines is the important man-
ufacturing city of Lynn, with a population of
62,000, one of the largest shoe towns in the
world, and long noted as the headquarters of
great electrical manufacturing interests; the resi-
dential and manufacturing suburb of Chelsca,
with 31,000 population; the quaint old cities of
Salem, Deverly and Marblehead, with 54,000
popnlation in toto; and sixteen other cities and
towns tributary to these various centers. This
section forms one of the most delightful and
popular summer resorts in the astern States,
and Beverly, Magnolia, Marblehead and Swamp-
scott are the seats of large summer colonies, the
sight of whose beautiful cottages forms a great
attraction for the less wealthy residents of the

R

manufacturing towns.  Marblehead is a great
vachting center, the headquarters of two great

vacht clubs, and their annual regattas and races

arc held i the waters of Massachusetts DBay near
by.  One of these clubs built the yachts “Iuri-
tan,” "Mayflower™ and “Volunteer,” successful defenders
of the America’s cup against Dritish challengers.  Nahant,

STATE STREET

Revere Beach and Winthrop are the pleasure grounds of
the people, and on pleasant Saturdays, Sundays and holi-
days arc visited by thousands from Doston and vicinity.
The entire Lynn & Boston system forms a mass of closely
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woven interurban lines of the highest interest to the stu-
dent of street railway finance.

The system as it exists to-day is a virtual consolidation
of six street railway properties, in independent operation
up to 1802, when the first general consolidation was ef-
fected. The Lynn & Doston Company prior to that year
was in possession of the line from Lynn to Scollay Square,
Doston, of the Chelsea local lines, of nearly all the local

WASHINGTON STREET

lines in Lynn, of the Revere Beach lines, and of a iine to
Marblehead.  The Naumkeag Street Railway Company
centered in Salem and operated nearly all the entire north-
ern portion of the present system, including the lines in
Salem, Danvers, Peabody, Beverly, Wenham and Ham-
ilton, and owned a line from Salem to Marblehead. The
East Middlesex svstem centered at Malden and owned
the principal lines west of Chelsea and Saugus, located in
Chelsea, Everett, Malden and Saugus, as well as a line
from Malden to Revere Beach direct  The Lyvinn Delt
Line Street Railway Company owned several local lines
in Lynn. The Essex Electrie Street Railway Company
owned a line from Salem to Peabody. and one from a
point in Salem to Salem Willows.  The Boston & Revere
Eleetric Street Railway owned a line from a point on Cres-
cent BDeach to Winthrop Junetion and Ocean Pier.

An idea of the relative earning capacity of these five
components of the present system (whose locations on the
accompanving map may be easily understood by the fore-
going) may be obtained from the following figures based
upon the horse railway traffic of the year ending Septem-
ber 30, 1892:

MiLes TrAck. PassENGER RECEIPTS.

Per Per ‘ Per Mile Der

Eac ~ Each ~

sy, | Senete svitem. | Gente | Hrack” | G

| |
- fl— e S e e | S -

, |
Lynn & Boston. 63.3 45 $612,185 58 | #9,700 $£.315
Naumkeag........ 87.0 27 240,936 23 | 6,400 ! .333
East Middlesex. . . 18.3 13 101,401 9 5,500t 511
Lynn Belt Line. 10.4 8 76,087 7 7,300  .206
Two pleasure lines..| 96 7 25,258 ‘ 2 ‘ 2,600 | .335

It will be seen that, as might readily be supposed, the
old Lynn & Boston system proper is the best portion of the
1)1‘@S(’ﬁt larger system. In the old horse railway days with
hut 45 per cent of the total mileage it earned 58 per cent of
the total receipts and $9.700 per mile of track, which is a



i — /
/ Reading A MAYP OF
\1.511‘::‘\;):‘17 Highlands *\ S X l{ = e S

THorn Poud N p: : Readifiz ‘ BOSTON, LYNN, SALEM &
e s /\ ' |l SHOWING THE LINES OF THE |
Wobrs l it B\ LYNN & BOSTON RAILROAD CO. |

£ Burbank Pond \

\ MILEAGE OWNED. |
/i ‘
S ,IJM Woburn L eemcessenassans  M|LEAGE CONTROLLED. |

CONNECTING LINES.
———————  STEAM RAILROAD LINES.
X CAR HOUSES. ® POWER STATIONS.

Qummapozc IN

Winchester b
Reser t-on'w

pn! Pond

Asylum Station

|
\ |
\ R |
Bt ‘
Beaver Brook
l Station
o —~——-Dailyers Center |I
; N 1 N~ .
1 South \ \, N i ) Asbury
S \ R Grove.
Medford / Lynnfield N \ N
3 \ Vi . Tapleyville Station\> - — -2 Pleasant
) North Saugus \, -c{} Céiltir Pond X N v {} Lond
\ \ edar Pond \ B Wenham
v&., ! | < L We
F:\:t\!\hdf.nd \\ \ L | Wenham X ///
\\ \ o Lake //<\
N \ anverspoyt o .= /// N
N N H —
‘ - H & i
Birclh Pond X \ ] -
4 N P - .
N v . " N.Bevefly, Station
S s - i
) ) Brop, Needhams N E Pivg = 5 //
Cliftondale 7, S22 Corner X i 178 s 3 by
‘ P Oy N 4 o " 7
A7 T =¥ 2 . {
na ), ey V7 Beaver Poud \
=D . > ) SARE S & \
Franklin Park 7 Pawer s‘“"{f i
© Spring Pond " North s 2\ ’?
§alem = . S
; Wenuchus Lake L Beverly | ™~
q,,,{ B g - LA b
7\ Not > o \
AT X Glenmere Lake \ A > & P S \\
. =2 Salem\ / Y ) ~- Cove V 11];\gu\ 1
2 Tl
e i
i Cp
] e E 11 \
/ e 7 . P \
= X X 3 e i . P ESALEM NECK \
5 Re\ ereiRET ol Power Station .7 /N Y S South Salem
Station Lynn Harbor S pacofl I’ Salem Harbor s
\ wannt Beach : Station 1§
~ Station .. N ,Bj““"l"
. Y S - Farms
i Swampscott + SR
B \BREED® si’g' \ ‘
oston Harboq sLAND s Nahant Bay \ |
% ) cachmo: K f
South Boston. § S -
1 M) k ¥y i X <
\:\\l\ !nﬂHop o & 4 i GREAT MISERY ID.
GOVERNORS N [ - @
ISLAND i Y‘“‘\\\\ Marblehead Harbor o
e *Ln i MARBLEHEAD NECK > (2:

A, Nahant 5
‘1 ) ) ) // Nashua g
ENg N § JBAKER'S ID-

TIVNINOL AVMIIVY LAHMLS

74 RE i

QLY

"6 "ON "AIX "10A]



Aillaglen
Hilghii W,

SRV XD f

gl \
N .:'

s me il

T

£ I Vksrsl T
& Voo Sdnoany
—— ':.:"‘.-\
== “«
o
<
o

chulh NE
2 LLTE)

dlitlas
Peonn El3 \o™
o
. AN

& S ;
= X wiltah 5"
3
-

nirtien

‘} o=

9 = \
cl,tLQ) /

e /\\ E
Walss | IS, /
N LoD i
,'}.)."'- _r"
4 e ——
- —

FIGa] BROOR

AFRCAVATION

Mnrannn
e LR ol

——

Cadnn marang

ARhoLh

& o ¥
N Rl
2 Foacrilitlen .
#, 1
¥
Iy Chuigilana
<y | Lrain, I Wgel
*i, o

7y . it e
= 2 5 LF ] (Bt

yaih Hiahligi e

Pm’ii‘sll.\' :

i

RN e S T -
¢, V 1. ‘

: o / :
L.-un:"“l:" o g‘ L L . -1|I

o

VA 1k,

A

0 I
“u-u::"“ Fau di Bl
NE: T.H, FRINTLIN PAAT
g

< q;—(\
h

£
5
\_\f""\

MALIEN adAn

M T s

Frasille
g
g

*o‘_%

Eresa bl &K,

LA MIMINT
LLTER et RLR LS

<

.@;e.n
Ty sl :
£ 5 T

Aghmeal CH,

Corcharin
Ara. CH.,

I

Linwiife
MiILLS

/
\
o
3 =
. -
Ll
e
= ! ===
- = ‘: o \ S
b
(4]
\ 3
o Q
1
i

———

BOSTON ELEVATED RAILWAY CO.

SURFACE LINED
PROPOSED CLEVATED LINES
CONKEGTI Nﬂ. BUAFACE LINECS
ROUTE OF BUOWAY




SEPTEMBER, 1898.]

considerably greater earning power per mile than any of
the other components. The Lynn Delt Line appears to
have been a valuable local property, as its traffic density
was equal to $7,300 per mile of track, and it earned nearly
its due proportion of the entire traffic of the system. [Its
net earnings were small, however. The traffic of the I<ast

Middlesex system was too largely local in character, and
presented too little inducements, except for the Revere

MASSACHUSETTS STATE HOUSE

Beach travel, to achieve a large earning power per mile of
track, but its cars were run in such a way as to give a
fairly large return per car mile. The travel of the pleasure
lines, whose principal business was in the summer, was
naturally small per mile of track and large per car mile.
The backbone of the present Lynn & Boston system is
the long, nearly straight line passing from Lynn
through Chelsea and Charlestown to Scollay
Square, Boston. This is by far the greatest reve-
nue producing line of the system. A r1d-minute
service is given to Chelsea and a fifteen-minute
service to Lynn, while between Boston and Re-
vere 1s a 23-minute local service. It is two and
one-half miles from Scollay Square, Boston, to
Chelsea; six and one-half miles to Revere, and
ten miles to Lynn. The fare to Revere is five
cents and to Lynn ten cents. The company’s
Chelsea line probably obtains more than half of the
regular daily traffic between Boston, Chelsea and
Revere, and nearly half of that between Boston
and Lynn. Tts competitors for the Chelsea traffic
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u large portion of the travel formerly going by steam rail-
road. Of course nearly all this through travel betwcen
Joston and Lynn has been built up since the introduction
of eclectric traction, and is a direct result of the higher
speeds possible with it.

The Revere Beach portion of this old Lynn & Boston
system has been already referred to as being one of its
most important and profitable sources of revenue. The

traffic on the old East Middlesex system serving
——  Chelsea, Everett, Malden and Melrose does not call
for a very large car service, a fifteen-minute service
only being necessary between Chelsea and Melrose
via Malden, a half-hour service from Woburn to
Lynn and Revere Beach via Stoneham, Melrose
and Saugus, and a ten-minute service along the
beaches.

The company’s lines north of Lynn obtain still
the great pleasure traffic of the system with a little
all-the-year-round traffic. A ten-minute service is
given between Lynn and Salem, a fifteen-minute
service between Lynn and Marblehead, a fifteen-
minute service from Salem to Marblehead and to
Salem Willows, a twelve-minute service from Salem
to Danvers, a fifteen-minute service to Beverly and
thirty-minute to Wenham.

The general balance sheet of the Lynn & Boston
Railroad Company of Sept. 30, 1897, showed that
the total permanent investment in the property
amounted to $6,026,044, equivalent to $57,334 per
mile of main track. Of this amount $34.600 per
mile was spent on construction of roadbed, track
and electric distribution system, $11,174 per mile for
equipment, and $11,471 per mile for land and build-
ings (including three power stations and plant) and
other permanent property. The investment in land, build-
ings and all equipment, exclusive of roadbed, track and dis-
tribution system amounted to $5.271 per car owned. The
total capital liabilities against the Lynn & Boston system
amount to about $58,000 per mile,

The Lynn & Doston system earned in the year ending

are the Chelsea Ferry, which charges a 2}-cent
fare, and lands its passengers at the foot of Han-
over Street, Boston, connecting with the cars of
the Boston Elevated Railway Company; and the
latter’s lines direct from Broadway, Chelsea,
through East Doston via East Boston Ferry to
Doston proper—a comparatively roundabout and
little used line for Chelsea traffic, though valuable
for East Boston. The company’s cars between
Doston and Lynn are run at good speed (eight
miles per hour schedule), and that fact, together with the
distribution facilities offered by the local lines of Lynn,
free transfer to which is given, the convenient Scol-
lay Square terminus in Boston, and a 25 per cent saving in
fares has been successful in diverting to the electric lines

BOSTON PUBLIC LIBRARY

September 30, 1897, $1,431,936, equivalent to $11,465 per
mile of route operated, $.261 per car mile and $.052 per
passenger carried. The fact that this earning power per
passenger so little exceeded the normal five-cent fare shows
that the proportion of the passengers paying a sum greater
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than this five cents must be but moderate.  The earning
power per car mile is less than the company’s hest record,
which is $.2814 earned in 1895. The carnings per mile of
road have neither increased nor decreased materially since
the horse railway days. The entire profits of the system
are carned during the six summer months, the trafhc of

THE FROG POND ON BOSTON COMMON

the remaining six months hardly paying operating ex-
penses.

The company's earnings from operation applicable to
return on investment amounted last vear to $300.387,
equivalent to 5.72 per cent upon the total permanent in-
vestment. Ilight per cent was declared upon the capital
stock, lTeaving a surplus for the vear of $4,218.

This is evidently one of the most valuable street railway
properties of the interurban class in the world. It is diffi-
cult to see how the territory could possibly be excelled
from a street railway point of view, except, perhaps, that
a somewhat larger proportion of manufacturing to residen-
tial and pleasuring interests would be desirable.  There is
1o question that the section which this svstem serves will
always Dbe largely residential, and manufacturing interests
will probably not develop very greatly, but there will surely
bhe a steady and perhaps even rapid growth of travel
throughout this whole North Shore district with the in-
crease of population brought about by greater facilities
of transit, and by the delights of summer residence.

THE GLOUCESTER GROUP

North of the Lynn & Boston system and connected with
it at Beverly are four lincs serving five towns of about
54,000 total population lving along the Gloucester penin-
sula, the northern limit of Massachusetts Bay. This dis-
trict was formerly given over almost entirely to fishing
interests, Gloucester, Deverly and Ipswich being in es-
pecial ports from which many whaling boats were fitted
out. lLater, however, these interests have greatly declined
and have not heen replaced by others to any material ex-
tent, so that this scetion is chieflv residential and farming
in character, with a large summer population attracted by
the quaintness of these old towns.

The street railway system is composed of four separate
companies, but is operated practically as one system, cer-
tain stockholders being largely interested in each com-
pany. The Gloucester Street Railway Company, the oldest
and best developed of the four lines, dates from 1885 and
until 1891 was owned locally and had built 5.4 miles of
track. At about that time it was purchased by the present
owners, who have since cxtended it by about five miles

[Vor. XIV. No. 9.

and have equipped it for clectric operation. To this line is
leased the Gloucester & Rockport Street Railway, a small
branch 14 mile in length running to a shore resort and
built in 1895. The Rockport Street Railway was built in
the early part of 1896 and was opened for operation on
July 3 of that year. The Gloucester, Essex & DBeverly

Street Railway was opened for operation
e on Aug. 21, 1895, and construction was
A completed before Sept. 30, 18g6.

The accumulated investment in the Glou-
cester Street Railway, including a fair al-
lowance for the old horse railway property,
is $11,600 per milc of track and roadbed,
$4,000 per mile for overhead construction
and $7,500 per mile for rolling stock. The
net cost of building the twenty-three miles
of the Gloucester, Essex & DBeverly road
was $8,100 per mile for roadbed and $3,600
for overhead construction, while its rolling
stock cost $2,400 per mile. The net cost
of building the Rockport Street Railway
was $9.9oo per mile of roadbed and tracks
and $2,000 per mile for overhead construc-
tion, its rolling stock costing $2,600 per
mile.  The cost of building the 1.5 mile
of the Gloucester & Rockport Street Rail-
way was $11,400 per mile for roadbed and
tracks and about $r1,000 per mile for over-
head construction.  The cost of power stations for the
entire system including land, power station buildings and
equipment, amounts to $2,600 per mile of track and $1,900
per car owned. The cost of land and buildings othier than
for power station purposcs for the complete system was
nearly $1,200 per mile of track and $9oo per car. The

SALEM WILLOWS

cost of equipment for the four companies, including cars,
motors, power station, land and buildings, but exclusive
of roadbed, overhead construction and feeder system, was
85,600 per car owned.

These figures of investment may be relied upon as very
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closely representing the actual net cash cost of these prop-
erties, as all construction accounts are most carefully in-
spected by the Doard of Railroad Commissioners, and any
attempt at padding as a basis for overcapitalization is rigor-
ously checked. Tor this reason these and similar figures
concerning other properties vet to come are of special sig-
nificance and value to those who wish to obtain an accurate
idea of the cost of clectrie railway building at the present
time.

There is quite a little local traffic in Gloucester and in
the near vicinity, particularly to the shore resorts close by.
O the long lines to Lanesville and Ocean View via Rock-
port a thirty-minute service is given in summer and a
torty-five-nnnute service in winter.  The local fares are
five cents, while the fare to Lanesville and Ocean View is
ten cents.  The gap between these two lines at the end of
the peninsula is teft closed perhaps with a view to increas-
ing traffic by avoiding round trips. A\ summer visitor
must evidently make a return trip on both lines if he ex-

as a large proportion of the ten and twentyv-cent fares
would otherwise have brought up the minmmum five-cent
farc to a much greater figure.

The Rockport Street Railway carried 3.9 passengers per
car mile and earned $3.497 per mile of track operated,
cquivalent to 19.34 cents per car mile and 5 cents per pas-
senger.

The net earnings of the Gloucester Street Railway ap-
plicable to return on investment amounted in 1896-7 to
$24,541, cquivalent to 7.3 per cent on its own investment
and that of the Gloucester & Rockport Street Railway,
which it leases.  The Gloucester Company paid the Glou-
cester & Rockport Company as rental the sum of $1.800, or
6 per cent on its capital stock, and it paid 6 per cent upon
its own stock, leaving a surplus for the vear of $5,635 to be
added to its previous surplus of $35.917.

The net earnings of the Gloucester, Essex & Deverly
Street Railway Company amounted to $17.700, equivalent
to 4.4 per cent upon its investment. This company declared
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pects to see all the scenery that Gloucester can afford to
him by trolley cars.  On the Gloucester, Essex & Beverly
line a thirty-minute service is given in summer and a sixty-
minute in winter. The fare between Gloucester and \West
Gloucester is five cents, Gloucester and Essex [Falls ten
cents, and Gloucester and Beverly thirty cents. The fare
on the Ipswich branch from the trunk line to Ipswich is
five cents, and a thirty-minute service is given.

As a result of this service the Gloucester Street Railway
carried in 18g6-7 4.9 passengers per car mile, carned 5.26
cents per passenger carried, 25.84 cents per car mile and
$5.902 per mile of track operated.  The Gloucester, Essex
& Beverly carried only 3.3 passengers per car mile and
carned on its twenty-three miles of track operated less in
toto than the Gloucester system with its twelve miles, the
carnings of this long interurban road being at the rate of
$2,612 per mile of track, 17.35 cents per car mile and 5.23
cents per passenger. I'rom this last figureitwould seem that
the traffic on the Gloucester, Essex & Beverly road must
be chiefly Tocal with comparatively little through business,

a 2 per cent dividend, which left a surplus for the year
of $4,332 to be added to its previous surplus of $8,717.
The net earnings of the Rockport Street Railway Company
were $6,924, equivalent to 5.3 per cent return on its invest-
ment. This company paid a dividend of 3 per cent on its
stock and after doing so had a surplus for the vear of
§3.234 to be added to its previous surplus of $7.505.

The four companies composing this system earned as
a2 whole $153,579 gross, equivalent to about $2.80 per capita
served (not counting of course summer populationy; and
$50,174 net. equivalent to a return of 3.7 per cent upon the
total investment. The total balance sheet surplus of the
four companies amounts to $82,07¢, equivalent to ¢.4 per
cent of their joint investment.

Altogether, while this system has the disadvantage of
being located in a purely residential section without man-
ufacturing interests of consequence to favor its larger
growth, it 1s safe to expect a steady though perhaps slow
development, which should make it always a reasonably
profitable property if carefully managed.
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THE WAKEFIELD-STONEHAM GROUP

Seven independent lines of this group, operating about
fifty-four miles of track in all, serve cleven cities and
towns, with an aggregate population of 81,000 lying to the
north of the Boston system and west of the Lynn & Doston
system, and connected with these two systems at Arling-
ton, Medford, Melrose, Stoneham, Woburn, Saugus and
Lynn. The territory is chiefly residential suburban in
character, but there are some large manufacturing inter-
ests, particularly in Wakefield and Stoneham. The traffic
is largely of the “shuttle” order, except that there is con-
siderable pleasure business in summer, the lines running
generally through beautiful semi-country scenery along
pleasant rivers and in quiet byways. Some effort is made
to obtain North Shore traffic, but this has to pass over the
Lynn & Boston lines before reaching the shore itself.

The oldest of these seven lines is the North Woburn
Street Railway, which dates from the early '80’s, and is a
direct feeder to the Boston system connecting with it Win-
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no greater frequency being considered necessary except
on special days or special occasions. The fare charged
from Reading to Billerica is fifteen cents and from Wake-
field and Reading to Winchester and Arlington ten cents,
but elsewhere on the system in general a five-cent fare is
charged for each line 1rrespective of distance.

The investment and operating characteristics of the five
properties in this group which have been in operation for
one year or more are given in the table on page 488, and
a.number of interesting comparisons may be made by
those who wish to draw deductions for use in other places.
The comparative density of traffic is as follows:

Gross Receipts

Per Mile Per Car
Track. Mile.
North Woburn ...vovviiniiiiniininenann, $4,652 $.1054
Wakefield & Stoneham ........ S e a0 3,80 .1603
Mystic Valley ...ouomisnsssea. §5 0 e s A s . 2,001 .1667
Woburn & Reading c:s s sensmams seman 1,040 1483
Reading & Lowell cisininimmmmiainsmmmenss 1,476 .1103

In the year ending Sept.
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chester, Woburn and North Woburn.  The remaining
six lines form practically one system, the same parties be-
ing in control of all. The Wakefield & Stoneham Rail-
way, the largest of the six, commenced operation in 1892,
the Reading & Lowell in December, 1895, the Mystic
Valley in May, 1896, the Woburn & Reading in June,
1896, the Arlington & Winchester in July, 1897, while the
Salem & Wakefield is about ready for operation. From
these dates it will be seen that the earning power of this
system is not fully developed, but should be greater three
or four years hence than at present.

Over all these lines the cars run at half-hour intervals,

earned a surplus over fixed charges of $1,873 only, and its
balance sheet shows a total deficit of $12,976; the Wake-
field & Stoneham earned a surplus over charges of $20,583,
paid a 5 per cent dividend and shows a total balance sheet
surplus of $4,012; the Mystic Valley earned $1,051 net
and shows a total surplus of but $843; the Reading &
Lowell and the Woburn & Reading combined earned but
$716 over operating expenses for the last year, and show
a total deficit to date of about $5,100.

These five operating propertics taken as a whole cost
$19,600 per mile of track, of which $11,200 per mile
was for roadbed, $2,700 for overhead construction, $2,900
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for rolling stock, $2,000 for power station and equipment
and $800 for other land and buildings. The cost of equip-
ment, exclusive of roadbed and overhead construction, was
$5,100 per car. The five railways together carried 3.2
passengers per car mile and earned $132,706 gross, equiv-
alent to $1.64 per capita served (exclusive of earnings of
competing lines in same territory), $3,100 per mile of tracl,
$.158 per car mile and $.0501 per passenger carried. The
earnings from operation were $28,668, equivalent to a re-
turn of 3.4 per cent upon the total investment.

The somewhat unsatisfactory results on this system
are undoubtedly due to the fact that the seven lines
of this group alone have built one mile of track
for every 1500 inhabitants to be served, to say noth-
ing of the Lynn & Boston and Boston Elevated Rail-

ways, which give additional service to several of the
towns. The system is also unfortunate in offer-
ing comparatively little inducement to permanent

daily traffic aside from pleasuring and occasional local
business requirements. The competing lines give their
patrons much longer rides for the same money and take
them also to Boston and other large business and pleas-
uring centers. The new lines just built and building may
improve these general results to some extent, particularly
the Salem & Wakefield line, which will probably carry a
good deal of pleasure travel from the entire territory.

THE NEWTON-WALTHAM GROUP

Newton City and the Newton villages are considered .

by many—particularly those who live there—as being
among the most beautiful suburban residence places in the
world. Certainly they are the most beautiful and highly
developed around Boston, and in character of houses,
highways and public service in general they can hardly be
excelled as model suburban townships. All of these are

= \
—_ = \\_/////// Fresh Pond /
rt
-----E' . ‘@1 ) ""%. care R 8
\Valtham '~..... a
o 7

4% l\e“ ton

-

\L\ P ,\n

\Or};::)!;ega LLF“ Newtonville Bnghm): F: /“/“‘ g
T Strongs Pond s\‘vv&ig

’
e Auhnrn *, t’ \>
_‘_ﬁﬁ“ | Chandlers Pond
F=_ e West Newton 0 R

'~ A 8ostOR.
~. (T SRR— ey Q»%B ERR

3 ".'LV ol = |

Chestnt 111 R -
e \ “Newton (,1u lr o //

\\\ \ &9{\7\?\ %

( Hammonds
g Newton Tond N
g JKQ,IIIghlnnds

*Z\\L%'M\V \“5\

MAP
SHOWING THE LINES OF THE
e WELLESLEY & BOSTON STREET RAILWAY CO.
S — = NEWTON & BOSTON STREET RAILWAY CO.
@mmm COMMONWEALTH AVENUE STREET RAILWAY CO.

-~

Newton
Lower Falls \\
e

To Nntlclv &
So. Framingham

\fL&
Highldf |2
?

m ®emmemm NEWTON STREET RAILWAY CO.

i . ® NEWTONVILLE & WATERTOWN STREET RY. CO.
jﬂrﬁﬁ"‘“‘““'“ _——— Z?::ECFZLTSR(‘;IANDESLINES
i

within thirty minutes of Boston by the “Newton Circuit
Line” of the Boston & Albany Railroad, which gives an
excellent service, and yet are so far away by street railway
lines that even with electric speeds the latter can hardly
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hope to obtain much of the Boston travel except from
those to whom time is no object and pleasure in riding
desirable.

Three cities only are served by this system—Newtou,
Waltham and Needham—with a total population of 53,000.
In Newton, however, are no less than twelve villages rang-

HARVARD COLLEGE GATES

ing in size from Thompsonville, with 77 population, to
Newton proper, with gooo. Ior the service of this 53,000
population the five railways in this group have built forty-
three miles of track, an average of one mile for each 1250
inhabitants. According to all or nearly all precedents so
large a milcage in proportion to the population would
mean disaster from the start, but this has not come about
here, as will presently be seen.

A fifteen-minute service is given on these lines from
Newton to Newton Lower IFalls, a twenty-minute service
from Newtonville to the southern villages and a half-hour
service from Newton and Watertown to Waltham. A five-
cent fare is charged throughout. The Commonwealth
Avenue line, the most recent of the five, going into opera-
tion in March, 1896, connects with the Boston Elevated
Railway at Chestnut Hill Reservoir, and a good deal of
Boston traffic will be obtained to Norumbega Park via
Newton over this line.

In the table on page 488 will be found the financial char-
acteristics of the separate railways forming this group. It
should be stated that the Wellesley & Boston, the Newton
& Boston and the Newtonville & Watertown Street Railway
companies are practically identical in management and
ownership and have a common power station, which also
furnishes power to the Commonwealth Avenue Street Rail-
way Company. The latter, though owned by a separate
group of capitalists, is on friendly terms with the three
companies just named, as is shown by the fact that they
have given the Commonwealth Avenue a terminus at New-
tonville over their tracks. The power station, as above
stated, is used in common and one superintendent handles
the four lines. The Newton Street Railway was the first
one in this field and is entirely independent of the others.

The relative earning power of these properties is as fol-

lows:
Gross Receipts
Per Mile Per Car

Track. Mile.
Newton Street Railway ................... $7.608 $.2467
Newton & Boston :cisssveesaeswsnsssinisss 45723 .1053
Commonwealth Aventie ......ooeco.ooonssss 4.432 .1587
Wellesley & Boston ...l 2,670 .1303
Newtonville & Watertown ................ 2,657 .1397

Combining the investment and operating figures of the
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five properties we find that they have, as a whole, cost
$25.100 per mile of track, of which $13,600 was for road-
bed, $2.400 for overhead construction, $5,300 for rolling
stock, $1,400 for power station and equipment, and §2,400
for other land and buildings. Their cars carried 3.7 pas-
sengers per car mile and their gross operating receipts
were $21.4,57.4, equivalent to $4.05 per capita served, $4,800
per mile of track, $.1939 per car mile and $.0528 per pas-
senger carried.  The net earnings of the system, applicable
to return of interest and dividends ou bonds and stock,
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THE FRAMINGHAM-NATICK GROUP

Directly west of the Newton group are five lines con-
nected with it at Newton Lower [Falls, and running thence
through Wellesley and Natick to South Framingham, the
center of this group, wlience a line runs still fnrther west
to Hopkinton and south to Milford and Hopedale. This
territory is almost entirely independent of Boston, and
carrics practically no traffic to or from the Boston system.
[t is to some extent suburban in character, however, even
as far west as South Framingham, but for the benefit of
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amounted last year to $54.720, equivalent to 4.9 per cent
upon the total permanent investment. The Newtonville
& Watertown alone of the five properties did not earn its
operating expenses and taxes, its scale of operations being
extremely small—$8,c00 gross receipts per annum. The
Wellesley & Boston paid a 7 per cent dividend, the New-
ton & Boston 3.8 per cent, the Newton 8 per cent and the
Commonwealth Avenue nothing. The combined balance
sheet surplus of the five properties is $29,086.

steam railroads only. South Framingham itself is a some-
what important railroad center, the seat of the great shops
of the Boston & Albany Railroad, while Natick possesses
a number of manufacturing establishments and Wellesley,
the beautifully situated and popular Wellesley College for
the education of women. Apart from these towns the
district is chiefly farming in character, and the towns and
villages small.  The total population served by the 53.5
miles of track owned in this group of five lines is 36,000, or
less than 7oo inhabitants per mile.

A half-hour service only is given on all the lines in this
territory.  The fare from Natick o Saxonville is ten cents,
from South Framingham to Hopedale fifteen cents, from
South Framingham to Braggville and Hopkinton ten
cents, from Milford to West Medway and Medway ten
cents, and elsewhere on the system for short distances five
cents is charged.

The South Middlesex, the Miiford, Holliston & Fram-
ingham and the Milford & Hopedale Street Railway prop-
erties are owned and operated as a single system; the
Natick & Cochituate belongs to other owners, and the
Framingham Union has but just completed its electrical
equipment, having been almost the only road in Massa-
chusetts to continue as a horse road until last year.

The relative traffic density and earning power of these

five lines is as follows:
Gross Receipts

Per Mile Per Car

Track Mile.

Milford & Hoepedale .poupsmesinse otk $5.676 $.1827
Natick & Cochituate s:eiee- oL 4,158 2104
South Middlesex ......coiiiiinn s 3,084 2049
Framingham Union ...................... . 2,884 2289
Milford, Holliston & Framingham........ 2,610 .1826

Combining the investment and operating figures of the
five lines (for details see table, page 488) it is found that
as a whole they have cost $17,500 per mile of track owned,
of which $9.500 was for roadbed, $2,200 for overhead con-
struction, $2,900 for rolling stock, $2,000 for power station
and equipment and $973 for other land and buildings. The
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system carried 4 passengers per car mile and earned
$170,157 gross, cquivalent to $498 per capita served,
$3.300 per mile of track owned, $.2023 per car mile and
$.0502 per passenger carried. The net earnings applicable
to return of interest and dividends on bonds and stock
amounted to $50,029, cquivalent to 5.3 per cent on total
permanent investntent.  The Milford & Hopedale and the

Milford, Holliston & Tramingham paid 5 per cent divi-
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villages is ncecessarily large. Thirty-four cars per hour
are run by the Boston Elevated Railway Company hetween
Boston and Forest [ills. .\ fiftcen-minute service is
given from FForest Hills to Ilyde Park and Roslindale
and a half-hour service from Forest Thlls to Dedham and
[Last Walpole, as well as from [Hyde Park to Milton and
Readville.  IFifteen cents is charged from Forest [ills to
ILast Walpole and five cents to Dedham and Ilvde Park.

THE OLD SHIP MEETING HOUSE, HINGHAM

dends, the Natick & Cochituate 6 per cent, the South Mid-
dlesex 5.5 per cent, and the Framingham Union nothing.
I'he joint balance sheet surplus of the five properties was

$17.723.
THE NORFOLK SUBURBAN GROUP

Southwest of the Boston system and connected with it
at orest Hills lie three lines, two of which are for a large
part of their length in Boston proper.  Altogether they
serve nineteen towns and villages in Norfolk and Suffolk
counties, having a total population of 60,000, equivalent
to 2300 inhabitants for each of the twenty-six miles of
track Duilt.  This is Dbeautiful suburban territory, de-
1)@11(1(;111 exclusively upon Boston, and its population is
growing more rapidly perhaps than in any other section
around Boston.  There is a large amount of hoth regular
and pleasure travel, and the local traffic between so many

THE OLD FAIRBANKS HOMESTEAD, DEDHAM

'rwg* e Li
AW X
L
gt ke

+

THE CRAIGIE MANSION, CAMBRIDGE

The density of traffic and earning power of the three sys-
tems as so far developed is as follows:
Gross Receipts

Per Mile Per Car
Track. Mile.
Norfolls Sulurhain, smss. musszzomran $3.045 $.2356
West Roxbury & Roshindale......... ... ... 5,004 1784
Neorfolk Central . osovess oo 3.039 1396

These are large earnings compared with any (except
Lynn & Doston) so far investigated 1 suburban Boston,
and show how important the regular daily business travel
is to the prosperity of such roads,

There i1s one element of competition which mav pos-
sibly enter into the question of the permanent prosperity
of these properties in the near future, and that is the pro-
poscd equipment, by the New York, New IHaven & Tlart-
ford Railroad Company, of its Dedham Circuit Line, which
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will run from the new Southern Union Station in Boston
to Forest Hills and thence via Roslindale, \West Roxbury,
Dedham, Readville, Hyde Park and Forest Hills back to
the Union Station. It is probable that an exceptionally
good suburban service will be put upon this Circuit Line
by the New Iaven Company, with the idea of making
direct issue with the street railway companies in the same
territory as to traffic. It is possible even that the time in-
terval between electric trains will be but ten or fifteen min-
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utes instead of hourly, as at present; that the speeds will
be great, and that some system of “‘chopping-box” ticket
collecting will be used at stations along the line. All
grade crossings on this circuit are being avoided and the
run will be straight, clear and unimpeded. As before
stated, this district is building up very rapidly and the in-
fluence on still further increases of such a novel experiment
as this in suburban railroading will possibly bring into the
territory so large a number of new residents that, though
the street railways may temporarily suffer somewhat, they
may quite possibly gain back eventually in local traffic all
that they may lose at the start. In any event, the issue
will doubtless be postponed for at least a year during the
railroad equipment period.

[Vor. XIV. No. 9.

The West Roxbury & Roslindale and the Norfolk Su-
burban lines cost $28,100 per mile of track, of which
$18,000 was for roadbed, $3,700 for overhead construction,
$4,300 for rolling stock, $600 for power station and equip-
ment and $1,500 for other land and buildings. The cost
of equipment, exclusive of roadbed and overhead construc-
tion, was $3,000 per car. The two railways together car-
ried last year 4.3 passengers per car mile, and earned
$149,090 gross, equivalent to about $2.70 per capita served,
$7,000 per mile of track, $.2124 per car mile and $.0497
per passenger carried. The net earnings were $32,570,
equivalent to 5.5 per cent on the total permanent invest-
ment. The Norfolk Suburban paid a dividend of 7 per
cent, while the West Roxbury & Roslindale paid no divi-
dend, though earning a little over 5 per cent on its capital
stock. The combined balance sheet surplus of the two
roads amounts to $19,978. As the Norfolk Central line
has just been completed its construction and operating
figures are not combined with the other two properties.

THE BROCKTON-BRIDGEWATER GROUP

The amount of street railway building in Brockton and
west and south of Brockton is something astonishing. No
less than seven separate properties are found here, of
which four have been completed since Sept. 30, 1896, and
have not yet developed their full earning power. The
territory is manufacturing, suburban residential and farm-
ing in character.  Brockton, Whitman, Holbrook and
Stoughton are important and prosperous shoe towns. At
North Easton are the great Ames factories, where three-
fourths of all the shovels in the world are turned out. The
sridgewaters are chiefly residential, but have some man-
ufacturing interests. The whole district is rich in historic
associations connected with “the Old Colony” of Massa-
chusetts, and is one of the most prosperous in the State.

There are thirty cities and villages (exclusive of Taunton)
served by these seven systems, having a total population
of 78,736, equivalent to 675 inhabitants per mile of track.
The system is connected with Boston street railways
through the Quincy-Hingham system on the north, and
by means of the latter an outlet for the population of this
district to the pleasure resorts on the shores of Massachu-
setts Day is afforded and satisfactory traffic arrangements
have been made by which through cars can be run on cer-
tain lines.

The Brockton Street Railway Company, the most im-
portant of all in this territory, is a consolidation in 1888
of several previously existing companies. The town of
Brockton is narrow and all its business is concentrated on
a single long street, while the highway north to Avon,
Randolph and Holbrook is lined for a large portion of its
length with residences which contribute largely to the
receipts of the road.  Until recently this system made
little attempt to extend its lines largely, and allowed other
interests to gain an entrance into the city and to build lines
to East Bridgewater and Taunton. On Sept. 4, 1897,
however, a friendly though independent extension, the
Taunton & Drockton railway was opened, and has secured
an entrance to Brockton over the Brockton Street Rail-
way Company’s lines, forming a shorter line to Taunton
than the competing one via Bridgewater. _

The Brockton, Bridgewater & Taunton, the Brockton
& East Bridgewater and the Bridgewater, Whitman &
Rockland are owned by practically the same parties. The
Rockland & Abington and the Hanover properties are in-
dependent.

A half-hourly service is given between Brockton and
Taunton via Bridgewater, a twenty-five cent fare is charged
and the distance is made in one hour and fifteen minutes.
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An hourly service is given from Brockton to Taunton via
South Faston. The fare charged is twenty cents and the
distance is made in one hour. A half-hourly service is
given between Brockton and Rockland on the Rockland
& Abington system, the fare being ten cents.  Irom
Brockton to Avon a fifteen-minute service is given by the
Brockton Street Railway Company. From DBrockton to

half-hourly.

Fast Bridgewater,
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equipment, and $goo for other land and buildings. The
cost of equipment, exclusive of roadbed and overhead con-
struction, was $4,100 per car.

The Brockton, the Rockland & Abington and the Iian-
over systems showed the following comparative earning
power in the last financial year:

Gross Receipts

. & B 4
Stoughton and elsewhere to surrounding towns cars run Per Mile Per Car
Track. Mile.
. BIEOCREOT 0 e s ieamiootoia s 5 o508 618 5 8 8700 8 203 e e £ 2 38,010 $.2210
The Brockton, Bridgewater & Taunton, the Brockton &  Rockland & AbIington . ..........eeeeen... 4,610 2121
the Taunton & DBrockton and the Hanover ......... cooeoeiieiiiiieiaeirineans 2,077 1261
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Bridgewater, Whitman & Rockland have been in opera-
tion only since the summer of 1897, and their operating
figures are of little value as yet. Their investment figures,
however, are interesting on account of the recent date at
which they were built, and the presumably low prices at
which they were able to obtain equipment and carry
through construction. Taken as a whole, these four prop-
erties cost $17,900 per mile of track, of which $10,800 per
mile was for roadbed, $2,700 for overhead construction,
$2,300 for rolling stock, $1,200 for power stations and

In combination these three roads cost $27,400 per mile
of track, of which $13,300 was for roadbed, $1,700 for
overhead construction, $6,100 for rolling stock, $3,600 for
power station and equipment, and $2,700 for other land
and buildings. The cost of equipment, exclusive of road-
bed and overhead construction, was $5.400 per car. The
three railways carried 4.3 passengers per car mile and
carned $420,408 gross, equivalent to $6.05 per capita
served by them (exclusive of the population served by the
four other companies in the same territory), $6,400 per
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¢ Including Gloucester and Rockport.

TABLE I.—INVESTMENT AND OPERATING STATISTICS OF THIRTY-ONE
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MASSACHUSETTS PROPERTIES.
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TABLE II.—DETAILED OPERATING STATISTICS OF THIRTY-ONE MASSACHUSETTS PROPERTIES.

GENERAL EXPENSES. H RePAIRS OF ROADBED AND TRACK.H Rerairs LINE CoNSTRUCTION. || REepairs CARS AND VEHICLES. \ RE"’“E?QE;;;L"T{C Car - FrRANSPORTATION,
5 71 ] I i | ‘\ﬁ | i§ 3 . \ e ot
2 Per Cent | P I P 3 o I . | HE : N ectric
G5 mew | TRET G vea | M) TG vew mi RO | e | TSy Rpoe e 22 RER WA e
: | | - e, M | 1
‘ | | | i o | Mile,
| ’ ’ I | [ | | I
Beyerly s DafPers oiae v s 1 $186  $.0038 | 29 | $70 $25 $.0016 Srgib | B e $73 $37  $.0013 $46  $23 $.0000 | $.0465  $.0400
Newtonville & Watertown...... 2 058 .0105 ’ 1.8 ‘ 10 | 3 $2aw I 56 \ 19 .0010 - sl SR 13 3 ¢ ‘ 0002 0382
Mystic Valley ........... ... ... 3 1,573 ‘ .0271 16.2 | 39; 120 | .0008 ‘ 95 30 .0010 2560 85  .0044 316 105  .0054 i .0554 0350
Milford & Hopedale............ 4 1,019 | .0I144 79 | 332 138 | L0047 111 48" 0010 238 48 | L0034 149 30 | .0021 .0466 .0L1Q
Woburn & Reading ............ 5 1,647 | .0222 149 | 137 20 ‘ 0019 || 8 | 18 o012z | 257 ‘ 51 | .0035 220 44 .0030 ||  .050I -0309
Framingham Union ............ O 2,539 .0201 127 351 47 | .0040 oL - SET 543 ‘ 2 .0003 S ce. s | S S
Wellesley & Boston ............ i 1,166 .0122 8.8 ‘ 04 ‘ i8 ‘ .0010 28 ' 6 .0003 ! 172 | 17 | .0018 25 25 .0020 ! .0480 .0301
Hanover ....... ..., ¥ 2,250 0211 10.8 ‘ 155 29 | .0015 85 17 .0008 301 | 38 .0028 100 L] L0018 .0450 0444
Norfolk Central.........c....: g 3,000 .0249 17.8 ‘ 952 203  .0079 109 2 .0009 70y 6  .0000 So 7 0007  .03540 .0402
Rockport cimisss sswrommne smimass A () 1,457 0009 5.1 727 ‘ 97 | .0049 229 31| .0010 289 | 36 | .0020 S76 110 0060 | .0460 .0500
Reading 8 Lowell o o .pn-w0xor - 11 2,262 | 0143 12.9 462 i 39  .0029 112 9  .0007 341 49  .0022 531 76 .0034 .0400 .0402
North Woburn ................ 12 3,071 | .0105 8.5 \ 5,050 666 | .0272 67 9 .0004 ‘ 103 | 7 .0000 2,018 183  .0109 L0451 .0355
Natick & Cochituate ........... 13 \ 3,209 .0160 7.2 || 27,141 | 62’1 | .0343 sus 53 woall  sune ‘ 3,850 241 .0185 4.042 300 0237 .0495 .0320
Newton & Boston ............. o I4 4,162 .0183 9.3 ' 1,000 ' 108 | .0048 174 19 .0007 | 1.277 01 .0056 2.425 11X .0100 .0;03 ——
Bralntree ol sy e ae o e e e \ 15 2,404 ‘ .0007 5.5 ‘ 2,468 213 | .o1ao 198 18 .0008 3.030c  303¢ .0l47¢ G 5 510 o .0403 .0101
South Middlesex ..vovervvnennan i6 ! 6,227 ‘ .0245 12.0 l 2,130 158 L0084 495 38 L0019 | 860 54 .0034 1,215 76 0048 03385 0174
! ‘ ‘
| | | | ‘
Gloucester b ......oooviiii.. 17 3,503 | .0i40 54 | i5a1 128 0060 13 11 .0004 2,195 | &8 .0085 1,800 7 .0074 0041 L0284
Milford, Holliston & Framingham 18 3,970 | .01i50 | 8.2 | T.387 | 73 | .0050 444 25 .0017 | 051 53 0035 597 893 .0023 | .049% .0437
| | t | |
Braintree & Weymouth......... 10 ,270 .0158 0.1 722 58 .0027 240 21 0000 2,602 130 - .0006 I,122 5 .0042 0312 0230
West Roxbury & Roslindale.... 20 6,660 ' .0234 } 13.1 S19 | 8 | .0029 115 I3 .0004 633 i 43 0024 361 2 .0013 .0476 0399
| | | | \
Gloucester, Essex & Beverly....| 21 | 6,519 .0103 ‘ I1.1 \i 2,311 | 101 | .0008 607 27 0018 642 28 L0019 1,032 45 00371 0448 .0250
Commonwealth Avenue . ... 22 10,179 0206 | 187 288 25 .0008 180 g .0005 1.804 AL L0054 27 235 L0018 .0450 .0208
. ‘ \ | | i Il
Hinghame ... o ... 23 | 6,387 | .0182 | 12 ’ 1,007 axs 0020 310 . 0000 \ 2,778 093 .0070 011 31 .0026 0448 0182
Rockland & Abington......... . 24 6,010 ‘ 0170 | 8o | 780 45 | .0023 1,333 82 oozl 9437 o4 0069 2.316 89 .0066 0537 0:{a7
‘ | \ | ‘ |
Walkefield & Stonecham.......... 25 7,014 0218 13.6 2,031 132 : .0050 251 17 .0007 T,Td2 60 .0031 2.(}67 40 .0073 -0444 .0079
Newton Street i coosncnis onns 20 14,300 | .0375 ‘ 15.2 ‘ 0,495 719 | .0249 047 76 .0025 3753 110 L0008 5.628 182 .0147 0010 0200
Norfolk Suburban .............. 27 10,603 | .0255 | 10.8 l 11,520 085 ‘ .0277 780 71 L0010 1,043 140 L0007 2,084 it 0050 .0500 .0380
Quincy & Boston ... 28 | 16.374 ’ .0328 ‘ 13.8 |l 3.961 145 ' .0079 ‘ 1,104 2 .0022 0.270c . 216e  .0186¢ e L s e o L .0612 0174
Brockton ... 20 ' 19,794 | .0132 | 5.9 \\ {1738 003 | .0273 3.781 107 .0025 7.535 | 64 | .0050 9.605 oI L0064 .0543 0177
Lynn & Boston ................ 30 70,344 0139 | 54 | 81,635 512 L0149 15,349 125  .0028 70,628 136 .0120 37.195 St L0068 .0042 0180
West: Eartl cimemes ssmememag 20 aus [ 31 466,171 0157 \ 5.3 H 831,412 ‘ 2,744 0279 132,050 860  .0044 ‘ 421,328 | 150 | .0I4L . 177.457 73 0060 .0000 L0204

a Including Randolph. 4 Including Gloucester and Rockport. c¢Including Hull and Nantasket Elec. d Owned and leased. e Including repairs electric car equipment.
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mile of track, $.2142 per car mile and $.05 per passenger
carried.  The earnings from operation were $130,137,
equivalent to a return of 7.2 per cent upon the total in-
vestment. The total balance sheet surplus of the three
companies amounts to $18,017. The Hanover Street
Railway Company showed a deficit from operation
amounting to $1,136, and a total deficit for the year after
paying charges on income of $2,910. Its operations are
on too small a scale to promise success in independent
operation, but as a feeder to other lines such as the Rock-
land & Abington, the line would be valuable. The Brock-
ton Street Railway Company paid dividends last year of
6 per cent and the Rockland & Abington paid 9 per cent.

It will be highly interesting to learn what the permanent
traffic between Brockton and Taunton will in future be
on the two lines connecting them, and how this will be
divided between the two, one road possessing a better
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THE QUINCY-HINGHAM GROUP

To the north of the Brockton-Bridgewater system, and,
as before stated, connecting it with the Boston system and
the shore of Massachusetts Bay, is the Quincy-Hingham
system, consisting of four important lines, of which two
have been for some years in operation, and the other two,
the Braintree and the DBraintree & Weymouth, recently
built. The district is almost entirely residential and pleas-
uring in character, though Quincy has extensive granite
quarries and some manufacturing interests. Hingham,
Hull, Nantasket Beach, Downer Landing and Cohasset
are popular summer resorts which attract thousands from
Boston and the Brockton district, and special traffic ar-
rangements have been made by which through cars are
run from Neponset Bridge over the Quincy and Hingham
roads to Nantasket Beach in competition with steam rail-
road lines running by more circuitous routes. Nothing
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local traffic and running at higher speed, but for a con-
siderably longer distance. The question as to whether
the steam railroad traffic will be cut into by such lines as
these is also an important one, and is probably to be an-
swered decidedly in the affirmative. Another experiment
of this same character is just being made in the opening
of a line from Taunton to Providence by practically the
same interests which own the Brockton, Bridgewater &
Taunton line. Heavy cars, high speeds, comparatively
frequent, and above all regular, time intervals between
trains can hardly help securing the traffic even at a slight
loss of time, but whether in such a section it can be built up
to the point of supporting this new mileage and the better
service to the public is the real question.

can be more charming than a ride through this district on
the trolley cars, and such trips are increasingly popular
with the people of Boston and vicinity.

These four lines operate about seventy miles of track,
and serve 49,000 permanent population, exclusive of sum-
mer pleasuring travel, or one mile for each 700 inhabitants.
There are twenty-five cities and villages in the territory.
The Boston Elevated Railway Company runs fifteen cars
per hour to Neponset; the Quincy Street Railway Com-
pany gives a fifteen-minute service from Neponset to
Quincy, Quincy Point and North Weymouth, and a hali-
hour service to East Weymouth, East Milton and Hough’s
Neck; the Hingham Street Railway Company gives a
fifteen-minute service from Hingham to Nantasket, and a
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half-hour service elsewhere on its lines; the Braintree
Street Railway gives a half-hour service from Quincy to
Holbrook (and thence to Brockton over the Brockton
Street Railway), and the Braintree & Weymouth Street
Railway gives a hali-hour service on its lines.

The fares from Neponset are as follows: To Quincy,
five cents; to Braintree and North Weymouth, eight cents;
to IHingham, East Weymouth, Randolph and Holbrook,
thirteen cents; to South Weymouth and Nantasket, eigh-
teen cents, and to Queen Anne’s Corner, twenty-three
cents,

The comparative density of traffic on these four lines is
as follows:

Gross Receipts

Per Mile Per Car

Track. Mile.

Quincy & Boston..........oooiiiiiiiiin.. $4,451 $.2370
Braintree & Weymouth..................... 3,930 1731
Braintree ....... ... i 3,747 .1758
Hingham ......... ... .. ... . it 2,652 .1406

The Quincy & DBoston earned $35,360 for interest and
dividends in its last financial year, while the Hingham,
which includes the Hull and Nantasket roads, leased to it,
showed a combined surplus over operating ex-
penses of but $3,479. The Braintree, which in-
cludes the Randolph Street Railway leased to it,
earned $12,086 above operating expenses, and the
Braintree & Weymouth earned $10,811.

Taken as a whole, these four properties cost
$19,800 per mile of track, of which $10,900 per mile
was for roadbed, $1,600 for overhead construction,
$3,200 for rolling stock, $2,400 for power station
and equipnient, and $1,800 for other land and build-
mgs. The cost of equipment exclusive of roadbed
and overhead construction was $4,800 per car. The
four systems carried 3.8 passengers per car mile
and earned $257,870 gross, equivalent to $5.26 per
capita served; $3,700 per mile of track, $.1887 per
car mile and $.0498 per passenger carried. The
combined earnings from operation were $62,636,
equivalent to a return of 4.5 per cent on the total
investment. Seven per cent dividends were paid
by the Quincy & Boston, 3 per cent by the Brain-
tree and 6 per cent by the Randolph (rental from Brain-
tree).

OPERATING EXPENSES

In the table, page 489, are found the principal operating
expenses of the thirty-one systems heretofore described,
which have been in operation for a year or more. These
figures will repay careful study, as, properly interpreted,
they contain the essence of electric railway practice in this
district, and indicate the comparative policies of the dif-
ferent managements with respect to details of operation.
A few words of suggestion may help to bring out these
points more clearly, but no attempt will here be made to
enter into a careful analysis of the figures, as they are prac-
tically self-explanatory, so far as explanation is possible.

General Expenses—In Massachusetts this item covers
“salaries of general officers and clerks,” “general office ex-
penses and supplies,” “legal expenses,” “insurance” and
“other general expenses” (damages are included in trans-
portation expenses). General expenses are to a large ex-
tent a function of gross receipts, i. ¢., with systems having
cqual gross receipts the percentages of general expenses
should be approximately the same, or, if not so, inquiry
should be instituted to find out the reason. With small
systems, however, much larger percentages and much
greater fluctuations in practice are reasonably to be ex-
pected, as the proportionate expense of managing a small
property is necessarily greater than with a larger one, and
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an official who owns a large interest in a property may
often be willing to forego a salary, taking his profits
through stock dividends.

Repairs of Roadbed and Track—This item follows no
rule or reason, and, in the absence of the most careful and
detailed explanation, is worthless for comparison of one
road with another. On the other hand, the item may be
small because of lack of sufficient and much needed re-
pairs, or it may be small because of exceptionally good
roadbed. It may be large in any one year through the
charging to this account ot a considerable length of new
track replacing old, or because of an honest attempt to
provide for depreciation. In other ways there may be
differences in practice between roads, and from year to
year on the same road, bringing about great apparent con-
fusion in results. Much better comparisons can, of course,
be made by taking the averages of five or ten year periods,
but these are rarely possible in electric railroading on ac-
count of the comparatively recent date at which electric
equipment has taken place. Moreover, even this would
not tell very much about comparative policies of maintain-
ing track and roadbed. The figures given in the table,

NANTASKET BEACH

therefore, may be considered of no value whatever, ex-
cept for the slight interest coming from seeing the wide
differences found in practice.

Repairs of Line Construction.—This item is of much more
value than that of maintenance of roadbed and tracks be-
cause, as a rule, repairs of line construction are made
necessary immediately upon the development 6f trouble.
Nevertheless, without an accurate knowledge of condi-
tions and inspection of the structure correct judgments
cannot possibly be formed.

Repairs of Cars and Vehicles—These figures per car
owned and per car mile are of considerable interest and
some value. There is no reason why the amount of money
spent by the different companies in keeping up their equip-
ment should not be approximately the same, even with
considerabledifference in magnitude of operations, though,
of course, it makes much difference how well built a car
is when new. When we see, however, an old road, which
is spending but fifteen or twenty dollars a year per car for
maintenance, we know that the cars cannot even be prop-
erly painted and varnished, much less kept in good repair,
and if they are paying two hundred dollars or more it is
well to find out why. Improper charges to “construction”
accounts may probably be responsible for small figures.

Repairs of Electrical Equipment—This item covers re-
pairs of car equipment only, not of power station, distribu-
tion system, etc., the former being charged to “electric
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power.” These figures per motor car owned and per car
mile are quite valuable, for here again, the electric equip-
ment must be repaired as soon as trouble is developed, and
cannot be allowed to go along indefinitely, as can, for ex-
ample, track and roadbed. In the early days of electric
traction repairs of clectrical car equipment were very large,
oftentimes amounting to from $.015 to $.025 per car mile.

TABLE III.—COST OF ELECTRIC POWER
GENERATION

|
Cost Electric Power.

Groue. Car Mileage. ‘ = 7 N

Total. I’;;ii,:r
Natick & Cochituate (hired)......... 208,461 | $6,664 | $.0320
South Middlesex ................... 254,122 4,423 0173
Braintree & Weymouth ............. 260,732 6,307 | .0256
Miliord, Holliston & Framingham. . 336,200 12,429 | .0370
Gloucester, Essex & Beverly ....... l 338,015 8,456 | .0250
Hingham .......................... 350,864 6,813 L0104
Newton Street Railway (hired)...... | 381,371 7,855 .0200
Gloucester (two companies).........| 404,403 14,658 | .0362
Rockland & Abington (two comp’ies)] 459,335 | 20,402 | .0446
Wakefield & Stoneham (four cos.). | 654,008 14,057 .0215
Newton (four companies)........... | 725,311 15,310 | .021I
Quincy & Boston (two companies). N 746,803 11,218 .0150
Dedham- Hyde Park (three cos., hire(l)w’ 822,050 | 32,053 .0389
Brockton ........ .. ..o 1,503,805 | 26,611 .0177
Lynn & Boston (three companies)..| 5,715.411 | 107,351 .0188
Boston Elevated ......... .. . ‘ 20,780,036 | 608,048 | .0204

To-day, with the modern motors, they are much smaller,
as will be seen by this table, and it is probable that pure
vepairs, exclusive of general depreciation, ought not to ex-
ceed, with the best motors of to-day, $.005 per car mile.
The car mileage figure is miuch better than the figure per
car owned, as speed naturally makes a great difference in
repairs and depreciation. Moreover, what is expected from

TABLE IV—GENERAL RESUME OF IN
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way bookkeeping all amounts received by any company
_for sale of power must be credited on its books to its total
cost of power generation, and does not appear in “other
income,” consequently the entire cost of power generation
for a group of roads may be obtained by adding together
the “cost of electric power” of all the separate roads and
dividing by the total mileage of the cars-moved from that
power station. As this figure of economy in power gen-
eration is interesting Table II1. has been prepared. The
total cost of electric power includes fuel and water and
incidental expenses at power station; and repairs and re-
newals of steam and electric plant, and power station build-
ings. It does not include, of course, interest on power
station investment.

Transportation Wages per Car Mile—This is an extreme-
ly valuable figure, but the causes of variations between the
practice of different roads may be many. The one having
the greatest effect is, of course, schedule speed of cars, for
if the wages per car hour of a motorman and conductor on
a car are divided by ten or twelve (miles) instead of eight,
the difference is material. Another reason for differences,
too, is found, of course, in the varying rates of wages paid,
and to the fact that lower wages and higher speeds are
usually found in the smaller towns in country districts,
particularly on interurban roads, is due the small total
operating expenses per car mile found on many of such
systems as compared with the larger city properties.

GENERAL RESUME

In the accompanying table are found the principal finan-
cial and operating characteristics of the nine different
groups of railways in this Massachusetts metropolitan dis-
trict, brought together here for purposes of more direct
comparison and reference.

OPERATING STATISTICS BY GROUPS

: Cost oF ConstrUCTION PER MILE TRACK. gg g Gross RECEIpTS. Eg:;:ﬁ:lgﬁ?m

S e == = s 3 —_—

e g : 55 | 25 « ; npC

a0 5 9.2 %0 . = 50 | g= 2 © “ 5 e

ER < $s 2 5 g o = = g5 -, B :_5,,4U ] g ) = r‘E

“ | &% @ i3 52 |& gAl&m | &%) 8 i

‘ | 8| 8| s | 8| s s ¢ $ sl ', 54 & 5 |

Boston Elevated Ry...... 788,000 24,700 7,700 25,100 14,720 25,500 97,700 6,400 5.7 | 8,719,032 11.06 56,700 .2927 0.505 | 2,118,167 8.4

Lynn & Boston Group...| 319,000 28,100 2,400 9,300 5,90¢ 3,300 49,000 5,300 5.0 | 1,431,936' 4.49 11,500 .2610 0.520 | 396,387 5.7

Gloucester Group. ...... 54,000 9,800 3,300 3,700 2,600 1,200 20,600 5,600 4.0 153,579 2.80 3,600 ,2069 .0520 50,174/ 5.7

Wakefield-Stoneham Grp.| 81,000 11,200‘ 2,700 2,900 2,000 800 19,600 5,100 3.2 132,706 1.64 3,100 .1580 |.0501 28,668 3.4

Newton Group .......... 53,000| 13,600 2,400 5,300 1,400 2,400 25,100 4,300 3.7 214,574 4.05 4,800 .1939 | .0528 54,720 4.9

Framingham Group...... 36,000 9,500 2,200/ 2,900 2,000 973 17,500 4,200 4.0 179,157 4.98 3,300 .2023 | .0502 50,029 5.3
) [

Dedham Group.......... ‘ 60,000 18,000! 3,700 4,300 600 1,500 28,100 3,000 4.3 149,090 2.70 7,000 | .2124  .0497 32,579, 5.5

Brockton-Bridg’water Gp.. 79,000 13,300 1,700/ 6,100 3,600 2,700 27,400 5,400 4.3 420,498 6.05 6,400 .2142 | .0500| 130,137|7.2

Quincy-Hingham Group.. 49,000 10,900‘ 1,600 3,200 2,400 1,800 19,800 4,800 3.8 257,870 5.26 3,700 .1887 .0498 62,636 4.5

l | b
motors is car mileage, not time service, 7. ¢, if a motor As before stated, Massachusetts is far in advance of most

moves its car 250,000 miles it has just as surely fulfilled its
mission if that distance be accomplished in five years, as if
in eight or ten.

Electric Power—The figures in this table for electric
power per car mile mean simply what electric power is
costing cach road, irrespective of whether that conmipany
generates its power itself or purchases it elsewhere. It is
not a test of cconomy in generation. In several cases a
power station for a group of companies is owned by one of
them, which sells power to the others at its own price—a

_ price sometimes regulated by cost of production and some-
times intended to yicld a greater or less profit, perhaps
cven a loss. By the Massachusetts system of street rail-

of the other American States in methods of preventing
over-capitalization or undue expansion of construction
costs, and the foregoing figures and comparisons are,
therefore, among the truest measures of value of both con-
struction costs and earning power which can be found for
street railways in America. The large differences in costs
per mile of track are due to many entirely reasonable
causes, among them being change from old horse railway
road and equipment to the new electric standards; cost of
bridge work and important engineering construction in the
principal cities; and the cost of complicated track special
work, curves, crossings, turnouts, etc., in the larger sys-
tems,



THE BOSTON SUBWAY

When the Boston Transit Commission settled down to
work soon after its appointment by the Governor in 1894,
it found itself charged with the heavy responsibility of re-
lieving the traffic congestion in the business district of the
city of Boston. It had the benefit of important prelim-
inary investigations of the general subject made by other
commissions between 1891 and 1894, as a result of which
the difficult situation at Causeway Street, due to the entrance
of a number of railroads at four different stations, was
being improved by the construction of a Union Station;
and previous comimissions had recommended, also, the
building of an elevated railway on the east side and a sub-
way along the line of Tremont Street.

The legislative act establishing the Boston Transit Com-

along the line of the subway at intervals of from 25 ft. to
200 ft., showing the precise character of the ground to be
excavated in each portion of the route.  [Excavations were
made in nearly every cellar along the route in order to de-
termine exactly the character and dimensions of the foun-
dations, and other tunnels and excavations were carried
under the streets at certain points to locate the pipes,
sewers, conduits and other sub-surface obstructions. As
a result of this work complete underground maps and
cross-sections of the streets were obtained.

3. Detailed studies were made with regard to the meth-
ods and cost of caring for and making disposition
of such pipes, sewers and conduits as might be in-
terfered with in the construction of the subway.

4. Studies and estimates were
made of various methods of con-
struction involving many matters
‘of detail with reference to mate-
rials, dimensions, etc.

1 These initial investigations led
the commission to the final con-
clusion that the subway presented
no insurmountable engineering
difficulties: that it could be con-
structed within the cost allowed
by the act; that it would render
possible a large increase of traffic
jat a higher rate of speed; that by
reason of its capacity for traffic
and the economy of railway oper-
ations within it, it would reason-
ably command a rental sufficient
to meet the interest on its cost
and the sinking fund require-

ments:  and that, finally, it was
the best method of dealing
with the transit problem on

SUBWAY STATION AT SCOLLAY SQUARE

mission authorized, but did not require it to build a subway
or subways between Pleasant Street on the south, and
Causeway Street on the north, with a branch to Park
Square, or to any outlet in that vicinity; authorized it to
build a tunnel under Beacon Hill; authorized and required
it to build a tunnel from the vicinity of Scollay Square
to East Boston; and required it to construct a bridge over
the Charles River at whatever cost might be necessary.
It will be seen that great discretionary power was vested
in the commission, and that its responsibilities were heavy.
The limit of expenditure for the subway fixed by the act
was $7,000,000.

The commission attacked the problem with great en-
ergy. A large amount of preliminary engineering worlk
was, of course, essential, and may be classified as follows:

1. Surface surveys were made locating the buildings,
vaults under sidewalks, manholes, poles, surface tracks
and all other surface objects along the proposed route of
the subway.

2. Sub-surface surveys were made by borings and by
excavations or tunnels, Eighty-five borings were made

the Tremont Street route.  The
commission decided, therefore,
to make use of the authority
conferred upon it by the act,
and to proceed with the work
of construction.

TRAFFIC TO BE PROVIDED FOR

In the beginning of its work the commission made most
exhaustive investigations into the traffic conditions which
the subway was intended to improve. On Dec. 22, 189y,
a pleasant Saturday before Christmas, when the traffic
and out of Boston would naturally reach enormous pro-
portions, it had a count of cars and passengers on the
route of the subway made, by which it appeared that
within cighteen hours 70,044 passengers got off and 96,500
passengers got on cars passing.  During their passage
along the subway route the maximum movement in any
one hour at three different points on the route was as
follows:

Park Street | Scollay Square | Union

Station. ‘ Station. ‘ Station.
On outward..5to 6 P.M., 3406/6 to 7 P.M., 195¢/10 to 11 A.M., 1613
Off inward.. 8to 9 AN, 3450 8to 0 A M., 144;| 5to 6 P.M., 1568

At the point on the route where the car traffic is the
heaviest, namely, at Tremont Street and Temple Place,
215 north-bound cars and 191 south-bound cars passed
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in one hour, and 2613 north-bound cars and 2219
south-bound cars in the day. These figures give
a general idea of the traffic to be handled by the
subway.

In order to understand the scheme of the sub-
way and of its track arrangement and to form
some idea of the remarkable skill and ingenuity
displayed by the commission in dealing with the
traffic problem, a brief explanation of the condi-
tions in Boston as affecting the use of the subway
by street cars is needed. Reference to the map
of Boston between pages 478 and 479 will show
that street railway lines enter the heart of Boston
from the north, west and south. A majority of
the passengers probably leave the cars before or
upon reaching the natural termini of the lines at
the edges of the business section, but no incon-
siderable portion wish to continue their journey
through the city to other districts or suburbs.
Transfers must be avoided, of course, wherever
possible, in the interest of both the public and
the transportation agencies.

The first step in laying out the trackage plan
of the system, upon which, of course, depended
the physical conformation of the subway, was,
therefore, to provide both termini and through
routes within the subway, and to do this with the
least possible danger of accidents or obstructions
to traffic. It was originally expected by the
commission that the subway would be used for
cars of the street railway type only, either single
or in two-car trains, entering the subway from
surface or elevated tracks. Certain decisions re-
garding the running of elevated railway trains
recently made by the Boston Elevated Railway
Company have introduced some complications
presently to be referred to, but the following
explanation is of the trackage plan made by the
commission on the basis of electric cars running
at moderate speeds in the subway.

The subway terminals for lines entering from
the north are at Adams Square and Scollay
Square, and the terminal for lines entering from
the south is at Park Street Station. These ter-
mini have always been the natural ones for,sur-
face railway travel.

The Scollay Square and Adams Square lines
take the inside tracks at the Union Station, and
pass around loops, as shown in the diagram.
A switchman is required to divide the Scollay
Square from the Adams Square cars. Through
cars from north to south take the outside tracks
at the Union Station, pass on the outside of the
“island” platforms, and have an unobstructed run
without switching till they reach the Boylston
Street Station, when a switch determines whether
they will continue on the Tremont Street line or
go to the Public Garden exit on Boylston Street.
If the former, they pass through a sub-subway
under the Boylston Street tracks, and if for
Shawmut Avenue through another sub-subway
under the Tremont Street tracks, so that grade
crossings everywhere are avoided.

The cars on lines terminating at Park Street
Station may enter from Boylston Street, Shaw-
mut Avenue and Tremont Street, and by means
of switches at Boylston Street are transferred to
the inner tracks, which are completed by the
Park Street loop.  North-bound through cars
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from snuth and west pass to the outer tracks by switches
at Boylston Street.

The avoidance of grade crossings and minimizing the
switches is one of the most excellent features in the sub-
way plan, and the convenience to the passenger in making
any desired combination of lines is another.

The decision of the Boston Elevated Railway Company
to run clectric trains through the subway at a compara-
tively high speed malkes it advisable, in the opinion of
its managers, to devote the two through (outer) tracks
i the subway to this character of work, and to confine
the ordinary street car travel to the inside tracks. This
will male it necessary for passengers to the Union Sta-
tion reaching the Tremont Street and Shawmut Ave-
nue entranecs to the subway to change to the elevated
cars and so, also, going from Union Station south of
Scollay Square. Boylston Street passengers from the
north must change to the elevated cars at Union Sta-
tion, and to the surface cars again at Park Street or Boyl-
ston Street Station.

It is presumed that the saving of time involved in using
the faster trains will be a sufficient compensation for the
additional trouble in transferring, but the simplicity of the
original plan of the Transit Commission is certainly much
in its favor, and the compensation must be made clearly
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and platforms between them; that the platiorms should he
as wide and as long as the law, and duc regard for the
preservation of trees on the Common, permitted; that the
stairways on the Common should be fifteen feet wide; that
the distance between the top of the track and the roof of
the subway should be 14 ft., and that the platforms should
be placed as near the surface of the ground as practicable,
in order that the stairways should be short. Tt was pro-

CROSS SECTION AT C.-D.
LOOKING SOUTH

Street Ry.Journal
vided in the contract drawings that the passenger plat-
forms of the stations should be at the level of the track.
This would enable every portion of the edge of the plat-
form, whether straight or curved, to be used by the ears
in receiving and discharging passengers. At a later time,
after a conference with railway officials, it was decided
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cvident to the people of Boston if the new plan is to meet
with favor.

PLATFORMS AND STATIONS

A great many studies of platform arrangements (twenty-
three of the Boylston Street Station alone) have been made
at various times by the commission's engineers.  The
officials of the West FEnd Street Railway Company, which
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1.—PLAN OF BOYLSTON STREET STATION

to make the platforms about a foot higher than the rails,
althouzh this would result in throwing out of use a portion
of the edge of the platform where the curvature was con-
siderable.  The requirements of wide platforms and wide
stairways, combined with the legal and other limitations,
involved much curvature of tracks, and the position of the
platforms near the surface of the ground taken in eon-
nection with the sub-subway, for the avoidance of grade
~— crossings, required steep grades in several places.
- These grades are exceeded in many instances,

however, on electric surface railways, and no
difficulty has been, or is expected to be, ex-
\ perienced on them.
The final station plans decided upon are shown

CROSS SECTION AT A.-B.
LOOKING SQUTH

Street Ry.Journal

was from the first reeognized as the probable lessee
of the subway, were consulted before final selection
of designs, and many of the latter were also submitted to
experts for criticism and suggestions. It was early de-
cided that the two easterly tracks of the four-track subway
should be for north-bound cars, and should have island
platforms between them: that the two westerly tracks
should be for south-bound cars, and should also have isl-

SUB-SUBWAY

in Figs. 1 to 5, and in the accompanying gen-
eral views of the station interiors. The capacity
of the platforms, while not expected to be such
as to forever prevent overcrowding on special
days, when several times the normal pressure
may be thrown upon them, is nevertheless far
in excess of the usual requirements, as shown by the
careful and repeated counting of the street car passengers
on present surface routes along the subway. As before
intimated, the platform arrangement is such that the reg-
ular patrons of the subway will soon come to know the
platform where their own particular car may be found.
while the difficulties to strangers are likewise reduced to
a minimum,
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The sides of the subway near the stations are lined with CONSTRUCTION AND EQUIPMENT
white enameled brick. The stairways are covered with An excellent idea of the subway throughout its entire
buildings of classic if somewhat stolid design, and with length (as at present open) may be obtained from the
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~— accompanyving engravings. It will be seen that two types

of construction have heen adopted, one consisting of steel
I heams imbedded in concrete, supporting a roof of trans-
verse steel heams or girders with brick and concrete
arches between them. The standard height in this con-
struction is 14 it. clear above the top of the rail, the width
for two tracks 24 ft. and for four tracks 48 it. The four-
track snbway has a line of steel posts along the center.
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FiGi. 3.—PLAN OF SCOLLAY SQUARE STATION

ample provision for light. There are eight of these sta- The top of the rail is about 17 ft. below the surface of the
tion coverings on the Common, and one each in Scollay street, and the station platforms about 16 ft. The second
Square, in Adams Square and in Haymarket Square. form of construction consists of masonry side walls and
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a masonry roof with an axis parallel to that of the subway.
This last form is used where the tunnel can be placed at
a sufficient depth below the surface of the ground to pro-
vide for necessary strength and stability, and where dig-
ging for sewers will not cause it to be injured.

Provision for the drainage of whatever water may find
its way into the subway, which, however, is, and will be,
small in amount, is made by drains laid in the ballast and
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tom of the well are made of Portland cement, with an 8-in.
lining of brick masonry. The water pumped from this
well Ly the electric pumps is discharged into the Church
Street sewer.

The plans for ventilating the tunnel are, of course, radi-
cally different from and on a far smaller scale than those
required for such subways as are found in London, Glas-
cow and elsewhere where steam locomotives arce to be
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FIG. 4.—PLAN OF ADAMS SQUARE STATION

leading to the lowest points, where pumps operated by
electric motors are placed.  Dryness in the subway is
almost perfectly secured by the use of a concrete invert
or bottom, and by covering the entire top and sides of
the subway with a waterproof coating. Special precau-

tions have also been taken in wet places to prevent any
percolation of water through the walls of the subway.

PLATFORM FOR

used. It is computed that one of the New York elevated
railway locomotives vitiates the air as much as 25000
people, while an ordinary steam railroad engine vitiates it
as much as 87,000 people. [t is obviously, therefore, far
“asier to secure pure air by artificial ventilation in a sub-
way operated and lighted by electricity.  Suction fans
are used between the stations to exhaust the air, the fresh
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FIG. 5.—PLAN OF HAYMARKET SQUARE STATION

The pump chamber in the Public Garden is nearly op-

posite the lowest place in the immediate vicinity. The
chamber is ¢ ft. 11 ins. wide x 10 ft. 8 ins. long. The
side walls are similar to those of the subway. In the

lower part of the chamber is a well, the bottom of which is
about 43 ft. below the lowest part of the subway. This
is connected by 15-in. pipe to the channel drain laid along
the center of the subway invert.  The side walls and bot-

air being drawn in at the stations, and circulating in each
direction to the ventilating fans, whence it passes through
special openings at the side of the subway to the street
above.

The subway is lighted by electric arc and incandescent
lamps. the current for which is derived from the trotley
wires, though connections are also made to the mains of
the Doston dison Company, so that there shall ahwvays
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be a source of supply in reserve. The actual work of car-
rying on the construction of the subway has been most
ingeniously laid out to interfere as little as possible with
public traffic and convenience. It is impossible, of course,
within the present limits to describe the engineering diffi-
culties met with and overcome during the construction of
the subway. . A\ description of the “slice method” used in
the excavation will be of interest, however, and the -
fellowing extract from the specifications for section
4 1s copied verbatim:

“Trenches about 12 ft. wide shall be excavated
across the street to as great a distance and depth
as is necessary for the construction of the subway.
The top of this excavation shall be bridged by
strong beams and timbering, whose upper surface
15 flush with the surface of the street. (These beams
usually consist of hard pine 10 ins. x 8 ins. to 12 ins.,
20 ft. long, placed side by side lengthwise of the
street.  Two or more 6-in. | beams are used for
supporting each rail of the street railway. The
ties of the railway are usually under these beams
and fastened to them with bolts. The surface of
the beams are covered with plank, precisely flush
with the paving of the street.) These beams shall
be used to support the railway track as well as the
ordinary traffic. Portions of the bridging can be
removed day and night. In each trench a small
portion, or slice, of the subway shall be constructed.
[Fach slice of the subway thus built is to be properly
joined in due time to the contiguous slices. The
contractor shall at all times have as many slice-
trenches in process of excavation, in process of being filled
with masonry, and in process of being backfilled with earth
above the completed masonry, as is necessary for the even
and steady progress of the work toward completion at the
time named in the contract.”

This method did not disturh the street railway tracks at
all, and left the whole surface of the street free in the day-

PARK STREET STATION

time for normal traffic. In Tremont Street a double traclk
railway service was constantly maintained during the en-
tire process of construction, some of the cars weighing
nearly eighteen tons, including passengers.

The Public Garden incline is an open avenue descend-
ing from the surface of the ground to the subway portal, a
distance of 318 ft., in which the descent is about 17 ft., or

[Vor. X1IV. No. o.

5 per cent. It has granite side walls, back of which is
concrete masonry. All the deeper portion near the sub-
way is on a pile foundation. Its invert is of concrete, also
resting on a pile foundation. The total number of piles in
the foundation of the incline is 1267, and their average
length is about 29 ft.

The excavation in the Public Gardens was through ash,

BOYLSTON STREET STATION SHOWING ENTRANCE TO SUB-SUBWAY

sand, gravel, oyster shell filling and fibrous peat, the latter
being the composition of the salt marsh on which the en-
tire I'ublic Garden was built, and many square miles of
which are to be found about the city. Near Charles Street
the excavation was through hard clay, and in the Boylston
Street mall of the Common the excavation was through
gravel for aboutt 12 ft. down, and below that through sand.
For the four-track subway in the Tremont Street
mall, the excavation was through loam, gravel and
oyster shells through the first three feet from the
surface, and then mostly sand.

The method of carrying on the excavation was
as follows: for about the first 10 ft. in depth on the
Public Garden work the material was loaded into
carts and hauled out at one end of the trench. After
this depth was reached four derricks were erected
along the side of the trench, their booms covering
the whole work for a distance of 42.5 ft. The earth
was shoveled into skips, lifted to the surface and
dumped into carts.  The stones in the retaining
walls, the timber, the piles and the pile driver were
handled with these derricks.

Much of the surplus earth excavated from the
subway was used in regrading parts of the Public
Garden and the Common, according to plans pre-
pared by the city’s landscape architects. The new
surface 1s in some places 6 ft. higher than the old.
About 3500 sq. ft. of new paths have been made in
the Public Garden, using surface materials from the
discontirniued paths there and on the Common.

An old burial ground exists in the Boston Com-
mon parallel to Boylston Street, but no interments
have been made in this ground for nearly sixty years.
Through this burying ground the subway had to be
built.  Anticipating that human remains would be
found there, the commission made arrangements to
have them properly taken care of and reinterred
elsewhere in the ground. In all, the remains of ap-
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proximately nine hundred bodies were disturbed by the
work of excavation.

COST OF CONSTRUCTION

Bids for the construction of section 1, which included
that portion of the subway on DBoylston Street and on
Tremont Street from the corner of Boylston to West, with
the exception of Boylston Street station, were opened on
March 2o, 1895, and March 28 the first spadeful of earth
was removed in the Public Garden by the chairman of the
commission. On Sept. 1, 1897, the entire southern por-
tion of the subway from Park Street to the Public Garden
and to the Tremont Street and Shawmut Avenue exits
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wagon traffic. The cost of this property was but $750,000,
and the amount taken was 124,214 sq. ft. A building will
be put up over the incline from which a good rental 1s ex

pected. In order to get an exit at the southern end of the
subway the commission condemned a block of land at the
junction of Shawmut Avenue and Tremont Street con-
taining 18,831 sq. ft.  The incline to the Boylston Street
terminus was made in the Public Gardens, which is city
property, and although, owing to the opposition of certain
Boston citizens who desired to preserve the Public Gardens
intact, some litigation was encountered, the final outcome
was favorable to the commission’s plan, and no land dam-
ages were necessary for this exit. Instead of spending

BELLMOUTHS UNDER TREMONT STREET, PASSAGE OF
SOUTH-BOUND SHAWMUT AVENUE TRACK UNDER
NORTH-BOUND TREMONT STREET TRACK

FOUR-TRACK SUBWAY STEEL WALL CONSTRUCTION

PUBLIC GARDEN INCLINE

was opened to the public, and since that time has been
used for all street railway lines terminating at Park Street,
the through cars to Union Station continuing for the pres-
ent on Tremont and Washington Streets, as before. Work
on the remaining portion to Union Station has been rap-
idly pushed, and it has just been decided to open this on
Sept. 1, 1898, everything being practically completed.
The Transit Commission and the city of Boston were
extremely fortunate in being able to purchase the old Bos-
ton & Maine Railroad station property extending from
Haymarket Square to Union Station, by means of which
an excellent exit for the subway is provided at the station,
and the streets on the surface are also greatly widened for

SHAWMUT AVENUE INCLINE

$7,000,000, the amount authorized by the Legislature, it is
believed that the commission will have the proud satis-
faction of turning over to the city of Boston the completed
structure at a cost of but about $3,000,000, or $2,000,000
less than the estimated cost.  This is, indeed, a remarkable
instance of wisdom and honesty in the administration of
an important public trust, and shows the kind of men who
are willing to do public business in Massachusetts.

The subway has become immediately and most remark-
ably popular with the Boston traveling public, and there
are few discordant notes in the chorus of praise given to
the Boston Transit Commission for the way in which it
has carried out its trust.  The subway is well lighted
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throughout the route. It is cool in summer and warm in
winter, the temperature being much more equable, of
course, than that outside, and the saving of time is indeed
remarkable. Under the old conditions it would ordinarily
take at least thirteen nunutes to go from the present sub-
way entrance on Bovlston Street to Park Street. Now, the
time is but three minutes, including a stop at the Boylston
Street Station. There are no blockades and everything is
working in the most satisfactory manner.

The subway has been built with the money of the city
of Boston, obtained by the issue of the latter's bonds at

BOYLSTON STREET STATION, ENTRANCE TO SUB-PASSAGE
BETWEEN PLATFORMS

the times, and to the amounts requested by the Doston
Transit Commission, subject to the limitations of the legis-
lative enactment. The subway, thercfore, belongs to the
city of Boston. DBy a contract made on Dec. 7, 1800.
the city leased to the West End Street Railway Company,
of Boston, the exclusive right to use the subway, then

under construction, for a term of twenty years. As com-
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SINGLE TRACK SUBWAY SHOWING STEEL WALL CONSTRUCTION

pensation for such use the railway company agreed to pay
to the city annually a sum equal to 4% per cent of the net
cost of the subway. A second (alternative) basis for the
rental is also specified, however, by means of which the
railway company is to pay to the city after it obtains the
full use of the subway, an annual amount not less *“than a
sum computed by charging a toll of five cents for each
passage made through the subway by a car not exceeding
25 ft. in body length, and at a proportionally greater rate
for each car of greater length, it being understood that
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any car which enters or passes through the subway or a
portion thereof in one direction, and then reverses its
direction within the subway and makes a return trip shall
be considered as making two passages, but otherwise the
passage through the subway shall be considered as a single
passage only.” United States mail cars and construction
and repair cars are not included among the number upon
which the company is required to pay tolls. The effect
of this double alternative provision for compensation is to
make certain that the city shall receive at least a sum
sufficient to cover interest upon the borrowed money, and
repairs and depreciation, while if the railway company
makes an extraordinarily large use of the subway, the

HOWARD A. CARSON
Chief Engineer Boston Transit Commission.

conmipensation will be made upon the car-toll basis, and the
city will receive more. The method of determining the
net cost of the subway is set forth at length in the contract.
The city assumes the burden of repairs made necessary by
the act of God, public enemies, mob riots, the falling or
settling of buildings, bursting of pipes outside the subway,
explosions of gas or works or excavations carried on or
permitted by the city or other public authority, or by the
location, maintenance or use of the wires or other appar-
atus which the city reserves the right to maintain in the

BELLMOUTH AND DOUBLE BARREL SUBWAY SHOWING
MASONRY SIDE WALL CONSTRUCTION

subway.
company.
The original members of the Boston Transit Commis-
sion were George G. Crocker (chairman), Charles H. Dal-
ton, Thomas J. Gargan, George I'. Swain and Albert C.
Burrage. Mr. Burrage resigned in November, 1896, and
Horace G. Allen was appointed in his place. Howard A.
Carson has been the commission’s chief engineer, and B.
Leighton Beal its secretary since the beginning.

All other repairs are to be made by the railway



THE PROPOSED NEW ELECTRIC ELEVATED RAILWAY
IN BOSTON

For nearly, or quite ten years, the building of an elevated
-ailway in the city of Boston has been discussed by legis-
lators and capitalists as a partial solution to the congestion
in the center of the city, but until recently no practical
scheme has been devised, although one or two charters
have been granted in times past to partics who were unable
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from tlie city of the subway for twenty years. This madc
it necessary either for the West End Company to itsclf
build the elevated railway, or for any new company which
might be formed to do so, to acquire possession, by leasc
or otherwise, of the entire West End System. The latter
plan wase followed. The Boston Elevated Railway Comu-
pany was incorporated with a list of stock-
holders and directors which commanded
the instant and unfaltering support of the
entire financial community of Doston, and
a lease of the West End system was ef-
fected upon a basis satisfactory to lessor
and lessee, and to the public, whose in-
terests were carefully safeguarded by the
Massachusctts Railroad Comimission. [n
due time plans were submitted to the Rail-
road Commission and now await the lat-
ter’s consideration.

The new elevated railway system, as at
present planned, will be seven miles in
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N length, and will connect Sullivan Square
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in Charlestown with Dudley Street in Rox-
bury. It will be double tracked, with
eleven stations, including the two termi-
pals. The location of the line is shown in
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FIG. 1.—CROSS SECTION OF THE ROXBURY TERMINAL

in the end to secure the necessary support. The difficul-
ties of the problem were fourfold: in the first place, it has
seemed impossible to lay out a long route to any of the
suburbs which would promise sufficient traffic to warrant
the investment; in the second place, the narrow and
crooked streets of Boston bring about more or less serious
engineering difficulties; in the third place, the people of
Joston are proud of their city, and would
greatly oppose the putting up of an ele-
vated railroad in any of the principal
streets; and finally, the possession by the
West End Street Railway Company of
practically all the available routes through
the business center of Boston has had the
cffect of deterring capital from entering
into competition with it, and has practi-
cally placed upon the West End Company
itself the responsibility for taking the in-

STATION
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the large map, between pages 478-479. \s
will be seen, there are two routes in the
business portion of the city. Coming from
the south they diverge at Castle Square on \Washington
Street, whenee one line passes east through Harrison Ave-
nue and Deach Street to Atlantic Avenue, and thence by
Commercial and Canseway Streets to the North Union Sta-
tion; the other route extends west from the Castle Square
junction and enters the Tremont Street subway at Pleasant
Street and reaches the northern Union Station by the sub-

itiative.

The reports of the various Rapid Transit
Commissions appointed to study the prob-
lem of relieving Boston’s congestion have
brought about a solution of the vexed
question of elevated railways, the building
of a subway being the key to the situation.
There is no objection to having electric
cars travel over elevated structures in cer-
tain parts of the city and suburbs, and
through the subway on Tremont Street, and the general
plan for the relief of the congested district provides for
such a railway. The subway being valuable chiefly to the
West [End Street Railway Company, and having no in-
dependent significance, the company became the lessee

FIG.
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2.—DESIGN FOR ELEVATED RAILWAY STATION

way route.  I'rom the Union Station the line crosses the

Charles River by way of the new Charlestown Bridge, and

passes through Main Street to Sullivan Square, Charlestown.
The distance between the two termini is 5.02 miles by

the subway and 5.20 miles by the Atlantic Avenue route.
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The running time between the Roxbury and Charlestown
terminals will be twenty-two minutes by both routes, the
number of stops being the same in cach case. This allows
for a train speed of nearly sixteen miles an hour with ten
sccond stops at stations.  The schedule time of the surface
cars at present between the two termini is fifty minutes,
but in practice the time required to cover the distance is
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sides, the surface car tracks heing on the outside of cach

platform. Surface cars will also run underneath the ecle-

vated station, which is connected with the ground by four

stairways, two for exit and two for entrance. In this way,

it is thought, the time required in transferring will be re-

duced to a minimum. The Roxbury station will occupy

the greater part of two blocks, and will measure 700 ft. x
125 ft.

The Charlestown terminal is

somewhat differently arranged, as

may be seen from the plan, Fig. 4.

100 150 200

Here the elevated cars run in a loop,
but the street cars are run on stub
tracks, four in number on each side,
cach side having a capacity for thir-
teen cars. Below the elevated plat-
forms are other tracks for the sur-
face cars, as in the Roxbury ter-
minal. This station is also on private
property, and measures 175 ft. x
150 ft. Both terminal stations are
at important junctions, and are dis-
tributing points for the surface rail-
way system.

Wherever the width of the street
permits, the intermediate elevated
railway stations will be located be-
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FIG. 3.—ROXBURY TERMINAL

often greater.  The maximum speed expected between
stations on the elevated structure is from twenty-two to
thirty miles an hour. In the subway the clevated trains
will make about ten miles an hour with four stops to the
mile; whereas the surface cars in the subway will average
eight and one-half miles per hour.  According to the pres-
ent plans the surface cars will not pass through the whole
of the subway, but will be ex-
cluded from the portion between
Scollay Square and Park Street,
and from Boylston Street south on
Tremont. ;

From the foregoing it will be
seent that the elevated system as
planned will accomplish a marlked
saving in running time over the
present system, and will relieve
greatly the congestion of traffic in
the central part of the city where,
of course, it is extreme.

As previously stated, the ele-
vated system will be run in con-
junction with the surface system,

tween the two tracks, the entrance
and exit in every case being kept
separate. They will be of the char-
acter shown in Fig. 2, which is a re-
production from the prize drawing for which $1,000 was
paid A. W. Longfellow, architect, who submitted the best
design in competition. The stations will be of steel frame
worlk, will be sheathed in copper, and will be quite orna-
mental. In narrow streets the stations will be outside the
tracks.

The foim of the elevated structure adopted is also shown

Street Ry.Journal
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and free transfers will be given be-
tween the cars. To facilitate the
transfer of passengers at the ter-

N lop
STREET
ELEVATED TRACK

minal stations of the elevated sys-
tem, the tracks of the street cars
will be raised at these points to the
level of the eclevated tracks, as
shown in Tig. 1, which is a section
cf the Roxbury terminal station.

This will allow a quick
transfer of passengers.

The plan of thie Roxbury terminal is shown in Fig. 3,
the tracks of the clevated railway being shown by heavy
lines, and those used by the surface cars by light lines.
Both arc arranged in loops, and the elevated trains will
discharge and receive passengers from platforms on both

] SULLIVAN SQ.
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FIG. 4.—CHARLESTOWN TERMINAL

in Fig. 2. It consists of longitudinal and transverse
girders supported on a double row of posts. The char-
acter of the transverse girders is varied somewhat, de-
pending on the width of the street. Where the latter are
narrow the girders are flat and the posts are set on the
curb line on either side. In wide streets the posts are set
24 ft. apart and the tracks are carried directly above the
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posts. llere the transverse girders act as stiffeners only
against lateral motion, and are arched. Plate girders arc
used at one place, on the Charlestown bridge, and the
whole structure is designed to be sufficiently strong to
support the third track in case that should be necessary.
The posts are 15 ins. square and consist of two 15-in.
channels connected by a made-up beam. A\t the stations
the top of the rails will be 20 ft. above the street level and
the lowest point of the girders 1s 14 ft. above the street
level.

Ninety-pound T rails will be used, laid on 61-in. by 8-in.
sawed ties with wooden guard rails.

Electricity will be the motive power for the new clevated
railway, and the current will be taken by a third rail laid
outside of the tracks. The cars will weigh approximately

33,000 1bs. cach, without motors, and will measure 47 ft.
They will be of substantially the same

4 ins. over buffere.

GEORGE W. BISHOP JOHN E.

GEORGE F. SWAIN

arrangenent and construction as those on the Manhattan
Elevated Railroad, of New York, and on the Metropolitan
Elevated Railroad, of Chicago.
five cars each will be run and the stations will be built for
the accommodation of five-car trains.

Trains of from three to

The type of electric
system has not fully been determined upon.

The cstimated cost of construction, exclusive of real
estate and equipment, is $400,000 a mile, or $2,800,000 for
the seven miles of track now arranged for. The plans for
the systeni have been drawn up by George A. Kimball, en-
gineer in charge.  Work will be commenced immediately,
and it is hoped that the linc will be in operation within a
vear. The officers of the Boston Elevated Railway Com-
pany are as follows: president, William A. Gaston; first
vice-president and general manager, William A. Bancroft;
second vice-president, C. S. Sergeant; comptroller, J. I1.
Goodspeed; auditor, TI. L. Wilson; sccretary, John T.
Burnett.  On its staff are, Henry E. Woods, purchasing
agent; J. E. Rugg, superintendent of transportation: Chas.
F. Baker, superintendent of motive power, and Roger W.
Conant, clectrical engincer,

o
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THE MASSACHUSETTS RAILROAD COMMISSION

The Board of Railroad Commissioners of the State of
Massachusetts descrves a high place among American
official commissions appointed to protect, in one way and
another, the people’s interests.  Its members have been
wise without being arrogant, conservative without heing
narrow, and reasonable if not generous in their treatment
of capital invested in the railroads and street railways of the
Commonwealth.  For twenty-nine vears this board has
been in existence.  For twenty-nine years the records of
transportation in Massachusetts have been kept by it with
great accuracy and consistency, so that they form a body
of comparative figures concerning the growth of trans-
portation interests in their varied phases which are equaled
by those of no other State in the Union.

The chairman of the commission, John E. Sanford, of

HERSEY B. GOODWIN

WM. A. CRAFTS

Taunton, has been a railroad commissioner since 1392
e is considered one of the ablest men in the State, and
is, withal, so careful a student of details that it is asserted
by the street railway companies whose applications for
increase of capital stock and funded indebtedness have to
pass in review before the board, that he has most accurate
and annoying information upon market prices of street
railway equipment to the smallest items.

George W. Bishop, of Newtonville, next oldest member
in the board, has been in service on the commission since
1895, and Tersey B. Goodwin, of Cambridge. the junior
member, since 1806. William A. Crafts has been clerk
of the commission since its organization in 1869.

Prof. George F. Swain, of Boston, the commission’s
bridge engineer, is Heyward professor of civil engineering
in the Massachusetts Institute of Technology. Ile is also
a member of the Boston Transit Commission, where his
fine engincering ability has doubtless had an important
influence on the success of the subwayv. Prof. Swain’s re-
ports upon the physical condition of Massachusetts rail-
roads have been almost as valuable to the latter as to the
cominission,
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EDITORIAL NOTICE.

Lapers and correspondence on all subjects of practical interest to
our readers aie cordially invited.  Our columns are always open for
the discussion ¢ f problems of operation, construction, engineering,
Jinance and invention.

Special effort will be made lo answer promptly, and without
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But five months ago we were looking forward with some
anxiety, though with firmness, to the prospect of a war,
the effect of which, on business and on national prestige,
could not be foretold with any approach to certainty. The
five months have passed and have brought with them to
the country occasion only for gratitude and renewed hope
for the future. A truce in hostilities, if not final peace, has
come to the country, with but slight chance that hostilities
may be renewed. Americans stand firmer on their feet
to-day than ever before, more self-reliant, more confident
in their strength. Our navy has achieved a series of vic-
tories which are little short of marvelous, and have suffered
not one single reverse.  Our arimy, also, has done well, and
it has been proved that in cheerfulness in discipline, courage
in battle and calm endurance of hardship and privation
there are no superiors to the American soldier. The war
will bring to us substantial increase of territory and new

markets for our products. It has brought and will bring
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a greater respect for the American character from foreign
nations. Not the least of the advantages which we have
gained is the knowledge of certain weaknesses in our army
organization, particularly in its commissary and medical
departments, which we shall, of course, correct and that
immediately, so as to avoid the slightest chance of such
weaknesses in the future. Altogether this war, which so
many true Americans have from the first deplored from
one cause and another, seems destined to bring to us many
great advantages of position, even though there may also
be increased cares and responsibilities of government.

Even during these four months of war, business has been
far from stagnant or uncertain. In fact, in many, and
perhaps in most lines of trade it is positively good, and is
rapidly increasing. Clearing house returns show far larger
business transactions this year than last; the volume of
railroad traffic has been for many months steadily increas-
ing, and railroad prosperity is now beginning to show to
some extent in increased dividends; the crops of the coun-
try last year were exceptionally good and prices high,
while those of this vear will be even larger, though they
will probably be marketed at somewhat lower prices; the
iron and steel industries are under full headway, and the
foreign consumption of our products is increasing enor-
mously: and these and other of the great “staple” indus-
ries of the country upon whose initial prosperity depends
that of a thousand other smaller trade and manufacturing
branches, seem certainly to give promise of a year of great
activity. In our own special lines only the most cheerful
optimism is found. The great electrical manufacturing
companies are employing more men than since 1892; car
and truck builders are taking many orders, though the
business pendulum has not swung full in their direction
as yet; builders of engines and boilers are in some cases
working from twenty to twenty-four hours a day, and re-
port orders already taken which will consume their entire
output for this and the makers of railroad
iron are having difficulty in keeping up with their orders,
particularly in view of the large foreign demand and of the
new orders for battle-ships, torpedo-boats and destroyers
which the Government is placing. For the first time since
1893, manufacturing profits on a reasonable scale appear
to be in sight and cheerfulness and hope are in the air. If
other indications were lacking, the appearance of this issue
of the STREET RATLWAY JOURNAL, containing no less than
250 pages of advertising matter, would point to a revival
of business in street railway lines,

year;

The American Street Railway Association meets this
month in Boston, where it first came into being sixteen
years ago, and where its first president, H. H. Littell, was

clected.  No less than twenty-eight of the 165 com-
panies now niembers of the association were rep-
resented, either in their present name or in that

of some constituent company, at this first meeting, and
among those present at the latter were many who have
been regular attendants at the annual conventions ever
since.  The association is thriving, is doing thoronghly
good work, and the convention this year will be a decided
success, both in numbers and in the variety and character
of the exhibits.
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Don't forget the Accountants’ Convention, which is to
be held at the same time and place as the American Street
Railway Association.  Although the Association of Street
Railway Accountants of America was formed only eight-
een months ago, its members and committees have, by
painstaking and conscientious work, laid the foundation
of a complete standard system of classification of accounts.
The original scheme which was presented at last year's
convention at Niagara [Falls will be somewhat modified in
the report of the committec this year, and it is believed
that the classification finally determined upon, which is
the result of a conference with a large number of experts,
will be accepted by the association and approved for im-
mediate and practical use.

The successive managements of the great street railway
system in Doston, long known throughout the length and
breadth of the country and in foreign lands as well, as the
West End Street Railway Company, but now as the Bos-
ton Elevated Railway Company, have always been most
kind and generous in their treatment of other street rail-
way managements which have desired information at their
hands concerning the results, in major and minor details,
of clectricity as a motive power. It was in 1888 that Henry
M. Whitney, then president of the West End Company,
determined, after a visit to the large electric railway at
Richmond. to ntroduce this new and attractive motive
power on his system instead of the cable, which had bcen
in contemplation. This action on the part of so powerful
and conservative a company as that in Boston probably
advanced by several years the “electric boom™ which al-
most immediately took place in America, and which has
had such far-reaching influence on urban life. The West
End managements have doubtless made some of the en-
gineering and operating mistakes to which all great cor-
porate enterprises are liable, but they have never sought
to conceal the mistakes, nor their effects, but have, on the
contrary, learned lessons from them and, with the greatest
frankness and generosity, have pointed out to their brother
managers the better ways of doing things to avoid results
from which they themselves have suffered. There has
been with them none of the narrowness which seeks to
jealously guard “trade secrets,” but the right hand of fel-
lowship has been given with clear good will in every case,
and it is by no means impossible that their influence may
have been potent in bringing about the similar spirit of
common hrotherhood which pervades the entire street
railway industry to-day, and which the American Street
Railway Association also has fostered. Few industries
have this feeling to the same extent.  Certainly there is
far Tess of it among steam railroads than among the street
railways, and far less of it, too, in tramway circles abroad.
All honor, we say, to the broad-minded men, the men who
are willing to give as well as to receive, the men who will
cheerfully laugh at their own blunders and warn others
against them. It is by these that progress is made in the
world, not by the self-sufficient and narrow.

A clean-cut, well-executed and thoroughly satisfactory
public enterprise is that which has just been brought to
completion in Boston—the building of the Boston subway.
Simple in conception, it has vet called for the hest C‘:lg‘il‘;—
cering ability to work out details. It is hard to sce how
the route chosen, the plan decided upon or the execution
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of the work could have been greatly improved upon. ft
has already relieved the frightful congestion in Boston's
business center to a remarkable degree, although but half
its length is so far used for traffic. Its track and station
plans are most ingenious and satisfactory, and the Doston
subway will doubtless be, in necarly all respects, a model
upon which similar public works in other cities will be
formed. Rarely in this country or abroad has there been
found an instancc of a great public improvement of this
kind being carried through at a cost of but five-sevenths
the original estimates and appropriations.  [Public moral-
ity in Massachusetts is high, and has accomplished this re-
sult.  With the completion of the new clevated railway, of
the Charles River bridge, the tunnel to East Boston from
Scollay Square and the tunnel and subway fo Harvard
Square, Cambridge, there will have been accomplished in
Joston by joint public and private means, such improve-
ments in facilities for “getting about in the world” as no
city has yet obtained, certainly in so short a space of time.

It is a common saying that Americans are prodigal and
that they waste about as much as they consume. There is
undoubtedly some truth in this charge, for, as a rule, our
countrymen are fairly prosperous, and at the same time
cxtremely busy, so that often they do not devote as much
time to the small economies as they otherwise would.
What is true of Americans in general, and, in fact, of in-
dividuals in general, is also true of corporations. There
are many economies which could be practiced upon our
different railway systems, and there are still leaks and
wasteful methods in most systems which add directly to
cost of operation and the extent of which is not always
realized by managers. Thc margin between a profit and
none at all is getting narrower, and as an able financier
once said, “eternal vigilance is the price of dividends.”
One place where there is often considerable waste is in
a careless use by the motorman of current. Of course this
is made more painfully evident when cnrrent is purchased
en a meter basis than when it is generated by a railway
company itself, but it is nevertheless a direct loss from
vhich not only no return is secured, but which is
often a prolific cause of troubles
and brake shoe wear. An interesting article by I,
G. Connette in another column will prove something
of a revelation, we think, to those who have not
given much thought to the subject, and who con-
sider that little, if any, power can be saved by judicious
Owing to the fact that the company with
which this writer is connected purchases its power from
another company, it decided to equip each of its cars with
a watt meter, from which the record of each motorman in
his use of current is taken. DBy a comparison of the power
consumption of different motormen on the same route a
fairly close watch can be kept of thc economy which each
practices of current. As a consequence, each man has
a direct incentive to employ a minimum quantity per car
mile, and the aggregate of this constant care was a saving
of from 35 to 4o per cent in the bill for power paid for the
samc car mileage in Nashville. As will be seen, this
would constitute an important economy in the operation
of any road, and it simply shows, if additional testimony
were necessary, the value of carefully watching every ave-
nue of outgo.

motor and wheel

motormen.
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Some Suggestions to European Electric Railway
Builders

If America may presume to make Europe certain sug-
gestions regarding the building of electric railways, a pa-
tient hearing may be hoped for, as it i1s generally recog-
nized in all countries, we believe, that American experience
in this particular branch of engineering is quite complete,
though by no means wholly admirable.  America has
wasted—if we can call it wasting—so many millions in
experiments that it observes with something like a shud-
der, the danger that the same old weary course of trial and
failure may be gone over again abroad.

First, as to roadbed. This is the foundation not only
of a railway plant, but of its financial success as well.
Nearly always by far the largest single item in the invest-
ment account, it is likewise almost the largest in the oper-
ating account if proper charges for repairs and depreciation
are annually made. While by no means sure that the best
present American practice is final or will be justified by
results, we are confident that European practice in track
building is in important respects less conservative and is
inadequate for electric traction. European engineers do
not appreciate, we believe, the tremendous pounding which
the electric railway tracks have to stand from the motor
1t is true that there
is no reciprocating motion in the motor as in steam loco-

cars, to say nothing of wagon traffic.

motives to promote this pounding, but the slightest im-
perfection in the joint creates differences of level between
the rails which cause the car to fall upon the following rail
and hit it a blow which greatly increases the trouble. With
single track roads, both rails at an imperfect joint are ham-
Electric cars are
always popular, are nearly always crowded with people, or
are run at short intervals, and the blows thus being multi-
plied, cither in weight or in frequency, and their quickness

mered, and a hollow is thereby formed.

of application being increased by high speed, the result, as
we have found it in America, is that the best constriction
which we can make for joints and rails 1s hardly strong
enough. Tt may be urged that the concrete foundations
for track usual in Europe will cure this trouble, but this
has not been American experience where tried, though
there is undoubtedly some advantage in concrete founda-
tions. The true remedy, as near as we can now judge,
is, first, to use 60-ft. rails, and so reduce the number of
joints; second, to butt the joints together in paved streets;
third, to increase the the rail, thereby
eiving it a hardness which will prevent the batter-
square shouldered”
section, so as to permit of accurate fitting of the joint
plates and a strong vertical support—this whether the sup-
port be of iron cast around the joint or of wrought iron
girder fish plates. Brittleness in the rail due to hardness
is not so much to be feared in tramway practice as soft-
ness, for a broken rail does not mean an accident, as on
steam railroads, but merely the replacing of the rail. Hard-
ness is advantageous not only at the joints but along the
entire rail, since rails which have been in service longest

carbon 1n

o0

ing of the head; and finally, to use a

show a wearing away of the rail head far greater than in
horse railway practice, due, of course, 10 the self-propelling
motive power employed.
Track special work—irogs, crossings, switches, etc.—
ought, also, to be made of the best material, and with the

greatest care. Some of the capitalists who are building
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electric tramways in foreign countries complain that they
cannot get good special work from European makers, the
latter still using cast iron largely and following the old
horse tramway methods, with results disastrous, both to
wheels and the special work itself.  Transition curves
should. of course, be made in all cases, and the greatest
pains taken to provide for the easy movement of the car
at all points on the road, curves as well as tangents.

Great Britain is undoubtedly ahead of America in the
care taken with track return circuits, and, in fact, has gone
to an extreme in demanding low voltage drop in the earth.
While a seven-volt drop generally means less clectrolytic
effect with pipes and wires it does not always do so, since
it is current which produces these troubles and current
can be obtained from low voltage in quite as great quantity
as from high, providing only that the earth resistance be
sufficiently low.

In overhead construction, Europe has paid more atten-
tien, perhaps, to the ornamental than has America, and this
is certainly right. With attractive poles and a simple and
unobtrusive wire structure there can be no reasonable com-
plaint on the part of municipalities with the overhead elec-
tric system, certainly in view of the great advantages of
electric traction, '

Power station equipment should be in the fewest pos-
sible units consistent with reliability of service. In early
American practice we had stations with twenty and thirty
small units. To-day, these have nearly all been replaced,
at heavy expense, by fewer and larger ones. Perhaps an
ideal station for most conditions is one made up of five
units, of which four are of the same size, and one but half
that size. The small unit takes care of the night service,
two of the larger should handle the everyday trathc at
its maximum, a third may be added on holidays and special
occasions, and a fourth is always in reserve. A station
arrangement of this character requires foresight in deter-
mining the probable maximum requirements of the fu-
ture, as to load, but when this is once estimated it is better
to determine the ultimate sizes of the units and purchase
two (one for reserve),even in the beginning of the re-equip-
ment than to buy smaller units to be replaced afterward
by larger ones. It is needless to say that direct connected
units should always be employed, as belts are out of date
for street railway work.

No fixed rules can be laid down for rolling stock except
that all cars should be made as strong and durable as pos-
sible—far more so than for horse railway traffic. =~ The
tastes and habits of the people and local conditions other-
wise must govern the seating arrangements and forms of
cars chosen. Roof seats are popular almost everywhere, and
though little used in America, it is not because people would
not like them, but because, in the long run, it is believed
that they would prefer speed of car and comparative im-
munity from accident. Americans have not been educated
to climbing up and down a stairway to the car roof, and
there would doubtless be serious accidents for a long while
after their introduction in any place.

It is impossible, of course, to speak within these limits
in any but the most superficial and fragmentary way upon
this general subject of adaptation of American experience
to European conditions. In a thousand or more details
it is worth studying, and should be studied by foreign en-
gineers either by personal visits or by careful reading of
the pages of the technical journals.
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THE BOSTON CONVENTIONS

AMERICAN STREET RAILWAY ASSOCIATION

The following is the programme of the convention at
Boston, September 6-9:

TUESDAY MORNING

Meeting called to order at 10 A. M. by Albion E. Lang, presi-
dent.

Calling of the roll.

Invitation extended to join the association.

Address of the president.

Report of the executive committee.

Report of the secretary and treasurer.

Reading of paper on "The Comparative Earnings and Economy
of Operation Between Single and Double Truck Cars for City
Use.” Richard McCulloch, electrical engineer, Cass Avenue &
Citizens’ Street Railway Company, St. Louis, Mo.

Reading of paper, “Municipal Ownership of Street Railways.”

TUESDAY AFTERNOON AND EVENING

Leaving Boston about 2:30 P. M. a trip will be made to Con-
cord and Lexington, in order that the points of historical interest
may be shown to the visitors.

In the evening a reception will be given at Paul Revere Hall,
in the Mechanics’ Building.

Note: The exact hour of starting on the different trips will be
announced each day in the convention.

WEDNESDAY MORNING

Convene at 9:30 A. M.

Reading of paper on “Maintenance and Equipment of Electric
Cars for Street Railway.” M. S. Hopkins, electrician, Columbus
Sireet Railway Company, Columbus, Ohio.

Reading of paper on “Carrying of United States Mail Matter on
Street Railways.” W. S. Dimmock, general superintendent, Oma-
ha & Council Bluffs Railway & Bridge Company, Council Bluffs,
Towa.

Appointment of committee on nomination of officers and next
place of meeting.

In the morning the ladies with escorts will be shown the local
points of interest in and around Boston.

WEDNESDAY AFTERNOON

In the afternoon, leaving Boston at 2:30, a trip will be made
by boat to Nantasket Beach, where a clam-bake will be served
and the various amusements at the place will be open to the vis-
itors.

THURSDAY MORNING

Convene at 9:30 A. M.

Reading of paper on “To What Extent Should Street Railway
Companies Engage in the Amusement Business?” Walton I.
Holmes, general manager, Metropolitan Street Railway Company,
Kansas City, Mo.

Reading of paper on “Inspection and Testing of Motors and
Car Equipments by Street Railway Companies.” Frederick D.
Perkins, electrical engineer, Toledo Traction Company, Toledo,
Ohio.

Election of officers.

In the morning the ladies and officers of the association will be
taken for a drive through the Boston parkways.

THURSDAY AFTERNOON AND EVENING

In the afternoon a trip by special train will be made to
Plymouth.

In the evening the regular banquet will be held at 7 P. M. at
Hotel Brunswick.

FRIDAY MORNING

Convene at 9:30 A. M.

Reading of paper: “Cost of Electric Power for Street Railways
at Switchboard, both Steam and Water.” R. W. Conant, elec-
trical engineer, Boston Elevated Railway Company., Boston,
Mass.

Report of committee on standing rules for government of con-
ductors and motormen.

Unfinished business.

Installation of officers.

Adjournment.

In the morning the ladies will be taken shopping.

FRIDAY AFTERNOON

In the afternoon a trip will be made to Norumbega Park in

Auburndale, i

The following are the committees in charge:
General Committee

C. S. Sergeant, 1or Milk Street, Boston, Mass., Chairman.
E. C. Foster, 333 Union Street, Lynn.

J. E. Rugg, 101 Milk Street, Boston.

C. S. Clark, 8 Oliver Street, Boston.

A. A. Glasier, 104 Ames Building, Boston.

C. Q. Richmond, North Adams.

John R. Graham, 280 Washington Street, Boston.
Robert S. Goff, Fall River.

P. L. Saltonstall, 28 Exchange Building, Boston.
E. P. Shaw, 316 Exchange Building, Boston.

. H. Dewey, Wor. Cons. St. Ry. Co., Worcester.

Committee on Entertainment

P. L. Saltonstall, Boston, Chairman.
I. F. Eldridge, Portsmouth.
A. B. Bruce, Lawrence.

C. C. Pierce, Boston.

C. E. Barnes, Boston.

C. W. Wilson, Boston.

J. F. Shaw, Boston.

J. H. Goodspeed, Boston.

J. H. Cunningham, Boston.
B. J. Weeks, Quincy.

W. W. Sargent, Fitchburg.
A. C. Gardner, New Bedford.
Edwin S. Webster, Boston.
W. F. Pope, Boston.

aal

Committee on Transportation and Information

Julius E. Rugg, Chairman.
N. . Heft, Boston.

H. B. Rogers, Brockton.
J. F. Wattles, Boston.
Fred H. Smith, Quincy

A. E. Gordon, Boston.

N. E. Morton, Lawrence.
C. E. Woodward, Wakefield.
Winthrop Coffin, Boston.
H. H. Reed, Fall River.

H. F. Grant, Boston.

Banquet Committee

A. A. Glasier, Chairman.

W. A. Bancroft, Boston.
Prentiss Cummings, Boston.
C. S. Clark, Boston.

E. P. Shaw, Boston.

E. C. Foster, Lynn.

S. M. Thomas, Taunton.

Committee on Hall, Hotels and Registration

E. C. Foster, 333 Union Street, Lynn, Chairman.
John F. Morrill, Quincy.

J. N. Akarman, Worcester.

J. H. Studley, Jr., Boston.

J. E. Rugg, Boston.

W. F. Pope, Boston.

R. N. Wallis, Fitchburg.

H. B. Parker, Boston.

A. E. Smith, Springfield.

George F. Seibel, Taunton.

Committee on Exhibits

Charles S. Clark, Chairman.
H. F, Woods, Boston,

E. C. Foster, Lynn.

C. F. Baker, Boston.

E. P. Shaw, Jr., Boston.
Franklin Woodman, Haverhill.
R. S. Goff, Fall River.

J. H. Studley, Jr., Boston.
Maurice Hoopes, Lynn,
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THE STREET RAILWAY ACCOUNTANTS’ ASSOCI-
ATION OF AMERICA

The second annual meeting of the Street Railway Ac-
countants’ Association of America will also be held at Bos-
ton, Sept. 6-9. As at the last convention the meetings
will be held in the same building as those of the American
Street Railway Association, the banquet hall of Mechanics’
iall having been secured for the use of the accountants.
The badges of the American Street Railway Association
will be furnished the members of the Accountants’ Asso-
ciation, and in matters of entertainment and admission to
ineetings, etc., the same opportunities will be enjoyed. A
special feature of the convention will be an exhibit of
blanks and forms used in accounting, and attendants are
requested to bring to the meeting any forms which they
may have in use.

The official programme adopted is as follows:

MONDAY
7:30 P. M. Meeting of the executive committee at the Hotel
Brunswick.
TUESDAY
10 A. M. (Mechanics’ Association Banquet Hall).
Opening business session. Reports of officers.
Appointment of cominittees, etc.
Paper on “Statistics, Their Use and Abuse,” by E. D. Hibbs,
auditor, North Jersey Street Railway Company, Jersey City, N. J.

WEDNESDAY
10 A. M. (Mechanics’ Association Banquet Hall).
Paper on “Car Mileage; How Arrived at and Its Use,” by A.

H. Ford, secretary and treasurer, New Orleans Traction Com-
pvany, New Orleans, La.

Report of the permanent committee, on “A Standard System of
Street Railway Accounting, Covering the Classification of Operat-
ing Expenses, Classification of Construction and Equipment Ac-
counts and Form of Annual Report.”

Chairman—C. N. Duffy, secretary, Citizens’ Railway Company,
St. Louis, Mo.

H. L. Wilson, auditor, Boston Elevated Railway, Boston, Mass.

Wm. F. Ham, secretary, Nassau Electric Railroad Company,
Brooklyn, N. Y.

J. F. Calderwood, auditor, Twin City Rapid Transit Company,
Mineapolis, Minn.

H. J. Davies, assistant secretary, Cleveland Electric Railway
Company, Cleveland, Ohio.

THURSDAY

10 A. M. (Mechanics’ Association Banquet Hall).
Report of the permanent committee, on “A Standard System of
Street Railway Accounting”—Continued.

FRIDAY

10 A. M. (Mechanics’ Association Banquet Hall).

Informal discussion of quest1ons relating to street railway ac-
counting.

Leader—S. H. Bennett, secretary and treasurer, Atlanta Rail-
way, Atlanta, Ga.

Closing business session:

Report of convention committees.

Election of officers for 1898-180g.

The exhibition of blanks and forms will be in charge of this
committee:

Chairman—F. E. Smith, auditor, Lynn & Boston Railway Com-
pany, Lynn, Mass.

G. E. Tripp, treasurer, Lowell, Lawrence & Haverhill Street
Railway Company, Lawrence, Mass.

R. N. Wallis, treasurer, Fitchburg & Leominster Railway,
Fitchburg, Mass.

THE EXHIBITS

The Exhibition Hall is in Mechanics’ Building, Hunt-
ington Avenue, Boston, about five minutes’ walk from the
Brunswick hotel, and accessible also by street cars. It is
probably the largest and best appointed building for ex-
hibits of the kind shown at street railway conventions
which has been employed in the history of the association.
The exhibits will occupy two floors, the basement and first
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floor. A diagram of the building, with the spaces occupicd
by the different exhibitors, is shown on page 510, The
headquarters of the STREET RAILWAY JOURNAL are close
to the stairs leading to the convention hall, and cannot he
missed by anybody. The meetings of the two associations
will be held on different floors from those devoted to the
exhibits, so that noise from the latter will not disturb the
delegates.

The following is a list of the exhibitors who have al-
ready engaged space:

Space. Name. Area.
102 McCardell, West & Company...........ocvveee... 220
103 Rochester Car Wheel Wiorksi: s is c:a:simasmsaie s 600
104 New York Car Wheel Works. . ooviviiniiinnn .. 400
105 Taunton Locomotive Manufacturing Company....... 1450
106 Laconia Car Company Works..........c..coeuin. 819
107 Peckham Motor Truck & Wheel Company.......... 1500
108 Jarney & Smith Car Company..................... 429
110 Briggs Carriage Company.............ccovieeeen... 360
111 James L. Kimball......... ... .. 108
112 Grahiam Equipment COMPAILY: «. vsswe o ommensrssss 100
TR The Wells & French Company. .. .......c..o.ooienon. 414
iy McGuire Manufacturing Company...........ocve.n. 920
118 J. G. Brill Company. .. ..oouuuueoeiunainnesinnnns 1248
121 Walker Company ........coouiiiiineeeiiaannn.. 1450

122 Taylor Electric Truck Company.................... 853

124 Pennsylvania Car Wheel Company................. 420
126 Hampden Corundum Wheel Company............... 416
127 Springfield Manufacturing Company................ 300
131 Baltimore Car Wheel Company..................... 440
133-134 The Johnson Company............ ..o, 1635
203 Samson Cordage Works. cc.:.cooiiominein. tonaioins 100
204 Ohio Brass Company........ouuuueiearauneeenann.. 300
205 New Haven Car Register COMPANY: :«w:wes csmimenes 275
206 Corning Brake Shoe Company...................... 100
207 Ashton Valve Company.........oooviiuiiieinnnan... 100
208 A Ham Sand Box Company.......................... 100

B Wadsworth, Howland & Company.................. 100

C American Mason Safety Tread Company............. 100

D C. W. Trainer Manufacturing Company............. 100
200 Creaghead Engineering Company ................... 200
210 A A. O. Norton. CRmmaEEmiEs samzmemas 10O

B Forsyth Blothers & Company ...................... 100
ST American Railway Supply Company .. 100
212 Adam Cook’s Sons.. . P o
213 Pantasote COMDANY mrmss sdesms s amsmston oo bin s 264
214 Thayer & Company, Incorporated................... 350
215 Albert & J. M. Anderson Manufacturing Company.. 24¢
216 H. W. Johns Manufacturing Company............. 300
217 Westinghouse Electric & Manufacturing Company... 1024
218 Bureau of Information.............................. 280
219 Harold P. Browme .o s o s5 csmsmepmanssas s ssmosimas 200
220 F. H. Newcomb......... ... .. .. .. .. ... ... .. 100
257 W T Van Dorn, COMPANY: «:m:seme cxtmse se tamaiinmms LOO
22p Falk Manufacturing Company...................... 150
223 Eredericle G Melienwis s insmsnin: seminsmstmin s 2oms 110
224 Beverly Machine Works. .................. ... .... 100
225 Boardman Tucker Company s uswepis ssuzwsamsns 10O
226 Stanley & Miles. ... ..o 100
227 Jo To MeRoyu s wrmsmzmes csmsmemmsmimiges 23 masasmsms 100
228 Standard Underground Cable Company............ 100
22 Pearson Jack COMPATIY . sm:mames 25 o s o0 smemsse mes s 100
230 The Wagner Electric Manufacturing Company...... 100
231 A E. F. deWitt & Company..........c.oveivuiinnnn.. 100
232 Street Railway Review............................. 300
233 STREET RaAarLway JOURN:\TA ......................... 300
234 Railway World. . Bt oo o e et o e e T20)
235 Electrical Rcue\\ - B~ i cot - R 0]
236 Ornamite Veneer Compan} ......................... 550
237 Pennsylvania Steel Company........................ 336
238 Weber Railway Joint Manufacturing Company....... 120
239 The Adams & Westlake Company. .................. 350
240 Bibber-White Company. .. c..veveieivinnnerennnns 132
241 C. F. Orr & Commny ............................. 100
243 William F. Ellis. - SR B E e St e i e 200
244 Pettingill, Andrews Compdnv ........ S 402
245-264 General Electric Company. . g (see 264) 16\3
246 Consolidated Car Fender COaldHV e : 497
247 Christensen Engineering Company.................. 263
248 Barbour, Stockwell Company....................... 318
249 Billings & Spencer Company...........o.vuvun..... 200

250-253 Sherburn & Company. .......covviiiii e, 530
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Space. Name. Area.  Space. Name. Area.
287 William Wharton, Jr.,, & Company, Inc............ 503 289 John B. Ohmers . womemssssme om om0 s s sl .. 100
256 The Cleveland Frog & Crossing Company.......... 800 281 J. A, Lakin & Company.......oovveiiiieneeacnannss 100
257 Cambria Iron Companys:s:ie:s:s ssssansosasaswis s LOO
258 American Rail ]oint. & Manufacturing Company..... 100 BN P
250 Van Wagoner & Williams Hardware Company...... 170
260 International Register Company.................... 170
261 Erank Ridlon Companye:s:sesieissiaminivssmsnses 170 TRANSPORTATION TO BOSTON
262 R. D. Nuttall Company........ P R, 170 A spccial rate of a fare and one-third for the round trip
263 John Stephenson Company, Limited............... 100 ’ .
265 A Consolidated Car Heating COmPANY. .. ..ormneuraor. so0 | Ml be granted to attendants at the convention, as usual.
B Heywood Brothers & Wakefield Company. .......... 200 Persons purchasing tickets will pay full fare one way and
107 — 121 132
101 B 8 g e o a a a n n &
i
L o T ] [ m) ] O [
122
a o q 133
1g2 104 106 108 110u ° 118 2 2 ¢ ¢
o a o [+] a T q n
103 J 11 124 131
aQ = o o
I | 135
125 130 D
o o [= o o
. 128 1289 137
) n o a
w o o o o
2 127 128 139
Z
E é n n b n n
C T
L%
e= BASEMENT
274 @ £
273 260 259 PLAN OF CONVENTION HALL
cI272 i 1
261 262
270 271
289 n b d
268 202 LADIES
OOwN 234 212 208 FARLOR
4 L—1 233 232 218 E
267 == 235| . QWSH? 209 5071 AR CBATR 5
}]ﬂ] l 284 245 — 2 ETI': " ..‘ e AT ROOM 8
|| §§ : ENTRANCE
241 1 5 0 208d [ 0203
L) L' TO a
‘ , [242| |CONVENTION 208 | A | [oownlT
= 226 225 225 240 bad I LJ/HAU-&[J 217 A L EWI
o 243 > B8 OFFICES
CLOSED TELEGRAPH
FIRST FLOOR Street Ry. Journal
C Boston Artificial Leather Company................. 200  ask the ticket agent for a certificate, which, when properly
266 Burdett & JONNSON.... o« cvim s e e e E a6 5558485 2805 8 180 countersigned at Boston, will entitle the holder to a re-
268 Crosby Steam Gage & Valve Company.............. 100 Hele ‘Vt t tiird #
2609 R. Woodman Manufacturing & Supply Company.... 100 Bean 1ok ‘? diollcy 'nr Al 5
270 Columbia Machine Works. .....c.oovveiunerninaennns 100 The Wabash Railroad Company and Lake Shore Rail-
271 Charles Scott Spring Company...........oovveuen.... 210 road Company have already announced that they will run
272 Pm}; & Letchwogh Company. ..., 210 gpecial trains from Chicago to Boston for the convention
,_:;2 Eime} ?’HIKTOO\Z;SS SIERATY S TLRE B LR I;gg if they can secure enough passengers, and that in any
275 Meaker Manufacturing Company.................... 200 ¢vent they will run special cars. Other railroads will
277 Sterling Supply & Manufacturing Company.......... 400 probably do the same where the number of delegates at-
278 Williams Truss Rail Joint Company................. 100 tending the convention will warrant it.

s
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ECONOMIZING ELECTRICAL POWER

BY E. G. CONNETTE

The subject of economy in the use of electric power as
applied to street railways has not been developed gener-
ally to such an extent as to give the management of street
railways an intelligent record of the details of the con-
sumption of power. Steam railroads keep an account of
the number of pounds of coal furnished each locomotive,
and are able to tell at the end of each month how many
pounds of coal have been consumed by each engine per
mile run n proportion to the tonnage hauled. By this
record they are enabled to know the engineers and firemen
who are the most economical in the use of fuel, and the
writer knows of one railroad which a few years ago paid
a cash premium each month to the engineer and fireman
who showed the best record for economy of fuel.

Street railways provide each car with a fare register for
the purpose of checking the number of fares collected by
conductors, but what check is there on the motorman to
prevent a useless waste of electrical energy? DPower costs
money, and it is therefore essential to keep a check on
every avenue of consumption.

Light companies have almost entirely ceased to make
“flat rate” contracts, but sell power by meter measurement
for all kinds of purposes, and they are thus enabled to
know how much power is used by each “consumer” and
if they are getting value received. Motormen are con-
sumers and street railways should know the amount of
power used by each “consumer” in proportion to work
done.

An inefficient or indifferent motorman will cost a com-
pany from 10 to 15 per cent of the amount of his wages by
a reckless and thoughtless waste of power, because there
is no check on him. He will approach a stopping point
with current on and then use the brake to make a quick
stop, thus overcoming and wasting the energy unneces-
sarily used in approaching the stopping point instead of
shutting off the current and allowing the momentum of
the car to carry it to the stopping place and thus be able
to stop the car with only a slight application of the brake.
Some motormen keep the slack taken up in their brake
chains so that the brake shoes do not fully clear the tread
of the wheel in order that a hali-turn or a turn of the
brake handle will stop the car; this is a bad practice unless
done with caution, as if the brake shoe drags on the wheels
at all there is a waste of power. Other practices are in-
dulged in by motormen which result in a loss of energy,
such as allowing current to remain on when car is going
down grade, applying brake before current is shut off,
applying current before brakes are released, failure to use
economical points of controller, applying the current too
rapidly when car is started, not allowing the car to attain
the full speed of a point of the controller before applying
the next point. This not only causes a waste of power but
creates an extra strain on the motors.

The Nashville Street Railway made a contract with a
power company a few years ago to furnish the power for
its use on a car mileage basis. This road operates from for-
ty-five to sixty 16-ft.to 22-ft.single truck cars daily,making
from 5000 to 7000 car miles per day. Upon a mileage
basis there was no incentive to economize in the use of
power, and little attention was given to the economical
application of the current. On Feb. 1 this year a new
contract was made on a meter basis, and since that time
a thorough system has been inaugurated for the attainment
of the greatest economy in the use of power. A large watt
meter was installed in the power house and the record of
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this meter is taken as a basis of settlement each month;
the feeder lines were inspected carefully and tested, the
return grounds were cxamined and all weak places
strengthened.

A watt meter was placed on each car over the door op-
posite the register ends of the car. The meters are read
both when a car comes into the shed and when motormen
change at relief time, and a daily report is made, showing:

| Schedule number.
Number of miles.

Number of car. Name of road.
Name of motorman.| Number of trips.
K.w. hours. K.w. hours per car mile.

From this report the record of each motorman as to the
k.w. hours used per car mile on each car on each division
of the system is shown and the comparison of the records
of each man running on the same division is the basis of
rating the men as to efficiency in the use of power. The
comparison necessarily has to be made by divisions or
for cars running over the same lines, as the grades and
curves make a difference in the amount of power required
to run a car over one road as compared with a car run
over another road. From this report a record is made in
a book, each motorman’s record being entered daily. At
the end of the month a statement is compiled from this
record showing the average k.w. hours used per car mile
by each motorman during the month on each division of
the road, and this statement is posted on the bulletin board
so that the motormen may see the record of each.

The record of the power house meter is taken daily at
midnight, simultaneously with the reading of the car me-
ters, and a daily record is made for comparison. Since the
weak places in the lines have been strengthened and in-
telligent and diligent application has been given to the
subject of saving power, there is only a difference of from
4 to 6 per cent between the reading of the car meters and
the meters at the power house, the car meters of course
reading less than the station meter, owing to loss in the
lines to power house.

The following rules were issued to motormen when the
new contract was made:

1.—When starting car let it run for at least one car length on
each notch of the controller before moving the handle to the
next notch.

2.—Do not run over three car lengths on first, second, fourth
and fifth notches.

3.—Use the third notch on level track and light grades when
speed 1s unnecessary. Use sixth notch going up grades and for
full speed. The third notch is economical and should be used
as much as possible.

4.—Do not use seventh notch under any circumstances.

5.—Do not reverse the controller to stop car except to avoid
accidents.

6.—Do not apply the brakes when the current is on.

7.—Do not apply current when brakes are applied.

8—Do not stop on curves except where there is a foot walk
and only then when the street 1s muddy.

9.—Do not allow the current to remain on when car is going
down grade.

10.—Endeavor to make the trips with the least amount of power
by using third notch of controller and allowing the car to roll
without the use of the current.

11.—Do not burn the lights in the cars unnecessarily.

These rules principally apply to the G. E. type K. con-
troller, but can be modified so as to apply to any form
of controller.

Under the system of paying for power on a mileage
basis, the consumption of current was from 1.75 to 1.90
k.. hours per car mile, while now after a lapse of six
months under tie meter system the power has been re-
duced to from 1.10 to 1.15 k.w. hours per car mile, or from
35 to 40 per cent, saving in consumption of power and a
relative saving of expense in its production.

The Nashville Street Railway abounds in curves and
grades; there are scarcely five miles of level track in the
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whole city, while there are curves galore; some are of very
small radius, which makes the conditions unfavorable for a
minimum consumption of power per car mile. Roads
using cars 160 {t. to 20 ft. long with single trucks and
double motor equipments, where there are few grades and
curves, should run on less than 1 k.w. hour per car mile.

A saving of from 35 to 40 per ceut in the amount of
power used per car mile reduces the quantity of feeder
wire necessary to hold the potential up under a given load
in the same proportion, thus saving a large original outlay
for copper and the interest on its cost. \Where roads have
too much copper feeder already erected a portion of it can
be taken down and used to strengthen the weak lines or
i the construction of new lines or extensions.

The efficient and economical application of the current
to motor cars not only works a large saving in the ex-
pense of power but also lengthens the life of the vital parts
of the motor in proportion to the reduction of the amount
of work required of them, which in the course of a year
will result in a large saving in motor repairs. The proper
application of the current when starting a car will reduce
the risk of personal injury caused by the sudden starting
and jerking of the car. A steady and uniform rate of speed
and careful and proper handling of the cars will tend to
increase the receipts, as motormen will not be so liable
to run by passengers. They will use the time allowed
per schedule on the road instead of running fast, missing
passengers and killing time at the end of the road.

Car meters not only serve as a check on the motormen
in the use of power, but also aid in detecting defects in the
motors, which cause an abnormal flow of current, such as
the deterioration of the field insulation, causing a partial
short circuit which is invisible and has not developed to
such an extent as to interfere with the running of the car
but causes a waste of energy, sparking at the brushes, tight
bearings,loose connections worn trolley wheels or bad con-
tact causing sparking at the trolleywire, tight brakes, brake
shoes dragging on the wheels and improper lubrication
of bearings, all of which are inimical to the saving of
power. When one car shows for three consecutive days
a larger consumption of power than another, running on
the same line, the motormen are changed. If the car still
shows an increase over the other cars we know that it is
no fault of the motorman but that there is something
wrong with the car, and it is stopped at once for a thor-
ough inspection and overhauling until the trouble is dis-
covered.

Curves should be greased daily from one to three times,
the frequency depending on the amount of traffic; the
method and arrangement for doing the work most econom-
ically varies with different conditions and locality. The
percentage of saving of expense of power by greasing
curves is considerably in excess of the expense of doing
the work, besides lengthening the life of the curved rails.

The use of efficient sand boxes saves power as well as
prevents accidents. Wheels slipping on slick track indi-
cate a want of traction and creates a loss of power; sand
on the hills and curves when track is slick will save a large
number of k.av. hours.

Our car meters have now been in service for four months
and only two have needed attention. They are simple in
design, durable when properly handled and are easily
tested and calibrated by being operated in series with
another meter which is known to be correct or with a
portabie volt meter and ampere meter. The method of
testing is simple and inexpensive, and its accuracy has been
demonstrated within a very small per cent.

The contract to buy power on a meter basis was the
main motive which impelled the introduction of car meters,
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in order to use the sum total of the readings of the car
meters as a check against the power station meter. An-
other was to restrain the motormen from the extravagant
use of the current.  But the practical execution of the
plan for a complete street car meter system has developed
other advantages, as set out in this paper. The benefits
derived from the meter system apply to roads which oper-
ate their own power house as well as roads which rent
power on a meter basis; but the saving is greater on roads
buying power, because there are fived charges and ex-
penses connected with a power house, whether the con-
sumption of power is great or little, and the reduction of
expenses in proportion to the reduction of the quantity of
current used is not in the same ratio. It is safe, however,
to calculate on a saving of at least 25 per cent in the
amount of power used per car mile by using meters and
by educating the motormen to a system of power economy,
and with this saving in the amount of power used it is an
easy matter to ascertain the actual saving of coal, oil, water,
labor, etc., which make up the expense of a power house.

— e ———
THE ROTARY CONVERTER IN STREET RAIL-

W WAY WORK

N

BY LOUIS BELL, PH. D.

In the development of street railways and their extension
into interurban and suburban systems the time frequently
arrives when feeder copper becomes a burden too heavy
to be borne. Some radical change in the feeding system
has to be made, and the manager, always bedevilled by
puzzling questions, has to face a new and intricate prob-
lem. Somechow power must be delivered at a distant point
with a reasonable degree of economy. Until within a
very few years a subsidiary station at or near that point
was the only way out of the difficulty, but since the growth
of long distance power transmission by alternating cur-
rents the rotary converter has afforded a new and some-
times very useful means of escape.

It is the purpose of this article to explain what the
rotary converter is, how it operates in practice, and under
what circumstances it becomes economically available for
railway worl.

For the general purposes of electric power transmission
we have at present to depend on alternating currents, while
nearly all the electric railway work of the world is done
by continuous current motors. Hence, to render trans-
mitted energy available for the purpose in hand it must
be represented by continuous current derived in some
practical and economical way from the alternating current.
In a general way this has been and is accomplished by one
of three well-defined methods. In the first place, one
can utilize the alternating current in a suitable motor and
thence drive a continuous current generator; second, one
can rectify the current by a commutator driven by a
svnchronous motor; and finally the alternating current can
be changed to continuous current by a rotary converter.
The first method involves driving two machines and add-
ing the losses therein, a process obviously not of the high-
est efficiency, although sometimes advisable. On the other
hand, to rectify alternating current by a commutator, while
very highly efficient, brings in certain grave inherent diffi-
culties which have never yet been successfully surmounted
on any considerable scale. Chief among these difficulties
is destructive sparking, due to the fact that it is practically
impossible so to time the revolution of the commutator
{hat the brushes shall pass from one segment to the next,
thus rectifying the current, at the moment when the alter-
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nating current is passing through zero and when there is,
simultaneously, no difference of potential between the seg-
ments.

On a small scale one can work a commutator so that
both current and potential difference will be small when
the brushes pass to the next segment, and so the sparking
will be small, but the moment one deals with large cur-
rents and considerable voltages, that is, with large outputs,
the sparking becomes destructive, particularly if the load
changes rapidly.” Thus while synchronous commutators
have proved fairly successful in small units, say of 5 to 20
k.., for charging storage batteries and the like, they give
very little promise of success on the scale required for
railway work.

Now the rotary converter is an apparatus for commuting
alternating current under the same conditions that exist in
the armature of an ordinary continuous current generator.
We must remember that, fundamentally, all armatures
generate alternating current, and that the sole function
of the ordinary commutator is to so reverse the connec-
tions of the armature with respect to the external circuit
that the current delivered to the latter shall be uni-direc-
tional. This commutation is done piecemeal, as it were,
each individual armature coil being reversed in connection
as it passes under the brush, so that the reversal deals with
only a small portion of the total voltage—a few volts or
even a fraction of a volt. We all know what trouble from
sparking ensues when the voltage between commutator
segments is too great.

Now the commutator neither knows nor cares what is
the source of the current with which it deals—whether it
is being generated in the armature or fifty miles away—so
long as it is being delivered to it in the systematic way for
which it was designed. Therefore, if just such alternating
current is delivered to the armature as the latter was de-
signed to deliver to the commutator, the process of com-
mutation will go on in the regular way. And this is the
essence of the rotary converter—it is a dynamo adapted
to receive from an external source and to turn over to its
commutator just such alternating current as it would
necessarily generate if driven by its own engine.

Fig. 1 gives a clear idea of the connections which would
be found in a simple single phase rotary converter. The
armature there shown in diagram is a Gramme ring with
sixteen armature coils and the same number of commuta-
tor segments. In addition to the commutator the arma-
ture is provided with two collecting rings C C, perma-
nently connected to two diametrically opposite points of
the armature winding. Now if the fields pertaining to
this armature were excited and the armature were driven
by a pulley, it would evidently produce continuous current
if an external circuit were connected to the regular
brushes B B.

Similarly, if these brushes were disconnected and the
circuit were connected to the brushes bearing on the col-
lecting rings C C, we should get an alternating current,
for there would be no commutation and the current in
cach half of the armature would be reversed at each half
revolution, that is, at cach pole. If the speed of the arma-
ture were 1500 r.p.m., there would Dbe in the resulting
alternating current 3000 reversals per minute, which
amounts to twenty-five complete cycles per second, which
is the frequency employed in the great Niagara plant.

We may thus consider that every continuous current
armature generates within its coils an alternating current
which has a definite frequency dependent on the number
of poles and the r.p.m. We may commute this current or
not, as we please, but it is always there and ready to be
used if we put on collecting rings and take it out. The
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higher the speed and the greater the number of poles, the
greater the intrinsic frequency of the machine. With four
poles and 1500 r.p.m. the frequency would be fifty cycles,
and in general for any machine it is, in cycles per second
Number of poles x r.p.m.
120,

Now suppose that we send into the armature of IFig. 1,
through the rings C C, an alternating current of twenty-
five cycles per second, after spinning the armature up to
1500 r.p.m. By so doing we have converted the machine
into a synchronous alternating motor, and it will fall into
step with the generator and run steadily along like any
other alternating motor. Its speed will be 1500 r.p.m.
and the current in its armature will reverse precisely as
if it were being generated therein instead of arriving from
the outside. The fields in this case would have to be ex-
cited from sonie external source.

While the motor is running in this wise what will happen
if we let down the brushes B B and close a circuit upon
them? There are now two paths open for the alternating
current sent in through C. One of them is via the arma-

FIG. 1.—CONNECTIONS OF SINGLE PHASE ROTARY
CONVERTER

ture windings, and against the counter e.m.f. of the field
to the other collecting ring, just as before the brushes B B
were connected. The other is through the windings to a
brush B, and through the external circuit to the other
brush, thence through another bit or the armature winding
to the opposite collecting ring.

Evidently the current will divide itself between these two
paths, both being available. But the portion, which takes
the path through B B, is passed through the commutator
it the regular way, and emerges as continuous current in
the external circuit just as if it were generated in the
armature itself. For the alternating impulses sent into the
armature are timed with respect to the position of the wind-
ings just as if they were generated there and are kept in
this relation by the fact that the armature is kept in
synchronism by its action as a motor. The energy re-
quired merely to keep up this rotation is very small, and as
in other motors the counter e.nm.f. automatically keeps the
motor current down to the modest amount necessary to
supply this energy. All the rest of the current which can
be supplied to the machine up to the limit of endurance of
the armature conductors may be taken from the com-
mutator as continuous current. In fact, an armature used
in this way will stand rather more current without over-
leating than could safely be generated in it. Ior the
current which passes on to the line through the brushes
B B is not compelled to traverse the whole of the armature
windings, but only such parts of them as are between the
brushes and the commutator segments to which the rings
C C are connected. In fact, there will be = moment at
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which the current can pass directly from C C to B B, and
on the average the path of the commuted current is much
shorter than if the same armature were used to gencrate it.
From what precedes it at once becomes a natural infer-
ence that any continuous current dynamo can be worked
as a rotary converter if properly connected. This, within
limits, is true, and the first rotary converters were formed
by adding collecting rings to ordinary dynamos.

We have seen, however, that every dynamo is intrinsic-
ally fitted to generate current of a particular frequency at
its regular speed, and unless supplied with alternating cur-
rent of that frequency the speed would have to be changed
in using it as a rotary converter. In point of fact most
dynamos have too few poles to be thus converted unless at
a much higher speed or lower frequency than is desirable.

FIGS. 2 AND 3.—THREE PHASE AND QUARTER PHASE
CONNECTIONS

So far we have dealt only with the converter for single
phase current, which is used only to a very limited extent.
Single phase synchronous motors are not seli-starting, so
there would be trouble in getting such a rotary converter
up to speed, and, besides, there are excellent reasons for
using in preference the polyphase systems for power trans-
mission work.

"The polyphase rotary converters operate on precisely the
principles just explained and differ only in their connec-
tions. The machine shown in Fig. 1 could be converted
into a three-phase rotary converter by applying three col-
lecting rings and connecting them to commutator seg-
ments as nearly as possible 120 deg. apart. It would
operate in just the same way as before, but would be able
to start itself like any other three-phase synchronous
motor running light. Similarly we could make a quarter
phase converter by tapping the winding at four points go
deg. apart and applying four collecting rings to be con-
nected to the four wires of the quarter phase system. Both
these forms, the connections of which are shown, diagram-
matically, in Figs. 2 and 3, give shorter average paths
for the commuted current than the single phase form, and
hence on the whole give rather better outputs.

Fig. 4 shows a fine specimen of the typical modern
rotary converter. It is a three-phase machine of goo k.w.
capacity, designed to operate on a twenty-five cycle circuit.

Thus far we have said nothing about the question of
voltage in rotary converters. The voltage applied can ob-

viously be varied in almost any way, but it is equally -

obvious that if the commutator is designed for, say, 500
volts it will give trouble as in an ordinary generator, if
forced much above that point. In fact, the commutator
of a rotary converter is designed like that of any other
machine for a particular voltage, and since the current
sent into the armature should be the same as that which
could be generated in it, for any given continuous voltage
the alternating pressure applied should be that which the
machine would give if run as an alternating generator.
This is considerably less than the continuous current volt-
age, since the mean effective voltage by which alternating
current 1s rated is not the crest of the wave which, how-
ever, is the voltage, approximately, coinciding with that
of the continuous current given by the same machine. Now
in a single phase rotary converter the alternating current
leads are taken out 180 deg. apart, and in a quarter phase
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there aretwo pairs of wires separated bythe same amountso
that in these cases, if the machine gave a sine wave, the

. ", I
effective alterndting voltage would be = times the cor-
2

responding continuous voltage, . e., about seven-tenths as
great. In the three-phase form the corresponding alter-
nating voltage is still further reduced by the fact that
while the continuous current brushes are 180 deg. apart
the alternating leads are only 120 deg. apart. The ratio

in this case is — S—
2V,

Hence, if one wishes to derive from a rotary converter
500 volts. for railway service the applied alternating voltage
will have to be about 300 to 350 volts. This, of course,
means that in transmitting power for this purpose, step-
down transformers must always be used. The exact ratio
between the alternating and continuous pressures is sub-
ject to some slight variations due to the alternating wave
shape and various minor causes, and one cannot in any
way change cither voltage without affecting the other.
This is sometimes an inconvenience, for it makes the con-
tinuous current voltage subject to any inductive disturb-
ances on the alternating side of the line.

Since the voltage at the commutator is not generated by
the armature directly, it is not directly affected by the
field strength as in ordinary dynamos, hence compound
winding does not affect a rotary converter in the ordinary
sense. Indirectly, however, it can be made to serve a use-
ful purpose by reacting upon the alternating side of the
line, and thus varying the applied voltage very materially.
It is a well-known fact that the voltage at the motor end
of a line driving a synchronous alternating motor can be
varied within wide limits by changing the field strength
of the motor, and this holds true of the rotary converter
which, as we have seen, acts as a motor.

Another curious feature of the machine is the fact that
the polarity of the continuous current derived from it de-
pends on the way the alternating current is flowing when
the brushes are put in circuit. If they catch a positive
impulse the current is in one direction, if a negative im-
pulse, in the other. As they are, however, so they stay,
and it is not a difficult matter to get the polarity right.

In their general behavior, rotary converters are strik-
ingly like the best continuous current generators. They
operate beautifully in parallel on either side or both sides,
spark very little, show very little armature reaction, stand
overloads well and really leave little to be desired in point
of efficient and smooth operation. Their efficiency is in
fact rather higher than if they were used as generators, for
the reasons already pointed out, and their use gives a
thoroughly practical method of deriving continuous from
alternating currents.  Only in rare cases is their chief
weakness—the complete interdependence of the two cir-
cuits—of any moment. Occasionally, when the transmis-
sion circuit is very long and must be kept clear of com-
plicated line reactions, or when the frequency used is in-
conveniently high or low, it is best to fall back on the
motor generator. Rotary converters can be built -for any
frequency, but a large machine for high frequency forces
an extreme multipolar construction to keep down the per-
ipheral speed, and this means a very complicated com-
mutator. On the other hand a very low frequency would
compel a bipolar construction when a multipolar machine
would be cheaper and better. Under ordinary conditions
the rotary converter is at its best at from twenty to forty
cycles per second.

When the motor generator is used it takes some such
form as is shown in Fig. 5, which is a 500 k.w. machine,

, that is, about six-tenths.
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designed for use on a transmission circuit eighty miles
long. Such a combined unit is a few per cent less efficient
than a rotary converter and somewhat more costly, but
counting in the cost and loss of efficiency in the trans-
formers needed to supply low voltage to the latter, the
difference is less than would be at first supposed.

ITaving thus looked over the general properties of the
rotary converter we may pass to the conditions attending
its economical use for railway purposes. In its relation
to the working line it must be considered merely as a con-
tinuous current generator. So far as it is concerned with
the trolley line proper, a sub-station with rotary converters
is precisely the same thing as an independent generating
station, with the same arrangements for feeding the trolley
line and the same relation to the general counditions of
operation. DBy employing such a sub-station one merely
substitutes current delivered over high voltage feeders
from a distant point for current generated on the spot.
In general the use of rotary transformers is for one of two
purposes—to utilize water power situated at a point distant
from the railway line, or to feed a long line from a single
steam-driven station. These are two entirely distinct
propositions so far as the economics of the matter is con-
cerned.

The first involves the comparative cost of water power
and steam power delivered at a given point, the second

FIG. 4.—900 K.W. ROTARY CONVERTER

the relative cost of steam power generated in stations of
different sizes and with different load factors. The margin
for profit is generally greater in the former case than in
the latter, and instances of the successful use of rotary con-
verters are in the former correspondingly more numerous.

There are at present numerous examples of railways
driven by transmitted water power through the agency of
rotary converters. The first instance of this kind was the
Portland, Ore., road, which for the past four or five years
has been operated by a thirteen-mile transmission from the
falls of the Willamette.  Then there are the two great
plants of this kind at Buffalo and at Minneapolis and a
considerable list of smaller installations. It is not too
much to say that all of these have been successful and
economical, for they have substituted comparatively cheap
water power for rather dear steam power. The question
here is merely the general problem of electrical power
transmission from waterfalls.

A fine example of this use of a rotary converter station
is shown in a long road of the interurban class between
Barre and Montpelier, Vt. It is in a region where steam
coal is quite dear owing to long transportation by rail.
A water power quite off the line of the road but already
developed for lighting and power purposes was available,
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and a transmission line was put in carrying current at
6000 volts about sixteen miles to the sub-station near the
middle point of the road. Here was installed the set of
reducing transformers and the 150 k.w. quarter phase
rotary converter. This is operated in conjunction with a
storage battery of moderate capacity to steady the voltage
and render the load factor more uniform. In this con-
nection it should be noted that while the steadying influ-
ence of the battery is less important here than in a steam-
driven station, on the other hand, with cheap water power
the loss of energy in the battery is not a serious matter,
and with the battery to help on the peaks of the load the
capacity of the transmission plant can be materially re-
duced and the efficiency raised enough to partly compen-
sate for the loss in the battery. This plant has been in
operation only a few weeks, but is working admirably and
furnishes a fine typical example of the proper and legiti-
mate use of both the storage battery and the rotary con-
verter. [t is one of the very few rotary converter plants
installed in New England, by far the greater part of such
work having been done in the West.

When we come to the other case—the distribution of
power from a central steam-driven generating station to
sub-stations scattered over a city or along an extended
railway line, the conditions are very different. Here there
1s no chance for wholesale saving in the cost of power,

FIG. 5.—500 K.W. MOTOR GENERATOR

but there is the opportunity for substituting one large
station for several of less capacity and dispensing with a
very large amount of feeder copper.  Ordinarily, when
large amounts of power must be furnished to outlying dis-
tricts feeder copper is installed to meet the growing de-
mand until finally the amount becomes very burdensome
and then a new station is built. As an alternative a sub-
station with rotary converters and a high voltage feeding
line may be installed. In the case of a long interurban
line the feeder copper is a burden from the very start, and
the question of separate stations versus transmission to
sub-stations is at once pertinent. The advantages of this
procedure may be very material. In the first place, all
the power generation is done in a single large station,
which can be located at the most advantageous point along
the line, so that one gains the saving always found in worl-
ing on a large scale. Second, by this concentration the
central station gains in having a load factor somewhat
better than any one of several scparate stations could have,
while the load factor of a rotary transformer station can
never lead to any gross inefficiency.

All this is very nice, but there are a few other things to
be remembered. The cost of the rotary converters, trans-
formers, line and generator and station capacity to operate
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the sub-station system will generally be greater than the
cost of separate stations—much greater if these stations
are few in number and of fairly large capacity. Usually,
too, the total labor account will be increased rather than
diminished, since there will always have to be at least a
small force at each sub-station and added force at the main
station, besides the care of the transmission line, an item
which it is by no means safe to neglect.

And finally it must not be forgotten that for every k.w.
delivered from the terminals of the rotary converters at
least 1} k.w. must be generated at the central station, and
usually more than this. In other words, one cannot rea-
sonably expect to get from the transmission system—Iine,
transformers and rotary converter—an all-day efficiency
higher than about 8o per cent, and it will oftener be 75 per
cent than 8o. If one were working under conditions of
maximum economy S0 per cent could certainly be sur-
passed, but railway work does not furnish these conditions.

The cost of the transmission plant and depreciation
thereon add still other charges against the system, and the
upshot of the matter is that unless the central station can
generate power fully 30 per cent cheaper than it can be
generated in several separate stations, distribution to rotary
converter stations will not pay. Let us now proceed to
investigate the chances of meeting this condition.

o
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FIG. 6.—DIAGRAM SHOWING COST IN CENTS OF K. W. HOURS

The first thing to be looked into is the variation of the
cost of power with the size of the generating station and
with the load factor.  This is of course a variable in each
case depending on the relative costs of fuel, labor, etc., but
under particular assumptions as to these items for any
special locality, the variation we are seeking can be readily
deduced. The curves of Fig. 6 give a typical case, and
the relation between the different values indicated will not
vary materially within the limits usually found in practice.

Fig. 6 shows the approximate cost of power in cents
per kaw.h, for stations of 100 to 2500 k.w. capacity, working
at load factors of 40, 50 and 70 per cent. The latter figure
is only reached in large city plants operating a great many
cars. Fifty per cent is a common load factor for well-
handled systems of moderate size, and 40 per cent is by no
means rare. The curves are based on coal at three dollars
per ton and steam and electric plants of average character,
neither exceptionally good nor unusually bad. The ab-
solute costs are of course only approximations, but
are well borne out by the results reached in practice. They
include interest and depreciation, two important items gen-
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erally left out of the published costs of power, and hence
appear high to the uninitiated.

Bearing in mind the fact that there is generally no diffi-
culty in getting a good load factor in plants of 1000 k.w.
or more, let us look over these curves with relation to the
use of rotary converter stations. From 1000 k.w. upward
the cost of power falls very slowly indeed. We have just
seen that to justify the use of rotary converters a central
generating must generate power much more cheaply than
several independent stations, since to make up for losses in
transmission and extra cost of plant one must count on
producing at least 1 1-3 kv, for each k.w. delivered from
the converter stations. It is therefore apparent that with
sub-stations as large as 1000 k.w. there is small chance
for economy in using sub-stations, unless the total output
is very great indeed. The central plant would have to
run considerably over 10,000 k.w. before it could pay to
employ sub-stations of that size on street railway service.
It is conceivable that if one were operating a long inter-
urban road with heavy traffic and at high speed such an
arrangement might pay in virtue of improved load factor,
but even in this case the long distances of transmission
would tend to more than offset the gain. Data from
actual plants tend to show, too, that above a few thousand
k.w. capactiy there is practically no material decrease in
cost of power. There is strong reason to believe, there-
fore, that it can seldom or never pay to operate a large
urban system from a single plant with rotary converter
sub-stations. In fact such a scheme of operation should
be turned down on the score of putting too many eggs
in one basket if for no other reason. It may readily hap-
pen, however, that at some remote point of such a system
a sub-station may be profitably utilized, employing per-
haps rotary converters of a type that can be utilized later
as generators when it becomes desirable in the growth
of traffic to erect an independent station or to link several
stations together.by a transmission system.

When the total output required must be divided into
scattered units of only a few hundred k.w. each, the ad-
vantages of transmission become more important. If for
example one is operating a considerable interurban line
requiring, say a total capacity of 1000 k.w., and the ques-
tion arises between two 500 k.w. stations and a 1000 k.w.
stationwith a 500 k.w. sub-station, considerable discrimina-
tion is required. At 70 per cent load factor in a 1000 k.w.
station the cost per Fig. 6 will be about 1.4 ct. per k.w.
h. In a o0 k.w. plant at the same load factor the cost
would be about 1.8 ct. This in itself is too small a margin
to justify rotary converters. If, however, the 500 k.w.
plant cannot be assured of a load factor higher than go
per cent the cost will be say 2.15 cts., while the larger plant
remains at 7o per cent, thus shifting the balance to the
other side of the ledger. The question of economy, there-
fore, hinges under such conditions on the relative load
factor of the whole system and of its parts. Few data are
available on this particular item, since nearly all plants
aggregating 1000 k.w. or even several times as much are
operated from a single station. In the few systems oper-
ated from several power stations the load factor does not
vary greatly between station and station, but the stations
are mostly so large that little variation would be expected.
With an aggregate power as low at 1000 k.w. the use of
sub-stations is evidently on debatable ground. On the other
hand with an aggregate power of 500 k.w. such as might
exist on an interurban line, the curves make it very evident
that transmission to a sub-station would pay.

In general one may safely say that unless a line requires
for independent stations in the neighborhood of 500 k.w.
cach, there is a strong probability that transmission from
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a single station will pay. With outputs above that point
sub-station work will very often be found to be uneconomi-
cal. The dividing line between the two cases appears to
lie under ordinary conditions somewhere hetween 250 and
500 k.w. for each station, where only two stations are con-
cerned. It must not be supposed, however, that one can
settle the case once for all by installing a number of small
sub-stations, for with extreme sub-division one comes at
once into competition with boosting and other modifica-
tions of ordinary feeding systems.

Under present conditions the rotary converter finds
its most important use in the utilization of water
power for railway purposes and in this field its importance
must not be lightly estimated. In some interurban work
it is likely to find a legitimate and important use even
when operated from a central steam plant. In heavy city
and suburban work its value is, to say the least, very
problematical so far as general distribution is concerned,
although it is not unlikely to prove a useful adjunct. Tts
chief weakness is the fact that, like other moving ma-
chinery, it requires attention, and furthermore it cannot be
applied without a very material loss of energy. Skiifully
used, however, it is a most valuable addition to the re-
sources of modern engineering.

PS¢ S—

ELECTRIC RAILWAY MOTORS
BY GEO. T. HANCHETT

X —CGeneral Data and Dimensions.

The preceding articles while descriptive of modern
practice in electric railway motors, have to a certain ex-
tent reviewed development, and compared the most mod-
ern development with some of the much used and older
forms. Ttis interesting to note which way general practice
has tended.

With regard to motor cases there is no question but
that the preferred form is the iron-clad four-pole machine,
all the poles being salient. The consequent pole machine
unless very carefully designed is certain to produce spark-
ing troubles at the commutator, due to the fact that the
consequent poles do not afford the same intensity of field at
their tips as do the salient ones. Moreover, a consequent
pole machine is essentially long in its vertical dimensions.
It does not divide conveniently excepting on a line parallel
with its field windings. Abroad, a diagonal division has
been tried, thus turning the motor in such a position that
its shortest dimension is a vertical one.  This certainly
seems to be an improvement over American practice in
consequent pole street railway motors, but has only been
used by the home companies in one case, that of the
Sperry Electric Railway Company, formerly of Cleveland,
Ohio. The four-pole salient machine was first introduced
by the Westinghouse Company and is now universally used
in American practice.

The bearings on railway motors are receiving much
more attention by modern designers. It has begun to be
appreciated that the greatest wear and tear comes upon
the pinion bearing and that it is desirable to make this as
long and substantial as possible. Eight inches is not an
uncommon length on modern 30 h.p. sizes. It seems ad-
visable to make the pinion bearing large, even sacrificing
the advantage of bearings of uniform size and interchange-
able bearing shells.

While the iron-clad housing is a necessity in street rail-
way work, it unquestionably confines the heat and reduces
the permissible output of the motor, and on heavy traction
over private rights of way or elevated railway work, where
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the mud and dust conditions are not severe, modern prac-
tice leaves the motor case open as much as possible. The
practice of having all of the openings of the case on street
railway motors closed by hinged bolts is a desirable feature
and is being largely adopted.

The universal method of opening street railway motors
is now to swing the lower half downward, and provide
means by which the armature may be rctained in cither
half at pleasure. This method was first introduced by the
Walker Company. The Westinghouse Company quickly
followed suit with its No. 30 machine, and within the past
vear the General Electric Company has conceded the gen-
cral superiority of the practice in the G. E. 52 machine.

The pole pieces on the larger sizer of modern motors are
now being constructed of laminated plates. These plates
are bolted together in a bunch and then drilled and counter
sunk with holes parallel to the laminze and secured to the
casing by long bolts. The object of this has been to in-
crease the efficiency of the machine.  Within the past
year strenuous efforts have been made by modern de-
signers to increase the efficiency of the railway motor.
This has been a most difficult task, for in spite of all efforts
it has stuck very persistently at about 85 per cent. Some
of the most recent results, however, arc surprisingly good.
The efficiency has been brought up in some cases, so the
malkers allege, as high as 92 per cent, a figure closely ap-
proaching generator efficiency.

The preferred armature winding is now on the straight
out plan. The reduction of dead wire on the armature cir-
cuit combined with the ease of inserting the coils is too
¢reat an advantage to be overlooked. The chief objection
that has been urged against the straight out winding is
that it produces an excessively long armature, but the fact
that it is generally adopted in railway practice has effect-
ively demonstrated that the objection is not a valid one,
for in no case of dynamo or motor design is a short arma-
ture more desirable than in a street railway motor.

The toothed armature undoubtedly owes its present pop-
ularity largely to the street railway motor. Its magnetic
efficiency and its ability to withstand severe service was so
well demonstrated in this field that it has been widely
adopted elsewhere.  Modern practice in street railway
armatures seemns to tend to reducing the armature diameter
and the number of slots and increasing the number of
conductors per slot. A most marked illustration of this
policy appears in the G. . 800 and G. E. 52 motors. The
first motor has 105 slots and 6 wires per slot.  The second,
which is the more modern type, has 29 slots and 24 wires
per slot.  Railway motors have to be repaired so fre-
quently that this is a great advantage, as it adds to the
ease of winding, besides it makes the teeth on the armature
much broader and enables it to withstand the severe abuse
which they would receive if the bearings were neglected
and the armature allowed to strike against the pole pieces.

The universal winding used for street railway motors
is the series or wave winding, employing two brushes on
the quarter, although if desirable four brushes could be
used for the sake of greater conductivity. Dy this wind-
ing the number of brushes is reduced, their position is con-
veniently arranged underneath the lid on the commutator,
the speed of the motor is one-half that which would obtain
with a parallel winding with the same number of con-
ductors and the two circuit winding is not effected by the
unbalancing which might occur by the decentralization
of the armature. All of these are very important advan-
tages in railway motor design.

The popular gearing is the single reduction spur gear,
although great results are predicted for the gearless motor
in heavy sizes. It may also be added that the worm gear



DESIGNATION,
No. |Name of Motor. Service.
1 S.R. G. 30 St. Railway
2 W, P. 30 St. Railway
3 W. P. 50 St. Railway
4 S. R. F.30 St. Railway
5 G. E. 800 St. Railway
6 G. E. 1000 St. Railway
i G. E. 1200 Interurban
8 G. E. 2000 Interurban
9 G.E.51 Interurban
10 G. E.52 St. Railway
11 G. E. 57 Tr'ction He'vy
12 No. 3 St. Railway
13 No. 12 St. Railway
14 No.12Z A St. Railway
15 No. 38 B Interurban
16 | First Walker St. Railway
Motor
17 No. 3 N. Narrow Gage
18 | No. 2 Special | Narrow Gage
19 3s St. Railway
20 4 A St. Railway
21 No. 10 Suburban
22 No. 15 Interurban
23 No. 20 Interurban
4 No, 25 Interurban
25 Gearless St. Railway
26 | Short S. R. G.| St. Railway
27 Oerlikon St. Railway
28 Oerlikon St. Railway
29 | Oerlikon St. Railway
30 S. R.G. St. Railway
31 S. R.G. St. Railway

H: P.

52
R0-25-
30
25-30

DIMENSIONS, WEIGHTS, ETC., OF

Maker.

Thomson-Houston
Thomson-Houston
Thomson-Houston
Thomson-Houston
General Electric Co.
General Electric Co.
General Electric Co.
General Electric Co.

General Electric Co.

|General Electric Co.

General Electric Co.
Westinghouse Elec.
& Mfg. Co.
Westinghouse Elec.
& Mfg. Co.
Westinghouse Elec.
& Mfg. Co.
Westinghouse Elec.
& Mfg. Co.
Walker Mfg. Co.
Walker Co.
Walker Co.
Walker Co.
Walker Co.
Walker Co.
Walker Co.
Walker Co.

‘Walker Co.

Short Elec. Ry. Co.
Short Elec. Ry. Co.
Oerlikon Mac. Wks.
Oerlikon Mac, Wks.
Oerlikon Mac, Wks.
Edison Gen. El. Co.
Edison Gen. El Co.

1
|
|

GENERAL DaTa.

500

300
525-715
510-550

635

520

600
550
525

450

Reduction Ratio.

R
¥ i1 5 a3y i
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3.01 |
3.53 |
8.18 |
| 1.74 |
i =
8.2
345
1.56
486
2.42
3.56
4.86
3.65 |
478
5.41
478
478
3.90
3.2
3.375
44

4.2

4.78
4,78

Gearing.
i
Pin. | Gear.
14 | 67
14 \ 67
14 i 67
14 i 67
4| 6r
17 67
17 60
17 54
31 54
14 ‘ 67
18 67
18 62
14 ‘ 68
14 ‘ 68
24 50
18 64
14 ‘ 68
14 67
17 92
14 | 67
14 67
19w
17 56
16 54
15 66
14 67
14 67
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3
1
1
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2
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2
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Total Field
Turns.

R06

| 139
| 102
| 820
| 203
|143.5
| 198
| 84
|56
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sfle | %
= | e8| B¢
£ |82 | E5| & |
BEis | EF| ¢
[ <] % 3 “c
| | S z |
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\64‘3'31641--‘
| 64 | 16 | 6d ]None.‘[
|64 9,12 64 ]None.‘
{orl3 i
Smoo!h‘\ 10 | 64 I ==
Body | |
| 105" |6+ 8| 105 -
93 8 i 93 |
105 8 \ 105
w2 1 ; .
37 12 | 111 |-
29, 24 87 i -
| 33 18 99 -
9 | - | 95 23
47 e 93 13
47 s 93 14
45 e | 135 6
|
101 6 101 —
55 | 16 |100 | 3
4R ‘ 30 | 143
95 8 95 4
| o5 | 8|9 | 5
95 6 95 5
57 8§ | o 3
63 4 | 125 R
3 6 | 218 10
48 16 | 184 I
48 30 144 —

PRINCIPAL TYPES OF RAILWAY MOTORS.

WEeiGHT, Lgs. ’

Complete with
Gears,

b

o

1
=3
or

1,975

3,280 |

| 2,260 |

1,800

| 2,185

Armature Com-

plete.

750
1,050

a_l

Gears and Casin

350
325

a2
s
';};
490
s

|

‘ Commutator
Bearing.
i =y
2 " 234
23 | 3182
‘3 33-64| 3 1-32
| % 41,
25 | 634
31 ‘ 6
3y ‘_ 6
3 53
2% 634
2% 634
13{ |4 11-16
2 | sy
Rl 6
el
2% | B4
215 | 5y
2% 6
3 6
3y 614
3% | 64

Pinion
Bearing.
LI
33 514
23 | 6 1-1C
3 33-64 6 1-1¢
2 6
3 . 8
B
3% 8
3| 8
]
3% | 84
A (A
31 83
21 5%
2,1 6
2y 6
2| 6
2| 5
RTINS
2| 6
3 8%
3y | 8
31| 9

DIMENSIONS, INCHFS.

Diameter of
Armature,

123

Length of
Armatwme,

‘13

1455

o
|
=ep 2.
3; al_z_‘»f‘
=% g%
| A S
[ E
<

______ No. 11
No.8B.w.G| No. 10
180" diam| .09" diam
180" diam| .03" diam
165" diam|.102" diam
180" diam|.102" diam

No. 2 No. 7

No.0 | .042x.6

No. 000 | .072x.7
113'0.“;)'0(();6 045 % .6

’.165” diam| .09x.13

...... .063 % 100

Remarks.

Ring armature, 16 turns per sec-
tion,

Ring armature, toothed armature
retained in lower half of frame.

Ring armature, toothed, wound
with flat ribhon

Smooth body drum.

Eickmeyer drum, armature re-
tained in lower half of frame.
Eickmeyer drum, armature re-
tained in upper half of frame.
Eickmeyer drum, armature re-
tained in lower half of frame.
Eickmeyer drum, armature re-
tained 1n lower half of frame.
Straight out winding, armature re-
tained in upper half of frame.
Straight out winding, armature re-
tained in upper half of frame.
Straight out winding,armature re-
tained in upper half of frame.

Rectangular formed coils.

One coil cut out.

Three coils per slot, no dead coil.

Rectangular formed coils.
Eickmeyer winding.
Eickmeyer winding.
Straight out winding.
Straight out winding.
Straight out winding.
Straight out winding.
Straight out winding.
Straight out winding.
Hand wound ring.

Hand wound ring,

Q1§
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has never received a fair trial in this country, and that it
possesses a great many advantages which are by no means
insignificant. The worm gear permits the use of a motor
of high speed and efficiency, which incidentally involves
very much reduced weight, and further the motor con-
nected by worm gearing need not be mounted rigidly on
the axle but can be completely spring suspended at a long
distance therefrom. Still another advantage obtains in the
fact that a motor so geared becomes an effective brake on
the wheels unless supplied with current. The wheels can-
not turn the motor, for the worm gear is not a reversible
combination unless the pitch of the worm is very high.
The fact that many of the old Sprague double reduction
motors are now being used on many street railways and
are preferred by many managers of some of the early
single reduction types such as the W. P. 50 and Westing-
house No. 3, gives ample notice that a light motor would
be well received, even at the expense of a lower efficiency
in the gearing. It is further to be added that the worm
gear is noiseless.

In the days of exposed gears, sprung shafts were of such
frequent occurrence that considerable attention has been
devoted to making the shaft of a railway motor very stiff.
Its diameter is now considerably larger than in motors of
equal capacity used for other purposes.

O —
RAIL BONDS

In probably no other branch of electric railway con-
struction has greater progress been made, since the early
days of railroading, than in that of connecting the rails
electrically for the return circuit. The original method
was to use a small galvanized iron wire riveted to the web
of the rail. This arrangement was copied largely from the
practice of the steam railroad companies in bonding their
rails for the electric block signal system, and the bonds
were hardly, if any, larger than used for that purpose. It
was thought that the earth could be used mainly for the
return circuit, and efforts were made to secure good con-
nections with the earth by buried plates, rods and other
means. Modern practice, on the contrary, tends to con-
fine the return current to the rails as much as possible, and
to make the carrying capacity of the connection round the
rail joints as good as that of the rails themselves, supple-
menting the carrying capacity of the rails where there are
large currents by the use of return feeders, either overhead
or underground. Galvanized iron is no longer looked
upon as a desirable material for bonds, and in nearly all of
the modern bonds its place is taken by copper.

The connection between the rail bond and the rail itself
is a most important consideration. Where copper is used
for the bond, local electric action will take place between
the two dissimilar metals, copper and steel, unless mois-
ture is excluded, so that all modern bonds provide for an
absolutely water tight joint at this point. Again the elec-
trical carrying capacity of copper is, approximately, from
six to seven times of that of the steel of the rail, so that to
prevent undue heating and loss in energy at the junction of
the two metals, the area of the steel in contact with the
bond should be six or seven times that of the cross section
of the bond itself.

Another point learned from the experience of early days
is, that too much care can hardly be taken to have the sur-
face of the bond hole in the rail bright and free from rust.
If the rails are drilled or punched for bonding some time
before the bonds are placed in position, it is always advisa-
ble to have them reamed out and cleaned before inserting
the bond. For this purpose a special jig and ratchet is
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probably better than an ordinary hand reamer, so that
there will be certainty of securing an absolutely smooth
surface and centrally reamed hole. [t is also then ad-
visable to clean the holes with soap and water or some sim-
ilar solution, to be sure there is no grease on the surface of
the steel, and the bond terminals themselves should be
thoroughly cleaned and polished, so that polished copper
will come in contact with the polished surface of the rail.
Some engineers prefer drilled holes to punched holes, con-
sidering that a more perfect orifice is secured in this way.

Another point upon which practice differs is in regard
to the location of the bond. Tt can be attached to the rail
in three positions, viz.: to the web, to the base, and under-
neath the head. If the connection is made to the web, a
long bond can be used to span the angle plate, or a short
bond can be placed under the angle plate. The advan-
tages of a long bond are, of course, that the bond is not
subject to as great vibrations as if only a short distance is
spanned; its disadvantage lies in the additional amotnt
of copper required. Omn suburban roads where exposed
track is used, there is an additional disadvantage in placing
the bond outside the angle plate, owing to the liability of
its loss through theft, the amount of copper contained in a
bond being sufficient to tempt the unscrupulous. The
principal objection brought against attaching bonds to the
base of the rail are their interference with the paving, and
to their location under the head of the rail where the ter-
minals project through the head that the upper ends of the
honds are subject to vehicular wear.

There is a large class of rail bonds at present on the mar-
Ieet, and it is the purpose of this article to illustrate and de-
scribe the mechanical features of these bonds. So many

FIG. 1.—WEST END BOND

improvements have been made recently that it is thought
that a description of the latest types of bonds manufactured
by the companies mentioned will be of value.

Fig. 1 illustrates the West End bond manufactured by
the A. & J. M. Anderson Manufacturing Company of Bos-
ton. It is designed to go round the angle plates and each
end of the wire, which is commonly a No. oo and tinned, is
provided with a tapering steel bushing through which the
wire passes. Holes are drilled in the rail web to receive
these bushings, and they are then forcibly driven in. By
reason of their tapering form these bushings are com-
pressed as they enter the hole, and the wire which passes
through them is in turn compressed. Soft steel bushings
are used because it is possible to drive them in more forci-
bly than if copper bushings or the wire itself without the
bushings were used. The wire is usually about 80 ins. in
length, and the ends are joined together by means of a
tinned copper slotted sleeve, 4 ins. in length, into which the
ends are inserted and sweated. In Doston two of these
bonds are used at each joint. The use of steel against
steel in the contact, made by mechanical means, is for the
purpose of having no electrolytic action at this point.

Fig. 2 is the Johnston bond made for A. Langstaff
Johnston by the John A. Roebling’s Sons Company.
It is in five parts, the bond proper and four brass
nuts.  The bond is in the form of a copper rod with
its two ends bent at right angles. On ecach of these
two ends is cut a screw thread. Two nuts work
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upon this screw thread, one a flat nut and the Fig. 5 shows another type of bond in which an ordinary
other a conical nut of the same slope as the slope of  wireis used for a connector, but is held in place by a bond-
the bored-out hole in the rail. The conical diameter of the ing cap. This is of steel slotted, with conical ends, and fits
nut is such that when introduced in the rail and tightened  snugly over the ends of the bonding rail. The hole in the
by the other nut the two ends cannot be brought quite to- rail is 1-32 ins. smaller than the outside diameter of the
gether; in this way the contact is of a very rigid character. cap. The latter is driven into place by a hammer, and the
After the nuts are screwed tightly up so that their flanges  crimp extending the full length of the cap allows the shell
come against the web of the rail, giving a large area of to compress firmly over the wire and into the rail. The

T

FIG. 2.—JOHNSTON BOND FIG. 3.—BRYAN BOND

contact, the protruding end of the copper rod is slightly cap is manufactured by the Ohio Brass Company of
upset, so that the outside nut cannot become loose. The  Mansfield.
joints may be then soldered, but in any case should be Fig. 6 illustrates the solid American rail bond, manu-
suitably covered with a coat of insulating paint. factured by the American Electrical Works of Providence,
Fig. 3 shows the Bryan bond manufactured by James R. I. The connector is a piece of ordinary wire held in
Bryan & Co. of Pittsburgh. The bond wires, which are place in the web of the rail by two bushings of copper.
two in number and which can be of any size, are clasped  The outside bushing slips freely into the rail, the hole of
at the rail between a washer of steel, which is directly un-  which is tapering. The inside bushing, which is slipped
der the bolt head, and one of copper, which is separated over the end of the rail bond after the latter is placed
from the web only by a thin corrugated plate of copper. through the outside bushing, is then driven into place by a
After the nuts are placed in position the steel bolt shown is  sledge and follower.
screwed up tight. The immense pressure put upon the Fig. 7 shows a flexible bond of somewhat the same type,
bolt presses out the corrugations of the thin copper” supplied by the same manufacturers. The connector is a
washer, making good contact with the rail, which has been  stranded wire with American terminals. The latter use a
previously polished. The ratio of steel area at point of bushing similar to the outside bushing of Fig. 6, but the
contact to the area of the bond wire is 1 to 9.46. One spe-  end is spread by driving in a special wedge, as shown.

cial advantage claimed for this bond is its great adapta- Fig. 8 illustrates the “protected” rail bond of the Forest
bility to cross bonding, as the rail bonds and the cross  City Electric Company. This bond is designed to go
bonds can be made of continuous wire. under the angle plate. The conductor portion of the bond

Fig. 4 illustrates the Columbia bond of the John A. is made up of a closed loop of flattened copper wire in
Roebling’s Sons Company of Trenton, N. J. It con- greater or less number, according to the size of the bond
sists of three parts, two copper thimbles and a desired, and the copper terminals are then cast upon the
connecting rod. On each end of the copper rod wires. This produces, of course, an excellent electrical
is a truncated cone head with a fillet at the and mechanical union, which has been termed a cast weld
base.  The inside of the thimble is tapered to fit the joint. The bonds are then reheated and the terminals
head of the bond, while the outside is slightly tapered on  drop-forged to size and finish. The terminals are pressed
the opposite side. In applying the bond the cone-shaped into the rail holes by what is termed a bond welder. This
heads are placed in the holes in the rails from the one side is in reality a powerful press which spreads the copper of
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FIG. 4.—COLUMBIA BOND FIG. 5.—OHIO BRASS CO.’S BOND

and the thimbles are slipped over them from the other. A the terminals until it completely fills the hole and spreads
portable hand press is then applied and the wedge-shape the head over, increasing the area of contact. This method
head of the bond is forced into the thimble so that being  of contact fastening is claimed to be superior to any rivet-
of the same metal they become practically one, while the ing method, in that inefficient workmen cannot introduce
copper of the thimble fills up any irregularities of the web  any elements of weakness in the bonds or connections.

hole. The process of pressing in is claimed to be superior Fig. g illustrates the “Harrington ball” bond, using the
to that of driving in by hammer, as it admits of more uni- same character of bond and terminals as that illustrated in
form work, and as the bond is wedged both ways it cannot ~ Fig. 8, but employing a different method of connecting the
become loose. The contact with the rail, owing to the terminals to the rail. The terminal is cored out before
greater cross section of the bond at the web, is seven times  being ¢lipped into the bond hole. A small steel ball,
the section of the wire. slightly larger in diameter than the core, is then forced into
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the hole by sledge and follower. This expands the ter-
minals, forcing the copper closely inside the bond hole in
the rail web. The ball is forced all the way through, mak-
ing good contact between the copper and the steel at every
point. In case the ball should slip through too casily a
second ball, slightly larger in diameter, is driven through.
The bond is supplied by the Harrington Rail Ponding
Company, and is made under the W. R. Cock’s patent.
Fig. 10 shows the “Harrington diagonal” bond, also
supplied by the Harrington Rail Bonding Company, and
designed to be inserted at the junction of the web and base
of the rail, as shown. It is intended for bonding outside
the angle plate, and made up of four copper wires rolled

FIG. 6.—AMERICAN SOLID BOND

FIG. 10.—HARRINGTON DIAGONAL BOND
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FIG. 11.—CHICAGO OR CROWN BOND.

into a conical terminal about three-quarters of an inch
diameter at its thickest end, where it is driven in by sledge
and follower. The bond is set at an acute angle, and its
position through the thickest part of the rail gives it a
much broader area of contact than if it was driven through
the web of the rail. Another advantage of a long socket
is that it is held very rigidly in place and cannot work
loose. The bond itself is long enough to span the angle
plate. Less paving has also to be removed if the rails are
drilled in this position than if a horizontal hole through the
web of the rail was drilled, the amount being figured at
about 66 per cent less. For drilling, the manufacturers
supply a special tool by which several holes can be drilled
at the same time. The Harrington Rail Bonding Com-
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pany is also selling agent for the bonds shown in Fig. 4,
but made with flat terminals to go under the angle plate.
Iiig. 171 illustrates the Chicago or Crown rail bond, man-
ufactured by the Washburn & Moen Manufacturing Com-
pany. This bond is in three parts, the bond proper and
two steel drift pins. The terminals of the bond are thimble
shaped, and are passed through a hole in the rail, into
which they should fit closely. The end is then expanded
slightly with a tapering punch driven into the hole in the
terminal. This serves to secure the bond in the rail, while
the drift pin is driven home. The latter is 1-16 in. larger
than the hole in the end of the bond into which it is driven,
hence the terminal is expanded and the contact between

e
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FIG.

13.—GRAUTEN BOND

FIG.

12.—CROWN PROTECTED BOND

the iron and copper is so intimate that corrosion or electro-
lytic action cannot occur. The end of the tubular terminal
is then pounded over to provide additional surface of con-
tact. This bond is made in several forms; one long
enough to span the angle plate, the other to be placed un-
derneath the latter. In the former case a solid bond is
usually used. For a protected bond under the angle
plate, stranded copper with solid terminals is employed.
(Fig. 12.) The manufacturers have a special niethod of
connecting the stranded wires with the terminals without
the use of solder and by which it is impossible to tell defi-
nitely where the exact union is made. The terminal hole
is not a perfect cone, but of the form shown in the engrav-
ing, this having been found in the opinion of the manufac-
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turers more desirable. From this form of this aperture
these terminals take the name of “‘crown” terminal.

~ Fig. 13 illustrates the Grauten rail bond of the H. W.
Johns Manufacturing Company of New York. It is a
simple and convenient form of bond, in that ordinary wire
1s employed, so that it permits the use on the spot of bonds
of any length, from the shortest to the longest, and of any
carrying capacity both for bridging joints and cross con-
nections. As sold, only the terminals of the bonds are fur-
nished. These consist of a single casting of composition
metal, rich in copper, with a machine finished shank for
riveting in the holes of the rails, and one or more grooves

[Vor. XIV. No. o.

angle plates are depended upon for connecting the rails,
the device being a method of connecting the rails with the
plates. The bonds are composed of two parts, a plastic
or putty compound of good conductivity, which makes
contact between the rail and the angle plate, and a flexible
cork washer to hold the plastic compound in position as
near the end of the rail as possible. The current then
passes through the bond to the channel plate, then through
the second bond from the plate to the next rail. Contact
spots, about 2 ins. in diameter, on both rails and plates are
cleaned of soil and rust and treated with an alloy which sil-
vers the surface and prevents them from rusting. Usually

FIG. 14.—STERN & SILVERMAN BOND

FIG. '15.—BROWN PLASTIC BOND

for the reception of the connecting wires, which constitute
the bond proper. As many of these terminals are attached
to the rails as are required for the necessary contact sur-
face. The wire is then placed in the terminals, the lips of
which are bent over and the connection soldered. The
stock dimensions of the hub run from ¢-16 in. to 3-4 in.,
and the shanks are cut at one end to facilitate riveting.
Tf desired, the connecting wire can be carried the length
of the rail or across to the opposite rail. The bond fur-
nishes a method of utilizing both new and old trolley wire
in odd lengths. Lately the demand has been for grooves
adapted for No. oo B. & S. gage, in preference to No. o
B. & S., which was at first universally employed. By using
the double connector or terminal and multiplying the num-
ber of attachments to the rails, it is apparent that great
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FIG. 19.—SYRACUSE BOND

flexibility in rail bonding and ample capacity are obtain-
able.

TFig. 14 illustrates a bonding chuck manufactured by
Stern & Silverman of Philadelphia, and with which an
ordinary copper wire is used as connector. The chuck is
bored to fit the bond hole in the rail and one end of the
chuck is screwed into the rail.  The other end tapers, and
is slotted to fit the bond rail, which is slipped through the
chuck. The nut is then screwed up, binding the surfaces
closely together, after which the joints are coated with
insulating paint.  This bonding chuck is of steel and
allows the lacing of the bonding wire, if desired, as shown
in the engraving.

Fig. 15 illustrates a method of bonding in which the

FfIG. 16,—BROWN BOND FOR OLD RAILS

FIG. 18.—ATKINSON BOND

the plastic bonds are installed by the same gang which puts
on the angle plates. For cleaning the rails a portable
hand power emery or carborundum wheel, with flexible
shaft, is usually used. This is usually leased or purchased
from the bond manufacturers. After the joint is com-
pleted the outer angle plate is usually marked with white
paint to indicate the presence of the bond. The material
is the invention of Harold P. Brown of New York, and has
been in use on some roads for over three years without
change or deterioration.

Fig. 16 illustrates a somewhat different method of using
the same material for rebonding old T or girder rails. On
the end of each rail a hole five-eighths in. to seven-eighths
in. in diameter is bored diagonally through the bottom of
the angle plate and into but not through the base of the
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FIG. 20.—AJAX BOND

rail. The drill has a point with a very obtuse angle, and as it
penetrates the lower surface of the plate it carries down a
burr into the surface of the rail. As the hole progresses a
part of this burr is carried into a part of the rust between
the two steel surfaces, forming a telescope hole, which is
perfectly smooth on the inside. The drill is wet with a
solution of soda and water, instead of oil, to prevent the
trouble which follows the use of an insulating fluid on a
metal contact surface, and the drill chips are removed with
a permanent magnet. The hole is then amalgamated with
the solid alloy, and then partly filled with the plastic alloy,
ali of which forms a conducting path of low resistance be-
tween the rail and angle plate. An amalgamated copper
plug, T shaped, seals the hole and completes the circuit

¢
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between the rail and angle plate, by dipping into the plas-
tic alloy. The plug is then locked in place by a burr made
by a blunt chisel.

Iig. 17 shows the Payne welded bond, which is simply
a corrugated strip ol copper with flat terminals welded
under the rail.  The bond can be placed in any position,
either on the web, on the base or under the head, and has
the advantage, of course, of using only a small amount of
copper with the same conductivity, and of being of but one
piece.  The rail is manufactured by the Payne Welded
Bond Company, of New York.

Ifig. 18 illustrates the horse shoe rail bond, manufac-
tured by J. M. Atkinson & Company, of Chicago. This
bond is designad to go under the angle plate, and is made
in the form shown, of a horse shoe, or in a double horse-
shoe form, in which the terminals are connected by two
sets of conductors. The bond terminals are expanded in
the rail holes by pressure applied by a screw and ratchet
clamp.

Fig. 19 illustrates the Syracuse bond, manufactured by
the Central City Brass & Manufacturing Company, of
Syracuse, N. Y. This bond is made in both short and
long lengths for use around the angle plate or underneath
it; the engraving shows the latter position. The charac-
teristic of the bond is the use of broad, flat terminals, which
can be brazed to the rail. The plates are made a part of
the wire, and their contact surfaces are ground down true
on a surface girder. They are cleaned with soldered salts,
and then dipped in melted solder, the superfluous meuai
being allowed to run down and settle on the surface. The
bond is then placed around the bond hole in the web of
the rail, which has previously been faced off, the clean
metal being treated with some soldering salts and the bond
bolted in place until the washer is flattened out. The
soldering process is accomplished by a gasoline torch, the
effect of which is the melting of the solder on the plate.
This is accomplished by the springing action on the part
of the lock washer, which draws the bond plate into closer
action with the rail and squeezes out the superfluous solder
around the outer edges. \When the bond is used under the
fish plate the bolts are not used, but instead a clamping
device, which is taken off after the bonds are brazed to the
rail, is employed.

Fig. 20 shows the Ajax bond, supplied by the Ajax
Metal Company, of Philadelphia. This bond consists of
copper strips, which are placed under the fish plate and are
pressed against the side of the rail by screws, as shown.
Before being placed in position, the faces of the rail web
are amalgamated, as are also the faces of the copper strips,
making a good metallic contact.  The screws are fitted
with nuts so that there is adjustable means of renewing
contact. The special advantages claimed for this bond
are the provision for expansion and contraction of the rail,
and the fact that the bond is uniform in character.

oo —

I am frank to say that my opinion is simply this—that
municipal interference with street railways and their vested
interests must be fought with facts, and not with charges;
and it seems to me most ill-advised on the part of this asso-
ciation to take as its main ground against municipalities
operating street railways, that the officers of the munici-
palitics are not to be trusted by the people. It seems to
me that we are bound to meet this question with informa-
tion and facts; and therefore I suggested, and the associa-
tion passed, a resolution that the sccretary be instructed to
procure the facts as regards the operation of street railways
by municipalitics.—I‘rom address at the St. Louis Con-
vention, 1896.
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NEW POWER PLANT AT AKRON, OHIO

TLarly in 1896 there was consummated a consolidation of
the street railway and clectric lighting interests in the city
of Akron, Ohio, by which the Akron Street Railway &
Iluminating Company succeeded to the business of the
Akron Street Railway Company and the Akron General
Electric Company. Joth companies were possessed of
power plants, which, although considered models at the
time of their construction, were far behind the engineer-
ing practice of the day. Owing to the increased demand

AKRON

BOILER ROOM,

upon their respective stations both companies were con-
templating the installation of additional units.  Almost
the first problem, therefore, which confronted the manage-
ment of the new company was the advisability of main-
taining two stations and placing the necessary additional
units in each or of consolidating them in a new plant, using
such of the old apparatus as might be suitable and making
up the balance of the power required with new and larger
units. This question was one which required considerable
deliberation by the management, and it was some time
before a decision was reached.

After due consideration it was decided to crect an en-
tirely new station upon the site of the old street railway
power house, as this site was within three blocks of the



center of the city and possessed of a great many advan-
tages over other properties owned by the company.

The construction promised to be exceedingly difficult
owing to the necessity of continuous operation of the old
plant until the new one was ready for service.

Figs. 1 and 2 show the station as it will appear when
completed.  The soil at the site was all “made ground” to
the depth of about 20 ft. and this necessitated careful con-
sideration of design and considerable additional expense
of construction. To the east lay the tracks of the old ter-
minal yard of the C. T. & V. R. R., as shown in Fig. 2.
These tracks were some 24 ft. above the grade line of the
proposed building, and were supported upon an embank-
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and 1s 4 ft. in depth.
basement floor.

The building when completed will cover an area of
about 21,000 sq. ft. and will be divided into an engine room
5o ft. x 240 ft. and a boiler room 44 ft. x 208 ft. The con-
struction throughout will be practically fireproof, being of
steel frame with brick blanket walls.  The foundation walls
are of large dimension sand stone laid in cement mortar,
and rest upon the concrete sub-foundation before men-
tioned. The steel columns which support the roof trusses
are also designed to carry the girders for the traveling
crane.

The main floor in engine room is constructed of 13-in.
matched flooring, finished over with a Z-in. hard maple
floor, laid diagonal to the first, the whole being supported
upon steel beams which are in turn supported upon columns
extending to the sub-foundation. The roof construction
consists of steel trusses supported upon the main columns,
while mounted upon these are steel purlins which carry
14-1n. vellow pine roof sheeting covered with green factory
slate.  Star pattern ventilators are placed on the roof over
the boiler room, and the windows throughout the building
are extra large in order that an abundance of light and
ventilation may be had.

The construction of the first section of the new building,
which consisted of an engine and boiler room, each g6 ft.
in length, a brick chimney with a 72-in. flue and 130 ft.

The top is finished and forms the

FIG.

ment, the base of which extended far in upon the com-
pany's property, while confined within the walls of a stone
conduit, which lay diagonally across the site selected for
the engine room, ran an old mill race. The presence of
this embankment necessitated the construction of an ex-
tensive retaining wall which is also utilized as a foundation
for the cast building wall.  Owing to the continuous
movement of trains through the railroad yards it became
necessary to construct the heavy wall in sections. Large
dimension sandstone laid in cement mortar was used for
this purpose.

The character of the soil and the presence of the conduit
mentioned above necessitated the placing of a heavy con-
crete footing, covering the entire space to be occupied by
the building. This footing or sub-foundation was built
of crushed limestone, torpedo sand and Portland cement,

Y

I.—SECTION OF POWER STATION, AKRON

high, with the stack of the old plant, required the removal
of all the walls of the old boiler house and the reconstruc-
tion of the retaining wall along the tracks. This necessitated
supporting the rcof of the old boiler house on cribbing
until the roof of the new building could be placed in
position.

As the rear walis of the old tubular boilers came in line
with the division wall of the new building it became neces-
sary to support the roof trusses upon false work until a
portion of the new station could be put in shape to operate
and thus relieve the old boilers so they may be removed.
As but a section of the building was being erected the
ends of both engine and boiler rooms were filled with
wooden bulkheads.

The foundations for all pieces of apparatus, excepting
the electrical apparatus in the lighting department, are
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constructed of concrete, faced up with four layers of brick
and resting upon large sub-foundation. The cement used
in this work was Sandusky Portland. The belted electrical
apparatus has no other foundation than the main floor,
this being constructed sufficiently strong to admit of plac-
g apparatus of this type at any point.

Located in the boiler room at present are four batteries
of Stirling water tube boilers having a capacity of 2200
h.p., and carrying a steam pressure of 125 Ibs. per sq. in.
Two of these batteries are new and have a capacity of 600
h.p. each, while the other two are boilers which were re-
moved from the old lighting station and after having been
remodeled were installed in the space occupied by the
tubular boilers in the old plant. IEach of these batteries
has a capacity of 500 h.p.

All the boilers are equipped with American underfeed
stokers, and extending the full length of the boiler room
is an air duct which is supplied with air under pressure
from electrically-driven fans and in turn supplies through
ducts leading to each stoker the necessary air for forced
draft.  Located between the side walls of two of the
boiler settings and directly in the rear of the stack is the
pump room, which contains Laidlaw-Dunn- Gordon duplex
independent driven piston pumps, which supply the water
to the feed water heater. This leater is of the Cochrane
feed water heater and purifier type and is rated at 2000 h.p.
Irom this heater the water flows into two Epping-Car-
penter pumps which supply the water to the boilers. The
main steam header is locatcd between the rear boiler
walls and the division wall between the engine and boiler
rooms, rests upon expansion rolls which are supported
upon beams the ends of which are attached to these walls.
This header is 20 ins. in diameter and is built of extra
heavy wrought iron pipe, fitted with cast iron flanges, and
is of the screwed and peened class of construction. The
fittings are all of extra heavy cast iron, and all bolts are of
steel. ~ All the pipe, fittings and valves used throughout
the plant were furnished by the Crane Company. The
main steam header is divided into sections which are con-
nected by copper bends. The separators are of the hori-
zontal Cochrane type.

In the engine room there is at present installed a Ham-
ilton Corliss cross-compound condensing engine with
cylinders 20 ins. and 40 ins. x 48 ins. stroke directly con-
nected to a goo-k.w. Westinghouse railway generator.
This engine exhausts into a Dcane independent driven
jet condenser which is placed in the basement between the
foundation of the high and low pressure engines. A
duplicate of this unit will be installed in the near future
which will give the company, in its railway department,
about 1600 h.p., including one engine in the old plant
which has been connected to the new piping system and
can be used in emergency cases.

In the lighting department there are at present four
Armington and Sims cross-compound condensing  en-
gines, with cylinders 16} ins. and 25 ins. x 15 ins. stroke,
belted to the lighting apparatus, which consists of three
arc machines of 125 lights capacity each, two 110-volt
direct current dynamos of about 300 lights capacity each,
two alternators with a capacity of about 7000 lights and a
200-k.w. 500-volt power generator. Each engine exhausts
into an independent driven jet condenser of the M. T.
Davidson type. These condensers are placed in the
basement but have the valve stems of the regulating valves
extended above the main floor at a voint which enables
the engineer to manipulate them without leaving the throt-
tle of the engine.

The belts are all of double dynamo belting and are 1
ins. wide. The switchboard is of black enameled slate, Tt
is mounted upon a balcony overlooking the engine room

STREET RAILWAY JOURNAL.

o

wt

=

ze Qannfo

FIG. 2.—PLAN OF STATION, AKRON

ST Den 58




526

and is provided with the highest grade of instruments and
everything necessary to successful operation.

Water for the condensing and boiler feed purposes is
obtained from the mill race which flows through the prop-
erty, but as this water is very filthy, owing to its having
passed through a great many manufacturing plants, such
as machine shops, cabinet shops, flouring mills, varnish
works, etc., it was necessary to provide a system of purifi-
cation. An intake crib was constructed which removed a
part of the mineral sediment and all the floating oil; from
this crib the water is admitted to a settling reservoir con-
structed of brick. The reservoir is divided into two com-
partments and is so connected to the intake crib and the
supply main to the building that either compartment can
be cut off to admit of cleaning. The water is taken from
this settling reservoir into the building through an 18-in.
cast iron main. and after being used in the condensers is
delivered into the hot well consisiing of a 20-in. cast iron
pipe extending the full length of the building.

A specially designed fitting is provided for the pump
suction from the hot well by means of which the water is
always taken from the center of the pipe. After passing
through this process and through the Cochrane feed water
heater and purifier, the water is in a very good condition
to enter the boilers. When completed the station is ex-
pected to contain about 6000 h.p. in engines. Of this
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LONG DISTANCE TRANSMISSION POWER PLANT,
MONTPELIER, VT., WITH BATTERY
AUXILIARY

The Barre-Montpelier Traction & Power Company, of
Montpelier, Vt., has just completed an installation at BDarre
Transfer, three miles from Montpelier, Vt., which presents
a number of very interesting features. This plant is par-
ticularly notable as being the first railway plant in the
United States operated exclusively from rotary converters
with storage battery auxiliaries.

Power is furnished by a dam in the Winooski River at
Middlesex, Vt., which gives an average of something over
2000 h.p. throughout the year. At this point a generating
plant was installed and started up in April, 1896, embrac-
ing three 750-h.p. turbines which drive two 150-k.w. West-
inghouse three-phase alternators which furnish current
for a great deal of work in the immediate vicinity as well
as supplying power for the railroad service. The Barre-
Montpelier Traction & Power Company also operates a
line nine miles long, running between the two cities, over
which it runs five cars which cover the mileage in about
forty-five minutes running time.

The sub-station just inaugurated, containing the battery
and the rotary converter with which it operates, is lo-
cated at Barre Transfer three miles from Montpelier and

STORAGE BATTERY AT BARRE TRANSFER

2200 h.p. will be for railway uses and 3800 h.p. for lighting.

The company supplies power to all the cars of the Ak-
ron, Bedford & Cleveland Railway in and out of Akron, in
addition to its regular business.

No expense has been spared to make this a first-class
plant and all the materials and apparatus are of the highest
grade. Much credit is due Charles A. Chapman, consult-
ing engineer, of Chicago, for the able manner in which he
designed and carried out the construction of this station
under such trying conditions,

six 1iles from Barre.  Current is carried to this point
from the plant at Middlesex, where it is generated as three-
phase alternating current at 2200 volts with 7200 alter-
nations per minute. From the generators the current is
carried to two step-up oil insulated transformers of 150
k.w. capacity each, raising the potential from 2200 to 6300
volts. At this latter voltage the current is carried from
the plant to the car house, a distance of eight miles from
the step-up converters to the step-down transformers.. The
run is made with three No. 6 rubber-covered wires, run-
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ning on double petticoat glass insulators and protected at
both ends with Wirt's non-arcing 2000-volt lightning ar-
resters, there being three in cach phase. The high-tension
line is also fused with high-tension fuses after entering
the transformer house at the car house. The two-phase
side is {used Between the oil transformers and the switch-
board with aluminum fuses.

The step-down transformers at the car house convert
the potential from three-phase to 480 volts two-phase cur-
rent. The connections from this service to the rotary con-
verter are made on the combined switchboard for the
rotary and storage battery.  This board is of white marble
and presents a very neat appearance.

The rotary converter, which was built by the Westing-
house Electric & Manufacturing Company, as shown on
this page, is of 160-k.w. capacity, generating on the direct
current end 550 volts, and is arranged to be started by a
25-h.p. synchronous motor.  The rotary was designed
specially to operate under the conditions of this service in
connection with the battery. The direct current end is
compounded to suit the working voltage of the battery
under the widely fluctuating loads so that the battery will
take up the fluctuations without the aid of a booster or
other auxiliary apparatus, thus making the operation of the
plant exceedingly simple.

The battery, which consists of 248 cells of type 11-F
chloride accumulators, supplied by the Electric Storage
Battery Company, is connected in multiple with the rotary
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The Dbattery, as will be noted by reference to the curves
given herewith, takes practically all the fluctuations in load,
so that the rotary runs at nearly a constant load inde-

ROTARY CONVERTER

pendent of the service on the line. The 248 cells of the
battery are located in a small room partitioned off at the
end of the car barn, in a single tier on wooden racks.
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converter, the two being connected directly across the trol-
ley line.  The entire length of the line is operated with no
further provision for feeders than the single No. oo trolley
wire,

Each cell consists of fifteen plates, 10} ins. sq., suspended
in a glass jar, which in turn is supported by a tray filled
with sand, which rests upon four single petticoat glass
insulators, ‘
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TRAMWAY SYSTEM OF BRISBANE, AUSTRALIA

BY S. IIERBERT BPROWN

Brishane, the capital city of Queensland, is situated on
the Brisbane River and about twenty miles from its mouth.
It lies in latitude 27 deg. 28 min. South. Its climate con-
ditions are semi-tropical, the average maximum and mini-
mum {emperature being 77° and 557, It is divided into
two parts, North and South, which are connected by a
bridge over the Brisbane River. The population of the
citv, including suburbs, is 100,000. The old horse system
which had been in existence for thirteen and operated fif-
teen miles of single track was neither a financial success
or popular with the public. Owing to length of line and
many gradients, horse cars were not inducive to successful
operation, and with suburbs scattered, and many at con-
siderable distance from existing tram cars, traveling to and
from the city was slow and irksome.

This company was the first in Australia to supersedc
horse by electric traction, and at present has the largest
clectric road in the country. The promoters are English

capitalists interested in similar systems in other countries.
In acquiring the rights of the old company they had, by
consent of the City Council and several Divisional Boards
and a special Act of Parliament, the right to adopt elec-
The franchise is for twenty-five

tricity as a motive power.
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States a few years back can readily understand the feelings
with which many regarded the adoption of electric trams in
Drisbane.

J. S. Badger, formerly of the General Electric Com-

EXTERIOR OF POWER STATION

pany, of Schenectady, N.Y ., was the constructing engineer,
and to his large experience has been due, in a great meas-
nre, the success with which the construction work was car-

INTERIOR OF POWER STATION

years, at the expiration of which the city has the option of
purchase of the system.

Since its inauguration the increase of traffic has been
doubled, and its general success augtirs well for the future.
The adoption of electric traction followed by the increased
speed, cleanliness of cars and the marked improvement in
appearance and manners of employees had a marked effect
on public approval, and the terms in which the system is
spoken of by visitors has attractcd the attention of Aus-
tralian tramway men and its progress and success is
watched with interest. The reader who remembers the
conservatism displayed toward electric trams in the United

ried on. Mr. Badger 1s now chief engineer and manager
of the company.

There are now 254 miles of electrically equipped
tramway lnes in operation. The seven suburbs which
the cars traverse are New Farm, Breakfast Creek,
Ithaca, Dulimba and Exhibition on the north side,
and Logan Road and West End on the south side.
The New IFarm and Dreakfast Creek routes starting
from the north side connect with the Logan Road
and West End lines respectively on the south side.
The distance from New Farm to Logan Road is 51 miles
and from Breakfast Creek to West End 3% miles. The
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Ithaca line, consisting of 4 miles and 2} chains of single
track, starts at the corner of Queen and George Streets
and passing through George and Roma Streets branches
here for Tthaca via Caxton Street or Red Hill and makes
the loop return by the above named streets to the terminus.
This is perhaps the most popular line of all, embracing as
it does the hills west of the city and giving the public a cool

GENERATORS AND SWITCHBOARD

ride and beautiful views of the city and surrounding coun-
try.  The Bulimba and Exhibition routes terminate at
Brunswick Street and passengers are transferred to New
Farm and Breakfast Creek cars.  When the work of wood-
paving is completed permitting ordinary traffic and more
new cars are built it 1s intended to alternate
the Ithaca cars with these two routes.

Several other extensions are projected, but
the present lines will be completely equipped
first and the system thoroughly organized.
The extension to Hamilton has been decided
favorably, conditioned upon permission be-
ing granted for further extension to Queens-
land Turf Club race-course, and if the Ham-
ilton Divisional Board desire it there will
probably be little trouble in obtaining the
necessary construction order.

Another extension which has been ap-.
proved and which only awaits the same mark
of consent is from the Exhibition to Bris-
bane Hospital. Arrangements are also pend-
ing with the Ithaca Council for an extension
of an existing line along Latrobe Terrace,
and the company will complete this provid-
ing the council agrees to maintain the road.
The directors contend that the provisions of
the act under which the company is com-
pelled to maintain the roadway between
tracks and g ins. each side was intended for
application to old horse car system and not
to the existing scheme.

The headway of cars varies from six to twelve minutes
except in Queen Street, through which all lines traverse,
and here the headway 1s about two minutes. The speed
varies from six to ten miles per hour in the city to fifteen
miles per hour in the suburbs.

The system of fares is as follows:

pe—-—

Passengcrs are car-
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ried from city to terminus of line for threepence or six
cents if paid at one time, otherwise a penny or two cents
is required for each section, the average length of section
being three-quarters of a mile. No transfers are given
and the tickets are punched denoting the number of the
section paid for, and must be shown when demanded by
condnctor. The general office, power station and car house
are located at Countess Street on grounds
leased from the Government railway and ad-
joins their yards. The office is a plain woord
building while the car house and other build-
ings are built of iron pillars with sheet iron
roofs and sides.  The car house at Countess
Street is the largest and will house forty cars.
A scction at Logan Road holds eighteen.
In both pits extend the whole length of shed
and are lighted with clectric light.  In the re-
pair shop, which on account of distance from
manufacturers will form an umportant feature
of works, the latest machinery will be in-
stalled and all repair work will be done by
the company.

The power station, which is located cen-
trally to all lines, is a one-story brick build-
ing with ample cellar capacity. [t measures
92 ft. x 129 ft. and is divided into engine and
boiler rooms. The condensers and all supply
and exhaust pipes are in the cellar and are
casily accessible. The dimensions of the en-
gine room are 2 {t. x 70 {t. and of the boiler
room 78 ft. x 59 ft.

The engine room is weli lighted and ven-
tilated; three overhead cranes, cach of four tons capacity,
run the entire length of the room. It contains at present

three 450 h.p. cross-compound condensing engines mantu-
factured by Robey & Sons, Lincoln, England, and suffi-
cient room has been allowed for another unit in view of

REAR VIEW OF ENGINES

further extensions. The dimensions of the engine cylin-
ders are 18 ins. and 30 ins. x 40 ins. stroke. They make
86 r.pm. at a pressure of 150 lbs. and both cylinders are
steam jacketed.  The Richardson-Rowland patent trip
valve gear is employed. The fly wheels are 17 ft. in diam-
cter and weigh twenty-six tons. The rims are 37 ins.
hroad and over them run leather belts to the generators.
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The clectrical equipment consists of three General Elec-
tric multipolar railway generators of 400 h.p. each. The
switchboard is situated at one end of room, and is placed
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on a raised platform i a conspicuous position.
slate, covered with black laequer and contains three gen-
crators, three feed and one main generator panel. The

STANDARD COMBINATION CAR

insttuments are the General Eleetric Company standard
type.

The boiler room is 18 ft. lower than that of engine room
and contains 12c0 h.p. of Babcock & Wilcox boilers in
three batteries of two boilers each. The working pressure
of boilers is 150 Ibs.  Additional space is reserved for
three more batteries.  The chimney is 150 ft. high, with a
7-ft. flue.  Two duplex Worthington feed pumps ¢ ins. x
51 ins. x 10 ins. stroke are installed.

Water is obtained from the city mains and nine iron
tanks with a capacity of 18,000 gallons are placed just
back of boiler room. All feed water is passed through a
Railton & Campbell filter. Coal is delivered from rail-
way trucks into bunkers immediately back of boiler room.

The water tower for cooling condensing water is a
wooden tower 17 ft. x 17 ft. and 31 ft. high. It contains
rows of wooden slats placed 2 ins. apart in two tiers.
Under these are four fans worked by a 25 h.p. motor. The
hot water pumped to the top of tower passes through a
distributing trough and is allowed to percolate between
the rows of slats, and after being further cooled by fans
passes into the reservoir below.
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The rolling stock is mounted on thirty-eight Peckham
“extra-strong” cantilever trucks and three Brill trucks, all

supplied with General Electric 80 motors.  The car
- bodies which have been
built in the company’s

shops present an exceed-
ingly handsome appear-
ance. They are of three
types—the open, the com-
bination open and closed,
and closed cars. The lat-
ter were made by splicing
two 16-ft. cars, and are ex-
pected to give several
years’ service. The other
types in length measure 29
ft. and 29 ft., and are made
from Queensland woods,
principally spotted gum,
mottled and yellow pine,
yellowwood and cedar.
The climate of Brisbane,
which corresponds some-
what to that of southern
California, makes the com-
bination car the most serviceable. The illustrations show
these three types of cars. A street sprinkler and metal
and tool car are under course of construction.

STANDARD OPEN CAR

STANDARD CLOSED CAR

The track is of a substantial character, laid with ordinary
6-in. grooved girder rails, weighing 81, 77 and 55 1bs. per
vard. The lighter rails are only used on suburban lines
and are the best of the old rails, while in the city and all
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One of the important departments of
the convention will be the Bureau of In-
formation arranged for by the committee
on transportation and information. This
will be in charge of Robert H. Derrah,

of the Boston Elevated Railway Com-

PLAN AND SECTION OF POWER STATION

extensions the 8i-1b. rails are used. The gage is 4 ft. 8%
ins. The rails are spiked to iron-bark ties ¢ it. x 4 ins. x
8% ins, spaced 2 ft. 6 ins. apart, center to center, with

pany, whose knowledge gained in pre-
paring the Derrah’s Street Railway Guide
to Eastern Massachusetts, will be found
especially useful. A space containing some 240 sq. ft.
has been reserved for the information booth, and this
will be handsomely fitted up with rugs and furniture, with
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3 Tie bars are used

angle fishplates, 2 ft. x 4 ins. x % in.
every 10 ft.

The method of track construction where the streets are
wood blocked is shown on this page. Ties are used, the
rails resting on a concrete foundation, and under the ends
of adjoining rails a 3-it. length of inverted rail is bolted,
making a very firm joint. There are several curves of 40-
ft. radius, and with a 7-ft. wheel base it was not long before
both flanges and treads were much worn, and to mitigate
the trouble a looser gage was allowed with a guard bolted
to the outside of the rail. The bonding consists of two
No. 0000 bonds 2 ft. 6 ins. in length, of the Chicago type,
and the track is cross-connected every fifth rail.

Span wire construction is adopted throughout. The
poles used in North Brisbane are of steel, furnished by
Morris, Tasker & Co., while in South Brisbane and all
suburbs iron-bark poles are used. All are set in concrete
comprised of five parts ashes and three sand and one
cement. For the trolley a double wire of No. o gage and
No. 4 solid steel for span wire is used.

The overhead line material is supplied by the General

TRACK AT JOINT i

writing materials, etc., for delegates and street railway
men. In the booth will be a library of guide books, not
only of Boston, but of Concord, Lexington, Plyvmouth and
other places which many of the delegates will wish to visit.
There will also be a case containing folders of all the rail-
road companies, with maps of Boston and surrounding
cities. A special telephone will be put in this booth, in ad-
dition to that in the main building, so that if any delegate
wishes information which cannot be furnished by those in
the booth they will soon be able to supply the want. This
is the first time in the history of the association that any-
thing of the kind has been provided, and it is believed that
the Bureau of Information will prove one of the valuable
features of the Boston convention.
——'”—

The Catskill Electric Railway Company, of Catskill, N.
Y., has recently been granted permission to increase its
capital stock from $30,000 to $400,000, and work on the
road will be commenced at the first possible moment. L.
E. Robert, of 290 Halsey Street, Brooklyn, is president
of the road,



BRADFORD ELECTRIC TRAMWAYS

The Bolton road tramway, of the city of Bradford, Eng-
land, was recently put in operation, and its success will do
much to advance the status of the trolley system in York-
shire, as well as throughout England.

The tramway system in Bradford comprises about fifteen
miles of streets and twenty-one miles of
track which have been using steam and
animal power. Thirty-five engines, forty-
eight cars and 143 horses have heen re-
quired for the service, and the total number
of car-miles run per annum has amounted
to 447,826. The percentage of expenses to
receipts on these steam-horse lines has
been heavy, and last vear stood at 92.04,
the expenses per car-mile being 13d. Thesc
expenses, however, have not prevented the
company paying a substantial dividend, last
vear's return to the shareholders of the
owners, the Dradford Tramways & Omni-
bus Company, being 6 per cent. The sys-
tem which has just been completed, how-
ever, forms no part of the lines operated
by that company. . The lease with the city
under which the Dradiord Tramwayvs &
Omnibus Company operates expires in
four years, and there is no reason to doubt
that the company will then transfer the
whole of its system to the municipality.
In the meantime the corporation has resolved to con-
struct new lines to be operated electrically, and the
tramway, that has just been equipped, forms the first
portion of what will eventually be a system of con-

SINGLE BRACKET CONSTRUCTION

siderable magnitude.  The city has a population of
235,000 and owns its own gas, water and electric
Light plants, markets, slaughtering houses, cemeteries and
parks, and has ten free libraries, an art gallery and a
museunt.  To these must now be added electric trams.
The total cost of the construction has heen between £ 60,-
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000 and £ 70,000, and the work has been carried out under
the superintendence of the city surveyor, J. I1. Cox.

The tctal length of the route is 1 mile 1501 yards, the
steepest grade being 1 in 153, the total rise from one end
of the line being 322 ft., which gives an average grade of
1 in 301, Girder rails weighing 105 1bs. per yard have
Jetween the rails and about 18

been used throughout.

THE OPENING TRIP IN BRADFORD

ins. on each side of the rails the track is paved with granite
blocks.  Each rail joint is bonded with Chicago crown
flexible bonds 5} ins.'long. In addition there are cross

bonds between the rails at intervals of every 120 ft.

R

s ey

DOUBLE BRACKET CONSTRUCTION

The poles supporting the trolley wire are of the single
and double-arm bracket type. The illustrations give typi-
cal examples of the poles at the side of the street, and
others placed in the center of the roadway. They are 25 ft.
above the surface of the ground, and are built up of
wrought lap welded steel in three sections; each pole is
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provided with cast-iron ornamental finials and collars and
an ornamental cast-iron base bearing the city coat of arms.
The line work is of the most excellent description, the
trolley wire being remarkably well suspended.  The wirce
is of hard-drawn copper, .325 ins. in diameter, and is di-
vided into the usual half-mile sections by means of sec-
tional insulators. The feeder switch pillar, from which the
adjoining sections of line may be controlled, is at most
points placed above ground, and consists of a cast-iron
case with water-tight hinged door. Tt is furnished with
six plug switches, test terminals, and lightning arrester,
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FRONT OF MAIN, FEEDER AND GENERATOR PANELS

the switches being mounted on marble bases. Two of the
switches are for connecting and disconnecting the feeders,
the remaining four making connection to the trolley wire.
The rolling stock on the system at this moment com-
prises seven cars, which are elegant specimens of car build-
ing. The bodies have been built by the Brush Electrical
Engineering Company, and are mounted on the well-
known Peckham cantilever extension trucks; the length
of wheel base is 6 ft., and the gage 4 ft. Each car is fur-
nished with two Westinghouse motors, supported by the
Westinghouse system of side suspension. The motors are
geared to the wheels by single reduction gearing, which is
completely enciosed. Series parallel controllers are pro-
vided, one at each end of the car, and there are the usual
main and emergency switches and lightning arresters.
The trolley is of the swiveling arm tvpe, and is the latest
form of Dawson trolley supplied by Mr. Blackwell. The
arm is mounted on a cast-steel base, and the vertical move-
went is controlled by two sets of side springs. The aver-
age running pressure of the trolley is 16 Ibs. The trolley
head is completely insulated from the trolley pole, the
wheel being of the well-known “West-Fnd” type. It
ought to be mentioned that the cars are built to carry out-
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side passengers, the full complement of passengers being
fifty-one—twenty-two inside and twenty-nine outside. The
cars are lighted with ten incandescent lamps each.

The current for the line is supplied from the local light-
ing station in Valley Road. A view of the switchboard
erccted at this point is given on this page. It is of blaclk
marble, and has a most handsome appearance. It stands
some 4 ft. away from the side wall, thus giving ample room
for examination,  There are feeder panels, generator
panels, and the usual panel devoted to carrying out tests
in accordance with the Board of Trade rules.  [Each panel
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BACK OF FEEDER PANEL BACK OF GENERATOR PANEL

has the usual measuring instruments and a Cutter auto-
matic circuit breaker.

All line worlk, poles, trucks and switchboards were sup-
plied by R. \V. Blackwell, of London, the motors by the
Westinghouse Electric Company. The technical details
given above are from London “Electrical Review.”

— G

VISIT OF BELGIAN ENGINEERS TO ENGLAND

A party of members of the Ghent Society of Engineers,
numbering about forty, led by the president, A. Debeil,
Inspecteur Génaral des Ponts et des Chaussées, Brussels;
MM. Wyhowski, Ingenicur Conseil, Drussels, vice-presi-
dent, and Victor Van Lint, Inspecteur du Service des
Faux, Drussels, the secretary of the society, recently visited
London and inspected various places of interest. Arriv-
ing on Aug. 13, they were met by Philip Dawson, who is
a member of the society; Mr. Fernie, the London repre-
sentative of the STREET Rarrway Journar, and Mr.
Binyou, of R. W. Blackwell & Company, who had ar-
ranged an interesting programme for their visit,  The fol-
lowing two days, during which the party remained in Lon-
don,were devoted tovisiting the principal points of interest.
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ELECTRIC TRACTION IN ENGLAND

The anomalous condition of the tramway system in Eng-
land, by which cities of the first class in that country have
about the same miles of track as cities of the third class
in America, and by which the horses still continue to
furnish almost without exception the only motive power
for most of the street railways, continues to attract in-
creased attention there. That the cities of England are
notoriously lacking in transit facilities is being recognized
by a greater number of the citizens of that country, and, as
one writer in the “London Daily Mail” recently said, *So
far as city transportation is concerned, the country is about
the same now as when the Lord made it.”  Much attention
has been attracted to this subject recently by an able series
of letters in the “London Daily Mail,” by E. I'. Vesey-
Knox, M. P. for the city of Londonderry. This gentle-
man first points out the fact that during the past six years
the American electric industry for traction purposes has
cqualed in yearly value that of the trade of Great DBritain
with China, a trade for the retention of which England has
spent vast sums of money in the maintenance of its Eastern
Squadron, and is now almost prepared to declare war
against Russia. He calls attention to the fact that most
of the equipment of the existing electric roads in England
is of American manufacture, and that all English manu-
facturers have seemingly neglected this important branch
of the industry. He attributes the lack of trolley roads in
England, and the conscquent neglect of the electric railway
manufacturing industry in that country, partly to the no-
torious Tramways Act of 1870, and partly to the unreason-
able prejudice existing against overhead trolley wires. This
opposition seems to Dbe based entircly upon asthetic
grounds, but Mr. NKnox shows that this prejudice is un-
rcasonable, by drawing a striking comparison between the
appearance of the ordinary English street, with its illumi-
nated advertisements, the lack of uniformity in its build-
ings, etc., with the more tasteful streets of continental
cities such as Brussels, Berlin, Basle and others where the
overhead lines are in use. His express purpose is to arouse
popular cnthusiasm and direct public thought to the ad-
vantages of the speed, convenience and cheap transit af-
forded by electric railways. Ile considers the Tramways
Act of 1870 an abomination, and Light Railways Act of
1896 a great step in the right direction “‘although its pow-
ers might be extended.”  He Dbelieves in affording every
help and encouragement to companies to engage in electric
railway construction, “as they surely show more enterprise
in meeting popular requirements.”  This opposition to
trolley wires encountered in England is not surprising
when we remember the vehement protests in many cities
in America to their introduction, before their advantages
were understood, and will depart as rapidly as the few lincs
for which rights have been secured are put into operation.

*Po—
MIDDLESBOROUGH, STOCKTON & THORNABY
ELECTRIC TRAMWAYS

This road has recently been built by the British Thom-
son-Houston Company for the Imperial Tramways Com-
pany, Limited.  The system employs alternate current
distribution at 2500 volts and one sub-station.

The inspectors of the Board of Trade, Sir Francis Marin-
din and Major Cardew, R. E., having finished their survey,
the former of the line and the latter of the power stations,
and expressed their approval and satisfaction at the ad-
mirable way the whole undertaking had been carried out,
this important electric tramway is now open to the public.

The system used is the overhead trolley. The cars hold

STREET RAILWAY JOURNAL.

[Vor. XIV. No. g.

sixty persons outside and inside and cost £800 apiece.
The entire cost of the system so far exceeds £ 200,000.
The charge for the route of 63 miles is only 3d., and special
trains for workmen will be run at 1d. for the whole dis-
tancc. Middlesborough and the adjacent towns rejoice
now in onc of the most complete and best equipped tram-
ways in the United Kingdom,

+ 9

IMPORTANT TRAMWAY CHANGES IN
MARSEILLES

The Compagnie Générale Frangaise des Tramways, of
Paris, which owns and operates electric tramways in Havre
and Nancy, has decided to convert the present horse
tramway system in Marseilles to electric power.  The
tramways in that city have a length of about 100 k.m. of
track, to which will be added about the same amount of
new track. The power station has a capacity of 7500 h.p.
and will be designed so as to be capable of being increased
to 10,000 h.p. .

For the first time in Europe the principle of tri-phase
distribution at the high potential of 5500 volts will be
applied to railway service. There will be six sub-stations
located throughout the system. The current will be taken
by means of the trolley and carried on the roof on the
Blackwell system.

The engines in the power station will have a capacity of
1500 I.p. under normal conditions, but capable of worlk-
ing up to 1800 h.p., and will be directly coupled to alter-
nators of 1000 k.w. mounted on the shaft. The alter-
nators will be six meters in diameter.

The engines will be of the cross-compound type, con-
densing, with semi-tubular boilers of 200 square meters
of heating surface each. The consumption of coal will be
1 kg. 200 of heat per kawv.  The tri-phase current at 5500
volts is transmitted to the sub-stations, where by trans-
formers it is reduced to 550 volts before being supplied
to the trolley.

The switchboard will be from 20 to 25 meters in length.
The feeders will be in duplicate, in view of possible addi-
tions to traffic and as a measure of security. The entire
installation of steam and electric plant will be installed by
the Société Alsacienne de Constructions Mecaniques, of
Belfort, France.

The rail will be of the Vignole type, with a groove 44 mm.
in depth, and a base of 150 mm. It will weigh 50 kg. per m.
The joints will be very substantial, and will be formed of
two angle plates 75 cm. in length, connected by six 25 mm.
bolts. The type of rail adopted has been specially de-
signed by M. Thonet, chief engineer of the Compagnie
Générale Frangaise des Tramways, and will be rolled by
the French Steel Works. The rails will be bonded with
“crown” bonds, placed under the angle plate, also supplied
by R. W. Blackwell.

The track construction will rest directly on a base of
asphalt and sand, the rails being supported on steel ties,
spaced two meters between centers. A short section of the
track will be laid with old rails, with Falk cast weld joints.
Of these latter there will be about 12,000 to be cast.

The rolling stock will consist of 400 motor cars and 250
trail cars, and the total cost of the entire installation is
estimated at 20,000,000 francs. It will be one of the most
important tramways in Europe. The uniform fare of
o.10 francs for all distances will be charged, and it is
thought that the number of passengers, which to-day is
30,000,000 per ycar, will be doubled. The electric system
will be put in operation about Jan. 1, 1900, and work will
be commenced shortly.
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STEAM RAILROAD CONVERSION NEAR LOCKPORT

The most recent application of eclectricity to the steam
railroad, superseding, with faster schedule, the stcam loco-
motive and steam schedule, was made Monday, Aug. 15,
on the branch line of the Erie Railroad which runs from
Tonawanda to Lockport, N. Y, feeding into the main line
of that road. The service is of a mixed type, the passenger
trafhe being carried on by trolley cars and the freight
service by electric locomotives.

The operating company is the Buffalo & Lockport Rail-
way Company, of which W. Caryl Ely, first vice-president
of the American Street Railway Association, is president,
and Burt Van Horn, general manager of the Buffalo &
Niagara Electric Railway Company, is manager. €. K.
Marshall, superintendent of the Duffalo & Niagara Falls
Electric Railway Company, will also be superintendent of
the new company.

The Buffalo & Lockport Railway Company was organ-
ized in April, 1898, for the purpose of connecting the cities
of Buffalo and Lockport, N. Y., by means of a first-class,
high speed electric railwayv. It has acquired by purchase
the road formerly owned by the Lock City Electric Rail-
road Company, consisting of five and one-hall miles of
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the Buffalo, Elmwood Avenue & North Tonawanda Rail
way Company, consisting of 74 miles of single track b
tween Buffalo and North Tonawanda, and one mile of
single track within the city of Duffalo. By these tracks it
makes connections with the tracks of the Buffalo Railway
in the latter city. The total length of tracks owned or
leased by the company is twenty-nine miles.

By traffic contracts with the Buffalo Railway Company
and Buffalo & North Tonawanda Electric Railway this
company thus provides a through line from all parts of
Lockport to all parts of Buffalo, and also between Lock-
port and Niagara Falls. It will do all the freight, mail
and express business of the Erie Railroad between Locl-
port and North Tonawanda, and will in many ways become
a component part of the Erie system. The cars and trains
between Buffalo and Lockport run direct to the main sta-
tion of the Erie Railroad at North Tonawanda, and the
sight of the steam and electric systems side by side at this
point and doing business through the same train yard is a
novel one. h

Work was commenced May 17, 1898, and, as stated, the
road was opened for traffic Aug. 15, 1898. It is already
doing a heavy business.

Power is obtained from the Niagara Falls Power Com-

SIDE AND END VIEWS OF LOCOMOTIVE

first-class single track running thiough the principal streets
of the city of Lockport, with its equipment for local busi-
ness. It has also acquired by a ninety-nine year lease the
Lockport Branch of the Erie Railroad from Lockport to
North Tonawanda, N. Y., consisting of 13} miles of single
track from Lockport to North Tonawanda, with side
tracks and switches at way stations and terminals. This
road, when a part of the system of the New York, Lake
Frie & Western Railroad, was operated by four steam
locomotives. The schedule gave about eight trains per
day between the principal stations, and a much less number
to the less important places. Passengers went through
from Lockport to North Tonawanda, from which point
they reached Buffalo or Niagara FFalls as the case might
be.

The Buffalo & Lockport Railway Company has also ac-
quired by purchase the roads formerly owned by the Buf-
falo, Kenmore & Tonawanda Railway Company, and by

pany by tapping its long distance transmission line Dbe-
tween Buffalo and Niagara Ialls at a point between the
Falls power house and the station of the Duffalo & Ni-
agara IFalls Electric Railway at Tenawanda. It is carried
at a pressure of 10,500 volts alternating current over the
No. oooo bare copper wires on triple petticoated insulators
set on cedar poles, to the rotary converter sub-station lo-
cated in a new power house at the Lockport terminal of the
old Irie branch. Here it is led into six 150-k.w. static
transformers of the air-blast type, similar in construction
and operation to those installed in the Niagara Street
power house of the Buffalo Street Railway. 1In these the
pressure is reduced to 350 volts, and at this pressure the
current passes to two rotary converters, where it is con-
verted into continuous current at 500 volts. The rotary
converters are standard General Electric six pole k.av. 500
revolution machines. The switchboard is of the standard
panel type, and consists of one high tension panel for the
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high potential transmission, two low tension panels for the
alternating current side of the rotaries, two "K' direct cur-
rent railway pancls for the direct current sides of the ro-
taries, and two transformer panels. The air blast for the
transformers is furnished by a blower built by the Duffalo
Forge Company and driven by a 13-k.w. motor.

The switches for the high tension current are of the
quick-break type, each blade being separated from its next
neighbor by a marble barrier. The blades are pulled open
by means of a hooked stick, the hook being inserted in an
eye let into the end of the blade. The fuses on the high
potential circuits are of the expulsion type, in which the
fuse is held between two springs, so that at the moment of
fusing, the two ends, between which the arc would ordi-
narily spring, are instantaneously pulled apart. Ifach of
the direct current panels is, of course, equipped with a *K”
circuit breaker.

The line is protected by GE lightning arresters of the
short-gap type, so successfully employed in the high-volt-
age transmissions in the West, as well as on the Niagara
transmission circuits. The lightning arresters are placed
on the wall of the sub-station, where the high potential
transmission wires enter the building.

As soon as their present plant is completed another ro-
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Instead of long intervals between trains the cars are run
on half-hour headway. 7This requires five cars to operate
the twenty-five miles between Lockport and Buffalo.  The
speed is high.  Over their own right of way the cars ran
on their first trip at the rate of fifty miles per hour, in-
cluding stops. The running time from Lockport to Tona-
wanda is twenty-six minutes; to Buffalo, one hour and
fifteen minutes. In this trip thirty-three minutes are
spent in the city of Buffalo in a distance of six miles, where
the speed has to be kept low to conform to city ordinances.
Even with this drawback, however, it is expected that in
the near future the running time between Buffalo and
Lockport will be reduced to one hour.

The following are the leading constructive features of
the passenger and smoking combination cars: They are
31 ft. 8 ins. long over the end panels, and with platforms
4 ft. 6 ins. long, measure 42 {t. 4 ins. over the buffers. The
latter are of the Brill angle iron pattern. The width of the
car at the sills is 7 ft. 8% ins., and the width over all 8 ft.
The sides of this car are to some extent a combination of
steam and electric road practice. They are trussed up-
ward, and have truss rods below very much as in the ordi-
rary steam car side. In paneling, street car practice has
been adopted with the usual longitudinal panels protected

ELECTRIC LOCOMOIIVE WITH TRAIN OF FREIGHT CARS

tary converter sub-station will be erected at Tonawanda,
taking current also from Niagara Falls.

From the starting point in Duffalo to the city limits the
cars are operated by current from the Duffalo Railway
Company’s station. The new converter sub-station at
Tonawanda will feed seven miles to Lockport and half way
in the direction of Niagara Falls ,the converters at Niagara
Falls feeding half way back to Tonawanda. The arrange-
ment will be such that the Buffalo & Lockport Railway
system can give current to or take it from the system of the
Buffalo & Niagara Falls Electric Railway. The Lock-
port converter station will then feed back seven miles to
Lockport, and supply current also to the city lines in Lock-
port itself. 3

The new rolling stock consists of two 36-ton electric
locomotives, supplied by the General Electric Company,
for freight service, and ten electric motor cars mounted on
eight wheels and built by the J. G. Brill Company, of Phil-
adelphia for passenger service.

The theory of handling the passenger service has been
entirely changed from that in force with steam traction.

by guard and window rails. The panels are put on to ribs
in the usual manner and lined with scrim turned up on the
rails and posts. The sweep of the post is small, about 13
ins., but it is enough for the purpose. All the posts,
which are 1% ins., are double glued together, and have
a Z-in. rod passing down between them. These
features upon the ribs and posts give a car side of great
strength, and at the same time it is very light, stiff and
durable. The roof is of the regular street car type, with
trolley board in the center. The height over the trolley
board is 12 ft. The height to the under side of the sill is
35 ins., and in order to enable a single step to be used
easily the platforms are dropped 10 ins. below the floor of
the car. This, with a 143-in. rider, enables the step to be
brought within 18 ins. of the ground. The platforms are
¢nclosed by a round-end vestibule. These vestibules have
openings on the diagonally opposite corners of the cars.
Hinged doors, which fold back against the vestibules, com-
pletely enclose the platforms when so desired. Folding
gates are also provided. These turn back against the

outside of the vestibule.
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The car is divided into two compartments, one of which,
scating twelve persons, is used for smokers. This is 9 ft.
2 ins. long, and has six reversible back seats. This com-
partment is separated from the remainder of the car by a
partition having glass windows on cach side of the sliding
door; in the other compartment there are fourteen re-
versible back seats. All the seats have spring cushions,
Hale & Kilburn patented, and covered with woven cane.
The aisles are fitted with grooved hard wood floor boards.
The floor under the seats is left smooth.

The head linings are of birch veneers decorated; the in-
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pletely serve the purpose of a steam train, maintaining the
high speed between stations.  With the advantage of a
light weight the average rate will probably be much greater
than could be obtained with a locomotive.

The baggage and passenger combination cars prescnt
another new and interesting type of car adapted to high
speed service. They have a passenger compartment, with

a seating capacity of twenty-eight and a baggage compart-
ment 11 ft. 10 ins. long. The car body is 31 ft. 8 ins. long
over the end panels, 7 it. 8 ins. wide at the sills, and 8 ft.
wide at the widest point.

The platforms are 4 ft. 6 ins.

PASSENGER CAR

" side finish of the car is cherry with chipped glass beveled
edges in the ventilators. The windows are extra large,
and have an upper stationary sash in addition to the lower
one, which drops. The cars will be fitted with electric

heaters, a small one under cach seat, and also push buttons.
All the cars of the road are mounted on Perfect trucks
By their use a wheel with a 24-in. tread

{Brill No. 27).

i | omnms bt L

long. The total length over the angle iron buffers is 37
it. 10 ins. This length provides ample seating capacity,
while the baggage compartment has space for all the bag-
cage likely to be presented at any one time.

Plated sills with a very stiff floor frame make the body of
the car light, strong and very stiff. At cach end there is a
round end vestibule closed on one side. The doors of the

 _BUFFALO & LOCKPORT,
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COMBINATION PASSENGER AND BAGGAGE CAR

and a #-in. flange suitable for city streets can be
used. It must be understood that these cars are also
to be run on T rails at a speed that will enable them to
average forty-five or fifty miles per hour, and the motors
are speeded up to fifty-five miles per hour. Electric
brakes are provided upon coach axle, there being four
motors per car. The discs for them are cast upon the
wheels themselves, which are double plate. TFrom these
features it will be seen that the cars are designed to com-

vestibule are at the diagonally opposite corners. They are
double, and fold back against the vestibule wall. The
apenings are also closed by Brill gates, which fold outside,
as shown. The complete housing of the motorman is in
direct line with the closed cab of the engineer, who is in
the best condition to exercise all his faculties when best
protected from the weather.

The baggage compartment has two 4-ft. sliding doors
on cach side of the car. The partition between the bhag-
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gage and passenger compartments has a sliding door. The
windows in this partition are fitted with curtains. The
end doors of the cars are both double, and slide. The
partition is of cherry, which is the inside finish of the
passenger compartment. The scats are similar to those
in the smoking compartment cars, just described.

Each car is equipped with four GE 57 (52 h.p.)motors,
and B8 controllers, and electric brakes are employed. The
cquipment is similar to that on the new cars used on the
long distance lnes of the North Jersey Street Railway
Company, of Newark, N. J. The weight of each car
loaded 1s from twenty to twenty-five tons.

The two locomotives have been built for the purpose of
handling the freight business of the road exclusively. The
road being a feeder to the main IErie system, the freight
traffic is considerable. To haul it, therefore, powerful lo-
comotives were necessary, and in them the General Elec-

INTERIOR OF TRANSFORMER SUB-STATION

tric Company has incorporated such improvements as the
actual operation of its locomotives on the Baltimore &
Ohio Railroad and the IHoboken Shore Road has dictated.

The design follows closely that of the locomotives just
mentioned, two sloping shields being placed one on each
side of a central cab, the whole carried on two swiveled
trucks.  The cab frame is made of 1% in. x 1} in. angles,
covered with a sheathing of 1-in. iron.

The platform, or main frame, is built up of 8in. chan-
nels, running the entire length of the platform, and secure-
1y riveted to cross plates at the ends directly over the center
truck bearings. Heavy oak buffer beams, to which are
attached the draw heads and pilots, are secured to the ends
of the platform. The trucks have swing bolsters, sup-
ported by elliptical springs, and the truck frames are built
up of forged and rolled iron securely bolted and riveted to-
gether, the pedestals being made of cast steel. The truck
proper rests on coil springs, supported by equalizing bars.
The wheels are 36 ins. in diameter, with steel rims and iron
centers.

The locomotives are each equipped with four GE 55
motors. The draw bar pull at full speed is approximately
3400 Ibs,, handling a 340-ton train at about fifteenmiles per
liour. The motors are rated each at about 160 h.p. As
the maximum speed required is quite low, two motors are
at all times connected in series.

The controller is of the K-24 type, with cut-out wiring
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modified to fit the special requirements of the equipment
in regard to speed. Outside of the resistance points only
two combinations of the motors are possible, the first
throwing all four motors in series, and the second or run-
ning. position, placing motors No. 1 and No. 3 in series
and the pair in multiple with motors No. 2 and No. 4,
similarly connected.

The locomotives are equipped with pneumatically con-
trolled trolleys. \ith this arrangement it is no longer
necessary for the engincer or helper to leave the cab to re-
place the wheel on the wire or reverse the trolley. This is
effected by a handle conveniently placed over the engi-
neer’s head. The downward motion is obtained by ad-
mission of air to a cylinder, the piston of which in moving
compresses the spring holding the pole in place when run-
ning. The upward motion is accomplished by the spring
and the movement sideways by hand, both pole and handle
being on a swivel plate. The views of the locomotive on
page 535 were taken while it was being tested at Sche-
nectady. IHere, for convenience, the current was taken
from a third rail, and this explains the absence of a trolley
pole.

The balance of the equipment consists of air-brakes, air
whistle bell, air blast sanding device, air pump, magnetic
circuit breaker, magnetic switch, lightning arrester, elec-
tric lights, etc.

The following are some of the dimensions:

1Esenntsadit wowaat® Bl oo pe o Sop oo i 5 i o 1S P Gns-a 6 oS G T 8% 0 o 32 ft.
Height of cab over rails ... ... . i 1z ¢
Distance between centers of trucks ... 3 ¢
Wheel base (one truck) ..ottt 6
GIABE mremimpminas sensRsBay 55 L1RRMEBI IS WULH I REDIN 4 it. 814 in.
Diameter of wheels ... . . i 36 in.
Complete weight of locomotive .....ovvviviivireninneennes 36 tons

The locomotives have already been subjected to several
severe tests.  They are specified to be capable of hauling
trains of 300 tons weight, exclusive of the locomotive,
which, estimating the average car at thirty tons, would
mean a train of ten cars. The locomotives have already
proved themselves equal to hauling as many as twenty-
eight loaded freight cars at the specified speed of fifteen
miles an hour.

The transformation of this line from steam to an elec-
trically operated road marks an important step in the em-
ployment of current on the steam road. If, in its opera-
tion, it successfully attains the results expected, it will con-
clusively prove that electricity can be economically applied
to the operation of branches and feeders of steam trunk
line systems. It would be too much to expect an immedi-
ate conversion of these latter main lines from steam opera-
tion to operation by electricity, but with electric locomo-
tives and motor cars profitably carrying on both freight
and passenger traffic on their feeders, the entering wedge
will be driven still further and the ultimate result will be by
so much nearer of attainment.

Considerable satisfaction has been expressed by the citi-
zens of Lockport at the change in motive power, and great
credit is due Messrs. Caryl Ely and Van Horn for the
initiative which has brought about the successful installa-
tion of electricity on this road.

_____..‘.Q___._

CHANGE IN BOSTON PROGRAMME

At the moment of going to press the announcement is
made of a slight change in the programme of the Account-
ants’ Convention. R. Lancaster Williams, treasurer of the
Richmond Traction Company, of Richmond, Va., will lead
the informal discussion instead of S, H. Bennett, of At-
lanta, as announced on page 509,
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DOUBLE TRUCK CARS IN NEW YORK

The drawing on the acconpanying inset shows plan,
longitudinal section and side and end elevation and details
of the standard type of double truck closed car adopted by
the Metropolitan Street Railway Company, of New York
City, as built by the J. G. Brill Company. Of this type the
company has several hundred in operation and several
hundred in course of construction. The car is 28 ft. long
over end panels and 36 ft. over dashers. The width of the
car at sills over panels 1s 6 {i. 6 ins. and at belt rails is 7 ft.
6 ins. with 6 in. sweep of post.  There are on each side ten
windows, which are provided with Stephenson metal sash
stiles; the sash are glazed with Chances’” English “26 oz.”
glass.  The car has pantasote curtains on the inside,
mounted on llartshorn rvollers and Acme fixtures, and
there are lazy tong gates at ecach opening of platform.

Each end of the car is fitted with Sterling brakes, Millen

patent.  The sides and hoods are fitted with Millen patent
reversible signs controlled by beveled gear and operated
from the interior of the car or underneath the hood. The
interior finish is in selected silver white ash, and is en-
tirely free from specks, streaks or dark spots.  The scats
are longitudinal, of three-ply veneer covered with the
Broadway standard pattern of wilton carpet.  The car has
maple veneer ceilings, and is without any striping or
decoration.  The car is fitted with Sterling No. 1 register
of the DBroadway pattern, and also Sterling rod ringing
devices. The car has Brill's patented angle iron bumper
and the Broadway standard draw bar, Brill's patented
ratchet brake handle and patented alarm gong and Sterling
sand box.

The side posts are of 2-in. ash, and the floors are covered
with diamond pattern of mats. The doors are of the twin
operating type. For stiffening the side framing of these
cars the Brill Company has incorporated in their construc-
tion three systems of trussing, the regular underrunning
truss rods to hold up the center of the car, the horizontal
truss planks of 1% ins. thick along cach side and under-
neath the seats, and gained at every post and halfed into
the corner posts, so as to strengthen the ends and centers.
In addition to these two systems of trusses there is an over-
hanging truss rod to prevent the ends sagging, and there
is also a flat bar of iron 1! in. x | in. with rounded ends,
which 1s let into every post and held in position by small
castings and screws; the rounded ends are then passed
through the end corner posts with sunken washers on the
outside. The object of this is to further strengthen the
sides and prevent the opening of any joints at the belt rail.
The cars are painted a standard color, striping and let-
tering, and are mounted on DBrill Eureka Maximum Trac-
tion pivotal trucks. These trucks have a 4-ft. wheel basc
with 3o-in. driving wheel and 2o-in. trail wheels, and are of
the New York Car Wheel Company’s make. The brakes
are so arranged that the power 1s applied to the wheels in
accordance with the amount of weight set on them. The
boxes are of the Brill dust and oil tight type, and the side
frames are steel castings without bolts, nuts and rivets,
¢xcept for the cross pieces.

The value of the maximum traction truck is particularly
well illustrated in the service of the Metropolitan Street
Railway Company. The two prime requisites are ample
propulsive power with two motors to a car and a low car
body. The truck used brings the body down to the lowest
point, and while securing an exceedingly steady motion to
the car body, provides all the adhesion necessary for rapid
acceleration and high speed; at the same time ample space
is provided for the motor. The trucks are also, it is
claimed, soft on the rails, giving much less wear to the
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roadbed than a much heavier body on four wheels. A
particularly usefnl feature is the fact that the braking power
is so arranged as to be in proportion to the amount of
weight on the wheels, a feature which prevents the wheels
irom skidding. This is a particularly desirable feature, as
the Millen brake, or the brake cmployed, has exceptional
power and rapidity of action, and by this feature of the
brake rigging the full power of the brake can be obtained
without danger.

L 2=
POWEKR CONSUMPTION IN RAPID TRANSIT
SERVICE

DY A. II. ARMSTRONG

B

The August issue of the STREET RAILWAY JOURNAL
contains an article by Mr. Carus-Wilson giving some
views of the comparative efficiency of different methods of
train acceleration.  The article is intended as a criticism
of a paper on the same subject appearing in the June issue
of the Journar, but Mr. Carus-Wilson evidently does not
clearly understand the basis upon which the paper was
written; that is, the consideration of only the actual energy
outpnt of the motive power.

Energy values throughout are net; that is, no account
is taken of losscs occurring in whatever motive power may
be used and its method of control.  Thus the problem as
worked out was a purely mechanical one, and while many
clectrical terms were used in bringing out the various
points, vet the results were not limited in any way to
clectric motors as a source of power.  Thus the introduc-
tion into the discussion, by Mr. Carus-Wilson, of the losses
occurring in the series parallel control of electric motors
during the accelerating of a train is entirely outside the
scope of the paper and the results which he derives there-
from, even if they were not misleading, could in no way be
talen as pertinent to the original paper.

For instance, the June paper, far from advocating the
constant rate of acceleration as requiring the least energy
expenditure, adopted this method as being the only one
applying to different motive powers in general.  If the
electric motor were adopted as the motive power to dis-
cuss, a due amount of acceleration upon the motor curve
would have proven much more efficient than the constant
accelerating rate, both in 1egard to energy input and also
motor capacity.

1i. further, the discussion of motor control had been
taken up, the series parallel method of control would not
have been limited to motors having 1* R losses only, as
is done in Mr. Carus-Wilson's remarks, but due consider-
ation would have been paid to the excessive core loss and
gear loss resulting from constant speed running.

3v leaving out these light load losses Mr. Carus-\Vilson
has made out a very fair case, but if all the losses occurring
in the practical operation of a train by electric motors had
been discussed, it would have been found that not only is
the coasting method of train acceleration more efficient
in energyv expenditure, but in input energy as well. This
comparison T have brought out more fully in a paper pre-
sented before the American Institute of Electrical Engin-
cers, taking up also the effect of series parallel control
upon the train input.

The remarks made concerning an increase of 30 per cent
in motor capacity for acceleration with coasting are ob-
viously untrue, being based upon I' R losses alone and
neglecting entirely the core loss.

In conclusion it may be pointed out that in general the
method of acceleration permitting the minimum speed at
which brakes are applied 1equires the least energy input,
other conditions being equal.
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RECENT ELECTRIC CONSTRUCTION OF THE NEW
YORK, NEW HAVEN & HARTFORD
RAILROAD COMPANY

BY N. H. HEFT
About a year ago I described in the columns of the
STrEET RAILWAY JourNal the electrie railway installation
made by the New York, New Haven & Hartford Railroad
Company between Hartford and New Britain, and at Nan-
tasket Beach. At that tinie the third rail method of con-
ducting the current to the car had been in use by us only
o short time, and its practical value was to a certain extent
undefined.  During the last year, however, we have had
no reason to alter our opinion as to the merits of electric
traction by the third rail, and to its economy over steam
traction under certain conditions, and, although certain
changes have been made in minor details in the system em-
ployed, it remains practically the same as a year ago. The
¢hanges made have been principally i the rolling stock,
as will be described later.
The additions to the electric railway equipment of the
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4. The Stamford to New Canaan branch, length eight
miles.  This is a single track road, formerly operated by
steam power, and has its southern terminus at the main
line station at Stamford. The grade for three miles is g1
ft. to the mile. The former service was supplied by
one train, which connected with all the main line trains
stopping at Stamford, and this same service is now given
by an electric train consisting of one motor car and usually
a trail car.  On Sunday afternoon, however, two trains are
in service. The schedule on Sunday is hourly from 8 A.
M. to 1 I'. M.; then half-hourly to 8 P. M.; then hourly to
10:30 P. M. This line comprises the most important elec-
tric extension made by the New [Haven system during the
last year, and I will therefore discuss its novel features.

The motor cars are of the combination passenger and
haggage type, as shown in I'ig. 1. They were built Ly the
Jackson & Sharp Company, of Wilmington, Del.,, and
have 30-ft. bodies divided into a 10-ft. baggage and 20-ft.
passenger compartment. The former is equipped with a
folding seat, which can be used for smolkers, or can be
folded up. The regular passenger compartment is
cquipped with Hale & Kiburn walkover seats, upholstered

FIG. 1.——TRAIN OF ELECTRIC CARS AT STAMFORD STATION, N Y., N. H. & H. R.R. CO.

New York, New laven & Hartford Railroad Company,
which have been made since July 1, 1897, have been:

1. An extension of the Hartford and New Dritain third
rail system from New DBritain to Bristol and extending
through Cooks, Plainville and Forestville, a distance ot
&8 miles.  The track equipped is part of the old New Eng-
land Railroad, now the Highland Division of the New
Haven system. The service between Bristol and Hartford
is conducted by three regular trains, which run half hourly
between New DBritain and llartford, and hourly between
New Britain and Bristol. The construction between New
Britain and Bristol is the third rail, the same as that be-
tween Hartford and New Britain, and passenger cars only
arc run.  The electric cars are confined to one track, and
the steam cars to the other track of what was formerly a
double track steam line.

2. The electric equipment of the connecting spur, two
and one-half miles in length, between New Britain and
Berlin. No steam trains are used on this line except
freight trains, and occasionally the electric motor cars haul
freight cars. The third rail system is in use.

3. An extension of the Nantasket Beach system from
East Weymouth to Braintree, a distance of 4.4 miles. This
is a double track road, both tracks being equipped with the
same third rail system employed on the Nantasket Deach
line. The same rolling stock 1s also used.

in rattan, and has a total seating capacity for twenty-eight
passengers. The interior finish is in mahogany. The
cars are equipped with 4 ft. 6 in. vestibules. The motor
cars are fitted with Christensen independent air pumps, en-
gineers’ valve and tank and Westinghouse jam cylinders
and triple valves.

The trail cars, which were also built by the Jackson &
Sharp Company, are 37 ft. long over all, with 3-ft. plat-
forms. They are fitted with ten reversible and two perma-
nent benches, are finished in ash and cherry, and are fitted
with duck curtains, which can be drawn down below the
seat.

The motor cars are mounted on a new type of truck,
built by the Baldwin Locomotive Works, and known as
the Heft Electric truck. The main points considered in
the design of this truck were (@) simplicity of arrangement,
and (b) facility in inspecting or removing motors. The
truck has a steel frame throughout. The transom has a
side play of 2} ins. at each end. A spring plank, which
supports it, is arched in the center to allow plenty of room
for the suspension bars which carry the third rail shoe,
which is attached to the truck. There are no outside brake
beams to interfere with easy access to the motors, and the
brake rods are so arranged that slack in the brake rigging
can be taken up not only at the end of the rod, but also
with a turn buckle placed at the center of the rod. The
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pilot brace is so arranged that it can be lifted up by the
removal of a bolt, allowing an inspector to get at the motor
boxes or motors readily.

The entire upper half of the truck can be removed very
quickly from the lower part, including the wheels and
axles, motors, side suspension bars.  All that is re-

FIG. 2.—FRONT END VIEW OF TRUCK

FIG. 4.—TRUCK WITH UPPER HALF RAISED

quired is to remove four thimble bolts under the pedestals,
take out the cotter pins connecting the brake rods to the
brake levers, and disconnect the motor cables. The motor
connections are made through a junction box, so that they
can be disconnected as quickly as disconnecting a hose
cable.

The motor spring suspension is entirely separate from
the car spring system, the motors being suspended on
separate side bars, as shown in I'ig. 4. This enables the
traftic manager to graduate the system of springs support-
ing the car body to any extent desired, making a very
easy riding car. The front of the motor casing is fitted with
lugs above and below the transom bar, so that in case
of a break in the motor suspension bar the motors will be
caught on the transom, thus preventing derailment. The
connection of the axles by the side bars, carrying the mo-
tors, are independent of the upper part of the truck, and
will keep the axles in parallcl after the upper part has been
raised, as shown in Fig. ... The worl of changing the
motors is then an easy task, and one which two men can
do in fifteen minutes at the most with a proper hoist.

Hollow, open hearth, steel axles are used for greater
strength. These axles have a diameter of 8 in. at the gear
wheel fit, 63 in. at the wheel fit, 6} in. at the motor box fit,
and have journals 54 in. x ¢ in. The diameter of the
liole in the axle is 14 in. The wheels are of the Vauclain
composite type, with wrought iron centers and steel tires.

The motors used are of the new G. E. “55" type,
known as the New York, New Haven & [Hartford
Railroad motor, rated at about 175 h.p. cach. The ratio of
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gearing is 2.47 to 1, which gives a car speed of about
twenty-three miles per hour when ascending the 1.2 per
cent maximum grade, or forty miles per hour on level
track.

The overhead trolley construction is used, bracket con-
struction being employed for the greated part throughout

FIG. 3.—REAR END VIEW OF TRUCK

the line, except at the Stamford terminal, where span wires
are employed. The trolley was adopted in place of the
third rail on this section to malke it possible to operate the
cars on the ordinary street railway of the Stamford Street
Railway Company, whose tracks are used for a short dis-
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FIG. 5.—PLAN AND SIDE ELEVATION OF BOND

Street Ry, Journal

FIG. 6.—BONDING TOOL

tance in Stamford in making a loop between the eastbound
and westbound stations of the New Canaan Dranch, and
also to make it possible for the Stamiord cars to operate
on the New Canaan Dranch if necessary. The trolley
wheel is similar to that emiployed on the overhead section
of the Nantasket Deach road, and has a flat tread with
straight flanges.  No difficulty has been experienced in
keeping the trolley on the wire, and in descending the
grade from New Canaan to Stamford, where the speed of
the cars frequently reaches fifty miles an hour, no atten-
tion is paid to the trolleys. The troltey wire is No. ooo
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and No. oooo, with long soldered ears and flexible brack-
ets. No overhead frogs are used in the line, and at the
turnout at Springdale a separate trolley wire is employed
and the trolley is shifted from one wire to the other as the
siding is made. With a little practice the employees have
learned to do this without stopping the car.

Great care has been exercised to secure a return circuit
of low conductivity, and cach joint is bonded with two
bonds, cach having a section of 275000 c.m.  The type
of bond used is similar to that employed by the New York,
New Haven & Hartford Railroad Company elsewhere, and
1s shown in Fig. 5. It consists of a leaf bond with “crown
termunals,” and 1s applied underneath the base of the rail,
to which it 1s attached by means of the tool shown in Ifig.
O, which forces the drift pin of the size shown through the
aperture in the bond terminal, after which the bond head,
which is countersunk, is set by hammer around the edge
of the drift pin to prevent the latter from working loose.

The poles are of octagonal yellow pine, 8 in. at top and 10
. at the butt, and 30 {t. to 33 ft. long.

Near the Stamford terminus of the road the electric line
runs parallel with the steam railroad line for a distance of
about two miles, but no interference has been noticed
here of the electric railway return circuit with the electric
block signal system used on the main line. To guard
against any possible danger from this source the two cross-
overs between the electric railway tracks and the stecam
railroad tracks are insulated at the joints.

I£ach train carries three employees—a motorman, a con-
ductor and a brakeman, the latter being necessary on ac-
count of the large amount of baggage carried.

Power is taken from the Stamford power station, in
which are two Green single, non-condensing engines 22
ins. x 30 ins., each district connected to a 300-k.av. General
IElectric generator.  Return tubular boilers are employed,
and sparks are used as fuel.

—a ’o’ [

CONVERSION OF THE EDINBURGH HORSE TRAM-
WAY SYSTEM INTO CABLE TRACTION #*

BY W. N. COLAM

In 18go the cable system in Edinburgh was in its infancy, as the
sccond line built had only been opened to the public in the month
of February of that year, and the first line in January, 1888. The
information available at that time as to the operating costs was
not reliable, because the lines had not been at work long enough
to ascertain how far the working costs would be increased after
the lines and machinery had been in use for some years. This
can now be given without any dubiety from the regular balance
sheets for the last 1014 years up to the date when the Corporation
of Edinburgh bought up the lines at a price which yielded a profit
over the original cost of construction of about 30 per cent.

The conditions under which these lines have been compelled to
operate cannot be considered conducive to the best financial re-
sults for either reccipts or expenditure, for the following among
other reasons:

(1) The maximum speed was limited to six miles per hour when
the system was inaugurated, mainly because it was something
new, and has not since been raiscd because in the hilly district
perhaps slow speed is not so noticeable.

(2) No Sunday traffic on tramways has been permitted.

(3) The routes are most exceptionally hilly.

(4) The ends of the routes are not built over, and lead nowhere
in particular.

(5) The engines are high-pressure non-condensing, working at
low pressure of steam.

(6) There are no economizer means of utilizing the gases nor
feed-water heaters.

(7) The whole managerial department was in London, which
necessitated heavy traveling expenses.

Notwithstanding the unfair limitation in speed and other draw-

* Paper read before the Incorporated Association of Municipal and

County Eugineers
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backs, the results have been eminently satisfactory, as will be seen
from the following statement (Table No. 1) made from a com-
parison of results in 1890 with the last year of the company’s
working in 1896:

TABLE No. 1.

5 Motive Main- 3 o Passen-
YEAR. Bawer, (erHEnCe, Total. Car Miles. gers.
0 .| X1279 £R219 £3408 222,822 2,682,620
L £<31 | — 1180 2710 3840 376,725 3,715,989
Increase, per cent..| ... »12 | 1 69.06 43.88
Decrease, per cent. T.04 | f ............

Note —The Motive Power includes wages, coals, oil tar, waste, water and engine
room requirementS. Maintenance 1s for road, cars and plant.

The tabulated results of No. 1 must be somewhat puzzling to
the uninitiated in cable haulage, because, when analyzed, they
show that although the mileage has been increased 69.06 per cent,
and the number of passengers carried increased 43.88 per cent,
the cost of motive power, instead of being greater, happened to
be less. The reduction in cost of motive power has been due to
improvements and a slight reduction in the price of coal, and the
reason for no increase is that the loads up and down balanced
on an average. These figures once more provc that cable haulage
is able to enormously increase its car service, and so provide for
the future without appreciable increase in its working expenses.

It will be observed from the returns that, whereas the number
of passengers only increased 43.88 per cent, the car mileage in-
creased 69.06 per cent. This is most important to note, because
it points to a factor peculiar to cable haulage. It is directly in
the interests oi the management to improve the service of cars
beyond even the requirements of the public, because, beyond the
wages of the drivers and conductors, very little extra is incurred in
placing each additional car on the line.

Even more satisfactory results than are shown in Table No. 1
were recorded on one of the cable lines during a week of greatly
augmentcd traffic, and the author now presents these figures,
believing them to show the most unique results for the conditions
of operating which have ever been obtained in tramway practice
in Great Britain. The ordinary weekly working expenses given
in the table was arrived at by a division of the yearly certified
accounts of fifty-two weeks, and the increased cost of operating
was carefully checked during the week, and was mostly due to
wages and gratuities given to the men and inspectors for close
attention to their duties.

TABLE No, 2.

1
|

r
l

i o = e ; :

< & ou | gmgl 9 &

O Shg 2L | &= S8 T4

YEAR 1803, | = g g5 ET2 | 525| £3 2§

- 25 e E“‘i.“ | g8l Hg S8

72 = a | Or.E 7w

Show week, 24th to 20h July.| 47 3305 112 663 7.4 g5 | L1688 £75
Ordinary week. Av. 4 weeks. 36 2514 R7,541 5.75 11 114 67
Increase, per cent._........ ‘\ 31 35 300 24 iz 311 12
Decrease; pericent....—co.- ! s e I - 33 LT .

Table 2 shows that with the same fares a cable tramway was
able to increase its receipts 311 per cent by a rise of working ex-
penses of 12 per cent only.

That by quickening the service of cars by 174 minutes, when
the traffic would warrant it, the working expenses per car mile run
were reduced 34d.

That the tons hauled per mile increased 24 per cent, and the cost
of hauling a ton mile was reduced 33 per cent. This is elasticity
in the right direction and the author is of opinion that local
authorities and tramway companies too often make the mistake
of not thoroughly arriving at sound conclusions as to the elasticity
of a mode of traction in this direction when considering the
initial cost of systems under scrutiny.

The last return of the company’s working showed that the cost
per car mile, including every charge possible, excepting depreciation
and interest on capital, was 5.2 pence, notwithstanding the re-
striction on speed and the severe hills, etc. The receipts per car
mile had only been 10.13 pence, which was just about what the
cost per car mile run has been on the horse system of Edinburgh.
The foregoing facts conclusively prove that the lines have been
a great success financially, and the fact of the Corporation of
Edinburgh still favoring cable should be sufficient authority for
the statement that mechanically they have met with public ap-
proval.

The Corporation of Edinburgh has purchased all the tramways
within the limits of the borough, and they have leased the work-
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ing to a company for twenty-one years, the company agreeing as
follows:

(1) To pay interest of 7 per cent upon the price paid by the
Corporation for old lines, and the samc rate of intcrest npoun all
sums of money expended by the Corporation in converting to
any form of mechanical traction they choose.

They also agree to set by each year a fixed sum of mouncy
sufficient to return the capital of the lessces, and to insurc the
tramway lines and other works being left in a thoroughly good
condition when the leasc expires.

(2) To pay the cost of maintaining the tramway tracks and
other works.

(3) To reduce the hours of workmen as desired by the Cor-
poration.

(4) To pay 3 per cent upon sums expended by Corporation in
reconstruction until the lines are finished.

The Corporation, by borrowing the necessary money for the
purchase and coustruction of lines at 214 per cent, and by getting
7 per ccnt from the lessees, will be able to write off the cost of
the tramway system within the terms of the lease. The author
thinks that the Corporation is to be congratulated upon the
arrangement made, and suggests that those who advocate munici-
pal working of tramways might consider the Edinburgh arrange-
ment worthy of favorable reflection.

Before entering upon descriptive matter it may be of primary
interest to give what the author believes to have been some of
the Corporation's reasons for adopting cable haulage in prefer-
ence to other mechanical powers which have found favor clsc-
where.

First of all it must be stated that the original lincs were seli-
contained and werc in no mcasure the inducement for extending
the system for the preservation of continuity.

Secondly. The overhead wire system of elcctricity, which was
the only other system reported as being anything like a financial
success, was not entertained in Edinburgh because of its intcrfer-
ence with the amenties of the city.

Thirdly. Because the contour of the city is peculiar in being
exceptionally hilly, and where so many hills exist in a city it is
of paramount that the speed ascending hills shall not be less than
that attainable on level portions of the routes.

Fourthly. The buildings limit line of the city is more markedly
defined than in most cities.

Fifthly. The cable system in Birmingham, T.ondon and Edin-
burgh had placed the fact beyond a doubt that the Corporation
could treat for a lessee with full knowledge of what would be an
approximate working cost per car mile with the cable system,
whereas by any other system which could be in any way considered
no such reliable information was available, particularly from ex-
perience of operating under British Board of Trade Regulations.
Further, it is within the author's knowledge that eminent clectrical
opinion has been given that Edinburgh is not a suitable place for
clectrical traction in any form.

Table 3 gives the miles of lines within thesc respective districts
reduced to single track of tramway.

TABLE No. 3.

Miles of
Double Track.

Miles of
Single Track.

Reduced to Miles
of Single T'rack.

Edinburgh ... . ... 19.004 700 ! 38708
Portobello.. 2110 | 4,270
e iU o 2.165 Gl 4.500
Totall sovs soems spamms sews 555 23.279 BiU ‘ 474

|

Throughout the system there will exist nearly all conditions
of tramway operating which are to be met with in ordinary
practice. For instance, the grades are as high as one in eleven,
there arc right angle branches, *'S™ junctions and compound
triangular junctions to be worked, Single lines of track with
passing places are not common, but at places are required. Cross
traffic, where cables cross each other, have also to be dealt with.
Bridges and cellars have already been crossed by the cable con-
struction in Edinburgh, when clcarances of 14 ins. only from the
surfaces of the roads have been available, and lastly, an arrange-
ment for crossing a swing bridge in the Leith District has been
designed.  Arrangements are made by which the trafhic can be
returncd (or short circuited) through turn outs when the man-
agement considers it will be advisable during parts of the day
to provide an augmented service of cars short of the terminus of
the route, and such provision is also made for isolating a cablc
section wherce a block may occur.

The gencral speed of cars throughout the Edinburgh District
is to be cight miles per hour, but passing round important corners
and over congested crossings, the drivers of cars will not be able
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to acquire a higher speed than four miles per hour, and they will
be able to go as much slower than four miles as may be required.
Provision is being made to increase the maximum speeds when
the Board of Trade may give permission.  In the outlying district
of Portobello it is cxpected that the Board of Trade will raisc
no objection to nine miles.

The track rails arc of the usual type now common for tramways,
and are 625 ins. deep, weighing 83 1bs. to the yard.

The tests of 42 to 44 tons per square inch for tensile, 15 to 20
per cent on 8 ins. for elongation, and 4o to 45 per cent contraction,
called for in the specification, was objected to by British manu-
facturers, but the engincers are pleased to report that the effort
was made, and the tests were fully obtained, with the result that
extremely hard and yet tongh rails have been laid in the systeni.

The slot rails weigh 48 1bs. per yard, and are of a somecwhat
milder steel than the track rails, the tensile asked for being 39 tons
to the squarc inch, with 15 per cent elongation and a contraction
of 30 per cent. The actual amount of metal appearing on the
surface of the street in these slot rails is 1 3-16 ins.  Against these
rails also it will be observed that the paving sctts can be placed
right up to the cdge of the rail with any chipping, and on a squarc
bed, which is important. The Barrow IHwemetite Steel Company
carried out one contract for rails and Mecssrs, Dick, Kerr & Com-
pany the other.

The points and crossings are all to be made of steel, and no
facing points are used excepting when they cannot be avoided,
such as jnnctions.

Trailing points for track and slot rails will work by springs, but
where facing points are required the track points are connccted
underground to the slot points by levers in such a manner that,
whichever way they are thrown over, there is a locking apparatns
introduced to fix the slot correctly with the track points. The
slot points are built up of cast and spring steel. The track points
are made of cast steel, and track over slot and slot over track
crossings are built up from the scction of these rails, but the
junctions of slot and slot are made of cast stecl with renewable
points.

The paving setts are granite, of two qualities as far as work-
manship is concerned. Inside the track thc setts are 3 ins. wide
X 5 ins. deep, and the average length is about 6 ins.  Outside the
track the sctts are 6 ins. deep x 3 ins. wide. The better quality
of setts are axed on top as well as square on ends and sides. The
hatch covers, which are used in the track for obtaining access to
the pulleys, are filled with granite setts specially dressed, and of
the same size as other setts, so that in ordinary conditions they
arc almost imperceptible on the road surface.

In the road constrnction a great deal of wood has been uscd,
and this has chiefly been of the hard Australian qualities. In
some cases the wood has been laid from curb to curb, including
inside the tramway track.

The standard distance betwcen the tramway tracks is 4 ft., bnt
where the streets are narrow this has been reduced to 3 ft. At
places where the streets are exceptionally widc, the tracks have
been spread apart to give a distance between of 6 ft., and electric
light posts have been erected in the center.  The width of the slot
is specified to be in no case more than 34 in.

The terminal pits for diverting the cables at the terminal of
cach route are so constructed that, regardless of whether the route
ends on an incline upward or downward, the cars will proceed
to the extreme end of the journey by means of the cable, and no
gravitation whatcver will be resorted to. This is attained by pass-
ing the cable around two large vertically placed pullevs, one be-
hind the other, and one slightly inclined. By this means, even in
a heavy snowstorm, a car could procecd through the snow o its
terminus and start out again without the tracks being cleared.

Where cables terminate in the middle of a route and mect other
cables, the two cables arc made to lap past each other by arrange-
ment of la~ge pulleys placed in a pit. At these places the cables
are so arranged that the operation of releasing from one cable
and taking the other is performed while the car is at a state of
rest, and will not requirc more than fifteen seconds to accomplish
the change over. The operation is practically automatic The re-
duced maximum speeds of cables for passing round important
main corners in strcets is obtained by the introduction of aux-
iliary cables, which are worked off the axles of large pulleys kept
in motion by the main cable, and the main cables are thus saved
from a great deal of hard work, and thetr lives, consequently, will
be materially lengthencd.

There secins to be an idea existing that cable tramway traclks
are very serious innovations for streets, because they require a
tube construction beyond an ordinary tramway track. The fol-
lowing information will confute any such erroncous impression:

During the first twelve months of tle contract there were laid
in the strcets of Edinburgh a trifle over twenty miles ol cable
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track. The greatest speed attained was during -six consecutive
days, when an average of 220 yards per day was attained on one
section of new lines.

It will be seen that the amount of finished work during twelve
months averages out to a little more than 112 yards per working
day, which would be considered splendid work for an ordinary
horse tramway line, where the traffic is such as in Edinburgh, and
where the tramway service has to be maintained. The contract
for road and pit work was secured by Messrs. Dick, Kerr & Com-
pany, Limited.

The depot for the Western District is of red stone and a fine
quality of brick, the former being exclusively employed for the
front elevations. The buildings include engine room, boiler room,
chimney 180 ft. high, pump room, built-in water tanks to hold
140,000 gals., tension room, car sheds for forty-three cars, cart sheds
and stable for three horses, stores for road work, and underground
stores for oils, etc., lavatories, offices, ectc.

The engines are horizontal compound non-condensing, with cy-
linders placed side by side on separate cranks set at right angles.
There are three pairs of engines attached to the one line of main
shafting.  Each main shaft is divided into sections which
can be connccted by specially arranged couplings forged on the
shaft ends. Two 14 it. 6 ins. diameter grooved pulleys are
mounted in the line of shafting, so that any two of the three en-
gines can be geared to work the two pulleys. These pulleys are
made for carrying thirty-two ropes of 154 ins. diameter, and they
will revolve at 45 r.p.m. The power of the engines will be trans-
mitted to the counter shaft through pulleys 30 ft. diameter. The
high-pressure cylinders are 23 ins., the low-pressure cylinders are
10 ins. diameter. The stroke is 5 ft.

A premium of 5 per cent has been offered as a bonus on the
contract price of the engines for every pound of water per in-
dicated h.p. consumed per hour less than the 20 1bs specified. In
like manner a deduction of 5 per cent will be made, but should
the consumption per indicated h.p. reach 23 lbs., the engines may
be rejected.

The engine room is provided with two cranes to lift 24 tons
cach.  Messrs. Dick, Kerr & Company, Limited, secured the
contract for this portion of the work.

The boiler house is placed immediately behind and considerably
lower than the engine room. The coals taken in off the road have
not far to be lifted into the bunkers over the boilers. All the
pipes to and from the boilers and engines pass underncath the
engine room floors without dipping, and do not appear at all in
the engine room, also the low level of boilers should also reduce
the chance of priming through syphoning. The boilers are cylin-
drical marine type, 10 ft. 6 ins. x 12 ft., with super-heater tubes
on the top. The gases from the fire enter a back combustion
chamber, from which they pass to the front of the boiler through
tubes into the smoke box. They are returncd over the top of the
boiler, passing on their way around super-heater tubes into a
second back chamber which directs the gases along the bottom
of the boilers into the main flue.

Apparatus is provided for diverting the gases down the sides
of the boilers, in case the super-lhieater tube should require atten-
tion when the boiler is under steam. The duty of these boilers
1s to evaporate not less than gooo 1bs. of water per hour at a boiler
pressure of 160 Ibs.  There are four such boilers designed to work
up to a pressure ultimately of 160 1bs. These boilers will not be
worked to anything lile their full capacity, and a large reserve
will always be kept in hand.

The main steam piping is welded steel, and all in duplicate. The
feed pipes are in copper and are duplicated.  The boilers are
fitted with Vicars’ mechanical stokers, supplied with coal from
an overhead bunker running the full length of the boiler house.
Coal is taken up with ropes to the bunkers in receptacles re-
sembling contractors’ steel wagons, which are so adapted that
they are suitable either for use on the body of a cart through the
streets or to form the tipping body of a tramway coal truck which
will travel on rails over the top of the coal bunker.

There are two heaters, arranged so that they may be used to-
gether or separately. These are of the Brown-Berryman type,
and each heater is capable of passing 1600 gals. of water per hour.
The pumps are in duplicate, and are 8-in. double vertical Weirs’
type.

The arrangement of pipes from the pumps is to effect the follow-
ing combination of feeding:

(a) All the boilers may be fed with hot water.

(b)Y All the boilers may be fed with cold water.

(¢) Any number of boilers may be fed with hot or cold water.

(d) Any one boiler may be fed with hot and cold water.

(¢) Any one boiler may be fed with hot or cold water.

Messrs. George Sinclair & Co. are the contractors for the work
in connection with the boilers, etc.
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At No. 2 depot the arrangements of boilers and machinery is
much the same as at No. 1, only the boiler house is not placed ex-
actly in the same relative position to the engine house, but has the
advantage of being at the side of a railway, so that a siding has
been made by which means coals can be lifted direct up into the
bunkers instead of having to be brought in carts as at No. 1
depot. At this depot all the smithy, repair, general machine, car-
penter’s, and paint shops are placed. At both depots the cars are
brought in and taken out from the main road by auxiliary cables,
and they are traversed into the repair shops or ordinary sidings
by traversers, also worked by auxiliary cables. The tension raees
are immediately at the back of the engine rooms, and under ear
shed floors. The pulleys on the main carriages are placed hori-
zontally, and the tension weights are arranged vertically upon the
wall of the engine room, so that the man in charge can observe at
any moment the fluctuation of strains taking place upon any one
line being driven from each station. From No. 1 station five
cables will be driven, and the longest at present will be 24,000 ft.,
but these will all be capable of considerable extension. The
longest cable in the system at present is 34,500 ft. The mode of
driving the cables is somewhat as explained in the author’s paper
of 1890, but the grip pulley has the improved white metal jaw
which has given great satisfaction in the L.ondon Cable Tramways.
Each grip pulley can be thrown out of action without interfering
with any other, by means of a coil clutch of powerful construc-
tion.

Opposite each rope drive there will be an iron drum, with a
spare cable for its respeetive route, ready at any moment to be
run into the road. At the side of the engine room an engine and
drum is provided for hauling out old cables, and it is estimated
that the longest cable will be taken out and a new one pu' in
within the space of one hour.

The gripper apparatus to be placed on the cars is an important
feature of the arrangements made for cabling the Edinburgh ex-
tensions. The whole machinery is inclosed with a cast-iron box
standing on the platform of the car, and occupying about the same
space as is taken up on the car by an electric tramway controller.
The main improvements over the gripper of 1890 consists of pro-
vision by which the driver of the car standing in the front of the
car can operate the gripper by his side or the one at the rear end
of the car by a simple reversing of a lever. It is by this means
that the driver can cross over the cable running at right angles
to his path. He proceeds to a stopping point with the gripper
attached to his main cable; he then by the one process lets go
that cable in the front and takes it in the rear gripper and pro-
ceeds over the crossing of the cable. The operation takes only
a few seconds, and should be quite safe, because there is an auto-
matic arrangement provided for stopping the car providing the
driver should be forgetful or careless. Another improvement is,
that the portion of the gripper which works in the tube under-
ground can be quickly detached from the car and dropped into
the tube if anything should go wrong with it. The attachment
previously used direct on to the axles of the car, was found in
practice to have several drawbacks, and the new gripper is fixed
to adjustable bars on the bogies, and the moving parts are in-
closed so that there will be no fear of oil, etc., injuring wearing
apparel.

There are 125 cars being built on the bogie principle. The
bogies are very light in construction, being made of 5-16-in.
pressed steel frames. The chief feature about them is that the
wheels are on the axles outside the bearings, and that the wheel
base is 3 ft. 9 ins. and less than the gage of 4 ft. 84 ins. This
is contrary to customary practice, but the author has tried them
very severely, and finds them to answer admirably. The cars
are designed to seat eighteen passengers inside and twenty-eight
outside, and the ouly noticeable departure from ordinary practice
is that the insides of the cars will be domed after the manner of
railway carriages, instead of the type of roof common in tramway
cars.

In concluding, T would specially invite the members, as ad-
visers to their respective districts, to always insist upon arriving
as far as possible at:

Firstly. The saving which can be effected by any particular
system over the whole period in which that system is intended to
operate, before allowing the initial cost to have any influence upon
the minds of their committees.

Secondly. To compare (at least in a common-sense way) with
existing systems the cost of repairs which are likely to result upon
cach individual system.

With regard to the first point, it is not generally recognized
what amount of expenditure is justified in converting horse tram-
ways to mechanical traction.

What expenditure is warrantable upon introducing a system
which can even only show a saving over the old system of id.
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per car mile run?  We will take as an illustration a town system
in whieh it is desired to have a good servicc of cars, such as 1000-
car miles per mile of double track per day, and cxpericnece shows
this is to be quickly attaincd with cable haulage, which fosters
and can afford to foster a tramway business in a way which no
other system can.  One thousand car miles per mile of double
track per day, with a mean car speed of six miles per hour (whieh
is, of course, low), would require for working a day of seventeen
hours, an average interval between the cars of say two minutes,
ten cars thus running on the mile of strect length and performing
sixty-car miles per hour. This would give 305,000 car miles per
mile of double track per annum, and 1d. pcr ear mile saved would
be in round figures £ 1,500 per mile of street per annum. That
sum is snfficient to pay 5 per cent interest on a capital of £ 30,000
per mile of street, and yet it is only td. saved per ear mile.

Cable haulage for such a service weould be about 4d., and would
probably be nearcr 5d., per car mile eheaper than the prescnt ex-
penses for horse traetion.

And yet therc are people who still hesitate, and some even re-
fuse, to consider meechanical form of traction where the initial cost
is high, and thercfore ncver diseover the extraordinary results and
savings which may be effected in the futurc by the cxpenditure
of additional capital at the right time.

With regard to the second point the author would like to draw
vour attention to the class of figures which you have to guard
against.

In a paper lately read before the Institution of Civil Engineers,
the costs of maintenance and repairs on an electric tramway line
were given to four places of decimals as follows: For the main-
tenance and repairs of cars, with motors and everything complete,
206725d. per car mile run.

The author ventures to say that nobody will dispute that the cost
of maintenance and repairs for heavy cars, with heavy motors and
clectrical machinery, must in the future cost far more to
maintain than the ordinary horse car, and yet it can be most
conclusively shown that the average cost of maintaining a horse
car only in Edinburgh during eleven years has been 51d. per car
mile run, or twice the figure which is quoted for electrical main-
tenance.

Again, it was also stated that the cost maintenance and repairs
for lines, which would inelude the whole of the permanent way,
rails, bonding, clectric poles and wires, etc., was .0083d. per car
mile run. Experience shows that the average expense of main-
taining the horse tracks alone in Edinburgh has been during
eleven years .04d. per car mile run, or nearly seventy-three times
tlie amounts given for maintaining electrical road and wires,
etc., etc.

The author does not wish to infer that these figures are put
forward to wilfully mislead, but he cannot too strongly warn those
who are seeking for information, that a few sueh items in the cost
of maintenanee would make the difference between financial suc-
cess and failure. The cost of maintenance ean only bc properly
arrived at when the fullest data of working is availablc over an
cxtended period of time.

The whole of the work is from the designs of the author and
your vice-president, Mr. Cooper, who are superintending the
carrying out of the work with assistance of their respective staffs.

..__.*."_—

The magnitude of the street railway interest is better realized
when we think of the rapidity of its growth and development,
when we turn back twenty-five years, that same period of which we
have heard so much in the past five months from the platforms of
railroad cars and elsewhere—in that twenty-five years the street
railway business has increased ten-fold, and there has been a cor-
responding creation of value, a creation of value meaning in-
creased comfort and happiness for the people, and increased em-
ployment for human labor.—From address at the St. IL.ouis Con-
vention, 1896.

The amount of heat necessary in a car to maintain a given in-
side tcmperature depends on two things: the first thing it de-
pends upon is the amount of artificial heat which you give it;
and, secondly, it depends on the number of passengers yvou carry.
It has been known for a good many years, and it is a point that is
always considered in caleulating the amount of heat necessary in
a room like this, for example, how many people are in the room.
It is well known that the avcrage person is capable of giving out
an amount of heat in twenty-four hours which will raise 26
pounds of water from 32 deg. F. up to 212. That means 191
British thermal units per hour. So that if you, on an average, re-
quire 10,000 British units, the total, including an average of six-
teen persons in the car, would be 10,000, plus 3056, giving us the
total of 13,056 British thermal units.—From paper read at the
Montreal Convention, 1895.
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POWER CONSUMPTION IN ELECTRIC RAIL-
ROADING *

BY S. T. DODD

The power neccssary for propelling a ear or train is cqual to the
product of the quantitics: the Specd, which is a guantity, definitc,
measurablc and casily recognized, and the Force, the effort exerted
by the motive meehanism, or its equivalent, the train resistance.
The latter being more obscure and less easily measured deserves
a careful study.

In analyzing the train resistance four principal divisions must be
noted:

(1) Grade Resistance or the cffort neecssary to lift a train up a
certain slope.  In electric railroad work this becomes a more nm-
portant factor than in steam railroad work, on account of the
stceper grades we encountcer.

(2) Curve Resistance, or the effort necessary to propel the ears
around curves upon the track. ‘This enters in as such a small
faetor that I shall only note it here for the purpose of complete-
ness and shall not refer to it again.

(3) Aceelcration Resistance, or the cffort necessary to carry a
ear of a given weight to a certain velocity in a eertain time. On
aceount of the character of the traffie in clectric railroad work
this beeomies a morc important factor than it is in steam railroad
work.

(4) Frictional Resistance, or the cffort neccssary to propcl a
train at a constant veloeity over a level track. This division being
the most obscure shall receive our attention first.

FRICTIONAL RESISTANCE

The nature of the resistance encountcred by moving trains has
been discussed by stcam railroad engineers for many years. I
might stop here to note an advantage whieh we have in electric
railroad work over steam railroad engineers in the measurement
of this quantity. In steam railroad work, readings from a dyna-
mometcr interposed between the engine and train only give the
resistance of the train itself, leaving out of account the resistances
experienced by the engine, which, in many cases, amount to a very
considerable proportion of the whole.  While the reading of
steam engine indicators is a sufficiently laborious and delicate
operation on stationary cngines, it is mueh more so when the
position of the observer is on the outside of a locomotive running
at twenty-five to sixty miles an hour, and even with this indicator
reading, unless the efficiency of the cngine is very accurately
known, as it seldom is, we are unable to separate the quantity,
train resistancc, from the internal losses in the engine. On the
other hand, the deftermination of this quantity in electric railway
work is a very simple matter.

Fig. 1 rcprescnts the curves of torque and speed of a street
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FIG. 1.—SPEED AND TORQUE CURVES OF RAILWAY MOTORS

railway motor. These curves can generally be obtained from the
manufacturer of the motor; or, if necessary, their independent de-
termination is a very simple matter. The perpendicular height of
any point on either curve represents the current flowing into the
motor, while the horizontal distance from the left-hand side of
the sheet shows upon one curve the spced in miles per hour at
a fixed voltage, and upon the other curve the horizontal effort
in pounds which the motor will exert at the tread of the driving

* Paper read before the Civil Engineers’ Club, Cleveland.
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wheels when it is taking this amount of current. In order to
determine the effort exerted by a car equipment, it is only neces
sary to place an ammeter in circuit with the motors, and the reading
of this, by comparison with the curves of the particular motor, gives
us immediately the horizontal effort exerted by the motor at that
instant and, approximately, the speed. For example, suppose the
motor in question is geared with twenty-four teeth in the pinion
and fifty-eight teeth in the axle gear, the two curves marked
“gearing 58 x 24" in Fig. 1, show that when 30 amps. arc flowing
into the motor it will exert a horizontal force at the rim of 33-in.
driving wheel of 120 Ibs., and the car will be moving at forty-two
miles per hour with 500 volts at the motor terminals. If the ammeter
reading is 125 amps. the same curves show that the effort excrted
is 1320 Ibs, and the speed is 17.5 miles per hour. T say “approxi-
mately the speed.” because the speed is dependent upon and almost
proportional to the voltage at the motor terminals, and as this
fluctuates in clectric railway work anywhere from 1o to 20 per
cent, the speed cannot be determined without a simultaneous de-
termination of the voltage. The torque exerted by the motors,
however, is independent of the voltage: a certain current dowing
through the coils of the motor will develop a definite pull at the
armature shaft. 1 am aware that this statement contradicts a
popular impression that a series-wound motor will take more
current to drive a car at a low voltage than at a high, but it can
be shown that the statement is absolutely true, and that the popular
impression is the result of mistaken, or rather, misinterpreted, ob-
servations.

To return, however, to the question with which we started—how
many pounds of pull does it take to move a train of a certain
weight at a certain velocity? The formulie which steam railroad
cngineers have developed have been. in some cases, based on
hundreds of experiments: but, on account of the widely differing
nature of track and train construction, the formule differ widely
from each other, both in their form and in their final results, and
without intending to criticize the older branch of railroad engin-
eering, I wish to collect here some of the best known of these
formulwe and compare them with readings which we have obtained
in eclectric railroad work:

(1) One of the oldest formule with which I am familiar was

I

2
proposed by D. K. Clark, and is of the form (8+—I78) 1", 17 being

the speed of train in miles per hour and I the weight of train
in tons of 2000 lbs. I have changed the formula from the form
usually given, viz., in tons of 2240 ibs., for the sake of comparison
with others.

(2) Another formula proposed by Prof. Rankine is of the form

{5.35 + .268 (V-10) } (7 + 2 E),
7T being the wcight of the train behind the engine and E the
weight of the engine and tender.  You will note that Prof.
Rankine's formula is a straight line, the resistance being propor-
tional to the velocity above ten miles per hour, and a constant
quantity below that. He also recognizes the importance of the
head resistance, the “pacc-making” effort of the engine.

(3) A formula proposed by W. T1. Searles based on his experi-
ments, and of which Mr. Wellington says it has a ** wonderful
range of application to all speeds, condition and classes of trains,”
is of the form

4.82 IV 4 .co535 V* IV + 0004783 V* E?

(4) The most complete and accurate set of cxperiments with
which I am familiar were made by A. M. Wellington.

The method used by Mr. Wellington, the gravity method, is
free from the disadvantages I have quoted, and is as nearly theo-
retically perfect as we can expect in work of this nature. The
method is based on the well-known principle that a body moving
down a frictionless inclined plane will have acquired the same
velocity at any point of the incline as ii it had fallen freely through
a perpendicular distance equal to the amount of its descent.

Given a train moving at the top of a grade with a measurcd
velocity, if steam is shut off and train allowed to slide down the
grade with gravity as its only accelerating force, and if measure-
ments of the velocity are made at various points on the grade. the
difference Dbetween these velocities and the theoretical velocity
due to the difference of levels will give us a measure of the retard-
ing forces experienced by the train.  Mr. Wellington goes further,
perhaps, than any one elsc has done. He divides the frictional
resistance experienced by a moving train into

(a) Rolling Friction, or the friction of the journals and that
between wheel and rail—a quantity independent of the speed.

(b) Head Resistance, or the atmospheric resistance experienced
by the first car of the train.

(¢) Side Resistance, or the resistance offered by the atmosphere
to the several cars of the train.

STREET RATLWAY JOURNAL.

[Vor. XIV. No. 9.

(d) Oscillating Resistance, or increased journal and rolling
friction, depending on the speed.

|
No. oF Speed of | Weight Res. Per Ruank- e | Well-
Cars. T'rain, lin Tons  Ton. Claris me. Searles | ingtoun,
\ \
20 4 20 23.5 1.7 148 | 177 23.2
28, 21 22, 124 16.8 10.5 23.6
32, 20 25. 13.8 108 | 25, 21.4
34 21 5.7 14.4 20,6 68 24.8
36, 21 28.3 15.2 248 | M6 25.2
43 20 2. 18.3 324 42, .6
5.5 20 77 19.6 35.4 46,
47 20 8. 20,3 | 378 49.
75 20 7.3 0.6 3.5 50.
40.5 20 25, 207 41.4 54.
27, 35 17.7 12,1 127 4.7
“4. | 35 20,3 165 ®1.5 [ 5.5
10, | 35 25, 17. 232, 27.6
4025 | 35 20.25 17.1 22,3 208
42.26 35 223 i8. 24,1 30.7
25, 50 16, 11.5 10.5 1.7 |
34.5 50 20, 14.6 157 18.8
374 50 18.5 15.9 17,7 215 |
318 95 183 13.7 12.25 4.
FIG. 2.—TRAIN RESISTANCE. COMPARISON OF OBSERVATION

AND FORMULA

The formula he develops takes account of all these and is of
the form 4 I" + .28 V* + .03 V* C + .oo5 V* IV, Cin this formula
representing the number of cars in the train.

For sake of comparison I have collected in the table, Fig. 2, the
results of about twenty observations which I consider the most
trustworthy I have been able to get. These observations have all
been made on interurban cars running on T rails over a level track
at a unitorm speed.

In this table the first column gives the number of cars com-
posing the train, the second the speed in miles per hour, the third
the total weight of the train, and the fourth the traction coefficient
or horizontal cffort per ton of train, as calculated from the current
consumption. The succeeding columns give the results of the
formulxe which T have already quoted applied to these particular
cases.

It will be noticed that the formula of Mr. Clark is too low in
every casc to correspond to these observations. The common
fault of the other three formule is that the velocity plays foo im-
portant a part in them. At speeds in the neighborhood of fifty
miles per hour their results are too high, and at twenty-five miles
per hour they are too low. This is particularly the case with the
formula of Mr. Searles and Mr. Wellington where the velocity
enters as the square.

I do not propose to base a formula on the results of about
twenty experiments, but as T have said, these observations are the
most trustworthy that I have been able to collect and it may be of
interest to try and find a formula which shall combine their results
more nearly than those that have Dbeen already proposed. By
plotting these results I have decided on the following formula as
expressing as nearly as possible the results of these observations:

TFor a single motor car weighing E tons, pulling trailers weigh-
ing T tons, the resistance due to the motor car is (18 + .2}7) E
and that due to the trailers is (7 + .2]7) 7. The results of this
formula have been worked out in the last column, and by compar-
ing with the observations in Column 4 they will be scen to give a
very fair agreement.

In conclusion to this part of the subject, I would say that as far
as my own observations go, for ordinary interurban cars running
on straight and level T rails, with roadbed of modern construc-
tion, the formula (18 + 2I7) £ + (7 + .2]7) T expresses very
fairly the train resistance between twenty-five and fifty miles per
hour, and while I do not mean to say these experiments are ex-
haustive, I hope this statement may be of assistance to other ob-
servers in collecting and stating the results of their observations.

ACCELERATION

The next question which demands our attention is the power ex-
pended in acceleration. How many pounds of pull does it take to
give a certain weight a certain velocity in a fixed time? What
accelerations are usually attained in practice? and what are the
attainable and limiting rates of acceleration?

The answer to the first of these questions is mathematical rather
than experimental. If a force P acts upon a weight IV to produce
acceleration, leaving out of account for the present the force neces-
sary to overcome friction, the acceleration, F, will be equal to

I)

323 X Forces and weights being expressed in pounds and
i

acceleration in feet per second, it will be more convenient in what

follows to express acceleration in terms of the gain in one second
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of velocity measured in miles per hour, which we will write

F,

m*

- . 5280

Fhen /= 7, pra

o : . Vaul
I'ransforming the equation above we get /7= 2.2

. o 8 i
Substituting for £, P— F,, II7 Joe or P=F,x -

“n 3600 x 32.2 2‘l:9
and if I = 2000 lbs., we get the force per ton equal to the
acceleration multiplied by o1.5 Ibs. or Ibs. per ton = /7, 91.3.

The curves in Fig. 3 show the accelerations which are obtained in
actual practice. Curve No. 1 shows a start of an eleven-car train
on the Chicago, Burlington & Quincy Railroad, copied from data
given by Wm. Forsyth in an article, © Tests of Locomotives in
Express Service,” published in the * National Car and Locomo-
tive Builder,” April, 1893.

Curve No. 2 shows the start of a Manhattan Elevated train,
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FIG. 3.—ACCELERATION OF TRAINS

taken from an article by Geo. I.. Fowler, in the * Railroad Ga-
zette,” March, 1897. Curve No. 3 shows ihe start of an Akron,
Bedford & Cleveland electric car.  Curve No. ¢ is a corresponding
observation made on the Cleveland, Painesville & Eastern electric
road. Curve No. 5is taken from an article by W. B. Potter, En-
gineer of the Railway Department of the General Electric Com-
pany, and shows the starting curve of a car equipped by that com-
pany with a view to experimenting upon very high accelerations.
The table, IFig. 4, shows the number of pounds per ton used for
acceleration in the various starts shown in these curves, calculated
from the acceleration by the formula derived above.
i The limit of possible acceleration in railroad work is unaturally
fixed by the slipping of the driving wheels. It can be shown that
the start represented in Curve No. 5is very near to this limit. It
is generally acknowledged that the adhesion of wheels to rails.
under good conditions, is one-fourth of the weight upon them, and
under ordinary conditions, oune-fifth. If we assume, however,
one-fourth, and assume, moreover, that the whole weight of the
car rests upon the driving wheels, it will be seen that the limiting
accelerating force is about 500 1bs. per ton, and allowing 30 1bs. per
tou for frictional resistance, we have about 470 1bs. as the limiting
acceleration.  Curve No. 6 shows this limit. That such starts az

Roavs. A G |H.E. Per Ten.

C,B.& Q. steam ... .. ___ | 360
Manhattan klevated, 2 ‘ 32:’;
A.B. & C., electric. 3 183
C P& B, electric. 4 238
Special G, E . 5 548
Lamit I | — 470
Woodland Avenue ... ... - 9 per ce

Seneca S.lreet ..... . b li ';i?: :‘;:'(. .].’33
North Bidccoeaae 1314 per cent. 270

FIG. 4.—HORIZONTAL EFFORT FOR VARIOUS ACCELERATIONS
AND GRADES

this are not uncomfortable, if made smoothly, is testified to by the
fact that we cxperience negative accelerations of comparable
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amounts upon our interurban cars without fecling any discon
fort. I have myself noted a stop from twenty-five miles an hout
within go ft., and from forty-once miles per hour T have scen a
stop made in cight scconds.  As these represent a negative ac-
celeration of 475 Ibs. per ton it is evident that the rails were in
pretty good coundition, and that we had an adhesion of about one-
fourth. 1 might note that both these were emergency stops and a
little more sudden than ordinary, but [ am told by motormen
upon our suburban roads that, with brakes in good condition,
they can always make a stop from fifty miles an hour in five poles,
or 450 ft., which represents a negative acceleration of 365 lbs. per
ton. IFrom these facts I think we can couclude that the lmit of
possible acceleration is only fixcd by the adhesion of the wheels to
the rail, or by the willingness of railway managers to expend extra
power for the sake of increascd schedule speeds.

GRADE RESISTANCE

It is often stated as an advantage of electrical traction that an
cleetric car is able to mount steeper grades than a steam driven
train. This statement, while true, is often misstated, or rather mis-
understood by those who make it. The advantage docs not lie, as
many seem to think, in the c¢lectric current per se, and when steam
railroad managers think it advisable to equip an 8o-ton train with
Q000 l.p. in motive power, the difference will not be as apparent
as it is to-day. The force necessary to lift a train up a grade is
the same fraction of the weight of the train that the rise of the
grade is of horizontal length. As an example of some of the
grades we meet in practice, we may note that the Cleveland City
Railway is operating on \Woodward Avenue, a grade of 9 per cent
and pulling trailers on that. The Cleveland Electric Railway is
operating on Scneca Street Hill a grade of about 11 per cent; the
Akron, Bedford & Cleveland Railway is operating on North Hill,
Akron, a grade of 15.5 per cent. To compare these resistances
with those ordinarily experienced in acceleration, the latter part of
the table, Fig. 4. shows the number of pounds traction per ton of
train necessary to mount such grades. An inspection of the table
shows that the tractive effort necessary on ordinary grades is com-
parable with that necessary for such acceleration as we ordinarily
meect in electric railroad practice.

POWER CONSUMPTION

Let us apply the data of the foregoing discussion to some
problems in order to determine the power expended in particular
cases. Let us take as a first illustration an ordinary city car.
These cars, together with the equipments, will weigh about
twelve tons. As may be noted any night after 12 o'clock going
out of either Prospect Street or Detroit Street, the maximum
speed which such equipments will attain on a level aiter the period
of acceleration is past, is about twenty miles per hour. Applying
our formula for train resistance 18 + .2[7, the frictional resistance
of such a car at this speed is about twenty-two lbs. per ton, giv-
ing us a horizontal effect of 264 Ibs. necessary to propel a
twelve-ton car; 264 lbs. at twenty miles per hour is equal to
fourteen h.p.. Assuming that the efficiency of such motors as are
ordinarily used at this speed is about 75 per cent, this gives an
input at the trolley of 18.8 h.p. or 14 kav., which, at 500 volts s
cquivalent to 28 amps.  This represents approximately the amount
of current necessary to propel such a car.

As a second illustration, let us take as an example an ordinary
double truck interurban car. The weight of the car body and
truck empty is about fifteen tons. The motors ordinarily used for
such equipment weigh about jooo 1bs.  We can estimate the total
weight, including two motor equipment and a few passengers, af
about twenty tous. You may uote that these cars run upon a level
at a speed of about twenty-eight miles per hour. Applying our
formula we get 23.4 lbs. per ton, or a total of 472 Ibs. horizontal
effort necessary for propulsion. At twenty-eight miles an hour
this is equivalent to 35 h.p. Figuring the efficiency of these
larger size motors at 82 per cent, this gives us 43 h.p., or 32 k.aw.
input, which, at 00 volts, gives 64 amps., or 32 amps. per motor,
as the ordinary running current.

Another interesting question is—What should the starting cur-
rent amount to in cars of this weight? If we take the curves of
acceleration which are plotted upon the sheet for the A. B. & C.
car, you will see that at the maximum as the acceleration begins to
fall off, which corresponds to the point where the controller is en-
tirely cut out, we have an acceleration amounting to 1.25 miles per
hour per second.  This is equivalent to 114.5 Ibs. per ton, or for a
so-ton car about 2300 Ibs. horizontal effort necessary at this
point. As the speed attained with this pull is approximately 18
miles per hour, then the motors are delivering about 110 h.p.:
figuring the efficiency of the motors at 8o per cent, we get a total
input of 138 h.p. or 103 k.w., which, at 500 volts, represents 200
amps. as the starting current.

Let us consider as a final example the cars of our latest inter-
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urban road, the Lorain & Cleveland Railroad. No tests have as
yet been published on this, but we are promised by the cngincers
a complete set of tests as soon as the road is in running shapc.
and when such tests are published we will have some basis for
judging the reliability of these figuies. Such cars will weigh,
empty, about fiftcen tons of 30,000 lbs. They are cquipped with
four motors, and while I am not acquainted with the data of these
motors, they must weigh in the ncighborhood of 3000 lbs each.
We can safely estimatc the weight of car and equipment at twenty-
two tons. You will note in riding on the cars that a specd of thirty-
five to forty-five miles an hour is common, and that after you
have gone a mile or so from a stop you attain a speed of fifty
miles per hour. What current do the motors take to propel the
car at this speed?

The train resistance on a level is (18 -+ .2]7), since in the
present case 7 is twenty-two tons and [’ is fifty miles, we have
616 1bs. effort necessary for propulsion. Six hundred and sixteen
pounds at fifty miles per hour is 82 h.p., which represents the
output of the motors at full specd. For motors of this size we
may cstimate the efficiency at about 82 per cent. This means
100 input to the motors. As for voltage, a visit to the power
house will show that they carry a pretty high voltage (about 600)
and hcavy feeders, so wc can cstimate they get 550 volts at the
motor terminals; roo h.p at 550 volts is 135 amps. My estimatc,
based on the data I have given you, is that it takes about 135 amps.
to propel these cars after they have attained full speed.

Another interesting question is, How much current does it take
to start these cars? If we are allowed to make some assumption we
can estimate somewhere near. These cars seem to me to acceler-
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ate at the start a little slower than our ordinary suburban cars.
Let us suppose they start with an acceleration of 150 Ibs. per ton.
One hundred and fifty pounds per ton is a total effort of 3300 Ibs.
To this must be added about 23 lbs. per ton for frictional resist-
ance, making a total of 3800 Ibs.

How much current flowing through these motors will produce
a horizontal effort of 950 lbs. per motor? To determine that, it
will be necessary to know the speed of which the motors are
capable at some dcfinite voltage at this torque. We may note
from the car windows that a specd of 35 or 40 miles is very soon
attained, but it is not until after we have traveled a mile or so
that we reach a spced of 50 miles per hour. We will not be far
from correct if we figure that the car maintains an acceleration
of 150 Ibs. per ton up to about 25 milcs per hour, and then as the
controller is entirely cut out the motors continue to speed up
and current falls off togcther with the acceleration. An effort
of 3800 lbs. at 25 miles per hour is about 254 h.p. Assuming
again the efficiency of the motors at 80 per cent we get an input
of 317 h.p. or 236 k.w. At 550 volts this indicates a current of
430 amps. as the probable current during the period of accelera-
tion.

It often seems that the equipment of a single car with one or
two hundred h.p. in motive power is an unnecessary waste
of power, but when we come to consider the weight of car and
loads we are operating-—the rapidity with which we are compelled
to accelerate these weights on account of our frequent stops and
the grades which our ordinary highways compel us to climb, we
see that ordinary mechanical principles justify the demands of
practice for heavy equipments.
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ENGINEERING :

INVENTION.

Recent Westinghouse Electric Railway Apparatus

The remarkable extension and development of the electric rail-
way industry which followed the installation of the first commer-
cial electric road in Richmond, Va., in 1888, and which was to
a large extent suspended in 1893 and for a few ycars thercafter,
owing to the industrial depression which prevailed throughout
the country, has for some time past shown unmistakable signs
of revival, new companies having been organized and old ones
having extended their lines. The particularly noticeable feature
of the more recent progress is the increasing tendency to apply
clectricity to the operation of longer roads and heavier cars or
trains. The natural result of this extension of the electric rail-
way field has been a demand for motors of greater capacity, for

FIG. 1.—THREE VIEWS OF FIELDS
FOR ENGINE TYPE GENERATORS

machines are considerably improved in general proportions, the
height being somewhat increased and the length of shaft between
bearings decreased. Improved ventilation is thus securcd and
the temperature of all parts reduced. These generators deliver
their rated output continuously for twenty-four hours with but a
very moderate rise of temperaturc and without sparking. They
are compound wound and the potential at the terminals increases
about ten per cent from no load to full load, the speed being kept
constant. The present standard sizes are 100, 150, 200, 250 and 500
l.w. Fig. o shows an illustration of a 500-k.w. machine of this
fype.

Although the practice of mounting the armature directly upon
the shaft and thus to a large extent combining the engine and
gencrators in one compact machine originated at a comparatively
recent date, the advantages of this method have become so well
recognized that machines of this type are rapidly superseding belt-
driven apparatus, particularly in power plants where large units
are required. The popularity of engine type generators is princi-
pally due to their simple construction, economy of floor space, in-
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larger generating units and for machines especially suitable for
rendering the distribution of power on roads of considerable
length commercially successful.

The Westinghouse Electric & Manufacturing Company attained
a high position in the manufacture of electric railway apparatus
by the introduction of the Westinghouse No. 3 motor in 1891,
and has steadily improved the design and construction of its
motors, generators and other railway apparatus to an extent that
by efficiency of opcration and magnitude of achievement justifies
the present contribution to railway history.
) Twenty thousand motors, aggregating 630,000 h.p., is the West-
inghouse record in one branch of the railway field alone. It is
the purpose of this article to illustrate and describe some of the
latest achievements in electric railway apparatus, as exemplified
in the latest Westinghouse generators, boosters, rotary trans-
formers, A.C.-D.C. generators and switchboards. This ma-
chinery represents the latest advance in design, construction
and performance of electrical apparatus, and it is difficult for one
to realize how such progress could be made in a single decade.

DIRECT CURRENT RATLWAY GENERATORS

The standard Westinghouse belt-driven generators are too well
known to require any extended description here. They represent
the results of the careful study and wide experience during the
years since the first Westinghouse four-pole railway generators
were placed upon the market. As compared with the former
Westinghouse standard line of belt-driven generators the present

creased efficiency and decreased operating expenses. The ma-
chines of this type, manufactured by the Westinghouse Company.
combine all the advantages of their standard belt-driven type with
those enumerated above. A brief illustrated description of the
construction of some modern engine type generators follows,
together with data regarding the performance of same.

The general design is similar to that of the Westinghouse
standard multipolar belted machines, in that it consists of a cir-
cular yoke carrying inwardly projecting pole pieces of laminated
soft steel. The field castings are divided vertically and set upon
ways on an indepcndent bed plate. This vertical division of the
field affords exccllent facilities for immediate inspection or re-
moval of armature or field coils without the necessity of removing
the outboard bearing or dismantling the engine. The opening
of the fields in this way is a great convenience where head
room is limited or devices for handling heavy castings are
not available. Three views of large engine type fields in different
stages of construction are given in Fig. 1. The shunt and series
coils are separatcly wound and insulated, the series coils being
composed of forged copper conductors of rectangular section. A
shunt and a series coil for a 500-k.w. machine are shown in Fig. 2.
The armature core consists of punched discs of carefully annealed
steel, held together by cast steel end plates (see Fig. 3). This
core is built upon an iron spider, which also carries the commu-
tator. The spider is pressed and keyed dircctly upon the engine
shaft. Ventilating spaces through the spider and armature core
arc so arranged as to allow a constant circulation of air through
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the commutator and windings when the machine is running. The
winding is made from bars of drawn copper shaped on cast iron
formers. After being thus shaped the bars are thoroughly insulated
with mica and prepared fullerboard and baked to remove all
moisture. The coils are held in the slots by means of retaining
wedges of hard fibre driven into notches near the top of the slots
longitudinally with the armature. A 2o00-k.w. armature is shown
in Fig. 4 and one for an 8co-k.w. machine in Fig. 5. The com-

FIG. 2.—SHUNT AND SERIES FIELD COILS FOR 3500
K.W. GENERATOR

mutator is composed of hard rolled copper segments insulated
from cach other by prepared mica of such corresponding hardness
that an extremely even wearing surface is presented to the brushes.

The brush holder mechanism is carried by brackets projecting
from a ring concentric with, and supported by, the field. A hand

FIG. 3.—ARMATURE FOR 1500 K.W. ENGINE TYPE
GENERATOR

wheel worm engaging with the gear on the rim of this ring
accomplishes adiustment of all the brushes simultancously. It
will be noted that the brackets carrying the brush holder rods lie
close to the ficld and do not project over the commutator. The
commutator and brushes are therefore clear of obstructions and
may easily be inspected at any point. Carbon brushes are used
in connection with all of these machines. The standard sizes of
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machines of this type at present manufactured by the Westing-
lhouse Company are 250, 400, 500, 800, 1200 and 1500 k.w. In
speed they range from 75 to 100 r.p.m., depending upon the size.
The view m Fig. 6 shows two of four 1500-k.w. Westinghouse
direct current machines, as installed in the Thirteenth and Mount
Vernon Streets power station of the Union Traction Company,
Philadelphia. This station was destroyed by fire in March, 1897,
and these machines have been built and installed since that time.
They each have fourteen poles and are direct connected to
Wetherill cross compound engines operating at 8o r.p.m. At full
load cach gencrator carries 2730 amps. at 550 volts, but they are
capable of carrying 4000 amps. for one hour. They are com-

EFIG. 4.—ARMATURE FOR 200 K.W. ENGINE TYPE
GENERATOR

pounded so that when the shunt field is adjusted for 500 volts at
no load the series winding will cause the potential to rise by reg-
ular increments, approximately proportional to the increase of
current, to 550 volts at full load. The approximate weight of
cach machine is 100 tons and the height above bed plate 17 ft. 534
ins.  Another Westingheuse 1500 k.w. machine has been installed
in the Thirty-third and Market Street power house of the Union
Traction Company, and a second one of the same size is now
being constructed. In addition to these six 1500 k.w. machines
the Union Traction Company also has in operation three so00-h.p.
Westinghouse four-pole Kodak and five 750-h.p. Westinghouse
engine type generators distributed among their several power
liouses.

Fig 7 shows one of four 8oo k.w., 650-volt Westinghouse en-
gine type generators installed in the power house of the South
side Elevated Railroad, Chicago. They each have ten poles and

FIG. 5.—ARMATURE FOR 800 K.W. ENGINE TYPE
GENERATOR

are direct connected to Allis cross-compound condensing Corliss
engines running at 8o r.p.m. The performance of these machines
is shown by the curves in Fig. 8 The ficld winding is so designed
that the voltage will rise from Goo volts at no load to 650 at full
load, as shown by the regulation curve. It will be noted that
from a load of &o amps. to full load, which is 1230 amps., the
efficiency is over 94%4 per cent, while even at quarter load it is
over go per cent. These machines are capable of generating con-
tinuously 1230 amps. at 630 volts, and will operate for three hours
at 5o per cent over load with a rise of temperature not exceeding
30 deg. C. above the temperature of the surrounding air.

The term “Kodak" as first applied to generators referred to the
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compact outfit obtained by mounting a Westinghouse generator
and a Westinghouse engine upon the same bed plate, but with
separate shafts connected togethier by means of a flexible coupling.
There have been a large number oi these outfits installed for
various purposcs. Views of a 575-volt, 225 k.w. Kodak generator
and its armature are shown in Iig. 9. This machine is to be
connected to a Westinghouse compound condensing steam engine
making 250 r.p.m. The flange which forms part of the flexible
coupling is clearly shown on the end of the armature shaft.
BOOSTERS

As long as clectric roads were of moderate length, such as most
of the carly street car lines, the question of power transmisston
required no special attention, as the cost of feeders, even if they
were hiberally applied, did not amount to very much in comparison
with the other investments.  Since, however, the electric motor
has invaded the field of comparatively long distance roads, the
conditionsfor power transmission have become much more severe,
and the ordinary railway system with overhead lines and ground
return is inapplicable in many cases on account of the large cost
of copper.

The booster system provides one method of meeting the difh-
culty. The object in using the booster dynanio is to maintain the
voltage on the extreme cuds of the line within practicable limits
at all loads. If only one feeder were to be supplied the proper
regulation could be accomplished by using an over-compounded
gencrator. Most stations, however, are operating a number of
feeders which have to be regulated independently of each other.
This can be done by cither putting a properly compounded
generator in each fecder, or by the booster system. The booster
is a series generator located in the power house and connccted
in series with a long-distance feeder. The current flowing through
the armature excites the field with the effect that the c.m.f. gen-
erated in such a machine is almost proportional to the current
passing through it, and, as the drop of potential in the feeder is
also proportioned to the current passing through it, the duty
performed by the booster is simply to add as much to the station
e.amf. as is lost in the feeder. Thus, although the total voltage at
the power house may be considerably increased, the voltage de-
livered to the trolley line does not rise above that of the generator.
There are of course various ways of driving a booster generator,
but the method usually cmployed by the Westinghouse company
is to drive it by means ol a motor which receives its power from
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nincteen miles. The distance from Ann Arbor to Ypsilanti i
about nine miles. Four 225-k.w. Westinghouse Kodak gener
ators, two at each station, will supply the power, and there will
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be two Westinghouse boosters at the Ypsilanti station and one
at the Decarborn station. These will be connected in series with
the feeders running from the Ypsilanti station toward Ann Arbor
and from each station toward the middle of the section between

FIG. 6,—TWO OF THE FOUR 1500 K.W. GENERATORS IN POWER STATION OF UNION TRACTION
COMPANY, PHILADELPHIA

the main bus bars of the station. The Detroit, Ypsilanti & Ann
Arbor Railway Company, of Detroit, Micl., is now installing a
line that affords an excellent illustration of the operation of the
booster system.  The total length of the line is thirty-two and
one-half miles, and there are two power stations, one at Dearborn
and the other at Ypsilanti, the distance between them being

the two stations. Each booster feeder will be about scven and
one-hali miles tong.  These boosters will be driven by a motor,
the armature of which will be mounted upon the same
shaft as the booster armature. Fig. 9 shows one of these
booster armatures completely wound. The one on the left is
booster armature wound for 300 volts. The common bed plate
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supports the two ficlds which are divided vertically, as shown
in the view of one of the completed units in Fig. 0. Thesc ma-
chines operate at 625 r.p.m., and the booster cnd of the machine
has a capacity of 275 or 450 amps. at 300 volts, the ficld coils being
connected in scries {or 275 and the two halves in multiplc for 450

STREET RAILWAY JOURNAL.

[VorL. XTV. No. 9.

road commercially practicable is by employing at the power
stations a type of generator that will supply both alternating and
dircet currents.  The Westinghouse company has been manu-
facturing machincs of this typc for scveral years. The chicf ad-
vantages to be derived from their use in railway work is in cases

FIG. 9.—GROUP OF DIRECT CURRENT RAILWAY GENERATORS

amps. The field connections arc so arranged that the change from

series to multiple can be casily and quickly made.
ALTERNATING AND DIRECT CURRENT GENERATORS

Another method of rendering the operation of a long-distance

where the power plant is located near the road. In such cases
current is supplicd from the “direct current end” of the machine
direct to the local feeders, and altcrnating current from the
opposite end is passed through suitable step-up transformers and
transmitted at high potential to sub-stations, where it is passed

FIG. 7—ONE OF THE FOUR 8oo K.W. GENERATORS OF SOUTH SIDE ELEVATED RAILROAD, CHICAGO
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through step-down transformers and supplied to rotary trans-
formers, which commutate the current and supply it to the local
direct current feeders, thus securing the advantages of transmis-
sion at high potential.  In general design and construction these
machines resemble the Westinghouse multipolar generators.  The
armature 1s wouund and connected to the commutator in pre-
cisely the same manner as in the case of an ordinary direct current
gencrator, but in addition to the commutator the armature is
provided with collector rings which supply the altcrnating current
exactly as in the case of an alternating current gencrator, the

FIG. 10.—250 K.W. A.C.-D.C. GENERATOR

armature winding being tapped at points which give the proper
phase relation, by wires which lead through the hollow shaft to
the collector rings. The fields may be excited from a separatc
direct current generator, or as is usually the case, they may be
self-excited with current from the commutator of the machinc.
These machines are provided with both shunt and series field
winding, and, if they are self-exciting, the shunt winding is always
connected across the direct current brushes., When the machine
is operated to produce direct current the main current passes
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A railway plant now being installed by the Westinghouse com-
pany for the Lewiston, Brunswick & Bath Strect Ratlway Com-
pany, Lewiston, Maine, is the latest example of the use of A, C.-
D. C. generators and rotary transformers. In this plant therce
will be three Westinghouse belt-driven sclf-excited gencrators of
the A. C.-D. C. type, cach with a capacity of 250 k.w., running
at 600 r.p.m. One of these completed machines is shown in Fig.
10. They will furnish direct current at from 500 to 550 volts for
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FIG. 12.—EFFICIENCY CURVE OF 375 K.W.
TRANSFORMER

local feeders in Brunswick, and alternating three-phase currents
at 340 volts and 7200 alternations per minute. Stcp-up trans-
formers will increase the e.m.f. to 10,500 volts, at which it will bc
transmitted to Bath, Lisbon Falls and Lewiston. At these sta-
tions the voltage will be lowered by suitable transformers to 330
volts and supplied to three-phase 200-k.w. Westinghouse rotaries

FIGS. 13 AND 14.—FRONT AND REAR VIEWS OF STANDARD RAILWAY SWITCHBOARD

through the series winding, thus increasing the potential as the
load increases, just as in the case of a compound wound direct
current railway generator. The commutator and collector rings
may be placed upon the same or opposite ends of the shaft. The
mean alternating current potential is about 71 per cent of the
dircet current voltage for two-phase machines and about 61 per
cent for three-phase machines. The cntire output may be utilized
for dircct current work or for alternating current, or it may be
divided up between the two classes of work in such proportions
as may be desired.

running at 720 r.p.m. and delivering direct current at 500-550 volts
for the local division of the railway.

ROTARIES

A rotary 1s simply a commutating machine. When sup-
plied with alternating current at proper frequency and voltage
it delivers direct currcnt at the required potential: hence by its
use it is possible to secure the advantages of the alternating cur-
rent for transmission from the source of power and then to trans-
form the electric energy into direct current. In mechanical de-
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sign and construction and in appearance the Westinghousc
rotaries are similar to the A. C.-D. C. generators just de-
scribed.  Alternating current is supplied to the collector rings and
the machine runs as a synchronous polyphase motor. Direct cur-
rent is then taken from the commutator precisely as it is collected
from the commutator of an ordinary direct current generator.
As in the A. C.-D. C. machines, there is a definite relation in
any rotary transformer between the alternating current potential
applied at the collector rings and the direct current potential de-
livered at the commutator. A rotary runs at a perfectly
definite speed as a synchronous motor. A machine which
is designed for giving the best operation under normal conditions
has a very poor starting torque; that is, it requires a very heavy
current to start itsell. To avoid this heavy current it is the prac-
tice of the Westinghouse company to start their rotaries by means
of a small induction motor, mounted upon the end of the arma-
ture shaft, which requires a comparatively insignificant amount of
current.

One of the latest rotaries built by the Westinghouse com-
pany is illustrated in Iig. 11, a separate view of the arma-
ture being also shown. The latter view shows clearly the second-
ary of the Tesla polyphase induction motor, which 1s used 1in
starting. The machine shown is of 2oo-k.w. capacity, and will
be installed in the Bath sub-station of the Lewiston, Brunswick
& Bath road. Another similar machine will be placed in a
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water-cooled type; a spiral of iron pipe through which water is
passed is placed in the oil, just insidce the case close to the sides,
and takes up the heat from the oil.  The water-cooling method
1s only used, however, on the transformers above 500 k.w. in
capacity. The construction of the sizes from 10 to 500 k.w. is
practically the same and they are all oil insulated, but they are
self-cooled. The iron and copper losses in both the water and
seli-cooled types have been reduced to a minimum, and the effi-
ciency is remarkably high as indicated in the efficiency curve of
a standard 375-k.w. transformer, shown in Fig. 12

SWITCHBOARDS

The Westinghouse company's standard railway switchboards are
built up of white marble panels 2 inches in thickness, upon which
the necessary instruments, switches, etc.,, are mounted. These
panels are supported upon a rigid iron frame work, the construc-
tion being such that the frame work forms part of each individual
panel. The panels are set side by side and bolted together and
to a channel iron which runs along the whole length of the base.
The top of each panel is secured to two wrought iron bars which
also run along the whole length of the board.  All the con-
nections between the various instruments and switches are com-
pleted at the works, rectangular copper bars being used for this
purpose. The bus bars are also composed of similar bars of larger
cross section. This simple method of construction permits ex-
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FIG. 11.—GROUP OF ALTERNATING

sub-station at Lisbon Falls, and two more of the same size and
type will be installed at Lewiston. They are all three-phase tea-
pole machines, and as shown by the illustration, with the ex-
ception of the starting motor, are almost identical in appearance
with the A. C.-D. C. machines previously described. The amount
of energy delivered from the commutator is equal to the energy
supplied at the alternating current end to the collector rings, less
the amount required to energize the fields and revolve the arma-
ture, and a very high efficiency is attained. In connection with
the transmission of power by high potential alternating current,
Fig. 11 illustrates an 850 k.w. Westinghouse water-cooled trans-
former and its enclosing case. This is one of four built for the
Cataract Power & Conduit Company, of Buffalo. It will receive
power from the Niagara-Buffalo transmission circuits at 22,000
volts and reduce the potential to 2200 volts for local distribution
in Buffalo. The view shown illustrates the distinctive features
of the Westinghouse oil insulated transformers. The length of
the iron core is short, a large portion of the coils extending out-
side the iron. The winding is composed of deep thin coils, which
are spread apart at the ends, thus giving an enormous increase
in the radiating surface and increasing the facilities for insulating
the bent part of the coils. When completed these transformers
are enclosed in an iron case and immersed in oil, which materially
strengthens the insulation, prevents oxidation and tends to equal-
ize the temperature. The 8go0-k.w. transformer shown is of the

CURRENT RAILWAY APPARATUS

tensions to be readily made at any time by simply adding the
necessary standard panels.

An illustration of a recent standard railway switchboard built by
the Westinghouse company is shown in Fig. 13. This board is
for the Dearborn station of the Detroit, Ypsilanti & Ann Arbor
Railway Company. Commencing at the left end there are two
generator panels of 450 amps. capacity; one load panel of 3000
amps. capacity; two feeder panels, 8oo amps. each: one booster
motor panel, 300 amps., and on the extreme right the panel for the
booster, capacity 8co amps. Under the booster panel is the face
plate for the motor starting box, while the rheostat face plate
under the motor panel is for controlling the motor field. The
load panel contains a Weston ammeter and voltmeter, and Weston
voltmeters are mounted on swinging brackets at each end of the
board. The one on the left is used in throwing the generators in
multiple, while one on the right indicates the voltage of the
boosted feeder. All other apparatus, including ammeters, circuit
breakers, switches, rheostats, etc., are of Westinghouse manu-
facture. In order to show the arrangement of the connections, bus
bars, brackets, etc., a view of the back of the same board is shown
in Fig. 14. The connections to the motor starting box from the face
plate on the left had not been made when the photograph was
made, but otherwise the connections were completed and the
convenience, simplicity and flexibility of the construction will be
readily appreciated.
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New Maximum Traction Truck No. 14 D 2

Much mterest was created last month by the anunouncement
that the Peckham Truck Company has designed and built a maxi-
mum traction truck on mnovel lines, and that the truck was
i use under one of the electric conduit cars of the Metropolitan
Street Railway Company of New York The special features
which attracted attention to this truck were that it was center-
bearing and that it was fitted with a swing bolster, both new
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from a side thrust, also, 1t 1s claimed, positively prevents the
danger of their jumping the track

The bolster 1s located as near the driving wheels as possible
and is supported upon springs between two transverse transoimn
bars, securcd in pockets to both the side frames of the truck, as
shown in Fig. 3. These transom bars act as a guide for the
bolster preventing it from moving longitudinally with the car.
The spring plank upon which the elliptic and spiral springs sup-
porting the bolster rest, 1s hung by four links from the transom
bars, so as to raisc the side of the car body toward which the

FIG. 1.—MAXIMUM TRACTION TRUCK FOR TROLLEY CARS, USED IN BROOKLYN

features in maximum traction construction, but there are other
novel points about the truck which merit description.

One great advantage of maximum traction trucks, of course, is
the ability of the large wheels to swing between the side sills.
This allows the car to be brought closer to the ground, making
access to and egress from it more easy. The diameter of the driving
wheels on the “ruck shown may be 30 ins. or 33 ins., while that of

bolster moves when striking a curve. The end spiral springs
supporting the bolster being directly underneath the side bearing
plates admit of a shght rocking motion which adds greatly to the
casy riding of the car, as it permits the wheels on one side of the
truck to rise independently of the car body

In order that the driving wheels may occupy the least possible
distance between the car sills, it 1s necessary to bring the center

FIG. 22—MAXIMUM TRACTION TRUCK FOR CONDUIT CARS, USED IN NEW YORK

the small or idle wheels is 18 ins. or 20 ins. This gives the latter
plenty of room to swing underneath the car sills.

The advantages of a swing bolster 1n relieving the truck wheels
and car body from side thrusts when the car is rounding curves
at high speed have proved of such value that Mr. Peckham, in
designing this truck, decided to retain it, although to secure the
short swing mnecessary certain changes had to be made in the
usual method of attaching the bolster to the car body. The use
of a center-bearing swing bolster in relieving the small wheels

upon which the car swings near the center ol the driving axle.
To accomplish this, and at the same time provide a fixed center,
the swivel plate 1s constructed of two segmental parts, male and
female, one scction being attached to the swing bolster and one
to the underside of the car body bolster. The upper and lower
plates arc connected by a “king” pin, which serves to fix thc
center of the swing. This point is adjusted ordinarily about 6 ins.
from the center of the axle, but can be changed as desired, so as
to make the swing more or less.
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These swivel plates, as stated, are made with male and female
connections, the lower plate having the projection to fit into the
upper, so that without having the addition of the king pin, this
truck would swing to the correct center. As these swivel plates
cover each other, excepting when the truck is rounding a curve,
the surfaces are protected from dust and grit. The lower circular
platc is provided with an oil well for thorough lubrication.

The side frames of the truck are made of solid steel castings
having poclkets in the upper portions of the pedestals for springs
upon which they are supported upon the journal boxes. These
springs are made sufficiently large and strong to carry the weight
of the truck and also the car body. Where the small or idle
wheels are used less than 2o ins. in diameter, the journal box
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FIG. 3—SECTIONAL VIEW OF SWING BOLSTER
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springs are constructed alongside the journal boxes instead of
upon them. These side frames are constructed so that they are
low enough to swing under the rim boards of open cars when the
trucks are turning a curve.

The brake rigging is of the ordinary upright lever type, but
provision is made to apply reduced pressure to the idle wheel shoes
in proportion to the weight they carry. The upright levers in this
truck are carried in the center next to the bolster. The attach-
ments of the rods connecting the floaters to the sway bar at the
center of the car are brought so near to the center on which the
truck swings that no provision is necessary for compensating for
said swing, and the rods can be pinned to the center of the floater.

The brake beams are carried in “gravity” slides instead of links.
The use of these slides entails but four wearing parts besides the
shoes in the brake rigging of each truck. This device also does
away with the troublesome kicking and rattling incident to link-
hung brakes.

Fig. 2 shows the truck as constructed for the electric conduit
cars of the Metropolitan Street Railway Company, of New York.
As will be seen, provision is made for the attachment to the ends
of the side frames outside of the small wheels of the electric plow
support. Fig. 1 shows the construction for overhead electric
trolley cars. Trucks of this latter type are in use on the Brooklyn
Heights Railroad, of Brooklyn.

S —

Mechanical Insulation for Electric Cars

BY W. F. D. CRANE

The mechanical strains and the severe service to which the in-
sulation in the commutators, brush holders, starting rheostats and
controllers on electric cars are subjected necessitate the employ-
ment of an insulating material with superior qualifications for
these important parts of the electrical apparatus. The commuta-
tor demands for its mechanical and electrical integrity that the
insulating material shall be the strongest and most durable obtain-
able. The bushings which insulate the brush holders must be
reliable insulators and at the same time sufficiently strong and
durable to complete the required mechanical connections be-
tween studs and yoke. Rheostat bushings must also possess
similar strength and durability.

For the insulation between the commutator bars experience has
demonstrated the superiority of sheet mica for the purpose. The
confinement between the flat surfaces of the bars furnishes an ideal
condition for the mica sheet, which has its greatest strength
under compression. But in the insulating and retaining rings or
washers at the ends of the commutator the conditions are so dif-
ferent as to necessitate the use of some stronger insulating ma-
terial than the mica alone. Similar mechanical strains exist in the
brush holder bushings where the strains are also due to compres-
sion, vibration and exposure. To meet the requirements the
desired material must be tough and strong; it must not shrink
or crack under pressure or impact; it must not absorb moisture
or oil, or be injuriously affected by unusual temperatures.

In controllers the conditions surrounding the insulating ma-
terials are extremely severe. Not only must the insulating ma-
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terial possess unusual strength to provide durable mechanical
connections between the insulated metal parts, but it must also
possess qualities which will enable it to retain its insulating prop-
erties without undue deterioration in the presence of the high
temperatures and atmosphere of the arcs formed by the breaking
of the elcctrical contacts.

In the selection of the insulating material to bc used in an
electrical device the engineer must first consider the nature of
the work to be performed. If the parts to be insulatcd will be
relatively stationary and not subject to unusual jar or mechanical
injury, practically any material which will furnish the necessary
insulation and not absorb moisturc will answer the purposc. If,
however, work in the sense that the insulating material becomes
an cssential part of the mechanical construction is required of
the material in addition to its function as an insulator, quite a
different material would be selected than would, for instance, be
suitable for a binding post or a condenser. In early days the
scheme of the armature insulation was for a time applied to the
insulation of the commutator, to the extent that commutator
ring and sleeve and segment insulation were built up imperfectly
of mica, shellaced paper, muslin, wood or fibre, as happened to
be the case, and brush holders and terminal bushings were made
of hard rubber, fibre or prepared wood, with the result that the
parts were soon apt to become loose and exaggerate the conse-
quences of legitimate wear and tear. With progress a fuller ap-
preciation of the practical requirements of all the materials enter-
ing into the construction of the electric motor has resulted in the
utilization of only such materials as experience has demonstrated
to be the most durable and economical for the conditions of
service. This is particularly true in the case of railway motors,
which must operate continuously and inexpensively under ex-
traordinarily severe conditions of jolting, torsional strains and
heat, dirt, water and oil. We therefore notice the change in
commutator rings and bushings from hard rubber, fibre, porcelain
and wood to the more durable material, vulcabeston, which is now
universally employed in their stead. Vulcabeston is moulded in
the exact size and shape required. It is a composition of asbestos
and India rubber vulcanized wunder pressure, and pos-
sesses a combination of valuable characteristics not found
in any other insulating materials. The asbestos furnishes
a firm, heat-proof substance; the rubber thoroughly water-
proofs the asbestos, and the pressure exerted during manu-
facture creates a hard, dense, tough, yet slightly elastic composi-
tion, adapted in a superior manner for incorporation with metal
parts in the construction of strong and durable electrical ma-
chinery. Vulcabeston commutator rings, field magnet spools and
bushings for brush holders and rheostats are furnished for the
various types of electrical apparatus on the market, and are found
in the stock bins of the manufacturing and railroad companies
with other standard repair parts and materials.

The high temperature resistance and the toughness of vulcabes--

ton peculiarly recommend it for service in controllers, and prac-
tically all the street car controllers throughout the country are
insulated and protected by this material. The various styles of
and changes in the controllers of the manufacturing companies
have resulted in the production of a great number of controller
pieces in all sorts of sizes and shapes. The number has been
still further increased by the proprietary prices for repair parts
or improvements made to order for the railroad companies.
- e ————

New Material For Car Curtains and Seats

A new material for car curtains and for upholstering car seats,
chairs, lounges, etc., is being manufactured by the Boston Ar-
tificial Leather Company, of Boston, Mass. This material is
known as “Moroccoline,” and is an excellent imitation of leather.
Moroccoline has a hard but flexible surface that is not easily
scratched or rubbed off. It will not grow hard and crack or be-
come soft and sticky in extremes of temperature or climate, as it
contains no rubber or other unreliable matter. It is claimed that
this material will last as long as the best upholstering leather.
From a sanitary point of view Moroccoline is particularly desira-
ble for upholstering car seats, etc., as it can be thoroughly washed
at frequent intervals without injury to the fabric.

Moroccoline is made on one single thickness of either drill or
duck and with a good heavy surface coating. This is a departure
from some imitations of leather which are sometimes made of
two pieces of cloth pasted together. These are apt to separate
and cause the surface to blister. Moroccoline is embossed by
the same process as is used in embossing real leather, so that all
the leather grains can be furnished if desired, and when used for
upholstering it is very difficult to tell this material from real
leather.  Moroccoline costs about one-third as much as hand-
buffed upholstery leather.

",/
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New Figure “8” Trolley Wire Ears

e

With the increascd usc of figure "8 and similar styles of trol-
Icy wires has ariscn a demand for a varicty of different forms and
designs of ears and clamps especially adapted for them. To more
fully meet the individua! requirements of those who are interested
“in the construction and maintenance of trolley lincs the Ohio
Brass Company, of Mansficld, Ohio, has rccently placed several
new patterns of splicing and strain ears upon the market, cuts of
which are shown herewith. These are in addition to the figure “8"

devices listed in this company’s supplement to catalogue No. 3,
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small furnace on the car partly to compensate for the heat lost
by radiation, and also to raise the boiler pressurc during long
stops and when running down grade. The system has rccently
been put in service on the Babylon Strect Railway, of Babylon,
N. Y., where single-truck cars are cmployced, and the company
is equipping several other roads, among them the Detroit & Mit.
Clemens Railway, running from Detroit to Mt. Clemens, Mich.
On this latter road a double-truck car, built by the Jackson &
Sharp Company and shown in the engravings, will be used. This
car has four cylinders, two on cach truck, necessitating a flexible
connection from the receivers containing the hot water and stcam
to both trucks. In the casc of a double-truck car equipped with

Wit N

FIG.

FIG. 3.—CLAMP STRAIN EAR

and differ from those which they most nearly resemble in some
detail of design or construction.

These ears have been in use for a sufficient length of time and in
large enough quantities to demonstrate their entire practicability.
As will be seen iront the illustrations they have been well designed
and they will undoubtedly be found of great value wherever figure
"8 wire is used in overhead coustruction. Fig. 1 shows a soldered
strain ear; Fig. 2, a mechanical splicing ear, and Fig. 3, a clamp
strain ear.

b

Double Truck Kinetic Motor Car

The general principles of the motor car of the Kinetic Manu-
facturing Company have been described in the STREET RarLway
Jour~naL.  As will be remembered, it is a stored steam system, in
which the cars are equipped with a large receiver in which hot
water and steam to a temperature of about 380 degrees F., cor-
responding to a pressure of about 200 Ibs. per square inch, is
stored. The boiler is well jacketed to prevent radiation. As
steam is admitted to the engine cylinders, the boiler pressure is

FIG. 1.—SIDE VIEW OF TRUCK

reduced immediately, upon which part of the water passes into
steam. The machinery is similar in general principles to that of
an ordinary steam enginc. The system, which has been developed
by A. P. Dodge, gencral manager of the company, diffcrs in
several respects from the ordinary stored steam motors, many of
which are in use at present in Europe. The principal points of
difference are in the use of a condenser, which is carried on the
car roof and muffles the exhaust, and in the employment of a

FIG. 2.—END VIEW OF KINETIC MOTOR CAR

power on one truck only, the receiver would be mounted on the
frame of the truck and move with it. Where both trucks are
equipped with motive power, the receivers are suspended under the
middle of the car body betwen the trucks, the body trussing be-
ing arranged with special reference to this both as to strength
and position. The steam pipe connecting the receiver with the
cylinders has a ball and socket joint at each connection, so as to
avoid any risk of leakage at those points irom any twisting of the
car while running. About the center of this pipe is a reducing
valve through which the steam passes to enter the pipes that
carry it to the cylinder. These pipes have joints placed as near
the king bolts as possible to permit the swinging of the trucks
without straining the pipes.

The general arrangements of the trucks are essentially the same

FIG:

3=—END VIEW OF TRUCK

as to wheels, axles, cylinders, connecting rods, eccentrics, links,
etc., as a four-wheeled locomotive of the same size. In the car
illustrated, 33-in. steel tired wheels are used. The cylinders are
8 ins. in diameter, with 12-in. stroke. The weight of the car body
is carried on elliptic springs, transmitting thc weight to the truck
frames, which in turn are carried by cight spiral springs on each
truck. As the whole weight is on the driving wheels there can he
no slipping.
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After exhaustion from the cylinders, the steam passes into a
receiving box on each truck, where it has a chance to expand to
nearly atmospheric pressure. From these boxes it passes to the
condensers on the roof of the car. In the case of a double-truck
car, the condenser is composed of six nearly similar parts, three
forward and three back of the center of the car. The division
into three is arbitrary and for convenience, but the division at
the center of the car is to admit a supply of fresh air and thus
avoid using in the rear end of the car the air that becomes heated
by passing through the forward part of the condenser. It will
be seen that by this arrangement the efficiency of the condenser
is doubled. After condensation the water is received by tanks
under the car, from which it may be drawn at convenience, or a
part of it used to sprinkle the road to lay the dust.

There are manifestly many small details of convenience and
necessity that cannot well be described in detail, but all the essen-
tial features of the machine are very like the well-known locomo-

FIC. 4.—SIDE VIEW OF KINETIC MOTOR CAR

tive, but improved and made more efficient by the storage of hot
water and the condensation of the exhaust after the steam leaves
the cylinders.

The throttle valve and reversing levers are operated from
either end of the car at convenience, so that either end of the car
may be the forward end as may be desired.

The system of stored steam, generally speaking, 1s not a new
one, but has been shown both here and abroad to have a distinct
cconomy under many conditions. From the entrance of the steam
into the cylinders to its exhaustion from them the means of get-
ting the best service from the heat, which is the true measure of
power, is the same as with the well-known locomotive. In the
methods of carrying the heat before admission to the cylinders
and the disposal of the unused heat after leaving them, are to be
found the great improvements over the locomotive or any other
system of motive power.

The results from operation in Babylon and Detroit will be
watched with interest by railway managers in all parts of the
country.

*7*”.,

21 E Truck in Boston

The truck shown in the accompanying illustration is known
as J. G. Brill truck No. 21 E., and several hundreds of this type
are in operation on the lines of the Boston Elevated Railway.
These trucks have solid forged axle box frames, half-elliptic

TRUCK IN BOSTON

springs at each corner and springs between the journal boxes
and the axle box frame. They are practically the standard
type of the Brill Company, with the exception that there is a
slight difference in the brake rigging, which is peculiar to the
Boston Elevated system.
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Circuit Breakers

In the early days of electrical engineering work circuit breakers
were looked upon more as a luxury or a “‘fad” than as a necessary
part of the station equipment, but these instruments have been so
fully developed and improved that they are now quite generally
considered an indispensable part of the power house apparatus.
A very great amount of credit for the present state of perfection
to which breakers have been brought both mechanically and elec-
trically is undoubtedly due to the Cutter Electrical & Manufac-
turing Company, of Philadelphia, Pa. This company was one of
the pioneers in the field, and for some years past it has devoted

FIG. 2—REGULATING CIR-
CUIT BREAKER

almost its entire attention to the subject of breaking automatically,
electric currents, and its line of instruments includes everything
that can be desired in this connection.

The trade name of the Cutter instruments is “I. T. E.,” signi-
fying “Inverse Time Element,” and this feature is a particularly im-
portant one. “Inverse Time Element” means that the more se-
vere the conditions which cause the instrument to operate the
quicker will be its operation. Tests of these instruments show
that they will open in five one-thousandths of a second upon the
occurrence of a short circuit, and the current, which might nor-
mally reach 200 amps., is severed before 8o amps. have passed
through them.

Wilbur M. Stine, of Armour Institute, Chicago. in a report
made on these instruments, says:
“Circuit breakers appear in their
action to be independent of the
manner in which the load comes
upon them, 7. e., it is immaterial
whether the load 1is suddenly
thrown on or is gradually brought
up to the capacity of the machine.
Further, they were absolutely free
from any sticking, and at no time
during the test did they fail to act.
The margin within which the ap-
paratus operated successively was
also very narrow, not exceeding 3

FIG. 1.—CIRCUIT BREAKER
FOR MOTORS

per cent of the capacity.”  Other tests made elsewhere show
practically the same results, and the many large switchboards
throughout the United States which are equipped entirely with this
form of protection give evidence of the great popularity among
the leading engineers of “I. T. E.” instruments.
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The Cutter Electrical & Manufacturing Company builds its -
struments for direct or alternating currents and of any capacity
and for any desired voltage. It makes double and triple pole -
struments, as well as single pole.

Fig. 1 illustrates a type of circuit breaker which has been de-
signed specially for service in connection with motors. [t has an
over-load function and also *‘no voltage™ release, the “no voltage”
release coil being placed in shunt between the two poles of the
circuit.  Fig, 2 shows a modification of this same instrument de-
signed to open automatically upon a predetermined over-load or
short circuit, and also to open automatically in case the current
drops to zero. These instruments were originally made with
single pole only and of a limited range, but have recently been
built so large as to demonstrate their entire success for any re-
quired capacity. These are in use both in America and abroad.
largely in connection with storage battery work.

In the “I. T. E.” circuit breakers the mechanical features are
carefully considered, as well as electrical details. The instruments
are also designed to be graceful and pleasing in appearance. The
Cutter Electrical & Manufacturing Company has recently pub-
lished a very large and handsome volume, which is devoted ex-
clusively to the important subject of switchboards and the appli-
ances used thereon, and this book should be in the hands of every
one interested in power station apparatus.

. -

Parlor Cars in Manchester, N, H.

The Briggs Carriage Company, of Amesbury, Mass., has re-
cently completed a very handsome private car for use in Man-
chester, N. H. An exterior view of this car is shown herewith.
The car measures 30 ft. over all, and the interior is finished in

PARLOR CAR IN

MANCHESTER

mahogany and oak with quartered oak flooring. The door lockers
have heavy plate glass coming down to the belt rail of the car.
Both platforms are protected by means of heavy spring roller
curtains, also with storm curtains to separate the car from the
space occupied by the motorman if desired. The grill work and
main panels are painted in royal blue with gold decorations, and
the sills and concave panels of the car body are finished in cream.

— e e ——

Preparations for Cleaning Cars

"he Modoc Soap Company. of Cincinnati, Ohio, has devoted
a number of years to developing its Modoc liquid car cleaner,
which is especially adapted to cleaning the exterior and interior
of street and steam railroad cars, It is a linsced oil preparation,
and is used daily on many of the principal ratlroad, sleeping car
and street car companies of America and Canada, but it is in-
tended for terminal and yard cleaning only. It is to be applied
with waste thoroughly saturated, on cars after they have made
their trips, and then wiped down with dry waste, which will prove
a thorough cleaner, giving the highest possible lustre, which it
retains, preserving the varnishes and making old coaches like new.
It is claimed that this material will effect a great saving in the
cost of cleaning cars, and that it is far superior to ordinary soap
and water. Modoc powdered soap is a preparation for the thor-
ough cleaning of cars in shops before revarnishing. Tt is one of
the mildest soaps made, and contains less alkali than many ordi-
nary powders and soaps, and can be applied after diluting it with
water or direct with a wet brush., Tt is peculiarly well'adaptcd
for cleaning, being most effective, yet does not cut into or burn
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the paint, and comprises materials that produce the greatest fru
tion without scratching. Because of these combined qualitics 1t
reduces the amount of labor and produces the results sought lor
without the slightest injury to the pamnt.

The Modoc Soap Company is very confident that if 1ts
directions are carefully followed the wuse of 1ts cleaning
materials will show a decided decrease in the expense account
because of increased length of service of cars belore repainting
or revarnishing will be necessary, and in addition the cquipment
will always be in an attractive and pleasing condition. The com-
pany advocates, however, very strongly the systematic cleaning
of cars, believing that if the cars are cleaned regularly and before
they are allowed to become too dirty a great economy can be
cffected, both i the cost of cleaning and in the longer life of the
cars.

— - 0’0. —_—

Solenoid Blowouts

The engravings shown herewith present two remarkable views
of the action of a solenoid coil on the arc formed between the con-
tact finger and cylinder in the type “S” solenoid blowout strect
railway controller, manufacturcd by the Walker Company, ol
Cleveland.

This controller has proved \ery popular since it was placed on
the market about a year ago, 2nd its makers say that it has given

FIG. 1.—ARC WITH SOLENOIDS INOPERATIVE

FIG. 2.- -ARC BLOWN OUT BY SOLENOIDS

universal satisfaction. The principles used in its construction arc
new and most ingenious.

The remarkable effect of the solenoid blowout is shown very
plainly in the two illustrations, Figs. 1 and 2. These pictures are
taken direct from photographs without retouching or alteration
of any kind. The apparatus shown is a short section of a con-
troller cylinder, with contact fingers and solenoid partitions in
cxactly the same relation to cach other and working under the
same conditions as in a complete controller in practical operation.

Fig. 1 shows the arc formed with the solenoids inoperative, and it
will be readily seen how destructive such an arc would be to con-
tact fingers, insulation, and in fact every thing that it could reach
Fig. 2 shows how the arc from the same current and under the same
conditions is blown out by solenoids.  These views, more than any
argument, show the immense advantage of the solenoid blowout in
controller construction.



560

Modern Methods for the Prevention of Scale in Boilers

The general laws of nature are such that water from any source
except rain water is impregnated with scale forming salts, mainly
lime and magnesia, and when this water is used in a steam boiler
these salts form an incrustation which destroys the efficiency of
the boiler in proportion to the thickness of the scale. This has
led for years to all sorts of expedients for getting rid of the
deleterious deposit. Many of the remedies have been much worse
than the discase, and hundreds of boilers have been pitted, cor-

LABORATORY

roded, and in the end utterly destroyed by the action of the vola-
tile oils and salts which have been used for this purpose. The
usual method has been to remove the scale after it has formed,
but a substance has now been discovered which when put into the
feed water prevents the formation of scale. The development of
this method on a scientific basis is the foundation of the immense
business built up by the Dearborn Drug & Chemical Company, of
Chicago, who, previous to this time, liad conducted an analytical
and pharmaceutical laboratory exclusively.

The mineral deposits or scale [ound in boilers is usually entirely
different in different localities, the mineral salts embodied therein

LABORATORY SHOWING OFFICE

not only having different chemical properties, but ditferent physi-
cal properties as well. The difference in the percentage of salts in
each water is governed by the nature of the soil from which the
source of supply is obtained. Under these conditions the prepara-
tions prescribed for preventing scale in one water could not be
applicable to another. The Dearborn Company has large chemi-
cal laboratories equipped with the most modern apparatus and
employs a staff of expert chemists, who, analyzing the water from
any locality, determine what mineral salts and scale producing
elements predominate in it, and after these are discovered it is
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easy to introduce the proper chemical for neutralizing and de-
stroying those elements without causing any injurious effects on
boilers or connections.

This company is making free analysis and prescribing treatment
for feed waters in all portions of the country, and has on file some
14,000 different analyses of water for which it is constantly furnish-
ing preparations suited for each individual case. In this way the

subject is handled in an intelligent and systematic manner, getting
at the root of the existing evil, overcoming the difficulties and in-
suring the safe and economical running of steam boilers and all

TESTING ROOM

other steam receptacles. These methods also enable the steam
user to always obtain identically the same especially prepared and
uniformly made preparation. This company also makes a special-
ty of the analysis of all kinds of lubricating oils, taking up the
subject of lubrication in all its forms from a scientific standpoint,
and, after analysis, specifications are given naming the proper oil
for each individual case, not only from the scientific, but from a
practical standpoint as well. The Dearborn Drug & Chemical
Company controls the refining of its own products, which are
shipped subject to its inspection; each barrel of oil is re-strained,
and flash, fire, viscosity, gravity and cold tests arc made of each
individual barrel, and if found to be correct it is sealed and
shipped as a sealed barrel of inspected oil to the consumer. The
laboratory apparatus for this work includes: Thurston’s friction.
machine and accurately adjusted viscosimeters (Tagliabue) and
(Carpenter) hydrometers (Baume), flash and fire cups with time
watches, thermometers reading 700, freezers, separators, and every
thoroughly revised instrument built for determining the
prature, composition, etc., of lubricating oils, greases and all
classes of high grade lubricants. The accompanying illustrations
show different views in the laboratory.

The officers of this company are W. H. Edgar, president; R. F.
Carr, vice-president, and Chas. M. Eddy, secretary and treasurer.

—— e

Overhead Line Material

The Western Electric Company, of New York, is constantly
adding to and improving its excellent line of street railway ma-
terial. One of the most conspicuous improvements which this
company has brought out is the “W. E.” form C suspension, which
1s a modification of the West End type of hanger. In this device all
of the good features have been retained, making a much lighter and
more symmetrical hanger, without decreasing its strength. These
hangers are carried in stock made up in both malleable iron and
bronze.

The Western Electric form D or cap and cone suspensions are
made with heavy. high-grade malleable iron bodies, which hold the
caps and cones of standard “W. E.” insulation. The trolley ears
made by this company have extra deep milled grooves, and are
properly designed to fill all modern requirements.

In addition to this class of goods the Western Electric Company
carries a full line of flexible and adjustable bracket arms, carbon
brushes, gears, pinions, trolley wheels and many other kinds of
material for the construction and maintenance of electric railways.
Convention delegates and visitors who will return by way of New
York are cordially invited to visit this company’s handsome new
building in that city and inspect its stock, which is large and
complete.
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Cars in Boston and Vicinity

The aceompanying illustrations show a few of the more promi-
nent types of cars in use on the street railway lines in Boston and
vicinity. Iig. 1 shows a closed car of the Hingham Street Rail-
way. This ear was built by Jaekson & Sharp Company, and is
mounted on a Peekham truck. It will be noticed that the ear
has extra long bonnets with bonnet posts. Fig 2 illustrates a elosed
ear of the Gloucester, Essex & Beverly Street Railway. This car
i mounted on a Peckham truck and is vestibuled. Fig. 3 is a

STREET RAILWAY JOURNAL., 561

25-ft. box cars, which are standard on the Boston Elevated. J.
M. Jones’ Sons, of West Troy, N. Y., built the long open ears in
operation on the lines of the Commonwealth Avenue Street Rail-
way.

P

Well-Known Electrical Dealers

The business now earried on by The Albert & J. M. Anderson
Manufacturing Company in South Boston was eommenced in a

FIG. 5.—CLOSED CAR—BOSTON

closed ear in operation on the lines of the Commonwealth Avenue
Street Railway Company. This car is mounted on a Dupont
truek, and was built by Jaekson & Sharp Company. Fig. 4 shows
a nine-beneh open car built for the Boston Elevated Railway by
the ILaconia Car Company. Fig 6 also shows a nine-bench
open ear in use on the Boston Elevated Railway. This ear is
the type of which the J. G. Brill Company has reeently furnished
seventy-five to the Boston Elevated Railway. Fig 5 shows a re-
cent type of closed car built by Laeonia Car Company for the Bos-
ton Elevated Railway.

In addition to the above there are a number of ears in opera-
tion in Boston whieh will be of interest to delegates. The John
Stephenson Company, of New York, has built a large number of

FIG. 6.—OPEN CAR—BOSTON

very modest way by Albert Anderson in 1877, Mr. Anderson’s
first work was 1n the linc of small jobbing and various kinds of
small metal wires, including locks and keys. By dint of hard,
persistent work he increased his business hittle by little until it
was necessary to sccure larger quarters, and in 1881 he moved to
5%4 Dock Square, at which place he continued the same general
line of work and manufactured hardware, locks, door knobs and a
variety of special metal and iron work., The room at Dock Square
being insuffieient to hold the steadily increasing business an addi-
tional Dbraunch shop was started at 2t Hamilton Street. This
braneh was devoted mainly to the manufacture of dies, presses, ete

In 1890 J. M. Anderson, who had heen connected with the busi-
ness for several years, was admitted to partnership, and the firm
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pame of Albert & J. M Anderson adopted.  Still further increase
in the business made another nove necessary, and in 1893 land
was purchased on A Street, South Boston, and the factory which
the company now occupies crected, buildings being of brick and
rlanned wost advantageously for the work which the concern is
doing. The location is convenient to ireight facilities, and at the
same time within casy reach of the business center of the city,
being but ten or filteen minutes’ walk from the post office.

In 1807 the firm of Albert & J. M. Anderson became incorpo-
-ated under Massachusetts laws under the name of The Albert &
J. M. Anderson Manufacturing Company. From
the carly history of this concern it has been en-
gaged in the manufacture of electrical devices for
a variety of purposes, and made the switchboard
used at the experimental power station at Allston
when the West End Street Railroad first under-
took the equipment of its line with electricity for
a motive power. Since then a great part of the
material used for the overhead construction of the
West End has been furnished by the Andersons,
and by reason of the excellent quality of the ma-
terial furnished by them and the widely-known
reputation of the West End Road for superior
equipment, the material which the Andersons have
made has become widely known for its liigh grade.

The switchboards in the five Edison stations in-
Boston have practically all been made by this
company, including all the new apparatus for
storage batteries. All the recent works in this
line is well worthy the attention of electrical engineers. The
plant at 289-293 A Street includes a brass foundry, a very com-
pletely ~quipped machine shop and a blacksmith shop where drop
forgings are produced.

- = 0’

Woodwork for Street Railway Cars

J. P. Sjoberg & Company, of New York City, make a specialty
of supplying woodwork for cars. This company makes new car
bodies complete to be shipped “knocked down,” and it also sup-

[Laemss .

FIG. 1.—SIDE ELEVATION OF SPRING

FIG. 2.—TOP VIEW OF SPRING

plics woodwork for repairing and rebuilding; special attention
las been given to the equipping of cars already in operation with
vestibules.  Several roads have ordered these vestibules, among
them being the Consolidated Traction Company, of Jersey City,
and the North Hudson County Railway Company, of Hoboken,
and seem very well pleased with them. The vestibules made for
these two companies project a few inches over the dash to avoid
the necessity of moving the controller box, and have a center sash
operating on linges and designed to swing to one side. An
engraving of the Sjoberg vestibule is given on another page of
this issue.

J. P. Sjoberg & Company have designed a new patent sash
and blind spring for street cars, for which there is an increasing
demand. This spring is shown herewith. [t is composed of higfl
carbon steel, tempered and then bronze-plated. Being made of
steel it always keeps its spring, and it is easily attact.rd to the
sash.  Over 100,000 of these springs were sold last year.

[Vor. XIV. No. 9.

The Development of The Patton Motor

The Patton motor has been undergoing an experimental stage
for several years past, one or two crude machines having been
put in service and operated under the most trying conditions and
adverse circumstances. The new company, however, which now
controls the invention is making rapid strides with it, having put
upon the market within the last year a number of substantial,
well built machines, which have given excellent satisfaction to the
I'ﬁlll'(‘h{lﬁ(‘l's.

SIDE VIEW OF MOTOR CAR

The Patton electric motor system proposes a solution to the
problem of reducing operating expenses by doing away with the
power house and its expensive equipment both in first cost and
maintenance, and with overhead constriction and bonding. The
apparatus is all concentrated in the car itself in the form of a
gasoline engine direct connected to a dynamo and a storage bat-
tery in parallel circuit between the dynamo and the motors.

It is claimed that while the system preserves the desirable
features obtained in other forms of electrical propulsion it elimi-
nates at the same time many of their undesirable qualities and
conditions.

It no longer becomes a question of distributing steam power by
means of electricity, primary power being generated in an entirely
different and more economical way. This system has great flexi-
bility of application and is as easy on the roadbed as any form of
rotary motion can be. The method of operation is very simple.
In starting the engine the generator is for a moment turned into
a motor, drawing its current from the batteries, and then auto-
matically changes into a generator again as the engine takes hold
of its work.

The capacity of the Patton electric motor system both as to
speed and work accomplished is very large. During high speeds
it is under the perfect control of the driver, the starting and stop-
ping device being similar in all respects to that used upon the
present trolley car. The saving in installation, maintenance and
operation is undoubtedly large enough to render many projected
roads feasible and profitable in operation where the initial cost of
the trolley system would be prohibitive.

The gas engine used in this system is provided with a muffler,
which reduces the sound of the exhaust and renders the engine
practically noiseless in operation, and also a device is provided
which renders it odorless and entirely unobjectionable.

The efficiency of the system has been proven in some remark-
able tests which have been niade. On Narch 20 and 21 of this
vear one of the motors was run from Chicago to Cedar Falls, Ia.,
a distance of 274.1 miles, without accident and at an average speed
of 16.35 miles per hour for the trip, the total expense for fuel being
$2.00. This trip was fully described in the STREET RAILWAY
Journar for April, 1898.

The total expense of operating the system is confined to the
motor itself. The amcunt of gasoline used in the gas engine is
about one pint per h.p. hour. One man operates the equipment
and attends to the gas engine and generator at the same time,
which in reality requircs but very little attention. The repairs on
the motors are exactly the same as are met with motors used in the
trolley system. The gas engine is a very simple piece of ma-
chinery, requiring very little attention, and does not need as many
repairs as steam engines, and since in this equipment there are no
furnaces, boilcrs and other accessories which are required in a
power house, the repair bill will of course be smaller than that in
a power house.

In equipping suburban or interurban roads, especially where
the line is more than ten miles long, the company claims a re-
duction in both first cost and operation. In equipping very long
lines, where more than one power howse would be needed, the
system is especially applicable. The Patton system can be in-
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stalled on almost any style of car, cither single or double truck,
designed for pulling trailers only, as a dinky steam engine would
do, or built to carry passengers as well as pull trailers.

Time or money has not been spared in preparing this system to
nreet the demands which the phenomenal growth of clectric trac-
tion has developed, especially on suburban and interurban roads.
The Patton Motor Company, of Chicago, now owns all the
patents covering this system.

EX X=
A New Conduit Railway System.

The accompanying diagrams illustrate the new Jenney conduit
railway system, designed for street railway service. Fig. 1 is a
cross section through conduit and car truck, showing the relative
arrangement of conductor rail, the supports and insulators for
same, and the contact device and its supports. Fig. 2 is part sec-
tion and side elevation through center of conduit.

It will be observed that but ene conductor is placed in the con-
duit, the current being returned through the rails, as is the case
with the overhead trolley system. The conductor is in the form
of a rail having a flat top surface, as shown in section in Fig. 1.
These rails are supported only at the fish plates, which have up-
wardly inclined arms, the ends of which are bell shaped to fit over
the upper cnds of the insulaters. The insulators are of the form
shown in Fig. 1, and fit on metal rods or pins, supported by brack-
ets attached to the side of conduit. These insulators are
cast of a rubber composition with a series of “petticoats”
or “eavces,” which very effectually prevent surface leakage
from the conductor rail to the supporting brackets. Much
of the trouble heretofore experienced in placing conductors
in conduits has been due to the leakage over the surface of
the insulators. 1.

It will be noticed that the supporting arms for conducting
rail extend from same at an upward angle, which causes any water
which gets on same to drip off at bottom of rail. Tn order to pre-
vent dirt, water, etc., from dropping through slot onto rail the rail
is placed to one side of center of conduit.

The arm supporting contact device consists of two flat metal
bars bolted together. A flat groove is formed on the inside of
cach of these bars, thus leaving a space in which a flat insulated
copper conductor is placed to form connection from the contact
device in conduit to the motors on truck. This bar is supported
by a very ingenious frame, which is suspended to the truck by
four links. This method of attaching the bar to the truck permits
a free side motion of the bar to enable it to pass frecly between
the slot rails without binding or having undue friction on it. Tt
will also be noticed that in the method of supporting. the bar when
swinging is maintained in a vertical position, thus insuring a uni-
form contact at the conductor rail,

In order to allow for imperfections in the track, as well as for
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porting frame by four small flanged whecls, as shown in Fig. 2.

The contact device shown is a stcel wire brush, which insure
many points of contact with the conductor rail with very littl
pressure on it.  The weight of the bar is more than sufficient
to give proper pressure, and a simple coil spring is placed at cach
side, as shown at Fig. 2, to compensate for a part of the weight
of bar.

The main points of advantage claimed for this system over
other conduit systems arc: Comparatively small first cost, owing
to there being but one conductor and on account of the mcthod of
supporting and insulating same; thorough insulation, simplicity
and little liability of trouble from “short circuits” or leakage.

Particular attention is called to the simple construction required
for branching or crossing tracks of the same construction. No
switches or mechanism of any kind are required in the conduit
for turning out or crossing, as in such cases the conductor rails

J

FIG. 1.—CROSS SECTION THROUGH CONDUIT

are simply joined with their top surfaces on the same levcel, thus
maintaining a continuous connection at such points and over-
coming all difficulty experienced in other systems where the cir-
cuit is interrupted and re-established by the momentum of the car.

This system was patented several years ago by Chas
D. Jenney. who has been well known in the clectrical
field for many years, more particularly in the line of
,manufacturing apparatus for eclectric lighting and
stationary power service. Although the above de-
scribed system was patented several ycars ago no at-

d .. -
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FIG. 2.—SIDE ELEVATION THROUGH CONDUIT

variations in the level of conductor rail, the bar which carries the
contact device is arranged to have a vertical motion, and to pre-
vent undue friction and wear the bar is guided through the sup-

tempt has been made to introduce it till now. The
Jenney Electric Manufacturing Company, of Indian-
apolis, Ind., which controls Mr. Jenney's patent, is
now negotiating with parties in the railway field to
introduce this system.

e b

Electric Headlights

The Neal Headlight Company, of Boston, Mass..
has had several years' experience in the manufacturing
of electric headlights, and the Neal headlight is now
the standard on over 200 street railway companies, in-
cluding the Metropolitan Street Railway Company, of New York,
the Boston Elevated Railway Company and the Brooklyn Heights
Railway. This headlight was invented by J. H. Neal. The Neal
Headlight Company licensed the United States Headlight Com-
pany to manufacture under its patent and became selling agent
for this company, which is claimed to be the largest and most
thoroughly equipped concern manufacturing headlights in the
world.  The volume of business is constantly increasing, and
orders are being received from all parts of the country. This
company is under the r~anagement of F. E. Huntress.

p— BV S

The Southern Electric Railway Company, of St. Louis, Mo., is
crecting a new office building and power station, to cost $160,000.
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A New Portable Fare Register System

The practice of registering fares is a comparatively old one, so
that any radical departure in the methods of collecting and regis-
tering employed is of more than usual interest. Ior this reason
the portable register, which is shown in the accompanying engrav-
ing, will attract considerable attention.

REGISTER IN SERVICE

As will be seen, this is a simple device having a chute running
from top to bottom. In the opening at the top each passenger de-
posits his fare, and, when the coin has entered, the releasing
mechanism is automatically operated by its passage. This closes
the entrance of the chute. By the same action the lower end of the
chute is opened to allow the coin to fall into the hand of the con-
ductor holding the register, and the operation also causes the re-
cording of the farc and the ringing of a
bell. The coin once entered cannot be
taken out, but must pass through into
the conductor's hand. The closing of
the entrance of the coin passage or
chute prevents another coin from cnter-
g mntil the machine is reset by the
conductor, which is donc by pressing a
trigger.  This puts the register in posi-
tion for receiving and recording the
next fare. The machine is so con-
structed that it cannot be tampered with
in any manner without detection, as 1t
has a scal attached to the inner con-
struction.

The record is kept by two independent
counters, thus insuring a correct count.
The counters are fastened directly to the
operating mechanism, and are covered
by heavy glass. They are positively in-
terlocking with the mechanism in such
a way that the register cannot be used
without turning the counters, the con-
nections not depending on any springs
or ratchets.

The register is constructed of the
best quality of stcel with German silver
case heavily nickel-plated, and is very
simple and durable. When not in use
it is suspended conveniently on a brack-

et attached to a strap, which goes
around the neclk of the conductor.
Several of these machines have been

in use for some time, and have demonstrated the entire practica-
bility of the system. Tt is thought that this system will greatly
reduce operating expenses, as the use of all spotters and detectives
will be unnecessary and at the same time a full account is kept
of every nickel which is handed in as a fare. If the passenger
has not the exact fare the conductor furnishes full change. An-
other advantage claimed for this system is that the conductor
can use all the money collected on a trip for change, which is not
the case with some forms of portable registers.

This register is the invention of George F. Rooke, and was
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devised after a careful and thorough investigation of the different
systems of registering fares. It is manufactured by the Rooke
Register Company, of Peoria, Il

—e e
Large Car Works in New England

The Laconia Car Company Works, of Laconia, N. H., with
branch offices at Boston, has the largest and most complete car
manufacturing plant in New England. This corporation has been
newly reorganized, with Frank Jones, of Portsmouth, N. H., pres-
ident, and E. H. Gilman, of Exeter, N. H., general manager and
treasurer., The plant has been enlarged and improved by the ad-
dition of new machinery, and it is now thoroughly modern and
up-to-date.  This company is in a position to build all kinds
of clectric and steam cars, and with the large force of men em-
ployed and facilities for turning out work rapidly, can handle
large orders and make prompt deliveries.

So far this year it has delivered 1oo electric cars for the Boston
Elevated Railway, and some fine ten-bench open cars for the West
Roxbury & Roslindale Street Railway. In addition to the electric
cars, it has delivered ncarly 500 freight cars to the Boston &
Maine Railroad, and some stock cars to the Cutting Car Company.
The orders now on hand include electric cars for the Laconia
Street Railway, of Laconia, N. H., the Norfolk Suburban Street
Railway, of Hyde Park, and the Taunton Street Railway, of
Taunton, Mass. It has also a large order for passenger and
freight cars from the Southern & Hutchinson Railroad, of Kansas,
and for coal cars from the Arlington Mills, of Lawrence, Mass.

The malleable iron foundry connected with the Laconia Car
Company's works is one of the largest and best equipped in the
East, and this company is receiving orders for malleable castings
from all over New England, and as it is turning out some first-
class castings and making prompt deliveries it is rushed with
orders.

e e —

The Dickinson Trolley in Germany and Austria

The Dickinson trolley side contact system has proved quite
popular in Germany, where it has been introduced by the Elec-
tricitits-Gesellschaft Felix Singer & Company, of Berlin. In this

FIG. 1.—MOTOR CAR AT SMICHOW-KOSIRE, USING DICKINSON TROLLEY

system the trolley wheel can not only rotate around its axle, but
also turns about a vertical axis. This arrangement prevents the
wheel from catching in the trolley wire, and also from jumping
off the wire. Another important advantage of this system, of
course, is that the trolley wire can be strung a lateral distance of
three meters from the center of the track. This permits of a
much lighter overhead construction than where it is carried over
the center of the track, cspecially at curves, and eliminates from
the streets and public squares the span wires which are so often
a disfigurement to the landscape. The installation of the Dick-
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inson system, therefore, is looked upon with favor where @sthetic
considerations exclude the use of the common overhead structure.
The cost of installation is claimed to be less with the Dickinson
than with the usual system, and the reliability of operation is also
greater since no slipping of the contact wheel from the trolley
wire can occur. The wear on the overhead wire is also said to
be less than with the centrally located trolley wire, as, owing to
the revolution of the trolley wheel about a vertical as well as a
horizontal axis, the grinding effcct of the flanges against the wire
is eliminated. Figs. 1 to 3 show some illustrations of clectric
railways installed by the Electricitits-Gesellschaft Felix Singer &
Company in Europe, according to the Dickinson system.

For generators and motors this company uscs those of the well-
known Walker type. As a result of the careful design of thesc
machines they have been adopted extensively. The truck used by
the company presents a strong and durable appearance, and is
illustrated in Fig. 4.

FIG. 2.—MOTOR CAR AT LIEGNITZ

FIG. 3.—MOTOR CAR AT TRAIT-PLANCHES

Besides the ordinary hand brake, operated from the two plat-
forms, the Walker system includes the use of an electric brake, if
desired. The application of this can be varied at will, and at full

FIG. 4.—MOTOR TRUCK

power enables the motorman to stop the car at full speed in a
few seconds. This brake is operated by simply reversing the
controller handle beyond the zero point.

The company’s controllers are supplied with solenoid spark
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blowouts. Arcing in the controller is in this way positively pre-
vented, the sparks being blown out radially from the controller
spindle. The Walker controller has seven positions for direct
operation, and about four for braking. In positions 1 to 3 the
motors are in series with a rheostat in the circuit; in 4, the motors
run in series without the resistance; in 5 and 0, the motors are in
parallel with each other, and in series with the rheostat; in 7, they
are parallel with the resistance cut out. The rheostats are made
up of iron strips wound spirally on a cast frame, the windings
being insulated from each other by asbestos.

o b o
+ Q¢

Legal Definition of Locomotive Steam Power

An interesting decision was recently rendered by the Appellate
Division of the Supreme Court, Third Departiment, of the State
of New York, in the case of the People ex rel. Babylon Railroad,
Relator, against the Board of Railroad Commissioners of the State
of New York et al., Respondents. The case was brought to
review the determination of the Railroad Commissioners in re-
fusing to permit the Babylon Railroad Company to change its
motive power from horses to Kinetic power or steam, i. e., the
Dodge stored steam system.

Judge Landon, rendering the opinion of the Court, decided that
legally the Kinetic motor was not a steam engine, where steam
was legislated against. He said, in part:

Section 100 of the Railroad T,aw, Ch. 565, L. 1890, provides
that: “Any street surface railroad may operate any portion of its
road by animal or horse power, or by cable, electricity, or any
power other than locomotive steam power, which may be ap-
proved by the State Board of Railroad Commissioners and con-
sented to by the owners of one-half of the property bounded on
that portion of the railroad with respect to which a change of
motive power is proposed.”

“We think, however, that the Kinetic motor of the relator is
not the ‘locomotive steam power’ contemplated by this statute,
The statute evidently contemplates the locomotive steam engine
commonly employed upon other than street surface railroads, an
engine obviously unsuitable and unsafe for use upon the surface
of city and village streets. The relator’s motor is so constructed
and operated as to be free from the noise, smoke, cinders and
escaping steam of the ordinary locomotive steain engine, It is a
steam engine, but the steam is generated from water heated in
a stationary boiler and transferred to a reservoir under the car
and under the motor and kept from cooling by a slow hard coal
fire beneath the reservoir. It is a sort of dummy steam loco-
motive engine, forming part of the car, and is essentially differ-
ent from the well known ‘locomotive steam power’ mentioned in
the statute. It may be yet in its experimental stage, but the
requisite consents to its use by property owners along the line
of the road seem to afford some evidence that the property
owners have no fear upon that account. We think when the
Board of Railroad Commissioners decided that the statute for-
bade them to give their approval they misconceived the law. The
relator had the right to have its application considered free from
such misconception, and hence the determination should be re-

versed.”
— e —————

Long Distance Transmission of Power

The Westinghouse Electric & Manufacturing Company, of
FPittsburgh, Pa., has issued a catalogue recently, which contains
considerable information of great interest and value. The cata-
logue contains a long list of the plants where Westinghouse alter-
nators have been installed for transmission of power over dis-
tances ranging from one to seventy-eight miles, although it is
stated in the catalogue that the Westinghouse Company is pre-
pared to furnish machines for transmitting over much longer dis-
tances. The catalogue gives the principal features of 185 plants
equipped with Westinghouse apparatus for transmitting power.
These are located in twenty-nine of the United States and eight in
foreign countries. The aggregate h.p. of the generators in these
plants is 219,649; of the motors and rotary transformers, 35,311;
of the static transformers, 51,508, making a total h.p. of 306.758.

The voltage of these plants varies from a few hundred to 22,600
volts, there being six with over 15,000 voltage, twelve with voltage
from 10,000 to 15,000, and 167 with less than 10,000 volts. Among
the plants having 15.000 volts or over may be mentioned the sta-
tion of G. & O. Braniff & Company. at Tlalnepantla. Mexico,
having 22,000 volts; the station of the Cataract Construction Com-
pany, at Tonawanda, N. Y., having 21,000 volts, and the station of
the Colorado Power Company, at Colorado Springs, having 20,000
volts.
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Large Railway Generators

The Walker Company has always been noted for building large
direct current generators, and recognizing the economy of large
units from the point of view of operation and maintenance, rail-
road managers have been demanding larger and larger sizes until
one would think that the recent productions in Walker railway
generators had reached the limit in size of practical and desirable
machines.  This company’s latest gencrator, however, eclipses
anything else ever attempted in the way of a railway dynamo.

FIG. 1.—1600 K.W. GENERATORS IN

This generator is being built for the Boston Elevated Railway
Company, of Boston, Mass., and will be rated at 2700 k.w., giv-
ing a current of 4300 amps. at 6oo volts. Its rating is so low,
however, that it will be capable of very heavy overloads, and the
engine will be of 4500 l.p. in order to be able to respond to any
such requirements.

In a generator of this type, which follows somewhat the design
of other Walker machines, smaller only by comparison with this
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In the field magnet lies the chief difference betwecn this gen-
erator and other smaller ones of the type. This magnet is of steel
and is cast hollow. It is provided with hand holes, one for each
pole. so that thie bolts, which hold the laminated iron pole pieces in
the frame, are casily accessible. The structure of the frame is
strengthened by transverse ribs. The armature is 15 ft. 6 ins. in
diameter and will be wound in the power station in Boston, as it
would be impossible to ship the completed member on account
of tunnels ‘and narrow cuts on the railroad. The commutator is
so large that a very tall man could stand inside the ring while the
segments were being formed up before turning. Its exact outside

KENT AVENUE STATION, BROOKLYN

diameter is 8 ft. 9 ins. Its twenty-four brushes are held in place
by a ring 11 ft. 6 ins. in diameter.

In regard to the capacity of this generator, more popular meas-
ure would be that of h.p., which will be about 3600, and that means
that the one dynamo will be able to drive 300 ordinary street cars
at once at normal load. In the matter of size and weight, this will
be the largest generator in the world. It is designed to run at the
low speed of 73 r.p.m.

Walker Company has built a number of generators
of 1600-k.w. capacity, among them one at Kansas
City, one in New York and two at the Kent Avenue
Station in Brooklyn. These latter are shown in the
accompanying illustration. This station is one of
the finest in the world, and contains in all six gen-
erators aggregating over 100,000 k.w.

A remarkable instance of efficiency is afforded by
the station at Kansas City where one Walker 1600-
k.w. generator furnishes power at a cost of .4867
cents per k.w. hour, including the cost of coal, at-
tendance and supplies.

FIG. 2.—2700 K.W GENERATOR FOR BOSTON ELEVATED RAILWAY

one, weights and dimensions are the most interesting items. The
approximate weight of this machine complete without engine
shaft will be 300,000 1bs., and the armature alone will weigh 115,000
Ibs. The engine shalt to support this mass of copper and iron
is 37 ins. in diameter. The field magnet is 21 ft. 8 ins. in diameter
and 25 ft. on the foundation supports. It has twenty-four poles.

Self-Lubricating Brushes

The Partridge Carbon Company, of Sandusky,
Ohio, is putting oun the market a new brush for
motors and generators, which is known as the Par-
tridge “Perfection” carbon brush. This device has
been designed to meet an increasing demand on the
part of power station engineers for a carbon brush
having a high conductivity and soft enough to re-
duce the wear on the commutator to the minimum.
[t is thought by the manufacturers that this new de-
sign will exactly fill the want.

The *‘Perfection” brushes are somewhat higher in
price than ordinary types, but it is claimed that the
saving in wear of the commutators and the longer
life of the brushes will more than balance the in-
creased first cost.

The Partridge Carbon Company also makes a plumbago brush
for gcnerators, designed to carry a very heavy load. These
brushes are giving entire satisfaction.  This company’s busi-
ness in motor and generator brushes has been very good
during the last year, and its trade is constantly increas-

ing.

SECTION AA.

Street Ry Journal
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Signal System for Single Track Roads

The latest type of Ramsey signal box for single-track roads is
shown herewith. This signal system, which is owned by William-
son & Company, of Allegheny, Pa., has been adopted by a large
number of railway companies, who spcak in highest terms of its
value.

It is a regular block signal system, by which the crew of a car,

o————emomm

SECTION OF SIGNAL BOX

when it arrives at a turnout, are apprised of the fact as to whether
there is another car on the track between it and the next turnout,
and consequently whether it is safe for them to proceed. This
rrevents the delay of the entire system if one car should get be-
hind the schedule time. On certain roads, where a telephone sys-
tem is used, these boxes are employed in place of it for signaling,
as they are considered more desirable.

The signal box, which is shown in scction, has a partition hori-
zontally through the middle, dividing it into two compartments.
In one are placed three, and in the other two, incandescent lamps,
the lamps of each set being visible from one direction only. In
cach box are two double pole switches, which make contact with
a ground wire or with a branch of the trolley wire. The group
of three lamps in one box is in series with a group of two lamps
at the next, a No. 12 w.p. iron or copper wire being carried on
poles to make this connection. It will be scen that when the
lamps in a circuit are not burning, the two switches must both
be either on the ground connection or both ou the trolley con-
nection. In either case the movement of one switch only is
necessary to turn the current through the lamps. Five lamps are
used in series to cut down the voltage, since the lamp current is
taken from the trolley wire.

The operation of the system will then be readily understood.
Conductor A goes to No. 1 turnout; here he finds no red light to
stop him. When it is his leaving time he turns on the lower lights
in the box that he leaves behind at No. 1 turnout, and this will, at
the same time, light the lamps in the upper part of the box at
No. 2 turnout. These lights at No. 2 turnout stop all cars coming
toward him, and those at No. 1 stop all cars irom following him.

He proceeds then to No. 2 turnout; here he finds no car or red
light to stop him. Being guided by the lamps in the lower par-
titions only, or those shining toward him, he puts out the light
he came in on, and turns the light in the next turnout ahead, leav-
ing one behind as before, and proceeds to No. 3 turnout. Flere he
finds a car to pass him, say B. B and A Dboth leavc the lights
alone, /1 takirg B’s lights and going to th= next turnout, and B
taking A’s, cach knowing that he has a clear track in front of
him. When /I reaches No. 4 turnout he finds no light or no car
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to pass hiin; he puts out the lights that B made when he passed
No. 4 turnout and lights the light in No. 5 turnout, leaving a ligh
behind. B proceeds to No. 2 turnout and here he finds no car
to pass and no light to stop him. [le¢ puts the lights out that /1
made when he passed there and lights the light in No. 1 turnout,
leaving once behind him.  This will ¢lear up No. 4 and No. 3
block. This plan is followed throughout the day.

IExtra cars can be taken off or put on the line, or disabled cars
can be taken off the line at any time without interfering with the
balance of the cars. The motorman runs altogether on his scheduate
time and on thc signals. [If his time is up and he has no signal
to stop him, he makes one and leaves it behind him, and makes
one at the next switch to stop any car from coming toward him
and goes ahcad to the next switch.  When two cars mect at
a turnout they merely pass and do not change the signals, since
both are burning and properly protect the trains.

The system insurcs safety even when out of order in the follow-
ing way: The conductor tries the signal and cannot make a light;
when it is his leaving time he will proceed cautiously, ringing
the bell going around curves and dangerous places, knowing that
the car, if one should be coming toward him, has found the same
difficulty; that is, if No. 1 cannot make a light in that block, No.
2 car coming toward him cannot make a light, as they are both con-
nected together. This will make both careful and will not affect
any other block on the line. Of coursc the trouble should be
reported to the repair men as soon as possible, so that the system
may be repaired.

- P -
Extra Large Automatic Car Gaining Machine

J. A. Fay & Company, of Cincinnati, Ohio, have dcsigned a new
antomatic car gaining machine embodying a number of new fea-
tures, which it is expected will commend themselves to all requir-
ing a machine of this kind. Its capacity is for timber up to 10
ins. in thickness and 20 ins. in width. The machine is shown in
the accompanying illustration. As will be noticed the gaining
arbor or hcad is supported on a large and powerful automatic ram
that is gibbed to the top of the column in planed ways. The
countershaft is placed above it with a direct belt communication
to the pulley on the gaining arbor by means of idlers, thus insur-
ing a perfectly uniform tension of the belt in gaining at any posi-
tion of the head across the face of the timber. The fecding
mechanism is so arranged that gaining is done both upon the
forward and backward stroke. The ram feeds forward and back-
ward, automatically stopping at each end of stroke. It has three
speed of feeds to suit narrow, deep and wide gaining.

CAR GAINING MACHINE

The timber carriage is made of steel beams to secure strength
with lightness, has an automatic fced 100 it. per minute, which
i= under the control of the operator through an upright lever in
front. It is also provided with a hand fced for bringing the carriage
to a determinate point for accurate adjustment. With this ma-
chine either a wirc rope feed or a rack and pinion feed is furnished
as desired. A vertical boring attachment or an independent ver-
tical column boring machine is furnished, to be used in conjunc-
tion with the gaining machine when desired.
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Preserving Wood Ties and Poles

One of the main difficultics which has stood in the way of the
adoption of the mnore general processes of wood preservation for
ties and poles has been the fact that the first step usually required
the erection of elaborate and expensive plants, or where the
amount of timber to be treated did not warrant this expense the
added cost of transportation to and from esablished plants added
very considerably to the cost, and in many cases caused annoying
delays. There has consequently been a call for some means of
preservation that can easily be applied at small expense. This is
supplied by a compound made by the Fitch Chemical Company,
of Bay City, Mich. It is shipped in 50-gal. barrels. A long
wooden vat is built 10 ft. wide, 24 in. deep and 50, 100 or more ft.
long, as the capacity of the railroad would re-
quire. In these wooden vats are coils of steam
pipe laid on the bottom. The vat is filled with
the liquid, triple chlorides, the ties put in and
boiled until they become thoroughly saturated
with the chemical, which preserves their life
from twice to three times the natural duration.
This liquid is a very penetrating chemical. The
company now has tanks which have been hold-
ing this material for forty years, and the tanks
have been exposed to the weather during this
entire period. Two years ago the tanks were
removed and put up again and found in a per-
fect state of preservation, which is positive
proof of the preserving qualities of the chemical.

Prof. Roth, a prominent scientist, discusses
some causes and remedies of timber decay, and
gives the following range of durability in rail-
road ties: White oak and chestnut oak cight
years; chestnut, eight years; black locust, ten
years; cherry, black walnut, locust, seven years;
clm, six to seven years; red and black oaks,
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liolstered Hale & Kilburn walkover seats on each side of the
smoking room in the main part of the car body. The glass parti-
tions forming the walls of the compartment admit of a clear view
by the conductor from end to end of the car.

The car bodies are mounted on high speed trucks and are 36 ft
over all, 26 ft. over corner posts, with platforms 4 ft. 6 ins. long
at each end, enclosed with vestibules, having regulation folding
doors on each side. The car is handsomely finished in mahogany,
and all the windows are made of polished plate glass throughout.

_——_"*—_

New Station Near St. Louis

A general dcscription was published in the last issue of the
STREET RATLWAY JOURNAL on the system of the St. Louis, Belle-

four to five years; ash, beach, maple, four years;

redwood, twelve years; cypress and red cedar,
ten years; tamarack, seven to eight years; long
leaf pine, six years; hemlock, four to six years;
spruce, five years. It is claimed that the life of these woods can
be increased several times their natural duration by impregnating
them with the Fitch chemical, which prevents the fungus from
feeding on the wood.

DY S
Combination Car in Providence

A rather novel combination car has recently been built for the
Providence & Taunton Street Railway by the American Car

COMBINATION CAR IN PROVIDENCE

Company, of St. Louis. This car is shown in the accompanying
illustration. As will be seen the smoking compartment is located
at the center of the car body occupying the space of three windows
in length and extending into the aisle for a distance of 4 ft. 6 ins.,
a set of twin doors leading in to the compartment from the aisle.
The seats in the smoking room are upholstered in ‘“Pantasote”
and are arranged around tlie walls. There are six plush up-

INTERIOR OF NEW STATION NEAR ST. LOUIS

ville & Suburban Railway, extending from Belleville, a distance of
fourteen miles, to East St. Louis. The road is a high speed line,
the cars frequently making as high as sixty miles an hour.

The accompanying engraving shows the interior of power sta-
tion made from a photograph received too late for use in last issue.
The engine equipment consists of two Russell four valves semi-
Corliss engines of 500-h.p. each, running at a speed of 150 r.p.m.,
and built by Russell Engine Company, of Massilon, Ohio. Each
engine is directly connected to a Walker generator capable of
working up to 650 amps. each at 550 volts. The boilers are of the
tubular type with seventy-two 4-in. tlues, also furnished by Russell
Engine Company.

_—“’—

Brake Shoes with Cork Inserts

The investigations of the committee on laboratory tests of brake
shoes, of the Master Car Builders’ Association, made within the
last few years were the most thorough that have ever been con-
ducted upon the subje~t. The committee's report gives the results
of several tests made on cast-iron shoes with wooden plugs or
inserts. These tests show that this type of brake shoe, which has
already proven very popular in practical service, is very efficient
and a great improvement over plain cast-iron shoes. In speaking
of these shoes the committee says: “That a more uniform friction
is given by this shoe than by any of the others, and it has the ad-
vantage of not giving the sudden rise in friction at the end of a
stop.” The report further states ‘‘that the friction is highest at the
beginning of the stop, and does not increase as rapidly as the
others at the end of the stop, and that excessive vibrations do
not occur.”

Composite, or “Compo” shoes are now made exclusively with
plugs of cork instead of wood, this material having been found
more desirable than wood in the high speed service of steam rail-
roads where considerable heat is generated through the friction
of the shoe on the tread of the wheel. The cork is of the best
quality and is forced in place by a special machine. In making
the shoe the corks used are originally somewhat larger than the
sockets in the shoes, and being elastic they are held firmly in
place.

The success of the “Compo” brake shoe in practice has been
striking. It is employed as standard upon many of the larger
street railways in this country, including nearly every one in
New England. The widespread adoption of the shoe in that
section of the country convinced the manufacturers that it would
prove equally popular elsewhere if arrangements could be made
for manufacturing the shoes at different distributing centers, and
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so reducing transportation chargces. This has been done and the
Compositc Brake Shoe Company has been particularly fortunate
in securing representative concerns for making thc shoe in the
South and West. The firms who are now making “Compo” shoes
under patents belonging to the Composite Brake Shoe Com-
pany are the Sessions Foundry Company, of Bristol, Conn.; Bar-
bour-Stockwell Company, of Cambridgeport, Mass.; East Buffalo
Iron Works Company, of Buffalo, N. Y., and Wells & French
Company, of Chicago, Ill. The company has appointed Hayes
& Arthur, of Cleveland, Ohio, and J. C. Carry, of Chicago, Ill.,
sales agents.

It would be incompletc in reviewing the work of the Composite
Brake Shoe Company to omit refercnce to the pioneer experi-
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Combination Open and Closed Car

The necessity of keeping a separate style of car for summer
and winter use requires the storage of half the cquipment all of
ning opcn cars in summer and the obligation to use closed cars
ning open cars in summer and the necessity of using closed cars
in winter on most of the roads in this country has compelled them
to follow this plan. The advanrtages of a rcally good combination
car are great, and by a really good car is understood one that
can be easily changed from an open to a closed car without too
much expenditure of time and labor, and also one in which there
are not many adjustable parts or joints to become loose. A car
which, it is claimed, combines these valuable points is illustrated

COMBINATION

ments of its well-known president, W. W. Whitcomb, whose name
is so closely associated with this shoe. Fe was its originator, and
to his far-seeing confidence in the principles upon which it is
based, is due largely the success which has followed it.

—— ————

Reorganization in Pueblo, Col.

A complete reorganization of the street railway and electric
light companies of Pueblo, Col., has been effected. A new com-
pany has been organized which has purchased the property of and
consolidated into one company the Pueblo Electric Street Rail-
way Company, the Pueblo Electric Light & Power Company, the
Pueblo Light, Heat & Power Company, and the Pueblo Gas &
Electric Light Company, the owners of the stock of the different
companies taking bonds and stock in the new company. All the
different properties will be operated hereafter from one large
power station, and there has been added to the equipment three

CAR, OPEN

on this page. It was built by the Pullman Car Company for the
Toledo, Bowling Green & Fremont Railroad, of Toledo, Ohio,
under he George F. Brown patents. The car has a body length
of 32 ft. 6 ins., and measures 43 ft. over all. It is finished in solid
cherry throughout, with quarter sawed oak head lining, nicely
decorated. There are twelve seats on a side, spaced 2 ft. 6 ins:,
with an aisle 20 ins. in width. The seats are of the “walkover”
type without arms on the aisle seat, and are covered with rattan.
The engravings give respectively the appearance of the car open
and closed.

As will be seen, the water table or sill is quite low, and about
the height of the seat arm. Another noticeable feature is the fact
that the windows are quite large and made in two parts. This
permits both sash to be dropped between the inner and the outer
lining of the car. This leaves a much larger opening than could
be given by making the sash in one part or by making the upper
sash stationary. The pocket for receiving the sash is arranged

COMBINATION CAR, CLOSED

Mclntosh & Seymour compound condensing engines, of which
two are 800 h.p. and one 6oo h.p. The generators are General
Electric direct connected, there being two 225-k.w. generators for
street railway work and one 250-k.w. monocycle generator for
incandescent lighting. There will also be one 125-light Brush
arc machine, two 8o-light Wood arc machines, four soo T. H. arc
light machines and two 75-k.w. Wood alternators.

The entire equipment of the street railway company is being re-
built and over $100,000 will be spent in making the plant one of
the finest in the country. The officers of the new company are M.
D. Thatcher, president; J. F. Vail, general manager, and E. B.
Brown, chief electrician.

so that the latter do not touch each other when lowered, so that
there is no rattling or disagreeable noise from them when the
car is used as an open car. Another attractive feature is that
when the sash are in the pocket the opening or top of the pocket
is perfectly closed so that there is no indication of the pocket, a
perfectly smooth surface being represented for an arm-rest; this
overcomes the objection of storing the sash away in summer
where they are liable to be warped or otherwise damaged, and
where it is difficult to reapply them when required. But located
as they are in the car they can be readily gotten at and the car
can be quickly changed from an open to a closed one. This is
particularly desirable in case a heavy storm should come up sud-
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denly, or when in the early spring or late fall the car is to be used
as a closed car a portion of the day and an open car during the
balance, if the weather is agreeable.
— o ———
Magnetic Blow-Out Automatic Circuit Breakers for
500 Volt Direct Current Circuits

The inherent tendency of all circuit breaking devices to draw an
arc at the last point of contact introduces a serious problem in the
design of all switches and cut-out appliances. The roughening

MK CIRCUIT BREAKER

cffect of the arc on the contacts destroys in a short time the use-
fulness of the apparatus, and as the voltage and current increases
the difficulty is rapidly magnified. The only commercially practi-
cable way of breaking direct current circuits at 4oo volts and above
fias been ascertained by exhaustive experiment to be by the use of
a magnetic field, which destroys the arc at the instant of its forma-
tion, and promptly and positively opens the circuit and prevents
injury to the contacts. The advantages of the use of the mag-
netic blow-out wherever a direct current electric circuit is to be
opened are familiar to all users of electrical apparatus. By adding
te a switch equipped with a blow-out magnet, a tripping device
to open the circuit at a predetermined current, an automatic cir-
cuit breaker is obtained which, for convenience and reliability,
may be said to surpass any other form of cut-out.

The General Electric Company manufactures four different
forms of magnetic blow-out automatic circuit breakers for dif-
ferent classes of service. [ach is rated by two numbers, the first
indicating the lowest current that will automatically open the
circuit, and the second number the maximum normal current car-
rying capacity, except in the case of the form MM circuit breaker,
when the second number indicates the maximum capacity on the
basis of intermittent service common in railway work. The trip-
ping point is adjustable to any desired current, from the lowest
rating to 50 per cent in excess of the maximum capacity, by ad-
justing the calibrating spring of the tripping armature.

The four different forms in which these circuit breakers are
made have certain radically different features which adapt them
to the special classes of service for which they are designed. All
of them may, however, be used on any direct current circuit, and,
with reasonable care and attention, will operate satisfactorily un-
der the most severe conditions. Indeed, every case of injury to
the circuit breaker may be traced to improper adjustment or neg-
lect of some simple precaution.

In the designation of the different forms of General Electric
circuit breakers, the first letter represents the general principle of
operation; the second letter is arbitrary, or denotes some features
of construction. For example, the first letter in the form designa-

STREET RAILWAY JOURNAL.

[Vor. XIV. No. 9.

tion of all magnetic blow-out circuit breakers is M; the second
letter is arbitrary. The circuit breakers, formerly known as K,
L, Q and M, are now known as MK, ML, MQ and MM, re-
spectively.

The form MK circuit breakers are made for 150 to 8000 amps.,
and are especially intended for severe service, such as on gen-
erator and feeder panels, where the circuit is subject to repeated
and violent overloads. This circuit breaker can be recommended
for the most severe conditions met in any class of service. The
parts are extra heavy, in order to withstand constant and rough
use. Destructive arcing is prevented by the use of supplementary
contacts placed in a strong magnetic field, and arranged to break
the circuit a moment after the main contact. The transfer of the
arc from the main to the supplementary contacts and the imme-
diate extinguishing action of the magnet has made possible the
construction of effective circuit breakers for 8000 amps. capacity.
The main contact, which is built up of leaf spring, bears upon the
main contact blocks when the breaker is closed. The coil of the
blow-out magnet and the secondary or plug contacts are in multi-
ple with the main contact. Owing to the comparatively high re-
sistance of the secondary contacts practically no current passes
through them until the main contact opens, the whole current then
passes through the magnet coils, and the strong magnetic field
extinguishes the arc as soon as it is formed on the plug contact.
The plug is not withdrawn until after the leaf contacts have left the
contact blocks.

The plug, or secondary contacts, and the inside of the boxes
enclosing them, should be frequently examined, and any accumu-
lation of carbonized material removed. If the secondary con-
tacts are not kept in good condition and properly adjusted the
current will be broken on the main contacts and injury to thc
circuit breaker will result. A little vaseline on the secondary con-
tacts tends to keep them smooth and increases their life. All
parts of the circuit breaker should be kept clean.

All sizes of MK circuit breakers are furnished for back connec-
tion, up to and including 80o-1200 amps. capacity; they can also
be furnished for front connection. Circuit breakers up to 1200-
2000 amps. capacity are made when desired, with an automatic
locking device operated by a handle. When the circuit breaker is
open it can be locked open by removing the handle. As the cir-
cuit breaker cannot be closed without the handle, removal of the
handle prevents accidental or unauthorized closing of the con-
tact. When the circuit breaker is closed the handle cannot be
removed. The automatic locking device is especially valuable in
street railway service, as it permits circuit breakers to be left open
without danger of accidental closing. All the circuit breakers in
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a station may be thus placed under the exclusive control of a single
operator. ‘

For power circuits and classes of work where the conditions
are less severe than in regular railway service the General Elec-
tric Company manufactures the form ML circuit breaker for 100 to
8oo amps. Its principle of action is the same as that of the form
MK, but the moving parts are somewhat lighter, and differ slight-
ly in general form. The form ML circuit breaker is made for
both front and back connections, and in two capacities; 100-500
amps. for front or back connection, and 200-800 amps. for back
connection only. :

As in the case of the form MK, the main contacts of the form
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ML are laminated and connected in multiple with a secondary
plug with a contact, upon which the arc is broken. The auto-
matic locking handle is supplied on this circuit breaker.

The form of MQ circuit breaker is made {rom 15 up to 100-175
amps. only, and is designed especially for protecting power cir-
cuits and stationary motors, In general appearance it is some-
what similar to form ML, but it has no secondary contact. The
current is broken on a segmental contact similar to the contacts
used in railway controllers. This form of contact has been found
amply sufficient for the maximum capacity of this circuit breaker.
There is but one coil for both the tripping magnet and the mag-
vetic blow-out. The magnetic circuit is so arranged that the arc
is ruptured in its field. The positive and instant action of form
MQ circuit breakers affords greater protection to electric motors
than fuses, or any other form of cut-out.

The form MM circuit breaker, for 15 to 150 amps., is designed
especially for street car work, and consequently its rating is based

v

MM CIRCUIT BREAKER

on the intermittent currents usual in rail-
way service. It should not be used where
it will have to carry its maximum rated
capacity continuously. The form MM
circuit breaker is intended to supersede
both the old hood switch and the fuse
box. The fuse box, which has heretofore
been the only protective device availablc
for motor and other car equipment appliances, has usually
been placed in a more or less inaccessible position beneath the
car. The blowing of fuses resulted in annoying and troublesome
delays, and the form MM circuit breaker was at once received
with favor, as it affords perfect protection to the apparatus and can
be instantly reset. It resembles a main motor switch in appear-
ance, and answers the purpose of a switch in every way, being in-
tended for location in the same position under the hood of the car
platform. It can be set to open at any current within certain
ranges, and can be closed and opened by hand, exactly like the old
main motor switch.

Extensive Electrical Construction in Germany

The Allgemeine Electricitits Gesellschaft, of Berlin, Germany.
has made an excellent record during the past year. According
to a statement issued by the company on July 30, 1808, it had built
during the year, or had started construction work upon, four-
teen electric railways with the overhead system in Germany, five
in Spain, three in Italy and one each in Argentine, Chile, and
Russia. These roads have a total length of about 450 km.. and
a rolling stock of 750 motor cars. For the coming year the
company has already received contracts for the construction of
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sixteen German railways and a number of railways in Spain,
Italy, Belgium and Holland.

X 22

New System of Recording Fares

John Y. Ohmer, of Dayton, Ohio, has recently devised and 1s
introducing a new system of registering fares which is designed
to greatly reduce the labors of conductors in making their daily
reports on roads where more than one rate of fare is charged, and
also to make it feasible to register on one machine different rates
of fares. The principal feature in this invention is the provision
for keeping a separate record of the total number of each rate of
fares collected, whether tickets, transfers or three-cent, five-cent
ten-cent, or any other cash denomination. The register em-
ployed also gives the total of all fares combined and the record
of each conductor for each trip. In addition to indicating these
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records the register atitomatically prints them on a slip at the end
of each trip.

The use of this device does away with the necessity of the con-
ductor making any written report whatever. He simply turns in
all the cash fares, transfers or tickets which he collects on a trip,
and the register gives the necessary classified record on a printed
sheet.

The register is shown in the accompanying illustration. The
totalizingr\vheels are not exposed, and only those with authority
can take away the printed statement. If more or less fares of any
denomination are returned by the conductor than the number
registered by him the printed slip will immediately disclose the
error.

As will be seen from the illustration. the register is so ar-
ranged that the denomination of the fare rung up is plainly indi-
cated in the car and also at the front and back platforms. This
enables the passenger, wherever he may be, to observe whether. or
not the conductor registers the proper fare. The denomination
of the last fare collected remains exposed to view until another
fare is rung up. The register is made in sizes to indicate any
number of denomination of rares from three up to eighteen.

This system, in addition to relieving the conductor of consider-
able work. also greatly simplifies the bookkeeping at the head
office, as the printed statements are easily handled and the records
transferred to the proper books.



The Status of the Air Brake

There has been a decided tendency 1n electric ratlway construc-
tion during the past year toward heavier and longer cars and high-
er speeds. This has been observed, not only on suburban and
interurban lines, but even in cities where the larger carrying ca-
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pressor and forgings complete weighs about 400 Ibs.  This appa-
ratus is suitable for one double truck motor car and one double
truck trailer of the size used in ordinary suburban service, Lut is
especially designed for single, heavy, high speed cars, and has
proven eminently satisfactory. As will be seen, the box is fitted

with doors to provide ready access to air valves, commutator and
The experience of the company has been that the loca-

brushes.
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FIG. 1.—MOTOR COMPRESSOR WITH CASE OPEN

pacity of the long cars produces a distinct economy. Under these
conditions there has been a greater demand for power brakes, and
it 1s not swrprising to find that the air brake companies have been
working full time, and report many orders on their books. The
advantage of the air brake for heavy, high speced cars does not
consist only in the force with which the brake shoes can be
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pressed against the wheels or the quickness with which it can be
applied.  The moral advantage, even greater, perhaps, than those
mentioned, is the confidence with which it inspires the motorman.
With a brake of this character, with which he is perfectly familiar,
and in which he possesses absolute confidence, he is much more
likely to remain cool and collected in any emergency.

During the year the Christensen Engineering Company, of Mil-
waukee, has cquipped with its apparatus several hundred cars.
ranging in capacity from those designed for the heaviest elevated
and steam railroad service to that of ordinary city traffic. It is a
noticeable fact that the majority of these orders have been placed
by companies who have first employed a few equipments, which
have been given a thorough test.  This indicates that the skepti-
cism, which was at one time more general, on the value of air
brakes, is gradually disappearing.

Various modifications and improvements have been made by
the Christensen Company in the details of its air brake equipment
during the past year. These have been notably in the introduction
of a double spiral gear and pinion to form the drive between the
motor and compressor, and in a small change in the air pump
valves, which, with the gearing mentioned above, produces a
practically noiseless machine. A change has also been made in
the method of lubrication and in the arrangement of piston pack-
ings and cylinders, which have increased the efficiency of the
compressotrs fully 15 per cent.

Fig. 1 shows the type of compressor used at present. As will
be seen, it is all boxed in to protect it from dirt and moisture, and
i3 bolted to the lower part of the car body. For the No. 1 com-
pressor this box is about 21 ins. cube, and with the motor com-

FIG. 2.—AUTOMATIC CONTROLLER

tion of the compressor under the car is better than on the plat-
form, where it is more or less in the way, except where there is
a separate vestibule for the motorman.

Fig. 2 shows the automatic switch controller, by which the va-

riation in the air pressure in the reservoir starts and stops the com-
pressor.

Recent improvements have been made in the details of

FIG. 5.—CAR IN

TAUNTON EQUIPPED WITH AIR BRAKES

this apparatus, by which its efficiency and reliability have been in-

creased. As now built, it consists of practically only two moving ,
parts, and it is fitted with carbon breaks and powerful air blasts

for extinguishing the arc.
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Ifig. 3 shows the arrangement and conncection of the apparatus
for a wmotor car with compressor arranged beneath the car floor.
Ilig. 4 shows a notable installation made by the company during
the past year in Brooklyn, in a train on the Brooklyn Elevated
Railroad, on which the independent motor compressor apparatus
was used. The motor car complete without passengers weighs
over thirty tons. Another example of a high speed railway tor
heavy trathic equipped by the Christensen air brakes is the New
Canaan Division of the New York, New llaven & Hartford Rail-
road, all of the cars of which are employing independent moto:
compressor apparatus, A description of this system is given by
Col. N. H. Heft on page 540 of this issue.  Fig. 5 shows a type
of road using smaller cars cquipped with Christensen air brakes.
This 1s the Taunton & Brockton Railway, and the air brake order
for these cars was given to the Christensen Engincering Company
after a test of a large variety of brakes extending over a consid-
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portant in its place as the power that moves the brake at the
other end. The brake shoe is the medium through which the
power, the air from the main reservoir or muscular exertion af
the end of the brake handle, reaches the wheel and controls the
speed of the train, and as the brake shoe is good or bad, so the
control of the car is complete or incomplete.

A Dbrake shoe to be theoretically good should retain the benefi
clal features of the plain cast-iron shoe and at the same time
One of the
recent types of brake shoes for which these advantages are claimed
is the “Diamond S.”" This shoe consists of a body of cast iron, of
unchilled but dense and strong metal, cast about a bundle com-
posed of strips of expanded sheet steel. Each strand of the in-
sertion is completely surrounded by cast iron, the whole forming
a homogencous and synimetrical mass. The iron is intimately
bound up Dby the steel strands, which extend throughout the

FIG. 4.—BROOKLYN ELEVATED RAILWAY TRAIN EQUIPPED WITH AIR BRAKES

erable time. The two latter illustrations are intended particularly
to show the variety of service for which this apparatus is appli-
cable, covering the heaviest, as well as the lightest.

e e

“S” Brake Shoes

The proper shape and material for making brake shoes for
street railway cars has been a subject of discussion among engin-
cers for some time, but particularly since the advent of the electric
motor. When horses were used the problem was not of such
vital importance, but with the heavier electric cars, greatly in-
creased traffic and higher speeds, the question of stopping a car
becomes almost as important as the question of the best method
of running it. As the manufacturer of a well-known type of
brale shoe has recently put it: “In those days the main use of the
brake was to keep the car from running over the motive power
(mule), and an emergency stop was accomplished by turning the
motive power sideways and running into it.”

The supreme test of a brake mechanism is the cmergency ap-
plication. The brakes must go on with all possible speed, and
the shoes must hold with the greatest efficiency, in order that the
train be brought quickly to a stand-still. The emergency application
is only called forth when danger threatens and the train must stop,
when every effort must be put forth fo stop, and that system of
bralkes which_will bring the train to a stand-still in the shortest
space of time is the most successful and efficient.

Service stops do not indicate the true efficiency of the brake
mechanism.  These stops are made with ample warning, the
amount of pressure applicd being dependent upon the rapidity with
which the stops are desired, and conscquently the full effort of the
brake mechanism is not brought into play. Under such condi-
tions an inferior brake mechanism may show practically ecqual
results to the superior one. It is only when trouble comes, when
the difference of a few feet means life or death, the real merits of
the device are brought into sight.

The brake shoe is the end of the brake system. "It is as im-

length of the shoe, and as the face of the shoe wears down in
contact with the wheel, the strands of steel appear and disappear,
always preventing the rapid disintegration of the cast iron but
sever presenting a continuous steel contact with the wheel.
The angle at which the insertions are placed with regard to the face
of the shoe is such that as the shoe wears down the steel moves
its point of contact across the face of the shoe, and as each layer
wears out 1t is succeeded by the next at a different spot in the
face of the shoe.

These expanded steel inserts produced from thin sheets of mild
steel, when intimately bound up by the cast iron, give to the
shoe the feature of toughness which prevents rapid disintegration,
and by the simple combination of plain cast iron with bundles of
strips of expanded metal, 15 produced a brake shoe which, it is
claimed, will wear from four to five times as long as a plain cast-
iron shoe, at the same time giving equal or superior iriction.

A series of tests were made of the “"Diamond S shoe on
the brake shoe testing machine, of the Master Car Builders’ As-
sociation at the works of the Westinghouse Air Brake Company
at Wilmerding, Pa. These tests were conducted by the mechani-
cal engineer of the company, who made the tests for the Master
Car Builders' Committee (whose report appears in the 18g6 pro-
ceedings), and in the same manner, plain cast iron being the
basis of comparison. [t was found that the introduction of the
expanded sheet steel into a body of cast iron produced a brake
shoe which generated over 15 per cent greater friction, resulting
in a corresponding decrease in the distance necessary to stop a
car under precisely similar conditions as when shoes of plain cast
iron were used. More than this, the test clearly demonstrated
that the new type of brake shoe took hold of the wheel with
areater force at the instant of application and continued to retard
the wheel with superior friction until near the end of the stop, when
the friction became practically the same as that of the plain cast-
iron shoe, which rose rapidly at the end of the stop. This clearly
proves that the new type of brake shoe, while retarding the wheel
with greater force when speed is highest and when retardation
is most needed, will not grip the wheel with any more force at the
end of the stop, where sliding is liable to occur, than plain
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cast-iron shoes, and this fact is one of considerable importance
and well worth the careful consideration of all who are interested
in the subject of brake shoes, because, of course, the brake shoe
should not slide the wheel.

The name “Diamond S” has been adopted for the new brake
shoe on account of the diamond-shaped appearance of the sheet
of expanded metal as it comes out on the iace of the shoc. The
patents are owmned by the American Brake Shoe Company, of
Chicago, and the “Diamond S” shoes are made by responsible
companies which have been long engaged in the manufacture of
brake shoes.

— . e

The Price Friction Brake

The advantage of utilizing the power stored in the moving car
to operate the brakes when the car is to be stopped is important,
and it is, of course, theoretically much more desirable to do this
ithan to generate additional power for this purpose. For this

STREET RAILWAY JOURNAL.

[Vor. XIV. No. 9.

Late Forms of Overhead Appliances

The design of electric railway line material has now become
almost crystallized into conventional forms upon which improve-
ment can only be called for by new conditions of street railway
operation and conditions hitherto unforeseen. In the design of the
Iine material manufactured by the General Electric Company this
conventionality of form is peculiarly noticeable, but it is a con-
ventionality which long experience and unparalleled facilities for
appreciating the requirements of the most cconomical street rail-
way operation has shown to be a type upon which street railway
managers can place full reliance for perfect service. The strains
and wear on cach device in service have been carefully studied.
and every feature incorporated, even in the smallest device, has
been determined with the object of producing apparatus, as dura-
ble as the most economic service can demand.

In the frogs and crossings the straight under run is retained
under all strains up to the actual strength of the trolley wire.
Thus no permanent set in the casting or bending down in the

[

FIG.

reason friction brakes have always possessed an attraction for
railway managers. Realizing this, Mr. Peckham, of the Peckham
Motor Truck & Wheel Company, has decided to complete his
truck system by the addition of a practical friction brake, and for
this purpose has secured the exclusive rights for the manufacture
and sale of the Price momentum brake. This brake is employed
on the Chicago City Railway, where some hundred are in use,
and are giving excellent results. It is also in use on several other
electric railways, among which is the Brooklyn Heights Rail-
road.

The regular brake rigging is employed. but instead of leading
the brake chain to the brake staff, the end is attached to a drum
sleeved on one of the axles, as shown in Fig. 1. This drum is not
leyed to the axle, and does not turn with it except when a stop
is to be made. By a series of levers the edge of the drum, which

1.—FRICTION BRAKE APPLIED TO SINGLE TRUCK CAR

middle is possible, and the run of the trolley wheel 1s not ob-
structed. In the form I the tongues have lips which fold over the
wire; in the form G mechanical clamps are used and no solder is
necessary. In all other respects the designs are similar. The
right angle crossing is a single casting with a small compression
member dropped into place after the trolley wires and secured with
a cotter pin.

The form L insulated crossing does not require the cutting of
cither trolley wire in placing it in position. [t is fitted with the
form G clamp and requires no solder.  The insulation is ot
selected wood, the replaceable runways are of white fibre, and are
made shorter than in previous types, giving the device a more
compact form and lighter weight. The form L section insulator
is, similarly, built more compact than the previous forms. The
use of wood for these devices provides an ideal insulation with-

L L

FIG.

is in the form of a disc, is then pressed against a corresponding
disc on the inside of the car wheel. Between the two discs is a
leather washer to take up the wear. The friction caused by press-
ing the drum against the car wheel causes the former to revolve,
winding up the chain and setting the brake. The details of the
brake are carefully worked out, and include its thorough lubrica-
tion, with provision for keeping the oil away from the leather
washer, etc. -

The application to a single truck car is illustrated in Fig. 1, and
as arranged for a double truck car, in Fig. 2. The brakes on trail
cars can also be applied from the motor car, and simultaneously
with those on the motor car, by this system.
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2.—FRICTION BRAKE APPLIED TO DOUBLE TRUCK CAR

out unduly increasing the size of the castings, which, were moulded
insulation used, would be of great weight and cumbersome design.

In the suspensions the forms D and G are both retained as
standard. The ears have, however, been improved, in that the hub
is made to fit equally well all G. E. suspensions; thus in ordering
ears it will no longer be necessary to specify the type of sus-
pension with which they are to be used. The form G clamping
ear is, perhaps, the simplest on the market, consisting of two
light but strong pieces, with jaws which grip the trolley wire, and
are held together by the stout screws. No change has been made
in the turn-buckles, strain insulators or splicing sleeves, the pres-
cnt forms having proved satisfactory in every respect.
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Electric Locomotive for Switching wheel. The engine is fitted with double ecccentrics, and runs at

The accompanying illustration shows a heavy electric locomo-
tive built for switching purposes. It is one of two recently built
by the McGuire Manufacturing Company, of Chicago, for the
General Electric Company, one to be used by the New York Sugar
Refining Company, in New York City, the other, by the Hoboken

ELECTRIC SWITCHING LOCOMOTIVE

Railroad, Warehouse & Steamship Connecting Company, of Ho-
boken, N. J.

The locomotive will be equipped with two G. E. 51 motors, and
has a total weight of 28,000 ths. The wheels will be 36 ins. in diame-
ter, with M. C. B. specifications, and the wheel base 1s 5 ft. 6 ins.
The car will be equipped with Westinghouse air brakes, a 5-in. air
whistle, for which special reservoirs are carried, a regular locomo-
tive bell, etc.

0P

Large Engine in San Antonio, Texas

The San Antonio Street Railway Company, of San Antonio,
Tex., has recently installed at its power house one cross-com-

£

8o r.p.m. It is so piped that either or both cylinders can be run
simple, condensing or non-condensing.

o

A New Principle in Brake Shoes

In the early history of railroading, the main work demanded of
a brake shoe was to stop the wheels from turning in the shortest
possible time, and very little attention was given at first to the
wear of either wheels or brake shoes from friction. It soon be-
came evident, however, that the wear cn the tire of the wheel was
very expensive, and it became necessary to make the brake shoe
of a softer metal in order to transier the wcar from the wheel to
the shoe, and to produce that degree of friction necessary to stop
the train at short distances without skidding the wheels and caus-
g undue oscillation of the cars.

In considering the action of a brake shoe against the wheel, 1t
is, of course, true that skidding takes place when the pressure of
the shoe against the wheel produces a greater coefficient of fric-
tion than that produced between the wheel and the rail upon which
it 1s rolling. The ideal surface for a brake shoe is one which will
act upon the wheel to its full retarding limit without reaching the
skidding point, as i this way the maximum braking effort can be
produced and the quickest stop made without causing flat wheels.
Afteryearsof experimenting,a shoe has been produced by the Allen
& Morrison Brake Shoe & Manufacturing Company, of Chicago,
which, it is claimed, embodies in its construction the necessary
features for giving the maximum braking effort without skidding,
and one which is almost absolutely noiseless in its action.

The surface of this shoe which bears against the tire of the
wheel 1s a mineral cement and commutated iron placed in and
formed nto a frame of iron under high hydraulic pressure with
chilled inserts to regulate the braking power. In practical service
some of these shoes have run over 22,000 miles with nearly one-
half the wear on the tire of the wheel occasioned by soft iron
shoes.

The Allen & Morrison shoes are now running on the South
Side Elevated Railroad, of Chicago, and the trains are stopped
practically without noise, there being none of the screeching often
heard where ordinary brake shoes are used. The Lake Street
Elevated Railroad, of Chicago; the Kansas City Railroad, of Kan-
sas City, and many other roads are using these shoes, and they
have proven in practice that they entirely iulfil the claims of the
inventor. It is the testimony of the roads that have bought these
apphiances that their use reacts economically on the wear and tear
of the rolling stock, and a better and more satisfactory service is

CROSS COMPOUND ENGINE IN SAN ANTONIO, TEX.

pound condensing Corliss engine, directly connected to a 425-k.w.
railway generator. This engine was built by the Murray Tron
Worlks Company, of Burlington, Ta. The cylinders measure 20
ins. and 36 ins. in diameter, and the stroke is 48 ins. The cylin-
ders are mounted on the box girder frame of the Murray Iron
Works, and the engine is fitted with a 17-in. shaft and 16-it. fly

obtained than with any shoe which has been placed before the
public. To substantiate the claim that flat wheels cannot be made
when using the Allen & Morrison brake shoe, it is stated that the
South Side Elevated Railroad, with its numerous stops and heavy
high-speed trains, has not had a flat wheel since the adoption of
this shoe on its system.



576
Hollow Forged Shafts of Fluid Compressed Steel

The hollow-iorged engine shafts of fluid compressed steel made
by The Bethlehem Iron Company havebecome very popular among
station designers, particularly for use with large units. Among the
forgings recently produced at the plant of the company at South
Bethlehem, Pa., is that shown in the engraving herewith, which
represents six similar shafts furnished to the Edward P. Allis Com-
pany, Milwaukee, Wis., for the 7500-h.p. engines to be installed at
the Ninety-sixth Street power station of the Metropolitan Street
Railway Company, New York City.

The material used was fluid compressed, open hearth steel, and
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A New Corliss Engine

A new type of horizontal tandem compound engine, designed
and built by the Ball & Wood Company, of New York, is illus-
trated herewith. It is believed that in this engine are cmbodied all
the best features of the well known Corliss type, together with a
number of important and interesting improvements designed by
the engineers of the Ball & Wood Company, with the object of
obtaining the best possible distribution of steam, close regulation
and high efficiency.

The valve gear is generally Corliss in type, but is without the
usual Corliss tripping devices or dash pots. Instead of this the

ENGINE SHAFT FORGED FROM FLUID COMPRESSED STEEL

the shafts were forged hollow on a mandrel. They are of the
following dimensions: elastic limit, 35,co0 1bs. per sq. in.; elonga-
tion, 25 per cent; diameter of fly-wheel fit, 37 ins.; diameter of
journals, 34 ins.; diameter of crank-web fit, 30 ins.: diameter of
axial hole, 16 1ns.; length over all, 27 {t. 4 ins.; weight, estimated,
70,000 1Ds.

The makers have in hand also a shaft of extraordinary quality
for the Boston Elevated Railway. This remarkable forging is to
be made of the highest grade of fluid
compressed nickel steel, annealed and oil-
tempered, the specification being the most
comprehensive ever drawn for stationary-
engine work. This and the shait shown
in the cut are the largest engine shalts
ever made,

The dimensions of this shaft are: elas-
tic limit, 50.000 lbs. per sq. in.: elonga-
tion, 18 per cent in test pieces 1-in. diame-
ter and 10 ins. long; diameter of fly-wheel
fit, 37 ins.; diameter of journals, 34 ins.;
diameter of crank-web fit, 32 ins.; diame-
ter of axial hole, 1734 ins.; length over all,
27 ft. 10 ins.; weight, 63,000 lbs. (esti-
mated).

The shaft is for an 8ooo-h p. engine,
built by the Corliss Steam Engine Com-
pany, and will be finished complete with
crank-dise and fly-wheel hub forced on
and will be delivered at the power statior.
in Boston on a car of 130,000 Ibs. capac-
ity, made especially for the Bethlehem
worlks. ot

The Boston Elevated Railway Com-
pany will use also two other shafts made
by the Bethlehem Company of open-
hearth steel, hydraulic forged hollow on a mandrel and oil-tem-
pered, for two other Corliss steam engines. The main dimensions
ol these shafts are: elastic limit, 45,000 Ibs. per sq. in.; elongation,
20 per cent in test pieces 1 in. diameter and 1o ins. long: diameter
of fly-wheel fit, 19 ins.: diameter of journals, 1724 ins.; diameter of
axial hole, 6 ins ; total length, 19 ft. 9% ins.; weight, 16,100 Ibs.
These two shafts are to replace two made of wrought iron, which
failed in service.

)
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The annuval returns of the street railway companies of St. Louis
for the year ending June 30, 1808, show the total number of trips
on all lines in the city to have been 1.335,088, and total passengers
carried 30,013,201. The best showings were made by the Lindell
Railway and the Missouri Railroad.

admission valves are operated by an independent wrist plate. The
exhaust valves are actuated by a second wrist plate by means of
an adjustable eccentric, and both wrist plates are connected to the
Ball & Wood inertia governor, which is well known to be one
upon which extremely small variations of speed have an imme-
diate corrective effect. The valves are multiported on both steam
and exhaust cylinders, thus insuring quick and full admission of
steam into the cylinders and prompt release at completion of

NEW CORLISS ENGINE

stroke. The exhaust motion is very rapid, and by means of the
independent eccentric any desired adjustment is obtainable. The
steam valves have large openings, and, being operated by the
Corliss plate, quick angular motion is obtained.

Tt is evident that the economy of this type of engine should be
exceedingly good, and its regulation as nearly perfect as is possible
to attain in engine practice. These new engines are manufactured
in large and small sizes, for railway and lighting service, and in
connection with the vertical and other types built by the com-
pany enable the latter to furnish to customers practically any type
of engine desired.

__.._._00‘_____

The street railway employees of the Bay Cities Consolidated
Railway Company, of Bay City, Mich., have organized a branch of
the Amalgamated Association of Street Railway Employees of
America. .
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Automatic Couplings

The accompanying engravings show two of the standard coup-
lings manufactured by the W. T. Van Dorn Company, of Chicago.
Fig. 1 shows the Van Dorn latest improved draft appliance con-
nected to this company’s No. 4 conpling as applied to the new
motor cars of the Metropolitan West Side Elevated Railroad

FIG. 1.—NEW DESIGN OF COUPLER

FlG. 3.

—STANDARD COUPLER FOR STREET CAR

Company, of Chicago. It will be seen that this is a very simple
and durable appliance, and it is giving good satisfaction.

Fig. 2 represents the Van Dorn standard No. 7 coupler. This
illustration shows how solid these couplings will couple two cars
together. They couple automatically within one-sixteenth of an
inch. The Van Dorn couplings are well known both throughout
this country and abroad, and they have been accepted as standard
on a large number of roads. Among the recent companies to
adopt this device as standard are both the Brooklyn elevated
roads. The Brooklyn Elevated Railroad Company ordered 152
sets of couplings known as the Van Dorn No. 3, to be applied to
the Van Dorn improved T rails for draft rigging. that swivels on
the body bolster specially built for trail cars. The Van Dorn
couplings are also standard on all the elevated roads in Chicago.

The W. T. Van Dorn Company now has nine different sizes of
couplings and as many different ways to apply them to different
classes of cars, as it constructs them to meet the requirements
of different roads. All of these couplings arc machine-fitted, and
are very complete in every respect. R. W. Blackwell, of London,
is the European agent for these appliances.

DS

Corrugated Steel Trolley Poles

The Bibber-White Company, of Boston, Mass., is placing on
the market a corrugated steel trolley pole. an illustration of which
s shown herewith. The object of the corrugations is to secure
greater strength with less weight. That this point is obtained is
clearly proven by a scrics of tests recently made at the Water-
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Steam Gages and Valves

The Crosby Steam Gage & Valve Company, of Boston, Mass.,
for nearly a quarter of a century has been actively engaged in the
production of instruments for use on steam boilers and steam
enginces, which would tend to greater cconomies in the cost of
stcam production and to affording security to human life. During
this time, modifications of original plans and
methods of construction have been made, new
inventions and discoveries have been sought,
tried and adapted, and this company's line of
gages and valves includes everything that can
he desired in varicty, design, capacity, strength
and efficiency.

The Crosby steam engine indicator is designed
to meet the requirements of modern high-speed
(ngineering practice. This indicator is very
simple in construction, is extremely light, and
all the moving parts are very closely adjusted.

The Crosby spring seat valve is made either
cf brass or of iron. These valves are so designed
as to prevent them from jamming when the
valve is closed, and yet they are free to accom-
modate themselves to any variation of tempera-
ture. In addition to this, when the valves arc
partially opcn, the outrushing steam or fluid does
not abrade their surfaces, as sometines happens
with common valves.

The feed-water regulator manufactured by the
Crosby Stcam Gage & Valve Company eom-
prises a thermostat and a water valve, the latter
controlled automatically by the former, and has for its purpose
the maintenance of a uniform height of water in a steam boiler
under all conditions of use, regardless of any degree of pressure
or of the employment of the steam therein. It is equally applica-
ble to and cfficient on a single boiler or a battery of boilers.

The Crosby pressure recorder records the pressurc of any fluid
during a certain period of time. It is designed to supply the
constantly increasing demand for a compact and reliable, yet not
too costly instrument for recording all the variations of pressure
which take place in a steam boiler, or other receptacle.

PR * b -

A New Vestibule Door

Among the many ingenious and valuable inventions relating to
the street railway industry which are constantly being brought
out, the patent vestibule door recently devised by C. F. Agard is
one of the best. This invention very satisfactorily fulfils all the
requirements for which it was intended. its object being to facili-
tate taking on and discharging passengers from a car vestibule.
The usual folding doors opening inward, sweep across the stand-
ing space of the vestibule, and require the platform to be clear
before they can be opened. This is often very awkward and an-
noying to passengers. The Agard device, which was quite fully
described and illustrated in the STrREET Rarnway Jourwar for
January, 1898, does away with this difficulty by substituting a
sliding door for the folding doors.

In the new system an overhead track is bent to fit the angle of

CORRUGATED STEEL TROLLEY POLE

town Arsenal, where both transverse and compression tests
showed greatly in favor of the corrugation tubing.

This new pole is the invention of H. W. Smith, manager of the
¢lesrric railway supply department of the Bibber-White Cora-
pany.

—t P —

The Chattanooga (Tenn.) Eleetric Railway Company has a large
force of men at work repairing its tracks and otherwise improving
the system.  When the work is complcted this street railway will
be one of the best equipped in the country.

.——’.‘,_, cri——

The stockholders of the General Electric Company on Aug. 17
voted to scale down the capital stock 60 per cent. The General
Electrie Company’s ecommon stock amounts to $30,460,000 and the
preferred stock to $4.250,000. It is stated that the preferred stock-
holders will eontest the reduction of the stock in the eourts.

the vestibule, with a curve at the angle, and from this the door is
suspended by swivel hangers, which freely follow the change of
direction of the track. A guide rail similarly bent is placed about
a foot above the floor, and is grasped by a pair of guide rolls at-
tached to the door to steady the latter at the bottom in interme-
diate positions, When the door is fully closed the lower corner,
which is shod with brass, rests securely in a bell-mouthed socket,
while the edge enters a rabbit, which cuts off draughts of air.
The door slides close to the side of the vestibule, and docs not
interfere with the brake staff, controller, etc.

The Hartford Street Railway Company has used the Agard in-
vention on cighty closed cars for over two years, and the gen-
cral manager of that company states that it is the best thing of its
kind that has ever been used on that system. The new door is
manufactured by James L. Howard & Company, of Hartford.
Conn,
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The G E 55 Motor

For elevated and underground railroads, as well as suburban
and interurban railways, the General Illectric Company has de-
veloped the GE-355 motor of 160-h.p. This motor, while differing
but slightly in outward appearance from previous GE motors of
similar capacity, embodies many important improvements which,
it is claimed, render it the only suitable motor for this class of
worlk, presented to the railroads. Reference has already been
made on page 540 to the use of this motor on the New York, New
Haven & Hartford Railroad, and on page 535, to its employment
on the locomotives of the Buffalo & Lockport Railway.

The magnet frame is of soft steel of high magnetic permeability
cast in one piece in the form of a cube with well rounded corners.
In each end is a bored out opening large enough to allow of the
removal of the armature, pole pieces and field coils. Into this open-
ing fits a frame head held in place by four bolts, and carrying the
armature shaft bearings. The axle bearing caps are bolted to
vertically planed surfaces on the frame. The four pole pieces are
built up of soft iron laminz, and are bolted 1o the top, bottom and
sides of the frame, with the nuts on the outside. The frame has a
large opening above the commutator, through which it and the
Lrushes may be inspected and the worn out brushes renewed. The
brush holders and insulating supports may also bhe removed
through this opening, which is protected by an casily removable
non cover, securely clamped down by an adjustable cam-locking
device. In the bottom of the frame directly under the commuta-
tor is a large hand hole protected also by a cover.

The four field coils are wound on metal spools held in place by
laminated pole pieces. The winding is of strip copper of ample
cross section, thoroughly insulated from the spool and each wind-
ing is tested at the works to a potential of 5000 volts.

The armature is of the iron-clad type, with a core built up of soft
iron lamine insulated from ecach other by coats of japan, and
assembled on a composition metal spider securely keyed to the
shaft. The slots are so uniformly punched in the sheets that the
assembled core has smooth and regular slots in which to place
the conductors.  The winding is of the series drum barrel type,
and is made up of stranded copper conductors thoroughly [ormed
and insulated Defore insertion in the slots of the core. The in-
culation placed on these coils is of the highest obtainable quality,
and is practically impervious to moisture. The conductors are
soldered directly into the ears, which form part of the commuta-
tor segments, avoiding the use of connccting leads. Before
assembling in the motor the armature is tested to withstand a
potential of 2500 volts between the conductors and the core. To
prevent carbon dust from finding access to the end windings they
are thoroughly covered with stout canvas and Lound in place.

VIEW OF MOTOR

The commutator segments of hard drawn copper are built up
and securely clamped on a malleable iron shell, the best quality of
mica being used for the insulation.

The cone clamping insulations are of the same high grade mica
built up and pressed hard into compact shape, but the mica be-
tween the segments is of a somewhat softer quality to allow of
even wearing with the segments., Each commutator is subjected
to a high potential test of 5000 volts between segments and shell,
and 500 volts between each adjacent segment. Under all normal
conditions it will run without injurious sparking.

The bearings of the armature are supported in the frame heads,
which extend inside the armature and commutator. They are
lubricated by oil and waste, put in place through a hand hole, as
with the ordinary car-box bearing. The brasses take the form of
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a sleeve with the sides cut away to expose the shaft to the oily
waste. The use of oil makes it easier to keep the motor clean,
and oil deflectors are provided to prevent any access of the lubri-
cant to the inside of the machine. Drip cups cast into the frame
heads under the armature bearings allow of the removal of used
oil. A similar system of lubrication is employved with the axle
bearings, as with the armature shaft bearings.

All the leads are brought out through rubber bushed holes in the
magnet frame, and are easily removable. The two brush holders
are of cast brass, each carrying four carbon brushes, which slide
in finished ways and are pressed against the commutator by in-
dependent fingers, giving a practically uniform pressure through-

SIDE ELEVATION OF MOTOR

out the working range of the brushes. The holders are bolted to
guides, which in turn are clamped to a specially designed mica
insulated stud. The GE-355 motor is rated at 160 h.p. It weighs
approximately 5000 1bs.

S

Report of the Dublin United Tramways, Limited

At the hall yearly meeting of the Dublin (Ireland) United
Tramways Company, Limited, the following interesting report
upon the company’s condition was made. The chairman’s ad-
dress to the stockholders was in part as follows: “In pursuance
of the undertaking given at the last meeting of shareholders we
have tert you on this occasion the report and statements of ac-
count ol the companies from which we draw our revenue, narciy.
the ublin United Tramways Company and the Dublin Southern
District T'ramways Company. These documents afford full in-
formation of the working of the tramways for the past half vear,
and give some indications of the progress made in the electrical
equipment ana the conversion of horse lines to electricity. As
stated in the rcport, we have completed the electrical equipment
ot the Clontarl line, which was opened f[or traffic by electric trac-
tion to Neison’s Pillar on the 2oth of March; the Haddington
Road line, which was opened on the 12th of July, and the North
Quay, which ic expected to open shortly, when we shall popular-
ize the traftic ro the Pheenix Park by reducing the fare from
O'Comnell Bridge to one penny for the whole distance.”

The Dublin United Tramways Company is also equipping with
electricity the new line from Rathmines to the sea, and also the
North Circular road line. A large capital expenditure is going
on in carrving out all these works, as well as in relaying some of
the older lines with new girder rails and in constructing the cen-
tral power station on Ringsend Road. Up to the present time a
large part of this expenditure has not been producing any re-
turns and some time must yet lapse before the full results of the
capital outlay are available.

The new station on Ringsend Road will be one of the finest
power stations for traction work in Europe, and was designed by
H. F. Parshall. It will be equipped with the very best and most
modern machinery.

The chairman further said: “Owing to the transition state of
the company’s system of traction, comparisons between this year
and the last are not of much practicable value, but I might say
that during the half year we carried on the cars (horse and elec-
tric) of the Dublin United Tramways Company 13,723,442 pas-
sengers—an increase of 1,334,826 compared with the correspond-
ing period in 1897, the increase being chiefly in the Clontarf elec-
tric section.”

The following return of traffic on the Clontarf line from the
215t of March to the 3oth of June is of interest as showing the in-
crease of traffic on the introduction of electricity:

1897, 1808,
Horse Electricity.
Receipts oo £4.934 £6.775
PasSeNgers .ot 697,028 I,246.020
Average fare ................ G050 5 O 1.71d 1.30d
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The figures for the first twenty-four days ol July are still more
rcmarkable, being as follows:

1897, 1808,
Horse. Electricity.
IRCEEENBIES 5 oo et it €1 6 1 31 5 B 5 D £1,492 £ 2,501
Passengers . ... i 204,639 300,004
AVETase Mt yu comsmvavs domamesms - 1.75 d 27 d

It 15 expected that the earning power of this cntire system will
be greatly increased by the adoption of several bills now in Parlia-
ment, which will enable the company to run its cars on several
lines at considerable higher speeds.  When these bills are passed,
and when the entire system is electrically equipped, both the
gross and net receipts should show even a greater increase for the
year 1809 over the year 1898 than the 1898 returns show over
those for 1897.

NOUS—— ”*,77

A New Storage Battery at Braintree

In Braintree, Mass., there is being operated on the Braintree
Division of the Quincy & Boston Street Railway system a storage
battery of the Hatch type, which is not only novel and highly in-
genious in point of construction, but is apparcently doing excel-
lent work in every respect. The battery consists of 200 cells, and
has a capacity of 550 amp. hours, the normal discharge rate being
about 60 amps. It is delivering current to, and receiving it from,
the street railway lines according to the tluctuations of the load,
which it has greatly steadied, as well as improving the voltage to
such a point that the cars now make time on the principal di-
vision, where before they lagged behind schedule, and were losing
traffic in consequence.

There are, of course, no new features involved in this particular
application of storage batteries to electric railway service, neither
are there any new chemical or electrical principles involved in the
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negative clectrode. In the Braintree Dbattery there are  two
couples in each cell joined in parallel, as shown in IFig. 3, and the
superficial area of the active material of the positive plates is

nearly 500 sq. ins.  The eight plates are bound up together with a
sheet of glass at each end of the group of couples, and rubber
bands arc used for holding the whole together.

Careful provision is made in the mcchanical conductor and ar-
rangement of the earthenware plates for perfect circulation of the
acids.  The grooves in the backs of the carthenware plates are
placed at right angles to each other, as shown in Iig. 3, so that
the liquids can reach all parts of the plate, and thus penctrate to
the active material on the other side.

Terminals are soldercd to the positive and negative elect
and the cell stands complete, as shown in Fig. 3.

Superintendent Weeks, of the Quincy & Boston Street Railway
Company, speaks in highest terms of this Dattery, stating that so
far there has been not the slightest trouble of any kind. It has
greatly improved the voltage and speed of the Braintree cars, as

rodes,
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FIG. 1.—FACE OF BATTERY PLATE

construction of this storage battery. The improvements are of a
purely mechanical nature, and relate to the construction of the
element, the general aim being to reduce the weight of the ma-
terial supporting the lead oxide, which is, in most batteries, lead
itself, one of the heaviest of the metals. In constructing the Hatch
element a porous plate of unglazed earthenware about 4 ins.
square is used, with square receptacles on one side and grooves on
the reverse side, as shown in Figs. 1 and 2, respectively. The
square receptacles in the face of each plate are filled with the
usualactive material, lead oxide, to an amount sufficient to bringthe
surface of the oxide one-eighth of an inch above the surface of the
plates. This forms what may be called the “ultimate unit” of the
battery and cell.

These units are obviously of great simplicity, the chief pecu-
liarity of construction being the extreme porosity ol the earthen-
ware base, by reason of which the liquids of the cell have an op-
portunity of instantly reaching all portions of the active material.
Nine of these units (in the Braintree Dbattery) are combined to-
gether to form a large plate about 11 ins. square.  This large plate
cannot possibly “buckle” in the way that a solid plate of the same
area might do, since it is flexible, and can be bound firmly into
a desired position and held there. The units are, of course, too
small to buckle individually to any great extent.

Two of these 11-in. battery plates are then placed face to face
against a sheet of lead, which serves as a conductor for the elec-
tricity passing to and from the lead oxide faces of the units. Both
the positive and negative plates of the battery are made up in this
way, and are later grouped in cells and “formed” in the usual way
by yassing a current of electricity through the cells. The lead
oxide of one pair of plates thus becomes lead peroxide, and forms
the positive electrode of the couple, while the lead oxide of the
other pair of plates is reducéd to pure lead, thus forming the

FIG. 2.—BACK OF BATTERY PLATE

FIG. 3.—COMPLETE BATTERY CELL

above stated. Extensions of the battery service are contemplated
for other portions of the Quincy system, where the voltage is low.

This battery is the invention of Gearge E. Hatch, and is manu-
factured by the Hatch Storage Battery Company, ol 53 State
Street, Boston, Mass.

R

A New Book on Street Railway Roadbed

A book on siicet rariway track construction, written by Mascn
D. Pratt and C. A. Alden, has just been issued from the press cf
tiie Street Railway FPublishing Company. The experieace of
the authors in track luilding and designing insures a thorough.
comprehensive ad up-to-date treatment of the subject.

The book contains eleven chapters, one cach being devoted to
early types of rails, the development of the girder rail, what gov-
crns the shape of rails, the T rail adapted to street railways, track
fastening and joints, special work, .guard rails, advantages of
spiral curves and tables for same, design of special work, surveys
and lavine out work, specifications f[or track construction. The
hook contains 135 pages, and is supplied with an index. Its
price is $2 00, postage prepaid to any part of the world.

*Pe =

The cemployces of the Metropolitan Street Railway Company.
of New York City, have formed a mutual benefit association, to
be known as the Mectropolitan Street Railway Association. The
initiation fee is $1 and the dues fifty cents a month. Members in
good standing are permitted to draw $1 a day in case of sickness.
and $150 is paid to a member’s family at his death. The officials
of the Metropolitan Street Railway Company have heartily en-
dorsed the formation of this association,
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Large Power Transmission Plant, Mechanicville, N. Y.

The development of the power of St. Anthony's Falls on the
Mississippi at Minneapolis, Minn., is followed closely by the utili-
zation of the power of the upper watcers of the Hudson River at
Mechaniceville, N Y., where an undertaking of no less magnitude
has been completed within the past few days. From 5000 to 7000
h.p. is available at the power house, and the use of high tension
current permits of its distribution over a wide territory. The site
is two miles from Mechanicville, eleven miles from Troy, eigh-
teen miles from Albany, and seventeen miles from Schenectady.
The plant is owned by the Hudson River Power Transmission
Company, which was organized by R. N. King, president of the
Stilwell-Bierce & Smith-Vaile Company, and A. C. Rice, chief
engineer of that company, has had entire charge of the hydraulic
cngineering features of the installation. As the General Electric
Company was to purchase the largest amount of power, its ad-
vice as to the electrical equipment was naturally closely followed.
The result brought about by the harmonious co-operation of both
hydraulic and electrical engineers is a power transmission plant in
cvery respect strictly representative of the most modern hydraulic
and electrical practice.

At the point chosen for the hydraulic development the physical
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type, built by the Stilwell-Bierce & Smith-Vaile Company, of
Dayton, Ohio. Each main turbine consists of two pair of wheels
at the normal speed of 114 r.p.m.  Each wheel is rated at 250 h.p.
The total power of cach set of turbines is therefore 1000 h.p. The
licad under which the water wheels are operated is 18 ft. The
turbines for the exciters consist of three 18-in. Victor cylinder gate
wheels, having, at 259 r.p.m., a total of 300 h.p.

The speed of each set of main wheels is regulated by a Geisler
clectro-mechanical governor, mounted on a platform directly over
the turbine shaft,and between the head wall and the generator. The
use of electricity renders the mechanism of this governor extreme-
ly sensitive and effective, and the gates can be entirely opened or
shut, should the full current be thrown on or off, in six seconds.

The governors controlling the exciter wheel gates are improved
“Snow” governors, which rapidly bring the speed to normal when
changes are ncither frequent nor heavy. They are especially
adapted to the regulation of water wheels driving exciters, and are
provided with adjustable stops, which limit the hoisting action on
the gate as soon as the gate is fully open.

The dynamo room is a spacious chamber well lighted by win-
dows on all sides. It is 255 ft. long and 34 ft. 5 ins. in the clear
from floor to roof truss, and 22 ft. from floor to crane. The ulti-
mate generator capacity of the station is 7000 h.p. in seven gen-
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INTERIOR OF POWER STATION

conditions make the location an ideal place for a dam and power
house. The banks and bottom of the river are of rock, as is Bluff
Island, immediately adjacent, which divides the Hudson into two
channels. During the greater part of the year there is water suffi-
cent to produce from 7000 to 10,000 h.p..

The island is about one-third of the distance across the river
from the western bank, the combined width of the two channels
being about 1200 ft. The western channel is used for the head and
tail races.

The power house is divided into two parts by a thick head wall.
The upstream part contains wheel chambers for seven 1coo-h.p.
wheels, of which five only are at present occupied. The down-
stream portion contains the wheel governors and the electrical
apparatus. The length of the power house proper is 257 ft. 6 ins.
and its total width is 66 it. 6 ins. Each main wheel chamber is 32
ft. 6 ins. long, 22 ft. wide and 17 ft. 5 ins. high, and is provided
with two 6-ft. manholes. Each exciter wheel chamber is 32 ft. 6
ins. long. 17 ft. 5 ins. high and 10 ft. wide. The main wheel plant
consists of ten pair of 42-in. horizontal Victor turbines of the latest

crators, each of 750 k.w. capacity. Five have been installed and
are now running. Theyare unitooth, three phase,forty pole 750-k.w.
114-revolution, alternating current machines, having revolvingfields
and stationary armatures, and wound to deliver 36 amps. of cur-
rent at a periodicity of thirty-eight cycles, and a pressure of 12,000
volts to the transmission lines. They are arranged for operation
i parallel at constant voltage. By using the revolving-field type
of generator and thus securing this pressure directly from the ma-
chine the use of step-up transformers to raise the voltage for
transmission purposes is avoided. As the current is to operate
synchronous and induction motors, to operate lights and to be
converted into direct current through rotary converters, the fre-
quency of thirty-eight cycles was selected as most suitable for the
different conditions requircd.

The alternators are similar in their main characteristics to those
successfully used in the development of the power of the Lachine
Rapids at Montreal. The armature frame, or ring, is of the box
type, 15 t. 4 ins. in diameter and 36 ins. wide. It is bolted to a
base 18 ft. 2 ins. long by 10 ft. wide, along which it may be moved
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parallel with the shaft, in order that the revolving field spider and
poles may be uncovered should occaston arise. The armature
winding is protected on each side by iron shiclds. The pillow
blocks are also bolted to the base, and the bearings arc of the
spherical seated sclf-oiling type used in all General Llectric gen-
crators.

The field ring is bolted to the spokes of the spider. It carrics
forty poles, cach securely fastenced by two bolts to the ring. The
whole revolves on a shaft 15 ins. in diameter provided with a rigid
coupling on the turbine side bolted to a similar coupling on the
turbine shaft. The dynamo shaft is extended for coupling to a
vertical steam engine in case of necessity.

The exciters are placed one en each side of the stairway leading
to the switchboard gallery. They are 6-pole 1oo-k.w. 125-volt
standard General Electric machines with ribbed field frame and
iron-clad armatures.

The switchboatd erected on a gallery on the north wall of the
dvnamo roont is built up of nine highly polished panels of blue
Vermont marble, each panel 7 ft. 6 ins. high, 3 ft. wide, and 2 ins.
thick. Of these nine panels five are uced for the generators and
two for the feeders; one is the total output panel, and the last is
for the control of the exciters. The generator panels occupy the
left side of the board, and room on the gallery is left for two addi-
tional panels. The feeder panels are on the right hand side; the
total output pancl is between these and generator panels, and the
exciter panel is the third panel from the left-hand end of the
board.

On the front of the output panel are two Thomson recording
wattmeters for balanced three-phase circuits, cach reading to 300
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750 K.W. THREE PH

ASE ALTERNATOR
amps and 12,000 volts. and twelve triple-pole, single-throw 1oo-
amp. switches with fuses for the lighting circuits.  On the back
are four potential and two current transformers.

The lightning arresters are of the GE short gap type. Ar-

resters of this type have been installed on nearly all of the niost
iniportant long-distance transmission lines in this country, and
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which they rise to the board. From the back of the board the
line wires rise to supports bolted to the I beam on the north wall,
which supports once of the crane runways. The lines run along
the north and west walls and pass out to the poles through a blind
window over the door of the power house.

The line from Mechanicville to the General Electric Works at

MAIN WHEEL CHAMBER

Schenectady is the only one at present laid down. [t consists of
three No. ooo B. & S. bare wires, this large gage being employed
in order to give the line as high a self-induction as possible. This

MAIN WHEEL GOVERNORS

insertion of seli-induction in transmission lines 1s a departu-e
from earlier practice. In cases where synchronizing apparatus
is usced seli-induction is now considered necessary, and is arti-
ficially brought into the line in the shape of reactive coils in cases
in which the natural seli-induction is too small. The circuits are
carried on poles of 30 ft. to 6o ft. long, and all 8 ins. in diameter

EXTERIOR OF POWER STATION

have proved a most satisfactory protection against damage by
lightning

The lead-covered leads from the generators are taken out at
the base of the machine, and are laid in ducts in the floor. Rub-
ber-covered wire is used for the field connections. The cables
rise on a frame from the duct to the floor of the gallery, through

at the top. Each pole carries one cross arm, on one side of which
are two porcelain insulators of the petticoated type, a third being
on the other side. For lightning protection a barbed wire fre-
quently grounded runs along the top of the pole line.

The introduction of this transmitted electrical power into the
factory will work a considerable change. At present all the ma-
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chinery is driven by electric motors, while the testing department
demands an independent supply of current for the work it carries
on. There are at present, therefore, two distinct generating plants.
The 550-volt motors in the testing department are supplied from
an engine driven multipolar generator of j00-k.w. capacity, while
a smaller engine drives a number of exciters which allow of in-
dependent control of the excitation of all machines in this de-
partment. The factory is operated by a number of 250-volt
motors, running on the same circuit as the factory lights. These
motors will not be changed, and the steam plant which supplies
them will be retained as a reserve in case the power from Me-
chanicville should fail. The electric power plant superseding the
present steam plant at the works will, therefore, consist of two
synchronous motors, one of 500 k.w., the other of 100 k.w. and
three 400 k.w. rotary converters, the synchronous motors for the
testing department, the converters to supply current to the factory
motors.

The large engine driving the soo-k.w. multipolar generator is
superseded by the 500-k.w. synchronous motors. This is a twelve-
pole goo-revolution machine of the revolving field type, wound
directly for 10,000 volts. The small engine driving the exciters
is replaced by the 10o-k.w. synchronous motor and eight-pole,
60o-r.p.m. revolving-field machine similarly wound. This dis-
position renders this department independent of everything but
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ployed. Wire for such use must be of such composition that it
will not crystallize, and the Gold Company has produced a wire
that has stood the test of ten years. Instead of being wound on the
usual close pitch, the Gold wire is wound on an open pitch, thus
freeing it from any unusual strain. The Gold wire has also high
resistance—an essential thing in wire for electric heaters, as is
readily vnderstood.

The wire is held in the Gold heaters on a steel rod which is
covered with enamel burnt on at a heat of 2500 deg. F. The rod
is shaped a good deal like the waves of corrugated iron in order
that there may be no vibrations of wire against it with consequent
noise and possible damage to wire. Considering the degree of
heat at which the enamel is burnt on, it is obvious that no degree
oi heat which the wire would ever attain could possibly damage the
insulation.

The peculiar shape of the supporting rod also gives the coils
of wire very complete contact with the surrounding air. Free
circulation of air in electric heating is very essential, and the Gold
heater is well nigh perfection in that respect. It is a fact admitted

by all heating engineers that circulation of air is always better than
radiation, and that is one thing upon which the principles of the
Gold heater are based.

Six Gold heaters equip an ordinary 24-ft. car, and the whole
system 1s equipped with three different series of wires.

In this
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the speed of the Mechanicville generators, which will be kept as
nearly constant as possible.
- o e

Electric Heaters

Despite the early predictions of some that electric heaters would
never prove an economic success, the electric heater to-day is an
established and accepted fact. The history of its development
shows that necessity 1s the mother of invention, and that while it
was impossible to get more heat out of a given amount of current,
it had been possible to so design the heater that the heat produced
is more fully utilized for car purposes. Among the companies
which have placed heaters on the market, the Gold Car Heating
Company, of New York and Chicago, has attracted much attention
from the fact that for a long time it has occupied a very high posi-
tion as manufacturer of heating apparatus for railway cars. Upon
the gencral adoption of electricity for propelling street cars, the
company took up the clectric heating problem and devoted its
long experience in car heating to the subject. As evidence of
ite ability to take hold of this subject, it might be said that over
10,000 <cars and locomotives in this country are equipped with
Gold heaters, not to mention 5000 in England and numberless
more in numerous other quarters of the globe. Tt is not remark-
able, therefore, that the Gold Company should manufacture an
electric hcater which has been widely adopted. In Chicago, for
¢xample, the South Side Elevated road has in use 3000 Gold
standard electric heaters for cross-seat cars.

Among the features of the Gold electric heater is the wire em-

way it is possible to give three degrees of heat from a car equip-
ment as a whole.

It is these features which have made and are making for Gold
clectric heaters progress where such equipments are desired.

e ————

The employees of the Mexico City Tramways have been put in
uniform, which makes a very decided difference in the appearance
of the jorce. The cost of thesc uniforms is $21 (silver), and is
met by the employees by a weckly payment of $1. To enable the
employees to pay the additional expense, wages have been read-
justed in such a way that the income of a faithful employee is in-
creased by at least ten per cent. In the readjustment of the con-
ductor’s wages, compensation by the hour, instead of by the day,
has been adopted, and drivers working twenty-five full days in the
month without incurring any demerit receive a premium of five
per cent on the wages earned.

———t———

The Hartford Street Railway Company expects to have its new
auxiliary power house in running order before the middle of Sep-
tember. This building is being built in a very substanfial manner,
with solid concrete foundations and brick superstructure. The
power house, when completed, will contain one Corliss cross
compound engine, which is being built by the Pennsylvania Iron
Works Company, of Philadelphia, Pa. It will be of 1200 h.p.,
and will run at go r.p.m. The fly wheel is to be 20 ft. in diameter,
and with the shaft and armature will weigh 240,000 lbs. The
engine will be direct connected to a General Electric 830-k.w.
generator. A Worthington condenser of 1200 h.p. will also be in-
stalled. The new power station will be 45 ft. x 67 it.
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EXHIBITS AT THE COMING CONVENTION

Manufacturers and dealers in electrical apparatus are making
unusual preparations for the exhibition in connection with the
niceting of the American Street Railway Association at Boston,
and this feature of the convention promises to be of even greater
interest than it has been in previous years. A diagram of the ex-
hibit hall and a full list of the exhibitors is given in another
column of this issue. Among the companies which are planning
to make extensive displays may be mentioned the following:

The Bemis Car Box Company, of Springfield, Mass., will ex-
hibit its different types of trucks.

The Billings & Spencer Company, of Hartford, Conn., will make
an extensive exhibit of commutator bars,

John I, Ohmer, of Dayton, Ohio, will exhibit his
which have recently becn placed on the market.

F. H. Newcomb, of Brooklyn, N. Y., will show a full lin¢ of
uniform caps for conductors, motormen and railroad men.

The Corning Brake Shoe Company, of Buffalo, N. Y., will make
ar exhibition of 4 number of different patterns of brake shoes.

A. Mertes Manufacturing Company, of Allegheny, Pa.. will be
represented at the convention by its agents, Smith & Wallace.

The Bibber-White Company, of Boston, intends to exhibit a full
line of Cutter goods, electric hcadlights and line material.

The Pettingell-Andrews Company, of Boston, will make an ex-
hibit of electric railway material, fceder cables, digging tools, etc.

The Van Dorn & Dutton Company, of Cleveland, Ohio, will
be represented by their secrctary -and treasurer, W. A, Duiton.

registers

The W. R. Garton Company, of Chicago, will probably be rep-
resented at Boston by W. R. Garton, president of the company.

The Ieonhardt Wagon Manufacturing Company, of Baltimore,
Md., will exhibit its revolving tower wagon and a ladder wagon.

The Fuel Economizer Company, of Matteawan, N, Y., will show
models, drawings and blue-prints of some of the work which it
has done.

McKee, Fuller & Company, of Catasauqua, Pa., will show a
nuniber of their wheels under cars and trucks to be exhibited by
the J. G. Brill Company.

The Barney & Smith Car Company, of Dayton, Ohio, expects
to show one ol its class “G" single trucks, one class “C” bicycle
truck and one class “"H" double truck.

The McGuire Manufacturing Company, of Chicago, will exhibit
one of its combination plows and sweepers, a standerd steel frame
motor truck and Columbia car heaters,

The Pearson Jack Company, of Boston, Mass., expects to show
at the convention several of the Pearson jacks in different sizes
especially adapted for street railway work.

The Samson Cordage Works, of Boston, Mass., will have a
show case on exhibition containing coils of their belt cords,
signal cords, trolley cords and arc-light cords.

The Partridge Carbon Company, of Sandusky, Ohio, will be
represented by its secretary, J. S. Speer. A complcte line of the
Partridge seli-lubricating brushes will be shown.

The Sterling Supply & Manufacturing Company, of New York
City, intends to show the Sterling registers, safety brakes, fenders,
sandboxes, bronze trimmings and insulating material.

The Springfield Manufacturing Company, of Bridgeport, Conn.,
is planning to send to the convention one of its car wheel grinders,
one of its No. 1 tool grinders, and possibly an armature grinder.

A. O. Norton, of Boston, Mass., will exhibit a full line of track
and car jacks, also a new device for replacing cars, which is really
a new style of traversing base worked in conjunction with a lifting
jack.

The Q. & C. Company, of Chicago, will have representatives at
the convention who will show samples of the Q. & C. Company's
drills, track and car jacks, rail sawing machines and pneumatic
tools.

The R. D. Nuttall Company, of Alleghany, Pa.. expects to ex-
hibit its regular line of gears and pinions, bearings and all types
of Union Standard trolleys of which this company is the sole
licensed manufacturer.

The Laconia Car Company Works, of Boston, expect to exhibit
two cars, one complete and one in skeleton, of the type in use by
the Boston Elevated Railway Company. This company will also
show samples of Gregg's patent steam trap, which it manufactures.

The Taunton Locomotive Manufacturing Company, Taunton,
Mass., has been assigned a large space in the convention hall, and
will have on exhibition three different snow plows and probably
a transfer table. This company also expects to have ready a street
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railway sprinkler, which will have in addition to the ordinar
range given by the discharge of water by gravity a furthe
arrangementt consisting of a pump and motor which will throw
a spray of water for 20 {t. or more from the side of the car.

The American Brake Shoe Company. of Chicago, will show va
rious samples of the Diamond *S™ bralc shoe, and it is hoped that
all interested in the subject will examine this exhibit and become
fully posted in regard to the construction and advantages of these
shoes.

The Duquesne Forge Company, of Rankin Station, DPa.. will
have on exhibition a number of forged steel axle gears, togetler
with forged steel pinions, and extends to all delegates and visitors
to the convention a hearty invitation to carcfully inspect these
products.

John Stephenson Company, Ltd., of New York, will have at
the convention a complete model of the New York Broadway car.
This model is very highly finished, and is built to a perfcct scale.
It is the same one that was shown at the recent Electrical Show
in New York.

The New York Switeh & Crossing Company, of Hoboken, N.
J., has reserved a place at the corner of Washington and Boylston
Streets, Brookline, Mass., where it will show its electric track
switch in actual operation. This corner is convenient to reach
[rom convention hall.

The American Rail-Joint & Manuiacturing Company, of Cleve-
land, Ohio, will make a display ol its rail joints, and will give
practical illustrations of the manner in which they are driven on
and off. The company’s interests will be looked after by W. E.
Ludlow, general manager.

The Crouse-Hinds Electric Company, of Syracuse. N. Y., ex-
pects to have on exhibition its Syracuse changcable electric head-
lights. These headlights have now come into extensive use, and
the company is receiving splendid testimonials regarding the sat-
isfaction which they are giving.

The International Register Company, of Chicago, TIl., will have
at the convention a complete line of its well-known registers.
These registers are made in various styles and to suit various
conditions, and have been adopted as standard by a large number
of leading street railway companies.

Barbour-Stockwell Company, of Cambridgeport, Mass., will
probably show several styles of special work in girder and T rails.
and also minor appliances which it manufactures. This company
will also exhibit several “"Composite” brake-shoes and a Parmenter
fender for which it is the selling agent.

The Allen & Morrison Brake Shoe & Manufacturing Com-
pany, of Chicago, will make an extensive display of brake shoes
for surface and elevated railway cars. These shoes have been in
use for some time on the street railway and elevated lines in
Chicago and have shown unusual wearing qualities.

Wendell & MacDutffie, of New York city and Boston, will rep-
resent at the convention, as manufacturing agents, the following
companies: The American Rail Joint & Manufacturing Com-
pany, thec Western Gear Company, The Taunton Locomotive
Manufacturing Company, and the Rochester Car Wheel Works.

The Buda Foundry & Manufacturing Company, of Chicago,
will show samples of its standard Paulus track drill, both light
and heavy patterns: the Paulus track drill as arranged for girder
rails, and the Wilson track drill which is a drill weighing only
20 Ibs., and especially designed for drilling small holes not ex-
ceeding 4 in. in diameter for bond wires for signal circuits.

The Consolidated Car Heating Company, of Albany, N. Y., will
exhibit at the convention a [ull line of electric heaters and tem-
perature regulating switches.  This company also expects to show
some improved types of heaters, and will exhibit the heaters,
which are standard on the Metropolitan Street Railway, of New
Yorlk.

The Watson-Stillman Company. of New York City, intends to
show at the convention a line of hydraulic tools, consisting of
hydraulic jacks, hydraulic motor lifts, hydraulic rail benders, and
hydraulic punches. These tools, to a great extent, are of entirely
new designs, and should be carefully examined by all delegates
and visitors.

The Westinghouse Electric & Manufacturing Company, of
Pittsburgh, Pa., has made extensive preparations for the conven-
tion, and will exhibit the following: One 25-k.w. rotary trans-
former (500 volts, direct current, 7200 alternations, two-phase).
1800 r.p.m.; one 1-h.p. motor generator for exciting the above
rotary, comprised of 300 volts, shunt wound, 1800 revolution gen-
erator and 200 volt, two-phase 7200 alternation motor; one pedestal
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upon which will be mounted a pneumatic switch and circuit
breaker for railway switchboards; oue 2!5-h.p. motor, operating
rotary pump; six 500-volt series arc lamps; six 11o-volt A. C. arc
lamps, indoor; six 110-volt A. C. arc lamps, outdoor; onc 15-k.w.
multipoint outo-converter, for operating the above lamps; six
A. C. fan motors; six D. C. fan motors. Besides the above this
company will show numerous small details, such as choke coils,
lightning arresters, line arresters, railway fuse blocks, tank light-
ning arresters, canopy switches, rheostats, etc.

The W. T. Van Dorn Company, of Chicago, will be represented
as usual by W. T. Van Dorn, and a full line of samples of the
different classes and sizes of couplings which his company makes
will be shown. Mr. Van Dorn will also have a full line of prints
and photographs of the same framed, showing different styles;
also a book of prints showing in detail everything this company
builds.

The American Stoker Company, of New York City, does not in-
tend to make an exhibit at the convention hall, but this compan;”
will be pleased to havc all delegates and visitors to the convention
visit its Boston office, 430 Exchange Building, where a full sized
American stoker is in operation, and where the strong claims
made for this device can be fully demonstrated.

The Weber Railway Joint Mauufacturing Company, of New York
City, will have a representative at Boston, and will exhibit a
number of the Weber joints showing the latest practice of this
company in street and steam railroad work. To fully illustrate
the work which ‘this company is doing it will show a few joints
taken from the track after a service of some four or five years.

Wilson, Thomson & Company, of Brooklyn, will have a number
of their trolley pole catchers in operation at the convention.
Practical test will be made on this device and several will be taken
apart so as to show the simple mechanism. This exhibit will be
made in conjnnction with the New England agent of the company,
C. N. Wood, Mr. Wilson and Mr. Thomson, of the Brooklyn
office, will both be in attendance.

The J. G. Brill Company’s exhibit will consist of a new con-
vertible open and closed car. This car is a novelty, and it is
claimed to be entirely different from any convertible car that has
yet been brought out. The Brill Company will also show its
Lurcka maximum traction trucks, its No. 21 E. trucks, its No. 27
and 27 D. trucks, together with light supply material, such as
radiating draw bars, pedal alarm gongs, etc.

William Wharton, Jr., & Company, of Philadelphia, Pa., will
exhibit several of their various makes of special work, particularly
their well-known Manganese steel girder and their Manganese
steel T rail work showing some further improvements in the
details of construction which this company has made in the past
year. The company will have several representatives in Boston,
including its Boston agents, Harrington, Robinson & Company.

The Duplex Car Company of New York is making arrange-
ments for slowing one of its duplex cars during the convention.
This car is built from new designs, and the company is making
preparation to thoroughly introduce the “Duplex’” car through-
out the country. The company’s office is in the Postal Telegraph
Building, New York. This car is adapted to summer and winter
use and can be changed wholly or partially irom one to the other
in a few minutes.

The New York Car Wheel Works, of Buffalo, N. Y., are plan-
ning to show a number ol pairs of their “machined” car wheels
mounted on special axles, among which will be the standard type
i11 use on the Boston Elevated Railway, which road has been using
the wheels of the New York Car Wheel Works for several years
past. There will also be shown at this exhibit specimen sections
of various styles of wheels, showing character of iron and chill,
together with test bars, chill-blocks, etc

The Lap Joint Railway Track Company, of New York City, is
preparing to exhibit a full-sized model of its new system of track
construction with 67-1b. rail. Sections and drawings of this track
will also be shown with a detailed description of all head rails
giving the number of parts per mile. A representative from the
engineering department of this company will be on hand to make
estimates of cost of construction and give any additional informa-
tion desired regarding the new method of construction.

The Keystone Electrical Instrument Company, of Philadelphia,
is making plans to have on exhibition a switchboard in operation
on which will be one of cach of this company’s four different types
of switchboard instruments, together with an arc-light voltmeter
and ground detector for constant potential circuits. The com-
pany will also show a full line of its portable testing instruments
consisting of voltmeters, ammeters and wattmeters. This com-
pany is also arranging to have on exhibition a railway switch-
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board, consisting of one generator and ten feeder panels on which
will be shown the regular line of Keystonc switchboard instru-
ments for street railway plants. This board will be complete in
all respects with circuit breakers, switches aud all necessary appli-
ances.

The Walker Company, of Cleveland, will exhibit the following
Walker apparatus: Section of Walker underground conduit sys-
tem with car in operation, Walker No. 15 L. railway motor in
operation, Walker No. 15 L. motor open to show construction,
Walker No. 33 S motor mounted, Walker No. 33 S motor open,
set of 33 S armatures in various stages of construction, set of
33 S motor parts, Walker standard trolley, Walker standard rail-
way switchboard panels with wattmeter, ©°S” controllers in opera-
tion, solenoid partitions open and in operation.

McCardell, West & Co., of Trenton, N. J., expect to show a
Trenton trolley wagon of the latest improved pattern. This
wagon is the result of several years careful study of the require-
ments of street railways for all-round scrvice. The fact that all
overhead work can be donc from thc extended platform without
nterfering with passing cars, that the tower and extension plat-
form can be casily operated and placed in any position by one
man, and that any changes in the position of tower and platform
can be made in a very short time, makes this wagon a very neces-
sary labor-saving device to any street railway company.

The New Haven Car Register Company, of New Haven, Conn.,
intends making a complete exhibit of the various styles of its
single, double and triple registers, embracing the latest features.
Special attention will be called to a double register intended to
prevent dishonest conductors from turning in transfers instead of
cash fares, also a double register intended for use in cars running
over two connecting but mdependent lines. Each side of the reg-
ister is complete and perfectly independent of tne other side, and
cach road has its own side of the register, which its conductor
securely locks upon leaving the car.

The Johnson Company, of Johnstown, Pa., will send to the
convention for exhibition four types of equipments, namely, 30,
35, 45 and s0-h.p. motors, some of which will be mounted on Du-
pont trucks, which are manufactured by the Johnson Company.
This company will also show the latest typc of controllers for use
with two, three and four-motor equipments. It is stated that the
controllers made by the Johnson Company for three and four-
motor equipments are the only ones for this class of work on the
market. All the parts which constitute a complete equipment will
also be shown at the Johnson exhibit.

The Columbia Machine Works, of Brooklyn, N. Y., will have
a full line of goods at the exhibition, including assembled seg-
ments of the Westinghouse No. 38, 12 A., 12 and 3 machines;
General Electric 800 and 1000 machines; W. P. 50 form 7, 1 and 4
machines; Steel motors C and C 3; trolley wheels, trolley harps,
trolley poles, gears, pinions, splicing ears, straight cars, straight
line ears of several patterns, feed ears, commutator bars of vari-
ous styles, controller parts, canopy switches, car trimmings, con-
troller handles of various styles, bearings, Babbit metal com-
mutator rings, interchangeable bearings, brush holders, brush
springs, etc.

The Standard Underground Cable Company, of Pittshurgh, Pa.,
mtends to show a very handsomc large sample board of all its
products and a number of samples of street railway feeder cables,
overhead and undcrground, such as it has furnished to many of
the leading street railway companies in America, including the
Boston Elevated system. This company will bc rcpresented at
the convention by George I.. Wiley, manager of the Eastern sales
department, with headquarters at New York; Thomas E. Hughes,
manager Southeastern sales department, with headquarters at Phil-
adelphia, and the company's secrctary and treasurer, F. A. Rine-
hart, of Pittsburgh.

The Ohio Brass Company, of Mansfield, Ohio, has secured a
large space. prominently iocated, where it intends to make a very
large and attractive exhibit, and if possible to surpass anything
which it has ever done at conventions in previous years. Thc
exhibit will be in charge of C. K. King and A. 1.. Wilkinson, of
the Mansfield office.  The following is a partial list of devices
which this company will show: Wood’s adjustable pole bracket,
Wood’s flexible pole bracket, several types of wire hangers,
clamps, ears, splicers, couplers, insulators, rail bonds, axle bear-
ings, motor bearings, etc. The Ohio Brass Company will dis-
tribute as usual a very attractive souvenir at the convention.

The Robinson Electric Truck & Supply Company, of Boston,
Mass.. is intending to place on exhibition a model of its radial
truck for electric cars, also a very elaborate model of Robinson’s
radial palace car truck. This latter truck is adapted for palace
cars and composite cars, as well as the heavier type of day coaches
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lor steam roads. This company will also exhibit a model of its
4-in. wheel radial truck. The Robinson truss rail joint, which is
said to be a radical departure in rail joints, will be exhibited, and
the company also intends to distribute circulars illustrating and
describing the new Robinson electric railway system, which it is
claimed successfully solves many of the problems which have
arisen in heavy clectric railroading work.

IE.T. Burrowes Company, of Portland, Maine, purposes to show
a complete line of Burrowes' patent car curtains and curtain
fixtures, as well as curtain material and findings. This company
will also exhibit its No. 83 curtain device for box-car curtains.
This device is a great improvement, and is giving satisfaction
wherever it 1s used. It may be operated by pressing the handles
together. The Burrowes Company will show its Climax open car
curtain holding mechanism. 1t is claimed that with this arrange-
ment the life of the curtain is just doubled. The Oakette car
curtain material, which is now in use very extensively throughout
the United States, will also be shown in connection with this
company's exhibit.

The Taylor Electric Truck Company, of Troy, N. Y., will ex-
hibit one of its latest improved single trucks with 7-it. wheel base
and with 33-in. wheels; one of its latest improved single trucks
with extensiou truss for long open cars; one extra-heavy single
truck with 8-ft. wheel base; one set of the Empire State Radial
trucks, covering all of the latest improvements. This company
will also show a set of new design swing motion double trucks.
This last mentioned truck is bult very low down and very com-
pact, the idea being to carry long open cars having no wider frame
than the ordinary single truck car. With this truck it is also pos-
sible to reduce the height of the step, and the truck, it is antici-
pated, will attract considerable attention from delegates.

The H. W. Johns Manufacturing Company, of New York City,
will make an attractive display of its electric materials in a space
on the main aisle near the front entrance of the exhibition hall. A
large part of this space will be devoted to a display of the various
appliances manufactured from ‘“vulcabeston.” To illustrate the
durability of this material at high temperatures samples of con-
troller arc deflectors will be shown for the first time which have
endured a temperature represented by a red heat without injury.
The exhibit of moulded mica trolley line insulators will also be
complete. The great strength and durability of these supplies
are now recognized by street railway managers throughout the
country. The Johns Company's all-steel trolley bracket, with
flexible attachment to the pole, will be shown and will be of inter-
est to street railroad men, as it is a new device in the way of a
flexible or elastic support for the trolley wire. This company
has brought out two new styles of electric car heaters during the
past year, and these heaters will be shown for the first time at
Boston. It is expected that the Johns Company will be repre-
sented by the following delegates from its branch houses: H. A.
Reeves of the Chicago office, J. W. Perry and possibly D. T.
Dickson of Philadelphia, H. C. Spalding of Boston and A. Hall
Barry., S. G. Meek, J. E. Meek and W. F. D. Crane of the New
York office. The latter will have general charge of the exhibit
and J. E. Meek will give his undivided attention to the heaters.

The General Eleetric Company will be well represented at Bos-
ton by engineers and agents, and will have an exhibit at Mechanics’
Hall, both interesting and novel. It will establish its headquarters
at the Brunswick Hotel, with a reception room on the first floor.
to which all delegates are invited and will be made warmly wel-
come. Advantage will be taken of the fact that Boston is dis-
tinctly a General Electric center, where, with the growth of rapid
transit, may be seen the actual development of the electric railway,
to arrange a series of visits to different stations where General
Electric apparatus may be scen in commercial operation. The
proximity of the Lynn Works of the company will also afford the
delegates an opportunity of visiting them and of appreciating the
excellence of the methods employed in the construction of railway
apparatus. Much new literature will be published by the General
Electric press for distribution at the convention. This will be
found by delegates both at Mechanics' Hall and at the company’s
headquarters. To W. J. Clark, general manager of the railway
department, the interests of the General Electric Company will
be confided. He will be assisted by the following representatives:
C. C. Pierce and C. D. Haskins, of Boston: W. C. Fish, of Lynn;
W. B. Potter, F. E. Case, J. R. Lovejoy, H. C. Wirt and W. G.
Cary, of Schenectady: R. H. Beach and J. J. Mahoney, of New
York; W. G. Bushnell, of New Haven; H. J. Crowley, of Philadel-
phia, Pa.; A. F. Babson, of Baltimore; P. T. Bailey, of Chicago,
HI.; George D. Rosenthal, of St. Louis, Mo.; F. H. Strieby, of
Cincinnati, Ohio; F. F. Barbour, of San Francisco, Cal., and S.
W. Trawick, of Atlanta, Ga.

STREET RAILWAY JOURNAL. 585

SOME OF THE APPARATUS IN USE IN BOSTON
AND VICINITY

The following is a partial list of manufacturers having strect
railway apparatus and material in use in Boston and vicinity:

The American Stoker Company, of New York, has installed the
American stoker in a number of stcam plants in Boston.

The Burt Manufacturing Company, of Akron, Ohio, supplied
the Cross oil filters which are used in the "Marble Engine Room”
in Boston.

The Composite Brake Shoe Company, of Boston, numbers
among its customers practically every street railway company in
New England.

The Neal Electric Headlight Company, of Boston, Mass., has
furnished the Boston Elevated system with a large number of
Neal headlights.

Barney & Smith Car Company, of Dayton, Ohio, has forty-eight
class “G" single trucks and about 100 closed motor car bodies in
operation in the city of Boston

A. O. Norton, of Boston, has sold the Boston Elevated Railway
a large number of the Norton jacks, and these jacks are also used
on many of the roads ncar Boston.

The Van Dorn & Dutton Company, of Cleveland, Ohkio, number
among their customers a large majority of the leading street rail-
way systems in the Last, especially those in the vicinity of Boston.

The Crouse-Hinds Electric Company, of Syracuse, N. Y., has
received orders for the Syracusechangeableelectric headlights from
many of the roads running out of Boston and very generally
throughout New England.

The Standard Air Brake Company, of New York City, has two
equipments of brakes on the Commonwealth Avenue Street Rail-
way, and will have several more in operation on that road before
the date of the convention.

The Standard Underground Cable Company, of Pittsburgh, Pa.,
has large quantities of its 1,000,000 and 500,000 C. M. lead covered
feeder cable on the Boston Elevated system. This cable has been
in use in Boston for from one to five years.

The Robinson Electric Truck & Supply Company,of Boston, has
had a large number of Robinson radial trucks in Boston and other
parts of New England since 180 and 1891.

The New Haven Car Register Company, of New Haven, reports
that the New Haven register has been adopted by a very large
number of the roads in the vicinity of Boston, and that this regis-
ter is in use on 70 per cent of the roads throughout New England.

The Columbia Machine Works, of Brooklyn, N. Y., have sup-
plied a number of the street railways centering in Boston with
assembled segments, trolley wheels, harps, poles, gears, pinions,
ears, commutator bars and various other specialties which they
manufacture.

The New York Car Wheel Works, of Buffalo, N. Y., hold con-
tracts to furnish their “machined wheels” and special axles to
about 8o per cent of all the important street railway systems cast
of the Alleghany Mountains, including many of the roads in and
near Boston.

E. F. De Witt & Company, of Lansingburgh, N. Y., manu-
facturers of the “Common Sense” sand boxes, have had sand
boxes in use on 175 cars of the Boston Elevated system for the
last four years, and they appear to be as good to-day as when first
placed upon the cars.

The Pheenix Iron Works, of Meadville, Pa., have a 100 h.p.
simple engine directly connected to a Siemens & Halske generator
in the building of the Mechanics' Charitable Fair Association.
This engine was bought by the association, and all delegates and
visitors are invited to examine it.

The Consolidated Car Heating Company, of Albany, N. Y., has
equipped 1000 cars belonging to the Boston Elevated system with
its standard McElroy heaters. The Lynn & Boston Railroad has
about fifty equipments of this type of heaters, and the Common-
wealth Avenue Street Railway has four.

The Weber Railway Joint Manufacturing Company, of New York
City, has received several duplicate orders for the \Weber joints
from the Lynn & Boston and the Boston Elevated Railroad. The
joints are also in extensive use on the Boston & Maine Railroad
and the New York, New Haven & Hartiord Railroad.

The Taunton Locomotive Manufacturing Company, of Taunton,
Mass., through its selling agents, Wendell & MacDuftie, of New
York, has placed a large number of snow plows in operation on
the street railways in Massachusetts. Among the roads in the
vicinity of Boston using these plows are the Boston Elevated Rail-
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way, Commonwealth Avenue Railway, Hanover Street Railway,
Tingham Street Railway, Rockland & Abington Street Railway,
Walkefield & Stoneham Street Railway, Fitchburg & Leominster
Street Railway, Lowell, Lawrence & Haverhill Street Railway,
Lowell & Suburban Street Railway, Newton & Boston Street
Railway, and many others.

Wilson, Thomson & Company, of Brooklyn, N. Y., have recent-
ly sent eighty-nine of their trolley wheel catchers to the Brockton
Street Railway Company, and twenty-five to the Lowell, Lawrence
& Haverhill Street Railway Company. This device is also being
tested by a number of other street railway companies in New
England.

The Ohio Brass Company, of Mansfield, Ohio, has a great many
regular customers among the strect railway companies in Eastern
Massachusetts, including the Warren, Brookfield & Spencer, Con-
way Electric, Fitchburg & Leominster, Holyoke, Leominster &
Clinton, Nantasket Beach Electric, Worcester Consolidated, and
many others.

The Edward P. Allis Company, of Milwaukee, Wis., writes that
all of the street railways in Boston are operated by Allis’ engines,
with the exception of one small power house. It 1s stated that
the triple engines installed in the Albany Street station by the
Allis Company were the first engines of that character ever built
for power purposes.

Williamson & Company, of Allegheny, Pa., owners and manu-
facturers of the Ramsey signal system, have installed this system
on the Quincy & Boston Street Railway, the Hingham Street
Railway, the Newton & Boston Railway and the Fitchburg &
Lecominster Street Railway. All of these companies speak very
highly of the Ramsey signal.

MecCardell, West & Company, of Trenton, N. J., have over 300
of their Trenton trolley wagons now in use. Among the places
i the vicinity of Boston where these wagons are used may be
mentioned Lowell, West Newton, Worcester, Providence, R. 1.,
Portland, Maine, and Hartford, Conn. The Trenton wagons are
also used in the city of Boston.

The Fuel Economizer Company, of Mattewan, N. Y., has the
Green economizer in operation at the Harvard Street power sta-
tion in Boston, and also at the Dorchester and Charleston power
station.  These economizers are also working at the Chestnut
Hill pumping station, Deer Island, East Boston and Old Harbor
Point and i a number of mills and factories in and around Boston.

E. T. Burrowes Company, of Portland, Me., reports that the
Burrowes' shades are standard on the Boston Elevated Railway,
and that company has between 500 and 6oo cars equipped with
these curtains. The Newton & Boston, Quincy Street and Com-
monwealth Avenue railway companies, and also a number of
suburban lines in and about Boston are using the Burrowes' patent
car curtains.

J. A. Grant & Company, of Boston, agents for the McIntosh &
Seymour engines, have secured orders for engines from the
Lowell, Lawrence & Haverhill Street Railway, Gloucester, Essex
& Beverly Street Railway, Wakefield & Stoneham Street Railway,
Brockton, Bridgewater & Taunton Street Railway, Conway Street
Railway, Norton & Taunton Street Railway, Milford & Hopedale
Street Railway.

The Corning Brake Shoe Company, of Buffalo, N. Y., has
brake shoes in use on the following roads in the vicinity of Bos-
ton: Haverhill & Amesbury Street Railway, Lowell & Suburbaun
Street Railway, Natick & Cochituate Street Railway, Newton &
Boston Street Railway, Norfolk Central Street Railway, West
Roxbury & Roslindale Street Railway, Wellesley & Boston Street
Railway, and Athol & Orange Street Railway.

The Jackson & Sharp Company, of Wilmington, Del., has
furnished equipment to the following roads in the vicinity of Bos-
ton: DBraintree & Weymouth Street Railway, Braintree Street
Railway, Commonwealth Avenue Street Railway, Gloucester
Street Railway, Gloucester, Essex & Beverly Street Railway, Han-
over Street Railway, Hingham Street Railway, Milford & Hope-
dale Street Railway, South Middlesex Street Railway, and Mil-
ford, Holliston & Framingham Street Railway.

The International Register Company, of Chicago, has equipped
the East Boston Division of the Boston Elevated Railway with its
double registers. The following roads near Boston are using
cither a partial or entire equipment of the International signal
registers: Brockton Street Railway, Lowell, Lawrence & Haver-
hill Street Railway, I.ynn & Boston Railway, Taunton & Brock-
ton Street Railway, Hingham Street Railway, Worcester & Subur-
ban Street Railway, and Worcester & Clinton Street Railway.

The Pearson Jack Company, of Boston, Mass., has sold Pearson
jacks to a very large number of street railway companies in Massa-
chusetts, including the Newton Street Railway, Lowell, Lawrence
& Haverhill, Holyoke Street Railway, Boston Elevated Railway,
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Commonwealth Avenue Street Railway, Gardner Electric Rail-
way, Quincy & Boston Street Railway, Hingham Street Railway,
and Wakefield & Stoneham Street Railway. The Pearson Jack
Company has received a large number of good testimonials from
the users of these jacks, stating that the device is giving entire
satisfaction.

Harold P. Brown, of New York, writes that the Edison-Brown
plastic rail bond has been used by the Hingham Street Railway

for the past two years and a half, and reports them as good as new.

The plastic bond is also quite generally used throughout New
lingland. Among the cities where it has been 1nstalled are
Providence, Fall River, New Bediord, Fayville, Framingham,
cte., and the Boston Elevated Railway has made very thorough
tests of these bonds, and is now using a large number of them.

The Taylor Electric Truck Company, of Troy, N. Y., has a
large number of trucks in use in the vicinity of Boston. All of
the long open cars on the Lowell & Suburban Street Railway are
mounted on Taylor Empire State Radial trucks, also all the
long open cars on the Commonwealth Avenue Street Railway, and
several of the cars on the Natick & Cochituate Street Railway,
and at other places. There are also some specially designed
Taylor trucks on the lines of the Brooklyn Elevated Street Rail-
way.

Albert & J. M. Anderson Manufacturing Company, of Boston,
Mass., has supplied a great deal of the apparatus in use in the
five Edison stations in Boston, including end cell switches, etc.,
in stations No. 1, 2, 4 and 5. and a switchboard in station 3.
Most of this work is heavy. This company has also supplied
practically all the overhead insulators used on the Boston Ele-
vated system, also rail bonds. Albert & J. M. Anderson Manu-
facturing Company has also supplied a very large amount of
smaller material in Boston in the way of switchboards, switches,
ete.

The Johnson Company, of Johnstown, Pa., has equipped within
the past two months two interurban street railways not far from
Doston. These are the Worcester & Clinton and Webster & Dud-
ley Street Railways. Twelve cars are operated on the lormer
road, each of which is cquipped with Johnson's apparatus through-
cut.  The latter road operates six cars, and these are also equipped
with Johnson motors and appliances. The motor controller and
cther apparatus used on these roads are the latest type manu-
factured by the Johnson Company, and the owners of the roads
are very much pleased with the way the Johnson apparatus works.

The Westinghouse Electric & Manufacturing Company, of
Pittsburgh, has furnished the Boston Elevated Railway with about
050 motors, and the Commonwealth Avenue Street Railway with
about ninety motors. The following railways are using the West-
inghouse equipments in varying numbers according to size of the
roads: Randolph Street Railway, Braintree & Weymouth Street
Railway, Hanover Street Railway, Norfollk Suburban Street Rail-
way, Milford, Holliston & Framingham Street Railway, Natick &
Cochituate Street Railway, Newton & Boston Street Railway,
Wakefield & Stoneham Street Railway, Gloucester & Rockport
Street Railway, Gloucester, Essex & Beverly Street Railway,
Gloucester Street Railway.

The Heine Safety Boiler Company, of St. Louis, has made a
number of interesting installations of the Heine boiler in New
England. These include the plants of Warren Manufacturing
Company, Warren, R. 1.; Hartford Street Railway Company, of
Hartford, Conn., and Ansonia Brass & Copper Company, of An-
sonia, Conn. It is stated that the Warren Manufacturing Com-
pany made last year the lowest record in fuel consumption per h.p.
hour of any of the New England cotton mills. The Heine Safety
Boiler Company's best installations in the city of Boston are the
plant of R. H. White & Company, dry goods, and that of the
Quincy House. Representatives from the Boston office will be
very glad to show any of the delegates to the convention any of
these plants. Russell Walker is manager of the Boston office.

The Hazelton Boiler Company, of New York City, has in-
stalled five 200 h.p. boilers in the works of the Boston Gas Light
Company, and is now erecting three 250 h.p. boilers in the elec-
tric department of the Gas Light Company of Allston, Mass., and
two additional boilers of 150 h.p. each in the plant of the South
Middlesex Street Railway, at South Framingham, Mass. All of
these 250 and 150 h.p. boilers are to be equipped with the new
Hazelton steel settings with square furnaces and square grate
surfaces lined with brick to full height. These baolers will make a
very fine appearance, and will occupy very small floor space. An
inspection of any of these plants will fully repay any one inter-
ested in steam production, and all visitors to the convention are
cordially invited to examine them.

The Pennsylvania Steel Company, of Steelton, Pa., has built a
number of fine pieces of special work for the Boston Elevated
Railway. Among these may be mentioned the special work at the
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corner of Washington and Summer Streets, Washington and
Broadway, Tremont and Columbus Strecets, Columbus and Rox-
hury Streets and at Battery and Commercial Streets this company
installed what is claimed to be the only stcam railroad crossing
madc entirely of cast steel with hard stecl plates. The Pennsyl-
vania Stcel Company has also done considerable structural work
in Boston. This includes the train shed for the Union Station,
most of the steel work for the Boston Subway train shed for the
new Southern Station, the Charlestown Dbridge, and all the
bridges for track elevation work at Readville for the New York,
New Haven & Ilartford Railroad and the New England Rail-
road.

Wim. Wharton, Jr., & Company, ol Philadelphia, have supplied
a very large proportion of the special work in use in and around
soston.  Among the layouts which arce particularly worthy of
mention are the following, all of which were installed by the
Wharton Company: Dorchester Avenue and \West Fourth Street,
Washington, Knecland and Elliot Streets, Washington and Han-
over Strects, Shawnut Avenue and North Hampton Streets, Tre-
mont and Elliot Strects, Tremont and Dartmouth Streets, Milk,
Federal and Congress Streets, Bluehill Avenue and Warren Street,
and Washington Street and Temple DPlace. Besides these the
Wharton Company has furnished a great number of minor lay-
outs, and there are in the vicinity of Boston ncarly 100 of the
Wharton unbroken main line crossovers. This company statcs
that all the rails contracted for by the Boston Elevated Railway
this year have also been furnished by them. Harrington, Robin-
son & Company, of Boston, are the New England agents for
Wm. Wharton, Jr., & Company.

—— e

Personal

MR. W. R. BENSON, of Mt. Vernon, N. Y., has been ap-
pointed general manager of the Tarrytown, White Plains &
Mamaroneck Electric Railway.

MR. HENRY B. NILES, of the Mexico City Tramways Com-
pany, has just made a flying visit to New York and Boston, and
returns to Mexico early in September.

MR. CHARLES DAY, of the firm of Cole, Marchant & Mor-
ley, engine builders, of Bradford, England, is making a visit in
the United States. Mr. Day is investigating the latest American
practice in engine building, especially for tramway work.

MR. W. B. KELLOGG, chicf engineer of power station of
the Syracuse (N. Y.) Rapid Transit Railway Company, has re-
signed that position. In token of the high esteem in which he is
held by his associates, he was presented with a scarf pin and a
gold warch charm.

MR. O. A. DALE has accepted a position with the Lewiston
(Me.), Brunswick & Bath Street Railway Company as master
mechanic and supcerintendent.  Mr. Dale has for the past ten
years carried on a very successful business as an independent
street car painter, having at the present time contracts for paint-
ing cars from twenty-three different roads.

MR. J. H. NEAL, chief clerk of the Boston Elevated Railway
Company, has becnt connected with that system since 1889. Mr.
Neal 1s well known in street railway circles as the inventor of the
cleetric hicadlight which bears his name. This headlight is now
used on many street railway systems throughout the country.

MR. F. E. DRAKE, of the Walker Company, has been selected
as electrical adviser to Commissioner General Ferdinand Peck, of
the United States, to the Paris Exposition of 1900. Mr. Drake
will sail for France with the commissioner general and party on
the steamer “La Touraine™ from New York on Sept.3. He expects
to return to this country about the middle of October, and will
then resume his duties with the Walker Company.

MR. WILLIAM J. WILCOX, of Rochester, N. Y., has been
appointed general manager of the I[rondequoit Park Railroad
Company, of Rochester, better known as the Glen Haven Electric
Road. Mr. Wilcox was last year excursion and entertainment
nmanager of this road. He has had years of experience with the
excursion and traveling public, and has made the subject of
creating pleasure traffic a special study. Since Mr. Wilcox has
been connected with the Glen Haven Electric Railroad the sum-
wer business on that line has greatly increased, owing to several
changes and ncw methods which he has introduced.

MR. F. E. HUNTRESS, of Boston, is well and favorably
known in the street railway field. He was born in Biddeford,
Maine, and graduated from Harvard College in 1889, entering the
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street raillway business in 18go.  He acted as sclling agent for the
Wrought Iron Casting Company, of Boston, until 1893, when he
established the firm of F. E. Huntress & Company, manufacturers
and agents of iron and stecl. He has also acted as the Eastern
representative of the Barney & Smith Car Company, ol Dayton,
Ohio. In 1895 Mr. Huntress became the owner of the Neal clec-
tric headlight, which, through his persistent cfforts, has become
once of the best-known strect railway devices cver placed on the
market.  He was nominated for City Council of Somerville, Mass.,
on an independent ticket and elected aiter a spirited campaign;
he was re-clected by a very large majority. In 1896 he was nom-
inated for the Massachusetts Legislature on an independent ticket,
defeating the regular Republican candidate in a district having a
usual Republican majority of over 1500. In 1897 he was nomi-

"nated unanimously by the Republican party and clected by an

overwhelming vote.,

MR. JAMES CLIFTON ROBINSON, C. E., is the man-
aging director an<d engineer of the Middlesborough, Stockton &
Thornaby Electric Tramway, of Middlesborough, England, which
was rccently opened for opcration, and it is to Mr. Robinson's
foresight and cengineering skill that this enterprise has been car-
ried through so successfully.  Mr. Robinson is very well known
both in Europe end in America among street railway men, and
has been actively cngaged in the construction of many important
street ratlway systems in both hemispheres.  He was a member of
the engineering <taff of the first tramway built in Europe, which
was constructed at Birkenhead, and in 1872 he was appointed gen-
eral managcer of the tramways in Cork, [reland. In 1875 he be-
came manager of the Bristol Tramways, then in process of con-
struction.  In 1882 he was picked out from nearly fifty candidates
for the important position of general manager of the Edinburgh
Street Tramways. In 1887 he visited Amcrica, and was engaged
by the owners of the Los Angeles (Cal.) Cable Railway Company
to reorganize, extend and manage the affairs of that company,
which he did with great credit to himself. Whilc in America he
presented a paper before the American Street Railway Associa-
tion on the “ Progress of Motive Power.” Since returning to
I‘ngland he has becen managing director and engineer of the
Imperial Tramways Company and of the London United Tram-
ways Company.

e———

Obituary

MR, CHARLES W. GERKE, assistant secretary and treas-
urer of the Fort Wayne (Ind.) Consolidated Strect Railway Com-
pany, dicd on Aug. 7, at Fort Wayne. Mr. Gerke was born in
Fayette County, lowa, Nov. & 1860.

MR. CHARLES B. REAVIS, auditor of the Augusta (Ga.)
Railway & Electric Company, and ex-vice-president ot the Amer-
ican Street Railway Accountants’ Association, dicd suddenly at
the Augusta City Hospital, on Aug. 2, of Bright's disease. Mr.
Reavis was born at Warrensburg, Mo., in (864, and was associated
with Col. D. B. Dyer in Kansas City, Mo., for a number of
years, afterward nioving to Augusta to take the position with the
Augusta Railway & Electric Company which he held up to the
time of his death. He took an active interest in the affairs of the
American Street Railway Accountants’ Association, and was one
of its most carnest supporters

e gl

AMOCNG THE MANUFACTURERS

THE WASHBURN & MOEN MANUFACTURING CONDM-
PANY has recently brought out as a souvenir a handsome min-
iature, tastcfully framed, which is bound to be most popular.

THE DEARBORN DRUG & CHEMICAL WORKS, of Chi-
cago, Ill., have recently analyzed fourteen botler feed waters and
shipped two car loads of suitable scale solvents to large sugar con-
cerns in the Hawaiian Islands.

THE WILLIAMS TRUSS RAIL-JOINT COMPANY, of
Chicago, reports that its business is rapidly increasing; in-
quiries are being received from all over the country, and present
sales and prospects for future ones are very encouraging.

THE CHRISTENSEN ENGINEERING COMPANY, of
Milwaukee, has tecently published a catalogue showing views of
the different cars equipped with Christensen air brakes. The
pamphlet gives a very good idea of the extent of the use of these
brakes.

C. TOWNSEND BLAKE, of Philadelphia, Pa., has just becen
successful in placing an issue of bonds for the Mason City & Clear
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Lake Railway Company, of Mason City, Ia. The bond issue is
for $100,000, and the bonds are first mortgage 0 per cent. The
mortgage was placed in Boston.

THE AMERICAN RATTAN & REED MANUFACTUR-
ING COMPANY, of Brooklyn, N. Y., reports a good demand for
its rattan car seating. This seating is well adapted to the uses for
which it is intended, and the company is recciving splendid testi-
monials from its customers everywhere.

THE CREAGHEAD ENGINEERING COMPANY, of Cin-
cinnati, Ohio, supplied the tlexible brackets which were used in the
construction of the Mt. Tom Electric Railway at Holyoke, which
was described in the August issue of the STREET RAILWAY JOUR-
NAL. These brackets are very strong and durable, and are un-
usually neat and pleasing in appearance.

THE BETHLEHEM [RON COMPANY, of South Bethle-
hem, Pa., has been asked to bid on the bronze for the engine and
shafting of a torpedo boat to be built in Japan for the Imperial
Japanese navy. The line of shaits, including the thrust and
crank-shafts, are to be hollow. It is stated that the Bethlehem
Iron Company is the only concern in America that has been
asked to bid on this work.

THE CONSOLIDATED CAR FENDER COMPANY, of
Providence, R. 1., is sending to its friends and customers a very
neat little ** reminder ”’ in the way of a little book of oiled papers
for carrying stamps. The stamp book is attached to a folder
briefiy calling attention to the fact that Providence car fenders
have proven themselves to be positive preventives of serious acci-
dents and consequent suits for heavy damages.

THE BEMIS CAR BOX COMPANY, of Springfield, Mass.,
is receiving a number of good orders for the Bemis trucks. The
new Bemis double trucks are giving excellent satisfaction, and
the company has received a letter from the Newton & Boston
Street Railway stating that the public waits for cars that are
equipped with the Bemis truck in preference to riding on any
others.

THE WAGNER ELECTRIC MANUFACTURING COM-
PANY, of St. Louis, Mo., are manufacturers of alternating-cur-
rent power motors, ammeters, voltmeters and wattmeters for
alternating currents, electric fans, transformers of every descrip-
tion, high potential and other tyvpes of switchboards, switches, etc.
This company is also building a very successful line of direct-cur-
rent motors and dynamos.

J. AL FAY & COMPANY, of Cincinnati, Ohio, manufacturers
of all kinds of improved woodwork machinery, have recently
furnished the entire cquipment of woodworking machinery for
the new shops of the Consolidated Street Railway Company, of
Cincinnati. These shops are among the best equipped in the
country, and they have been fitted out according to the latest
ideas for both making and repairing cars.

THE J. G. BRILL COMPANY, of Philadelphia, has issued a
pamphlet describing and illustrating the Brill snow sweepers, snow
plows and track scrapers. The Brill standard snow sweepers are
operated by three electric motors, two being used for propulsion
and one for driving the brooms. The latter is placed inside the
cab in a diagonal position parallel with the brooms, which are
driven from it by sprocket wheels and chains.

THE PANTASOTE COMPANY, of New York City, reports
that “Pantasote” is coming to be recognized by strect railway
managers everywhere throughout the country as one of the best
materials for car curtains, car wheels, cte., upon the market. The
manufacturers claim for ‘‘ Pantasote” a number of very strong
features, the principal ones being that it does not crack, peel or
rot, and retains its original surface under all conditions of climate
and temperature.

TIHHE NEW YORK ELECTRICAL WORKS, of Brooklyn,
N. Y., designers and makers of trolley fittings, have published a
ncw catalogue and price list describing the different kinds of in-
sulators, suspensions, trolley wire crossings, strain ears, splicers,
etc., which it supplies. The company’s aim has always been not
only to supply the best insulations for railroad purposes, but also
to insure to its customers a line of appliances of the highest grade
in every particular.

THE WASHBURN & MOEN MANUFACTURING COM-
PANY. of Worcester, Mass., through its Houston, Tex., office
is sending to friends and customers a very neat paper weight. This
company’s well known “Crown” rubber covered wire is especially
adapted for use behind the decorations in residences, churches,
office buildings, etc. The company claims that the use of this
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wire insures the best possible transmission of electricity and the
greatest protection against fire resulting from electrical causes.
The Washburn & Moen Manufacturing Company, in addition to
making the “Crown" rubber covered wire, manufacture wire for
every possible use.

THE ELECTRICITATS-GESELI SCHAFT, FELLIX SING-
ER & COMPANY, ACT.,, GESELLSCHAFT, has recently
been given an order by the Societa Romana Tramways Omnibus,
at Rome, for the electric equipment of thirty motor cars, consist-
ing of two Walker motors for ecach car, and it is particularly note-
worthy that this order has been given to the above company after
a thorough trial had been made of the Walker material by the
Roman tramway company.

THE AMERICAN HARD FIBRE COMPANY, of Newark,
Del., has recently entered the railway field. This company has a
high reputation for the value of its products, and its hard and
fiexible fibre has had extended use for electrical and mechanical
purposes. The company has appointed H. M. Grant, who is well
known in the electrical trade, its New York manager, with head-
quarters at 14 Dey Street. The company has also a European
office at Deichstrasse 7, Hamburg, Germany.

THE BIBBER-WHITE COMPANY, of Boston, Mass., is
now introducing several new designs in line material, that is, this
company now finishes its line material in four different ways—in
black, bronze, galvanized and agatized. This last process is en-
tirely new, and furnishes a perfect insulator. [t is not necessary
with agatized material to use globe strained insulators. The Bib-
ber-White Company reports a large sale in material during the
past year, and prospects for business during the coming months
are very excellent.

THE CORNING BRAKE SIHOE COMPANY, of Buffalo,
N. Y., has supplied the Corning brake shoes to the Brooklyn
Heights Railway Company, the Nassau Electric Railway, the
Coney Island & Brooklyn Street Railway and the Union Street
Railway, of New York. These shoes are coming into very ex-
tensive use, during the month of July orders for gooo being booked
from New York City alone. The Joshua Hendy Machine Works,

of San Francisco, have been appointed representatives for the —

[y

Corning Brale Shoe Company on the Pacific coast.

THE GENERAL ELECTRIC COMPANY has received an
order from the Government of Victoria, Australia, for six Thom-
son recording watt meters of varying capacities. These will be
deposited in the electrical burcau of the home office of Victoria,
and will be used as the official standards, by which all electricity
meters used in the colony will be tested. It is stated that in future
no meters measuring electrical energy will be allowed to go into
service in Victoria unless they agree with those just ordered, and
receive the final sanction of the Victoria Government.

THE TAUNTON LOCOMOTIVE MANUFACTURING
COMPANY, of Taunton, Mass., has published a neat catalogue
showing the standard nose plow, the heavy nose plow and the
double track share plow, which it manufactures. This company
has given special attention to the subject of snow plows for sev-
eral years, and its well-known apparatus is now in use on a large
number of the leading rcads of the country. Both in design and
workmanship these plows are all that can be desired. Wendell &
MacDuffie, of New York City, are selling agents for the Taunton
snow plows.

THE AMERICAN IMPULSE WHEEL COMPANY, of New
York City, is sending out a very comprchensive catalogue de-
scriptive of the “Cazin” impulse wheel, which it manufactures.
[t is claimed that this wheel has several points of superiority over
any other wheel of its kind, principally in configuration of bucket,
which is designed to receive the impinging jet with the smallest
possible disturbance by means of a projecting knife-edge lip. It
first receives the jet, guiding it into the bucket, where almost com-
plete reversal occurs in all of the various positions taken by the
bucket while in contact with the jet.

THE SARGENT COMPANY, of Chicago, reports that its
copen-hearth steel plant has been running for the past few months
at its fullest capacity on several large contracts, among which may
be mentioned the castings for 10-in. gun carriages for the United
States Government. The Sargent Company has been very suc-
cessful in this class of work, readily meeting the physical tests
prescribed by the Government, as well as the short delivery which
is demanded in most cases. The good record that it has been
making is taken as an indication that it will obtain a full quota
of this class of work in the awarding of future contracts.

THE CHRISTENSEN ENGINEERING COMPANY, of
Milwaukee, Wis., has recently had a very efficient demonstration
of the efficiency of its system of air brakes. Two cars, one of
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which was equipped with the Christensen system, met in a head-on
collision recently on the Lowell line of the Lowell, Lawrence &
Haverhill Street Railway. The cars were on a single track near
a sharp turn, and the motormen within a few feet of ecach other
before either knew of the other’s presence. The car that was
equipped with air brakes was brought to a standstill before the
accident occurred, but the other car ceuld not be brought under
control in time to prevent a collision.

BROOMELL, SCHMIDT & COMPANY, LIMITED, of
York, Pa., manufacturers of the American fuel economizer for
leating and purifying feed water for steam boilers, has issued a
very neat and attractive catalogue, describing this economizer.
The American cconomizer is a sectional multiple water heater,
consisting of a large number of vertical cast iron tubes built up
into sections of various widths, which are sct up in a flue or
passage leading from the boilers to the chimney. The economizer
is so arranged that the feed water for the boiler is pumped into it
at the end furtherest from the boiler and is discharged at the op-
posite or hot end of the economizer and delivered into the boiler
very hot, from 225 to 350 degs.

THE PENNSYLVANIA CAR WHEEL COMPANY, of
Pittsburgh, has been manufacturing car wheels for about three
months, and in this brief time has secured contracts for present
and future delivery amounting to a grand total of over 20,000
wheels, many of these orders coming {rom the larger street rail-
way companies. This company's whecls have been accepted to
be used under cars carrying from 100,000 to 120,000 ths. This
company’s designs for street car wheels have also been well re-
ceived throughout the country, and one shipment has been made
to England. On account of this phenomenal growth this com-
pany has already been compelled to increase its facilities, and ex-
tensive additions to its plant arc under way.

THE WESTINGHOUSE MACHINE COMPANY, of Pitts-
burgh, has already commenced to reap some benefit from the re-
cent brilliant successes of American arms in Cuba. It has recent-
ly secured through its New York office the initial order for a com-
plete steam plant, involving a 100-h.p. Westinghouse engine and
Westinghouse generator, together with boiler, pump, piping, etc.,
this plant to be iustalled in Santiago de Cuba. The Westing-
house Machine Company, of Pittsburgh, is also building- ten
3000-h.p. engines, to be direct connected to 2000 h.p. dynamos
built by the Westinghouse Electric & Manufacturing Company,
for the Mectropolitan Electric Light & Supply Company, of Ton-
don.

THE SPRINGFIELD MANUFACTURING COMPANY, of
Bridgeport, Conn., is meeting with excellent success in intro-
ducing its car wheel grinders. These machines are in use in a
number of the street railway shops in the United States, and they
are demonstrating the claim made for them that they will very
soon pay for themselves in the saving effected in the longer life
of the car wheels. Among the large systems where these wheel
grinders are used are the Union Traction Company, of Philadel-
phia; The Consolidated Traction Company, of Jersey City: the
Metropolitan Railway Company. of Washington; the Consolidated
Traction Company, of Baltimore, and the London Tramways
Company, of London, England.

CHARLES N. WOOD, of Boston, is one of the best-known men
in the electric railway supply business in New England. Mr. Wood's
acquaintance with the electric railway business dates back to about
1890, when he was connected with the railway department of the
Thomson-Houston Company. Later on he branched out for him-
self, handling the Nuttall goods and second-hand machinery. At
the present time Mr. Wood has pleasant offices in the new Worth-
ington Building, 31 State Street, and is the exclusive Northeastern
agent for the Nuttall Company, International Register Company,
Van Wagoner & Williams, Wilson, Thomson & Company, Amer-
ican Electric Heating Corporation, and for the track scrapers
manufactured by the Monarch Stove & Manufacturing Company.

HARRINGTON,ROBINSON & COMPANY, of Boston, New
England agents of Wm. Wharton, Jr., & Company, Incorp., sup-
plied practically every foot of track and every piece of special worlk
in use on the railway systems in Springfield and Holyoke, Mass.,
described in the last issue of the STREET RAILWAY JOURNAL.
Both of these companies have track construction which is properly
a subject of pride and credit, and for it due credit should be given
Harrington, Robinson & Company, through whom the material
was secured. In Springfield and Holyoke all of the special work
installed dnring the last three years is of the Wharton-Manganese
type, including the special work in the new car house in Spring-
field, illustrations of which were published last month. Visitors
to the convention who have an opportunity of spending a few addi-
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tional hours on the way from New York or Albany to Boston or
on their return will find much to interest them if they can stop off
at Springfield and examine the character of construction on this
line. Holyoke is but eight miles away, and is easily reached both
by frequent electric car service and steam trains. Here a trip to
the top of Mt. Tom, described in our last issue, will never be re-
gretted if the weather be propitious.

THE FILER & STOWELL COMPANY, has just started at
the power station of the Bluff City Street Railway Company, at
Fort Sheridan, TIL, a 4oo-h.p. tandem compound engine direct
connccted to generator furnished by the General Electric Com-
pany. This engine has 17 ins. and 30 ins. x 36 ins. cylinders, and
runs 125 revolutions, Another tandem compound engine of about
300-I.p. has just been started by the Filer & Stowell Company at
the plant of the Warren Electrical Light Company, Warren, Pa.
This engine furnishes power for electric light and street railway
work.  Two single cylinder engines furnished by the Filer &
Stowell Company are now being put in the new power station of
the Worcester & Clinton Strect Railway Company at West Berlin,
Mass.  All of these engines are of heavy duty type.

THE BERLIN TRON BRIDGE COMPANY, of East Ber-
lin, Conn., has secured the contract for erecting the new boiler
house in connection with the electric plant of the People’s Light
& Power Company, of Jersey City. The building is a modern
structure in every respect. It is 60 ft. wide and about go f{t. long,
contains ample space for larze upright boilers, and has an ar-
rangement for the storage of coal in the steel bunker inside the
building, so that the fuel can be easily taken direct to the Loilers.
The tracks are so arranged that railroad cars will run into the
building and discharge the coal directly into the bunker. Tt is of
firebroof construction throughout, with steel frame, brick side
walls and iron roof covering, well lighted and ventilated. The
steel work is being furnished and erected by the Berlin Iron
Bridge Company.

ROBERT W. F. OGILVIE is one of the well-known attorneys
and patent lawyers in Washington, D. C. He is a graduate of
Princeton with the degrees of A. B. and A. M., and the Columbia
University with the degrees of L.L. B. and L.L. M., and also of
the University of Virginia. He is a practitioner at the bar of the
Supreme Court of the United States and of the Supreme Court
of the District of Columbia. Mr. Ogilvie is personally interested
as attorney for legal interest in railroad matters in Washington
and a trustee for the bondholders of the Anacostia & Potomac
River Railway Company, of Washington. He makes a specialty
of patents relating to electric and railroad matters, and anyone
desiring the services of a patent lawyer will find Mr. Ogilvie fully
competent to look after their interest.

E. F. DE WITT & COMPANY, of Lansingburgh, N. Y., have
their sand boxes in use on a large number of railways in the East,
including, among many others, the Winchester Avenue Railroad,
of New Haven, whose superintendent reports that this box i3
considered the best of any in the market; the Portland (Maine)
Railroad; the Falls Road Electric Railway, of Baltimore, which
has given several orders: and the Glens Falls, Sandy Hill & Fort
Edward Street Railway Company, which states that it “has yet to
hear the first report of the box failing to work when sand is
wanted.” Among the Western roads using this box may be men-
tioned the Chicago General Railway Company, whose superin-
tendent says that “it is giving better service than any sand box
I know,” and the Butte (Mont.) Consolidated Raitway Company,
which gives an equally satisfactory report.

THE OHIO BRASS COMPANY, of Mansfield, Ohio. should
have reason to congratulate itself on the progress which it has
made and the work accomplished this year. Tt has manufactured
and sold more goods irom the first of the year to the present time
than during the same period in any previous year, and this has
been done with the attending difficulties of moving its entire plant
into new and more commodious quarters. The factory which it
now occupies is thoroughly equipped in every respect to turn out
promptly and to the best advantage the lines of materials which it
is making, no expensc having been spared to make this plant
complete and up to date in every detail; the opportunity afforded
by the change making it possible to introduce many improve-
ments.  With the increased facilities thus afforded this company’s
business will undoubtedly greatly increase.

THE ELECTRIC STORAGE BATTERY COMPANY. of
Philadelphia, has closed a contract recently with the South Side
Elevated Railroad Company, of Chicago, for two storage batteries.
cach of 700-h.p. capacity, one to be installed on the premises af
Twelfth Stveet, and the other at Sixty-first Street. FEach battery
will be installed with tanks and bus bars sufficiently large to per-
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mit of an increase of 100 per cent in their capacity. The batteries
will be placed in parallel with the line, and will be used to take
care of the fluctuations and to maintain practically a constant
potential at extreme points on the line. This will be the largest
storage battery installation that has been made for feeder regula-
tion. The batteries are expected to be in operation Sept. 15. The
Electric Storage Battery Company has recently issued its circular
No. 43, describing the installation of chloride accumulators in the
Niagara Street station of the Buffalo Street Railway Company.

THE ST. LOUIS CAR \WHEEL COMPANY, of St. Louis,
Mo., has made a very simple and practical improvement in the
construction of street car wheels. Double brackets are now used
on the inside of the spokes of this company's wheels. It is found
that by this the wheels are not only materially strengthened with-
out much additional weight of metal, but a much higher chill can
be used, greatly adding to the life of the wheel. The best possible
demonstration of the value of this improvement is the fact vhat in
the large number of these wheels which are now in use, many of
them having covered more than 100,000 miles, not one has failed
to fulfil the guarantee. The St. Louis Car Wheel Company has
recently found it necessary to increase its foundry by adding a
new foundry room.

THE CENTRAL UNION BRASS COMPANY, of St. Louis,
has its catalogue No. 2 ready for distribution. This catalogue is
distinct from this company’s catalogue of car trimmings and
cther brass goods. Tt illustrates “The Gem" line material, which
1s new in design and exceedingly strong and durable. A large
number of orders have Dbeen received for this material, which is
evidence that it is well liked. This company also makes Wood's
improved trailer connector and flexible trolley ear, and its en-
gineer 1s the designer of the “Emergency” trolley clamp, which
has been adopted as standard by a great many roads. This com-
pany desires its catalogues in the hands of all interested in line
material, and will take pleasure in mailing them to anyone not
already supplied. The Central Union Brass Company is repre-
sented in Chicago by the W. R. Garton Company.

THE MICA INSULATOR COMPANY, of New York and
Chicago, is sending to all interested its new catalogue containing
information of value to electrical engineers, manufacturers and
street railway men. The catalogue contains an account of mica
mining in India, which is very interesting and instructive. The
primitive state of affairs there is practically the same as a thou-
sand years ago, ferming a striking contrast with the advanced
method of producing micanite. A number of tables are published
in the work giving data of all kinds for some twenty-five different
insulating materials, also a number of tables referring to com-
mutators. The Mica Tnsulating Company manufactures a large
number of specialties, including oiled papers and cloths, micanite
plates, cloth, rings, insulations, etc., and carries in stock com-
plete insulations for fifty-one different types of street railway
motor commutators.

THE McGUIRE MANUFACTURING COMPANY, of Chi-
cago, writes that the Chicago City Railway Company has recon-
sidered the truck question, and has ordered the McGuire solid
steel “Columbian™ truck for the 100 cars now being built by the
John Stephenson Company, of New York City. The McGuire
Manufacturing Company is constantly receiving excellent testi-
monials regarding its trucks, and also its sweepers. The follow-
ing letter received from the general manager of the Chicago Elec-
tric Traction Company shows the good work that the McGuire
sweepers are doing: “In reply to your inquiry as to the effi-
ciency, ete., of our sweeper, I am glad to be able to say that it did
very satisfactory work, indeed, during the severe storms of last
winter. We have but one sweeper for twenty-six miles of track,
but we were not tied up for more than an hour or two during the
winter. In one storm we were obliged to cut our way through
7 ft. of snow for a distance of several hundred feet. I understand
that ours was the only sweeper you have built which is operated
by a storage battery system, and we have not been obliged to
make hardly a single change in its construction, and I think you
are to be congratulated very highly on its success.”

——

New Publications

“Through the Garden of Kennedy.” 32 pages. Illustrated. Pub-
lished by the Hamilton, Grimsby & Beamsville Electric Rail-
way Company, of Hamilton, Ont.

This pamphlet is very fully illustrated, and describes the princi-
pal points of interest and beauty along the line of the Hamilton,

Grimsby & Beamsville Electric Railway,
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Souvenir of Binghamton, N. Y. 52 pages. Illustrated. Pub-
lished by the Binghamton Railway Company.
This is a large and very handsomely arranged pamphlet contain-
ing a history of the Binghamton Railroad Company, together with
a description of the many points of interest reached by its lines in

Binghamton and the vicinity.

Electrical Engineers’ Central Station Directory. Price, 3s., 6d.
Published by Messrs. Biggs & Son, Salishury Court, Fleet
Street, London, E. C., England.

This is a most complete and valuable manual, and contains in-
formation about various central stations in operation and under
construction, with tabular statements of provisional orders and
license in existence; of stations belonging to municipal au-
thorities and to companies; and of the financial working of vari-
ous stations; to which is added a list of electrical tramways.

Stromvertheilung fiir Elektrische Bahnen. By Louis Bell, Ph.D.
Authorized German edition. Translated by Dr. Gustav Rasch.

262 pages. Illustrated. Published by Julius Springer, Berlin.
Price 8 M. :
This is a translation of Dr. Bell's “Power Distribution for

FElectric Railroads,” and contains all of the American edition.
The dimensions, values, etc., a ¢ also converted to the metric
system and German currency, to help the German reader. The
book is well printed and bound.

La Traction Electrique Sur Voies Ferrées. By André Blondel
and F. Paul-Dubois.  Published by Baudry & Cie, Paris.
2 vols. 1700 pages and 1014 engravings. Price, 50 francs.

This is the largest, most comprehensive and best book which
has yet been published on electric railway practice. The authors
have shown a most praiseworthy effort in collecting data from
all sources, and have compiled them in a very readable and sys-
tematic manner. What is even more noteworthy in a work of
this size, and on a subject in which types and methods are chang-
ing so rapidly as in electric railroading. they have brought the
discussion of each subject seemingly up to a recent date, and
where there has been a large number of types of apparatus of any
kind on the market have shown good discrimination in their
selection of those forms to describe. Two chapters are devoted
to track, and here we think a little more space could have been
given to advantage in describing the best forms of mechanical
joints in use. The fourth and fifth chapters are given up to motors.
the sixth to cars, the seventh to electric locomotives, the eighth to
special appliances, ninth to electrical characteristics of continuous
current motors, tenth to speed regulation, eleventh to alternating
current motors, twelfth to care and maintenance of the rolling
stock, thirteenth to an analytical discussion of traction resistances,
fourteenth to power consumed in operation and selection of ap-
paratus, fifteenth to brakes. In the appendices are: a bibliog-
raphy of the subject, a discussion on cost of construction and
operation, rules for conductors and motormen, method of de-
signing a 50-h.p. continuous current motor, etc., etc. The chapter
on motors gives the weights and a number of the dimensions of
all the principal motors in use, that on cars the weights of a large
number of types of car bodies, trucks, etc., and throughout there
is evidence of an effort to give facts and avoid discursive and

general statements.
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Trade Catalogues

Published
56 pages.

by Broomell,
Tllustrated.

American Fuel Economizer.
Schmidt & Company, of York, Pa.

Catalogue and price list. Published by the New York Electrical
Works, of New York City. 23 pages. lllustrated.

Published by the Taunton T.ocomotive
16 pages. Il-

The

The Taunton Snow Plow.
Manufacturing Comipany, of Taunton, Mass.
lustrated.

Published by the Electric
4 pages. Illus-

Installation of Chloride Accumulators.
Storage Battery Company, of Philadelphia.
trated.

Water Wheels.
pany, of New York City.

Published by the American Impulse Wheel Com-
36 pages. Illustrated.

Snow Sweepers, Snow Plows, Track Scrapers. Published by J.
G. Brill Company, of Philadelphia. Tllustrated.

One-quatter of a Million Horse Power. Published by the West-
inghouse Electric & Manufacturing Company, of Pittsburgh,

Pa. 2@ pages. Illustrated.
Catalogue. Published by the Mica Insulator Company, of New
York. 46 pages. Illustrated.





