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ACYCLIC (HOMOPOLAR) DYNAMOS.

BY J. E. NOEGGERATH.

Except for very low pressures, the so-called homopolar
dynamo has so far been a failure from a commercial point of
view. This failure is principally due to two conditions: first,
the uncertainty as to the magnetic and electrical conditions
prevailing in this type of generator; secondly, the difficulties
encountered in collecting large currents from a generator run-
ning at a high rate of speed. These conditions will be dis-
cussed in this paper, and in order that their import may be
grasped there will be described in outline the design
of, and some results obtained with, a 300-kw. 500-volt turbine-
driven acyclic (homopolar) generator built in the shops of one
of the large electrical manufacturing companies. The question
dealt with is a broad one, too broad to be discussed at length
in this paper; the main points only will be taken up and a
more thorough discussion left for a later date.

Classifying acyclic generators according to the position of
the armature conductors, we find two prevailing types:

1. The radial type; single disc, Fig. 1; double disc, Fig. 2.

2. The axial type; single cylinder, Fig. 3; double cylinder,
Fig. 5.

(The cylinders being solid or hollow—Fig. 4). Combinations
of these types are, of course, also practicable.

The armature of the cylinder-type acyclic dynamo here
under consideration, Fig. 5, consists chiefly of a solid cast-steel
cylinder carrying a small number of straight conductors on its
surface; these conductors are connected at both ends to sets
of collector rings.

——
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The field, Fig. 5, consists chiefly of a cast-steel structure ex-
tending towards the shaft in three polar projections that enclose
the armature in complete cylinders. Field coils, F1 and F2,
are wound concentrically around the shaft.

There are also mounted two sets of brushes and a number
of stationary conductors (frame conductors). Eight openings
give access to the brushes and field spools.

The field spools set up two primary fluxes shown in Fig. 5
as dotted lines, and in Fig. 6 as dotted lines diverging
radially.

i’m. 1

As the armature revolves in this uniform field, electro-
motive forces are generated in the armature conductors; Figs.

'5'and 6C; these electromotive torces are constant as to mag-

nitude and direction. Single conductors or groups are con-

‘hected in series by means of collector rings or commutator

segments and the frame conductors. -
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¢ N n 108

The induced electromotive force = 60

= 1.66 ¢ N n 1010
‘Where ¢ = Total flux
N = Revolutions per minute
n = Armature conductors in series.

FPig. 7 shows diagramatically the simplest form of an electric
circuit in a cylinder type of generator, C and R representing
armature and frame conductors, C r and B representing

Fio. 2.

collector rings, and brushes respectively. The currents passing
through this system set up secondary fields which affect the
primary flux. Of these, the ones created by the currents flow-
ing in the collector rings (ying reactions) are of great interest
from a practical point of view.

For a given time the connection point between armature con-
ductors and collector ring passes through P,. At this moment
currents flow from P,.to B, through both sections of the ring,
the currents being inversely proportional to the ohmic re-
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sistance of the ring-sections. The currents set up fields in the
magnetic material in which they are completely embedded.

As the armature revolves, the connection point P, moves on,
changing magnitude and direction of the magnetomotive force.
These periodical changes of magnetization create hysteresis and
eddy lostes in the solid material. They also weaken the
primary flux, since, due to saturation, the increase in density
is considerably smaller than the decrease. This means bad
regulation.

There are various means of counteracting ring reactions.
One consists of placing brushes all around the ring, prac-

" tically covering its surface. For commercial pressures this

\

N

7

z

Fic. 3.

7

N

meathod is out of consideration because of the great number of
collector rings. It would be impracticable to adjust and watch
the very large number of brushes required in this case. The
question of friction losses also limits the number of contacts
Satisfactory results were obtainéd with a method which is
diagramatically shown in Fig. 8. R, R,, etc., By, B, etc.,
and P,, P4, etc., represent rings, brushes, and connection points
of the collecting system on one side of the armature of one
collector. The connection points form a spiral of one com-
plete turn, while the contact points of the brushes form one or
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more turns of a spiral running in the opposite direction. The
brushes are arranged in groups that can be inspected from the
openings in the frame. In thiscaseZ magnetomotive force = 0
for each section of the collector periphery and for any position
of the armature. -

As to the armature reaction, reference is made to Figs. 5 and 6.
The currents flowing in the armature conductors C set up
secondary fluxes as indicated by the curved lines. These sec-
ondary fluxes cut the frame as the armature revolves, causing
hysteresis and eddy losses. They also increase the primary

Fic. 4.

flux at a and decrease it at 3. On account of saturation, the
weakening effect will again be considerably augmented, affect-
ing the regulation. When the conductors are placed close to-
gether, that is, in approaching the equation

di

al
where § = amperes, / = unit length of armature periphery.
The radial components of these secondary fluxes at a and 8

=C
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are neutralized. Similar considerations are valid for the sta-
tionary conductors.

The most efficient means of conforming to this equation
consists of using flat conductors mounted close together. They
may be assembled inside of the armature body or on its surface,
Fig. 6b. The remaining components of all the local fluxes
form one circular field that intersects at right angles with the

3

Fia. 6.

primary flux, Fig. 6. Considering the influence of these mag-
netizations upon each other, two conditions are of importance.

1. The medium between armature and frame conductors
consists of non-magnetic material, air; that is, the con-
ductors are mounted on the surface of armature and frame
respectively, Fig. 94.

If in Fig. 10, M1 and Bl represent magnetomotive force and
density of the primary, M, B, the magnetomotive force and

.

- .

-
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Fic. 6.

Fi16.7. -
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density of the secondary flux produced by the armature turns,
then M, B, will designate the resulting flux, provided the reluct-
ance is the same in all directions.. It is evident that the com-
ponent of the flux in direction of the pnmary magnetization
remains unchanged.

In an air-gap the length of the path of the resulting flux will
actually be somewhat greater than that of the primary flux.
But on account of the very high reluctance in the path of the
armature reaction, the secondary flux is so small that direction

Fic. 8.

"
and magnitude of the resulting field does not differ appreciably
from the primary.

2, The magnetic medium between the stationary and re-
volving parts of the winding consists of iron Fig. 9 B, C; Fig. 11.
Principally due to saturation, the density of the resulting flux
will be considerably smaller than v/B,»+ B,, and its component
in direction of the primary magnetization appreciably weaker
than B,. But to restore the flux to its original value only so

- &
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many ampere-turns have to be added as are required for the
increase in density along that part of its path that is affected
by the secondary magnetization. The influence of a given ar-
mature reaction on regulation is therefore determined by the
relatien between the reluctance of the primary magnetic circuit
in that area and the total primary reluctance. It can be kept
very low.

While for the circuits B and C, Fig. 9, the main secondary
magnetizations are practically of the same order, the local fluxes

Fic. 9.

produced by the part of circuit C that runs parallel to the
shaft are much smaller than in B, because of the high reluctance.
They are, in fact, negligible. The neutralization of the ring
and armature reactions as discussed above is very complete.

Tests on the 300-kw. generator show that the difference in
pressure between full load and no load is only slightly higher
than the drop, due to the total resistance of the armature cir-
cuit; that is, regulation is good.
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While the armature windings of acyclic dynamos will not be
discussed in detail, yet the points that have to be considered in
laying out these windings would better be indicated here; they
are:

Neutralization of ring reactions. .
Magnetizing effect of end connections.

Minimum pressure between rings.

Assembling of brushes in groups for accessibility.
Equal resistance of armature circuits.

Minimum pressure between adjoining conductors.

Point 5 is to be considered if it is desired to run the machines
at different pressures, Fig. 16.

S Ok -
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A - — - =
B,
‘BJ

Pic. 10,

Accumulative or differential compounding of acyclic motors
or generators can be effected either by means of a series coil,
or by giving an angular displacement either between the con-
tacts and the frame conductors or between the connection
points and the armature conductors, Fig. 13. For instance,
Pig. 12, the currents flowing in the leads that connect the
frame conductors and brushes partly or totally enclose the
armature. The circular component of the magnetomotive
force of these currents acts in the same or opposite directions
as the magnetomotive force of the field-coils. By shifting the
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Fic. 12. i TG, 14.
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brushes it is possible to adjust the compounding. By moving
them against the direction of rotation accumulative com-
pounding is effected in generators; for motors, the result is
the reverse.

It is obvious that series generators and motors can be built
without field coils. In such generators the intensity and direc-
tion of magnetization can be changed by shifting the brushes
and, consequently, the electromotive force of generators as to
direction and magnitude can be influenced as well as the speed,
torque, and direction of rotation of motors. Acyclic genera-
tors are self-exciting.

t
— |
- L,

o] 1]

Fic. 16.

The considerations of the electrical and magnetic quantities
discussed above for an axial-type acyclic generator hold good
also for the radial type, with the exception of a modification in
regard to the armature reactions. The currents flowing in the
armature of the radial type set up fields that enclose the con-
ductors. These secondary magnetizations disturb the primary
flux in a way similar to that discussed for the axial type, result-
ing in core loss and affecting regulation. By placing the
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conductors close together, that is, in conforming with the
equation,

K

:
=

the components at a and 8 are neutralized, leaving a resultant
magnetization which may consist of two circular fluxes, F2
Pigs. 14, 15.

In this case ¢ = Current, /! = Unit length of a circular section
taken concentrically around the axis.

The secondary flux F2 intersects at right angles with the
primary. Their influence upon each other can be modified as
was discussed for the axial type.

Fic. 17. Fic. 18.

The efficiency of a high-speed acyclic generator about equals
that of a turbine-driven commutator generator, but the dis-
tribution of the losses is very different. As windage and bearing
friction depend on the mechanical design only and not on the
type, they can be made to have the same value for both ma-
chines.

The I? R field loss is somewhat smaller in acyclic machines
principally because the length of the air-gap is limited by
mechanical requirements and not by the armature reaction.

The I? R armature loss is almost negligible on account of
the small number of turns. In the generator under considera-
tion there are 12 armature conductors and 12 frame conductors

in series.
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+*It is obvious that in a field of uniform and constant density
there should be no hysteretic loss. As to eddy currents, refer-
ence is made to Fig. 17 where uniform distribution without stray
fields is assumed. No electromotive forces are induced in the
field. The arrows represent value and direction of the electro-
motive forces induced in the armature body. It is evident that
2 electromotive force = 0 for any closed circuit inside the
armature, as well as in any circuit including armature, bear-
ings, and field. From Fig. 18 it will be seen that this is
true even if there is a stray field, provided it is uniform.

In general, the distribution of the flux in acyclic dynamos

that eliminates core loss is expressed by the equation‘-i—B- =C
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. Where L = unit length of any circle concentric with the axis;
that is, the flux must have a constant specific linear distribu-
tion in the direction of rotation.

The variation of the air-gap length and of permeability, the
openings in frame and armature, as well as the secondary fields,
disturb this ideal condition. . In other words, the flux densities
in symmetrical points are not actually equal.

One-half of this difference in density B d represents the B
in the hysteresis and eddy current formulas. Its valuedepends,
except on the magnitude of the disturbing elements mentioned
above, on the relation of the reluctance in and close to the mr-
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gap to the total reluctance. It is possible to keep this B d and,
consequently, the core loss very low. The main losses are
encountered in the brush contacts.

COPPER BRUSHES CAST-8TEEL RING
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From a series of investigations the following conclusions a-e

drawn:
1. As to speed. Fig. 19.
There is a steady but small increase of pressure drop at the
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brush-contacts with increasing speed. - The friction loss, declin-
ing somewhat, practically remains constant for high velocity.
The total losses also remain practically constant above these
speeds. The improved ventilation inherent to greater velocity
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allows a higher current capacity to be used in the collecting
system. .

2. Current density.

While the relation between current and pressure drop in
stationary contacts of metal brushes and metal rings is similar
to that in a solid resistance, the conditions in moving contacts
are of the character of those prevailing in an electric arc, the
apparent resistance falling off rapidly with increasing densities
Fig.-20. The similarity is furthermore illustrated by the
fact that in frequent instances, pressures 10 to 20 times higher
than normal were required to start the flow of current.

3. Brush pressure. )

The increase of brush pressure does not decrease the drop

considerably, but the sparking tendency at high speeds and
densities necessitates high pressures.

In the 300-kw. 500-volt turbo-generator, the full-load losses
equalled 28 kw. without windage and bearing friction. The
efficiency curve, Fig. 21, is flat, due to the small core and brush-
friction loss. Regulation = 6 to 12 per cent. N

Considering now the mechanical design, as mentioned above; __
the generator consists chiefly of a cast-steel armature and a cast-
steel frame. On the smooth armature surface 24 conductors
are mounted, flat sheets bent on the radius of the periphery.
The torque is taken up by lugs projecting axially from the arma-
ture body and the centrifugal stress by means of steel binding
wire.

The 12 collector rings on either side of the armature are assem-
bled close together and mounted on a shell. Eight large-size
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openings in the frame give access to three brushes each, making
a total of 24 contacts. The main objection raised against a
large number of rings in series is based on the assumption that,
consequently, many brushes are required, rendering inspection
difficult. It seems that 24 contacts would be a moderate figure

even for a commutator machine of that rating. The stationary
circuit consists of 12 cables. Without interfering with other
parts, the armature or the stationary winding and either set of
collector rings may be removed.

In comparing commutator and acyclic direct-current machines
as to inherent conditions from a commercial point of view, the



18 NOEGGERATH: ACYCLIC DYNAMOS. [Jan. 27

latter is essentially a high-speed machine, its field being limited
in general to large turbo-generators, high-speed motors, direct
connected to rotary pumps and blowers, and motor-generators.

While the total weights of both types are about equal, even for
-moderate turbine speeds, the very low copper weight, simple
construction—less labor and smaller total cost—combined

with the elimination of commutating problems, should speak
favorably for the new type.
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DiscussioN oN Acycric (HoMoPOLAR) DyNAMOS.

F. B. Crocker: At the Philadelphia meeting of the INsTI-
TUTE in May, 1894, the speaker read a paper entitled * Unipolar
Dynamos for Electric Light and Power.” It received little
encouragement then and there has been very little since that time.
The present paper is therefore welcome, as it is the first ray of
hope in 11 years for the successful development of a machine |
of this type. This paper gives evidence of real progress; the
machine is not experimental—mot a one-kilowatt machine
generating one volt, but one that gives 300 kilowatts at 500 volts.

As a matter of fact it is the original Faraday type. Faraday
also proposed to multiply the pressure by connecting discs in
series; he suggested the revolving of discs in opposite directions
in the same field and connecting their peripheries by brushes
or mercury, thus causing the current to flow outward in one
disc and inward in the other, the current being taken from the
two shafts. There are still other methods of multiplying the
pressure besides the one which the author uses. One way is
to have concentric cylinders revolving in the same field, the
current entering one end of the first cylinder, passing out at
the other end, then passing through the second cylinder in the
same direction, and so on—a series connection threading through
the field repeatedly in the same general way as in the machine
described by the author, the inductors however being con-

centric cylinders instead of elements of a cylinder. X

The author has adopted a plan of splitting the cylinders
longitudinally into strips, like the staves of a barrel, and then
connecting these strips in series. The speaker understands that
there are 12 of these strips and 24 brushes, one brush at each end
of each of these elements of the cylinder. This type of machine
is one in which the inductor, whether an element or the whole
cylinder, revolves in an annular space, in which the field is
always in one direction and, as nearly as possible, of uniform
strength throughout. Therefore, the electromotive forcz is
simply the number of lines of force cut per second divided by
10>. A conductor one foot long moving 12 000 feet per
minute or 200 feet per second in a field of 90 000 lines per
square inch, would generate 26 volts.

The fact that the armature reaction #n the air-gap does not
materially affect the flux is interesting, but is what we might
expect from the fact that cross ampere-turns do not materially
reduce the flux in ordinary dynamos. It is the back ampere-

turns that have that effect. In the present case there are cross
ampere-turns but no back ampere-turns. On the other hand in the
sron, as shown in Figs. 10 and 11, because it becomes partly satu-
rated, the resultant flux due to two magnetomotiv: forcs
acting at right angles, is not equal to the square root of the
sum of the squares, because that implies that the reluctivity
is constant, whereas we know it increases with the density,
consequently in that case the flux is not so great.. Nevertheless
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Mr. Noeggerath says at the bottom of page 9, that the regulation
is good, and that the difference between full-load and no-load
pressure is only slightly higher than the drop; in other words,
armature reaction is not excessive, only slightly greater than
the resistance drop. He said, during the presentation of his
paper, that it was only 6 or 8%,. It is very interesting to see,
in one of the diagrams given, that by merely moving the brushes
forward or backward; the conductors connecting these brushes
with the circuit had the effect of compound winding or differ-
ential winding; and that you might even have a series machine,
without any field winding, because the current going into the
armature, and out again, as it were, had the effect of a field’
coil.

The limitation of this machine is of course the speed at
which the current can be taken off. At the speeds adopted by
the author, one element which might be a plain cylinder of the
old-fashioned unipolar type generates 1/12 of 500 volts, a
commendable pressure for a unipolar machine. Though he
uses the term, the speaker thinks that ‘‘‘unipolar’ is not a
happy expression. There are, in fact, two poles, the flux passing
across the air-gap from one pole to the other. The term *‘ uni-
polar ' is therefore not appropriate, though it has been in use
for a very long time. Acyclic or non-cyclic is much more ap-
propriate.

Regarding eddy currents in the armature: if there is a blow-
hole in the casting there is practically no electromotive force
generated in the area covered by the blow-hole; the current
- therefore tends to flow backward in that area, being supplied
from the adjoining portions of the inductor. It is evident
that a casting which is not uniform or a mechanical construction
which is not uniform will involve eddy currents, because the
current can flow back whenever the electromotive force is less
in one part than in other parts of the armature.

A. E. KENNELLY: An interesting point brought out by this
paper is that the direct-current machine shows distinct advan-
tages over the alternating-current machine. The ordinary
direct-current machine is in reality an alternating-current ma-
chine with the alternating current rectified for external use by
a commutator. A telephone will sing when connected to the
terminals of the ordinary direct-current generator, whereas we
may expect it to remain mute when connected to the terminals
of a true direct-current generator, the homopolar generator.

Electrical engineers have always regretted not being gble to
get a magnetic material that could be cast, a material that would
conduct magnetically but not electrically. Heretofore it has
usually been necessary to laminate the iron in order to destroy
eddy currents.in the body of the revolving armature of a high-
pressure direct-current generator; this laminating is quite ex-
pensive. But in an arrangement of this kind we can obtain a
revolving solid mass, in which there will be no sensible pro-
duction of eddy currents or hysteresis.
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The secret of the success arrived at in a machine of the type
described by the author is the relatively enormous speed ob-
tainable in comparison with machinery that existed before the
introduction of steam-turbine; and it is by reason of this enor-
mous speed that the high electromotive forces of 30 volts per
foot can be obtained. The result ought to be a great reduction
in the weight of the active parts, after the weight of the mate-
rial which is purely structural has been deducted. Owing to
this electromotive force produced per foot of active conductor, -
accounting of course for the small ohmic drop in the active
conductors themselves, we arrive at a type of machine in which
the surface of the collector, which takes the part of the commu-
tator, is nearly double the surface of the armature core. This
is shown clearly on the diagram on page 16.

It is worthy of note that the designer has been able to reduce
the brush frictions as low as they appear to be. Even though
the main losses in the machine seem to be frictional losses,

hysteresis losses, and eddy-current losses, still one would sup-
pose that the friction losses of the brushes would have been
the limiting losses which might have interfered with the success
of the machine. The fact that they are reduced to so low a
quantity is surely a matter for congratulation.

C. CarrwriGHT: The advantage of this type of machine
over the ordinary direct-current commutator type should, it
seems to the speaker, be emphasized; this advantage'is most
apparent in comparing machines designed for railway purposes.
The insulation of this machine is of a mechanical rather than
of an electrical nature, and there is an absence of commutator
troubles due to overloading—these conditions, it would seem,
combine to make this type of machine especially desirable.
Other most desirable features are its simplicity of design and
cheapness of construction. It is constructed so that only the
simplest machining is. required such as can be done on a lathe
or boring-mill. Also, there are no complicated parts, and the
machine can be easxly assembled.

F.V.HensHaw: Any designer who has tried to solve the prob-
lem of building a direct-current .generator for connection to a
steam-turbine is greatly interested in the development of this
unipolar type of machine. It seems to the speaker that the re-
duction of the surface speed of contact rings is of much import-
ance. Of course, in a machine of this kind, there being no
commutation, the bad effects of this high speed are chiefly due
to mechanical causes. The large size of the collector rings im-
presses one, and Fig. 20 shows clearly the effect of high speed on
the contact drop.

Another feature is the location of the brushes. If the brushes
could be placed outside of the frame it would be most desirable.
The speaker presumes that these details have been carefully

considered; possibly inherent conditions have caused the de-
signers not to attempt to place the contact rings outside of the

frame.
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J. E. NoeEGGERATH: A few words explaining why the speaker
used the terms ‘‘ axial " and * radial” types. Classification
into cylinder type and disk type relates solely to the mechanical
construction ; it does not give an idea of the condition prevailing
in the machine itself. The speaker knows of a low-pressure
machine, now in operation in a New England town, in which
the electromotive forces are induced in a radial direction, but
from a mechanical point of view it is a cylinder machine.
To avoid possible confusion, then, the speaker adopted the terms
‘“axial ”’ and “ radial.”

Regarding armature reaction, it is true that a comparison
with the effect of the cross ampere-turns of multipolar machines

apparently justifies the conclusion that the difference in pressure
between no load and full load should be greater than is indi-
cated in the paper; but there is a considerable difference in the
action of the cross ampere-turns in multipolar and acyclic
dynamos. In the former type the effect of the secondary flux
produced by the cross ampere-turns is threefold: first, there
is a rectangular intersection of primary and secondary
fluxes at A; secondly, there is an action in the direction of the
primary flux at B; thirdly, an action in direction opposite to
the primary flux at C. The first one is of the least influence
and corresponds to the armature reaction in acyclic dynamos.
As far as total primary flux is concerned, actions B and C would
neutralize each other if there were no saturation. But since
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there is saturation, the loss in density at C overbalances the
gain in B and thus affects the regulation. In acyclic machines
where the pole encloses the armature in a complete cylinder
there is no such crowding of lines but a plain rectangular
intersection of fluxes as discussed in the paper. Its influence
on regulation can, by the way, become very strong if the den-
sities are not properly chosen.

As far as core losses are concerned, blow-holes in the arma-
ture are not really a very serious matter. The speaker has bored
holes in both the armature and fields for purposes of ventilation
and still the core loss is not high. The openings in the frame
produce core loss chiefly in the armature and the openings in
the armature produce core loss chiefly in the field. If these
openings are sufficiently removed from the air-gap, the influence
is not very strong; more serious is the unevneness of the air-gap.

For theoretical reasons it is impossible to put collector rings
insiae of the frame. As far as the relation of ring speeds to
losscs is concerned, the curve in Fig. 19 indicates that while
tne I R drop rises with i increasing speed, yet the friction iosses
decrease so that the total losses remain practically constant
above certain high speeds.

The collector rings are of cast-steel, although for mechanical

‘reasons it would be better to have them of nickel-steel. There -

is, of course, wear on the brushes but not more wear than on
the carbon brushes generally used with turbine machines.
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DiscussioN oN “Acycric (HoMoPOoLAR) DYNAMOS,” AT BosTON,
FEBRrRUARY 1, 1905.

A. E. KENNELLY: A curious feature about this machine is
that although we have discarded smooth-core armatures for
years, and thought they had been scrapped, here comes once
more a smooth-core armature with the conductors lying on the
top and tied on with a binding wire. This shows that one
cannot be sure that when a piece of apparatus has been dis-
carded and laid on the junk-heap, that it will not come to life
again. Now the query arises; is the extra expense of drilling
the solid armature core at sufficient depth to permit of the
. conductors going in without producing eddy currents in the
pole pieces as they go round, such that the improved mechan-
ism of a toothed-core armature would be not worth while?
The speaker thinks that although a machine could be made
solid and sound by binding the conductors on the surface,
yet at high speeds one would feel less uneasy if the conductors
were embedded in the solid metal.

As regards the question of stationary or rotating field, the
speaker thinks that on any hypothesis—in this machine at
least—the field should be looked upon as stationary, and the
armature as cutting through that field. Most people who have
entered this contest—it has been a.theoretical contest for many
years—would concede this case. There are other structures,
however, different from this one, where there would be more
discussion as to what takes place, although the speaker believes
it is conceded now that flux-lines have in a certain sense a
physical existence. The speaker does not know whether any
conclusion has been reached in some cases as to whether the
flux in particular types of unipolar machines remains station-
ary or is rotating.

J. E. NoecGeraTH: The wires were not embedded on ac-
count of reaction. As far as the size of the machine is con-
cerned, the length of the armature conductors is somewhat
over one foot, not much more than that.

A. E. KenneLLy: It is extremely interesting to note that
out of a machine with 12 conductors one foot long one can get
300 kilowatts and 500 volts.

H. E. Heats: The difficulty of compounding depends on
the type of machine. Take for instance the same type, but
with five volts and 15 000 amperes or something of that sort;
it is readily seen that it would be rather difficult to put in series
coils and get satisfactory compounding action. That would
require large conductor and would be rather difficult to handle.
There are also some other forms that are extremely similar.

W. H. Pratr: Further remarks on the matter of com-
pounding are asked for: the speaker does not quite gather the
arrangement of compounding by shifting the brush position
in connection with the armature conductors,
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J. E. NoeGGErATH: The field coils are wound cylindrically
around the shaft. If there is circumferentially a space between
the brushes and stationary conductors, a current flows, in the
same or opposite direction as the current in the field coil, and
therefore there is a compound reaction. Since there are 12 con-
ductors in series, if all of them are shifted there is 12 times as
much reaction; in other words the compounding is-effected by
the length of the brush leads.

H. E. Heatn: There is a bare possibility that one or two
people may not quite understand what Mr. Noeggerath meant
by compounding action. His armature is really a cylinder of
iron carrying 12 conductors; these conductors cutting the
magnetic circuit when the armature is revolved, with a conse-
quent generation of electromotive force. The collector rings
and leads embrace portions of the magnetic circuit. If the
leads from collectors to conductors are straight and parallel
to the lines of force, no addition to the magnetomotive force
is produced when current flows in them, the magnetomotive
force due to this current tending to produce distortion only.
But if the leads are carried spirally around the armature (and
therefore the magnetic flux) then, when a current passes be-
tween collectors and conductors, we get a magnetomotive
force which either assists or opposes the main magnetomotive
force, the strength of this magnetomotive force in ampere-turns
being the fraction of a turn taken by the lead multiplied by the
current.

Now speaking of a type about which there can be no doubt
as to where the cutting takes place. Let us take a hollow iron
cylinder as an armature, supported at one end and surrounding
a cylindrical magnetic pole from which it is separated by the
usual air-gap. The supporting shaft passes through the center
of this pole, or is in line with it. A magnet pole in the form
of a ring surrounds the cylinder and the magnetic circuit is
completed through an exciting coil at any convenient point
away from and outside of the armature, the material being
assumed to be so distributed as to give uniform flux density
in the air-gap. Then we have the magnetic circuit through
the cylinder from one pole to the other and the electrical cir-
cuit lengthwise of the cylinder through the flux. We have
then possibly as simple a form as you can conceive, and there
is no doubt about the cutting. You do not imagine for a
moment that the lines of force are going to cut out through the
sides of the exciting coil, nor do you expect any coiling of them,
fo0 the action must take place in the cylinder.

Roughly, this is the type mentioned- by the speaker as the
heavier form that it might pay to use for very low pressures
and comparatively low currents. Instead of the external-
ring pole we may use another internal pole in the opposite
end of the armature cylinder with the armature support be-
tween the two poles and the shaft running through their centers.

-t ...
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The magnetic path will then be through the cylinder from
pole to pole, and the electrical path from outside of armature
to shaft. In both of these forms we have the same maximum
collector surface velocity for same pressure and speed. If we
now make both the internal poles of the same magnetic pres-
sure and use the ring for the opposite pole, we shall be able
to get double the electromotive force for same collector surface
velocity and revolutions per minute, as this electromotive force
is determined by the polar section at the entrance of the cylinder
and now the flux enters at both ends; that is, we have a double
magnetic circuit type with series armature.

All the above refer to single elements; there is of course
the possibility of much modification, but they are all accessible.
There is no doubt that the less accessible forms will be con-
siderably lighter than those which are more accessible.

One thing more with regard to these types—there is no
doubt about where the action takes place; for if we could hold
the armature still the cutting would take place just the same.
There is a case where the flux actually revolves, because the.
reluctance revolves. It is the speaker’s opinion that a revo-
lution in a case of this kind is a purely relative matter in the
machine itself; it makes little difference which part moves,
the action would be just the same.

G. H. StickNEY: Is there any possibility of reducing the
collector velocity?

H. E. Heat: Not in a machine of that kind, and for the
reason that the collector rings have got to be outside the mag-
netic flux; it is merely a matter of how much density can be
carried through there.

As to core loss, the speaker will not say there is none, but
it will be so small that it will require considerable care to detect
it. On one machine we had—we were driving the machine
as a motor, and were unable to detect whether the field was
on or not by the reading of the instrument—there was no
variation at all in the motor readings when one excited the
field or cut it out.

C. M. GrReeN: That also enables you to run at a very high
density?

H. E. Heatn: At high density, yes; but there is a limit to
the density. The speaker would not hesitate to run at as high
a density as 100 000 or 115 000 per square inch, but running
at that density costs money.

As long as the armature is centred there will be no pull;
if the machine is running at extremely high density there
will be very little pull. Fairly large shafts are used, something
that has no spring.

C. M. GreeN: There is no magnetism on that shaft?

J. E. NoecGERrATH: There is no or very little stray field in the
shaft. There is considerable side pull to a machine of that con-
struction, and it is not possible to increase the densities up above
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a certain point, because the core loss will be detrimental. As
pointed out in the paper, it is necessary to have a certain re-
lation of density near the air-gap to the total flux and to the
density in the remaining part, but there are certainly limita-
tions as to the density. If the air-gap is uniform the machine
could be run at very high density; but while this is true at the
start it is not the case afterward. The machines now vary from
0.0625 in. up to 0.4375 in. air-gap.
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MODERN CENTRAL STATION DESIGN AS EXEMPLI-
FIED BY THE NEW TURBO-GENERATOR STATION
OF THE EDISON ELECTRIC ILLUMINATING COM-
PANY OF BOSTON.

BY 1. B. MOULTROP.
The design of most of the central stations in this country can
hardly be said to be ideal; first, on account of the handicaps
and limitations imposed by the location and environment of
the selected site; secondly, because usually the cost of the land
to be built upon renders it imperative that the area covered
be made as small as possible.
In selecting the site for a large power station, three main
problems confront the engineer: first, a satisfactory location
with a low valuation must be found which is reasonably near to
the bulk of the business; secondly, the location must be so
‘'situated that the fuel can be brought to it with the least expense
for freight and handling; that is, it should be somewhere on a
main ship-channel below all drawbridges with ample depth of
water and docking facilities for coal-carrying vessels up to seven
or eight thousand tons burden. Also there should be ample
ground adjacent to both the dock and the proposed station site
to permit the storing of at least six months’ supply of fuel, and
so situated that the minimum amount of coal-handling and
conveying machinery is required. Thirdly, an unlimited supply
of suitable cooling water must be provided for the condensers,
this should be such that the temperature will not be excessive
during the summer time. The water should be free from
sewage, seaweed, and other debris; and the proposed location
for the station should be such that the distance the water has
to be lifted from the level of the supply to the top of the con-
29
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densers is as small as possible; and the length of pipes or tun-
nels employed to take the water from the supply to the farthest — - .
condenser is as short as possible.

The location of the L Street station of the Boston Edison — —
Company fulfils these conditions admirably. The ground con-
sists of two city lots of about 25 acres, two-thirds of which is
solid ground. It is situated at the corner of L and East First
streets, South Boston. Measured by an air-line it is about two
miles from the centre of the business section of Boston. It hasa
water front of 815 feet on the so-called ‘‘ Reserved Channel,”
is one-half mile from the main ship-channel of Boston Harbor,
-and is so located that no bridges will ever be built between it
and the main ship-channel:

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

Before taking up in detail the design of the station, a brief 4.
description of the company’s territory will be given. The Bos-
ton Edison Company’s system supplies electricity to a heavily-
loaded business section of the city, which covers a compara- J
tively small area located within a mile of the water-front. This
business is supplied by a direct-current station on the water ...
front having 10 500 kw. of machinery, with room to increase
the capacity to 14 500 kw. Surrounding this business section
is a city residential district where the load is considerable, al-
though much lighter than in the business part. Here the cus-
tomer receives direct current from sub-stations supplied, through ™.
motor-generator sets, from the existing alternating-current sta-~" ‘
tion of 9 000 kw. capacity, located on the L Street property.

The output of these sub-stations being direct current, they are,
with one exception, equipped with storage-batteries.

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

Within the last two years the Boston Edison Company haw
purchased the property of many of these local companies, ans

"-n.,“






. LH H ﬁ.\\\\\. i 7 /7 4
A
L \\@? iy




1905.] MOULTROP: CENTRAL STATION DESIGN. 31

in most instances are changing the stations to modern alter-
nating current sub-stations, making a suburban business which
extends in various directions from 12 to 30 miles outside of the
city. A .

This large increase in suburban territory together with the
rapidly growing city business called for an immediate enlarge-
ment of the alternating-current station which was already
loaded to its full capacity. A new station was therefore planned
with an ultimate capacity of 60 000 kw. to be built on the L
Street property alongside the existing station. The first in-
stallation of 10000 kw. is just being completed. The
position of the existing station on the property was for-
tunately such that it was no handicap in the location and ar-
rangement of the new station. As a matter of fact, the old
station naturally merges into and becomes a part of the new
station, and had it not existed it is doubtful if any change would
have been made in the design of the latter.

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

The shape of the property was such as to make it desirable
to erect the station with the end toward the water front,
which naturally brought the building of that end of the station
first. :

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

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

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

The ends of the buildings facing the water have been made
the front of the station; with an entrance through offices located.

.in the front end of the switch-house. The buildings are set

back 136 feet from the sea-wall; the intervening space is covered
with a fine lawn and planted with shrubbery. Through the
centre of this lawn a paved driveway leads from the ornamental
entrance gates on L Street to the office entrance, making a well-
finished and attractive environment in keeping with the interior.

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

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

All of the electrical apparatus has been grouped together

- and installed in a separate building adjoining the turbine-

room, isolated from the noise and dirt of the latter and free
from liability of damage by accidents to any of the turbine-
room machinery.

The electrical operating, a matter of brain work, is done under
as favorable conditions as are found in any office building, with
no duplication of apparatus, and the operators cannot be dis-
turbed by anything going on in the turbine-room. Escaping
steam can neither damage the apparatus nor interfere with the
work of the operators, while they can oversee any of the gen-
erating rooms by stepping through doors in the side walls on to
observation galleries.

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

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

The apparatus is installed on the unit system. In the tur-
bine-room all the auxiliaries required for a generating unit are
grouped around that unit and are generally of sufficient capacity
to serve that unit alone. The boilers necessary to supply the
generating unit are in one row directly behind the turbine. In
this way each gemrerating unit is a small central station in itself.
Practically no cross-connections are installed between the various
units except that between each pair of units the steam mains
are joined by a small-sized tie so that a generating unit can be
run temporarily from the boilers of its mate, should an emer-
gency require. In this way a very simple piping system is
sufficient, reducing the cost of installation and maintenance,
and simplifying the manipulation of the station under emer-
gencies when the engineer has to think quickly, and when he
must be sure that the manipulations are made rapidly and cor-
rectly. The duplication of auxiliaries is eliminated, and should
a generating unit be put out of commission by the failure of
any one of its essential parts, it is intended that the entire unit
will be shut down and another one started in its place.

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

The turbines used in the first installation are of the Curtis
type with a rated capacity of 5 000 kilowatts on a conservative
temperature rise in the generator. They are four-stage machines
with surface condensers built in their bases and are equipped
with mechanical brakes for bringing the machine to rest for an
emergency stop. In these features they are the first machines
of their kind to be installed. The base condenser was adopted
because it will give a somewhat better vacuum in the turbine,
which is an important consideration in turbine work. It also
considerably reduces the floor space required for the installa-
tion, somewhat simplifies the piping,and makes possible a more
symmetrical and pleasing grouping of the machinery. Its dis-
advantage is that it increases the height-of the turbine a

few feet, which is, however, of little moment. Its first cost is .

"somewhat more than an independent condenser, which may be
partly balanced by the saving in piping; it also requires special
arrangement for filling the condenser tubes with water when the
turbine is to be run non-condensing.

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

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

B
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The auxiliaries for each turbine consist of a circulating-pump,
a wet and a dry vacuum-pump, a step-pump, a hydraulic-ac-
cumulator, and a boiler feed-pump for the group of boilers
connected to the turbine. All these machines are steam driven
with the exception of the wet vacuum-pump which is motor
driven because its speed is too high to be conveniently handled
by an engine. Careful consideration was given to the subject
of steam- versus electrically-driven auxiliaries, and steam was
determined upon because it gives better station economy.
All the exhaust steam from the auxiliaries is carried to the feed-
water heater and is condensed in heating the boiler-feed. The
condensation is then discharged to the sewer as it contains too
much cylinder oil to warrant trying to purify it. As all the
exhaust from the auxiliaries can be condensed in heating the
feed-water, the greatest possible use is made of the heat orig-
inally put into this water in the boilers, for practically all that
is not taken up in the form of work in the engine cylinder is re-
turned to the boiler in the feed. Moreover the first cost of steam-
driven auxiliaries is less than electric drives, and speed regula-
tion over wide ranges is much more easily accomplished.

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

The distinctive feature of the dry vacuum-pump is that the
air-cylinder is placed at a right angle to the steam-cylinder,
thus giving a better turning moment on the crank, and it takes
less room. The air end is built single stage, and will maintain
a vacuum on a closed tank within one-half inch.of absolute.
The steam end is throttle governed to permit of speed varia-
tions while running. The wet vacuum-pump consists of a two-
stage centrifugal-pump, motor driven. This pump will maintain
a vacuum in the condenser equal to that of the dry vacuum-
pump without the use of either suction- or discharge-valves;
thus requiring a minimum amount of repairs and almost no
operating attention. The boiler feed-pump is an ordinary
duplex, center-packed plunger-pump, selected because it is
easier and quicker to repack, and a casual inspection will show
if there be leakage from the plungers.
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The step on the turbine is lubricated by water instead of oil,
because the water is as good a lubricant for this purpose, is
cheaper, and the lubricating system simpler. The water is
forced into the step under a pressure of about 900 Ib.
by a steam pump of similar design to the boiler feed-
pump. As even a momentary stoppage of the water supply
to the step would result in damage to the bearings, a motor-
driven triplex-pump, which can be started much quicker than
a steam-pump, is installed as a relay to the main step-pump.
To obviate fluctuations in the pressure due to the pump’s re-
versing its stroke, a weighted hydraulic accumulator is used.
This is made of sufficient capacity to keep the step supplied
with water for ten minutes, thus giving time either to shut
down the turbine by means of the brake or to put the relay-pump
in service, should the steam-pump fail.

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

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

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

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

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

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

Supplying each row of boilers is a line of toal-bunkers built
in monitors above the roof. As there is practically no piping
on top of the boilers, little space is needed above them, and
building the coal-bunkers in the monitors enables the boiler-house
to be made quite low, saving considerable expense in the cost
of the structure, and also mzking a small waste space above the
boilers to be heatcd. As there is always a large amount of coal
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stored alongside the station, the capacity of the bunkers is made
small, being sufficient to last during the time of making routine

. repairs in the coal-conveying system. This reduces the cost
of the building very materially. The boilers are equipped with
the attached type of superheaters and automatic stokers. They

-are higher by two rows of tubes than is the usual practice,
which provides for additional storage of hot water, and in such
form that it will also serve as additional heating surface.

The amount of superheating, 150° fahr., was made conservative
to be sure that the temperature would not cause trouble with
flanged joints and in the steam-cylinders of the auxiliaries.
The attached type was selected because they took no additional
room and are self-regulating. Use of superheaters at the direct-
current station shows a gain of about 99, per 100° fahr. of super-
heating in the engine economy, and while with the attached
type it is impossible to make comparative tests with and with-
out superheaters upon the same apparatus, the station economy
indicates a substantial net gain by moderate superheating.

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

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

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

The storage of coal is a very essential feature of a large cen-
tral station, and is seldom adequately taken care of. Alongside
of this station and adjacent to the water front an open-air stor-
age of from 60 000 to 70 000 tons of coal is provided where the
coal is stored without any shelter and immediately on the
ground. The winter's supply of coal can therefore be pur-
chased while the freight rates are low during the summer time,
even including the loss from weathering coal, this reduces the
cost of fuel delivered in the fire-room.
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The coal-wharf is equipped with an electric tower, operating
a one-ton clam-shell bucket and one electrohydraulic tower
operating a similar bucket of 1.5 tons. The electrohydraulic tower
is of a new design in which vertical hydraulic-elevator cylinders
furnish the power for operating the bucket. The water pressure
is obtained by a three-stage centrifugal-pump driven by an
induction motor. This pump is automatic in its action, and
when the water pressure reaches the maximum point the pump
continues running and maintains that pressure without deliver-
ing any water until the pressure drops. The tower is operated
by one man, with a2 minimum amount of physical exertion.

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

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

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

The water-supply for the boilers is of equal importance to ‘

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

An inspection of the wiring-diagram will show the general
arrangement of the switching. There are of necessity three bus-bar
pressures, the excitation, and the possibility of a fourth pressure
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being required later. The engine-driven alternators generate,
as stated above, at 2 300 volts, and the turbine-driven alter-
nators at 6 900 volts. This latter was fixed upon after careful
consideration of the location of the present business with reference
to the station and of its probable growth. There is also a cer-
tain amount of 4 600-volt business which crept into the system
‘some time previous because a considerable amount of business
developed at a distance too far away for the economical use of

2 300 volts, and the standard cables on the system would safely
carry only 5000 volts. Therefore, the simplest expedient at
that time was to install two-to-one transformers and supply
them from the old station bus-bar. This business which started
in a small way long before a turbine station was considered had
grown to a considerable size at the time the turbine was installed,
and the lossin the underground cables and other apparatus—which
would have no commercial value in case this pressure was changed
—prohibits making any change at thepresent time. The turbine
pressure of 6 900 volts promises to be ample for the present needs
of the company, but it can be easily foreseen should the lines
be extended beyond their present limits or should the business
at the end of some of the transmission lines materially increase,
that this pressure might be too low. If this happens, it is
planned to double the pressure on the transmission lines in ques-
tion and transmit in these instances at 13 800 volts. All trans-
formers installed on these lines are built with 13 800-volt taps.

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

* The switches are all installed on the third floor of the switch-
house. The selector-switches are in two rows. Eachrow consists of
two groups of switches (placed back to back) running through the
center of thesbuilding and immediately over the bus-bars to wlich
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they connect. The main-switches are installed in two single rows,
one on each side of the switch-house and against the side walls.
On the floor below, the bus-bar compartments are arranged
similarly to the selector-switches, two rows of two through the
center of the room. In two single rows on each side wall im-
mediately under the main-switches are grouped the instrument
transformers in special compartments.

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

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

The electrical operating-room is on the top floor of the switch-
house in about the center of the building and contains nothing
but the operating apparatus. Convenient stairways leading
down from this room through the switch-house bring the operator
in close touch with all the switching apparatus. A signal sys-
tem similar to that used on board ship enables him quickly to
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communicate his orders to any of the generating rooms, doing
this with a certainty, that the order will not be misunderstood.
This system also provides for an acknowledgment 1nd1catmg
when the order has been carried out.

All the switching apparatus with the exception of the excita-
tion system is remote-controlled. The controller panels with
all the necessary instruments are grouped in the operating-room
in the form of a rectangle, facing inward so that the operator
can see at a glance any panel in the room. The excitation
switching is hand-controlled. The bus-bar for this is brought into
the operating-room and placed between the two groups of switch-
es controlling the engine-driven alternators and the turbine-
driven alternators. The panels for the ground-detectors are
installed alongside the excitation bus-bar so that the operator has
.grouped at one end of the room all the apparatus which requires
constant attention. The transmission-line panels, transformer
panels and others are scattered along down the room in the order
‘that is most convenient for their installation, without reference
to the sequence of the switches themselves down stairs.

The excitation isfurnished by onesmall steam-driven set of suffi-
cient capacity to start up an engine-driven alternator in case the
entire station should be shut down, three small motor-gen-
erator sets located in the old engine-room having a capacity
sufficient for all the engine-driven alternators, and three large
motor-generator sets, one in each of the individual turbine-
rooms with sufficient capacity to supply the turbines. In ad-
dition to the motor-generator sets there is a storage-battery
with capacity of 1 000 amperes for an hour, floating on the ex-
citation bus-bar. Besides the generator fields, there are fed
from the excitation bus-bar a few other pieces of apparatus which
are particularly necessary to the operating of the station, suchas
the motors operating the oil-switches, the relay-pumps for the
step-bearings, and a few lights around the station which would
be essential in case the general lighting system should give out.

Unfortunately no test or station-economy figures can be given
at this time. The turbines are still in the builder’s hands and
while the first machine has been in commercial service for about
three months, the conditions under which it has been operated
make the station-economy figures of little value.

Much more could be written upon this subject if space per-
mitted, but so many distinctive engineering features in the sta-
tion call for special mention that this paper is of necessity rather
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long and unfortunately seems to have an appearance of being
merely descriptive rather than technical.

Simplicity and reliability have been the aim of the engmeers
throughout the work. Experimenting and the use of untried
devices have been avoided. Special care has been taken to
install apparatus which would operate continuously with a mini-
mum cost of attendance and repairs, notwithstanding the fact
that this would oftentimes largely increase the cost of the in-
stallation.
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DiscussioN oN ‘“ MODERN CENTRAL STATION DEsSIGN As ExEM-
PLIFIED BY THE NEW TURBO-GENERATOR STATION OF
THE EpisoN ELEcTRIC ILLUMINATING CoMPANY OF Bos-
TON.”

PresipENT LieB: The paper by Mr. Moultrop on “ Modern
Central Station Design,” brings us face to face with a problem
which has been before us these 20 odd vears. It will not be a
loss of time to consider for a moment the progress which has
taken place in central station development, and in order to
place this before you the speaker will abstract some of the
data and some of the conclusions drawn therefrom as they ap-
pear in the last United States census report.

In the last census report, covering the operations up to June
30, 1902, there were in operation in the United States 3620
central electric light stations, of whieh the cost of construction
and equipment was $504 740 352. The income from light and
power distribution was $85 700 605 and the total expenses of
operation $68 081 375. It was also estimated at that time
that the power required for the central stations was 1 379 941
i.h.p., with an additional 438 472 h.p. in water wheels. The
current output from lighting stations alone has been estimated
at 2453 502 652 kw-hr., and there were connected to these
stations 385 698 arc lamps and 18 194 044 incandescent lamps,
or including the electric light service operated from railway
power plants, the total income for 1902 becomes $90 458 420,
the total number of arc lamps 419 561, and the total incandescent
lamps 19 636 729; these figures do not include the installations
in isolated plants. It will be seen, therefore, that the central
station industry has made remarkable strides, particularly
when it is recalled that the industry is only 23 years old, whereas
the gas industry dates from 1806. A brief comparison between
the progress of these rivals in the business of artificial lighting
may be of interest.

We find in 1902 that while there were in operation 3620
electric light stations, the number of gas plants was 877. The
income from electric light plants was in excess of $85 000 000
and from gas plants approximately $75000000. It is inter-
esting to note that whereas there were 2714 electric light sta-
tions in cities of 5000 inhabitants and less, there were in the
same class of cities only 200 gas plants. Of the total income
from the central lighting stations 29.7%, was from arc lighting,
52.19, from incandescent lighting, 16.4%, miscellaneous electric
service and 1.89, from outside sources.

The design and construction of the power-house is influenced
not only by the local conditions but also to a large extent by
the personality of the designing engineer. One of the main
features influencing the design which is perhaps not duly ap-
preciated in the selection of the equipment of boilers, engines,
and dynamos, is the effect which the load-factor should have
in the selection of the apparatus, and the extent to which the
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maximum and part loads on the power-house are distributed
throughout the hours of the year. In one of the largest electric
lighting stations of this country it is found that of the total
generating capacity, 109, of it is used only during 25 hours
of the whole year, and these 25 hours come within the range
of one month’s operations; 259, of the capacity of the plant
is used but 75 hours in the whole year, and practically all
within two months; one-half of the plant capacity is used not
over 500 hours of the whole year, all within seven months.
It can be seen, therefore, that this factor is well worthy of -
consideration in the selection of the generating equipment, and
it does not follow necessarily that for the part of the equipment
to be wused for such short periods the highest efficiency
represents also the highest commercial economy when invest-
ment costs are considered.

H. G. Storr: A matter of great importance in central sta-
tion design is the ratio of the interest charges plus depreciation
to the operating cost. This ratio is, of course, largely dependent
upon the load-factor, which, in a lighting plant, is extremely
low; as an example, 509, of the machinery in a lighting plant
operates only about 300 hours per annum, so that it becomes
most important to keep down the first cost; for assuming that
a plant costs $125 per kilowatt capacity, then the interest and
depreciation charges upon the portion of it used for peak load
would amount to 5.2 cents per kilowatt-hour, or probably five
times as much as the operating cost. Upon the same basis an
extra investment of $12.50 per kilowatt would mean 0.5 cents
extra per kilowatt-hour of fixed charges. From a consideration
of the above it is evident that it is more impcrtant to keep
down the investment on that portion of a plant which is only
used on peak load, than it is to make it highly efficient.

The ideal plant is one in which the fixed charges are equal
to the operating and maintenance cost. In this connection,
the adoption of the steam-turbine is undoubtedly a step in
the right direction, as the investment is probably 309, less than
for reciprocating-engine units. In the same direction a mate-
rial decrease in the cost of plant can be obtained by purchasing
machinery with a large overload capacity for two hours, 509,
overload capacity for that time being readily obtainable, and
at a slightly greater increase of cost, as much as 759, overload
capacity. ’

Apparatus operated at this overload will not and need not
be so efficient as at normal load, as a comparison of the operating
cost and the fixed charges shows that the former is relatively of
no importance on peak loads.

The speaker questions the wisdom of omitting the cross con-
nection between the various units, referred to by the author on
page 33. The absence of these cross connections is a mistake
from every point of view; this absence might cause the shutting
down of a 5000-kw. unit on aceount of the breakdown of a 10-h.p.
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pump. The same criticism applies to the cross connections of
the steam mains, because if one unit is shut down suddenly
and another unit is needed, it will be necessary to use six or
eight boilers that have been banked. This process requires
the use of coal, whereas if there were sufficient steam cross
connection it would not be necessary to fire any more boilers.

In any lighting station with large one: or two-hour peaks,
the banking of boilers will require almost as much coal as the
actual operation of the peak-load part of the plant. The speaker
does not agree with the author that a turbine-driven unit can
be started more quickly than an ordinary engine-driven unit.
He has seen 5000-kw. engine-driven units started in less than
two minutes.

The cost of condensers, relatively to the cost of the entire
plant, is a matter of some interest. A large surface condenser
with extremely high vacuum will probably cost $8 per kilowatt.
A barometric condenser which will give equally high vacuum
can probably be had for $2 a kilowatt. Here is a difference of
$6 per kilowatt in an investment and that $6 means, for 300
hours’ use a year, one-quarter of a cent per kilowatt-hour in
fixed charges. The extra cost of water due to the use of a baro-
metric type condenser would be less than 0.01 per kilowatt-
hour. It seems then that there would be a saving of 0.24 of
a cent per kilowatt-hour by putting in the cheaper condenser,
without taking into account the fact that water cannot be
used over again more than about 75%, of the time, due to leaky
condenser tubes where salt water is used for circulating water.

F. C. Bates: On page 34, Mr. Moultrop mentions ‘‘ the in-
ability to use condensed steam with safety for feed in the
boilers.” In this connection the speaker wishes to mention
the results of a recent investigation. In a large central station
in New York City, approximately $6000 per annum is paid
for boiler water for a 5000-kw. unit. Assuming that 909, can
be saved by the elimination of oil from the turbine, we have a
net saving of $5400, which sum represents 109, on an investment
of $54 000. This sum of $5400 may also be said to equal ap-
proximately two pounds of water per kilowatt-hour on the
following basis of calculation, which agrees within a few dollars
with the actual records. :

8 Ib. water evaporated..................... 1 Ib. coal
Capacity of unit i1 kilowatts................... 5000
Load factor (hours peryear)................... 4000
Kilowatt-hours peryear.................. 20 000 000
Tonsof coal peryear.......................... 1250
Costofcoalperton............ocviveeennn... $2.25
One pound water per kilowatt-hour............ $2812

PHiLiP TorcHIO: One of the points which occurs to the
speaker-is that Fig. 1 illustrates one characteristic of the new
station design, and that is, on account of the reduced space
taken up by the engines, the boilers have been put at right
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angles to the engine room, contrary to the usual standard sta-
tion layout, where the engine room and boiler room run in parallel.
The speaker has been connected with an operating company
and has given some consideration to the layout of the electrical
operating room and has had it entirely separated from the
engine room, but he finds there are some drawbacks to that
plan, as the operator in charge of a station of that kind should
have nothing to interfere with his seeing all that goes on, but
when he is confined in a room entirely separated from the place
where the current is generated, he cannot keep in touch with
the plant. The operating of a station of that kind is so important,
that even small sounds mear a lot to the operator, which he
detects, and which would be unnoticed by another man.

As to surface condensers being put in the base of a machine
of the Curtiss type, to economize space, it seems somewhat un-
warranted, as the turbine itself takes so little space there would
be plenty of space available for the condenser outside and per-
haps make the condenser more accessible and more roomy.
The author says that careful consideration was given to the
subject of steam- versus electrically-driven auxiliaries, and
steam was determined upon because it gives better station .
economy. In general this would be found correct in American
practice, though eventually there may be the possibility, with
the further development of the turbine, of using steam turbine-
driven auxiliaries, driven with electric motors and driven from
the current generated by the turbine at a higher efficiency.
Theoretically, in such a case you would get perhaps asgood
an efficiency as from the steam-driven reciprocating-engine
units, which are necessarily of very poor efficiency.

The author says they have not used forced draught in Boston.
Probably they do not use the small coal which is used in some
parts of the country, in which case the forced draught would
be a necessity. What is the draught of the chimney in inches?
The superheat has been limited to 150 degrees fahr., which is
probably a sufficient limit and one which is a commercial limit.
If the auxiliary should be driven by the steam-turbine the
superheat could perhaps be increased somewhat without run-
ning into the danger of getting into trouble with reciprocating-
engine steam auxiliaries.

As to what Mr. Bates has said about the saving of water,
which would compensate to a large extent for the poorer econ-
omy of steam turbines, equivalent to about two pounds of
steam in favor of the steam-turbme the speaker does not think
that the figure would be so much for commercial load-factors
in lighting stations because that figure can be anywhere from
perhaps one-tenth of a pound to two pounds. It depends on
the number of hours the turbine is run in the course of the
vear. The speaker agrees with Mr. Stott that cross-connection
of steam mains would be desirable in a station of this char-
acter. He does not agree with Mr. Stott in the statement
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that surface condensers are undesirable in connection with
steam-turbines, but he certainly thinks that the point is well
taken if it applies to steam-engine units.

J. H. HaLLBerg: The speaker reminds Mr. Torchio that
recently public attention was called to the fact that the jet con-
denser has been used successfully at the Atlantic Mills in Provi-
dence, on a 750-h.p. Parsons turbine, with 28-in., or better
vacuum. It has been entirely satisfactory.

C. O. MaiLroux: The author’s comments on steam turbine-
driven auxiliaries are interesting. In Europe the speaker has
seen places where steam-turbines are used to drive feed-water
pumps successfully. There are great possibilities ahead for
this kind of auxiliary apparatus, as soon as the pump is suffi-
ciently developed and made cheap enough; but there is danger
of getting our steam auxiliaries too efficient in the use of steam.
On page 38 the author gives sufficient reasons for leaving out
the economizers. In the absence of economizers, means must
be provided for heating the feed-water, and usually the heat
from the exhaust of the auxiliaries is used for this purpose.
When the steam consumption of the auxiliaries is small, there
is danger of not getting exhaust enough properly and ade-
quately to heat the feed-water.

The speaker thought a case might arise where live steam
would have to be used to heat the feed-water to a point where
it would be sufficiently warm to feed it into the boiler without
producing troubles from contraction due to insufficient heat.
All needs considered, perhaps it is just as well not to attempt
too much in the way of undue economy in steam-driven auxil-
iaries. The speaker has had to deal with this problem in a
practical way recently, and he is more worried about not having
enough steam from these auxiliaries than he is from having
too much; he fears that he will have to resort to some means
other than the auxiliaries to heat the feed-water sufficiently.
He knows of cases where it has been proposed that a connection
may be made at the second or third stage of the Curtiss turbine
so as to furnish live steam—steam which has done some work
and is partly expanded—for the purpose of supplementing the
action of the feed-water heater. )

The condensing tunnels of this station are particularly inter-
esting to the speaker. The fact that there are three tunnels,
giving a spare one for emergencies so that normally while each
one of the intake tunnels may take only one-half the water,
yet it might, in emergencies, serve for the whole at a slightly
increased velocity, is particularly interesting. In a large plant
with which the speaker is closely identified, he has endeavored
to go one step farther; that is, to utilize the other tunnel so
that in case of necessity it could be used as an intake or dis-
charge tunnel. This can easily be done by modifying the design.

The speaker agrees with Mr. Torchio and others that favor
the surface condenser. The speaker’s experience with a jet
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condenser is that it fails entirely for steam-turbine work, and
does not give anything like full vacuum especially on overload.
The speaker has investigated the barometric condenser care-
fully; he found that while there was undoubtedly much better
prospects of getting satisfactory vacuum, yet there seemed to
be an element of chance in it.

Perhaps it will be of interest to note that the vacuum ob-
tained in this country is considerably more than that obtained
in Europe. In Europe they are quite satisfied when they ap-
proach 27 in.; in many places 26 in. seem to be considered fairly
good. The speaker found a few places where it was thought
that nothing better than 28 in. could be obtained.

The matter of placing the condenser in the base of the tur-
bine is important from considerations other than that of space;
the importance of having little loss of pressure due to the flow
of the steam in the condenser pipe itself must be considered.
In order to get as good a vacuum as possible, the fall of
pressure in the steam pipe of the condenser itself must be
reduced as much as possible. By placing the condenser in
the base of the turbine the condenser is installed practically
without any piping.

W. F. Waite: Mr. Stott's contention in behalf of the jet
cordenser is based on the difference in cost between the surface
and the jet types of condenser; he distributes this difference
over a comparatively few hours of the year, which is unfair
because a large portion of the plant operates many hours per
day. It follows that comparisons based on a few hours’ opera-
tion per year do not hold good for that portion which operates
constantly, because peak conditions are not average conditions.
The surface condenser, due to the ability of turbines to utilize
greater expansion and to benefit from higher vacuums than
reciprocating engines, is undoubtedly preferable to the jet
condenser. The decision as to the character of cond:nser to
be adopted is not determined alone by the merits of the con-
denser itself, because the character of other parts of the station
design will depend upon the type of condenser used.

With the jet condenser, outside feed-water must be used - .

and no benefit is derived from the re-use of condensation. This
condition affects not only the economy of the station in the
cost of feed-water, but also materially affects the reliability of
the boiler plant and the length of time during which the boiler
can be operated continuously, and the cost of boiler repairs.
This is an important matter in turbine station economy, because
with surface condensers not only will boiler repairs and the
fuel consumption be decreased, but the life of the boiler plant
will be increased. :

The decision as to the type of condenser also influences the
use or non-use of economizers. With surface condensers, and
using the condensation for feed-water, there is not the same
need for economizers as with jet condensers. The exclusion of

1



|
50 CENTRAL STATION DESIGN. [Jan. 27

economizers may also mean the exclusion of forced or induced
draft equipment. It is thus seen that the use of surface con-
densers in a turbine station may effect economies outweighing
many times over the advantages of lower first cost of jet con-
densers and may easily reduce the cost of the station as much
as $5 to $10 per kilowatt.

The absence of economizers in the Boston plant should be
emphasized, as should also the arranging of all auxiliary appar-
atus under the immediate eye of the engineer, eliminating
engine-room basement and otherwise reducing the total cost of
the station. This Boston plant seems to have provided what
most stations do not have, a sufficient coal-storage capacity.
Most stations have their entire capacity in coal bunkers above
the boiler room. It is impossible with reasonable cost of build-
ing to put an adequate supply in such coal bunkers. Most large
stations, notwithstanding their expensive coal bunkers, have an
inadequate storage. Every large station should have outside
storage in addition to the bunker capacity above the boilers.
If outside storage is necessary, then why make the coal bunkers
overhead as large as is customary practice? A considerable
saving in cost of building could be effected, without introducing -
any disadvantage, by reducing the capacity of the coal bunkers
overhead, as the Boston company has done, and its example
in this direction is to be commended.

H. G. Storr: The speaker takes issue with Mr. Mailloux
on the question of the inability of the barometric tube condenser
to maintain vacuum. The speaker can show this condenser
operating with an average vacuum of 27.5 in. without the use
of a dry-air pump; with the use of a dry-air pump attached
there is no difficulty in maintaining 29-in. vacuum. This is
within 1.5 inches of the barometer.

Mr. White has apparently overlooked one feature connected
with the ccal supply; that is, the possibility of bituminous coal
taking fire when exposed to the air. Bituminous coal when
warmed perceptibly will lose from 25 to 309, of its heat units.

I. E. MouLTroP: Owing to the lateness of the hour the
speaker will only take time to touch upon a few of the prin-
cipal points- brought out in the discussion. He would request
the privilege of replying by letter to some of the other speakers
after their remarks have been revised.

The speaker agrees with Mr. Stott that an engineer may be
criticised for installing expensive apparatus to carry a peak
load which exists for only a few hours during the year. This
criticism does not apply to the station referred to in the paper,
a station built to care for the increase in business of a large
company. As the demand for power increases new apparatus
of the very best quality is installed. The latest and most
economical apparatus is used for the steady load and the older
apparatus is retained for the peaks. The engineers of this
company believe this to-be the most economical method of
equipping and operating their central stations. .
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Attention. should be given to the cost of repairs as well as to
the first. cost of.the apparatus.. In the plant under discussion,
special' care was. taken . to install apparatus which would run
continuously and overloaded when necessary, wmh a minimum
cost of repairs.

* The speaker does not agree w1th Mr. Stott that many cross
connections . are . essential... The Atlantic Avenue station of
the Boston Edison: Company was originally built.with many
cross-connections; they finally became. too complicated for
practical use. Some were never used, and it is doubtful if the
engineers wauld have been.able to avail themselves of many
of them in -emergency. . Most -of these cross-connections were
then removed and the station was operated just as well with
much less:apparatus to maintain. Possibly, in the station
under discussion, the engineers have gone to the other extreme,
but it must be remembered that this is the beginning of a large
station and in such a station simplicity is essential. A very
few cross-connections have been used, but generally each piece
of apparatus, each line of pipe, and each cable or wire is put
in to do only one thing. This reduces-to a minimum the pos-
sibility of the operators making mistakes, which in a large sta-
tion supplying a considerable territory by alternating-current
transmission through sub-stations, might result seriously. .

In the matter of condersing apparatus it should be remem-
bered that this station was designed more than two years ago
and that the apparatus is virtually two years old, although it
has been in use only a short time. The speaker is quite sure
that to-day this condensing apparatus can be improved upon
and doubtless simplified. The form of the condensing appar-
atus should, in a measure, be determined by. the location of
the station and: whether or not the supply of cooling water is
suitable for feeding into boilers..

The .speaker believes that it .is very desirable to put the
electrical apparatus and the electrical operating room in a sep-
arate building. This can usually be done with a very small
increased cost. The men in. the turbine-room generate the
current and deliver it to .the switch-house. .The electrical
operators maintain the pressure and distribute :the current to
the sub-stations and the outside system; they -da not neces-
sarily need to know what is going on in the turbine-room and
do require a quiet room where there is nothirg to distract at-
tention from their work. In the station under discussion, the
electrical operators can at any time:see what is transpiring in
the turbine-room by stepping through a doorway in the side
wall of. the switch-house. -

The chimney is designed to give an adequate draft to burn
an ample quantity of soft coal under any atmospheric condition.
If mechanical draft were used the height of the chimney could
be samewhat reduced, but the products of combustion, which
will.be_considerable. when the station .reaches.its ultimate size,
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“have to be removed in such a way that they will not be obnoxious
to the neighborhood. The chimneys would have to be built
quite high for this purpose, even if some form of mechanical
draft- had been installed.

Replying to Mr. Mailloux, the speaker would state that an
effort was made to install turbine-driven auxiliaries, but at
the time the auxiliaries were purchased, no manufacturer cared
to build slow-speed turbines for this purpose.

P. JunkersreLp (by letter): Mr. Stott says that the
steam turbine has reduced somewhat the fixed charges of the
station. In central stations of recent design, such as the one
described by the author, the steam turbine has also reduced
the so-called operating costs, particularly the labor item.

The writer now desires to call attention to the necessity of
improving the quality as well as reducing the cost of the central-
station product. The seriousness of the widespread and simul-
taneous effect of interruption in power and lighting, or trans-
portation service, and the possible consequence can not usually
be ineasured by any monetary standards. The quality of
service or rather the degree of reliability which it is possible
to furnish is necessarily circumscribed by commercial limits.
In other words it is possible to provide for a greater degree of
reliability than the income from the business will warrant.

Continuous service is dependent upon the efficiency of oper-
ating men as well as on the reliability of apparatus. Simplifica-
tion of apparatus is always desirable, but a certain additional
simplification in arrangement of apparatus and in methods of
operation, even at extra expense, is often warranted in order
to minimize the chances of error in operating and to localize
trouble if it should start from any cause whatsoever.

The author’s paper describes a type of station in which much
attention has been given to these considerations. The selection
and arrangement of proper apparatus for the particular con-
ditions is of primé importance; it fixes largely the ultimate re-
sults to be obcained. However, a little extra care and thor-
oughness in construction which are not items of great expense,
are often considerable factors in the results obtained after the
station is in regular service. In addition to good workman-
ship on all apparatus, careful and conscientious detail work, and
rigid inspection of all piping will do much to minimize future
troubles and repairs. There is no part of the station which is
more vulnerable than the high-pressure connections and auxil-
iary apparatus between the generators and the cable in the
street. Such items as insulation and isolation of conductors
in high-pressure apparatus and connections, the proper installa-
tion of cable terminals, and the provision for unfa1lmg control
of oil-switches—all these are worthy of much more attentxon
than is ordinarily given.

Proper consideration of these and many other important de-
tails of construction, coupled with good design of the greatest
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simplicity which the commercial limits will allow are essentials
in providing reliable service. The development of men and
methods of operation needs unceasing attention to minimize
the disputed ground between preventable and unpreventable
troubles, troubles which will persist as long as we are dependent
on the brain and hand of men to direct the design and opera-
tion of the station.

The central-station engineer in his efforts for economic re-
sults must strike balances between fixed charges and operating
costs; for reliability of service he must strike balances between
error of men and failure of apparatus.
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CEMENT IN CENTRAL STATION DESIGN.

BY EUGENE B. CLARK. .

. The Illinois Steel Company has just completed and placed
in operation at its plant in South Chicago, a new power-house
for the supply of power to its various mills at South Chicago,
and at Buffington, 10 miles distant. This station contains, at
the present time, two units, each consisting of a 2000-kw.,
25-cycle, 2200-volt, three-phase generator, direct driven by a
24-in. by 60-in. by 48-in. horizontal-vertical, cross-compound
engine. The addition of two more generating units, of a ca-
pacity of 4000 kw. each, is contemplated in the near future.
This alternating-current station operates in conjunction with a .
direct-current station which has been in operation for some
time. The two power-houses are connected by means-of syn-
chronous converters. Both stations take steam from blast-
furnace boiler-houses, in which the fuel is excess blast-furnace
gas. The supply of this excess gas is quite variable at times,
and it is desirable under such conditions to be able to shift
the load from one station to the other, as desired. Such an ar-
rangement gives the opportunity of utilizing completely all
excess blast-furnace gas at either point. The principal points
of interest with which we are concerned to-night, deal entirely
with the use of cement in the building of this. and other power-

The foundations for the machinery and the building rest
upon piles. and are made of slag concrete,  conmsisting of. one
part cement, three parts torpedo sand, and seven.parts crushed
slag. The cement used for those parts of the foundations
which are not exposed was of the brand known as ‘* Puzzolan; "
for those parts which are exposed,: Universal Portland cement
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was used. The foundations were started in the coldest weather
of last winter, and the concrete, which had to be mixed with
warm water and warm sand, to keep from freezing in the mixer,
did freeze immediately after being tamped into place. Filling
was used to follow up the foundations as rapidly as they were
put in place, so that the concrete was not permitted alternately
to freeze and thaw as the warmer weather came on. The result
was to obtain a thoroughly solid foundation, the concrete set-
ting up firmly as it gradually thawed during the spring months.
About the middle of summer the foundation was tested by
drilling a hole several feet deep into that part which had orig-
inally been frozen. It was found that it had set up to make
an extremely solid and strong concrete.

A considerable amount of time and attention was devoted
to determining the most desirable method of floor construction.
The power-house apparatus is controlled by electrically-oper-
ated switching devices. The electrically-operated switches, to-
gether with the bus-bars, control-pedestals, instrument-posts
and feeder-panels, required for their accommodation the con-
struction of galleries at one end of the engine-room. Two of
these galleries were built, and the engine-room floor was used as
another gallery. On the engine-room floor were located the
generator-switches; on the first gallery were located the bus-
bars, the instrument-posts, generator-control pedestals, feeder-
panels, etc.; on the third gallery were located the feeder-switches
and the lightning-arresters. A transmission line, carrying a
pressure of 20 000 volts, was necessary to transmit the required
amount of power to Buffington, located 10 miles south of South
Chicago. At least 4500 kw. of transformers had to be located
in the power-house. It was decided best to place these on the
engine-room floor, under the first gallery, constructing an
isolated transformer-room for that purpose. The transformer-
room was isolated from the rest of the apparatus on the engine-
reom floor, by means of a wall about three inches thick and
17 feet high, built of reinforced concrete, in accordance with
the method to be described later. This wall proved, after
erection, to be thoroughly solid and substantial; as rigid, in
fact, as would have been a masonry wall 12-in. or 14-in,
thick. It then became necessary to take wires carrying a
pressure of 20 000 volts through the operator’s position on the
first gallery. In order to harmonize these various requirements,
it sbon became evident that much additional space would be
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required if it should prove necessary to have the usual steel
beams in the gallery floors, inasmuch as the beams would be
in the way of the many wires which it would be necessary to
take through these floors. These conditions pointed to the
advisability of using a floor construction of concrete slabs or
of fire-proof tile. Careful consideration of the subject proved
that, even with the comparatively long spans for such heavy
loads, the concrete construction would be far preferable, both
from the standpoint of cost and from the standpoint of fire-
proofing. Experience at the Baltimore fire had shown that
properly constructed concrete floors had withstood the test of
fire and water better than any other kind of floors.

To make certain of the safety and conservatism of the pro-
posed design, a section of the floor, as proposed, was built and
tested prior to the final decision as to the construction of the
floor for the building and galleries. After being allowed %o
set 21 days, this section of floor was tested by piling pig iron
upon it, to the extent of 500 lb. per square foot. The test slab
was 7-in. thick and 15-ft. span, made of concrete, consisting of.
one part Universal cement, two parts Torpedo sand, and four
parts 0.5 to one inch crushed limestone, reinforced with 0.5-in.
steel rods, spaced five in. apart and laid on top of No. 10 gauge
expanded metal placed one inch from the bottom of the slab.
Upon test, the slab collapsed under a load of 550 Ib. per square
foot. An even distribution of the load over the surface was
obtained by covering the top of the slab with about four inches
of sand, upon which was piled the pig iron. Deflections were
measured as the load increased. The deflection at the center
had risen to about 1.5 inches by the time the slab failed. It
was determined that the expanded metal was comparatively
valueless for purposes of reinforcement when used in conjunction
with the 0.5 in. round rods, as all the tension was taken by
the rods. These rods were bent at the ends for a distance of
about 10 or 12 iiches through an angle of 180°, thereby insuring
that they would not pull out at these points. It was found
necessary to bend the rod through 180° and not through 90°;
for those which were bent only 90° showed a very decided ten--
dency to crack the concrete at the corners and then to pull
out. Round rods were used in preference to twisted or notched,
or any other form of rods designed to prevent slipping or pulling
out of the concrete, and for two reasgns: first, the round rods.
are far cheaper; secondly, it was decided that nothing was gained
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by preventing the rods from pulling out of the concrete, pro-
vided they were properly fastened at each end.. The :mixture
used in all the floor construction was one part Universal Portland
cement, two parts Torpedo sand, and four parts crushed lime-
stone, 0.5- to 1-in. mesh. The shoring under all floors was
permitted to remain 28 days before removal. . In the engine-
room floor, for the very long spans, some floor beams were
used, but in all cases they were entirely covered with concrete,
to give thorough fireproofing.

Wherever generator-pits or fly-wheel pxts were to be covered,
such covers were made of cement castings, reinforced with ex-
panded metal, rather than of cast iron. . These. cover plates
were made to exact fit for each place as the work progressed,
no drawings being necessary. The carpenter made a small
mquld of the correct size, in which the.cement worker. cast his
floor plate and finished it exactly as the rest of the floor. The
gallery floors were completed and the shoring removed before
any work was done on the installation of the electrical control
apparatus or the supports therefor. Each gallery was treated
as independent of the one under it, so far as support was con-
cerned, though, in building up the switch-cells, the bus-bar
construction, and the barriers, the practical result was to give
additional support to each floor from the one under it. The
switch structure was also constructed in such a way as prac-
tically to be a beam in itself. Round iron rods were cast into
the lower part of the structure and allowed to extend through -
from the first switch in the row to the last. The result was to
provide a construction of the switch-cells which, being in itself
a beam, would distribute the load to those points where the
load might best be taken. In addition to this fact, the barrier
which rose from the switch-cell to the ceiling above, taken in
conjunction with the lateral barriers—all of which were built
monolithic with the wall rising from the switch structure—
formed a column of great strength. It would probably not be
poor engineering to depend, in a measure, upon the strength of
this column to support the floor above it; but in the case which
is being described this was not dene. Even though no attempt
were made to utilize the switch structure as a column, still, the
fact was taken into consideration that there would be a natural
tendency, by reason of the presence of the switch structure,
to transmit load from one floor to the one under it, and there-
fore to impose a greater load upon the lower floor than would be
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accounted for by the weight -actually upon that floor. - This
effect was compensated for by giving the lowest floor additional
supporting columns, which were placed between the basement
.and the engine-room floor. These columns were covered with
expanded metal and a cement plaster to insure against failure,
in case a fire should occur, due to the storing of inflammable
materials. It had not been contemplated that such materials
should be stored in the basement, but it was thought wise to
provide against this contingency.

The roof of the engine-house was constructed of concrete
laid in place as is usual for sidewalks. In each bay a removable
wooden frame was secured to the structural roof cords in such
a way as to permit of ready removal by knocking out wedges
after the roof was in place. A thin layer of cement mortar,
consisting of cement and sand, was placed on the top of this
woodwork support. The function of this thin layer .was to
give a smooth coat for the finished interior of the roof. The
expanded metal reinforcement was laid immediately on top of
this preliminary coat, and was covered with about two inches
of concrete of about the same mixture as was used for the floors.
On top of this was placed a thin layer of rich mixture, which
was given a sidewalk finish on the side exposed to the weather.
After 28 days, the wooden supports were removed from the
inside, by knocking out wedges, and were lowered to the engine
room floor. The roof, made in this way, developed cracks
after drying out. These cracks were filled by pouring into them
a thin grout consisting of cement and sand. The result was
to stop all leaks and insure a roof which was cheap and
thoroughly fireproof. It has the disadvantage of being heavy
and requires rather heavier roof-trusses than does a tile or
slate roof; it is very strong and is not damaged by men
walking upon it, or by falling pieces of stone or other mate-
rials. The latter consideration is an important one in the
case described, because the station is located near blast
furnaces, which, unfortunately, have the habit of throwing
stone and ore out of the top at times. The advantage of using
expanded metal on such a place as a roof, rested entirely in
the economy of labor in handling the material. The writer
believes the disposition of material in expanded metal to be
uneconomical and, at times, disadvantageous. All:of that
material which lies transversely to the strain is wasted, and
furthermore it is the speaker’s belief that there is a tendency
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on the part of expanded metal, when subjected to strain, to
elongate the diamond-shaped meshes and to shear off the con-
crete between the meshes. The tendency to shear the concrete
would be trifling and unimportant if, in addition to this, there ‘
were not a tendency to break the concrete which is always placed
below the expanded metal for fireproofing purposes. This
lower section of concrete is generally about one inch thick;
being in tension, it is apt to crack when the floor is heavily
loaded. After the lower section of concrete cracks, there is a
tendency for the expanded metal to shift in position, and
therefore become ineffective. This belief of the writer's arises
from observations of heavy beams reinforced with concrete
and tested to the breaking point. He does not mean to convey
the impression that for light beams, loaded comparatively
lightly, expanded metal is not a desirable reinforcing material.

The electrically operated oil-switches which are usually
mounted in a brickwork cell structure, were mounted in a cell
structure built up of concrete. A collapsable wooden mould was
made, set up in the proper position for the switch, and filled
with concrete from the top. This mould was built similarly to
a hinged flask standing on end, and was made large enough
to allow of casting two switches at one setting. The mould
was properly lined up, leveled, and braced to prevent moving
while tamping the concrete. The bolts for holding the switches
in rlace were set in the concrete of the cell structure by means of
a template on top of the mould, just as foundation posts for
engines are set. The concrete mixture was one part Universal
cement, two parts Torpedo sand, and three parts screened
limestone, which would go through a $-in. mesh. After the
mould was constructed, the only skilled labor required was
that of the carpenter, who lined up the mould each time it was
moved into a new position. After the concrete had set for
approximately 48 hours, the mould was stripped and again set
up for the next two switches. After all the switches of a row
had been cast, and the moulds removed, the cement worker
went over them to point up any voids which might have occurred
in the corners, and to give the whole structure a finished appear-
ance. The result was a pleasing one. It was decided that
the mould—which in this case was built of dressed lumber, in
the attempt to give a smooth and finished appearance to the
concrete work—might better have been of rough lumber, in
which case it could have been built for about $50. In case




1905.] CENTRAL STATION DESIGN. T8l

a large number of switches were to be built, however, the speaker
would recommend the construction of a metal mould, which
perhaps would cost $100. A mould constructed of metal
would be free from liability to warp, which always exists in the
case of a wooden mould. The wires leading from the oil-switches
were separated from each other by means of barriers built up
of thin slabs of concrete. The method of construction of these
barriers was simple and effective. Pipes, or 0.5-in. rods, were
set up and tied together with wire in the form of the proposed
compartment construction. A light metal lath, such as is used
for plaster partitions in building construction, was then wired
to the light framework. A cement mortar was then applied,
in the same way as the plaster. The cement worker became.so
expert in doing this class of work that he could build these
compartments more rapidly than a draughtsman could make
the drawings for them. The bus-bar structure was built up
in the same way as was the cell structure for the oil-switches.
Where lines left the building, or where they were run in any
horizontal position, barriers were suspended from the ceiling
by allowing a piece of metal lath to project down at the time
the floors were put in. The barrier was plastered to this piece
of lath in the same way as just described. Where conductor
wires were taken through the floor, which, of course, was fre-
quently necessary, the insulators were set into the concrete as
the floor construction progressed; therefore, when the floor and
switch construction was completed the wiremen had the insu-
lators through which the wires were to be run properly located.
One great advantagz of this form of construction rests in the
economy of space which it makes possible. Any brick wall
must necessarily be four inches thick, whereas a concrete wall
may be put up only two inches thick, provided it is reinforced.
In case brick construction is employed, where thin partitions
are desired, they must be built of soapstone or marble. The
concrete is just as effective in most cases, and is much cheaper.

In constructing the switch-cells and bus-bar structures, an
attempt was made to obtain a perfectly smooth finish by dress-
ing the mould smooth and coating it with shellac, as is customary
for patterns. This was found to be a mistake, as the bubbles
of excess water contained in the wet mixture tended to gather
on the smooth surface and make a rough_finish to the work.
It was found preferable to leave the mould rough and to ﬁmsh
the work with a final float-coat.
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- The generator leads were brought from the machines .in
three-inch bituminized fibre conduits, laidi in the cement floor
of the basement. -Under the generator switches, they were
brought -from the basement floor to the engifie room floor in a
solid concrete wall. The lead sheathing was removed from the
cables, and additional coating consisting of paper and shellac
was provided. After allowing-a few days for this to dry, the
cahles were built into a wall of concrete. Inasmuch as the wall
was only a few inches thick, little difficulty would be encoun-
tered in cutting the cables out, if necessary; in fact, three cables
were cut out, under the mistaken impression that they were
improperly connected. Little difficulty. and slight expense
were involved in the operation; and the cables were found to
be in perfect condition. In the basement, no important wire
or cable was permitted to be exposed.: The result is- that if a
fire should start in any material which might be stored there
it could not affect the connections to the-generators:or instru-
ments, nor could it cause the collapse of the structure, due to
the failure of exposed steel columns. The instrument leads
and the cantrol wires for the switches were buried in cement.
It was originally intended to use for this purpose lead-covered
cable run in an iron-armored conduit, the latter being imbedded
in the floors. It was decided later, however, to do without the
iron-armored conduit, and tolay the lead-covered cablesdirectlyin
the cement floor. For this purpose. a top coat of 2.5 in. of cement
on the floor was. allowed, in addition to' the ariginal cement
floor which was designed to support. the full laads. Of this top
dressing, two inches consisted of a mixture of cement, sand, and
sawdust, in the proportions.of one of cement, one of sand,
and two of sawdust. The method of installation consisted of
laying the conductor cables on the tap of the original supporting
floor. When all the instrument wiring was completed and
tested, the cables were covered and imbedded in this mixture
of sawdust-cement, and on top of all was ldid a 0.5-in. finishing
coat for the floor. The mixture of sawdust-cement is soft
enough to permit of chopping a cable out at any time without
damage to the cable, or to surrounding .cables. The repair of
the floor is very simple, and the floor is perfectly solid and to
all intents and purposes .the same as if constructed wholly of
concrete. The necessity for chopping out cables is very remote,
because, once properly installed, there is no chance. for move-
ment or damaging of the cables. . The item.of labor saved by
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making it unnecessary to draw into the conduit the very great
number of cables which are required for the installation of
electrically-controlled switching apparatus is very considerable.

The 20 000 vdlt wires which were led from the transformer
room on the first floor to the lightning-arresters and building
outlets on the top gallery were provided with thorough pro-
tection where they passed through the operator’s gallery. For
each wire a chimney was built of 10-in. bituminized fibre con-
duit. The three chimneys carrying the three wires of a circuit
were placed close together and were surrounded with a con-
struction of expanded metal lath, covered with cement plaster.
The result was, to outward appearance, a rectangular column.
In effect, there was a thoroughly-insulated duct provided for
the conveyance of each high-pressure wire, which entirely pre-
vented an operator coming into contact with these wires.

After the installation of all apparatus and connections thereto,
the cement work was given a final finishing wash of whiting,
glue, and a slight amount of dark coloring matter, producing a
uniform natural cement color over the whole job. It is im-
possible to produce this without some such wash, since all
cement work will discolor more or less as it dries out.

The final result is most pleasing from both engineering
and artistic standpoints. Not much effort was taken at the
start to lay out the work with a view to insuring good archi-
tectural lines, but even though this was not looked to as it
might have been, it was possible, by adding a touch here and
there, to get some very satisfactory effects from the standpoint -
of appearance. Of recent years, most large power-houses are
designed with a view to obtaining ~ood architectural lines on
the exterior, whereas the interior is generally designed from
an engineering standpoint only. The possibilities of cement
construction in insuring artistic and decorative interior effects,
with very slight increased cost, and without sacrificing engineer-
ing requirements, have so far received too little consideration.
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TWO-MOTOR VERSUS FOUR-MOTOR_EQUIPMENTS

BY N. MC D. CRAWFORD.

It is manifestly impossible to consider judiciously the rela-
tive commercial efficiency of two-motor versus four-motor
equipments, or to reach any absolute conclusion unless certain
conditions under which -the equipments are to be operated
have first been determined. For the purpose of this paper a
line was selected having light grades and reasonably small
line losses, a line passing through the business center of a city
and reaching the residential section, thus at all hours of the
day calling for a fair average number of stops and therefore
reasonably rapid acceleration, in order to mak. the time schedule.

Four types of equipment were selected for this service, as
follows: car 169, having a 20-ft. body, single trucks, two 25-h.p.
motors, and a gear-ratio of 1 to 4.87; car 138, having a 26-ft.
body, two trucks, two 35-h.p. motors, and a gear-ratio of 1 to
2.82; car 101, having the same length of body and number
of trucks as car 138, but having four 35-h.p. motors and a
gear-ratio of 1 to 2.82; car 480, having a 29-ft. body, two
trucks, four 40-h.p. motors, and a gear-ratio of 1 to 3.67.

The service required of these four equipments was exactly
the same, namely, 136.5 miles per day at an average schedule
speed of 8.45 miles per hour. The runs were made on succeeding
days and during the same relative hours. Each car was equipped
with a wattmeter, an ammeter, and a voltmeter; the wattmeter
readings ‘at the end of each half trip were recorded, and at the
end of the run checked by the ammeter and voltmeter. readings.
The wattmeter was also carefully calibrated with a standard
meter, using a water rheostat as a load. The peaks were noted
at times of acceleration and on grades.~ These tests hai(e
been tabulated ,as follows: . . .
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1, the average watt-hours per ton-mi

2, kilowatts at peaks during day’s run.

3, passengers and kilowatt-hours per half trip.
4, passengers and kilowatt-hours per half trip.
5, passengers and kilowatt-hours per half trip.
6, passengers and kilowatt-hours per half trip.

Table 1 has been deduced from the sheets given.

TABLE 1.

No.

Car | Capacity |Horse power|] Gear- | Total | Total Cost per Commercial
seats motors ratio

tons | cost Seat Ton efficiency

169
138
101
480

26 two 25
34 two 35
34 four 85
42 four 40

87| 9.075
.82 12,425
82 |14.675)
.67 |20.680)

$2710 | $104.23
3275 96.38
4360 128.23
5040 120:00

$298.62 17%
263.59 13.11
297.10 12.53
243.71 10.66'

Yt p ot ot
[FISINES

<

The commercial efficiency, E, was obtained as follows: A + B +

C+D = E, and L commercial efficiency.

WATT-HOURS PER TON PER HALF TIIP
R ® 388 83

-
(=)

E

TP

zl‘. 7.88 843 9.08 11.13013.28 1,43 .58 4.13 5.98 6.43 7.58 0.13 10.38
A " TIME

Fia. 1.

The same formula, substituting B for H, will give the greatest
commercial efficiency. The letters used in the above formula
represent the following:

A Cost of current per watt-hour at station sthchboard

‘B Value of seated load.

C Platform labor per mile run.

D Interest and depreciation per mile run, figured at eigitt

per cent.
H Value of actual passengers carried per mile.
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. In obtaining the commercial efficiency, line losses and repairs
of equipments and track have purposely been omitted, because
it is almost impossible to determine what these values should
be; the value of the standing load has been omitted for the
same reason.

Applying the above formula and substituting values obtained
during the test, the results are as follows:

CAR No. 169.
0.0006787+1.3040.047540.0043 = 1.3525

0.23

0.0006787+1.30+0.0475+0.0043 = 1.3525

1.30
13505 ~ 0-9%6%

~ CarNo.13s. ©
0.001056-+1.70+0.0475+0.0056 = 1.7542

0.23

0.001056+1.70+0.047540.0056 = 1.7542

1.70
17542 — 0-9%6%

Car No. 101.
0.001174+4+1.70+0.0475+0.0070 = 1.7557

0.22

0.001174+1.70+40.0475+0.0070 = 1.7557

1.70
17557~ 097%

Car No. 480.
0.000847+2.1040.0475+0.0087 = 2.1570

0.23
2.1570 — 0-1065%

0.000847+2.10+0.0475+0.0087 =~ 2.1570

2.10
2.1570 ~ 0-9%
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An examination of Table 1, readily shows that car 169 is
the most efficient for the service selected. This apparent effi-
ciency must, however, be modified when the number of passen-
gers carried, as shown in Fig. 3, is considered, because it will
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be seen that many times during the day's run the number of
passengers was greater than 26, the excess constituting a stand-
ing load.

Car 138, although showing a lower commercial efficiency,
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probably on account of its greater weight, yet accommodates
the passengers much better throughout the entire day.
Car 480 was the least efficient of those tried, although there
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was only a short #ime when all the passengers could not be

seated. This car was provided with 33-in. wheels and could
have made the time schedule easily with a lower gear-ratio.
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Temper:atufesf were taken at the end of each,day’s ruh;
these were not excessive except possibly in the case of car 138,
due no doubt to the weight of the equipment and the greater
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number of stops to the mile as shown on Fig:4. (See appendix
for record of temperatures.)

The tabulated records point to the’superiority of the light
two-motor, single-truck equipments for service on the line and
under the conditions selected. With longer trips, heavier
grades, greater speed in miles per hour, and greater density of
population, requiring more rapid acceleration, there is no doubt
but that a car of the 480 type would show the greatest efficiency.

The operating manager is loaking not only for an equipment
that will fulfil all the requirements of any particular service
with the least cost for repairs, and the minimum demand on
the power station, but also for one that will combine these ad-

.-—.-er:rp\;&

F0.7. ' o l

vantages at the greatest speed with safety to the pubiic, and
the distance to be travelled per trip will allow. If the distance
is, say, 6 miles per half trip, or 12 miles per round trip, re-
quiring four cars for 15-min. service at 12 miles per hour,
and three cars for the same headway at 16 miles per hour, .the
platform labor per mile in the first instance will be 0.0335 X4 =
0.1340, and in the second instance 0.025%3 = 0.075, a
saving in labor of 0.059 per mile, and 0.0085 per car mile. This
great saving in cost of operation appeals to the operator, but
not so greatly if the operating costs are increased by excessive
demand on power-station equipment and by added interest
charges due to increased line copper and rail bonds. In select-
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ing motors and cars for a given run, it will be found necessary
to consider the following:

Density of population, as governing the size and seating ca-
pacity of the car body; the number of stops per mile, and con-
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sequently the acceleration; the frequency of service; and the
speed in miles per hour.
The number of trucks and motors, as determining the size and
weight of cars selected; the tractive effort; and the acceleration
The speed in miles per hour, as determining the number of
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cars in service; the platform labor; the demand upon power-
plant equipment; the increased interest charge for line and
power plant.

The gear-ratio, as determining the size of motors; the accelera-
tion; the number of stops per mile; the heating of motors, and
consequent repairs; and additional power-station and line re-
quirements.

Too much care cannot be exercised in determining the gear-
ratio for given service; for there can be no doubt that in many
cases lack of power-station equipment and excessive motor
repairs can be traced to the use of wrong gear-ratio. In the
first place,cars should be selected of ample capacity for the
service requirements, and then motors should be selected with
a rating only slightly greater than the service requires, and
with a gear-ratio so designed that the schedule may be made
without resorting to rapid acceleration on starting, and,as a
consequence, running the motors on low-efficiency points in
order to kill time. The additional tables contained in this
report show the various conditions existing in Hartford, and
may be of general interest. ‘

Average Schedule Speed Miles per Hour.

189B. . oo 7.6
L1899 P ... 744
1000, ..o e e ie...8.5
1901, SRR 8.55
1002 ..o 8.55
1903.............. S 8.56
1004 ...t 8.56
APPENDIX. |

Car 138. Jan. 16.

Moror 1:

Car in at 10:35 p.m.

Temperatures are in degrees centigrade.

Temperature of air: 0.

Temperature of armature iron: 68°.

Temperature of field: 63°.

Note: Nearly 10 minutes were lost in getting thermometers
in place on this motor.
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Car 101. Jan. 17.
Moror 1:

Car in at 10:35 p.m.
Temperatures are in degrees centigrade.
Temperature of air: 1°.
Temperature of armature iron: 70°.
Temperature of field: 46°.
Temperature of air in car barn at 6 a.m.: 17°,

Car 480. Jan. 18.

Moror 4:

Car in at 10:35 p.m.

Temperatures in degrees centigrade.

Temperature of air: 1.5°.

Temperature of armature iron: 29°.

Temperature of field: 25°.

Temperature in barn at 6 a.m.: 23°,

CAr 169. Jan. 19,
Mortor 1: .
Car in at 10:35 p.m.
Temperatures in degrees cent.lgrade
Temperature of air: 5°.
Temperature of armature iron: 41.5°.
Temperature of field: 27.5°.
Temperature in barn at 6 a.m.: 20°.

15

In all the above temperature readings the temperature of
the field coil was obtained by placing a thermometer on the

top right-hand field coil’ at about the same point.

The arma-

ture temperature was obtained by placing the thermometer on

the iron core.
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DiscussioN oN “ Two-MoTor vs. Four-MoTor EQuiPMENTS.”

N. McD. Crawrorp (by letter): I desire to explain more
fully the term ““ A" in the efficiency formula given in my
paper. The definition of the term, as given, may be misleading;
its value is obtained by multiplying the average watt-hours
per ton-mile by tons weight of car, and this result by the cost
of power per watt-hour at the switchboard.

I have named the efficiency obtained  commercial eﬂimency
It has been suggested that possibly *‘load factor” or ‘‘ earn-
ing efficiency ”” would be better. But I have looked at the
matter from the standpoint of the street railway manager
rather than from that of the engineer.

A. H. ArRMsTrONG: The contest between two- and four-motor
equipments is of long standing, but of late years it seems to
have settled itself rather definitely in a majority of cases in
favor of the four-motor equipment. As Mr. Crawford brought
out in his paper, no general ruling will apply in all cases, and
each traction problem will have to be solved according to the
local conditions. Perhaps the fundamental reason for adopting
the four-motor equipment is the need felt for increased traction,
due partly to climatic conditions in the north, partly to the
presence of excessive grades on many roads, and partly in
some cases to an exacting schedule, calling for a more rapid
rate of acceleration than can be obtained by a two-motor equip-
ment. In the latter class of roads may be included surface
lines in cities of considerable size. On elevated, subway, or
other city roads on which the surface condition of the rails is
particularly good, the adoption of two-motor equipment is
permissible so far as the question of traction is concerned,
and this practically constitutes the legitimate field of the two-
motor equipment.

In suburban and interurban service somewhat different con-
ditions apply, cars are usually run singly at infrequent inter-
vals,.in .many . cases over excessive grades; because of the
infrequency of the headway snow and ice accumulate, thus
calling for as large a tractive effort as can be obtained eveén
with four motors.

Referring to the paper, there are several assumptions made
which perhaps can be looked at in a different way. In ar-
riving at the efficiency of operation of the different cars cited,
the author assumes that at the end of every mile an entirely
new set of passengers is taken on board. Thus, if instead of
a one-mile basis a two-mile basis had been taken the 17¢;
efficiency of operation noted in the case of car 169 would have
been nearly doubled, without in any way changing the factors
entering into the case. It would seem, therefore, that the
method of the author is somewhat misleading, in that the
commercial efficiencies obtained are arbitrary and do not neces-
sarily represent the true prevailing conditions.
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Again, on pages 69 and 70, the energy consumption of the
two-motor equipment is given as somewhat less per car than
that of the four-motor equipment. This brings up another
point which has been the subject of discussion at previous
meetings of the INsTiTUuTE; that is, the relative amount of
energy consumed by two-motor and four-motor equipments.
If one car is equipped with two motors, and a simular car is
equipped with four motors, both cars having the same aggregate
horse power capacity, there is no reason why' the energy con-
sumption in one case should be different from that in the other,
provided the car weights, schedules, frequency of stops, and
general conditions, are similar in each case. The method of
comparing two- and four-motor equipments adopted by the
author is somewhat unfair, as the operation of two 35-h.p. motors
is compared with that of four 35-h.p. motors placed upon a
similar type of car; obviously, in one case the motors are over-
loaded; in the other they are underloaded. Of course the
four-motor equipment will weigh more and the energy con-
sumption will be increased on account of the increase in weight.
It would have been fairer to compare the operation of two
75-h.p. motors with the operation of four 35-h.p. motors.
The watt-hours per ton-mile assumed for any given service is
practically independent of the subdivision of power on the
car inasmuch as the railway motors of the same manufacturer
are all designed along the same general lines and offer about
the same efficiency curve as expressed in per cent. at full load.

Perhaps one reason why results given by the author are
more favorable to two motors than to four motors is that an
insufficient number of tests has been taken. The average of
a large number of tests is necessary in order to arrive at a cor-
rect understanding of the operation of a car under any given
conditions. There is no reason why, with the conditions in
the two cases the same, the four-motor equipment should not
show as small, if not a smaller energy consumptlon per ton-mile
than the two-motor equipment.

S. T. Dopp: In attempting to express the commercial
value of different cars, the author has included both their
operating expense and seated-load value in one term which he
has called *‘ commercial efficiency.” Apparently it would have
been clearer to have separated this term into two different ex-
pressions. I have tried to indicate my idea of this method of
expression in a table, in which the items of ‘‘ interest’ and
*“ platform labor ”’ are taken directly from the values given on
page 67. The expense of car repairs should be included, and
n the absence of more definite data, this is assumed as 1.5¢c.
per car-miie. The author’s method, on page 67, of getting
at the expression for cost of power per car-mile hardly seems
correct, but it will not be far from the truth to assume the
cost of power to be lc. per kilowatt-hour delivered at the car,
and take the amount of power for the several cars from Figs.
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3-6. Adding the terms together gives an expression for opera-
ting expense per car-mile which indicates that car No. 169 is
the most economical in operation. Going one step further and
dividing the expression by the seating capacity of each car,
gives the operating expense per seat-mile, which indicates that
car No. 480 is the most economical.

Car No....ooovviiiiiininnt 169 183 101 480

Platform labor............... 0.0475 | 0.0475 | 0.0475 | 0.0475
Interest and depreciation..... . 0.0043 | 0.0056 | 0.0070 | 0.0087
Carrepairs.................. 0.0150 | 0.0150 | 0.0150 | 0.0150
Power....................... 0.0069 | 0.0140 | 0.0180 | 0.0175

Operating expenses per car-mile| 0.0737 | 0.0821 | 0.0875 | 0.0887
Operating expenses per seat mile] 0.00368 | 0.00241 | 0.00257 | 0.00211

¢ factor. . . ... 0.23x5.25 | 0.23x5.25 | 0.22x5.25 | 0.23x5.25
Seat fac 130 170 |~ 170 | " z10

=93% | =119, | =689 | =57.59

This method of discussing the question. shows that if the
seating capacity of car 169 is sufficient to accommodate the
travel, this car is the one to use; but that if it has not sufficient
capac:ty. then car 480 is the one most advisable to use because
of its iow operatmg expense per seat-mile.

Now if in addition to this information it is desired to intro-
duce an expression indicating the amount of idle seating room
in each type of car, this may be expressed by a separate ratio,
which I have called * seat factor,” and which is obtained by
dividing the earnings per trip by the ‘‘ value of the seated
load.” This expression I have also given in the table.

I have assumed 1.5c, per car-mile for repairs, but very little
information on car repairs is available for determining the re-
spective cost of repairs of large and small equipments. It
appears from the table above that an increase in car repairs
of 1.5c. per car-mile, on car 169 over ecar 480 for example,
would make a four-motor equipment more economical from the
standpoint of operation per car-mile, as well as from the stand-
point for operatlon per motor-mile.

A claim that is often made for the superiority of the four-
motor equipment over the two-motor equipment of the same ag-
gregate capacity is that the four-motor equipment having a
greater radiating service will run at a cooler temperature than
the two-motor equipment when working under the same load.
But comparative tests which I have made upon stationary
motors indicate that the average four-motor equipment should
operate at the same temperature as a two-motor equipment
of the same aggregate capacity.

Turning to the appendix to the paper, it will be seen that
the differences of temperature do not correspond to the dif-
ference between two-motor and four-motor equipments, but
that cars 138 and 101 are running at temperatures in the
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neighborhood of 70°, while cars 480 and 169 are running at
temperatures in.the neighborhood of 30°. The cause of this
difference in temperature is indicated in Figs. 2-6, inclusive,
which show the large amount of power per car-mile used bv

the cars 138 and 101; while Fig. 2 in particular shows that

the maximum peaks of power taken by car 138 (a 12-ton car
with two-motor equipment) are equal to the maximum peaks
taken by car 480 (a 20-ton car with four-motor equipment).
Apparently the difference there indicated is due to the differ-
ence in gearing between the two equipments; and the differ-
ences in temperature shown in the appendix indicate very
clearly that the two cars in question were geared for a speed
too high for economical operation upon the schedule and for
number of stops required.

CaLverT TownNLEY: Frequent comparisons between two-
motor equipments and four-motor equipments have been made,
and these comparisons are nearly always clouded by the intro-
duction of other factors; for example, the question of the size
of car to use, a question to be determined by the density of
traffic and other local conditions. After the size of the car
best suited for local conditions is selected, the number of
motors to be used should be taken up as an entirely
separate question. Similarly, within ordinary limits, any
reasonable gear ratio can be applied to either form of equip-
ment so that gearing should be eliminated from the compari-
son.

Mr. Crawford’s comparison of the watt-hours per ton-mile
shows the most economical motors to be those having the
greatest gear reduction, as will always be the case for citv
service with low schedule speed and frequent stops. The
comparison of a two-motor equipment with a four-motor
equipment of a greater aggregate horse power capacity is
unsatisfactory; to get an absolutely fair comparison, the same
. horse power per ton of weight carried should apply to both
styles of equipment. A four-motor equipment would be some-
what heavier than a two-motor equipment having the same
capacity and, therefore, if the horse power per ton were kept
equal, the total weight of a car equipped with four motors
will be greater than of one of equal capacity equipped with
two motors: Additional energy to propel this car would be
required at least in proportion to the additional weight. In a
similar manner, the first cost of the four-motor equipment will
be somewhat greater. Further, there is an increased main-
tenance to be charged against the four-motor equipment be-
cause, as is well known, repair-shop facilities must be pro-
vided for a given number of units,and a larger shop, witha
greater number of men, is required to take care of twice the
number of motors, with twice as many wearing parts, etc., to
be maintained.

Summarizing, therefore, there should be charged against the
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four-motor equipment an increased first cost, an increased
consumption of energy due to increased weight, increased num-
ber of bearings, pinions, gears, etc., and an increased cost of
maintenance. Admitting this, what is the reason for the ten-
dency toward the substitution of four-motor equipments that
is noticeable in the practice of to-day? The answer always is:
because four-motor equipments afford increased traction.

The speaker excludes from the comparison, cars of such
great weight or high speed that sufficient motor capacity in a
two-motor equipment can not be provided, and limits the
comparison to cases where either arrangement will be available.
With the two-motor equipment, there will be from 559, to 60¢
of the total weight of the cars on the drivers. Under the best
conditions of rail, straight track, etc., 209, adhesion is easily
obtainable. With 609, on the drivers, there are 1200 pounds
on the drivers for every ton weight of the car, and 209, of this
is 240 pounds. Therefore, there is available with a two-motor
equipment, under good conditions of track, 240 pounds tractive
effort per ton. On a very heavy grade, say 8%,, 160 pounds
per ton will be required to lift the car up this grade, and if 20
pounds be allowed to overcome friction (an allowance rather
higher than usual), there will still remain 60 pounds per ton
for acceleration, which will give a very satisfactory performance.
This brief consideration of th: problem shows that even for
very heavy grades, with fairly good track conditions, there is
ample adhesion with two-motor equipments to get the neces-
sary acceleration. .

On the other hand, with snow and slush on the rail, there
may be at times practically no adhesion from one truck, so
that the 1200 pounds per ton is reduced to 600 pounds, and
with an icy rail, instead of 209, of adhesion, only 10%,, or
even less, may be available. Ten per cent. of 600 pounds is
60 pounds, and with a slight grade and heavy snow in front
of the wheels this amount is at times insufficient to start the
car. These conditions, therefore, demand a four-motor equip-
ment.

Engineers should not be carried away by fashion and adopt
a four-motor equipment because others do so, or simply because
such equipment afforded better traction, unless a careful study
of the local conditions shows that such traction is necessary
for the service.
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ON TRACK BONDING.

BY C. W. RICKER.

In the earliest days of electric-railway work with crude ap-
paratus and light loads, track resistance was neglected. As
the need became evident, auxiliary return wires were run and
connected to the rails at frequent intervals, but of a size which
now seems absurdly small. Joint bonds were first of small
iron wire like railroad signal-systém bonds, then pieces of cop-
per wire with the ends riveted in holes in the rail-web, then
pieces of trolley wire with channel-pins and so on, until specially-
designed terminals were developed.

About eight or ten years ago, the real usefulness of high
track conductance began to be understood. The work of Mr,
F. H. Farnham regarding the electrolysis of buried metals
called attention strongly to the return-circuit losses in what
was then a well-equipped electric railway system. Since
then the progress has been along the general direction of utiliz-
ing the track metal to best advantage for the return circuit!
and except in the case of rather complex city networks and
single lines fed from a power-plant unfavorably situated, this
course has proved more economical than the installation of
copper return cables. In the special case of elevated railways
using steel structures, the metal of the latter has been used
to excellent advantage, though this presents some peculiar
problems in bonding, and a serious risk of electrolysis of anchor
bolts.

With the prospective use of alternating currents and the
six- to sevenfold increase of apparent track resistance, an in-
creased use of copper may become necessary; but with all
direct-current operation the engineering problem is to use the

81
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rails to best advantage, and thisis largely a matter of the selec-
tion and installation of track bonds. .

The first condition to determine the character of the bonding
is the rail joint, which in turn is determined by the roadbed.
Track joints are of two general types, rigid and flexible. The
first is applicable only to track laid on continuous rock cr con-
crete foundation, with the rails buried in hard pavement, and
includes electrically-welded, cast-welded, and riveted joints.
Electrically-welded joints require no secondary electrical con-
nection, but their availability is limited and they have not at-
tained great use. Cast-welded joints are widely used in
large cities, and unless the current density is high need no ad-
ditional bonding. Riveted joints, used somewhat abroad, are
similar to cast-welded. The majority of all track, including
all not buried in pavement, must have flexible joints of either
bolted or wedge types, and the electrical conductivity must
depend upon bonds installed for that sole purpose, that of the
rail joint itself being slight. '

Classification of Rail Bonds. While rail bonds are made of a
wide variety of forms and materials, all in general use have
-some flexibility, for ease of application and for durability after-
ward, varyifg with the amount of flexure expected in the track
structure. This has led to the general adoption of a form
-consisting of two terminals with a connecting shank of consid-
erable length, to which all bonds conform, except some special
kinds of very limited use, so it is convenient to classify bonds
by the kind and form of contact with the rail. Contact with
the rail is made in the following ways:

1. Compressed Terminals. A hol= is drilled or punched in
the rail and a cylindrical terminal ot the bond is upset in the
same way by great pressure applied slowly till the bond metal
fills the hole very tightly, with the two metal surfaces in intimate
contact and held there by elasticity. This is commonly called
-a compressed terminal and is the kind most generally used in
this country.

2. Expanded Terminals. A terminal of the same form is
expanded in the hole in the rail by means of a drift driven
through a hole in the terminal. This may be called an expanded
terminal.

3. Soldered Terminals. A flat terminal is soldered to the
-surface of the rail with either soft or brazier's solder.

4. Amalgemated Terminals. The terminal of a copper bond
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and the surface or a hole in the rail are amalgamated and held
in contact with slight pressure, depending upon a layer of tin
amalgam to maintain the metallic contact. In one form a mass
of tin amalgam is placed between amalgamated surfaces of the
rail and joint plate and held in place by a cork washer squeezed
between the same.

5. Bolted Terminals. Copper strips or sheets are pressed
against the surface of the rail by bolts designed for that pur-
pose, or are pinched under the joint-plates.

6. Makeshift Terminals. There are many sorts of make-
shift bonds, used mainly where there is no money with which
to get those of better designs—channel pins, and cylindrical
washers for round wires, and hammer rivetting are the most
common. They depend mostly upon the ingenuity of the man
on the work and are seldom worth consxderatlon save when no
better can be got.

Conditions Governing Material, Form, and Structure of Bonds.
To get the necessary conductivity, bonds are nearly always of
copper, about the only exception being those of tin amalgam.
To reduce cost and resistance, they must be as short as prac-
ticable, and the manufacturing cost must be kept low, to pre-
serve the scrap valuc as near the first cost as possible. For
durability they must »e flexible enough so as not to break or
lose contact by the allowable relative motion of the rails. They
must be formed so they may be applied to the types of rails
in ordinary use, in such position as to be protected from acci-
dental damage and from theft. They should be readily accessible
for inspection and repair. ‘The cost of application must be
kept low, and to this end it is very important that the process
shall be so simple and easy that no.highly-skilled labor or ex-
traordinary care is required to install them with certain and
uniform results. The bond that satisfies all these conditions
has not yet been devised.

The ordinary process of selection has developed a form of
bond made of annealed copper and conmsisting of a flexible
stranded or laminated shank about eight to twelve inches long,
welded to solid terminals of considerable mass, which are at-
tached to the rail-web under the joint plates or less frequently
under the base of the rail. Accessibility for inspection and
repair, however, is almost wholly sacrificed and the importance
of good work in manufacture and application is thereby greatly
increased. '
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Pure copper is a very plastic material of low strength and
elastic limit, and under moderate pressures behaves almost like
a liquid. The surface oxidizes slowly at ordinary atmospheric
temperatures, but very readily at high temperatures, and so
it is very difficult to weld. The result is that the union between
_ the shank and terminals of a composite bond is always subject

to suspicion, and not the less so that the outside of the same
and all the welds that show at or near the surface may be very
nice and neat to look at and the resistance moderate as the
unwelded interior contacts are still bright when the bond is
new. Under the smooth exterior may be defective welds that
will corrode, and weakened strands that will soon be broken
by the motion of the rails, either of which will materially dimin-
ish the utility of the bond.

It is a common practice to saw partly through a terminal
and split the copper with a wedge. In some cases this will
open up defective welds, in other cases the soft metal will
tear close to a bad joint without showing the same. ' The writer
has seen some bonds of excellent appearance that when com-
pressed much harder than in ordinary practice developed open
cracks in the upper parts of the terminals. Perhaps the most
satisfactory inspection of the workmanship is made by section-
ing the terminals in various planes, polishing the cut surfaces
with a smooth file, emery, and crocus to remove all burrs, and
then etching with a mixture of strong sulphuric and nitric
acids, when the defective welds will show as fine black lines,
and the actual welds and the form of the various component
parts of the bond at that surface can be traced by the different
colors of the metal after etching.

With a good process carefully followed out bonds of good
and uniform quality can be produced, but the material is deli-
cate and a little carelessness may spoil many bonds. Con-
sidering the cost of copper bonds and the importance of their
function, it would seem worth while to have their material and
manufacture inspected in the shop, in much the same manner
as is done with structural steel and machinery, by the engineer-
ing inspection bureaus. The writer has not heard of any great
amount of inspection of electrical apparatus by these bureaus,
but the quality of their work in other directions would suggest
their probable usefulness in this one.

Area of Contact. Discussion of the ratio of contact area to
cross-section of bond, has not lead to the adoption of any standard.
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Practice seems to be to get as large contact area as convenient
and make the best of that. The ratio increased as the size of
bonds increased, till with No. 0000 short bonds with 0.875-in.
cylindrical terminals it became about 9.33, while with 500 000
cir. mils bonds of later design, it is only 4.5. The smaller ratio
seems ample to secure a negligible contact resistance, if the
contact is only close enough. Unfortunately the full possible
contact area is seldom realized, because of rough or dirty sur-
faces and insufficient compression or soldering.

Failure of Bonds in Service. The failure of a bond is that con-
dition in which the resistance of the joint made by the same is
seriously increased, which may occur without interruption of
the continuity of the bond itself. The general cases are

1. Breakage of bonds;

2. Disintegration of the bonds;

3. Impairment of contacts

Breakage of Bonds. Breakage may occur because of defects
in manufacture, as in copper bonds with welded terminals the
strands may be weakened by overheating where they enter the
terminal; and a slight but continuous motion of the joint will
cause them to break, one by one, at this place. Long-con-
tinued jar and repeated flexures will produce fatigue in the -
metal (what has been called the Bauschinger effect in steel).
Such breakage in the case of either welded or solid bonds is of
course most frequent where the flexure of the bond due to rail
movements is too great for its flexibility, which means ill-se-
lected bonds or badly-kept track.

A less common manner of breakage occurs in laminated
under-plate bonds which are too large for the space between
the joint-plate and the rail, the bond shank is pinched and
the working of the joint under passing wheels tears off the
outer strands by a kind of ratchet effect, working them into
the narrowing space at top or bottom of the rail-web and some-
times squeezing them out of the joint in thin ribbons. Bonds
secured under the base of the rail may be frozen in the ballast
and torn off by the movement of the rail.

Disintegration. The surfaces at the imperfect welds in com-
posite bonds corrode, increasing the resistance greatly and
loosening and weakening the bonds so that they may be pulled
apart.

Tin amalgam used at contacts or in masses, hardens and
shrinks, losing flexibility and contact with the bonded surfaces.
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In the case of amalgam plugs enclosed in cork boxes, the cork
sometimes breaks allowing the soft arhalgam to run out.

Impairment of Contact. By far the most important cause of
impaired contact is oxidation. This is greatly facilitated by
the presence of moisture, so that the slightest crevice into
which moisture may penetrate and lodge is dangerous.

Soft-soldered contacts underground are not to be trusted,
especially on track laid in streets, which is sure to be wet with
dirty water, though there is no apparent reason why soldered
contact entirely above ground should not be durable, if all
traces of corrosive flux are removed. Brazed joints seem to
give no trouble.

Amalgamated steel surfaces are not durable and soon rust
in track exposed to dampness. '

Expanded or compressed terminal bonds, which have not
been properly applied, may be loosened by the movement of
the rail, and well-soldered bonds may be loosened or torn off
by the same means if they are too rigid.

No mention has been made of accidental breakage of bonds.
Of course bonds which are improperly located may be knocked
off by rolling stock; and various local external conditions may
operate to destroy any kind of bonds.

Importance cof Good Contacts. The rapid deterioration and
general unreliability of track bonding has been a favorite sub-
ject of complaint. Impairment of contacts and breakage are
the most common grievances, and while the latter is easily
traced to improper selection or ill-kept track the former is no
less due to poor work in applying the bonds, which too often
is left to cheap workmen; with poor supervision and as the work
is usually covered up as soon as done and is seldom tested at all,
it gets no more attention till trouble develops. The writer
knows of one case in which the superintendent of a rather
notable electric railway made public a letter praising the per-
formance of a certain kind of bond used on his road and in less
than three months careful tests showed the condition of the
bonding to be so poor that it had to be completely renewed.

The importance of clean and tight contact between bond
and rail can not be insisted upon too strongly, both for imme-
diate effect upon track conductivity and for its still greater
.effect upon deterioration, yet the importance of this is not
generally enough understood. The apparatus most commonly
used for applying bonds throws light upon this. In two recent
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jobs using compressed terminal bonds, the screw presses for
applying which were got from large and highly reputable
makers and were selected for the bonds used, the writer was
able to get reasonably good contact only by overworking the
presses to such an extent that two presses were always being
repaired for each one on the work. A press would seldom do
200 terminals without breaking down. The makers of the press-
es said merely that the presses were used too hard.

The resistance at the terminal of a bond depends upon the:
area and intimacy of the actual contact; with good bonds
of ordinary design this may be made negligible if proper care is
taken. If contact by pressure is to be used, both copper and
steel surfaces must be smooth, clean and dry; if soldered they
must be clean, well tinned and free from corrosive flux when
the operation is finished. As large a proportion as possible of
the surfaces must be brought into contact and kept there.

The writer has inspected many compressed terminals, some
applied with ordinary care, some with greater care, and usually
a considerable part of the copper surface, sometimes more than
one half, shows plainly that it has never touched the steel. Ina
short time that part of the contact surface becomes oxidized
and is of little further use. A film of oil, such as is left in
holes in which oil is used to lubricate the drills, decreases the
conductivity seriously and increases the deterioration. Such
holes show in time a black deposit from the decomposed oil,
and ultimately rust. Rough surfaces require greater pressure
to get good contact and allow more crevices into which
moisture may penetrate with resulting corrosion. In the case
of soldered bonds complete contact between the terminal sur-
face and the rail is seldom obtained, no matter how carefully
the work is done. The heat capacity of the rail is so great
that it is difficult to get any considerable part of it to solder-
ing temperature by exernal heat application, without excessive
expense and possibly damage to the rail, so the edges of the
terminal surface are usually well soldered and the middle portion
but imperfectly.

Large flat surfaces held in contact by bolts have been tried,
though they have never attained great vogue. The cost and
bulk of any arrangement of bolts and plates which could main-
tain intimacy of contact similar to that of an ordinary com-
pressed terminal, together with the cost of finishing and fitting

the flat surfaces, would be prohibitive. In some cases such
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bonds have been used in joints where there is supposed to be
enough motion to keep the surfaces rubbed bright, but here
there would seem to be little advantage in using copper, as the
joint-plates fill the same office.

‘The following data illustrating the foregoing may be of inter-
est. A track laid with 87-lb., 60-ft girder-rails on concrete base,
in unusually substantial manner, with joints driven tight and
made as rigid as possible, was bonded with two 0000 bonds
with 0.875-in. terminals expanded with a steel drift left in
the hole. On account of the rigidity of the joints the bonds
were very short, of horseshoe type 4 in. and 2.5 in. be-
tween terminals. Bond holes were punched at the mill and
reamed bright with taper reamers just before applying the
bonds, which were set with the shank at the small ends of the
taper holes. Measurements of 15 joints by.comparison of fall
of pressure through the joint with that in ten feet of rail, made
with a millivoltmeter, showed the mean joint resistance equal
to that of one foot of rail. The same joints measured in the
same manner with the same instruments one year later showed
no perceptible increase in resistance.

A double track railway laid with 60-1b. T rails, rock ballasted
and maintained unusually well for an electric railway, was bond-
ed with masses of tin amalgam enclosed in washers of treated
cork, pinched between the rail-web and joint-plates. After
the road had been in operation about four and a half years
and parts of it one and two years less, measurements were
made upon joints in the various sections by the same method
as the preceding test.

Numberof | Yearsin Mean resistance of joints Res. too high to read
joints, service. No. measured | Equiv. ft. of rail | (over 500 ft. of rail)

13 . 4.5 8 16.7 5
6 3.5 5 12.4
18 2.5 17 8.4 1

About 40 joints of various ages were opened for inspection
and in none of them were the amalgamated surfaces unim-
paired, while the older joints were nearly or completely rusted
over. The amalgam masses were (with one exception) either
dry and crumbly or hard and brittle. The cork washers were
generally intact, though a few were broken.

In a single track interurban electric railway laid with 70-Ib.
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T rails on private right of way, the joints were each bonded
with one 0000 copper bond 10 in. long with 0.875-in.
welded terminals. In the earlier part of the work, the bond
holes were drilled with oil lubrication and the bond terminals
were upset with a screw compressor by one man using a wrench
about 36 in. long. To estimate the improvement possible,
the resistance of 633 ft. of one rail containing 20 joints was
determined in the condition described, then the bond terminals
were thoroughly compressed with a similar compressor using
a wrench about 66 in. long with a heavy man on the end
applying the pressure slowly and steadily. Then a similar
section of one rail 425 ft. long containing 14 joints was drilled
with soda-water lubrication, the holes carefully wiped and the
bonds compressed thoroughly as above. The sections of rail
when measured were disconnected at both ends and the ballast
scraped clear. The readings were taken at night in dry weather
and very nearly uniform temperature. Pressure readings
were taken with a low reading voltmeter. Only switchboard
ammeters were available for current measurements, but they
were new and three were connected in series and the mean
readings used. They checked very closely and were reliable
enough for comparative measurements.

Ohms perft.rail. % increaseres.

illing with water, bonds well compressed, 1.29 X103 0
o “  oail, ¢ ‘ ‘“ 1.47 %10 14
o« 4 ‘“ ‘" pwrly ‘" l . 96 x 10.6 33

Cost of Applying Bonds. Two cases are presented in detail
as it is proposed to try to derive from them some conclusions
regarding the most ecbnomical expenditure for bonding in two
typical roads.

On a single-track interurban railway quoted herein. it was
neccssary to organize a bonding gang of entirely green
men, none of whom had ever seen a bond before. It contained
12 men at $1.75 per day and a foreman at $3.00, total of $25.00
per day. The work consisted in unplating the joints which
were half bolted up, drilling two 0.875-in. holes in the rail-web.
compressing one bond per joint, and replating and bolting up
the joints in permanent shape with four bolts each. The
equipment consisted of three portable rotary track-drills, three
screw-compressors, about sixty 0.875-in. twist-drills and the
necessary track tools, costing altogether about $350, on which
the salvage was about $150. The capacity was 100 bonds per
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day, making a labor cost of 25c. per bond. Grinding drills
cost about $1 per dav and repairs to compressors, about $1.50,
making total cost 27.5¢. per bond, of which 5c. was chargeable
to plating and 22.5c. to bonding. The work was continually
interrupted by construction trains, and the temperature was so
high that several men were overcome by heat. With clear
track and decent temperature the daily output could be in-
creased 209, at the same total cost

On a larger installation in somewhat more favorable condi-
tions, the bonding gang consisted of ten or eleven men and a
foreman, with a total pay roll of $23 to $25 per day. The
drilling apparatus consisted of a gang-drill driven by an elec-
tric motor which made two 0.875-in. holes at once, piercing the
rail web in one minute and drilling an average of 30 joints per
hour when smartly handled. The position of the drills was
determined by a jig so that no time was lost in adjustment.
The machine used an average of 2000 watts when drilling,
derived from the trolley wire used by the construction trains.
It weighed about 1500 pounds and had to be removed from
the track by the bonding gang about four times per day to
allow construction trains to pass. The capacity of this gang
was 200 bonds daily, making the labor cost about 12c. each,
of which 3c. was chargeable to plating and 9c. to bonding.
The machine contained a drill grinder so there was no addi-
tional expense for sharpening drills. The equipment included
six screw compressors of the best type obtainable, but they
" were too light and three or four were always crippled, adding
"1 to 2 cents for repairs to the cost per bond. The drilling
machine was built especially for this job and required consid-
erable changes after work was begun, so the cost of tools was
rather large, about $2000, on which the salvage was probably
$1000.

Economical Bonding. It is at once evident that the propor-
tion of the resistance of the rail circuit due to the bonds is
small; in the first case cited using 60-ft. rails, it is a little less
than 29, in the third case it is about 139, and as the resist-
ance of the rail circuit is usually not over 25%, of the whole
resistance, the saving by a considerable increase in bonding is
relatively small.

In order to reach some general conclusions regarding the
economical experditure for bonding in cases similar to the
two described, b‘v means of Kelvin's law, it is necessary in
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order to make the law apply to make certain assumptions,
which are not strictly true, but which if carefully adjusted to
the case taken up may be near enough for the purpose.

The following data of equipment may be taken as typical of
the interurban electric railways of moderate size and capacity
built extensively in the middle Western states. The 0000
copper bond 12 in. long with solid 0.875-in. terminals, is
is selected as a unit, because it is a convenient market size and
well adapted for use with the rails assumed.

Single track...................... two 75-Ib. T rails

Cost of powerin line.............. 0.02c. per kw-hr.

Mean current in track............. 200 amperes

ljointbond...................... 0.19c. per 1000 cir. mils
(based on No. 0000 X 12-in. bond @ 40c.)

Applying same.................... 0.094c. per 1000 cir. mils
(based on 20c. per bond)

Scrap value of bond............... 0.056c. ““ “

Netcostof bond.................. 0.23c. “

Useful life of bond................ 10 years

Annual cost of bond @ 15%,....... 0.034c. per 1000 cir. mils

Resistance of bond, ohms.......... 0.0116 *“ ‘o

(12-in. 0000 copper+ 87, for contacts)
Annual (7300 hours) loss in one bond 847 kw-hr. per 1000 cir.
mils

Costof same @ 2¢c................ $16.94 per 1000 cir. mils
0.00034 cir. mils - 16.94 x 1000
1000 cir. mils

cir. mils = 223 000

The equipment described would correspond to that of a road
operated by synchronous converter sub-stations having an
average traffic of tvo 40-ft. cars per section. Such a road
would usually have one 0000 bond per track joint, which would
seem to be a little too small. :

For a road of somewhat heavier construction and traffic and
operated at high speed the following data may be assumed;
items which are the same as in preceding case are not repeated.

Double track................. four 80-Ib. T rails

Mean current in track......... 800 amperes
ljointbond.................. 0.19 per 1000 cir. mils
Applying same................ 0.057c. “ “ “

(based on 12c. per bond)
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Scrap valueof bond........... 0.056c. ¢
Net costof bond.............. 0.203c. .
Annual cost of bond @ 15%,....0.0304c. “ “
Annual (7300 hours) loss in bond 3.387 kw-hr. per 1000 cir. mils

Cost of same @ 2¢............ $67.76

.000304 _ 67.76 x1000
1000 cir. mils

cir. mils = 472 000

This case is fairly comparable with the Aurora, Elgin, and
Chicago Railway which is bonded with two 250 000 cir. mils bonds
per joint.

If this method indicates 2 cross-section of bonding varying
greatly from a multiple of the typical bond selected, a second
approximation will be necessary, as the cost of bonding will
not vary with the cross-section unless the unit size is practically
adhered to. In a more precise solution the square root of
the mean square of the current should be used instead of the
mean current. It would be interesting to compare the results
obtained by this method carefully carried out, with those
obtained by the summation of annual cost and annual loss
curves covering all the elements of the conducting circuit in
the above typical cases. The brief time at the writer’s com-
mand does not permit of his doing this at present.
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DiscussioN oN ‘“SoMeE NoTes oN TrACck BonDING.”

C. W. Ricker: The cost of applying bonds, which I have
given, may be criticized as unduly low ; it is intentionally
very close, but it is attainable with compressed or expanded
terminal bonds. The use of reliable hydraulic compressors
might reduce the figures a little, but the amount would not
be great, as the copper must be compressed rather slowly and
the hydraulic machines are heavy and difficult to handle, so
that the net saving of labor cost would be probably small,
though the quality of work might be improved by their use.

The expression for the economical cross-section of bonding
may be stated conveniently.

annual loss

Sq. m-“"’"\l annual cost_

or the economical cross-section varies inversely as the square
root of the annual cost. - In the first case considered the net
cost per 1000 sq. cm. of bond was 23 cents of which 9 cents
was for application, about 0.4 of the whole (based on cost
of application of 20 cents per bond). It is evident that any
considerable increase in the cost per 1000 sq. cm. of applying
bonds will radically decrease the economic section of the same.
In this case increasing the cost of application 50 per cent.
will decrease the economical cross section 10.4 per cent., and
doubling the cost of application will decrease the economical
cross section 19 per cent. This is worthy of attention in view
of the increased cost of application of various soldered bonds,
for which lower contact resistance is claimed. Unless a con-
siderably greater saving is made than the 8 per cent. herein
allowed for contact resistance of compressed terminal bonds,
which seems also to accord with the results of tests by Mr.
W. C. Burton, the greater cost of soldering to the rails would
seem a rather doubtful investment. )

H. A. LArDNER: The trouble in securing a suitable bond is
largely due to the difficulty of obtaining a permanently good
contact between the bond terminal and the rail, and the speaker
believes that this is primarily due to the difficulties under which
bonds are usually installed. Therefore, some radically new
methods of bonding should be devised. The question of a
proper weld between the bond strip and the terminal has been
worked out, and the market contains plenty of good bonds,
so far as this feature goes.

The attainment of .a low contact resistance between the
terminal and the rail depends so largely on the individual
applying the bond that even with the best supervision we
cannot be certain that a low resistance contact will be per-
manently secured. Undoubtedly all rails should be drilled, or
at least reamed on the work, and it is a question whether or
not the bond terminals themselves should not actually be
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machined so as to present an accurate fit. If this is done, less
expanding will be necessary. If the fit is not very close, the
bond must be expanded to such an extent that the copper
becomes hard and does not actually fill the hole. Such bonds
when removed after a period show a very small percentage
of the surface actually in contact with the rail itself.

Owing to the many difficulties experienced in placing ex-
panded terminal bonds, it is likely that in the end thev must
be supplanted by some form which will obviate this difficulty.
This is especially true in the case of heavy traction, where the
bonds must be installed under the plates of an existing track.
The placing of bonds under these conditions becomes very
serious, owing to the lack of proper time for drilling the holes
in the rails and for installing the bonds with all the care and
attention that is demanded. It is also a matter of great ex-
pense, especially where lock-nuts or some of the special forms
of bolts are used for keeping the joints tight; in such cases it usu-
ally means throwing away the old bolt§ and providing new ones.
The difficulty in maintaining bonds located under the splice-
bars is also very serious for the same reasons, especially on
steam railroad tracks where the train service is frequent.

The speaker feels, therefore, that eventually we must look
for relief to some form of bond which can be more readily in-
spected than the expanded terminal bond commonly placed under-
neath the splice-bars. The usual form of long bond extending
around the splice-bar is expensive, its resistance is great, and
the bond is easily stolen. It is to be hoped that some form of
bond can be devised to utilize splice-bars with short flexible
. connections between them and the rails.

A. A. Knupson: In Brooklyn last fall I saw the application
of a method of bondiag which has not been referred to in the
paper. I believe this method has features equal in 1mportance
to any of those mentioned by the author.

Briefly, it consists of two steel bars electrically welded to
the web of the rail, one upon each side. Heat is applied by
electricity at three points, one near each end of the bars and
one at the center. When the metal is brought to a welding
heat, hydraulic pressure is then applied.!

In reference to electrolysis the author says:

“In the special case of elevated railways using steel struc-
tures, the metal of the latter has been used to excellent advan-
tage though this presents some peculiar problems in bonding,
and a serious risk of electrolysis of anchor bolts.”

In my opinion, there should not, except in special cases,
be much concern on this point, as the large masses of metal
composing the structure would, as a conductor, very largely

1. This method originated with Professor Elihu Thomson and has
passed through several stages of improvements. Details may be found
in an illustrated article in the Street Ratlway Journal, Sept. 12, 1903.
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exceed that of underground mains, and therefore but little if any
current would be diverted to them. There may be some cases
where such damage will prevail, but probably there will not
be any general corrosion of anchor bolts as seems to be in-
ferred in the paper.

The author has considered the various points bearing on
the subject in a very fair way, the defects as well as advan-
tages of the many styles of rail bonds mentioned being explained.

Wu. PEsTELL: I have had occasion during the last few years,
in construction and reconstruction of electric railways, to ob-
serve several kinds of bonds applied under different condi-
tions. I have noted the extent of corrosion at terminals
under various conditions. The compressed or expanded ter-
minal bond in a track exposed to moisture and street con-
ditions, as in street railway service where T-and girder-rails
are laid in a roadway surrounded by paving or macadam,
deteriorates more rapidly than where the track is on private
right of way, the bonds in the latter case not being exposed
to the action of moisture to so great an extent as when buried
in the ground. Bonds that have been recently tested and
shown to be of good conductivity indicate a great deteriora-
tion, sometimes as much as 509, of the original conductivity
after the falling of trolley wire and consequent passage
of an excessive amount of current through them. I have
also noted in taking out some of the earlier types of the
bonds, particularly in New England, where the steel terminal
riveted bond was used, that after being in service for 12 or 14
vears the terminals seemed to be as clean and bright as when
first applied, the only corrosion being between the copper
wire and the terminal. This was also the case with the so-
called West-End or Brown bond used in and about Boston,
Mass. This bond consists of a tapered steel sleeve, through
which is soldered the copper wire, the steel being expanded
in a hole in the rail. These bonds are usually in good con-
dition, and show practically no corrosion between the steel
terminals and the rail.

CALvERT TOWNLEY: A mathematical expression for the most
economical bond should take into account the effect of increased
bonding in reducing electrolysis. The greater the capacity
of the bond, and the consequent greater conductivity of track,
the smaller would be the tendency for current to seek a channel
through water pipes. This factor makes a general math-
ematical expression difficult, because in a locality having nu-
merous water pipes the value of minimizing the chances of elec-
trolysis will be much greater than in cross-country running
where there are no water pipes.

RarpH D. MErsHON: [ would like to ask Mr. Ricker whether
he has any data regarding the contact resistance itself in rela-

tion to the resistance of the bond. On page 91, eight per cent.
is allowed for terminals, which presumably applies to the con-
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tact resistance. The question of contact resistance would
seem to be a very important factor in any economical calculations
such as have been made. Instead of basing his calculations
on the centimeter cross-section of the bond perhaps he ought to
take account of the resistance'of contact as well; in other words,
with the same sq. cm. of bond, better results might be obtained
with two, three, or four bonds than with a lesser number.

H. A. LaronNer: I have had some experience in trying to
measure the contact resistance of new bonds, with the result
that if the joint resistance shows the bond to be pro-
perly applied, the actual contact resistance will be so small
that it is impossible to measure it. The usual method of meas-
uring the contact resistance of the bond is to determine the fall
of pressure from some point on the rail to some point on the
bond terminal. Of necessity, this measurement includes not
only the contact but a small portion of the rail and a small
portion of the bond, so that even if a reading on the milli-
voltmeter is obtained it is not possible to say definitely that
it represents the resistance of the contact. In a large nun.ber
of tests with from 200 to 300 amperes passing through the rail
and bond it is generally possible to get the contact points
so near together that the difference in pressure can not be
read on a sensitive milli-voltmeter. The above results apply
to new bonds. If the contact resistance is measurable, 1t
generally indicates that the contact is bad and would probably
grow worse if left in place.

C. W. Ricker: In several cases where I have tried to learn
the probable contact resistance of compressed or expanded
terminal bonds by measuring the resistance of a definite length
of rail in the track and subtracting therefrom the resistance
of the rail and that of a length of copper equal to the aggregate
length of the bonds, measured between centres of terminals,
the average resistance per contact of 0000 bonds with 0.875-
inch terminals, in good condition, was that of about 0.5 inch
of the bond. In Foster’s Pocket Book, Mr. W. C. Burton is
quoted as saying that tests show an average resistance of 0.375-
inch of the bond per contact. My measurements were all
made in the course of work on track that was in service, and
often they could not be made as complete as might be wished.
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LINE CONSTRUCTION FOR HIGH-PRESSURE ELECTRIC
RAILROADS.

BY GEORGE A. DAMON.

The single-phase high-pressure trolley has arrived and evi-
dently has come to stay. The advantages gained by delivering
energy directly to a car without the necessity of an investment
in synchronous converters and heavy feeders has long been recog-
nized. That it is entirely practicable to take current from a
high-pressure conductor by means of a moving contact has
been fully demonstrated. It has required some time to show
that there is a field for a single-phase traction motor sufficiently
promising to justify its commercial development, but a number
of motors of this type are now upon the market and within
the last few weeks have been put in actual every-day operation.

To get the full benefit of the new system, it is desirable to
carry as high a pressure as practicable on the trolley wire.
It is apparent at once that the methods of installation which
have become standard with the 500-volt system are inadequate
for the new conditions. Severa] methods of supporting the
high-pressure trolley wire have already been developed, and
now the time has come to standardize the pressure and the
location of the current conductor, as well as the method of
current collection in order to provide for an interchange of
equipment.

It is the object of this paper to present a brief record of
what has already been accomplished in line construction, and
to examine the requirements and difficulties of installation in
order to obtain permanent insulation at reasonable cost, safety
to the public, and reliability in service. It is important that
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a discussion be developed at this time which will at least in-
dicate the tendency of the developments which are taking
place. In order to allow an opportunity for the presentation
of the details and advantages of certain systems which are
being perfected by others, this paper is purposely left incomplete
in certain parts.

THREE CLASSES OF CONSTRUCTION.

The successful use of a single high-pressure trolley wire will
have a marked stimulus upon three distinct branches of the
electric railroad art:

1. Moderate speed and inexpensively equipped electric lines
for country districts.

2. High-speed interurban roads for service between large
centers of population.

3. Electrification of steam railroads.

This will leave the city systems-with their suburban exten-
sions to be served, for the present, by the direct-cur-
rent motor. In studying the methods of line construction, it
will be desirable, to keep in mind that each of the three
classes of roads indicated will have its own individual
problems and requirements.

For moderate speed lines in the country districts, the full
benefit of the high-pressure system will be obtained only when
the first cost of such a road has been reduced to a minimum,
consistent with good work. A study of the map, Fig. 1, which
shows the electric railway situation in the middle Western
States, will emphasize this point. It will be seen that nearly
all the territory which promises even a fair return on the in-
vestment has been preempted and that some roads are even
now being built where there may be some doubt as to their
being able to stand the fixed charges resulting from the cost
of the illogical synchronous converter sub-station system.
There are still left whole sections of rich productive agricultural
districts which will remain unserved by a trolley road until a
system has been developed which is so simple in its requirements
that it can be built and equipped complete for less than $15 000
per mile, and operated on a basis equally economical. This
class of installation means a trolley pressure as high as pos-
sible, as well as .transformer sub-stations operating without
attendance and working in parallel from one transmission line.

For high-speed interurban roads the high-pressure trolley
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opens up new possibilities. Heavier cars with more powerfuf
motor equipments can now be operated at high speeds between
cities without prohibitive first cost. *‘ Limited ™ electric train
service with speed schedules of 60 miles an hour from the heart
of one city to another will soon be in vogue, and without the
necessity of changing from third rail to trolley in passing from
private right of way at corporate limits. Roads of this char-
acter, with their better earning capacity, can afford such refine-
ments in line construction as a sectionalized trolley, individual
transmission lines to each sub-station, and separate pole lines
for the trolley and the transmission systems.

The electrification of steam roads will present a different set
of conditions. Here the steam locomotive will share the tracks
with its electric successor for some time, and will do all it can
with its acid-charged gases to destroy the handiwork of the
electrical engineer. This will make the installation of a contact
wire anywhere except at the side of the track a doubtful propo-
sition, and thus calls attention more strongly to the statement
that line-construction problems must be divided into classes.

LiNeEs ALREADY BuUILT.

It will be instructive to examine the details of construction
of several high-pressure trolley lines already in operation.
There are details available of three installations in Europe —
Valtellina, Spindersfeld, and the Huber system. There are
several other lines building in Europe, but either the details
of the line work have not been disclosed or the systems adopted
are similar to the ones described.

In this country the overhead equipment of the Lansing, St.
Johns & St. Louis Electric Railway, the Indianapolis and Cin-
cinnati Traction Co., and the Bloomington, Pontiac & Joliet
Electric Railroad will present types, leaving the interesting
work which has been done near Schenectady and at Pittsburg
to be described and discussed by others.

Valtellina, Figs. 2 to 7. This is really a three-phase road having
two trolleys, but the line construction could easily be adapted for a
single trolley. The line is 66 miles long, with three branches; is
located near Milan, Italy, and has been in operation since Sep-
tember, 1902. The trolley pressure is 3000 volts at 15 cycles.
The transmission line, at 20 000 volts, is carried on the trolley
poles. The contact wires are fixed at a height of 20 feet in open
stretches and at 16 feet in tunnels. The trolley wires are hard-
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drawn copper wires of 8-mm. diameter, and the span wires consist
of galvanized steel wires of 5-mm. diameter. The span wires which
hold the trolley wires, after the usual suspension method, are
attached to the poles by means of porcelain insulators of a

Orocke? ch,oaf
Fic. 3.

special type. The contact wire is suspended by ambroin in-
sulators consisting of a cast-iron bell holding a steel bolt im-
bedded in ambroin and having a mechanical clip at its lower
end. The insulators are tested to 10 000 volts.
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On tangents and on curves with a radius greater than 3000
feet, single-bracket poles are used; on curves the contact wires
are suspended on double poles with span construction. At

! |-—:p—+_ — &:10% I

I 08§’

Two Armm Sepport
Fic. 4.

stations double-bracket poles are used. A peculiar detail is a

circlet of iron with protruding spikes to prevent people from
climbing the poles.

2

Porcelon Insviotor Sigh Tonsien lnsvieter
Fi6. 5. Fic. 6.

The current collector consists of a roller of electrolytic copper
of 3.125 in. diameter and 2 ft. 1.625 in. long. The cur-
rent is taken from the roller by contacts rubbing on both ends
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of the roller. One break of the contact wire on this line
is reported, the wire falling on the roof of the car, which was
thoroughly grounded and thus no harm was done.
Spindersfeld, Fig. 8. Thisis a single-phase experimental elec-
tric line installed on the State Railroad near Berlin. The line is
three miles long; it was put in operation in June, 1903. The
trolley pressure is 6000 volts at 25 cycles. The trolley wire is
hung from two steel catenary wires with suspensions every
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Pic. 7.

10 ft. The steel wires also act as current conductors.

The copper wire is of 8-mm. diameter; this seems to be the
standard size on foreign roads. This wire is slightly smaller
than No. 0 B. & S. gauge. The contact device is a sliding
bow. On parts of the line a single catenary suspension is used,
the double catenary being a later development, having been
adopted to insure greater safety and to increase the lateral
rigidity of the conductor. The catenary wires are attached
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by short rubber chains to a bar mounted on two insulators
and fastened to the bracket arms by means of special clamps.

Underneath the bridle wire there is an earthed bar, so ar-
ranged that a break in the line or in the catenaries will cause a
contact to be made with the live conductor, grounding the
system and throwing a circuit-breaker and thus protecting the
line.

All telegraph, telephone, and other wires passing over the
trolley, are protected by a wire cage which completely sur-
rounds them in order to prevent any possibility of their coming
in contact with the high-pressure railroad conductors.

e

N AN

Detwi/ Cohnﬂyd‘mfn«:}m
Sflnyiﬂﬁlﬁ Lirre.
Frc. 8.

Huber System, Figs. 9to 17. An experimental line has been built
by the Oerlikon Machine Works after the plans of E. Huber, tech-
nical director of the Company. The line uses a single-phase
current at 14 000 volts directly on the conductor wire. The cur-
rent-collecting device is of novel design; it consists of a curved
metallic stem with its convex surface bearing lightly on the top
of the current-carrying conductor. Normally the wire is located
at the side of the car, but in passing through a tunnel or under
an over-head crossing, the wire can be brought over the center
of the track. The collecting stem has a rotary motion in a plane
perpendicular to the track; the position of the stem at any
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time is regulated automatically by the location of the overhead
conductor wire. Figs. 9 to 17 indicate diagrammatically the
various relative positions of the collecting device and the wire.

In making contact with the wire when over the car the col-
lector arm rubs beneath the wire, but this is only done in tunnels
and in other contracted spaces. The current collector is mount-

\i = /’_..Q.—.T:\\\
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ed on porcelain insulators and the light arm is held in place
in such a way that it can readily he removed and renewed.
The entire device is further mounted on a.parallel link motion,
which is controlled automatically so as to shift the center of
rotation of the contact stem when required.

The side wire is carried in mechanical clips held in place on
the top of the poles by special porcelain insulators made large
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enough to stand a test of 30 000 volts. The entire line has
withstood a test of 16 000 volts. The average height of the
contact wire alongside of the track is 15 ft., and inside tunnels

Fic. 11.°

16.5 ft. The distance between supports is about 100 ft.
The Huber system is being installed upon the Seebach-
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Wettigen line, where its operation will be watched with more
than ordinary interest.

Swedish State Railroad. It is instructive to note that upon
the experimental line authorized by the government of Sweden,.

l

1
ll!

Fic. 15.
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and now building, a pressure on the contact wire of 6000
volts at 25 cycles will be used.
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Lansing, St. John's & St. Louis El. Ry., Figs. 18 & 19. This was
the first single-phase electric road to be built. It rums
20 miles north from Lansing, Michigan. The line was
the scene of the pioneer single-phase work done by Bion ]J.
Arnold in 1900-1904. The line has been operated with a pres-
sure of 6000 volts on the trolley wire. The general method
of suspending the trolley wire followed in direct-current work
was adopted for this line, but the usual hanger was replaced
with a large special insulator of annealed glass, tested to 30 000

§ ot

—_ 7
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— e-af

Fic. 18.

volts. This special hanger was held in place on a flexible cross
wire suspended between malleable-iron brackets attached to a
wooden cross-arm. It was originally intended to stagger the
wire supports and use a bow collector, but the experiments
were finally conducted with the use of an ordinary trolley
wheel. This wheecl would at times slip off the wire, and the
breaking of the glass hanger insulators from this cause soon
demounstrated that this form of suspension was .not adapted
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for places when there was any probability of an ordinary trolley
wheel being used.

This line proved, however, that the use of trolley pressures
as high as 6000 volts were entirely ‘practicable; and the atten-
tion which was attracted to single-phase possibilities by the early

Owteils l overkvod conetruction
L oasi Mn&xb\m’-f’

F1c. 19.

work done at Lansing had a marked influence in creating the
demand for the general development of high-pressure railroad
systems.

Bloomington, Pontiac & Joliet Electric Ratlway. Figs. 20 to 24.
" This line will be 90 miles long, connecting Bloomington and Joliet,



112 DAMON: LINE CONSTRUCTION. [Mar. 24

Illinois. A section of the line was put in operation February, 1905.
The trolley pressure is 3300 volts, and the wires are held in place
by catenary construction. Owing to Jocal conditions, such as
turnouts, there are two No. 00 grooved trolleys over each
track, each hung from a 0.375-in. galvanized steel cable. The
poles are so placed that eventually they will be in the center
between a double track. The brackets holding the catenary
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insulators are made of Washington fir, with a wooden brace
underneath. The insulators are cemented on iron pins.

The trolley wires are suspended from the steel cat.naries by
means of special mechanical clips attached to the wires every
11 feet. In Pontiac iron poles are used and a special insulator
has been designed for the support of the cross-suspension wire.
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Above the trolley in city streets a lighter catenary construction
is placed for protection in case the trolley wire should break; but

most of the strain is carried by the regular cross-suspension

le hron Fin

Fic. 21.
Indianapolis and Cincinnati Traction Co. This is a high-

speed interurban line, 41 miles of which are practically finished.
Sixteen miles were put into service January, 1905. The trolley
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pressure is 3300 volts. The catenary form of suspension is
used with one 0.4375-in. steel messenger wire supported every
100 ft. by large flat insulators held on an iron bracket. The
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copper trolley wire is No. 000 B. & S. gauge and is carried eight
inches under the messenger cable. The trolley is supported
every 10 ft. by means of special steel clamps in such a manner
that the wire is held very nearly at a perfect level. Over the
center of the track and 18 ft. above the rail.

The transmission line pressure is 33 000 volts; a separate
pair of wires connects the power-house with each sub-station.
The trolley pole-line and the transmission pole-line are sep-
arate, the former being at one side of the right of way. The

Insvloh

-.l Dutoi! of strow insilovor .nﬁﬂvf.
Fic. 24,

iron brackets holding the catenary insulators are made of
angle-iron with a loop at the outside; this will allow for con-
siderable adjustment in the position of the insulator. It is
the intention to stagger the position of the catenary supports
and thus produce a horizontal wave in the trolley line, which
will distribute the wear on the bow collector, eventually to be
used on this line. :
REQUIREMENTS OF INSTALLATION.

Bearing in mind the distinct requirements of the three classes
of roads already referred to, the problem of line construction
may be discussed under the following heads:
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1. Pressure and Insulation;

2. Location of Conductor;

3. Requirements for Safety and Stability.

As an entire paper might be devoted to any one of these
subjects, there is offered an opportunity for considerable dis-
cussion.

Pressure and Insulation.—The single-phase lines now in opera-
tion in this country have 3300-volt trolleys, and several lines
under construction have also decided to use this pressure.
From present appearances, therefore, 3300 volts is to be the
standard for interurban lines. It would be well, however,
to consider just at this time whether it would not be advisable
to use a trolley pressure of 6000 volts. From an operating
standpoint there seems to be no reason why this higher pres-
sure is not just as practicable as a lower one; and to get the full
benefit of all the advantages inherent with the high-tension sys-
tem the higher pressure should be adopted.

Even if a few of the first roads are built with a 3300-volt
trolley, there is no reason why, with the catenary suspension,
the insulation provided should not be capable of standing a
working test of 6000 volts, so that when the time comes to
double the pressure, the expense of the change will be a minimum.

For steam-railroad conditions, the larger amount of energy
required indicates that a pressure of at least 15 000 volts will
probably be desirable. Just where to strike a balance between
the cost of copper and the cost of insulation for steam-road
work is a problem which should be carefully worked out; but
there seems to be no reason at this time why pressures of over
10 000 volts for steam-road electrification should not be considered.

The so-called catenary form of suspension affords so convenient
amethod of insulation that it should become standard practice for
interurban electric lines. When selecting an insulator for this
construction, mechanical strength should be the first consid-
eration, and a few cents more spent on the insulator will insure
an abundance of insulating qualities. As far as insulation is
concerned, there is no reason why the catenary construction
could not be operated at more than 30 000 volts, if desired.
For pull-offs and cross suspensions to iron poles special porcelain
insulators are being designed and used with success.

It has long been admitted that dry wood is one of the best
insulators. The convenience with which a wooden rod fitted
with suitable terminals can be worked into an overhead con-
~ struction will commend this form of insulation. Impregnated
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with an insulating compound, and of sufficient length to with-
stand high pressure tests, the long wooden insulator is appli-
cable to the insulation of guy wires, anchors, and cross suspension
wires. Its use in actual practice will be watched with interest.

The use of a wooden bracket to hold the insulator for support-
ing the catenary will probably appeal to some as a step back-
ward. As far as looks are concerned, however, it may be said
that a wooden bracket of a section 3.5 by 5 in. presents an
appearance fully as attractive as the ordinary cedar pole to
which it is attached; and that a double-track road with a line
of center poles equipped with wooden brackets will be much
less offensive from an asthetic point of view than a double
row of side suspension poles raked outward in the usual fashion.

The wooden bracket has an element of safety not possessed
by an iron support, as the insulating properties of the wooden
arm would be useful in the case of the failure of an insulator.
Unless the wooden bracket were wet it would safely hold up a
6000-volt catenary until the line could be repaired.

LocaTioN oFP CoNDUCTOR AND COLLECTOR SYSTEMS.

For moderate-speed roads the natural tendency will be to
have the trolley wire where it has proved to be so thoroughly
satisfactory; that is, over the center of the track, and to con-
tinue to use the present trolley-harp and wheel. For speeds
not exceeding 40 to 50 miles an hour at trolley pressures up to
3300 volts this arrangement will work satisfactorily.

For high-speed electric lines there’ will be little objection to
the conductor wire remaining over the track, provided it is
properly suspended; but the danger of the ordinary trolley
wheel jumping off the wire at high speeds will, no doubt, sug-
gest the use of some form of collector other than the wheel.
The bow, the roller, and the shoe will each find advocates until
more experience has been obtained and the results are reported
and discussed.

Special cases will arise such as the installation of a high-
pressure conductor wire over a road already equipped with a
direct-current trolley, as was the case with the Ballston, N. Y.,
road. In such an event the catenary construction can be
very nicely adapted to suspending the wire at the side of the
track. This location could be advocated for an entirely new
instdllation on the grounds of cheaper first cost and some addi-
tional safety in case the wire should break and fall, but both
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these arguments lack sufficient weight to establish the wire
in the side position as standard practice.

For steam-road conditions considerable objection may be
found to locating the conductor wire over the center of the
track: the danger to trainmen standing on top of the cars;
the fouling of the conductor; the deterioration of the insula-
tion, and the destruction of the wire and supporting cables by
the gases of locomotives which may jointly occupy the tracks;
the blocking of traffic when it is necessary .to repair a
broken wire— all these are serious drawbacks to this location
of the conductor for heavy railroad practice. To avoid the
deleterious effect of the locomotive gases it would seem to be
imperative to place the contact wire at one side and as low as
possible consistent with general safety. The advisability of
installing an independent and duplicate system of conductors
is also to be considered for Jines of importance; this can be done
only by putting the wires on opposite sides of the track.

The Huber system appears to have been carefully worked out,
and at the present time is the best suggestion for a solution of
the line problems in connection with the electrification of steam
roads. There is one serious objection to the arrangement,
but this can be overcome. The contact wire carried from pole-
top to pole-top is liable to break, and some form of support
should be devised to prevent the broken ends falling to the
ground. A double-catenary suspension system with one wire
carried on an insulator at each end of a cross-arm attached
to the pole, say a foot from the top, could be provided, and
the contact wire could be supported from the apex of triangular
supports attached to the two catenary wires. This method
would offer advantages over any system of guard-wires or cradles
which might be devised to catch the broken wire, as it would
require three wires to be broken before any part of the system
could fall to the ground.

REQUIREMENTS FOR SAFETY.

Frequent Supports. Whatever method of construction is
followed, every precaution should be adopted to prevent acci-
dents to the public or employees from the loose ends of a broken
live wire. Suspensions or supports properly installed every 10
to 15 ft. will lessen this danger. '

With bracket construction having poles about 100 ft.
apart, there will be no need of a double-catenary suspension
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for the wire which is to be used with an under-running collector.

" In such a case, the double suspension would mean twice as many
insulators as would be required with the single catenary, thus
decreasing the insulation resistance and increasing the chances
for trouble. With what is known as the ‘‘ tower '’ method of
construction—using long spans—the double catenary, spreading
at the points of insulated supports and converging
at the center of the span, will be found desirable. The neces-
sity of keeping the wire from swaying will justify the double
catenary in this case, and the fact that the number of points
of support is reduced by using long spans will more than
balance the use of two insulators at each support.

The frequent clips holding the contact wire are not only
advantageous from the standpoint of additional safety, but
they contribute to the permanency of the construction by keep-
ing the wire almost perfectly horizontal at all temperatures,
and thus avoiding the bending of the wire up and down at the
support points every time the collector passes. The only dis-
advantage to clips holding the wire every few feet is the tendency
for the trolley wheel to spark at these points. This is not
a serious objection if a coliector similar to the bow device is
used, in which case there will be no interference between the
collector surface and the mechanical clips.

Protection from Sleet. In a hard sleet-storm every attach-
ment connected to the wire will naturally be the cause of addi-
tional trouble. The arcs due to a coating of ice between the
wire and the collector will be much more vicious at 6000 to
15 000 volts than at 500 velts, but there is no occasion to be-
come alarmed at the possible danger from this source. In this
country one of the high-pressure lines using a trolley wheel
on a 3300-volt wire has already passed through a hard siege
of sleet; and though the sparking was spectacular, very little
damage was done. The frequent trolley supports, however,
added considerably to the sparking. '

Greased trolley wires are sometimes used to prevent the
trouble caused by sleet; it would be interesting to learn the
experience of members of the INsTITUTE with this device. Itis
well known that the grease finish of an aluminum wire pre-
vents the collection of sleet upon the wire, and it may be pos-

“sible that a coating of grease on the high-pressure conductor
wire would entirely obviate this trouble. It is evident that
with a collector taking the current by means of a contact made
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on the top of the wire, as in the Huber system, the trouble
from sleet would be a minimum. In sleet storms in
which icicles are formed and hang from the wire, a top-
bearing collector would have every advantage, but when
the sleet freezes equally all round the wire the lighter pressure
of the top-bearing contact might put the Huber collector at a
disadvantage.

Transmission Lines. The transmission lines from the power-
plant to the sub-stations will be at a higher pressure than the
trolley pressure, and will therefore require careful treatment.
For a road which is to be built economically, a single set of
transmission wires serving all of the static transformer stations
in parallel will be sufficient. These transmission wires will
ordinarily be carried on the tops of the same poles which sup-
port the trolley bracket.

The next refinement would be to have a separate set of trans-
mission lines from the power-house to each sub-station, making
it possible to put the overload protective devices on the central-
station switchboard and thus eliminate the sub-station attend-
ance. With this multiplicity of wires and consequent higher
first cost adopted, it is but one step farther to separate entirely
the two systems and to install two pole lines on the same right
of way; where the electric ioad is of the high-speed class
this should be done.

To be consistent, however, in insuring safety to the public,
it would be well to advocate as standard practice the plan of
carrying the high-pressure transmission lines entirely around
small towns and cities instead of through them. If the trans-
mission lines are too dangerous to be carried on the railroad
company's trolley poles, then there is more. danger in carrying
them along the streets and over the network of telephone wires
inside the corporate limits. The problem of the proper regula-
tion for this situation is one that will shortly have to be faced.

The first investment in the transmission line, the cost of
maintenance, and the loss by leakage—all these can be cut in
half by thoroughly grounding one side of the single-phase trans-
mission line so as to use the earth as one leg of the circuit. An
actual trial of this suggestion to further simplify the distribu-
tion system is under contemplation, and no doubt will furnish
valuable information as to its effect on telephone and tele-
graph lines as well as data in connection with the resistance
of the earth with alternating currents.
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Grounded (uard Wires. Where the transmission lines pass
over other wires, there should be a cradle of grounded wires
to prevent a broken transmission line from coming in contact
with a foreign wire. This cradle will be of little use unless it
is of ample dimensions. Some effort has been made on Euro-
pean roads so to install grounded wires that the breaking of
a conductor would at once cause the live end of the wire to
make a contact with the grounded guard-wire, but in two cases
which have come to notice the grounded guard-wire caused
more trouble than it eliminated; for this reason it was soon
abandoned.

In order to encourage the discussion of the unsettled .
features of line construction for high-pressure electric railroads,
the following are offered as

GENERAL CONCLUSIONS.

1. There are no reasons why the standard pressures of the
conductor wire for interurban electric lines should not be at
least 6000 volts; this is suggested as a standard in order to
provide for interchange of equipment. ’

2. For the electrification of steam roads a pressure of about
15 000 volts on the conductor wire is desirable.

3. For electric interurban lines, the present tendency is
toward the catenary form of suspension, with the trolley over
the center of the track. A connection should be made about
every 10 ft., between the steel catenary wire and the trolley
wire. :

4. For steam-railroad conditions a contact wire at the side
of the track appears to offer the greatest advantages. Some
form of construction should be adopted, however, to prevent
the falling of the conductor in case it should break.

5. A successful bow collector for interurban work and a
contact arm for steam-road jnstallations similar to that in use
by the Huber system would allow the location of the contact
wire to be standardized.

6. A trolley wire 20 ft. above the center of the track is
suggested for interurban roads. For steam-road electrification
the height of the contact wire at the side of the track could be

made standard at 16 ft.
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HIGH-PRESSURE LINE CONSTRUCTION FOR ALTER-
NATING-CURRENT RAILWAYS.

BY THEODORE VARNEY.

The chief advantage to be derived from the direct applica-
tion of the alternating current to railway service is in the use
of high trolley-pressures. Having a successful alternating-
current motor, the remaining problem of greatest importance
is the method of supplying current to the car. The third
rail, which is largely used in heavy railway work, is obviously
unsuited for carrying 3000, 6000, or 10 000 volts on the score
of insulation and of safety. Moreover, the third-rail construc-
tion, whatever be the pressure, is not suitable for terminal
vards in which there are many tracks and in which de-
railments are not unusual. A smash-up would be almost
certain to result in tying up the system.

Of the varidus methods of current supply heretofore em-
ployed the overhead conductor is believed to be the only one
capable of development into safe or permanent operation with
trolley pressures running up into thousands of volts. The pres-
ent paper will describe some preliminary work which has been
carried out on a practical scale with overhead conductors.
In laying out a suitable overhead high-pressure alternating-
current system, it was decided to make a radical departure
from the present methods of construction wherein the insula-
tion is made only good enough and the supporting structure
only strong enough to keep the cars running by the aid of an
efficient repair department. It was rather the aim to obtain
a system which would be serviceable and reliable for several
thousand volts and which when once in place would at least
equal in durability and cost of maintenance the bridges, track,
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and other portions of a standard railroad. While the exacting
conditions and heavy traffic of the present steam roads will
require for successful operation by electricity a carefully planned
and substantial construction, the lighter interurban roads may
frequently be equipped with a less expensive system.

~ Several classes of construction have been designed; of these
the least expensive type employing bracket arms will be de-
scribed first.

W)

~ L,,.L“t

7\ .
F16. 1.—T-Iron Bracket with Main Insulator and Steady Strain.

. BRACKET-ARM CONSTRUCTION.

This system consists of a single line of wooden poles spaced
well apart and fitted with bracket arms and steel catenary
suspension cable for supporting the trolley wire. The bracket
arm is a T-iron supported by a tension rod at its outer end and
fitted at the inner end with lugs which partly embrace the
pole and to which they are bolted with lag screws. Fig. 1
indicates the construction.

The insulator is of corrugated porcelain, cemented to a
malleable-iron sleeve which in turn is slipped over the bracket




1905.] VARNEY: LINE CONSTRUCTION. 125

arm and held by clamps and set screws. The porcelain insu-
lator has a groove at its center surrounded by a malleable-iron
collar similar to a pipe clamp. This collar has an eye on the
lower side into which the hooks of a clamp which carries the
steel supporting cable or messenger are inserted. Wheel trol-
leys will probably be used to a considerable extent with the
lower pressures. Guard loops are provided to prevent breakage
of the porcelain, in case the trolley should leave the wire under
a bracket. The insulator with its fittings is shown in detail
in Fig. 2.

The guard loops are also of service in temporarily support-
ing the cable while it is being run out and pulled up. The
trolley and messenger are run out together, and the former is
supported from the messenger at occasional points by tem-
porary tie-wires. The tension in the messenger cable is ad-
justed to give the proper sag, and the trolley wire is pulled up
tight enough to take out all kinks and bends. Both trolley
and messenger are then anchored. The messenger is next
clamped to the insulators and the trolley is permanently sup-
ported from the messenger by means of hangers or clips which
are adjusted in length in such a manner as to hold the trolley
horizontally. By this means, the tension in the trolley is slightly
relieved and allowance is made for expansion and contraction.
The hangers are stiff and, being placed only 10 feet apart,
correct any tendency of the grooved trolley wire to twist. This
insures that the smooth lower surface will always be down-
ward, a feature especially necessary when bow or sliding trol-
leys are used. - The short distance between hangers also pre-
vents the end of a broken trolley wire from coming dangerously
near the ground.

The method of supporting the messenger below the bracket
arm enables a tension rod to be attached to the outer end of
the bracket without the necessity of fishing the messenger cable
over the arm and under the brace. The cable and trolley may
be run out along the track and pulled up in place under the
brackets with a minimum amount of labor. Another advantage
in this arrangement is the slightly flexible character of the point
of support of the messenger; this is not sufficient to permit any
considerable vibration of the span as a whole but will allow
any small vibration set up by the trolley to pass on. It has
been noticed in rigidly-supported spans of considerable length
that a tendency exists for waves to be reflected from these fixed
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Fic. 2—Single Catenary, Main Insulator Details.
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points which, when they reach the trolley, lift the wire from it,
thereby causing flashing.

The hanger is illustrated in Fig. 3 and consists of a galvanized
malleable-iron casting made in 10 lengths. It is fitted with
a bolted clamp to take the messenger cable and is secured to
the trolley with screws. At intervals of about 1000 ft. and
upon curves of large radius, a steadying device shown in Fig.
lis used. The pull-off used on sharp curves the method of
anchoring, and the section-break insulator are shown in Pigs.

4.5, 6, 7, and 8.

Yy 4

Fic. 3.—Hanger made’in Ten Lengths.

Fig. 11 illustrates a 120-ft. span and anchor. Fig. 12 rep-
resents an 80-ft. span with steady strains on a slight curve.
Fig. 13 is a view taken from an overhead bridge, showing the
use of steady strains on a moderately sharp curve.

MEASUREMENTS ON SPANS IN SERVICE.

A road five miles in length has been in operation for about
five months, and upon this road several forms of construction
have been installed. One portion has been equipped with
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120-ft. spans with sags of 24 in. in the messenger cable.
Another section has spans of about 96 ft. and sags of about
4 inches. In the latter case both messenger and trolley
wire are tighter than the former. The effects of temperature
upon these two forms of construction are indicated by the
following observations during a period of two months:

Temperature Height of Trolley Wire above Rails

Date. abr. Span No. 1 Span No. 2
120-ft.|Span.

12-22-04 33.8° . 21 ft. 3.4 in. 21 ft. 5.1 in.

12-23-04 52.3° 21 * 20 * 21 ** 3.6 *

1- 4-05 16.0° 21 * 41 ¢ 21 * 55
96 ft.|Span.

12-22-04 . 34.7° 20 ft. 7.0 in. 20 ft. 7.5 in.

12-23-04 52.3° 20 “ 6.8 20 “ 74 “

1- 4-05 14.7° 20 74 " 20 79 °

The greatest temperature variation noted on the [20-ft.
spans was 36.3° fahr., and the corresponding changes in height
at the centers of the spans were 2.1 in. and 1.9 in. re-
spectively. For the 96-ft. spans the temperature variation
was 37.6° and the corresponding changes in height were 0.6
inch and 0.5 in. respectively.

The combined weight of messenger, 000 trolley wire, and
hangers averages one pound per foot which gives a tension in
the messenger cable with 120-ft. span and 24-in. sag of about
900 pounds. The tension with 96-ft. span and 4-in. sag is
about 3500 pounds.

BEST ARRANGEMENT.

For best results with this form of construction both as re-
gards cost and operation, the following arrangement is consid-
ered satisfactory: the spans should be 120 ft. long on straight
track, reducing the length as may be necessary on curves.
The messenger to consist of a 0.4375-in. galvanized Bessemer steel
cable composed of seven strands and having an uitimate strength
of about 6000 pounds. The trolley wire to be 000 grooved
section supported in horizontal position by hangers placed 10
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ft. apart. The messenger cable is to be pulled up to a mini-
mum cold-weather sag of about 11 in., corresponding to a
tension of about 2000 pounds.

Cross-SpaAN CONSTRUCTION.

Por conditions where bracket arms cannot be used, cross-
span work may sometimes be employed. For this purpose the
arrangement indicated in Figs. 9 and 10 has been designed.
The difference between this arrangement and the bracket-arm
construction is the substitution of a 0.4375-in. steel span cable
for the bracket. Other details are practically the same.

Bripge CONSTRUCTION.

For the heavy service requirements of sweam roads having
from two to four tracks, the construction described above is

Fi16. 4.—Single Catenary, Curve Pull-off.

not adequate; a more substantial equipment and one which
will not encroach upon the present standard clearances is
necessary. Obviously, the best form of support to accomplish
this result is a bridge long enough to span all tracks with ample
clearance on the sides and overhead, and stiff enough to carry
all of the overhead conductors without undue vibration. Bridges
of this character are at present in use on many roads to support
semaphores and other signal apparatus.

Fig. 14 illustrates a section 2500 ft. long of a three-track
road, one track of which has been equipped with- the -bridge
construction.” The double catenary systemi is used, each mes-
senger being a 0.4375-in. steel stranded cable. The trolley wire
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Fic. 5.—Curve Pull-off.

Fic, 6.~Anchor Scheme,

] P m— e e e e e e = e pf = om = o = — ——— H
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F16. 8 —Single Catenary, Section-break Insulator.
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is 000 grooved, and the supporting hangers are placed 10 feet
apart. The average total weight per foot supported by each
cable, including its own weight, is 0.91 pounds. The vertical
sag in the first span, which is 230 ft. long, is 2.6 ft., and in

: “”"M

L s
F1c. 9.—Cross-Span Main Line Suspension.

I L

P16. 10.—Cross-Span Suspension and Steady Strain.

the second span, which is 270 ft. long, 3.6 ft., both at 26.6°
fahr. The corresponding tension in the messenger cables is
2300 pounds.

The observed variation in height of trolley wire due to tem-
perature change was as follows:
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|

Fic. 11.—Single Catenary, 120-ft. Span and Anchor.

-

Fic. 12.~Single Catenary, 80-ft. Span with Steady Strain on Curve.
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Height of Trolley Wire above Rails

Tem;)erature
Date. ahr.

Span No. 1 Span No. 2
1-16-05 26.6° 23 ft. 9.1in. 23 ft. 7.1 in.
1-26-05 6.8° 23 * 10.1 “ 23 ' 99 “
2- 205 39.2° 23 * 73 23 ** 43 ¢

Fic. 13.—Single Catenary Curve Showing Use of Steady Strains.
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The maximum temperature variation is 32.4° and the corre-
sponding change in height of trolley wire is 2.8 in. for the
230-ft. span and 5.6 in. for the 270-ft. span.

Fic. 14.—Double Catenary Bridge Construction. i
. L '
Fig. 15 shows an extension of the double catenary construg-
tion supported upon latticed poles, while Fig. 16 representsh
curve of 425-ft. radius. In the latter view the use of double
catenary curve pull-offs is illustrated. i
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: PrOPOSED GENERAL PLAN.
It was first thought advisable to run the ‘messenger cable
over the bridges. Fig. 14 shows this construction. It is neces-
sary, however, to provide an unobstructed view of the signal

Fic. 15.—Double Catenary, Latticed-pole Construction.

apparatus and it is accordingly considered preferable *to make
the bridge high enough to permit the semaphom to be sus-

pended below the truss.
Pig. 17 indicates a signal bridge which has been devised
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for a four-track road carrying beside the semaphores, the four
sets of cables and trolley wires suspended below the truss.’
This construction is a decided advantage in erecting, as the
cable and trolley wire can be run out along the track and lifted
into place. Massive porcelain insulators will be used mounted
on heavy pipe and fitted with collars having soft lead strips
under them. From these the cables will be hung by means of
bolted clamps. By anchoring all cables to the bridges after
being drawn up to a uniform tension, the effect will be to steady

F16. 16.—Double Catenary, Curve with Pull-off.

the bridges. For roads having wide rights of way compara-
tively light bridges steadied with guy cables may be used, but
for most cases a substantial structure similar to those now
used for signal towers will probably be preferable. It will be
noted, however, that owing to the comparatively long intervals
"between signals only a few of the bridges carry semaphores;
the others may be made lighter than the one indicated in Fig. 17.

Spans of 300 ft. for straight tracks appear to be satisfactory,
not being so long as to permit undue vibration in the cables,
and not so short as to require a large number of bridges per mile.
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For the messenger cables 0.625-in. extra-high strength steel
strands are suitable. With a 0000 grooved trolley wire and
hangers spaced 10 ft., the average load per foot on each cable ,
is 1.43 pounds, and with a vertical sag of 2.7 ft. the tension.:
is 6000 pounds. In a rough climate, wind and sleet will at,
times increase this tension; assuming that the tension may be
doubled, a factor of safety of about 3.5 will still remain, as the
breaking strength of the cable is about 40 000 pounds.

For use in localities where milder weather conditions may be
assumed, lower grades of ‘steel may be used having breaking

Pi6. 21.—High-pressure 'rParjltagraph Trolley.

strengths for the same weight per foot of 25000 pounds and
19000 pounds. These latter cables are somewhat easier to
handle and would be sufficiently strong for most conditions.

The sag given above is .taken to be the cold-weather con-
dition and for 100° fah¥’ rise the sag would be about 4.4 ft.,
or a variation. of F.7 ft. In Pig. 17, this allowance is made
in the height of the bridge so that the lowest point of the trolley
wire will be 22 ft. above the track. It is not believed that
the variation will be this much on account of the giving of the
supports and other causes.
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- For curves, the length of span will be decreased; and when
necessary to hold the wire in the center of the track radial
pull-offs will be used, secured to strain insulators. These will
be mounted on latticed poles which in turn will be braced by
guy anchors.

Fi6. 23,

- For sharp curves, the radial pull of all the messenger cables
would be severe, and it is intended to provide at the tangent
points anchor bridges which will have trusses stiff enough in
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the horizontal plane to stand the strain of slacking off the cables
about one half. These anchor bridges will then be held by long
guys running out a considerable distance from the bases of the
hridges and anchored to cross-ties or channel-irons buried in
the ground and concreted. Fig. 18 represents in outline a
500-ft. radius curve.

Several details for the double-catenary construction are
shown in Figs. 19 and 20. All of the metal parts other than

Fic. 23.

the bridges and trolley wire are galvanized, but as a further
protection against depreciation from locomotive fumes period-
ical painting is advisable.

Regarding the efficiency of the insulation employed, it may
be stated that under the snow-clad conditions indicated in
Fig. 15, the 2500 ft. of iron bridge work and five miles of single-
catenary construction showed under test a leakage of one
ampere at 6000 volts.
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o CoNcLUSION. ~ :
- The foregoing describes the actual work which has been car-
ried out with the view of developing a system of overhead con-
ductors for moderate and heavy traction service which will
approach in a far greater degree than heretofore the reliability
and permanency of present steam-railroad equipments.

Aside from the work described above, 40 miles of road using
the single catenary wood-pole construction have been put in
operation in Indiana. This has been in successful running order
‘since the first of this year. Fig. 22 is a view of a portion of
the road showing the track and overhead construction. The
remaining 60 miles of this road will probably be completed
in the near future. The pressure is 3300.

Fig. 23 is of interest in showing the type of air-operated
sliding-bow trolley in use on this road. Another form of trolley
with which satisfactory results have been obtained is shown
-in Fig. 21. Itis also air operated and is insulated for 6000 volts.
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Discussion on “ Line ConNsTRUCTION rOR HIGH-PRESSURE
ELECTRIC RAILROADS,” AND *‘ HiGH-PRESSURE LINE CON-
STRUCTION FOR ALTERNATING-CURRENT RAILwAYS.”

PreEsiDENT LieB: I am sure it is gratifying to all interested
in this class of work to learn from Mr. Varney’s paper the
character of the electrical engineering construction that is
being done in connection with heavy traction on steam rail-
roads, and that it is comparable with the civil and mechanical
engineering construction of railroads, as represented in track
and bridge construction. It would be most unfortunate for
the development of electric traction on our great steam rail-
road systems if the character of construction followed in the
pioneer days of electric traction at comparatively low voltages
were continued in pioneer high-pressure traction work. It
is apparent from the details laid before us that in attempting
to solve the problems of important trunk-line traction, electrical
engineers are alive to the necessity of avoiding anything that
savors of flimsy or cheap construction, and are seeking to devise
equipments based upon such sound engineering principles as.
will ensure safety in operation and permanence under the
strain incident to heavy work.

The papers of Mr. Varney and Mr. Damon are now open for
discussion, and I think they can be profitably discussed together.
The suggestion in connection with protection by guard-wires,
referred to in Mr. Damon’s paper, is a reminder of the danger
that sometimes follows an attempt to add a safeguard to a
system, whereby an element of danger may be introduced even
greater than the trouble which it is desired to guard against.
In one of the earlier installations of the synchronous converter
system, it was important to prevent the high-pressure current
from getting over to the low-pressure system through contzct
between the primary and secondary windings of transformers.
To that end, some of the earlier transformers were equipped
with ground-shields between primary and secondary windings.
In the first two years all the troubles encountered with the sys-
tem as a whole were due to the presence of the ground-shields;
they were an element of danger rather than of protection, as
in the case cited by Mr. Damon.

F. N. WaTerMAN: The papers of the evening have very fully
covered the limited field of actual experience in this kind of
engineering work. But some observations in the way of fur-
ther details and as to the results of use may be worth adding
even if somewhat incomplete.

The longest experience with the problem of conveying energy
at high pressure to a movirg vehicle has been that of the Ganz
Co., which has now extendeu over about five years. This has
all been with three-phase currents at 3000, volts and low fre-

quency, and, therefore, two trolley wires were employed. The

ry trials on the experimental line at Budapest lasted
}or something over a year, and the system has been operated
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in Italy altogether nearly four years, of which two and one-half
years represent actual practical service. The original line
erected at Budapest was practically reproduced at Valtellina,
except for a few minor details.

During the experimental work at Budapest both single- and
double-catenary suspension were tried, the construction being
essentially similar to that used on the Spindersfeld line. The
cross-suspension type, however, was adopted, the system of
double insulators and double supports, shown in Mr. Damon’s
paper, being used. A considerable sag was allowed in span-wires,
and every effort was made to give an elastic and uniform suspen-
sion. The insulators, as installed, are extremely heavy, and
certainly do not aid in securing this result. Dry wood, im-
pregnated, as suggested by Mr. Damon, forms an important
feature both of the old and new construction.

For long spans and at switches an arrangement similar to
that of Fig. 20 of Mr. Damon’s paper is employed, and a very
interesting special type of span-wire construction is also used,
particularly where the trolley wires are lowered to pass under
bridges, and for this reason undue rise and fall with the passage
of the trolley would be objectionable. This consists of a cat-
enary type of cross-suspension connected at intervals by sus-
pension wires with an upwardly arched span-wire, which car-
ries the insulators, thus making a construction that does not
sacrifice the substantial elasticity of the line, but holds it accu-
rately in place, permitting a limited rise and fall with the
passage of the trolley.

During the experimental period some difficulty was éxperi-
enced with the overhead construction, and in one or two cases
the wire broke. But the chief difficulty was encountered in
the tunnels; it was both mechanical and electrical in its nature;
the accumulation of deposits from the steam locomotives con-
tinually running through the tunnels during the experimental
period, and the leakage of tunnel roofs, caused insulation
troubles; while owing to the very small clearance of the tun-
nels, difficulty was experienced in keeping the wire from ground-
ing between supports. This was overcome by shortening the
distance between supports, and weighting the conductors by
clamping small iron rails upon them, which were put on in sec-
tions several feet in length in the same manner as a mechanical
clip.

Although the construction is not by any means heavy, and
the wcrkmanship shows the effect of inexperience on the part
of the linemen, it has successfully withstood the wear and tear
of use, and so far as I have been able to learn is still in place.
In one or two instances at the beginning of the experimental
operation the trolley caught in the suspension-wire, owing to
the improper location of curves and turnouts, the result was to
break some portion of the trolley mechanism, but to leave the
rest of the line unharmed.
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For the latest construction the double-catenary type is used;

no span-wire supports whatever being employed, and two mes-
senger wires serve to carry both contact conductors. The
spacing of the conductors is maintained by wooden insulator-
bars upon which the insulators proper are carried, and to which
supports from the messenger wires are attached. The insu-
lators have been very much lightened by the substitution ot
pressed steel for malleable-iron castings. The messenger wires
are carried on iron girders, spanning the track, and placed 130
ft. apart; the distance between points of attachment to the
wire is 65 ft., there being two supports between girders and
none xmmed;ately under them.

The block-signal system is interconnected directly with the
contact conductors, and the entrance of a train into a section
in face of a danger signal disconnects the section. I was unable
to learn the details of this system. In addition, the con-
ductors within the limits.of the stations, and for a definite
distance on each side, are dead at all times, save when a train
is actually a.pproa.chmg or starting from a station. These
seetions can only be thrown in by the signal operator. It is
customary for express trains to coast over the dead parts of
the conductors with trolleys down, and it is the usual practice
for trains moving at full speed to lower the trolleys at all switches,
excepting such trains as are off schedule and are making up

The feature of double insulation, which is used throughout,
has proved particularly useful in rendering possible the break-
age of a single insulator without causing interference with
traffic until repairs can be effected. This feature, while, of
course, not a novclty, seems particularly worthy of perpetua-
tion in high-tension lines where special liability to mechanical
breakdown exists. The idea of cutting out sections at stations,
and the extension of the same idea carried out on the Spinder-
feld line, of cutting out sections under bridges where the
right_  of way passes under highways, seems also worthy of
consideration, at least for special cases.

The Valtellina system seems to have been free from trouble
with the overhead construction to a remarkable extent, not-
withstanding the fact that two overhead wires are required;
and this fact emphasizes the importance of using a trolley con-
tact-device that cannot get off from the wire and thus either
break insulators or pull down the construction.

The trolley itself is a single apparatus and not two inde-
pendent devices. It requires, however, two separate bases
and poles, the same as if there were two single trolleys.
The outer ends of the two poles are connected by a con-
tinuous bar of impregnated wood, the centre portion of which

for a distance of about eight inches is the full diameter of the
mumg contacts. On either side the diameter is reduced to
receive two contact-cylinders, whxch are slipped over and sup-
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ported on insulated ball-bearings, the current being taken off
by carbon contact-rings at the ends and carried by flexible
jumpers to the trolley poles.

The cross-bar, with its contact-rollers, is flexibly connected
to the ends of the arms by horizontal spiral springs, permitting
simultaneous contact with the two wires even where they are
at widely different heights. The rollers originally used were of
copper, which gave trouble by elongation under the hammering
incident to service, and a resulting binding of the bearings.
Ganz & Co. now send out copper-plated steel rollers, and
claim for them a service of 10 000 km. per roller, or 20 000 km.
per vehicle before replating becomes necessary. The copper
rollers gave a life of 30000 to 40 000 km. per vehicle, but
then had to be entirely renewed. The operating company
prefers bronze, and finds no trouble from elongation.

The trolley poles are supported by spiral springs in tension,
the tension being put on from within the vehicle by compressed
air. With this device the slow-moving trains take 300 amperes
without sparking or burning the wire. The normal speed of
passenger trains is 40 miles per hour, and the maximum cur-
rent that has been taken off at that speed is about 240 amperes,
under which conditions the collectors worked satisfactarily.
The highest speed at which the device has been tested is 62
miles an hour, taking off a current of about 100 amperes. This
test was made without alteration of springs or line construction
and gave entirely satisfactory results. The plan of construc-
tion employed has therefore demonstrated its effectiveness at
moderate speeds in spite of the handicap of the extreme weight
of the insulators.

After two years of use the trolley wires show practically
neither wear nor evidence of burning. Very little sparking is
perceptible at night when running at full speed; but, as would
naturally be expected, such flashing as does occur takes place
at the points of suspension. The type of trolley used seems
therefore to combine the advantages of the wheel- and bow-
forms. It cannot leave the wire, and, as at present constructed,
cannot catch. The rolling contact practically eliminates the
wear on the wire and contact conductors. The only serious
objection to the overhead construction raised by the local
engineer was to the location of the wires over the track, neces-
sitating much of the work being done at night, or else con-
ducted under serious disadvantages. During the entire period
of operation no one has been injured or killed by contact with
the overhead construction, but an engineer of the Ganz Co.
was killed in one of the sub-stations.

The organization for the maintenance of overhead construc-
tion is very interesting. The line is 66 miles long, and for
the purpose of controlling is divided into five sections for each
of which five men are required. Their duties include patrolling
the line and visiting the sub-stations at regular intervals. When
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not otherwise engaged one man is always on duty at the sub-
stations. In general charge of all sections is a superintendent
who reports to the electrical engineer.

The total cost of maintenance of primary and secondary
lines, care, attendance and maintenance of sub-stations, and
patrolling of the line on this plant is about $102.00 per mile,
per annum. This force is not kept fully occupied, but it is
held that no smaller force would be allowable. The engineers
of the operating company, and of the Rete Adriatica, seem to
agree that the exigencies of trunk-line railway service demand
that a sufficient force should be maintained to insure the prompt
resumption of service in case of accident, and that the cost of
maintenance and repairs, and of the supervision of sub-stations
is not determined by the actual labor involved, but by the
necessity for prompt action in emergencies. The difference
in cost of maintenance between a three-phase and a single-phase
line on trunk-line railways is, ‘therefore, according to this view,
simply the difference in the cost of material and hence a neg-
ligibly small aantity. This point of view is interesting, and,
so far as I know, has not been mentioned in just the same form
in this country; but in view of the higher cost of labor here it
is questionable how far the plant could be adopted.

Regarding the Huber system, the practical difficulties are
not fully brought out in the papers of the evening. The contact
device 1tself is carried on a rectangular framework hinged to
the car-roof, and leaning outwardly for contact with the con-
ductors when at the side of the line, but requiring to be moved
inward when the line passes the centre of the track in entering
tunnels and bridges. This movement is not automatic, and
does not follow from mere change of position, but must be caused
by special actuating devices, which must be operated from
within the train, or by means of a contact-rail laid along the
side of the track and operated by a contact-shoe. Any failure
of this auxiliary contact would mean the tearing of the struc-

‘ ture from the roof of the locomotive. The actual contact-
maker is a light brass tube which, as seen on the experimental
line, showed deep cuts, indicating rapid wear from use; and
wherever it showed the effects of wear the damage was con-
siderable. As used on the experimental line last spring, the
device gave the impression of being still in the early experi-
mental stages.
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