LINES AND CABLES

Practically every road in Ohio carries its high-tension lines on
the poles supporting the trolley wires and direct-current feeders.
In other words, there are few separate transmission lines except
in several instances cross-country lines have been built to provide
short cuts from power stations to sub-stations. In the case of
the Toledo Urban & Interurban, which was equipped with
high-tension transmission several years after its original road was
built, on some sections separate poles have been erected for the
high tension. Poles are uniformly 35 ft. or 40 ft., except in a
number of instances where poles of 50 ft. and 60 ft. were em-
ployed to carry the high-tension wires over the tops of trees.
Roads following highways and ing through villages in Ohio
have been greatly troubled by !Y:! presence of trees, which, as
a rule, owners were unwilling to have trimmed. There are
a number of instances where pole lines were carried to the rear
of lots in order to avoid trees, and nearly every road has one or
two places in which it was obliged to carry its transmission
lines to the rear of towns in order to avoid the trees and accom-
modate the ideas of village authorities.

Methods of arranging and attaching high-tension wires to
poles have furnished another subject for wide discussion among
engineers, but it may be stated that notions which were prevalent
a few years ago are now being dispelled and the various roads
are coming nearer to a standard on their transmission lines. Ths,
of course, is largely the result of combinations of interest and the
necessity for putting vanious lines together.

For example, one prominent engineer provided in his specifica-
tions that there should be no iron of any kind at the tops of the
poles, all pins, bolts and braces being of hardwood. In later
construction on this same road this idea has been modified, as
it was found that such precautions were unnecessary, and that
the line was not as strong as where metal was used more freely.
Up to two or three years ago the majority of engineers held
firmly to the belief that three-phase transmission lines should be
arranged in an equilateral triangle and that they should be
transposed at regular intervals. The majority of Ohio operat-
ing men now believe that these two ideas were the result of too
much theory and not enough practice. The latest transmission
lines are attached to cross-arms, according to the arrangement
which is most convenient, and there is no transposition of wires.
While the tmangular arrangement is still used, it is largely the
result of the desirability of using two sets of transmission lines,
and two cross-arms are employed, one, shorter than the other,
carrying two insulators on its ends, and the other carrying four
insulators. On some of the roads the longer arm is placed
above, while in others the opposite arrangement is followed.

On the matter of spacing circuits, however, one point is be-
coming impressed on roads using the higher voltages, and that is
that there should be ample space between the wires to avoid
short circuits and jumping across in case of overloads. The
Western Ohio, for example, formerly had 32 ins. between wires
for 33,000 volts transmission. It is now spreading these, and,
at the same lime, strengthening its construction, using |10-ft. arms
for four pins and 8-ft. arms for two pins and praviding for a
minimum distance between wires of 36 ins. Pins are 15 ins.
long instead of 10 ins., as formerly used. The Fort Wayne,
Van Wert & Lima and the Toledo & Lima follow this prac-
tice quite closely in their new work. The Cleveland Construc-
tion Company, which is building several new lines, is provid-
ing for a spacing of 42 ins. between wires, and it uses 16-in. pins
boiled in carbo-linium. It might be stated here that wood pins
are almost universally used,

The idea of placing one pin on the top of the pole and the

other two on a cross-arm below it where but a single transmis-
sion line is provided for, is losing favor among some of the best
engineers. The pin and insulator on the top of the pole almost
invariably gives more trouble than the other two. There are,
of course, several methods of attaching this pin. The Toledo,
Port Clinton & Lakeside uses a metal ridge pin with four heavy
lag screws, which is undoubtedly a strong form of construc-
tion. On the Cincinnati, Milford & Loveland and several other
roads a wood block is attached to the side of the pole and the
pin is batted to this. On a number of roads the top of the pole
is drilled and the pin set in. The objection found to this is
that moisture gathers in the hole and the pole rots in the center.
On several roads this has been partially overcome by boring
“weep” holes for the moisture to drain out and by placing
porcelain plates around the top of the pole, but after trying these
various devices there are a number of prominent engineers who
believe it is best to get the insulator off from the top of the pole
and place all these wires on a single cross-arm.  This has been
done on recent construction work on the Western Chio and the
Toledo & Indiana, using one insulator on one side of the pole
and two on the other. The Cleveland & Southwestern on
some recent work used two short cross-arms with an insulator on
the end of each, the fourth insulator being for a spare wire which
is used in case of breakage to any of the other three. Tell-tale
devices in the sub-stations tell which wires are dead, and the
spare wire can be thrown instantly into service in case of acci-
dent. This device has saved a tie-up on several occasions. A
variation from usual forms of cross-arm braces was used in this
work, a triangular shaped block of wood soaked in carbo-
lineum to prevent cracking, being used instead of metal braces,
which had given trouble.

Copper lines are used by the great majority of roads, although
considerable aluminum has been used during the past two or
three years. During the past twelve months, however, builders
of roads have been unable to secure proposals from manufac-
turers of aluminum wire because they are too busy with other
work, hence it is not being used on roads under construction.
One of the chief advantages found for aluminum is that sleet
does not stick to it, in spite of the larger area of surface, and
aluminum lines have gone through the most severe sleet storms
without interruption, where copper lines have broken down in
many places. The lower fusing point of aluminum, as com-
pared with copper, and its liability to break when coming in
contact with electric light or telephone wires, are, of course, dis-
advantages which perhaps more than compensate for the ad-
vantage mentioned. At times when copper has been high in
price aluminum has been considerably lower for the same carry-
ing capacity, and, as a rule, it is always a trfle lower in price,
the price being based upon the price of copper. On long spans,
aluminum has been known to stretch considerably when first
erected, but one of the advantages frequently pointed out for
aluminum is that the manufacturers have always insisted upon
inspecting all erection work, requiring that the feeders be strung
at the proper tension and in the most substantial manner pos-
sible.

The Scioto Valley Traction Company uses seven-strand
aluminum of No. 2 capacity for its lines, and has had excellent
results. The Western Ohio, Lake Shore Electric and Cleve-
land & Southwestern have secured very satisfactory results from
aluminum.

Lines of No. 4 capacity are used by the majority of roads
of medium length, while the roads with heavier equipment,
longer transmission and higher voltages use a larger conductor.
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The Canton-Akron Company’s system is about equally divided
between No. 2, No. 4 and No. 6, starting out of the house
with the larger conductor and tapering down to the smaller at
the ends. The Western Ohio uses No. 2 and No. 4, with the
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to adopt this on extensions and new lines, in order to secure ample
capacity to handle the road from some other station in case the
usual base of supply is interrupted.

Glass insulators are being used by several roads with the

TABLE VIIL.—SUMMARY OF PRACTICE IN HIGH TENSION TRANSMISSION LINES ON ROADS TREATED.

Voltage -] E'g A;'-.n ﬂi Eg' Arrangement
on a e
NAMES OF COMPANIES. Transmission - Material of Line, Sise of Conductors. | =oi | Transmis- |58 4 of
Line x E 'ﬂ_g g sion Poles — Circuits.
ES Bo in Fu. _E_g
L Eq
Noxraxan Omio G:lo:rr
Cleveland & Southwestern 24,000 ] Copper and aluminum..| No.4...ccoeeeennn o 35 100 B Triangle.
Lake Shore Electric. . 18,500 2 Copper and aluminum. .| N 35 W 7 ‘Triangle.
Eastern Obio.. ... .. .. 13,000 1 Vi g 35 100 7 Flat.
Tohdo&]ndhm.,... 18,500 1 a5 100 7 Flat.
.................... 13,500 1 35 100 -] Triangle.

Taled.o,Pr. Cl.inlm & I.-.kuid.e ......... 20,000 2 35 100 7 Triangle.
Stark Electric.. 22,000 2 pper. i 36 100 ] Triangle.
Cn.nm-d.hm ...................... 13,200 3 _ﬂ_lummum md mm: 35 100 '] Triangle.
CenteAL AxD Sovraxax Omio Group
WesternOho. ... ... .......cooiua s, 33,000 3 .ﬂ.lum:.numtudoupper.. Noa. 2, 4 40 100 7 Flat.
Ft. Wayne, Van Wert & Lima.......... 33,000 1 Lopp:: e .| No.2 40 100 7 Flat.
Duayton LT e g o N e &% ia e

ot 27,000 2 Smd:dlluml.num 0 100 B Triangle.

i & Columbus. 33,000 1 Coppet....... 40 100 8 Triangle.
Cindonati, Milford & Loveland.. 16,500 2 Cnpper 35 100 [} Trinngle.
Interurban Ry. & T. Cincinnati.. o 10,000 2 ] 100 B Triangle.

ncinnad, Georgetown & Partsmouth. .. 15,000 2 ].mﬁﬁl.:dmpj:r 35 100 7 Triangle.
*Indiana Union.. ...| 15,000 and 30,000 & S A Nos. 3, 5.... 40 100 7 | 2 triangular, 1 fat.
Indianapolis & Northwestern ¥ 20,000 a2 Phosphor bronze... ... .| No. I.... e an 100 ] Triangular.
Indisnapolis & Cincinnati 33,000 5 COPPEL cacrroneranan .| N do. a5 100 and 120 8 Two-phase flat.

diana 15,000 1 Alumioum..... No, 0, cupprr tqmw.lcnt 35 100 8 Triangular.
‘Terre Haute Tr. ooo| 10,000 and 22,000 2 Aluminum and :opp:;.. IR P 40 100 1 lar
Kokomo, Marion & r.-stcrn 11,000 1 | Aluminum . [ sl B T 100 8 | Triangular,
Fi. Wayne & Wabash V) 16,500 and 13,200 ] Coput. LI TH e e et e @ 100 7 Tn

Mrcaican Grouore.

Rapid Railway System, th.rcn 16.500 2 Copper.ee. . vevvnn s No, ...| 40 to 60 7 Triangular
Detroit, Ypsilanu, A. A & J... 22,000 3 LTI R s, 3,-i A 40 B to 10 | Triangular

* Union Traction Company

TABLE VIIL—

of Indiana and Indianapolis Northern Traction Company only considered.

SUMMARY OF PRACTICE IN HIGH TENSION TRANSMISSION LINES ON ROADS TREATED.—Concluded.

Distance
Hetween How Often Tg’pe of How Are How is High-tension
NAMES OF COMPANIES. Wires of Are Wires High-tension Insulators Attached otectey
Circuit Transposed. Insulators. to Cross Arms. Against Lightning.
in
NoxrEErn Onm1D GlolJ'l
Cleveland & &:mhm Arresters.
Lake Shore Electri sters.
Eastern Ohio. Arresters,
Toledo & Ind.lm g Arresters.
Toledo & Western. . Arresters,
Toledo, Pt. Clinton & Ll.lend: Arresters,
Stark Electric....... ... B Arresters,
Canton-Akron.......oorevenunns Arreaters.
CEnTRAL .urp Sovraexn Omio Grovr
Western Ohio. . .. .ooveeaniiineninan.. 38 Not transposed .. | 7-in. poreelain.. Arresters,
Fr. Wuue,r\"m Wert & Lima 36 Not transposed .. . porce Arresiers,
FO¥ee s v T (i [
Darlon Comgtan&Hqu Y [,
Scioto Valley.. .....ovvrinnnnnans 30 2 miles A Bein. pnmelam. Arresters,
Gnm'.lml.l:i Columbus.. ......00c00a .. o St .| B-in. porcelain Arresters.
Cindnnati, H'.Ilhtﬂ & Loveland....... 24 34 miles 7-in. porcelain . . Arresters.,
Interurban Ry. & T. Cincinnati., 28 By 7-in. porcelain.. sters.
Cincinnati, Geargetown & Portamouth. . [ A 7-in. porcelain ... Arresters.
Inpana Guooe.

#*Indiana Union 35 Everymile...... 7%-in., 9-in. glm 11}-in. locust pins. ... .. Arresters.
Indianapolis & Northwestern. . 36 Not transposed . .| Brown poreel caresgeanasiezeas s Arresters.
Indianapolis & Cincinnati.. 36 Not transposed ..| Brown porcelain . Tro 15 and stud bolts|  Arresters.
Indh.u lis, Columbu.a & Southern 19 and 30 | Not tran ..| Glass insulators.. Wood pins............ Arresters.

Hr;rl.: ¥ Every 80 poles...| Porcelain. .. ..... Wood pins............ Arresters.

T T R S-in. T T 114-in. Imuu puu Arresters,
Ft Wayne & Wahuh \flller 30 Every mile...... Porcelain ... .........coooiiinn Laocust pins. Arresters,
AN GroUr. Fuse warresiers in power bouse, sub-
Rapid Rﬁlny Sj'lmn, Detreit. . 31 Not transposed .. | Poreelaini....oooveeinnaninenen Tron pins,............. stations and other points where there
is competent attendance.

Detroit, Ypsiland, A. A &J............ 18 Not transposed ..| Replacing glass with poreelin...| Wood pins............ sters.

* Union Traction Company of Indiana and Indianapolis Northern Traction Company cnly considered.

same arrangements. [he Lake Shore Electric has all No. 2,
in order to render it possible to run all the sub-stations from one
power house if necessary, necessitating a transmission of about
100 miles. The Fort Wayne, Van Wert & Lima has No. 2
throughout, and there seems to be a tendency among other roads

medium voltages of from 12,000 to 16,500, but the roads using
the higher voltages of from 20,000 to 33,000 seem to prefer
porcelain insulators, the usual size being 7 ins. The Lake
Shore Electric, with 16,500, uses 7-in. glass with most satis-
factory results, while the Cleveland & Southwestern has a num-
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ber of stretches of 8-in. glass insulators, which are giving ex-
cellent service. The Toledo Urban & Interurban and the Cin-
cinnati & Columbus, with their 33,000-volt transmission lines,
use 8-in. x 8-in. porcelain insulators designed for 90,000 volts,
and the tendency is in this direction.

Considerable interest is being displayed in high-tension light-
ning arresters placed on poles, but as yet they have not been
adopted by any of the roads in the district.  The Detroit, Mon-
roe & Toledo and Toledo Urban & Interurban string a gal-
vanized iron barbed wire at the top of the pole and ground it
at every tenth pole, which is said to be an excellent protection
against lightning. Other engineers who have considered this
scheme say that while it may be some protection, the compara-
tively short life of galvanized iron wire, as compared with copper
wire, is likely to cause a great deal of trouble when the barbed
wire commences to rust through and break, falling on the high-
tension lines.

The majority of roads are now taking unusual precautions
to protect their wires against telegraph wires at railroad crossings.
In a number of places cradles have been erected below the trans-
mission wires so that they cannot fall onto the telegraph wires.
At one undergrade crossing, the Toledo & Western has insulated
its high-tension lines and carries them under the crossing. The
Dayton & Muncie in one place has erected 100-ft. lattice iron
poles to carry the high tension over telegraph wires. At lo-
rain, crossing a navigable stream where vessels with tall masts
frequently pass, the Lake Shore Electric has erected two 350-ft.
towers and passes the wires over with a thousand-foot span,
stranded aluminum wire being used.

In the other States visited copper is used for high-tension con-
ductors in the majority of cases. Aluminum conductors are
used by three systems, and in one instance the conductors are of
phosphor-bronze. High-tension conductors vary in size from
1-0 copper equivalent to No. 5. The smallest size is used on
the older portion of the Indiana Union Traction Company. On
this system the two sub-stations between Anderson and Indian-
apolis are fed by one line, consisting of No. 5 copper conductors.
Each of the sub-stations contain two 250-kw rotaries, and one is
13 miles and the other 241/ miles distant from the power sta-
tion. On practically all of the new work of this system the
high-tension wires are of No. 3 copper. On all the systems
visited, with the exception of the Indianapolis & Cincinnat
Traction Company, the high-tension circuits are carried on the
trolley poles. On this system, however, a second and separate
pole line, placed on the opposite side of track from the trol-
ley poles, is used. The majority of the systems use transmission
poles 40 ft. long. The size, however, varies greatly, as poles
with tops varying from 6 ins. to 10 ins. are used. On all of
the systems visited the poles are placed 100 ft. apart.

Disposition of the high-tension wires in the form of a triangle
was found in every instance, with the exception of the single cir-
cuits on the Indiana Union Traction system. The wires of
these single circuits are all on one cross-arm, two being on one
side of the pole. 'Wide differences were found in the distance
between the separate wires of high-tension circuits. The dis-
tances range from 18 ins. to 40 ins., and, moreover, the
greatest width was found on that system having the lowest trans-
mission voltage. On the systems carrying the highest voltage
distances of 35 ins. and 36 ins. between wires are usually em-
ployed.

The practice of transposing high-tension wires is adhered to
by some companies and is not followed by others. Three sys-
tems were found having high-tension wires transposed. In two
instances the transpositions are made every mile and in another
they occur every 9000 ft.

Porcelain high-tension insulators are used on all but two sys-
tems visited. On one system on which glass insulators are
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used it was stated that no trouble whatever is being experienced
with them except their occasional breakage by boys, but on an-
other system glass insulators are being replaced by porcelain
whenever breakage occurred. On the Rapid Railway division
of the Detroit United Railways, and also on the Indianapolis
& Cincinnati system, the high-tension insulators are carried on
iron pins secured to the cross-arm by stud bolts. On all the
other systems visited wood pins, usually locust, are used.

Several recent installations throughout the country have ground
wires on the cross-arms carrying the high-tension wires as a pro-
tection against lightning. This practice was not found on any
of the systems visited.

OVERHEAD CONSTRUCTION

Grooved, or Fig. 8, wire is used for trolley by the majority
of Ohio roads. There is a growing tendency to equip with
double trolley wire and reduce the size of the d. c. feeders.
On the Toledo & Indiana, Cincinnati & Columbus and several
other roads where the sub-stations are ample and fairly close to-
gether, the use of d. c. feeders was dispensed with, the trolley
wires being used exclusively for carrying the direct current.
The Canton-Akron Railway Company uses a special trolley
wire, known as the Myers special, which is a modification of
the Fig. 8, except that it is flat on top. It is believed that it
gives the ear a better gripping surface, but, as it is unique, there
is some difficulty in getting new ears and repair parts.

As with high-tension lines, aluminum has been used by a
number of roads for d. c. feeders, and the same conditions
apply as with the high-tension wires. The majonty of the
roads using a. c. transmission and having No. 000 single trol-
ley use a 300,000 ¢c. m. d. c. feeder. The Cleveland & South-
western uses a 300,000 ¢. m. feeder where it has double trol-
ley and 500,000 c. m. to 600,000 c. m. with much of its
single trolley. A portion of this system has direct-current trans-
mission, and on these sections it uses 60,000 c. m. The Day-
ton & Troy, with d. ¢. transmission, has No. 00 trolley and
1,000,000 c. m. feeders.

Practically all the work done in Ohio in the past two years
has been bracket construction for single track. The older por-
tions of the Lake Shore Electric, Eastern Ohio Traction, Cin-
cinnati, Georgetown & Portsmouth and Toledo, Port Clinton
& Lakeside are cross suspension, but later extensions were built
with bracket construction, which has been found cheaper to
build and to maintain. Span construction is used on prac-
tically all of the double track in the State, there being but very
little center pole construction. The height of trolley above
rail varies from 16 ft. on the Cincinnati & Columbus to 21 ft.
on the Dayton & Troy, the usual practice being 18 ft. This
is a point which ought to be adjusted, in view of the growing
tendency to run cars over other lines. Soldered and clinch ears
are about in equal favor, with possibly a growing sentiment in
favor of the former. There is an increasing tendency to use longer
and heavier ears, many 15-in. and [6-in. ears now being used.

Line voltages vary from 550 to 650, with a growing
tendency toward the higher voltage. In figuring feeders, the
usual rule is to allow for a maximum voltage drop of about 25
per cent, although several roads estimate copper upon a drop of
only 100 volts.

Pole lightning arresters are used by all the roads. Auresters
are placed from 1 to 6 to the mile, and it might be stated
that there is a growing tendency to use more arresters and to
see that they are maintained in order. Six out of seventeen
roads visited ground the arresters to the rail exclusively, three
ground to an iron rod driven into the ground, two ground to a
copper plate and six use a combination of these methods, ground-
ing both to rail and earth.

Bracket trolley construction is followed in practically all of
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the new work in Indiana and Michigan. Both
round and Fig. 8 trolley is employed, but there is a
tendency towards the abandonment of the Fig. 8
; secion. Three sizes of wire, No. 00, No. 000
k ot 3 ESgsSsis and No. 0000 trolley, are used, the smaller sizes
i Y - being employed when a double trolley is employed.

: i ah G Opinion varies in this section as to the advan-
tages and disadvantages of single and double trol
ley wire. The Fort Wayne & Wabash Valley
Traction Company is building all new work with
single trolley, although the old lines are of double
trolley construction. On the Detroit United Rail-
ways system, upon which most of the construction
is with double trolley, this construction is preferred.

On the several roads visited the height of the
trolley above the rail ranges from 18 ft. to 20 ft.
There is a tendency to place the trolley a little
higher than is absolutely necessary, with a view to
] accommodating higher cars should these be adopted
| at any time in the future. It would seem that
neither difference in the height of cars nor operating
features would warrant the wide variation found
in the height of the trolley. On the Terre Haute
Traction & Light Company system, which uses the
am car of least height, the trolley is 19 ft. high, while
on the Indianapolis & Northwestern system the trol-
ley is | ft. lower and the cars are about 9 ins.
higher. Other similar examples lead to the belief
that one standard height of trolley could be adopted
by practically all systems.

Where 500 or 525 volts was the pressure for-
merly carried on the trolley, 600 to 625 volts pres-
sure is now found. Of the systems visited in In-
G T R diana the lowest voltage is carried by the Terre
Haute Traction & Light Company and is 550

s volts.  Several d. c. systems carry 650 volts.
BRRRLERE 9ENSLNER KPS 8 Practice differs greatly in Indiana as to the num-
s ber of lightning arresters necessary for proper pro-
i ' tection to the line. From two to five per mile are
used. WVarious methods of grounding arresters are
in use. On the Indianapolis & Cincinnati Traction
system the arresters are grounded to a galvanized
iron pipe driven 10 ft. into the ground. None of
them is grounded to the rails. On the Indian-
apolis, Columbus & Southern Traction system every
T T W T fifth arrester is grounded to the rail.  Arresters on
""""" P the Kokomo, Marion & Western Traction system
are all grounded to 34-in. rods driven into the
ground. In addition to this, the ground wire from
each arrester is connected alternately to one rail
and to the other. Ground plates are used by the
Fort Wayne & Wabash Valley Traction Company.
On the Detroit, Ypsilanti, Ann Arbor & Jackson
Railway some of the arresters are grounded to the
rail and some to ground plates. The grounding

wires consist of wire from old motor field coils.

The Detroit United Railway system grounds
R each arrester to both rails and to ground reds. In

addition to gap arresters, this company places fuse
arresters in the power houses, sub-stations and at
other points where there is competent attendance.
These arresters consist of several No. 22 cotton-
covered wires connected in multiple between the trol-
ley and ground terminals in such a manner that the
insulation of the wire prevents the passage of the
current. A lightning discharge, however, jumps
across this insulation. Fusing of the wire breaks
the current after a discharge.
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Direct-current feeders of about 500,000 c. m.
are usually employed. On the Detroit United
Railway system No. 0000 feeders are preferred,
several being placed in multple when necessary.
The great advantage of a feeder system consisting of
this size of feeders is its fAlexibility. Whenever con-
ditions of load change some of the feeders may be
taken down and replaced on other portions of the
line where the load demands.

The frequency of feeder taps varies on the dif-
ferent systems. On the Indianapolis, Columbus &
Southern Traction system within five miles of sub-
stations two taps per mile are made. At greater
distances there are five taps per mile. The spacing
of feeder taps on the Detroit United Railway sys-
tem is governed by the demands for load. In level
country the taps are 1320 ft. apart. On curves,
or where the service is extremely heavy, they are
from 700 ft. to 800 ft. apart.

The collection of drawings on page 657 forcibly
illustrates the lack of uniformity in pole and over-
head construction. There seems to be no stan-
dard rule whatever for number or dimensions of
cross-arms, methods of attaching the arms to the
poles, and arrangement of high-tension wires, d. c.
feeders and telephone wres.

In reference to telephone wires, it may be stated
that the trouble with telephone circuits carried on
the same poles with high-tension circuits, which was
freely predicted when high-tension work was first
suggested, has not been serious. It is now quite
the common practice to carry the company’s own
telephone wires on the railway pole line, and no
serious difficulty due to the high-voltage circuits is
encountered, even when, as is now common prac-
tice, the power circuits are not transposed. Some
companies as an extra precaution against noisy tele-
phone lines transpose the telephone wires at frequent
intervals. On a number of roads the telephone
wires are carried on pins let into the pole instead
of on cross-arms, and in cities where span construc-
tion is used it is common practice to carry the tele-
phone wires on the span wires.

Of the roads treated eleven use chestnut poles,
cedar coming next in favor. Diameters of poles at
the top range from 61/ ins. to 8 ins., with 7 ins.
predominating. Lengths range from 25 ft. to 40
ft. and spacing of poles varies from 48 to the mile
to 60 to the mile with 52 a good average.

The Cincinnati, Georgetown & Portsmouth has
had an excellent opportunity of testing the theory
that the escaping gases from steam locomotives is
injurious to the feed and trolley wires of the over-
head electric rallway system. This road handles
part of its freight business with steam locomotives,
and it has watched this point with some anxiety;
but after three years of constant and frequent freight
train service, it has been unable to discover that
there is any unusual deterioration of insulation, or
breaking off of soldered connections due to this
cause. The only effect noticed is a heavy coat-
ing of soat on the entire overhead and feeder system.

In Tables VII. and VIII. are given the details of
high-tension transmission lines and overhead con-
struction on the twenty-six roads investigated in
Ohio, Indiana and Michigan. These tables are
worthy of study as setting forth the latest ideas and
practices in designing transmission lines and over-

head construction for interurban roads.

TABLE VIII.—-SUMMARY OF OVERHEAD CONSTRUCTION ON ROADS TREATED.—Concluded.
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