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Tue InstrruTe is not, as a body, responsible for the statements
of fact or opinions advanced in papers or discussions at its meet-
ings, and it is understood that papers and discussions should not
include matters relating to pb]itics or purely to trade.

Constitution, Article VII, Sec. 2.
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New York, January 25th, 1899.

The 131st meeting of the InsTiTuTE was held this date at 12
West 31st Street, and was called to order by President Kennelly

at 8 o’clock p. M.

The Secretary announced that at the meeting of the Executive

Committee in t
were elected :

Name. Address,
Dageert, RoyaL BrapForDp Electrical Engineer, Electric
Sto Battery Co., Marquette

Building, Chicago, 111.

Engineer and Manager of the En-
gineering Department of the
American Trading Co., Box 28
Yokohama, Japan.

Chief Engineer, Elevator Depart-
ment, Sprague Electric Co.,
Bloomfield, N. J.; residence,
New York City.

Electrical Engineer, Westing-
house E. & M. Co., Pittsburg,
Pa.

Dyer, Erxxst 1.

HiLL, Geo. HENRY

HiLr, ERNEST RowLAND

LynN, Wa. A, Assistant in Electrical Engineering,
University of California, Berkeley.

Assistant Superintendent, North-
Western Grass Twine Co., P. O.
Box 2518, St. Paul, Minn.

Electrical Laboratorian, Brook-
lyn Navy Yard; residence, 217
Cumberland St., Brooklyn, N. Y.

TrompsoN, ALFRED J. Electrical Engineer and Contrac-
tor, San lgnacio 50, Havana,
Cuba.

Faculty of Applied Science, McGill
University; residénce, 113 Shuter
Street, Montreal, Que.

1

SiupsoN, J. MANLEY

TaompsoN, THos. PERRIN

WisoN, RoBErT M.

Total, 9.

e afternoon, the fullowing associate members

Kodorsed by
Herbert Lloyd.
J. B. Eutz.

H. H. Wait.

C. L. Cory.
J. N. LeConte.
J. A. Lighthipe.

F. J. Sprague.
E. R. é)arichoﬁ.
Louis Duncan.

C. F. Scott.
I.. B. Stillwell.
Harris J. Ryan.

C. L. Cory.
J. N. LeConte.
F. V. T. Lee.

F. A. C. Perrine.
C. A. Carus-Wilson
Ralph W. Pope.

Townsend Wolcott
Frederick Bedell.
Harris J. Ryan.

Thos. A. Edison.
A. E. Kennelly.
Gano S. Dunn.

R. B. Owens.
R. A. Ross. .
Ralph W. Pope.




2 ASSOCIATE MEMBERS TRANSFERRED. [Jan. 25,

The following Associate Members were transferred to mem-
bership.
Approved by Board of Examiners, December 9th, 1898.

PaILANDER BETTS, Electrician U. 8. Navy Yard, Washington, D. C.

Winpex ELWELL GoLD8BOROUGH, Professor of Electrical Engineering, Purdue
University, Lafayette, Ind.

TrE PresipENT :—In introducing the paper of the evening,
I have the pleasure to announce that ﬁr. Greene himself is
present and he has, as you know, been spending some months
professionally in the navy. We shall look for an interesting
paper at his hands upon “ Electricity on Board Ship.”




A paper presemted at the 1315t Meeting of the
Amevrican Institute of Electrical Engineers,
New York, janxary 25th. 189, President
Kennelly in the Chair.

ELECTRICITY ON BOARD SHIP.

BY S. DANA GREENE.

While the title of this paper is intended to cover the applica-
tions of electricity aboard ship in the merchant marine, as well as
in the navy, I shall confine my remarks principally to the war
vessel ; for the service requirements of electrical apparatus on
the latter are quite as severe as on the former, while the limiting
conditions as to weight and space are much more severe. It
may be safely assumed therefore that any application which can
be made to advantage aboard a man-of-war will be equally
advantageous on board a merchantman.

On shore, the advantages of centralizing the manufacture of
electric power for industrial purposes in one plant, distributing
this power by suitable means to individual consumers, are so well
known, and the industry is so well established, that it seems hard
to realize the fact that it has all been accomplished in less than
twenty years, and that it is less than ten years since it was a
difficult matter to interest capital in such undertakings. For
several years after the industry was well established ashore, little
or nothing was done aboard ship. This was due principally t
two causes: :

First: Seafaring men are notoriously conservative about in-

_ troducing new ideas or new apparatus aboard ship. which may
prove successful, and which may on the other hand fail in
the middle of a long voyage when facilities for repairs are not
at hand, and when a break-down may be & very serious matter to
the safety of the ship, or the lives of the officers and crew. This
conservatism is particularly strong in the British navy, the

3




4 GREENE ON ELECTRICITY ON BOARD SHIP. ([Jan. 25,

greatest in the world, where no machinery is ever introduced
when the work can be done as well by hand, and where simplicity
is the first requirement for all machinery.

The modern warship is a complex piece of mechanism at best,
and I think the established policy of our British cousins to elim-
inate rigidly all unnecessary complications is wise ; one that can
well be followed by other navies and particularly our own, where
there has been a tendency to introduce too many novelties and
labor-saving devices, at the expense of simplicity and safety.

Second: Electrical men, while generally unfamiliar with the
conditions of sea life, knew nevertheless that three great enemies
of electrical apparatus—salt air, moisture and heat—were always
present aboard ship, and they feared them.

However, the great advantages of electric lights gradually over-
came the sailor’s conservatism and the electrician’s fears, and
lighting plants have been generally installed aboard ship for
several years, in spite of numerous troubles at first, both with the
apparatus and with the wiring.

The great advances made in the construction of electrical ap-
paratus and the methods of distribution, enable us to say tuday,
and to prove as I shall hope to prove, with a full knowledge of
service conditions,—that electrical applications can be made with
as little fear and with as great certainty of success aboard ship as
they can ashore.

The recent position reported to have been taken by one of the
Naval Bureau chiefs that such applications should not be further
extended on our war-ships at present, because we did not have
the trained men to care for the machinery, is, it seems to me,
absolutely untenable. If it is demonstrated that an electrio
motor is better adapted to drive a deck winch, for example, than
a steam or hydraulic or compressed-air motor,—then it sheuld
be installed, and the necessary men to operate it can. and should
be obtained. If the course suggested by the naval officer re-
ferred to, had been followed in our navy for the past fifty years,
we would still bave sailing vessels, (the frigates and line-of-battle
ships of Nelson’s day,) and our recent unpleasantness with Spain
would have terminated with very different results.

Assuming then as every reasonable man Dboth in and out of
the navy does assume, that electrical apparatus can be made to
work on shipboard, let us examine the conditions of the modern
war vessel as we find them, and see where electricity can be ad-




1899, ] GREENE ON ELECTRIOITY ON BOARD SHIP. 5

vantageously introduced, having in mind always the necessary
requisites ; safety, simplicity, efficiency and reliability.

The modern first-class battleship requires about 2000 . 1. p. to
drive all the auxiliaries at full load, and the first-class eruiser,
about 1200 1. 1. ». - These auxiliaries, however, are never all in
use at the same time using maximum power, and it can be
assumed that only about half of these amounts (2. ¢., 1000 1.5.p. and
600 1. 1. p.) will be required at any one time. They are scattered
all over the ship, from the anchor hoist forward to the steering
engine aft, and from the deck winches and boat cranes on the
spar deck to the bilge and fire pumps in the engine and fire
rooms, 30 or 40 feet below. Some of them, such as condensers,
air, circulating, feed bilge and tire pumps, and tire-room blowers
are necessarily located within the engine and hoiler room com-
partments, where the temperatures are always high, and where
steam, oil, water and coal-dust are always present in greater or
less quantities. Others, located on the spar deck, are exposed to
salt water and air and to the varying conditions of sea and
weather.

With these scattered locations it is obvious that power, gen-
erated at a central point, must be distributed throughout the
ship. For this purpoee there can be used either steam, hydraulics,
compressed air or electricity.. Hydraunlies and compressed air
not only have a low efficiency of conversion (from steam) but it is
difficult to prevent leaks, freezing, bursting of pipes, etc. They
have both been tried to a limited extent and both found wanting
in service.! This leaves steam and electricity as the two remain-
ing systems of distribution from which to choose. As between
the two, steam has the following disadvantages:

First: Danger tolife. The bursting of a steam pipe, whether
in or out of a fight is a serious matter, and likely to disable any .
of the crew who are in the compartments where the accident
occurs. It has been abundantly proven in our civil war, that
men will not stand up against steam or hot water, when they
will face shot and shell without flinching. Many of our vessels
operating in inland waters during that war had several lines of
hose coupled to a hot water tank and led out every night to guard
against boat attacks. These hose were successful on more than
one occasion in repelling boarding parties. While the steam main
which leads fore and aft can be run below the protective deck or

1 Benborn’s experience with hydraulic turret machinery.
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behind the armor belt, vertical branches must run to all auxil-
iaries on the upper decks and many of these must be used in
action. The effect of a steam pipe carrying 100 pounds pressure
bursting or being shot away in a compartment where there may
be 30 or 40 men, at the guns or passing ammunition, would un-
doubtedly be to kill or disable every man in the neighborhood
and demoralize thoroughly that part of the ship. On the other
hand, if a wire is shot away one or more auxilinries may be dis-
abled but no one is ihjured ; furthermore, the wire presents a
much smaller target than a steam pipeand is therefore less liable
to injury from shot. It is always a difficult matter, too, to keep
steam and exhaust pipes tight and to prevent leaks at the joints
and at water-tight bulkheads.

Second : Injurious heating of living quarters Steam and ex-
haust pipes must]necessarily run to every auxiliary, and some of
the latter, such as the ice machine, anchor hoist, steering engine,
ventilators, etc., are in the officers’ and mmen’s quarters, or the
pipes leading to them wmust pass through these quarters. The
heat of the pipes and engines not only makes the quarters un-
comfortable but it is impossible to prevent more or less oil and
dirt around the auxiliaries. In the tropics the heat is often so
great that the officers and men cannot sleep below at all. This
was the case on & number of our vessels operating in Cuban
waters last summer.

Third : Efficiency. Here the contrast is very striking in favor
of electricity, surprisingly so to one who has not seen the actual
economy figures of steam auxiliaries. Some data will be presented
on this subject later on.

There remain the two important factors of simplicity and
reliability to be considered. No oné who has had experience
with the modern well-designed and well-insulated carbon brush
generator or motor, can haveany doubt as to its greater simplicity
as compared with the steam engine. There are no joints to be
kept tight, no nuts or bolts to set up, no packing to renew, no
cylinders to cut, and only two self-oiling bearings as compared
with a dozen or more oilcups on an engine. In fact it is difficult
to imagine a simpler piece of machinery than the modern
dynamo. It seems like a return to elementary principles to dis-
cuss such a point ; und yet many men aboard ship imagine the
dynamo & most complicated affair, simply because they know
nothing about electricity, and think everything connected with it
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is mysterious and complex. This feeling is not confined to sea-
faring men, as we all know.

The question of reliability is a vital one, for no matter what
the advantages with respect to safety, economy and simplieity
may be, if the electric auxiliary cannot be relied upon at any and
all times to do its work, it is a failare and must be discarded. It
must not only be able to work well under normal and
favorable conditions, but it must also be able to stand a certain
amount of abuse and neglect. Stress of weather and other con-
ditions, particularly during a war, sometimes play havoc with the
established routine of a ship, and a sailor's tools must not only be
sound ; they must be hardy. The normal conditions aboard ship
are not favorable to ordinary electrical apparatus, as has been ex-
plained, but this simply means that apparatus for such work must
be specially designed and built to meet these conditions. The
ordinary motor on shore would not last long under a street car;
nevertheless thousands of car motors are built and sold every
year which run day in and day out with a remarkably low main-
tenance account. Similarly, apparatus for ship work must be
specially insulated, a larger margin of capacity must be allowed,
and in exposed places it must be thoroughly enclosed. Several
years ago an English manufacturer asked permission to install an
electric deck winch on the spar deck of a new cruiser, fitting out
at Portsmouth. When the captain who was superintending the
fitting out of the ship saw it, he gave orders to have the deck
hose turned on the motor for ten minutes, and then to operate
the winch. The manufacturer protested and said that the motor
was not intended to be abused in this way. ‘“Then take it off
the ship,” said the captain, “ for I cannot guarantee that we will
ship no seas during our cruise, and I, want that winch ready for
service whether we ship seas or not.” The captain was quite
right, the motor was taken off and a “rough and ready” steam
motor substituted.

Experience alone is the final test of reliability and fertunately we
have some experience in our own navy on which to rely. During
the late war, all of our regular war vessels were fitted with
electric lighting plants, and many of the larger ships were sup-
plied as well with certain electric auxiliaries ; such as ventilating
fans and ammunition hoists. Two of the Brooklyn’s turrets
were controlled by steam motors and two by electric motors. So
far as I have been able to learn, from both official and unofficial
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sources, all the electrical apparatus on these ships stood the
supreme test of battle admirably, and the officers of the Brookiyn
are enthusiastic over the performance of the electrically con-
trolled turrets. They report that with respect to ease of mnanipu-
lation and fineness of control, there is no comparison, but rather
a contrast. This is high praise from competent anthority, for the
officers referred to had actual command of the turrets in battle,
and their judgment is not only unprejudiced and impartial—it is
final and conclusive.

It is hardly necessary to say that electric machinery to be re-
liable must have reasonable care and attention from men who
know something about it. The same is true of any machinery
and it is bad policy, as well as untrue, to say, as is sometimes said
by those who should know better, that an electric motor requires
no attention. Cleanliness is very necessary, and may be con-
sidered as a first essential to successful operation. It is astonish-
ing to see how little has to be done to an electric motor if it is
kept scrupulously clean; but this cleaning must be regular and
intelligent. From what has been said, it may safely be affirmed
that electric machinery can be made as reliable on shipboard as
any other machinery, and with this in mind we can turn to the
question of efficiency, including weight of plant and first cost.

There has been very little data published on the performance
of ship auxiliaries, but a valuable contribution to the subject ap-
peared in the February (1898) number of the Journal of the
American Society of Naval Engineers, by P. A. Engineer, W.
W. White, U. S. Navy, entitled, ‘Steam Consumption of the
Main and Auxiliary Machinery of the U. S.S. Minneapolis.”
This vessel, as is generally known, is a first-class protected
cruiser of about 7500 tons displacement, with three screws (each

operated by its own engine) and a trial speed of over 22 knots

per hour. She represents the highest type of her class, and is in
every way a credit to her designers and builders. She has be-
tween thirty and forty steam auxiliaries, and more than 150
separate steam cylinders. Her only electric auxiliaries are the
lighting generators and a few small ventilating sets and ammuni-
tion hoists. In order to ascertain the steam consumption of her
main engines and auxiliaries, Mr. White, who was serving on
board the Minneapolis at the time, as one of her engineers, made
a series of careful observations during arun of the vessel of seven
days from Gibraltar to League Island, Philadelphia. Indicator
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cards were taken on all auxiliaries fitted for the purpose (31 in
number), and the losses from leakage, condensation and radiation
were carefully estimated and the water evaporated accurately
measured. . The results obtained are given in the following
tables (marked I. and II.), and they are certainly startling.

An estimate of the average weight of steam used per hour by
the machinery in operation is as follows.

TABLE I.
Total pounds of
steam per hour.
Main engines, port and starboard......... tererien seeees S 81,089.8
Condensation from main engine jackets, estimated............... 750
Condensation in main steam line, estimated........cccevvee ... 450
1 Loss of steam from unavoidable leaks, estimated.......... PP 480.8
Total.......covuvnens ceeieens Cetreseietetsenaenaan .o 83,620.6
AUXILIARIES.
Main air and circulating pumps .. ... Ceccetsisretvencesann-ane 2,641.9
Bilge pumps, (three) «............... eseeceseccnntaaseinnnann. 1,201.2
Steering engine, estimated......cocovuiiieiieiiiiiiiiiiiiiiinn 450
Main feed pump.cecceeciacerieeiteeiieeienans cererersenne e 951.1
Pump for washing decks, ash hoists, ga.lley coppers, shop engine, ete. 240
Dynamo......... teeiieinie senan as teesinens ceeneen Cereee 2,028.8
Flushing pump..... ..... ceees os Ceteerieeiins searaaieienenns 275.7T
Blower in evaporator room, and combined salt and fresh water
pump for distilling plant...........ieviiie teer ceiiiiiiies 46
Steam to evaporators for distilling (Average of 1 500 gallons per day) 651
Ship’s ventilating blowers, (two after) .......... ... ..o ceunnn 549.4
Ship’s ventilating blowers, (two forward, 12 honrs per day)....... 2714.7
Ice machine...... Ceteseiarateen sataann ceeees cersastracacsans . 4124
Miscellaneous (shifting of dynamos, ete.). ... . renninen N 80
Condensation in auxiliary steam line, estimated.... .. tesetienann 800
Total, auxiliaries................c.co0ul s resssenens 10,186.7

Hood’s Merthyr coal was burned, there being three main
double-ended boilers in use.

DIMENSIONS OF EACH BOILER.

Length, feet......cccciieniieiiiiiiiieiioneienenissscneeascranans 20
Diameter, feet and inches.......... ... Ceeeeetannes che eraseenns 15-9
Furnaces, number (corrugated)............ e etieeareee teteneaans 8
Furnaces, diameter (least), inches................ e creeenseanans 40
Furnaces, diameter (greatest), inches........... Cesteeseaaitenoiaan 427
Length of grates, inches...........c.ooviiiiiiiiiiieiiiaiies ee 84

1. Assumed as one-half the total loss cf feed water per hour.
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Tubes, DUMber. .. vvveereieneiieecrccseserassrossicscenns soaese 1,268
Tubes, diameter, inches..........c.ceoiieenereevenerenniioanneas 2%
“Tubes, length between tube sheets, inches...........c.vevevuenl ot 87%
Tube heating surface, square feet.... ...............cceiien e, 5,540
Plate heating surface, square feet ................. ... e ieeaeens 861
Total, heating snrface, square feet.... .......... coo (oot iaanen, 6,401
Grate surface, square feet..........ccceieeiiiieiinriirennnieaians 1868.7
Ratio G, S. to H. 8. weeiiiiiiiiiiiiiiiniie i 1 t0 84.29
RESULTS.

Average boiler pressure, by gauge.......c.ccoiceeitoeiiiiiiinnes 142
Coal consumed per hour, pounds .....eo ceccvenn soneieannnans 5,216
<Coal consumed per hour, per square foot of grate, pounds ......... 9.81
Refuse per hour, pounds ... ...ccoiiviviiene teneieiiiiiaiien 687.56
Percentage of refuse in Go8l. ... .....oven ¢ ciiiiiiiiiieiieian 12.22
Total steam used per hour, all machinery, pounds ...........e... 48,767.8
Pounds of water vaporized per pound of coal (average temperature of

feed 85°9). .. .vueiiie teeiiieaiieiiines ereaees 4 eieseneaaen ~ 8.89
Equivalent evaporation per pound of coal from and at 212° ........ 9.89
Percentage of daily coal consumption to run main engines only ..... 76.82
Percentage of daily coal consumption to run auxiliary machinery:.. 28.18

It will be seen that the average weight of steam used by the
main engines per hour was 33,620.6 lbs., and by the auxiliaries,
10,146.7 1bs. That is, the auxiliaries consumed nearly 25 per
cent. of the total coal used. The main engines consumed an
average of 20.83 lbs. of steam per 1. H. P. per hour, and the auxil-
aries an average of 119 lbs. per 1. H. P. per hour (the lowest being
55.06 1bs. and the highest 318.68 lbs. per 1. m. p. per hour). An
examination of Table II. shows that the steam consumption of
the same or similar suxiliaries varied greatly, due doubtless to the
varying conditions of packing rings, bearings and valves, and of
the load. These results are not exceptional; in fact, they are
probably better than the average obtained on most war ships or
merchant vessels. The new British cruiser 2owerful (14,000
tons displacement) is reported to have used 8,300 tons of coal,
from England to Hong Kong, of which 3,400 tons (or over 40
per cent.) were required for the auxiliaries.

Under the most favorable conditions the auxiliaries of a large
ship probably consume at least 20 per cent. of the total coal and
water used. This is more than twice as great as the consumption
of a modern central station, and there is no good reason why as
good results ehould not be obtained afloat as ashore.

Let us assume a required central station capacity for a first-
<lass battleship of 1,000 n. p. effective at the motors. The present
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standard E. u. F. for naval installation is 80 volts, and for the
merchant marine about 100 volts. This low voltage was originally
adopted on war ships on account of the searchlights, which re-
quire 50 volts only, and it was desired to introduce as little dead
resistance as possible. At this time no motors were of course in
use, and the electric plant was used for lighting exclusively.
Such a voltage is, however, entirely unsuited for a 1000 u. p.
plant. The weight of the distribution system would not only be
excessive, but the size and weight of the generators would be
prohibitive. The three-wire system, or a standard of 220 to 250
volts two-wire system should be adopted, using the necessary re-
sistance in the searchlight circuits when they are in service ; since
they require a relatively small percentage of the total plant
capacity, and are not regularly in use, this can be done without
undue sacrifice.

. The generating plant should consist of several units of the
same size, 8o that parts are interchangeable, each unit consisting
of a compound vertical engine driving a pair of generators or a
single generator, depending upon whether a three-wire or two-
wire system is used. Assuming an efficiency of 82 per cent. for
engine and generator, and an average line and motor efficiency of
80 per cent., the total efficiency of the system (between 1. . P.
of the generating engines and the effective n. . of motors) is 65.6
per cent. In other words, to develop 1000 H.p. at the motors
will require 1500 1.u.p. at the engines, or about 900 k.w. generator
capaeity. Six sets of 150 k.w. each, with one in reserve, would
be required. A good compound engine working at approximately
full load (and with six units, those in active service can always
be operated at or near full load), will require 20 lbs. of steam per
L H. p. per hour. Assuming a total efficiency of the system of
65.6 per cent., as above, it will require about 30 lbs. of steam per
effective B. p. per hour at the motors. 1f we allow 25 per cent.
margin for losses due to steam leakage, condensation, me-
chanical friction of gears, etc., we still have an economy of 37.5
bs. per H. p. per hour as against 119 lbs. as shown by the Minne-
apolis test. In this case the auxiliaries tested aggregated 471 n.p.
developed, using 56,049 1bs. of water per hour. At 8 lbs. of
water evaporated per pound of coal, the coal consumption was
7000 lbs. per hour, or 84 tons per day, assuming that this power
was required for 24 hours. 1f the water consumption had been
at the rate of 37.5 lbs. per 1. H.p. per hour instead of 119 Ibs.,
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the coal used per day for these auxiliaries would have been 26.5
tons, a saving of 57.5 tons, or nearly 70 per cent.

It is fair to assume that by the introduction of compound
engines and approved mechanical appliances on some of the
auxiliaries, the average steam consumption can perhaps be reduced
to 75 lbs. per v.P. per hour, but this is still 100 per cent. in excess
of that required for the electric drive. Assuming a average daily
use of 800 u.p. effective at the auxiliaries on a first-class battle-
ship at sea, this difference in efficiency means a saving in water
used of 360 tons per day, and in coal a saving of 45 tons per day.
All steam cylinders connect with the condensers, so that the
water used by the auxiliaries is not lost but is used over and over
again, it being necessary to supply only that lost by leakage in
the pipes and condensers. The extra pumping dnty is large,
however. The coal saved, on the other hand, means that with a
given coal endurance (or “ steaming radius”) a vessel can carry
from 10 to 20 per cent. less coal, or expressed in another way,
with the same coal capacity, she will have from 10 to 20 per cent.
greater steaming radius. The average price paid in the navy
for coal (including stations in all parts of the world) is probably
at least $7.00 per ton. There is therefore in the case assumed,a
direct saving in running expense of $315.00 per day for coal
alone. It may be argued that a vessel in port does not use her
auxiliaries to the same extent that she does at sea, and that, there-
fore, the comparisons made are misleading. ~This may be true
as to actual savings in pounds of coal and water, or in dollars and
cents, but the percentage differences hold true in any case. Fur-
thermore, a ship is built to keep the sea, and her efficiency and
usefuluess are measured by her performance at sea, and not when
incidentally or accidentally in port. Her weights are distributed
or apportioned, and her power, speed and “steaming radius” are
designed for sea conditions,and these conditions alone should be
considered.

The weight and space required for plant are important matters ;
for a modern steamship, and particularly a war vessel, has every
available inch of space and pound of weight carefully allotted ;
and it is sometimes difticult for the designers to adjust the con-
flicting elements (which may be equally important) so as to pro-
vide for all, and still keep within the prescribed limits. 'The
present weight of steam auxiliaries of a first class battleship, as-
suming a total capacity at full load of 2000 . ». as before, is
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about 200,000 lbs. or 100 tons. If the electric drive is used, we
must add the weight of the generating plant. The navy specifi-
cations limit this weight at present to one third of a pound per
watt of rated -capacity. With 1050 k. w. capacity (six units of
150 x. w. for service and one for spare) the weight would be
330,000 1bs. or 175 tons. The electric auxiliaries would weigh
about the same as steam, or 10U tons, a total of 275 tons as
against 100 tons for steam drive. There would be some saving
in the wiring, as against steain and exhaust pipes, so that it may
be assumed thet the electric plant, with the generating sets de-
scribed, will weigh between two and one half and three times the
steam drive. As an offset, however, we have the saving of 10
to 20% in eoal required for a given steaming radius, which in a
ship of this class would amount to between 200 and 400 tons.
Furthermore, if in the future a satisfactory steam turbine, com-
parable in economy with the compound engine, is developed for
marine work, as now seems probable, the weight of the generating
plant will be reduced 40 or 50%, and then the electric drive will
compare favorably in this respect with steam, and there will
still be the saving in weight of coal required for a given endur-
ance.

The space necessary for plant must be considered as one of
the vital parts of the ship, and as such it must be located below
the protective deck. At first thought it may be said that it will
be difficult to find the necessary space, but it must be remem-
bered that the space required for 200 to 400 tons of coal is avail-
able, in addition to the space at present allotted for dynamo
room, and these combined will certainly be more than sufficient.

The application of the electric drive to the various ship aux-
iliaries must be carefully studied in each case. The problemsin-
volved, however, are not more difficult than many special appli-
cations on shore, nor is there anything about them which a com-
petent electrical engineer, with a proper knowledge of sea con-
ditions, is unable to solve. The first cost will undoubtedly be
greater than with the steam drive, but the saving in “operating
expense,” if capitalized, will much more than offeet this differ-
ence in first cost.

The problem is purely an engineering one, and should be ap-
proached in a business-like way. Will the electric drive be
equally safe, simple and reliable, and will it be more efficient
than the present system of steam drive? This is the question in
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a nutshell, and I believe that the figures and data which I have
presented enable us to answer it most emphatically in the affirm-
ative. Other nations, particularly England, Germany and France,
have already introduced the electric drive extensively on their
ships, both in the navy and in the merchant marine; and it is
earnestly to be hoped that our own navy, with its magnificent
ships, officers and men, of whose record we are so justly proud,
will not lag behind in this important respect. Once provide the
“proper tools, and there need be no fear in this country that the
necessary men to handle them properly will not be found.

I have not touched upon some of the minor electrical applica-
tions which have been made aboard ship, such as searchlights,
range finders, engine room telegraphs, speed and helm indicators,
signal sets, telephone, etc. ~Some of them, such as the signal
sets and searchlights, are of considerable importance both from
the military standpoint and for navigation purposes, and have
stood the test of service admirably. Others, like the range finder
and telephone, while of great utility, have not yet demonstrated
that they can be relied upon at all times ; while others still, may
be considered as luxuries (sometimes of doubtful utility) rather
than necessities. All of them come within the province of the
electrical specialist, rather than the electrical engineer, and have
no direct bearing on the main problem discussed in this paper.

APPENDIX.

Since the reading of the above paper, an article has appeared
in the March 1899 issue of Cassier’s Magazine, entitled “ The
Outlook in Marine Engineering,” by Engineer-in-Chief George
W. Melville U. 8. N., from which the following extract is given.
It will be seen that his statements contirm those given in the
paper with reference to the uneconomical performance of steam
auxiliaries aboard ship.

S. D. G.
Schenectady, N. Y.

March 6th, 1899."
A UXILIARIES.

As was stated previously, the problem of the economy of aux-
iliaries has become a very important one, as the aggregate horse-
power of the auxiliaries on & large ship is now considerably more
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than the horse-power of the main engines of good-sized vessels of
twenty yearsago. A paper by P. gx Engr. W. W. White, U.
S. N., published last year, set forth the facts in regard to the
steam consumption of all the auxiliaries of one of the finest war
vessels in the world,—the U. 8. triple-screw cruiser Minneapolis,
—and this is, undoubtedly, a typical case. As shown by that
paper, the steam consumption ofp dlmost every auxiliary engine on
the ship was high, while of some it was enormous.

Various solutions of the problem have been proposed. One
is to have a sort of central pump station where a very economical
triple-expansion engine would furnish the power and all the
pumps would be driven by it.

Another is to make the cylinders of the auxiliary engines, in
effect, a part of the intermediate cylinder by having them take
their steamn from the first receiver, and exly;aust into the low-
pressure receiver. For merchant steamers which make long rune
under ahsolutely uniform conditions, this would seem to be a
very satisfactory solution ; but for naval vessels, in which facilit
for manceuvring is so important, even if this were adopted, 1t
would be necessary to have an arrangement of valves, readily
changeable, to throw the pump cylinders out of the circuit and
have them take steam from the auxiliary steam pipe and dis-
charge to the condenser.

Another plan is to compound all the engines which have
hitherto used steam with only one stage. and that really without
expansion at all. This would, undoubtedly, materially increase
the economy, but in some cases it would, undoubtedly increase
the weight.

Still another solution is the use of electric motors for driving
nearly all the auxiliaries. The advantage claimed is that the
efficiency of both motors and generators is so high that their com-
bined losses will reduce only slightly the benefit to be derived
from supplying the power for the generator from a very econom-
ical engine rather than having a small steam-engine to drive each
auxiliary.

This last solution is one which has been applied to some extent
for such auxiliaries as hoists, winches, and turret-turning gear,
and, as far as the working of the auxiliaries is coneerned, the re-
sult is entirely satisfactory. There are also certain facilities for
installation and handling which commend this system above that
of small steam-engines located at a considerable distance from
the boilers. The problem. however, is a difficult one, and, for
its thorough solution, ‘requires more investigation and analysis
than many writers have given it.

Even more important than the economical development of
power, are the items of reliability and adaptation; and the
(uestions of weight, space occupied, and first cost must also be
considered. For instance, from many points of view it would
seem that the capstun and steering engines afforded examples
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where the electric power would have great advantages on the
score of facility of installation; yet many strong advocates of
motors for other purposes oppose them here on the ground that
el]ectric apparatus is not sufficiently reliable for these important
places. ,

Again, from some considerations. motors would seem specially
adapted to the forced-draught blowers, but when we reflect how
rarely these are used on naval vessels, and that the electric plant
to run them (including engines and dynamos) will weigh more
than three times as much as steam engines, and probably exceed
the cost in a still higher ratio, it becomes nearly certain that it
would be far from economieal to install motors for this purpose.
These illustrations are given to show that it would be unwise to
be stampeded into using electric appliances everywhere because
they are the best for certain situations.

Mr. George W. Dickie, the talented manager of the Union
Iron Works, of San Francisco, has suggested that the solution of
the problem could best be determined by taking several ships of
absolutely identical design otherwise, and fitting them with
different systems of driving the auxiliaries, but having all the
auxiliaries of any one driven by one system. The trouble, at
present, is that the different methods of driving the auxiliaries are
mixed on each ship, so that it is impossible to make an accurate
comparison from the results obtained in daily working, onaccount
of the great difficulty of determining the economic performance
of each auxiliary separately.

Meanwhile, it should be noted that in all the latest United
States naval designs, feed heaters are titted, through which the
auxiliaries can exhaust, thus caueing a decided increase of
economy ; and provision is also made for exhausting (while the
main engines are in operation) into one of the receivers. This
last practice has prevailed for some time in American ships,
and is attended by a considerable saving of coal.
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Discussion.

Tue PresipenT :—1I feel sure we have all listened with pleasure
to Mr. Greene'’s paper and it is gratifying to learn that electrical
appliances have behaved so wel% on board naval vessels in prac-
tical work. I know that you must have a number of questions
to ask, and I am sure that Mr. Greene will be glad to answer
them. .

Mz. Joun W. Ligs, Jr.:—In the comparison of weights I
did not understand if the weight of the electric drive included
the motors at various points on a ship together with the gener-
ating side.

MR. GREENE :—Yes.

Mr. T. ComuerrorD MARTIN :—Reference was made to the
work that was done by means of the motors driving turrets. I
think that is one of the mostimportant steps taken in the applica-
tion of miscellaneous electrical apparatus to our men-of-war. 1
notice that we have with us this evening Mr. H. Ward Leonard .
to whom 1 believe belongs the credit of that advance, and 1 think
we should all appreciate it very much if he could give us a few
details with regard to that very important application.

Mr. H. Warp Leoxarp :—I think that a good many of those
present are probably quite familiar with the essential features of
the method of control that is used on the turrets, as it is the
simplest form of the various modifications of the methods of
control that I have described before the INstiTute. It is, prac-
tically speaking, merely this—a motor and a generator, practically
identical, (although the speed of them need not be the same, but
identical as regards voltage and output) have their armatures
connected metallically together, so that, speaking popularly, the
armatures are short-circuited upon each other. The field of the
motor is fully excited at all times, and the generator has in its
field the winding which is similar to the shunt winding of an
ordinary generator, a field rheostat, which fiot only enables you
to vary the current over a very wide range that passes around
the field of the generator, but permits you to reverse that cur-
rent. The generator armature being driven at all times at full
speed, and in this field which can be varied from zero intensity
to full intensity in either direction, the field current supplied
being from a separate course of constant electromotive force
such as the lighting circuit, yon will see that a very ready method
is offered of obtaining at the brushes of the generator any voltage,
from zero to the maximum voltage, and this voltage in either
direction. Since the field of the motor is constant, any reversal
of the voltage of the generator will cause the current to flow in
the reverse direction in the armature circuit, and consequently
cause a reversal of the motor armature. The point which is per-
haps of the greatest importance to make clear, is the very perfect
control which you obtain under such conditions due to the fact
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that the two armatures are, as far as voltage is concerned, elec-
trically locked together. 1t is impossible that the voltage upon
the terminals of the motor armature and the voltage upon the
terminals of the generator armature should differ, except by the
drop in the very low resistance metallic circnit formed by the
two armatures short-circuited together. Consequently, it is
quite different in this regard from any case in which a large per-
centage of ‘drop is occasioned by the passage of the current
through some rheostatic resistance. We can with this arrange-
ment say with positiveness that if we produce a certain definite
field in the generator, which means if we place our rheostat at a
certain definite contact, the voltage of that generator will be
fixed, and hence the voltage supplied to the motor armature in a
constant field will be fixed, since the speed of the motor will
be in proportion to its counter-electromotive force, and therefore
- practically in proportion to the voltage of the generator in the
system. The speed of the motor becomes definitely fixed, and
there will be a definite speed for each position of the generator
tield rheostat, and this speed will not be dependent, as would be
the case with the rheostat controlled motor, upon the torque of
the motor, but on the contrary will be practically independent of
the torque. Since the motor field is entirely independent of the
armature current it is possible to obtain a speed which under
all conditions of load will be exact and precise, and hence any
desired speed over the entire range from the slowest motion to
the full speed, can be readily maintained. Another point which
is of great importance and is peculiar to this arrangement is, that
it is quite easy to control the speed not only in accelerating the
speed, or maintaining the speed, but also in retarding the speed
or stopping the motor, as the motor will instantly become a
generator in case we lower the field of the generator so that the
voltage of the generator would tend to fall below that of the
motor. In the case of the application in question, where there
is a very large weight, if it is in motion at a certain speed and it
is desired to reduce that speed or bring the motor to rest, a very"
rapid but extrémely gradual retardation of the load is effected by
the insertion of resistance in the generator field which drops the
voltage of the generator below that of the motor. The motor
consequently becomes a generator and sends a large current -
around the armature cireunit in the reverse direction, thus tend-
ing to increase the speed of the prime machine, formerly the
generator, now acting as & motor, which in turn delivers that
energy to the original source as useful emergy. One point that
I think perhaps may not be evident, but is of importance, is that
in the acceleration or retardation of a large mass, the very best
results can be obtained when the force which is going to cause
the acceleration or the retardation, is produced in such a manner
that the energy is in proportion to the square of the velocity.
The action of a ship coming to rest in the water, as we all know,



20 GREENE ON ELECTRICITY ON BOARD SHIP. [Jan. 25,

is extremely smooth, and when the ship does come to rest in such
& way we do not feel any such effect as tending to fall forward
or backward ; our motion is retarded in such a manner as to be
entirely natural, and the action of the water opposing the mo-
tion of the ship and comparable to the torque, 18 such as to be
proportional to the square of the velocity. In the electric cir-
cuit as it exists in the armatures, joining the generator and mo-
tor in question, the speed is proportional to the volts, and the
relation thus obtained enables one to get an acceleration and a
retardation which is comparable to that which is met with in the
case I have described, and it is impossible to secure by the ordin-
ary methods any such smoothness of stop. As I think has been
very clearly brought out in a great many papers in connection
with the braking of trains, the torque of & mechanical brake is
greatest at the time when the speed is lowest; whereas for
proper retardation the braking effect should be very much
greater at the time when the speed, and consequently the
momentum of the load, is highest, and the braking effect should
taper off rapidly as we come towards rest, which is exactly the
reverse of the conditions which are met in u mechanical brake of
the ordinary kind. This is familiarly known to us from the
fact that a man on the old form of street car could, when he was
bringing the car to rest, jam his brake strongly while the car
was goinf; pretty fast; but in order so make a smooth stop must
necessarily greatly relieve the hrake as he came toward rest, or
else the stop would be very dieagreeable.

I am not familiar with the exact details of the arrangement
for the Brooklyn. The installation was made by the General
Electric Company, who are licensees under my patents, and I
_ never have myself seen the installation on the ship, but it is
practically as I have described as regards the electrical condi-
" tions. Of course, it is a great source of pleasure to me to find
that the system is working so successfully, and while it of course
does not surprise me, [ think the perfect operation of the sys-
tem will probably surprise a good many of the people who
have thought in the past that the system could not possibl
have the features of simplicity and perfection of control, boﬂ,J'
in acceleration, retardation and reversal, that I had claimed for
it. As perhaps a good many may remember, it was thought
by those who criticized the system that necessarily difficulties
and insuperable difficulties would be met, as regards the spark-
ing of the generator; but in a well designed generator of mod-
ern type no difficulty of this character is met with. Quite &
number of members who have discussed this system before
the INsTITUTE in the past have thought that while it might have
some points of advantage, that it practically was equivalent in
its effects to a rheostat control, except that the power that was
wasted in a rheostat was saved, and also that a good many, and
perbaps all of the effects of the system could be accomplished
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by means of a series-motor, or perhaps some form of compound
motor, but this is not correct, us there are peculiar effects in
this system which are not met with where anything equivalent
to resietance is introduced in the armature circuit, or winere any
material disturbance occurs in the field of the motor that is being
controlled. '

I am sorry to note from the most recent reports that the de-
cision of the parties in control of naval affairs seems to be un-
favorable, as regards the use of electric motors except for the
turrets; but it seems to me that with such evidence as is being
forced upon their attention by papers such as thie, that in a
very short time the electric motor, with its advantages manifest
to all of us, will take the place of the steam motors for the
auxiliaries.

One point that has been touched upon by Mr. Greene but
perhaps not emphasized as much as it might be, is the fact that
there is a very wide diversity of efficiencies in engines of the
same duty and the same size, and this is a difficulty which it
seems to me is always inherent in steam engines; there is not the
same possibility of ready measurement of the power that they
are consuming, and there is always the probability that some por-
tion of the engine may be packed too tight, or that there may be
some cutting, and we all know that it is reasonable to expeet, if
we have two 5-horse power motors, for example, of the same make
operating under the same kind of duty, that their performance
would be uniform and their efficiency would be practically iden-
tical, and that if there were by any chance, conditions that made
the efticiency of one poor compared with the other, that it would
be a matter of the simplest kind to make a measurementin a few
moments that would show conclusively by the ampere-meter the
difficulty that existed and immediately locate it, and thus save a
waste of power which would be likely on the other hand, to
go on indefinitely in steam engines. I thank you very much
for your attention.

Pror. ELinu Tuovson :—I happened to make a trip about two
or three months ago to Washington for the express purpose of
convineing the department, as far as I was able to, that electricity
was the only thing to use on shipboard, in place of these numer-
ous steam plants. As I thoroughly believed that to be the case,
I made the best plea I could of course. I found, however, that
in one of the departments especially, there seemed to be an idea
that we should move slowly ; do one thing at a time and test
what we had done before leaping in the dark. That might be a
rational estimate of the situation coming from one who probably
had not looked into the comparison between these various sources
of power and electrical power. However, I am perfectly satis-
fied that the time is short when it must come about that an
electric equipment, on account of its numerous advantages, will,
be adopted for practically all of this distribution of power around
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a ship, just as it is being adopted for the distribution about s
large city. The reasons are even more cogent in the case of a
ship where the coal consumption is a vital factor. One cannot
look at the tables presented by Mr. Greene, without seeing the
enormous coal consumption of some of those small powers, and
yet I know it aleo as an experimental fact, that engines as small
as four horse power can be made to develop a brake horse power,
pot indicated—on about 20 pounds of watur per horse power
hour ; that engines probably of larger capacity can be made to go
very much below this, and those engines will be simple, non-
condensing engines, uncompounded. Now I make that state-
ment advisedly because I have bheen experimenting for a yearin
that direction. Engines of this kind can be turned out in any
machine shop without any psrticular difficnlty, being as easy to
make as any simple engine. I find curiously enough that after
doing a considerable amount of work in this direction, M. Ser-
pollet of Paris has recently published a statement concerning a
steam engine as applied to horseless vehicle work, and I tind
further tﬁat his engine is about the same as mine. This goes to
show that we have been thinking pretty much in the same
,ﬁ-oove. I need make no secret as to what the engine is, because
. Serpollet has published it, although of course our patents are
pending. But it is so simple that it is astonishing that some-
thing of the kind has not been used or at least experimented
with before. If it takes over twenty pounds per horse power—
and ¢ndicated horse power as noted 1 that table-—(referring to
one of Mr. Greene’s tables) in the main starboard engine, and we
cando as well with a non-condensing simple engine of four
horse power, we have certainly done something worth while.
My reasoning was this: that the gas engire is an efficient engine
and that I must run my steam engine on the same principle of
the gas-engine. In other words, 1 mustimitatethe cycle of the
engine in steam, and then I would get high efliciency, with other
advantages. If 1 represent an ordinary steam cylinder as
an open-ended cylinder in Fig. 1, and put a piston r in
that cylinder. well packed by rings, and either use a straight
piston rod and guides in the ordinary way, or the connecting rod
R jointed to the piston, we have the type of engine as it stands.
Now instead of reversing the motion of our steam as it enters
back of the piston and Itxﬁrowing it back to the heated surfaces in
exhausting, we are careful never to throw it back, but always let
it go forward. We make an exhaust consisting of a number of
ho%es uncovered by the piston at the extreme outward portion of
its stroke a8 at E. The piston is moving slowly when it is out
here near & and there is plenty of time, if the holes are made
around the piston, to discharge all the steam. In order to use
the steam superheated so as not to burn the valves or injure the
engine, and we use somewhat superheated steam, or quite dry
steam, we simply have here a poppet valve v which is raised by
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}l)‘roper valve mechanism in time with the rotations of the crank.
he steam supply pipe from the steara generator is at s. Now
let us see what we can gel in this engine. In the first place let
us suppose the engine cylinder has been exhausted of steam at &
to atmospheric pressure. 1f we cobstruct an indicator diagram,
Fig. 2, calling base line atmospheric pressure, we reach the end
of our stroke at ¢. Instead of letting the piston go all the way
u% to the end of the cylinder we can allow a clearance space
which represents the clearance space in a gas engine. We can
* thusallow a certain compression ; and the compression can nearly
equal the boiler pressure, or it may fall below it. This seems to
make but a slight difference. We have, therefore, adiabatic

s

Fig. 1.

com presgion with a slight heating during the compression lineslong
e d, Fig. 2, because the steam left in the cylinder is being driven
up towards hot surfaces, those that have been heated by the live
steam. Then we lave valve v opened suddenly, and pressure
rises to boiler pressure g. ‘T'he valve v stays open but a very
short time, and expansion takes place from g to e. The diagram
resembles » gas engine diagram. What is I%ft in the eylinder is
again driven up and compressed. Now what is the result?
There is a temperature gradient.fromn one end of the cylinder to
the other. The steam always coming in hot, cools off by ex-
pansion ; by the time it gets to E it is ready to go out. Itsweeps
out all water of condensation—explodes it out or blows it out,
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and what steam is left in "the cylinder is driven back on hot
surfaces, dried. superheated; the poppet valve opens and makes
a8 it were un explosion of steam ; remains open but a small time
and expansion brings the pressure down again and so on. The
engine with four cylinders, 24" in diameter, 3” stroke has given
the result of 214 pounds water per horse power hour.

MRr. GreEENK :—What steam pressure {

Pror. THoMsox :—160 pounds, anywhere between 160 and
200 pounds. No donbt it can be made torun with higher pressures. .
There is no question about that. It could be run on 300 pounds
easily enough. The result of it would be that if we needed engines
to equip boats very rapidly in case of a war we could turn such
engines out in a very short time. We need not wait to make
elaborate compound condensing engines. This small engine does
not condense at all; the escape is outwardly to the air. We
maide careful brake tests, driving a dynamo and loading the
dynaino, and against the results of test is the transmission by a
chain and the bearing on which the dynamo ran. That is, we
really ought to allow about five per cent more, which would
bring the stean down to about 194 pounds per brake horse power
hour. With a large engine I see no reason why it should not go
down to something like 15 or 16. Surely we ought to gain
something with increase of size. Bnut notice the conditions. The
conditions are such that there is no re-traversing of passages, no
re-traversing of even the cylinder portion. The steam enters,
goes forward and out, and it is running steadily forward, so that
we do not have any of those inter-actions that use up energy.
We have a temperature gradient from one end to the other of
steam cylinder. We use superheated steam, highly superheated
if we please, because the engine is like the gas engine which can
use flame. We have run it at all degrees from moderate super-
heating up to red heat. The engine has been operated with the
steam pipe red hot right up to the engine; but our tests were
made when it was at a moderate superheat.

Mr. Townsenp Worcorr :—I would like to ask Prof. Thomson
if there is anything equivalent to variable cut-off in this type of
engine.

ROF. THoMSON :—Yes; we have a variable cut-off, although
we usually rup it at full load with a very small time for feedi
steam. Instarting, we of course give steam during a goﬁg
portion of the stroke of each of the four cylinders. In order to
get continuous torque in this case, we give it for about two-thirds
of the stroke.

Mz. Worcorr :—One of the chief drawbacks to the ordinary
gas engine is that there is very little speed regulation, and then
when running too fast a stroke is lost and it don’t take gas on
that stroke. .

Pror. THomson :—There is no difficulty whatever in this case.
‘We have in fact a variable cut-off arrangement whereby we can
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give a little more or a little less steam or run on compression
alone for a few revolutions.

Lieur. WaLning :—1 have listened with much pleasure to the
instructive paper read before the InstiTure this evening, and
being here In the capacity of a listener, without expeectation of
taking any part in the discussion, my remarks on the subject of
the lecturer’s paper, a subject with which I have been intimately
associated for the past two years, must be more brief than I
shonld desire. In all the discussions which come up regarding
electrical installations on board ship there are a great many
things to be considered that 1 do not think are understood in
commercial life, for electric appliances of all kinds have their
severest tests in naval installation.

In regard to the Minneapolis and the use of steam and coal
for auxiliaries; we have made several tests on board ships on
dynamo engines for water consumption. I am not aware that it
is known to the INsTrTuTE but we have gone through a long
series of types of engines each tending toward better efficiency
and are now using the tandem compound. We are now getting
an efficiency of about 21 pounds per indicated horse-power
and about 30 to 32 per kilowatt hour. We started out with
engines that I think must have, on original tests, given about 65
pounds per indicated horse-power, and have later come down to
about 48 on the improved types. The Minneapolis had pistons
that were not packed and wore badly. They were of ruther soft
material. The steam short-circuited from one side of the piston
to the other. In a similar type of engine, almost the same type,
used on the Marblehead, there was 125 per cent. increase in a
period of two years. You cannot get good coal economy with
that kind of an engine. We repaired the Marblehead’s engines,
'%a;cked the pistons, and have never had any like trouble since.

Ve took the matter up then with the company which made the
engines. They have since packed pistons and their engines have
done very well. : ‘

The case of the Marbleheud’s engines has been repeated in a
number of ships and, until I heard the data given in this paper,
1 was not aware that the economy of other auxiliaries had ever
been effectually tested.

The installation of electrical appliances for working all auxil-
iaries on hoard ship will, I think, be very general within the next
two years. There are, however, two types which we will be
rather slow in changing from steam drive, namely, the anchor
gear-windlass or capstan—and the steering gear. It is still a
question as to the availability of motors for their use. Motors
will answer for most of the uses in commercial life; but for
anchor use, when a ship is pitching badly in a heavy sea and her
anchor must be weighed, the motor may or may not be reliuble,
and we cannot take the chance that it may not. It is mainly a
question of application. With steering gear a similar condition
obtains from the “kicking” of the helm in heavy weather.
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The Guestion of voltage has been mainly one of insulation and
loss in searchlight rheostats: the commercial practice of placin,
two arc lights in series having some undesirable features on boarg
t;hip,f mechanically, and in the intended use of the eearchlight
itself.

Ship grounds, whether the wire be in molding or conduit, are
frequent and troublesome and therefore low voltage is desirable.

e are using 4 pure rubber and # vulcanized, in addition
to tape and braid, on our branch conductors of No. 14 B. and s.
wire and still have difficulties with insulation even at almost
double the Underwriters’ specificationr. It is particularly the
case with bell wiring, which,though not so Welr insulated, con-
tinually requires repair. The interior communication system of
the New Yorkis now badly grounded after a carefully covered-
in installation by the Cramps.

It is a curious fact that low voltage is a characteristic of all
navies. We uee 80 volts and it has been adopted by Great
Britain. [n other navies 65 volts is the more common pressure.
While it would be perbaps more economical to use 250 volts, in
view of increased motor use and commercial rating of machines,
I hardly think it will ever be adopted, although we are now in-
stalling the new battle ships Kentucky and Kearsage at 160 volts,
on the three wire system, preserving 80 volts at the lamps and
connecting the motors across the outer mains.

As for conservatism in the naval service, I think it will be -
found that apparent delay in what is regarded as progress in
electrical work is mainly attributable to a desire for the best
obtainable produet and standardizing it when found. In the
vexed question of wire we have endeavored to introduce that
which would be sound and acceptable as the best construction. -
We are now endeavoring to get a standard incandescent lamp
and legalize candle power on the lines of good construction and
careful test. (Government appliances should in my opinion he a
standard of reference, from up-to date scientific requirements,
and, to ensure accuracy, the standard result must be obtained
carefully, which necessitates time and experiment; and we should
be slow to adopt apparatus which will subject us to well-grounded
criticism on faults of specification. This must apply particularly
to the adaptation of electricity to power when we must take the
conditions of the ship where weight and space and vibration, to-

ther with insulation and water tightness, are no mean or

ightly-to-be considered factors as regards the device and con-
struction. ,

Cart. JouN Mirris :—Although belonging to a branch of the
service whose duties afloat are quite limited, 1 am much inter-
ested in this subject in & general way. There were three points
that occurred to me concerning which I think -Commander
Greene can enlighten us. I understand that all these installa-
tions on board ship are direct current installations. Of course




1899.] DISCUSSION IN NEW YORK. 27

we understand the limitations as to distances of transmission on
board of a man-of-war, but it seems to me just possible that, in
view of the peculiar conditions, it might be advantageous to
make some applications of the alternating current system, or of
the polyphase system on ehipboard, and I should be very glad
to have some points with reference to this suggestion.

As has already been brought out I understand that the ques-
tions involved are very largely in respect to getting very heavy
weights in motion and of stopping them. That is, those consid-
erations are of great importance in the handling of turrets, in
ammunition hoists, in the steering gear to & certain extent, and
]i.erhaps in other applications with which I am not familiar.

here is also the question of different voltages and of transformna-
tions, so that it seems to me possible that there might be some
field for the alternating or polyphase system, although of course,
in & form quite different from conditions ordinarily met with in
commercia(i applications.

The second question is of a military nature and one which
most of the gentlemen present are perhaps not very much inter-
ested in, bat I recall seeing some reference to the use of search-
lights at Santiago. I understand that in the operations there, the
defensive use of searchlights was demonstrated, and it has
even been said that Admiral Cervera’s fleet did not come out at °
night on account of the confusion that it was subjected to by the
searchlights of our own vessels lying outside. If that is correct, it
will have an important bearing on our shore defenses, and the
question arises as to whether it would not be advisable to install
& large number of searchlights in these defenses, not only for
the purpose of discovering the enemy—which is the principal
object of the searchlight as it is now employed—but also
for the re?ednl purpose of confusing him after he has been
discovered.

The third point is in reference to the personnel on shipboard.
We tind in the military service a considerable difticulty in this
matter. Unfortunately in time of peace men are not induced to
enlist from patriotic considerations alone, and other considera-
tions are not always specially inviting ; and the line of promotion
is not all that might be desired. ’ﬁ:e commercial demands for
men who are skilled in a mechanical way or in an electrical way,
are generally more inviting thun anything that the military ser-
vice offers, and the skill of the enlisted man is not always of the
highest order. Possibly there is in the navy some more enlarged
system of promotion, a larger number of non-commissioned or
warrant positions, offering greater inducements for the enlisted
men, which Commander Greene could enlighten us about.
These considerations have a very important bearing on the ques-
tions which we are now dealing ‘with in the military service.

Me. H. L. HoLsrow —In such an installation as Mr. Greene
speaks of, the electric plant becomes a most vital portion of the
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ship, and in the navy where the liability to damage or destruc-
tion is great, it might be advisable to duplicate the plant, each
portion being in a distant part of the ship. This would not be
necessary in the merchant service, however. Mr. Greene’s esti-
mate includes six machines. Should a division of the plant be
decided upon, it would be good practice to place four machines
in each portion. This wou%d increase the weight by one-third.
A rather undesirable feature.

Many of the gentlemen here this evening are perhaps not
familiar with the personnel of the navy. and consequently do not
know the kind of men that would be placed in charge of such a
plant. I served in the navy as an electrician during the summer,
and of course was brought into contact with many of these
men. The apparatus aboard ship is .managed by the gunners
mates, who hold ratings as chief, firet or second class petty offi-
cers, and receive ealaries ranging from 35 to 55 dollars per

month. They are trained for their work at the gunnery school,’

where I believe, they spend one year in studying the construc-
tion and handling of guns, and the management of dynamos.
The greater part of this time is devoted to gunnery, so that very
little can be devoted to the electrical portion of their work.
Should one of these large plants be immediately installed, it
would probably suffer for the want of trained management. How-
ever, as these changes will in my estimation be a matter of
gradual development, the government will be able to train and
supply men for this particular work as the occasion requires.

Mrg. T. CommerrorD MarrIN:——There are various points in
Lieut.-Commander Greene’s paper which, it seems to me should
not pass without some comment and possibly explanation. I

was somewhat struck with the reference which Mr. Greene made .

to the inefliciency of telephonic service on board men-of-war. 1
must confess that that intimation comes to me somewhat in the
nature of a surprise, just as the later intimation did of the failure
of electric bells on board ship. It may possibly be due to the
fact that this expert work in bell-wiring and telephony was done
by the Cramps. I had not heard of them previously as partiou-
larly expert in that direction, as they are in others, and do not re-
memberat any time having found it within my province to com-
mend them for their skillin electrical work. It is possible that if
this work were left to those who know something of bell wiring
as such—I mean as an art. not merely as an industry to be ac-
complished at the lowest price possible that the work can be
done for, and if the telephonic work were left in the hands of
those who are competeut to handle telephonic apparatus,—there
might be better reports. It is possible, however, that Mr. Greene
has been misinformed as to telephonic work on board ship, and
this possibility is somewhat borne in upon me by a little exper-
ience of my own recently in pursuing an inquiry with regard to
electric range finders. It was annourced somewhat early in the
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war, and soon after one or two of the actions or engagements had
taken place, that the electric range finders were no good, that.
they had collapsed, they had failed, could not be worked. I im-
mediately started out to get a little information upon that sub-
ject. It was somewhat difficult at that stage of the game; all
those who had anything to do with it being still too busy tighting,
and not yet writing magazine articles on the subject. I did all
I could howerver, to find out whatever was possible from our fleet
in Cuban waters, but not eliciting any information in that
quarter, I wrote out to Manila, to my friend Bradley Fiske, told
Lim what I had heard, and expressed, as I naturally would under
those circumstances, my doubts as tothe accuracy of the informa-
tion. His heart warmed toward me, and he wrote back ve
fully on the subject, and said that so far as he had heard he did
not know just where those things had been tried, and would like
to know, and asked me to go on and investigate further. I did
so until at last I landed somewhere in the Navy Department, and
there is at my office a statement from one of the bureaus—I will
not attempt to distinguish it—stating that as far as it knows, not
a single electrical range finder was in service during the late war.
Hence, it seeme to me that the slight criticism which Mr. Greene
conveys by that remark in his paper is hardly justifiable under
the circumstances, and | venture to believe that if the inquiry
could be pursued right down to the closest detail, we would find
that telephones also are a pretty good thing on hoard ship, and
that all that is needed is that the wiring shall be done expertly
and properly, and that the wires, the bell wires for example,
shon‘)d not merely have the insulation which our friend Lieuten-
ant Walling has described, but might possibly go through tubes
which would more or less protect them from the action of salt
water and sea air. The whole thing simmers down to the diffi-
culty the navy has in retaining the men who have mastered the
details of electrical appliances. They are not willing to stay in
the service. If the navy could retain those men 1 think we
should have great unanimity in the navy as to the desirability of
electrical apparatus. But the trouble of it is the electrical men
won’t stay in the navy. We bave a distinguished instance here
on the platform to-night, and as long as the temptations for tal-
ent and ability are such as the larger field offers, I am sure no-
body can blame them. We are all glad to have them on shore,
although 1 did hear a man complain the other day that the naval
men were getting all the large jobs, even down to the consultation
of the Third Avenue Railroad.

One of the events of the late war in connection with the work
of electrical apparatus, struck me particularly, and it is a field in
which I think there is certainly room for improvement. After
Admiral Dewey had sailed into Manila Bay and had presented
Spain with the largest submarine fleet in existence, the cable
being cut, we were absolutely at a loss; we could not com-
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municate with that part of the world at all. Now, a navy that
can cut a cable, certainly if it is worthy of the name, ghould have
the ability to repair a cable when it is eut. I am sure that we
must all have read with feelings of despair and indignation some
of the proceedings off the coast of Cuba, when men-of-war’s boats
and launches and even larger ships, lay there exposed to the fire
of the enemy which even once or twice did prove deadly and
were sawing and see-sawing and hacking and chopping at those
poor, unfortunate cables and trying to cut them ; whereas one or
two old cable men under the guidance of such an expert as we
have on the platform in our President would probably have dis-
posed of the job in a few minutes. It seems to me if we are
going in for a navy, and if we are going in for expansion, the
very first thing that our navy will have to do will be to provide
itself with an equipment of that character. This little fact has
very much impressed itself upon me in the last week when the
navy decided that in order to protect our interests in the Philip-
pines it would-be necessary to counect the various islands together.
As far as I am aware there is not a single man in the United
States navy to-day who is in anywise competent to conduet or con-
tral those operations, and the result is that we have to go'to Eng-
land, and I understand that English talent has already been hired
by our navy to go out to Manila and do that work. I am glad
to know that we are buying the cable in this country, but I be-
lieve that all the auxiliary apparatus, without exception. is being
ordered by oar navy to-day from England. I’ersonally I am one
who rejoices from the bottom of his heart over the Anglo-Ameri-
can alliance, and I like to see that we can depend on our good
English friends for assistance of that character. But T should
feel far more delighted if I knew that we could depend on our
own resources for work of that kind in this country, and that
such resources were at command in the service of our navy.
Mk. Joux W. Ligs, Jr.:—I[ think the figures which the
speaker of the cvening has presented to us, are of very great im-
ortance to central station men, particularly as the problems
which they have to meet in the mechanical conduct of the sta-
tions are not altogether dissimilar to those met on board ship.
The problem of electrically driven auxiliaries versus steam driven
auxiliaries is of quite as pressing importance from the central
station point of view as it is on board ship, and 1 think it wonld
possibly cover a point not previously referred to, if one or more
features connected with the difliculties of auxiliary drive by
electricity were pointed out. In the tabulation we have before
us, one advantage of steam drive certainly as applied to central
station practice, probably also as applied to marine practice,
does not appear. If from a central station, assuming it to be
a condensing station with electrically driven auxiliaries, air in
circulating pumps driven by electric motors, boiler feed pumps
driven by electric motors, drip water pumps driven by electric
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motors, an important problem arises—the heating of the feed
water with the exhaust steam, and boiler feed pumps driven by
steam. Where condensing apparatus is used, auxiliary feed
water-heaters are available which are important in enabling
the exhaust from the auxiliary steam driven apparatus to be
utilized in heating the feed water. Thisis an important matter
for every station, and I presume it would be the sawne case some-
where on board ship. Exhaust steam which returns to the
boiler and from which part of the heat units in the steam used
for steain drive, is not obtained from such sources; it must be
provided for in another manner and at a considerable cost. This
saving has not been mentioned as an element of advantage in
the steam drive, and should certainly be brought forward in a
full and fair presentation of both sides of the question. I
would like to add one more point, and that is the point of
flexibility of control. In such important elements as turret
turning, the installation of systems, such as Mr. Leonard has
described, become important, and the extra apparatus required
and the additional expense, is warranted by the importance of
the apparatus to be controlled, and aleo by the fact that units
are small in number. But when it comes to controlling a num-
ber of pumps, electrically driven boiler feed pumps, air and cir-
culating pumps, the difficulty of getting a sufticiently wide range
by rheostat control or the limited control given by field rheostat
becomes of very considerable importance ; and where electric
drive is reserved for boiler feed purposes, it is often necessary
to run the ‘pumps driven electrical‘y at practically constant
-sreed, and do the regulation by a steam driven pump; or when
the electric unit becomes too large to handle the power plant at
full load, it is necessary to resort to the steam driven pump to
get a sufficiently wide range of regunlation and control. ,
I was very much interested in the presentation by Prof. Thom-
son of his experiments in connection with the reduction of steam
consumption in small steam motors. It iz a subject which is ex-
tremely interesting to me, and while to discuss it thorough]y
would lead me too far afield, 1 just wish to refer to certain ob-
servations which I had the opportunity of making last summer
while on a trip abroad. The question of the use of superheated
steam has passed from the stage of theoretic consideration to the
stage of application in practice. Among the most prominent
advocates in the use of superheated stecam is Prof. Schmidt.
The results that he has already obtained are surprising. 1 have
seen tests conducted by German experts on similar engines of 50
and 60 horse power where the steam consumption is below ten
ounds. Of course, in handling steam superheated 500° or 600*
ahr., new problems arise, which I will not undertake to discuss,
but simply point out the novelty to some extent at least, we
might cal{ it, the novelty of the use of poppet valves for the
steam admission, the point referred to by Prof. Thomson in his
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discussion. No doubt the use of superheated steam will be a
matter which we will hear much of in the very near future, as
indicated by the enormous progress which has been made in its
application abroad. '

Capr. MiLris:—If I may be pardoned for one word further—
I think we are all ready to concede that the United States navy
does not need any defense at this time, but the remarks which
the gentleman made on the subject of cable cutting recalled to
my mind the fact that I saw a section of one of those cables that
were cut on the south shore of Cuba during the late war. The
shore there is extremely bold, and great depths are found close
into shore, The section I refer to was of shore cable. It was
about 3){ inches perhaps in diameter. It had a double armor of
steel wires. The outside wires were nearly as thick threugh as
one’s little finger ; and, although I ain not prepared to state that
the cut which I saw was the cut which they made, it is natural
to suppose that tliey mnade the shortest and cleanest cut it was
possible to make under the circumstances. I understand they
grappled and raised that cable from a small boat. They were
under fire, several of the men were wounded, aud I think one or
more were killed while they were hacking and sawing at this
cable. They finally succeeded in getting it separated. 1 have
had considerable experience in handling submarine cables of a
good deal smaller size than that, but 1 never attempted to cut
one under the fire of Mauser bullets, and I do not think that the
most skilled civilian electrician not accustomed to military disci-
pline could have done any better than those men under the
circumstances.

‘With regard to the repair of the cable running to Manila, it is
a military principle—I suppose aleo a naval principle—that
means of communication with headquarters in case of operations
of that kind are sometimes very necessary, and very valuable
and very desirable. Under other circumstances it may be better
to have the cable thoroughly and effectually cut.

Mk. T. CommerrorD MARTIN :—I hardly think that it needs
any avowal from me that I would be the last, or certainly among
the last, to reflect for one single instant in thought orword upon
the glérious valor of the men  who put themselves under fire to go
through such an operation as that,and I know that had our friend
Capt. Millis himself been there the operation would have
been just as successful as it could be with the resources and
experience which he has at his command. At the same time I
would like to say that Ihave heard criticism and comment made
both by officers in the navy and by those who are familiar with
cable operations in the Atlantic upon the subject of that work,

"and they have united in saying that it was an unnecessary and
needlessly long exposure of the men who were unfamiliar with
such work, and which would have been muchk better done had
cable maps and proper resources and trained men been at the




1899.] DISCUSSION IN NEW YORK. 88

dispoeal of the officers commanding the squadron at that time.
That was at least the point that I wished to make. I would
like to emphasize what I have just stated in regard to elec-
tricity in the navy, and the fact that the men who know some-
thing about it should be in the navy, by saying I do believe
that the remedy will come if one of the measures now before
Congress happens to go through—that which looks to the unifi-
cation of the line ang the engineer officers. I think that is a
step which we all look forward to with a great deal of hope, and
which we trust will very shortly be accomplished.

MRr. JoskpH Bisur :—There is one other point in connection
with high voltage on board ship to which I should like to refer,
that is, regarding the use of searchlights. Asa rule a voltage
is well adapted to searchlight operation when there is a drop of
25 to 35 volts between the generator and the arc. The arc is
peculiar in being in unstable equilibrium, and its action isso rapid
that its resistance either increases or decreases enormously before
any mechanism can adjust itself to take care of it. To over-
come this difficulty, it 1s customary to insert an external resist-
ance between the generator and the carbon terminal. This acts
as an automatic regulator, without any time element. The
moment the resistance.of the arc becomes less, owing to some
increase of the current and consequently of the cross-section of
the arc, the voltage at the carbon terminals falls, because of the
increased drop in the external resistance, and the current comes
back to normal value. If, on the other hand, the resistance of
the arc tends to rise because its cross-section was diminished by
some decrease in the current, the voltage across the carbons rises
correspondingly on account of less drop in the external resist-
ance, and the are¢ re-establishes itself.

‘When you have adrop of 25 volts between generatorand are you
have about the right amount of external resistance, to compensate
for the changes of resistance in an arc, but when you come to
Eet a drop of 110 or 150 volts between generator and arc you

ave entirely different conditions. Then, the regulating effect
of the external resistance is too great, and the arc surges up and
down slowly, and is a troublesome thing to deal with, and requires
different mechanism for its regulation.

At any rate, very little work has been done in that line with
large arcs, and there is a certain amount of experimental work
that has to be done before searchlights can be successfully oper-
ated on those circuits. At least such has been the case with
other arcs where no difficulty had been anticipated, but when
they were put on high-vol circuits and sufficient resistance
put in series with them to bring the voltage across the terminals
down to the proper point, the arc surged up and down in a ver,
unsatisfactory manner, and considerable trouble was expern-
enced. I mention this simply as tending to show that some
experimental work must be done before introdncing high volt-
ages on board ship.
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A MgeuMeEr:—In regard to the point made by one speaker as
to the undesirability of using electric drive for auxiliaries, either
for central station or on board ships, it seems to me there is a
point there that is overlooked. If we can use electric auxiliaries
and get the power to drive those for say 30 pounds of steam per
brake horse-power as against 119 that it takes for the steam
driven auxiliaries, we have got there a matter of 80 pounds of
steam per horse-power hour, which we can use if we wish to, as
live steam to heat our feed water. On the other hand, the only
way of heating feed water is really to save some of the heat in
the exhaust steam that we are wasting by using non-condensing
pumps, so that we would be in better mechanical condition to
use our steam in condensing steam engines and then heat our
feed water in the boilers, or if we want to avoid the strain in the
boilers, use a little of the extra live steam we are saving to heat
our feed water, and still use the electrically driven auxiliaries.

Mr. Lies:—The gentleman should not understand me to say
that I was opposed to electrically driven auxiliaries. I simply
wished to point out one difficulty in connection with their use
which had not before been presented.

Tue Presinpent:—Is there any further discussion on the
paper? If not, Mr. Greene will take up the various points that
the speakers have stated.

Mgz. S. Dana Greexe:—I want to thank the members of the
society for the evident interest they have taken in the paper as
shown by the discussion which has followed, and whicﬁ I can
assure you has been most interesting to me. I have made notes
of a number of points, and I think that some of the points
raised have been perhaps due to a little misunderstanding. First,
with reference to Prof. Thomson’s remarks about the high pos-
sible economy of small simple steam engines, it might appear
from what he left unsaid, more than from what he said, that his
remarks were in contradiction of his statement that the electric
drive was the only thing touse on board ship. It at once oc-
curred to me, what no doubt Prof. Thomson had in mind, that
the high steam pressures necessary to obtain these economies,
makes this form of steawn drive absolutely impracticable on board
ship. I do not think any man who has had any experience atloat
would question that statement for a moment.

Lieut. Walling, in referring to the improvement of the effi-
ciency of certain small engines on board ship, gave, uninten-
tionally, I think, an erroneous impression that the engines he
spoke of included a/l the variousauxiliaries; whereas I am quite
sure that the particular engines to which he referred as having
improved in economy were only those operating the electric
generators. As I pointed ont in the case of the Minneapolis
there are between 30 and 40 auxiliary engines, and in a great
many of them, as some other gentleman has already pointed out,
the conditions of service are such that they must inevitably be un-
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economical, giving a very low average economy as this test showed.
I think Lieut. Walling has rather missed the point with respect
to the anchor hoist or winch and the steering engines. It
seems to me not a question of the reliability of the motor,
but of the reliability o? the mechanical application of the motor
to the operating mechanism. I can illustrate this perhaps by
reference to the experience on the great lakes in towing vessels.
The introduction of the enormous barges carrying five or six
thousand tons of ore has revolutionized towing, and the old-
fashioned method, which still prevails on our coast, is laughed at
on the lakes to-day. They found that the pitching, which is the
condition Lieut. Walling spoke of, will snap any steel hawser.
They now have a towing engine which automatically takes up
the slack or pays out the hawser as the vessel pitches. I have
seen tows of four and five of those vessels each carrying tive or six
thousand tons of ore in a heavy sea on the lakes, when the cap-
tain of an ordinary tow along our coast would have scuttled for
harbor very quickly, ]eavingiis tow adrift perhaps.

I also question the difficulty of insulating for 160 or 200 volts.
I do not think we need consider that seriously. ~That is to say,
I for one am not prepared to admit, nor do I think that any man
who has had experience in' wiring is prepared to admit, that a
piece of wiring work on board ship or anywhere else cannot be
installed to give a high insulation resistance for 200 volts. I
think it is largely a mechanical question. A great many of the
troubles in the wiring of ships, are due to meciranical injuries to
the cable. By mechanical injuries I refer not only to cuts and
abrasions, but to the rapid deterioration of the insulation due to
heat or 0il. We all know the effect of heat and oil on rubber
insulation. My. suggestion, as a remedy for this difficulty, made
a number of years ago while still in the service, was to run a
series of ducts fore and aft in the ship while building, with
branches or ‘“risers,” in every compartment, using these ducts
simply as runways for the wires. lP think it would be a great
protection if that were done.

Capt. Millis, I think, has suggested the possible use of alter-
nating current apparatus on board ships, and I think that is
quite possibly one of the developments of the future. One point
" which will have to be thoroughly worked out, is the control of
induction motors under varying conditions of load and.speed; a
control which, as Mr. Leonard has very clearly pointed out,
must be absolute and exceedingly fine. If ‘I am not mistaken
the Brooklyn’s turrets have been started and stopped thirty
times in 3 inches of arc.

Lrevr. WaLLing :(—Thirty-seven times in & minute.

Mz. Greene :—That gives you the idea of the fineness of the
control. That is the whole secret of pointing guns. The man
has got to feel that he has absolute control of iie turret or his 8”
or 12” gun; the nearer the gunner can handle it as he does a

e —
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rifle, automatically, so to speak, without having his eye dis-
tracted from his sights, the better shooting will be done.

With reference to searchlights, the point the gentleman last
speaking made as to the arc not operating properly with a large
resistance in circuit (on 160 or 200 volts circuit,) may be entirely
correct. I confess I have not had experience on that point; but
if it is true, my suggestion would be, not to sacrifice the rest
of the plant, but to put in a separate machine for operating the
searchlight. The searchlight circuits are run independently on
board ship to-day. Install a separate machine for each of
them; it would not need to be a ‘l):rge machine, nor would it
have to be used very often. I quite agree with the suggestion
that searchlights should be introduced largely in our coast for-
tifications, and as a matter of fact a great many were introduced
during the late war. But the conditions of use of the search-
lights at Santiago were very different from those which obtain,
for instance, off Sandy Hook. At Santiago, ships on the out-
side were directing a beam on the entrance, not over a couple of
hundred yards wide ; maintaining it there and lighting up the
entrance so brilliantly that vessels lying three or four miles on one
gide or the other of the beam of li it could see a small boat
distinctly at the harbor entrance. There is not the slightest
doubt that if Admiral Cervera’s fleet had attempted to come out
at night, it would have been discovered by our fleet as quickly
as it was when it came out in the daytime. It is one thing to
put a searchlight beam on a stationary object, when we know
whers it is, and keep it there. It is quite another thing to pick
up a moving object, particularly a emall moving object painted
8 “war color,” not knowing where to locate it. I think in
almost every case where torpedo boats have made practice
attacks on war vessels, the latter attempting to defend themselves
by searchlights, the torpedo boats have won; in other words,
they have been able to discharge a signal rocket within “ torpedo
distance ” of the ship before they were discovered. It requires
great practice, and Ip know from personal experience that it is
very dittizult, to pick up even a comparatively large vessel when
you have got to look for her and do not know where she is, and
vou are sweeping the horizon with the arc. Therefore, I
do not think too much stress should ‘be placed on searchlights
for shore work. Undoubtedly if the vessel is once discovered
they are very useful in keeping her exposed as a target and in
confusing those navigating the vessel.

The question of pljoperf_’y trained men for the navy is purely a
'business problem. ~ If you are operating a large central station,
using triple expansion engines and large direct coupled units, you
expect to have a hetter man in charge than in the case of a small
station with simple engines and belted generators. The navy cannot
expect to secure good men in time of peace for routine work unless
they pay for them; I think that they can secure a very excellent.
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class of men if they raise their wages on board ship, so that

they are comparable, for instance, with those.of first-class

machinists who, if T am not mistaken, receive somewhere between

$75 and $100 a month and their rations, with no rent to pay;

Uncle Sam gives them their hammock-space free. The amount

of knowledge and intelligence required of men to handle elec-
trical apparatus on board ship is not excessive. Practical

operating men are wanted; and if the navy is willing to pay

for them, I have not the slighest doubt that they can be obtained

and that they will remain in the service.

It seems to me that Mr. Lieb’s point as to the question of
using the exhaust steam from the stéam auxiliaries for heatin
feed water is, as the gentleman has pointed out, entirely covere
by my figures, if they are correct. If the saving which I have
indicated by these fignres (and I think that I have been conser-
vative) is correct, then no possible saving, such as Mr. Lieb sug-
gests, can make up for this difference. I think the same is true
of the auxiliaries in a central station, though perhaps to a less
degree, because the conditions of operation in a station are less
gevere than on board ship. I know of one station which has no
steam cylinders outside of the main generating engines except
a reserve steam feed pump, and I think that the economy of the
station, including the auxiliaries, compares favorably with any
other station in the country. Of course, the load factor cuts a
very important figure in central station economy.

One gentleman has suggested that we should have duplicate
plants on board ship. %‘Ve might say the same thing of the
boilers and the engines. I pointed out that if a plant for the
auxiliaries is to be used on the scale suggested, we must consider
it a8 one of the vitals of the ship, and it must be below the pro-
tective deck, just as the boilers, engines and magazines are. If
it is 8o located, I think that the chances of its being disabled are
certainly no greater than the chances of the engines or boilers
being disabled. The present practice in the navy is, to allow
about one-third reserve capacity ; I do not think in a plant as
large as the one suggested, 1,000 horse-power, it would be neces-
sarly to have so much. Possibly two spare units would be in-
stalled instead of one, as I have suggested.

I think there isa little misunderstanding on the part of both Mr.
Martin and Capt. Millis as to the cable cutting off Cuba. I hap-
pened to see some of that myself. A regular cable steamer
was for several days cruising off Santiago, trying to pick up a
cable, and General Greely was cabling from %aglington every
day, wanting to know why it was not cut. . The reason was
that they .could not find it, and the reason they could not find it
was that the bottom was coral rock, covered with all sorts of
tropical submarine growth; the cable was embedded within a
mass of these coral rocks, and when it was finally raised it was
found to be three or four times its normal size. Naturally this
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cable steamer had to keep out of the range of the guns in the
Morro- Castle. She was grappling in 800 or 1,000 fathoms of
water, although only three or four miles off the shore. That was
a “professional” vessel with “professional” men on board. The
men engaged in the cable cutting expeditions at Cienfuegos, as
Capt. Millis pointed out, were obliged, in order to get the shore
end of the cable to run in close to the beach, because the water
deepens very rapidly there, as at Santiago. When the cable was
once lifted and put on the rollers of the launch it was cut prob-
ably as qnick as anybody could have cut it under the circum-
stances, and I think it was one of the pluckiest and bravest acts
of the whole war. There was no excitement of battle about it;
those men had to work under a steady fire from rifle pits, not
100 yards away.

Mr. Martin referred to my statement in reference to range
finders and telephones. 1 was very careful about the language
I used. I said there are devices, “like the range finder and
telephone, which while of great utility, have not yet demon-
strated that they can be relied upon at all times.” [ think the
best demonstration of the truth of my statement is, that they
were not used during the battles of Manila and Santiago. They
are of great utility; we all know that, and all admit it. They
were not used in battle to any extent because they were found
not to be reliable or serviceable under these conditions. In the
case of the telephone, it is not merely a question of the reliability
of the instrument. A man may be stationed near a blower or
near escaping steam, or among the many rattling noises on board
ship, and any telephone is absolutely useless under such condi-
tions. The telephones may be in perfect working order so far as
their condition of electrical operation is concerned, but they can-
not be used. The same way with the range finders. The range
finders have to be placed at the end of a base line of known length
on board ship; communication has to be maintained between these
stations by telephone; not only between them but with the conning
tower and the various indicators around the ship. I have no
doubt that one reason why neither the telephone nor range
finder were used more in those actions than they were, is becanse
under certain conditions there is so much noise that it is
absolutcly impossible to hear the telephone at all. Perhaps
sometime we shall have enclosed telephone booths aboard ship, as
we have on shore, and then it can be used at any time.

THe Presipent —I think that I shall be voicing the general
feeling and sentiment of the meeting if I extend to Mr. Greene
the thanks of the InstiTuTE for the paper that he has kindly
brought before us. There is nothing further before the Insti-
TUTE, and & motion to adjourn will now be in order.

[Adjourned.]
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[CoMmoNICATED AFTER ADJOURNMENT BY MRr. GEORGE HiLL.]

Professor Elihu Thomson’s discussion of Mr. S, Dana Greene’s

per ¢ Electricity on Board Ship” presented at the meeting of
gznna,ry 25th, 1899, calls for a comment on certain statements
made, which in the opinion of the writer are not borne out by the
facts. The intimation is made that a simple single acting non-con-.
densing steam engine can be made by a slight change from the
standard design as economical as a triple-expansion condensing -
engine. The principle of the change is indicated by Professor
Thomson in the statement that “I must imitate the cycle of the
gas engine in steam, and then I would get high efficiency with
other advantages.” The cycle of a gas engine as ordinarily
understood is as follows:

The admission of a certain amount of mixed gas and air during
the forward stroke of the piston; the compression of this gas
and air during the returning stroke of the piston ; the explosion
of this compressed mixture at the instant that the piston begins
to move forward, the sweeping out of the products of this ex-
plosion on the return stroke of the piston, and the drawing in of
a new charge of gas and air with the forward stroke beginning a
new cycle. The cycle therefore occupies two complete revolu-
tions, one of which may be called a working revolution and the
other an idle one. Nothing in the engine described by Pro-
fessor Thomson approaches this. In describing the action of
the engine he says “now instead of reversing the motion of our
steam as it enters back of the piston and throwing it back to the
heated surfaces in exhausting, we are careful never to throw it
back, but always let it go forward.” Such a statement seems
very curious from so eminent a source ; the steam must act ex-
pansively ; as & consequence the entire cylinder is filled with
steam during the entire forward stroke at a constantly decreasing
pressure and consequently a decreasing temperature. When the
return stroke begins, the cylinder is filled with steam at atmos-
pheric pressure and this steam is compressed giving the com-
pression line shown in Fig. 2. The entire cylinder being filled
with steam of a given temperature at the point of release, it
really makes no diigl rence at which end of the cylinder the steam
is withdrawn. As a consequence, the engine 18 no different in
principle from the Westinghouse engine. The steam consumption
per horse-power hour seems very low, and would be remarkable,
if it were ordinary steam at 160 lbs. pressure without superheat,
but Professor Thomson states that superheated steam is used, with-
out stating the number of degrees of superheat, which accounts
for the low water consumption. If he had expressed the
efficiency of the engine in heat units actually utilized, or in
pounds of coal of astated composition per horse-power hour, the
result would have appeared very different. The available heat
in steam at 160 lbs. gauge pressure, expanded to atmospherie

1 4
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pressure is 46 H. u. per pound, each degree of superheat adding
to the available energy a considerable percentage, which per-
centage is greater than that due to an increase of one pound in
pressure, but both require the expenditure of energy either by
the consumption of coal or otherwise, and must be accounted
for in stating the econoiny of the engine. Something too must
be allowed for the fact that the engine tested was new, and prob-
ably a great deal of pains taken to eliminate all waste. In con-
clusion it would seem desirable to obtain much more data in
regard to the engine and its operation before we flatter ourselves
that any materiaﬁ‘ advance has been made in steam engineering
by either Professor Thomson or M. Serpollet.
New York, March 28th, 1899.

[A Rerry By Pror. Erinv TromsoN to Mr. Hill's comments on
his discussion of Mr. S. D. Greene’s paper on “ Electricity
on Board Ship.”]

I am too busy to enter into a lengthy discussion with Mr. IIill
on the points raised by him, but will venture, for the present,
the following remarks :

My comments following Mr. Greene’s paper were made off-
hand, and were not prepared in advance. They had necessarily
to be brief, and nearly as possible to the point. I certainly did
not intend to indicate that the best results of triple-expansion
engine practice were likely to be excelled by the simple form of
engine which I described. But that the effects of simple engines
could be made to approach more nearly the highly economical
results of more complex types is evident when it is borne in
mind that our simple engine of only five and a fraction horse-
power, in reality composed of four simple engines of little over
one H.P. each, when tested, gave results in water consumption
not greatly differing from those of tests of engines of hundreds
of horse-power in compound condensing types. A factor in the
cost of power is interest, wear and tear a.ndp depreciation, which
are manifestly the less, the simpler and cheaper the engine,
other things being equal. Mr. Hill finds fault with my com-
parison of the cycle of the small engine with that of a gas
engine, seemingly ignoring those types of single cylinder gas
engine which make one explosion every revolution. He must
admit, however, that in the simple engine, an action is produced
every revolution which in the type of gas engine he selects for
comparison is only produced for every other revolution, and
that in consequence the simple steam engine described has the
advantage of less friction und negative work. Desides, I was
speaking only in general terms when I referred to the gas engine
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cycle, and merely as an assistance to the understanding of the
actions in the simpler engine itself. ‘

We have indeed to be thankful that:—* Nothing in the
engine described by Prof. Thomson approaches” the zd%a revolu-
tion of the four stroke cycle of the gas engine. I am surprised
at Mr. Hill’s not understanding what was meant by the state-
ment I made in the words; “ throwing it back to the heated
surfaces in exhansting,” etc. He has totally missed. the signifi-
cance of the words “in. exhausting.” Does he find that the
steam goes back to the hot end and out of thatend in exhausting?
It does go back (what amount is left of it) sn compressing. This
is so plainly evident as to need no discussion, and it is cer-
tainly not a bad feature. Itis not a wasteful process, surely. .

Does Mr. Hill really think, and can he truthfully maintain
that it makes no difference at which end of the cylinder the
steam is withdrawn? If one end is hot, as heated by the in-
coming steam at high pressure, is it economical to discharge
steam, cooled by‘expansion and delivery of energy to the moving
piston, at the hot end, and so allow the steam in exhausting to
run away with useful heat? What a beauntifully wasteful pro-
cess is that which involves the admission of steam between or
over surfaces which have just been bathed in cool steam (and
perhaps condensed water) leaving the cylinder. I freely admit
that the fact of the use of superheated steam, has perhaps some-
thing to do with the low water consumption shown by repeated
tests, and preparations are being made to test a much larger
engine of the same type, with steam in all degrees of humidity,
dryness and superheat.

As I was testing an engine and not @ boiler, 1 rather preferred
to exclude the boiler from the tests, particularly as no means
were at hand to do differently. Just why this was the case I
cannot stop to explain now. {t is true that to obtain hot, dry
steam, may mean the communication of more heat units per
pound of steam than in the case of wet steam or saturated
vapor, but the difference is comparatively slight. The change
of state involved in boiling the water is, as Mr. Hill must know,
the chief factor in the case, whether the steam be produced in
one condition or another.

1 cannot admit that: “ A great deal of pains was taken to
eliminate all -waste.” The engine was in good condition, of
course, but not exceptionally so. Itssimple construction permits
of relatively easy maintenance. When {) made the engine I ex-
Eocted to realize a result of about 30 pounds of dry steam per

rake horse-power hour, which in itself would have been roughly
about twice as economical a result as is shown in the best tests
of such very small engines, of which I was able to obtain any
data. I was skeptical of the result of the first tests, and freely
expressed my doubts, but by going over the work and watching it
personally, while insisting that everything be done to have the
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errors count against the engine rather than in favor of it, I
became convinced that my expectations had been greatly ex-
ceeded, and that a result of 20 pounds per horse-power hour, or
slightly better than that, had been in fact, obtained, as I have
indicated. ‘

It remains to finish and test an engine of larger capacity and
to do it under such varied conditions as will be likely to point
out the relative values of those features which undoubtedly con-
tribute to the still lower consumption which will probably be
obtained.

The small engine tested was designed for automobile work, it
being regarded as extremely desirable that but little water and
fuel%)e carried, and but little steam escape during work. The
clearance is great and the manner of exhaust and admission such
that no trouble is ever experienced with condensed water in
starting.

The engine is now in use upon a steam automobile, having a
coil-pipe boiler heated by ordinary kerosene. It runs eatisfac-
torily even under the very extreme condition adopted in some
experiments with it, of a steain supply-pipe at a bright red
heat. But this is, of course, abnormal and only indicates the
wide range in character of steam which is permissible. ~That it
is not injured by -excesgive heat in the steam supplied, is due,
doubtless, to the poppet valve admission and the extremely early
cut-off which permits the entrance of only a momentary puff of
hot steamn when the piston is full in.

As a matter of interest in this connection I would conclude
by calling attention to the fact that Ewing in his work on “ The
Steam Engine, and other Heat Engines,” on pages 180 and 161
gives some results of tests by Willans on a small, simple, non-
condensing single-cylinder engine, in which, with 172 pounds of
steam, an indicated horse-power hour was obtainable witg 18% 1bs.
of steam. This represents, as Ewing points out, an efficiency of
75 per cent. of the theoretical efficiency of an engine working
under the conditions. Ewing also refers in this connection to
“ Min. Pro. Inst. C. E., vol. xiii., part 3, and vol. xcvi., part 2,”
in a foot note.

Lynn, Mass., April 5th, 1899.



AMERICAN INSTITUTE OF ELECTRICAL
ENGINEERS.

New York, February 15th, 1899.

The 132d meeting of the INsTrTuTE was held this date at 12
‘West 31st street, and was called to order by President Kennelly
at 8:10 p. M. The President requested the Secretary to make the
customary announcements :

Tue SECRETARY :(—At the meeting of the Executive Commit-
tee this afternoon the following associate members were elected :

Name. Address. Endorsed by
Apaxs, FraNk Pierce Electrician,Stockton Gas &Electric J. A. Lighthipe.
Co., residence, 171 N. El Dorado (. E. Sedgwick.

8t., Stockton, Cal. Geo. P. Low.

Apaxs, JuLius LE Roy Chief Engineer, Hartford, Man- Oberlin Smith.
chester & Rockville Tramway Co., M. J. Wightman.
Manchester, Conn. Ralph W. Pope.

Browp, PaurL K. Chief Engineer, The Russian Elec- L. B. Stillwell.
tricCompany,' Union" St. Peters- Edw. L. Nichols.
burg, Russia H. J. Ryan.

Cureie, N. M. Superintendent, The Municipal A. L. Hadley.
lectric Light Plant, Conneaut, E. A. Barnes.
Ohio. F. S. Hunting.
CopbuaN, JoBN STurcEs Consulting Engineer, Associated
with R. S. Hale, 31 Milk 8t., Qe R Cross.
residence, 57 Marlborough St., WL Pa by
- Boston, Mass. - L. Lutler.
Duxw, Cuirrorp E.  Patent Attorney, 220 Broadway, Chas. A. Terry.
New York City, residence, 12-a Henry Schreiter.
Monroe St., Brooklyn, N. Y. Ralph W. Pope.

HurrtoN, CHas. WiLLiaM Chief Electrician, Sacramento J. A. Li%hthipe.
Electric Gas and Railway Co., C. E. Se gwick.
. Sacramento, Cal. F. A. C. Perrine.
Scawerrzer, EpMuNnp Oscar, Electrical Inspector, Chi-
cago Edison Co., 189 Adams St., ‘(V}.%Gf{l;h&l;:;r::gb
residence 1906 Oakdale Avenue, J' J' Flather .

Chicago, Il
TrurspELL, ARTHUR E. Assistant to General Superin-
tendent, Peoples Light and g}::f'sR' fo?r“
lr’Iower Co., 448 4th Ave. Newark p,i.."Wri ght'
L. :
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‘WaTerMAN, Marcus B, Electrical Engineer, Brewster
En%ineeringlg;).,New York ?ity, ﬁt’l‘;“;leftll‘::gﬁ?fr
residence, Lefferts Place, : )
Brooklyn, N. Y. Douglass Burnett.

‘Wiske, JoBN SHREEVE, Jr., Electrician The’Pa. Mfg. Light J. H. Vail
. and Power Co., residence, 2023 ‘' y

%u. Vernon St., Philadelphia, ﬁ' % gi';f,',’,?:" :
a. t )

Total 11.

The following named associate was transferred to full member-
ship.
Approved by Board of Examiners, January 18th, 1899,

Georgk T. HancHETT, Electrical and Technical Engineer, 128 Liberty Street,
New York.

The following paper on Storage Batteries and Railway Power
Stations was then read by Mr. Robert McA. Lloyd.




A Paper presented at the lJ?J Meeting of the
American Institute of Electrical Engineers, New
York, President Kennelly in the Chair; and Chi-
cago, Local Homorary Secretary Pierce, in the
Chair, February I5th, 1809.

STORAGE BATTERIES AND RAILWAY POWER
STATIONS.

BY ROBERT MC A. LLOYD.

A difficulty confronting us is that very few operators of rail-
way power stations have any data showing what they are doing.
Electric light managers seem to take more interest in the output -
of their stations, and in many cases maintain a system of records
of work done, but the manager of a trolley road is unsually con-
tented with superficial observations of the switch-board and the
comforting fact that the cars are running.

We always find these managers greatly surprised when the
actual state of affairs is shown to them on paper, and I believe
that this INnstiTuTE Would be astonished at the results of a thor-
ough research into the load curves of the railway plants of the
entire country. You are of course prepared for the statement
that the average load on a railway power station for a given
period is much less than the maximum load occurring during
that period and much more than the minimum, but’'it is not gen-
erally understood that the maximum load for the same period is
apt to be far below the capacity of the generating plant in oper-
ation. As an illustration of this fact I show in Fig. 1 some data
on a typical railway plant when 35 cars were running. We have
not discovered any railway plant where this is not true, and I
believe that the data on most of the railway plants of this coun-
try will confirm my statement. The first explanation of this
would be that such a surplus capacity is necessary for reserve to
meet emergencies, but I do not find it to be a useful reserve, and

45
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shall refer particularly to Fig. 1, taking this station because
from the standpoint of the manager, engineers and attendants it
is dangerously overloaded, and has no reserve. In fact it was
necessary to add to the capacity at on¢e to make it safely oper-
ative.

I obtained these data on' the day of heaviest travel in the
whole year. It will be noticed that the highest point reached
was within the capacity of the main station, and yet it was neces-
sary to start up anauxiliary station. The central solid line shows
the average load, and the upper and lower lines show the limits of
the fluctuations occurring from moment to moment. The method
pursued in getting these curves was'to divide the day into half
hours, and during the first five minutes of each half{hour take the
highest and lowest ammeter reading in each minute; these readings
are plotted in the upper and lower curves; also to take ammeter
readings every five seconds and obtain the average of these
readings as the point in the curve of averages. Another
convenient method of obtaining the curve of averages is by
wattmeter readings. Among some of the interesting features
in this diagram may be noticed the fact that the nowminal
capaeity of the generating apparatus was about 400 x. w. in
excess of its maximum output occuring at about 8 o’clock
in the evening, and that the average output at this time was
about two-thirds of the maximum. The excess of nominal ca-
pacity was not so great at 7 o’clock in the morning, or two in the
afternoon when other high points occurred, but as it was known
that the morning peak would be of short duration, the engineer
decided to run through it without the auxiliary station, and in
the afternoon the load increased more rapidly than was expected,
and the auxiliary was not ready to go into operation on .short
notice, consequently obliging the main station to groan under a
dangerous load for an hour or so.

It will doubtless occur to some that this station apparatus has
been overrated, or that the engineer was incapable, or over
cautious, but the fact remains that similar data are obtained in
very many stations, and that in many cases the apparatus has
been subjected to satisfactory tests before acceptance by the pur-
chasers. It may be possible to build engines which regulate at
all conditions of load and at the same time use steam satisfactorily
at maximum load, but I do not find such engines commonly in
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use. Further than this there are many very good engines in use
which cannot be safely operated at anything like maximum load
if that load is liable to sudden variations. I realize that you may
suggest all sorts of schemes for getting a better output from the
plant illustrated by this curve, and you may wish to ask some
questions about this apparatus, but experience convinces me that
the men who are most likely to be consulted about such a station
will recommend more generating plant, and the truth is that there
are so many good salesmen pushing engines and dynamos that
station managers frequently fail to get full duty from the ma-
chinery which they are operating already. It is not merely that
the storage battery has been neglected, but any of us can see in
railway power-houses throughout the country, where the man-
agers have been persuaded to increase their generating plant,
when attention to & few details such as steam piping would have
brought their output up to requirements. Assuming however a
station equipped with the best obtainable apparatus, and operated
under the most advanced laws of station practice, in the absence
of a storage battery, there would still be much more apparatus
running than would appear necessary from the load diagrams.

The generator salesman says in reply to this proposition that
his apparatus is cheap, and that it is good to have plenty of it, but
one generally finds that where there is plenty of apparatus avail-
able, the engineer is tempted to keep too much of it running, and
therefore running at low efliciency.

Of course railway power stations have individual character-
istics, and it will not do to assume that they all need storage
batteries, but there are certain features of railway power require-
ment, which are common to the problem everywhere, and which
invite consideration for the storage battery.

The curve characteristics of electric light supply are well
known, and much information about electric lighting has been
brought out in the committee reports of the National Electric
Light Association for 1896 and 1897, and by Mr. Hammond in
his paper before the British Institution of Electrical Engineers
in March, 1898, but the possibilities are more varied in railway
work, and as far as I know, there has yet been no systematic
research into the economy of railway power stations, the only
published data on the subject being contained in the paper read
before the Street Railway Convention at Boston last Septem-
ber by Mr. R. W. Conant.
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In iy endeavor to point out some of the uses for a storage
battery, I shall take as a typical station that shown in Fig. 1. It
is located in a Pennsylvania town of 50,000 inhabitants. The
railways radiate from the center of the town to distances of three
to nine miles. There are six branches, and the power station is
located two miles out on the longest branch. It has railroad and
water frontage. The small auxiliary power-house is the result
of a recent consolidation and is close to the main house. There
are three distinct ways of using a storage battery with this power
plant. Taking up the figure we find first the great fluctuation
between night and day load ; second by the fluctuations occurring
from hour to hour; and lastly the superimposed fluctuations
occurring from moment to moment. We shall call a battery of
suflicient capacity to level off the night and day fluctuations
“large”; a battery for leveling the hour to hour fluctuations
“medium”; and a battery to level the momentary fluctuations
“small.” It will be seen at a glance that the small battery will
reduce the requirements of the generating plant to a capacity
sufficient to meet the demands of the average load shown in
curve A. The battery must be able to discharge at 630 amperes
for momentary periods, but its capacity in ampere hours is unim-
portant. It will cost less than generating capacity for the same
work, and a large part of the excess of capacity over require-
ments shown in the diagram will be saved. It will save some

depreciation on the generating apparatus, and its own deprecia-

tion will not cost more than the depreciation of generating
apparatus of similar capacity. It will have sufficient storage
capacity to run a few night cars and lights, when the engines are
shut down. If located at a point nearer the center of feeder
distribution than the location of the generating station, a saving
in copper will be effected. Inasmuch as the investment will not
be increased by including such a battery in this railway outfit, all
the saving in fuel due to a steadier load and the operation of less
generating machinery will be clear gain to the credit of the
battery.

Line 1 at 810 amperes shows the average load for 18 hours of
the day, and a “medium”™ battery to reduce the load to this
straight line would have a capacity of 1300 ampere hours. It
will cost about twice as much as a “small ” battery, but will not
add enough to the cost of the installation to bring the investment
up to the total now in generating apparatus alone; and presum-



50 R. McA. LLOYD ON STORAGE BATTERIES. [Feb. 15,

ably necessary if no battery is used. This battery will have all
the advantages of the small plant with wider limits of operation.
The station circuit breakers may be set 650 amperes higher, and
there will be greater convenience throughout the station in oper-
ating at a fixed load. There will be a marked effect on the effic-
iency of all departments of the station, and all the apparatus will
yield a higher output in proportion to investment and cost of
operation.

Line ¢ at 650 amperes shows the average load for 24 hours,
and a “large” battery capable of leveling off this load will have
a capacity of 3000 ampere-hours. It will cost approximately
twice as much as the “ medium ” battery and will have all of its
advantages. It will cost as much as the generating machinery
displaced by it. It will add largely to the flexibility of the
station. This battery could be discharged momentarily at 3000
amperes, which will put the circuit breaker limit of the station at
about 3600 amperes instead of 2300 with all the present appara-
tus. It may be discharged at 1500 amperes for one hour which
will be sufficient to cover load peaks that would stall the 1150
K.w. generating plant completely.

In cases of extreme necessity the entire system might be car-
ried by this battery for several hours. The ability to carry sharp
peaks is a distinct addition to the earning power of the system.
Such peaks often signify the collection of fares which would be
lost if the system were not flexible, and some managers keep up
enough station capacity to carry a few holiday crowds while for
99% of the whole year it is earning nothing. Other managers
do not attempt to carry special crowds. The large battery will
give the manager an opportunity to get all the money that can
be made out of such business without feeling that he has made
any investment for the purpose. Of course the capacity of the
system is limited also by the investment in copper, but in many
cases the battery may be located so as to facilitate the distribu-
tion of power.

There is no reason why a railway power station of this capacity
running night and day at a constant load should not attain a fuel
economy as high as that of the well-known Chestnut Hill Pump-
ing Station at Boston which would be equivalent in electrical
work to 557 watt-hours per pound of coal. Curve a, Fig. 1,
shows for 1 days work 7,500,000 watt-hours which required at
the above rate 7 tons of coal, and assuming that the battery
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would only have 75% efficiency, and that 25% of the entire day’s
work would go through the battery, 4 ton of coal would be added
to this consumption, making 74 tons of coal per day for this
plant running with a large battery.

The battery efficiency in such service as this has been found
in most cases much higher than 75%, and in some cases over 90%,
s0 my estimate is clearly on the safe side.

On the day when these data were obtained 15 tons of coal
were burned, or twice as much as would be necessary with the
battery outfit. The battery would therefore save at $2.00 a ton,
$5,174.00 per annun in coal alone.

The number of men in the station is now the same night and
day, and there would certainly be no increase in the labor item,
whereas it is probable that one man on each shift might be dis-
pensed with if the plant were reduced by the battery, in which
case there would be another saving of $1,200 per annum. The
battery would also save water, oil, waste etc., and there would be
minor advantages such as more constant potential on the line;
less annoyance from circuit breakers ; no fear of sudden demands
on the generating apparatus, and the disagreeable possibilities in-
cident thereto.

In the following table some figures are tabulated for the pur-
pose of comparing four different layouts to meet the require-
ments of the railway system referred to in Fig. 1.

TABLE REFERRING TO FIG. 1.

| Costof | Costof [totalccstoff Cost of Costof |. . | Savingin
L\"!{d‘:“‘ | generating| Storage | station Co:l Coal s“‘.l’:l"x :::ilp‘g“‘_‘:
} apparatus | Battery plant. per day |per anoum| . °, int, s p.c.
t
1 |No battery | $115,000 | § $115,000 $30 g0950 |$ $
2 (Small Battery 60,000 20,000 80,000 25 9,125 | 1,825 3,578
i 3 |Medium ** 50,000 35,000 85,000 20 7,300 | 3,650 5,150
4 |Large 40,000 70,000 | 119,000 15 5475 | 5475 | 5,525
CONTINUATION OF TABLE.
;
Cost of Repairs Suving in | Saving in ! l Estimated Net
Real Estate and Labor water, oil, , Total Addition to | Advantage
and Buildi Depreciation| per waste, etc., ! ving l receipts. |in operation
v H] $
N ] g | $ | $ ‘ $
2 a : b 3,615 3,675
o
3 = f 200 5.350 | 1,000 6.350
‘ < < $1,2c0 30 | 7085 | 5000 12,025
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I have assumed %100 per kilowatt as the cost of complete
station apparatus withont batteries. This figure might have
seemed high a year'ago but in view of the rising prices of such
material [ think it is only conservative.

In regard to the “small” battery, there is no doubt of its ad-
vantages in many cases, but for new installations it is not always
the moit economical battery. I understand that Mr. Leslie Carter,
the President of the South Side Elevated Railroad Co. in Chicago,
said recently, that as far as he knew, their battery did not save
anything in the cost of operating the road, but that they could
not run without it, and I take the liberty of aking the following
extract from his annual report to the stockholders which hassince
been published. ’

SToRAGE BATTERIES.

“While the amount of current used per car mile is low, and
has produced gratifying results in all tests and comparisons made,
the fluctuations of power above the average requirements are
large, and the sudden demands on the power-house compelled us
to prepare promptly for the heavier business of the winter, which,
with increased number of carsin service, heat and light, loads,
would have been beyond the capacity of the power-house. Ad-
ditional engine capacity could not be obtained in the time
at our disposal, would have cost more money, and have been
expensive to operate. We accordingly installed two batteries of
750 x.w. each, equidistant from the power-house, at Twelfth and
Sixty-First streets, respectively. These batteries have greatly
reduced the fluctuations and the maximum load at the power-
house. While the output at the power-house is the same, the
batteries charge at times of light traflic and discharge at times of
heavy traffic, thus equalizing the work at the power-house, and
relieving the engines and generators. This is certainly an econ-
omy, and it is further claimed, with what correctness I am not

_vet convinced, that they cheapen the cost of production. But I

do know that they keep up the voltage at the ends of the line,
enable your road to operate more carg, furnish increased facilities
to patrons, and prevent damage to power-house machinery in
case of sudden demand for increased power.”

That hattery was of course put in for regulating purposes only,
and the load curves some of which are shown in the following
figures give one the impression that the battery must certainly be
useful. It seems to me hardly werth while in laying out a new
station to put in a battery for the purpose of reducing the rail
way power curve to the characteristics of electric light practice,
when by going a few steps further it may be refined to a prac-
tice comparable with marine engineering.
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It might appear at first thought that a battery of sufficient
capacity to ensure a full load for the generating units at all times,
would save as much fuel as a battery large enough to level off
the 24-hour service, but it is very difficult to follow the power
requirements from hour to hour in such a way as to make ideal
use of a battery, whereas with a “large ” battery it would be pos-
sible for the ordinary station engineer to adjust his load so as to
operate all of his apparatus to the best advantage all the time.

I have carefully analyzed the figures in Mr. Conant’s very in-
teresting paper above referred to, and am compelled to differ
from him-at somne points, and refer 1o them in order to meet in
advance any criticism of my paper which may be based on his
tables. In the first place he assumes that his standard station
can be worked all the year round with a load factor of 3334%
which is entirely too high: 20% or 25% would be more normal.
I suspect that Mr. Conant’s load factors have been obtained by
indicator cards instead of wattmeters. In Mr. Conant’s table
none of the stations show a better figure for coal than 3 pounds
per kilowatt hour while his standard station is put down for 2.2
pounds without any intimation of the process for attaining such
a good result. The question as to how the cost of repairs and
depreciation of the entire plant would be affected by a large bat-
tery is particularly debatable ground. Mr. Conant allows 2%
for depreciation beyond the normal running repairs. He esti-
mates the entire plant including buildings to last 50 years. His
statement that the machinery now being installed will last much
longer than that with which we have been familiar in the last
decade has nothing to back it up except faith in the promises of
the builders.

I propose to allow 10% per annum for repairs and depreciation,
on the entire station apparatus, including batteries. I have
not seen any boilers that are likely to last 50 years, and there is
plenty of evidence that all the best engines and boilers in this
class of service to-day will go to pieces in a life of from 10 to 20
years. The particularly hard usage to which most of them are
subject is not only steadily wearing them out, but producing a
state of constant damger and not infrequent accidents. I am
sure this is becoming well understood among railway men, and
some of the best managers are writing off to depreciation 10% per
annum. Moreover who can say that improvements will not be
made in the next 10 years as in the past, and that engines and
boilers may not be out of date before they are used up.
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It is of course well known that whatever the rate of depreci-
ation may be without batteries, it will be lowered- by giving the
generating apparatus a constant load ; my belief is therefore that
the storage battery will not increase the rate of depreciation for
the entire plant. If it can be shown that interest and deprecia-
tion for a plant of given load dimensions are practically equal
with or without a large battery, it is evident that the great sav-
ing in fuel alone will determine the superiority of the battery
system.

I have so far considered the battery only at the central gen-
erating station, so that all the advantages due to locating it at
proper points in the distribution system are additional argnments
in its favor. In many cases the saving in copper may be greater
than the sum invested in the battery, and the flexibility of the
system improved in places where it would not pay to install
sufficient copper to meet the irregular demands of travel.

The reserve qualities of the storage battery are nnique. It
might be supposed that a mere reservoir which is quickly drained
would be of little value compared to a lot of extra generating
apparatus standing idle, but experience is demonstrating every
day in existing plants, that the reserve which is needed most is
the reserve which is not only ready for emergencies, but actually
alive to any demand without the direction of & human mind.

Most of what has been said of the storage battery as applied to
the power station illustrated by the curves in Fig. 1, is true of
. its application to railway power stations in general. The use of
water power introduces a factor in the problem more variable
than fuel, and I shall not attempt the discussion of it. Alternat-
ing currents lend themselves readily to the development of stor-
age battery applications on account of the mutually helpful com-
bination of battery and rotary at sub-stations. Up to the present
time, each of the large batteries installed for railway work has
been obliged to meet different conditions, and requirements, but
they are all serving their respective purposes well, and showing
many different fields of usefulness. I shall not refer to these
plants because Mr. Appleton in a recent lecture to the New York
Electrical Society has ably described those of most importance.

Most of us feel that the electric railway and electric lighting
interests are destined to get into closer relations, and the gener-
ating station of the future may be required to furnish all the
electricity used within large areas for every purpose.
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Coming finally to a problem which has been the subject of some
newspaper discussion of late, I trust you will pardon me for
treating of work with which I have no connection. Electricity
has so many advantages over any other medium for transmission
and storage of energy that I assume its use to be firmly established
and cannot conceive of any lasting rivalry by the other contest-
ants now in the same fields. Further than this without saying
anything for or against monopolies, I believe that all the energy
supplied by means of electric ‘currents to consumers of every
nature in the greater New York should radiate from two or
three central stations, and that these should be electrically tied
together. The sub-stations would naturally consist of rotaries and
storage batteriee. It may not be possible to lay ount each sub-
station so that the rotaries would run at a constant load for 24
hoursa day, but it seems to me quite probable that such an ar-
rangement would eventually be reached, and this would of course
give the generating stations a constant load.

At the present time the load curves of the electric railways
are very uncertain, and peaks are likely to occur at almost any
time of day, while the addition of the peak due to electric light-
ing in the early evening would not add in large proportion to the
railway peak, but electric lighting is capable of more general ap-
plication and it is possible that within a few years the distribu-
tion in the Borough of Manhattan may reach from three to five
hundred thousand kilowatts at the highest part of the lighting
curve, which will probably be as great as the railway load when
the elevated railway and the underground rapid transit are in-
cluded. These peaks will often occur at the same time of day,
and so there i8 no possibility of improving the load factor of
either system by splicing the two together. It follows therefore
that what is true of the relation of a storage battery to the econ-
omy of the generating station for power or light separately will
be true of the resultant of their combination.

The railway and light people recognize the importance of lev-
eling up some portions of their load curves, but I estimate that
the greatest saving is to be obtained by operating for a constunt
load 24 hours per day. However high would be the economy of
such large stations I am sure it would be higher with large bat-
teries than without. Certainly the economy of the Boston
pumping station as to fuel consumption should be surpassed. It
must not be assumed that a high load factor for the system is
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an advantage. It is all right for the generating plant and for
the copper feeders, but the kilowatt hours that bring in the most
money, may spoil the looks of the load diagrams and kill the load
factor. What is required to earn dividends is a profitable load
factor outside of the stations, whether high or low, and the
highest possible load factor at the dynamo terminals. The
large storage battery meets these two requirements perfectly.
A load factor of 1005 may be maintained at the dynamo and cur-
rent may be sold to the consumer regardless of the time of day.
~With a million kilowatts in view for the Borough of
Manhattan it would be necessary to generate an approximately
constant force of 300,000 kilowatts.
A million kilowatts in station plant without the battery factor
would cost $100,000,000.

The same capacity including the proportion of battery now
deemed advantageous by some of the engineers in touch with
these problems would be divided as to cost into $70,000,000 of
generating plant and $30,000,000 of battery plant.

Finally the same capacity if divided in the proportions which
seem to me most produciive for the investment would cost
$30,000,000 in generating plant and 70,000,000 in battery.

This is quite a large battery plant and as there would be more
than two parts battery to one part generator, I am fearful of
the jealousy which such a reversal of engineering practice would
create.

In conclusion I wish to state that nothing in this paper should
be regarded as emanating officially or unofficially from the
company with which I am connected.

The following figures show a number of railway power curves
with and without batteries. If they do not indicate attainment
of perfect results by the battery, it is not because perfect regu-
lation is impossible, but because the engineer is well pleased
with what he has, and does not strive for greater retinement.
Fig. 2 shows the application of storage batteries to a large rail
way installation in which part of the power is generated at a
waterfall. It shows what may be done by what I have called a
“ medium” battery.
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Discussion IN New York.

Tre Presipent :—The paper to which we have just listened is
now before the INstiTcTE for discussion. The discussion ought
to be interesting—fully as interesting as the paper has been,%)e
cause there is set forth in the paper a proposition which seems
at first sight a very radical one, and that is to have a battery in
a power station costing more than twice as much as the steam
plant. The question as to what proportion should exist be-
tween the generating system and the storage system in a central
station, is & very important one from an engineering and a com-
mercial point of view. The usual plan has been to regard the
storage system as a relatively small and auxiliary part of the gen-
erating plant. In this paper, however, the proposed plan is to
make the storage battery the principal element. The paper is
now before the meeting for discussion.

Mx. GeoreE HirL:—Although I am not in the street railway
field, 1 have done a little in the line of storage batteries, and my
criticism of the paper would be that the point which you em-

hasize, Mr. President, as being worthy of discussion, has not
en sufficiently emphasized by the author of the paper. I would
o much further and be much stronger in my advocacy of a
arge storage battery than he has been under the conditions given.
I have had an experience extending over nearly three years with
a storage battery installation designed by myself for an office
building here in New York, in which the storage battery cost I
think, a little over four times as much as the generating plant.
The installation was in a building 75 feet by 100 feet, six
stories high. The ordinary fuel consumption in such a building
would be from 300 to 450 tons per annum. The fuel consump-
tion in this building is an average of 118 tons per annum. The
installation, I think, was the first one of the kind in which no
attempt was made to load the engine other than with the storage
battery. In other words, it was the first attempt to give the
engine a uniform load throughout its period of work. I figured
carefully the requirements of the building, and installed two
complete sets of celle, each one having an ampere-hour capacity
sufficient to handle the entire building for at least fifteen Eours.
At the start we found that we had sufficient capacity to handle
the building for two and a half ordinary days. Later on, as the
building filled up, we found that we had, and we now have,
capacity to handle the building one and one-half ordinary days,
or easily through the heaviest day that we have ever had.

The entire apparatus is of the simplest possible description.
The switchboard simply contains the recording instruments with
duplicate generator and battery switches; simply two double-
throw two-pole switches, so arranged that when the handles are
on the same side, one set of cells is discharging, and the other
set of cells is being charged. Inthe morning, when the engineer
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starts up his plant, he simply transfers the two switches so that
the handles are both on the opposite side, and the cell that was
charged the preceding day is discharged, and the exhausted cells
are agsin charged.

At the time, the storage battery company from which I pur-
chased the plant did not understand wg)y we were squandering
so much money for storage batteries. In order to relieve their
anxiety I went over the relative cost of the engine, generator,
booster, various regulating rheostats and automatic devices, and
we found that the additional cost would not exceed a thousand
dollars, or about the annual cost of the additional fuel due to the
fact that there the generator would not run at a constantly econ-
omical load. The operating economy of that plant is phenome-
nal, as 118 tons of coal furnish all the light, heat, elevator ser-
vice, pumping, fan service and every other requirement of light,
heat or power in the building. Commerciﬁ]y considered, we
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expended about $4,000 more than the usual plant would have
cost, and saved the interest on $11,000—a net saving of about
$420.00 per annum. The load curve is like Fig 1. For pumps,
lights, ete., the elevator duty would show as a fringe of vertical
lines of 60 amperes, one for each minute from 8:45 a. M. to 5:45
P. M.

On the other hand with a load curve like Fig. 2, which is
taken from a manufacturing building designed by me operated
with a direct connected 50 k. w. generator, the load comes
from four electric elevators of good speed and large capa-
city; 75 horse-power of motors and 300 lamps. he load
ranges at about 17 x. w. with frequent fluctuations up to
about 66 x.w. and & few drops to 11 x. w. The total
monthly output is 9,000 k. w. hours; the coal consumption for the
generator, pumps and for live steam to various heating appliances
in the building, paste making, etc., is about 170 Ibs. per hour in
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the summer, and about 200 1bs. per hour during the severe weather
in the winter. The curve shown is the light and motor curve,
the elevators would add to it a fringe of vertical lines, two per
minute from T:30 a. ». to 6:15 p. M. 75 per cent. adding 45 am-
peres and 25 per cent. adding 90 amperes. If we then figure the
annual coal consumption for the building on the basis of 3,000
hours per annum we will have
2,500 hours at 170 ]bs. equal 425,000 lbs.
500 ¢« <« 200% ¢« 100,000 «
¢ 234 tons equal $610.00.
If we try to perform the service with storage batteries and in-
stall them under the most favorable circumstances we will have
33 K. w. per hour. Assume that our engine can be installed so
a8 to take no more than 13 lbs. of coal per brake horse power,
that our generator has an efficiency of 90 per cent. and our
storage batteries an efticiency of 85 per cent. This means an
hourly coal consumption of 84 lbs., then fuel would figure
2,000 hours at 84 lbs. equals168,000 lbs.
500 ¢« «170 «  « 85,000 «
500 ¢« 200 ¢ “ 100,000 «
“ 1574 tons equals $410.00.

The saving of $200 capitalized at six per cent. would be §3,333
or manifestly insufficient to pay for the additional cost of the
more economical engine with its condensers, etc., leaving nothing
for the storage batteries.

Every plant must be considered on its merits, and the use of
one or two systems decided on according to the requirements of
the case. One system being the direct generation of current
in which the engine should be proportioned to work at rated
capacity with 3 cut-off being of a simple high-speed type, and
operating normally under a pressure of 90 lbs. but with the parts
8o proportioned as to transmit easily a 30 per cent. overload, the
speed beingrmaintained by a much later cut-off and increase in
pressure. The generators should be of the heavy design gener-
ally met with in present practice with wide non-sparking range,
carbon brushes and with very low current density in the parts.
The k. w. capacity should be so determined that the momentary
peaks shall produce overloads up to 40 per cent. The other
alternative would be the generation of current in a compound,
condensing, direct connected plant with high steam pressures.
All of the current stored in duplicate sets of cells each one equal to
one day’s discharge, and the plant operated with one set of cells
being charged while the other was discharged. The engine run-
ning from 12 to 24 hour shifts and loaded continuously to its
most economical point. It is my belief that where storage bat-
teries can not be shown to be economical under these circum-
stances they have no place at all in new installations. It is of
course necessary in any plant to insist that it be operated in the
manner in which it was designed to operate. There are no
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doubt many cases in existing plants where storage batteries can
be advantageously used, but they are special cases for which no
general rule can be laid down. :

The point mentioned in the beginning of the paper in regard
to excessive kilowatt capacity installed, as compared with the
actual output leads me to imagine that the central station engin-
eers are meeting some of the difficulties that I experienced eight
years ago when first calling for engines tosupply light and power
to bui?fings. That is. all parts too light.

It may be interesting to state, in connection with the item of
depreciation, that my experience with the storage battery plant
be})ore mentioned, shows that if the plant is in charge of a com-
petent engineer, depreciation can be neglected. In the three
years that this storage battery has been in operation we have ex-
pended certainly not five dollars, the chief engineer tells me
nothing—for renewals or repairs, and I believe that the cells are
in better shape to-day than when they were first put in, and from
their nature should not depreciate. It is necessary, however, in
order to give the engineer a chance, to so design the plate con-
nections and from them to the ’bus bars of the switchboards,
that each plate shall have practically the same amount of resist-
ance. The details furnished to us to make this installation I
found thoroughly unsatisfactory and so changed them materially,
and to this I attribute much of the successful operation of the
plant. Of course the engineer understood his business thoroughly
and carefully watched every plate so that there was no chance
for them to run down. It would be unreasonable to expect that
all engineers would be as careful, and we must make some allow-
ance for depreciation due to this cause. It may also be desirable
to make some allowance for depreciation due to improved methods
of manufacture, but generally, I think it fair to say that the de-
preciation of a properly designed and properly handled battery
plant should be insignificant.

Mgk. C. O. MarLLouvx :—This paper is a complete statement of
all the salient features and advantages of the storage battery as a
factor of economy in central station practice, and it gives all the
principal points which the engineer should take into considera-
tion in designing a plant wherein he intends to utilize storage
batteries. I agree very fully with all the statements made by our
colleague Mr. Lloyd, and I particularly appreciate the stress which
he lays upon the preponderance of the storage battery. I use
the word preponderance because the importance which he
ascribes to the proportion of the storage battery seems like a pre-
ponderance to those engineers who are not familiar with the ad-
vantages of the storage battery, and who are still skeptical or
conservative in its use. I have had occasion to utilize batteries
myself, and the practical results have indicated very clearly that
the principles enunciated by Mr. Lloyd are correct, and that
they can be demonstrated by actual practical results. The diffi-
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culty has been to make people realize the possibility of this. As
you know, the time was, and it has not been far back, when the
word storage battery was a very dan%erous one to use by any one
who wished to retain the respect of his colleagues in the electri-
cal engineering fraternity. I am one of the unfortunates who
have ﬁad to suffer the result of my misguided, early, pioneer,
zeal in that direction. The rapid growth of the storage battery
in the last three years is a circumstance of great satisfaction to
such a8 myself, who had to bear the jeers and taunts of derision
in years past. .

There is one point which the last speaker referred to, namely,
the point of depreciation, which I think ought to be carefully
considered. My own experience with storage batteries covers a
period of at least ten years, during which time I have seen bat-
teries come and go—mostly go ; and, in spite of the fact that I
have great faith in storage batterics, having always been an
apostle of their use—I cannot quite concede the propriety of the
statement that no allowance, or at least only very small allow-
ance, need be made for the depreciation of storage batteries. A
battery may, indeed, work quite well for the first year, the first
two years, the first three years; I have seen them work five
years, under conditions where they require little or no allowance
for depreciation. But I think it is an error to believe that be-
cause 1t is postponed five years, the day of reckoning is not going
to come, because it certainly will come ; and I think that the care-
ful engineer should not mislead—his zeal must not mislead him
to the extent that he must not make a fair and due provision for
that day of reckoning. (rood engineering practice dictates that
one should make an allowance for a certain item or percentage of
depreciation of the storage battery just as one would on other
things, I have myself found that it inspires confidence in a man
who has been hitherto a skeptic on this subject, to tell him frankly
that he must allow 10 per cent. for depreciation of the storage bat-
tery, because when he finds, later on, that it is only costing him six
or seven per cent. to maintain his battery during a period of ten
years, he has more respect for both the engineer and the storage
battery ; whereas, if he bad been told that it would take little or
nothing, and he afterwards discovered that it did take as much to
maintain it as the rest of the plant, he would not have felt so
well about it.

A singular instance of this has occurred in my own practice.
I installed a plant in connection with a storage battery some four
or five years ago in an office building. I think it was the first
office building in New York city in which storage batteries were
introduced. The principal reason, and perhaps the only excuse
at that time for their introduction was the necessity of making
provision for lighting at night, as the offices were occupied by
tenants who at times did night work, and must have electric
light. It was sought to make arrangements with the street light-
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ing companies for a so-called ‘ breakdown ” connection or sup-
plementary supply to be used at night; but the terms exacted
were not deemed satisfactory to the owner, and he finally seems
to have lost his temper and to have decided that he would allow such
a reckless thing to be done as to put in a storage battery, although
he evidently looked upon it more in the light of a necessary evil,
or something that one could do, perhaps, to spite someone else,
rather than because he was actuated by motives of economy or
good engineering. I remember frankly stating to him that the
storage battery was not to be regarded as a luxury, even though
I believed it to be practicable in this case ; but that its use involved
certain losses and expenses and that he must face the possibili-
ties, some of which might not be reassuring. I did this for
several reasons: First, because I was none too sure myself as to
the future and the possibilities of storage battery maintenance,
and secondly, because I wished to disappoint him agreeably if at
all. The figures of estiinated annual costs which I presented to
him seemed rather large although they still were less than what
he had been paying for current. He finally decided to adopt the
storage battery. He had misgivings as to whether the percent-
ages guaranteed could be maintained, etc. After the plant had
been in operation about two years, I went to this gentleman to
ﬁet figures in regard to the economic results. The gentleman
esitated greatly, and finally said that he did not care to give me
any statement. He would simply state for my information that
not only had I met all the promises which 1 made to him, but
that the results had been so much more satisfactory that he had
respect for my modesty and did not wish to strain it by making
me feel too good. This case illustrates the importance of not de-
ceiving the client, or rather of misleading him by being too
zealous or having too much faith in yourself. 1 feel quite cer-
tain that if I had understated what he might be expected to pay
for the depreciation of the storage battery he would not have
iven me such a complimentary report, and probably would have
een very glad to show me the figures after two years, and to
have “rubbed them into me,” so to speak.
It is, perhaps, to be regretted that the author did not elaborate
a little more fully those expiunations and caleulations on which
the conclusions are based. There is no doubt that the facts as
stated are correct, and that the principles on which they are
based are also correct. Nevertheless, to those not thoroughl
familiar with the subject, and especially to those who are at aﬂ
inclined to be skeptical, a little more detailed information regard-
ing the reasoning on which the results are based wounld have been
of interest, for example, some figures showing a little more full
than is shown in the tables, of cost, the manner in which the ad):
vantages vary with the size of the battery, or the proportion be-
tween battery and electric generator plant.
The plan mentioned by the last speaker, of utilizing the cur-
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rent entirely from the battery, may have its advantages in some
cases; though its utility, especially in large installations, would
seem to be more doubtful. In large installations it is necessary
to run machinery for generating energy for such a.large propor-
tion of the 24 hours, that the equipment might just as well be
arranfed in such a manner that a great percentage of the energy
would be utilized or fed into the feeders direct, instead of into
or through the battery. In this way the economy of the plant
is increased, and one is enabled to secure better conditions of
economy with a smaller total initial cost. As for the annual cost
of operation, I think there ean be no doubt that it would be very
xImec ) smaller with proportions such as are advocated by Mr.
loyd.

There may be, of course, advantages incidental to one plant
or to another which dictate its adoption, because they may be-
come considerations of peremptory and paramount importance in
special cases. But in the absence of such arbitrary considera-
tions, it seems to me that those conditions which produce both
the highest load factor and the best economy in the generating
plant, are generally apt to be those conditions which lend them-
selves to the least total yearly cost for the total emergy output
per annum.

Mr. E. T. BirvsarrL :—For the past few years I have been fol-
lowing this practice as closely as I know how in railroad plants
that I have built. I have used the battery both as a pressure
equalizer and also as a load equalizer in the station, and with very
good results, and I think it has only needed a battery that we
could rely on for everybody to fall in line in this same practice.
Its benefits and advantages are self-evident, especially in lightin
plants. All we have to do is to look at the gas companies ang
see how they operate. They do not need any two-rate meters or
any maximum demand meters or anything like that to charge for
gas, and they appear to make money. They make their gas right
along, 24 hours a day, and put it into a reservoir. Of course,
storage batteries cost more than gasholders, although not so very
much more, and I think lighting companies will gradnally come
to the point where they will pump the electricity}into a big bat-
tery and let the customer use it as he pleases. Of course I real-
ize that a customer who uses his current at the same time that
everybody else does, makes the station buy a little more battery,
but it is not as bad as boilers and engines, and it is better for
the economy of the station.

In regard to Mr. Lloyd’s first paragraph, I think that is the
truest thing I have heard in a long time. I have recently been
through all the railway plants in a large city, some seven of them,
and I think the reason that most railroad p{ants have more capac-
ity than they need, and run more engines and dynamos every
hour than the load requires, is because the engineers like to have
an easy time. Asarule you will find the engineer in a large
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power-house has a nice room which is comfortable and warmn and
tree from dust, or a fine raised platform with a shining brass rail-
ing around it, and he likes to sit there and read the technical
journals and have a chat with his friends. If he had to go out
every few minutes and close circuit breakers that would not be
comfortable, and he does not propose to do it. It is so much easier
to tell the man to start up another engine and dynamo. Although
this may seem like a joke, I really think that it is the main reason.
As I say, I have recently been through the stations and in every
one of them—it was very snowy and cold outside the day that I
went around—the chief engineer was having a very nice time in
the station, and there were plenty of engines running inside the
station, and very few cars outside. No circuit breakers opening
and very few scars on the breakers. The great thing that most of
these railroad companies need is a general engineer to go around
and shut off engines. All these plants had plain Corliss non-con-
densing engines, and a number of them belted generators; about
half of them were in wooden buildings and almost all the wachin-
ery was painted very elaborately. The amount of paint was
something marvelous, and this was in a good sized city, about the
fourth city in this country, and the coal—well, there was lots of
coal—but all the companies were making money, and if the com-
pany makes money, why change? That is the great factor in
boards of directors. I have encountered that several times
myself. They say, this plant is earning 10 per cent; what better
do we want? Why should we spend a lot of money and have
more bonds and everything like that when this thing is good
enongh—what’s the use ¢! And those are the things that engineers
have to contend with. It is against ‘‘ good enough” and the en-
gineer in the station who is having an easy time.

Mge. MarLLouvx :—There is another point which has been noted
by Mr. Lloyd and which might be enlarged upon. It is the dif-
ference in economy of engines under varying loads. A very able
paper on the ‘ Performance of Street Railway Power Plants”
was presented at Chicago in 1893, before the International En-
gineering Congress, by Messrs. W. A. Pike and T. W. Hugo,
which contained some interesting data on this point. The authors
called attentiou in their paper to the results of experiments with
a certain engine, which plumes itself upon its ability to maintain
a nearly constant efliciency line under wide variations of load.
These experiments showed a difference of 30 per cent. between
running on the fluctuating loads of the trolley line feeders, and
running on a steady load obtained with artificial resistance, such
as a water rheostat. In other words, the efficiency of the engine
when measured by taking a large number of indicator cards while
the engine was operating under fluctuating conditions, and tak-
ing the same engine running at the same mean load on a steady
resistance showed a difference of about 30 per cent. [The exact
steam consumption given by the authors was 29.2 1bs. for trolley
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load, and 22.5 lbs. for steady load.] Now, if this is the result
which is to be expected from an engine which is especially built
to respond to such wide variations of load while retaining an ap-
proximately constant efficiency, one can surmise what will be the
difference in efficiency when the engine is not specially built for
such variations.

In connection with the matter of fluctuations, since we shall
probably see more use made of storage batteries in future in large
central station practice, I think it is well to begin to establish a
notation. In a paper which I read on this same subject before
the American Street Railway Association at Milwaukee in Octo-
ber, 1893, I endeavored to make a start in that direction by seek-
ing to establish a distinction in the various kinds of fluctuations
with which the storage battery has to deal as an equalizing factor.
In other words, there are those variations which take place from
hour to hour, a part of which oceur in the peak of the load. To
these I have thonght that the name ¢ variation >’ was more appro-
priate ; whereas, those momentary and instantaneous fluctuations
which take place from one instant to another might better be de-
scribed and defined by the term “fluctuation.” That is, the term
fluctuation might better be restricted to those short and quick
fluctuations, while the term variations could be retained for the
longer ones which determine differences in the mean value of the
load from hour to hour. To quote from the Milwaukee paper:

“I1 would use the term ‘variation’ to designate the effect
caused on the station plant by putting on or taking off a certain
number of cars; and the term ¢ fluctuation’ to designate those
incessant and erratic ebbs and flows of current which are so fami-
liar to us all, due to the starting and stopping of cars, changes
of speed, grades, etc. The variations of load are defined as
changes,in mean or average rate of production for a given period
of time ; the fluctnations of load are defined as changes in rate
of production from one instant to another. . . . . . .

e e The term fluctuation should, in my opinion,
include both the ¢ waves’ and the ¢sub-waves,’ while the term
variation shounld be restricted to the ¢ billows.” ”

Again, in dealing with a battery, we have to consider some of
its featnres and peculiarities. V;e have to consider a battery
from the standpoint of its total storage capacity, such as for in-
stance, whether the battery is medium, ﬁu’ge or small, as Mr.
Lloyd puts it. It seems to e that a term would be necessary
here, especially when we attempt, as we shall soon, to formulate
the conditions and the principle under or by which a given size
of battery is to be determined. All attempts at this formulation
have failed hitherto, because there are still several unknown
quantities in a storage battery—notably, the depreciation, or to
put it more accurately, the rates of depreciation under varying
conditions of service. We shall doubtless have abundant mater-
ial on this subject in the course of a few years more, seeing the
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rate at which storage battery installations are now being put up;
and it will then be possible to formulate methods by means of
which the best equipment can be determined just as perfectly
and with as much ease as we now predetermine the details
of a dynamo or a motor. Now, in doing this we shall have to
consider, as I said before, certain peculiarities of the battery; one
is its total storage capacity, to which I have given the term
“ quantity factor,” and another is its rate capacity ; that is to say,
the ability of the battery to “ give and take” energy, or the
maximum rate which it can be called upon to deliver or absorb,
for the purposes of load equalization in taking care of those
changes which I term ¢ fluctuations.” I call this the “rate fac-
tor.” Now we connect the rate factor with the fluctuation be-
cause it is the feature which is of utility in connection with the
fluctuation, or the ripples in the load curve, and we connect the
quantity factor with the variation, because it is that which is use-
ful in the leveling out of the larger excrescences, or the * billows”
in the load curve. As a matter of fact, the size and the cost of
the storage battery, in a given case, depend mainly if not wholly,
upon these two factors. Sometimes one of these factors, some-
times the other alone, and sometimes both together, will influ-
ence the size of the battery needed for a given case.

Extract from the Milwaukee paper :

“Your committee has found it convenient to designate these
as the ‘battery factors,” calling the first the battery ‘quantity
factor,” and the second the battery ‘rate factor,’ in which case
they are expressed as ratios. Thus the quantity factor ie de-
fined as the ratio of the quantity of energy to be drawn from
the battery, to the total quantity to be furnished to the
(trolley) circuits under maximum conditions, while the rate fac-
tor is defined as the ratio of the current to be furnished by
the battery to the total current, also under maximum conditions.

F. V. Hensgaw :—I would hike to ask Mr. Lloyd whether
in the figures for cost of storage battery given on page 51,
anything is allowed for boosting apparatus or any dynamo-
electric machinery for raising voltage in order to charge, or any
allowance for switches for cutting in and out cells for regu-
lating voltage in that way, or whether it simply includes the
storage cells with their connections.

Mgr. Lroyp :—I might as well answer that now. I allowed
the snm required for the entire storage battery installation and
apparatus, and I just want to show you how simple that table
is. The calculations are not as complicated as Mr. Mailloux
might have given you to understand. The first three columns
I got from the office of the storage battery company, which,
of course, are available for everybody. Asto the cost of coal
per day; for number one plant with no battery, I took exactly
what they were burning at this place—which was 15 tons at 2.
For the large plant I took the standard of the Chestnut Hill
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pumping station in Boston, which would have been 7% tons,
allowing for the loss in the storage battery, which you see
only amounted to half a ton per day. So that even with a
large storage battery, the loss due to the use of storage battery
did not make very much of an addition to the total coal con-
sumption. That was $15. The two figures in between, 25 and
20, I did have to guess at, to some extent, and yet I think that
they are fair figures. The cost of coal per annum, next column,
is figured from the last, and the saving in coal is also figured
from the last, taking the very near station as the stand-
ard. I did not put the interest in a separate column, but of
course you notice the difference in the investment in each case,
and Isimply added together the saving in interest over the No. 1
plant, and the saving in the cost of coal. I put down the same
amount for investment in real estate and building, and allowed
the same for repairs and depreciation, and I credited the large
plant with a saving of one man on each shitt in this particular
station. There might be stations where that would not occur.
In this particular one it would, because they had two firemen,
whereas, with the smaller boilers running they could get alon
with one night and day. The saving in water, oil and waste %
took from the engineer of the station himself, and the total sav-
ing is simply an addition of the others. The estimated addition
to receipts I got from the manager of the road. He said if he
could raise his circuit breakers as much as would be allowable
with that medium size battery, he thonght he could take in a
thousand dollars a year more without any trouble, and if he
had an additional flexibility due to the large battery he would
take in five thousand dollars. Of course, the last column is the
addition of the two formmer ones.

In regard to the cost of coal per day, of course I might
have gone very deeply into that subject. But I ought to sa
that this station was a particularly economical one, a8 you will
_ see if yon will look up that curve and take $30 a day for coal,
it is a very low cost. There are very few stations that could
do that. The engines are compound condeneing of the Corliss
type and of high standard as to manufacture. The whole station
was quite as good as you will find anywhere. At the present
time these things are being put in perhaps a little bit better. But
it was certainly good for the last few years. The econony was
certainly fine on that day. The fact is, I do not suppose the
average of the railway stations of the United States would come
anywhere near that small coal consumption. Their coal consump-
tion would probably be at least twice, and perhaps three times as
great,

I have answered the first question. As to the estimated costs
in column two. Those costs include everything except real estate.

While I am on my feet I want to say, in regard to the first
speaker’s criticism, that this is an extreme view of battery prac-
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tice, I do not say that is the best one; it is one that occurs to me,
and I know that a good many people do not agree with me, and
it may not apply to all cases. It does apply in the-station
which I have especially studied. There is not any question there
but that a large battery giving the opportunity for a more profit-
able use of current ontside of the station, and more economical
production of it inside the station, has advantages over either
of the smaller installations of battery. It mightnot be so in the
case of New York, although I think it is likely to be more so,
because current between 5 and 8 o’clock in the afternoon in New
York is wanted more than it is in the ordinary country town, and
between 1 at night and 5 in the morning it is worth almost noth-
ing. You can buy it for three cents a x. w. hour, and if the
great producers of electricity simply look at the lighting curve
and remember that that big load or peak is going to go on
top of that railway peak at one time, they would see at a glance
that they might as well generate that current in the small lhours
of the morning, and sell it at 15 cents per x. w. in the afternoon,
rather than hunt for some consumer who will pay three cents for
it in the early morning hours. 8o I think there is at least a pros-
pect that my position may be right, but I hoped it would draw
out discussion, and as I told Dr. Kennelly at the beginning, I
hope you will not hesitate to punch holes all through the paper,
but you have treated it very kindly so far.

Mr. Jesse M. Swmrta:—1I had occasion a few years ago to
make a test! of a small suburban electric road ; 150 horse power
engine, 150 horse-power generator, and I took readings every five
seconds for 10 hours on the ammeter and voltmeter, and indicator
cards every five minutes for the same len%tlx of time. The average
load on that road throughout the day was less than one-third of the
capacity of the generator. The average load on the engine was less
than one-half of the rated capacity of the engine. There would
be an excellent opportunity for a storage battery to equalize the
load. The maximum load in that case never went above the
rated capacity of either the engine or the generator. The average
load on the engine was 70 indicated horse power. The average
load on the generator was 45 electrical horse-power. I might
say there were only three cars on the line, and the maximum load
would come on and go off in less than five seconds. The load
would vary from 81 1. B. P. to a maximum of 141 1. 1. p. in less
than five seconds, and that happened probably a hundred times
in the day.

Mr. F. 8. HoLmEes :—We should not lose sight of the fact that
the extreme variations, which have been called ¢ fluctuations,”
are characteristic of small stations rather than of large, and that
the larger the station the steadier the load. I have seen the same
conditions prevail in a power station of about the size spoken of

1. See Proceeding Am. Soc. Meck. Engs. Vol. XV. Page 730.
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by the last speaker, where perhaps five or six cars were taking
current. Now if you make that 25 cars, the load, by the law of
general average, will be less subject to variations.

Some time ago I was called in to advise a certain concern on
electrical matters. The people knew a great deal less about me-
chanics than they did about some other matters. They were ex-
tremely shy of electricity, becanse they had had very disastrous
experience with some electric apparatus. That apparatns hap-
pened to be a storage battery which was less than two years old,
and was perfectly dry. I was not surprised, because upon visit-
ing the engine room 1 found evidences of a primitive style of
electrical operation—switchboards that were very much out of
date, and electrical apparatus that was very poorly hooked up.
1f one is going to get the conditions that have been suggested by
the first speaker, where there shall be nothing allowed for depre-
ciation, then a very considerable amount must be allowed for the
brains of the mechanic who takes care of the plant.

Before sitting down, however, I ought to say that I am ve
much in sympathy with the general statements of this paper. r{
agree with the speaker entirely in his statements in regard to the
economies of an engine under a full and constant load. Isuspect that
that engine, that ** plumed itself,” according to the second speaker,
on its ability to inaintain an economical rate between wide ranges,
was & compound engine. Cylinder condensation and clearances
in engines of that character would not make them the most
economical engines to run under conditions of sndden and wide
variations.

Mz. Maicroux :—I would like to disabuse the gentleman of
the impression that because the plant is increased the fluctuations
necessarily disappear. If he willlook over the load curves which
have been published in large numbers during the last year, and
also the curves published in a paper on “ Electric Railway Motor
Tests” read before the InstiTuTE in 1892, he will find that fluctua-
tions occur in a space of a few seconds, sometimes a few minutes,
which may represent as much as 20 or 30 per cent. of the genera-
tor capacity of the plant, even with a plant of over two thousand
horse-power capacity. Hence while the fluctuations may not be
instantaneous in the sense that they are with a little three-car plant,
yet since they take place within a period of time so short they
must be considered as fluctuations, because they are just as
important in their effect on the plant economy, and produce just
as much discomfort to the station attendants, if not danger to the
generating machinery as the fluctuations, as in the case of a three-
car plant. It may be said that while the little kinks, or the rip-
ples in the curve of fluctuation are smoothed out to some extent
in the manner stated, yet it is by no means true that they disap-
pear altogether, or at least to such an extent that provision should
not be made to equalize them. The particular case that I referred
to was the electric station at Minneapolis, to which I made a
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somewhat detailed reference in my own paper. It will usunally
be found that the economies obtained even with stations of that
kind are quite disastrous when compared with the theoretically
attainable economies.

Mz. II. B. Cono :—I had an experience with the storage bat-
tery some years ago, about the time of which Mr. Mailloux speaks,
and find it difficult to grow enthusiastic on the subject of repairs.
I remember, in 1892, operating a storage battery car. We had
one car in service, and after two months interinittent service with-
out renewing cells I wrote to the president of the company stat-
ing that at last we had attained perfection and would make our
fortunes. Two days after I had sent this enthusiastic letter, iy
motorman came to me and stated that there was something wrong.
I casnally remarked that trouble was due to the motor and dis-
missed the subject. The next day we could do nothing whatever
with the battery, it having gone to pieces entirely.

From the above experience I am strongly in favor of giving
the matter of depreciation very careful consideration. I do not
feel that the 10 per cent. depreciation which Mr. Lloyd figures
on for machinery is as fair to the machines as it is to the battery.
I agree that it ie only fair to tell the prospective purchaser of a
battery that his renewals may equal 10 per cent. per year, while
I do not feel that it is fair to say he must charge off 10 per cent.
per year against his electrical machinery, as to all practical pur-
poses his steam plant may be just as operative ten years after
starting as it is in the beginning, and nothing like 100 per cent.
of the cost has to be expended in renewals. On the other hand,
we must admit that batteries must he renewed and new batteries
put in from time to time.

This whole watter really boils itself down to one of dollars
and cents, and while I think we all agree as to the advantage of
the battery in a great number of instances, yet I would certainly
recommend the station managers and others contemplating the
use of batteries, to consult with skilled engineers before going
ahead too rapidly.

1 agree with A\{r. Hill that there are advantages to be gained
in making the working parts of his engine large in proportion
to his cylinders, and that he gets a more easily ogerated plant as
regards attention by doing so. For a building the size he men-
tions, a storage battery is undoubtedly a good thin%, although I
take issue with him on the subject of renewals. le wants to
look out not to find himself in the position of the Deacon with
his “one horse shay.”

In conclusion 1 would say again that I believe the installing of
a storage battery in comnection with generating plants is alto-
gether one of dollars and cents, and that due consideration must
be given to the subject of repairs, and that it is hardly fair to
say that a steam generating plant deteriorates 10 per cent. per
annum in regular use. Improvements of course have their
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effect in cutting down the value of machinery, but second-hand
machinery always has a value, while the value of a second-hand
storage battery is still a problem.

Mg. MaiLroovx :—If no one else wishes to speak, there is an-
other point that I would like to dwell upon. It is related to this

uestion of depreciation. I have made several contracts for
epreciation. f consider that the concern furnishing the bat-
tery, if the circnmstance allow it, is the proper party to loek
after the maintenance of the battery, and that, other things
being equal, it can do it more satisfactorily and more cheaply
than the purchaser. I have generally, in preliminary estimates,
taken 10 per cent. depreciation on the cost of the battery, but 1
must state that the contracts I have made have never exceeded 8
per cent., and I believe that in actual practice, the battery when
not subjected to abuse, can be maintained for probably 7 per
cent. In lighting stations the maintenance is even less, which,
by the way, is due primarily to the fact that the battery has a
relatively larger quantity factor; but where the battery is sub-
ject to fluctuations, nsing the term in the sense which I define,
1t generally depreciates somewhat faster and & greater allowance
should be made for depreciation. I have seen cases where ten
per cent. would not be too much allowance for depreciation.

In a thorough study which I made of the matter while in
Europe, some three years ago, I found that the percentage of
depreciation in contipental installations of a size such as are in-
stalled, for instance, in Germany, at Hanover, Dusseldorf and
Berlin, in the central stations, and in other places, the percenha?e
of depreciation does not exceed five per cent. per annum. In
most cases the central station company itself maintains the bat-
tery, and the total cost, including all expenses, does not exceed
four per cent. A point of importance which I wish to allnde to
is that the size of the battery which one can afford and which
one ought to put into a central station depends upon the per-
centage of depreciation. The lower the cost of depreciation, the
more battery one can afford to put into a central station, the more
one should put in, in order to obtain the maximum economy.
This point ie based upon mathematical relations which become
perfectly apparent even on elementary study.

Mk. Jyosspn Bisur :—There are two questions that I should
like to ask Mr. Lloyd. The first is, does he consider that the bat-
tery is as much an essential part of any station, railway or light-
ing station, as the engine, boiler and dynamo ¢ In other words,
is an engineer designing a plant to immediately assume that the
battery will be used in any case, irrespective of the load? Does
he think that the battery has developed to a point where its use
will be always advantageous, or, are there cases where a battery
may not be advisable ?

'f‘,he other point on which I would request some information
is the reason for the very large difference of opinion that still
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exists, 1 think, as to the use of batteries in large stations. I have
seen both here and abroad a great difference of opinion in that
respect. I recall particularly, that in Berlin, in 1893, they were
operating about four different stations with large units, and the
management did not believe in a battery at all. They thought
that the best method of operation was to shut down or start up
generators, as the case might be, corresponding to the require-
ments of the load. As three or four of their stations were tied
together, when the load for any single station became too light,
they simply shut that station down, transferring its load to
another station. This was a lighting plant, so that at times of
light load one station was carrying the whole city. 1 have seen
the same thing done in railroad practice where two stations were
tied together. On the other hand, in a city not very far away,
they thought it quite essential to use a battery and the battery
was used, I think, in the proportion that Mr. Lloyd suggests, that
is some 70 per cent. battery to 30 per cent. machinery, aud there
was no apparent reason why these two companies should hold
such different opinions. They could buy the same make of bat-
tery, and yet this distinction existed, and I think we find the
same difference of opinion in this country.

Mg. Lroyp :—I want to explain a little more clearly what I
meant by depreciation in this paper. I see it is not very plain.
Both in machinery and other apparatus, it is hardly likely that
any will be in use, as I said, much more than twenty years, a
great deal not more than ten years. 1f it is not worn out it will
be out of date and the man will throw it away and get something
else. In the case of steam engines, it is very likely that the use -
of superheated steam, especially with constant loads, will revolu-
tionize steam practice. 1 do not say that it will, but it is one of
the possibilities ; and we always have to lovk forward to the di-
rect production of electrical energy from coal without any steam
engine, and I do not think that 1 should want to own a plant in
which some allowance was not being made for the eventual throw-
ing away of the whole apparatus in the course of ten or fifteen
years, and while the actual repairs to the machinery might not
be more than two ver cent. per annum to keep it in good work-
ing order, it is very likely that the apparatns itself would be
thrown out or the roads would be consolidated, or something else
happen that would render that machinery useless in the course of
a dozen years. In regard to the battery. the depreciation might
be nothing for five years, and then a new set of positive plates,
or a new set of negative plates goes into it, so that whire the
actnal repairs and care of the battery, amount to very little,
there must still be an allowance for renewal of plates. A battery
has the slight advantage that in adding plates from year to year,
or at intervals of three or four years, you add the best ones- that
are made at that time. You are not simply repairing an old ma-
chine, but you are putting in new machines that are up to date,
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and I think likely that the man has a better battery than he had
before. I know a number of the plants that have been spoken
of to-night where renewals have been made, better stuff has been
put in the battery, and the batteries are better now, and after
ten years a battery will be a little more up-to-date than it was
when it started, though even then it may be thrown away on ac-
count, a3 I suid, of possible consolidations or for a thousand other
reasons. I take 10 per cent. as being conservative also, because
a good many railway engineers have told me that they are posi-
tive that their flywheels and their bed-plates, and other parts of
their engines are crystalizing in such a way as to make them
dangerous in the course of time. Even if they keep up bearings
and other things, certain other parts of the machinery are liable
to changes in the coustitution of the metal, and they will be
afraid to run them when twenty years old. In the particular
station that I have referred to here, the real reason for the excess
of maximum capacity is very plain. and probably applies to a
great many others; that is, that the engines cannot be run at a
maximum load or anything like it, even allowing for setting the
circuit breakers a good deal beyond the maximum load. If these
engines are running at full speed and with full consumption of
steam, and the circuit breaker goes out, the engine runs away a
revolution or two, and the result has been in this particular sta-
tion since one of the pedestals broke down, and eame very near
wrecking the station, that you cannot get the engineers in attend-
ance to run the engines in that way, and I have no doubt that
this is true of other stations. There are other reasons,
of course—economy and all that sort of thing. But it is simply
impossible to run a station when the engineers are afraid of fly-
whesls or anything else giving out, so they always have a great
deal of reserve capacity.

In regard to the two points of the last speaker, I said in my
paper that it was not safe to assume that the battery was always
necessary. I think every case ought to be treated as a special
problem. I know that there must be cases where a battery
ought not to be assumed essential. In some localities water
power is 80 cheap that it is not worth while storing energy, and
there might be other conditions. We have attacked a good
many problems in Pittsburg and took particular interest in them
because coal was delivered at about 45 cents a ton, (slack coal),
in the power-house of the Consolidated Traction Company there,
and yet they found it best to add storage batteries to their in-
stallation, largely on account of the depreciation problem. They
have put in magniticent machinery there, and they would not
try to run it without a more steady load than the ordinary rail-
way service woald provide.

As to the difference in the views of engineers regarding the
quantity of battery, and as to runninF big engines, 1 think time
and experience will tend to establish a more uniform practice.



8 R. Mc.A. LLOYD ON STORAGE BATTERIKS. Feb. 15,]

People have not yet discussed the subject sufficiently and there
has not been enough data published, or enough effort made to
obtain data. 1am very sorry that my own paper is so incom-
plete in that respect. I) hope some day that we shall be able to
present a really thorough research in this class of work.

I referred in this paper to a way of using batteries that I
thought perhaps some one might speak of ; that is a possibility
of simply using each generator with a constant load as it was
added on, so that the day’s load in a lighting station would be a
series of steps, but each generator that was put in service would,
by means of a battery of medium capacity, have a steady load.
But I think that it would be very difficult for an engineer of a
station to follow these steps and put generators on just when
they are needed; and for that reason I have not allowed
the same economy in running engines that way as in a station
where the engineer is perfectly sure of what his load factors
will be every an.

Mr. President, have I answered all the questions?

Tue Presipent :—I think so, Mr. Lloyd.

Mrg. Birpsarr:—In these days when we are struggling to get
the last cent out of everything and the last watt out of every
pound of coal, it is quite discouraging to run across a peculiar
plant, and I did it about a month ago. I was called upon to
make a test of a plant to see if it could not be improved, as they
thought that there was room for improvement. The plant was
in a town of, I think, about 110,000 people. It consisted of two
sheds ; one contained the boilers and the other the engines and
the dynamos. It was alongside of the railroad, so that they
dumped the coal right from the cars into the boiler room. They
had, I think, three or four horizontal tubular boilers and one
Heine. Nothing of the boilers was covered, except by the brick-
work at the side. 'I'he steam pipe was also bare. They had
one cross-compound high-speed engine, non-condensing; two
smaller high-speed engines, two Westinghouse standard
engines, all belted to dynamos of various vintages. KEvery-
thing that was a back number- and everything that was
queer they had there. They had a wooden switchboard
with the finest collection on it that I ever saw. They had
one of everything. They evidently had called for samples and
put them up. The man who owned two-thirds of the station
after taking me around it said **What do you think of it?”
Well, I did not dare to tell him; I would have lost my job, as
they say, right there and then if I had. I made notes of the
machinery and then went back to the office. He said “I don’t
think that it is eamin%]as much money as it should.” Well, that
was my opinion too; that is what I thought then. We went back
to the officeand went over the earnings. In the station everything
was dirty. The boiler room was not fit to pile coal in. It was
simply the worst I ever saw; and we went back and went over
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the books. The man that I was with was the president and
owned two-thirds of it. Another man was secretary and treas-
urer; he owned the other third, except one or two shares, which
somebody’s wife owned, in order to make up the board of
directors. That was the only station in the town. Upon going
over the books we found that they had a capital of §25,000.
They had machinery that must have cost them $40,000 at the
- time when they bought it, when the question was “ How much
has the man got ?”” not *“ What ie the machinery worth ¢’ They
had capital stock of $25,000 and ne bonds. They also had a
surplus of $25,000 in the treasury. I saw that with great grati-
fication. Then I saw that they had paid no dividends whatever
since the plant started ; but they had paid the president an aver-
age salary of $20,000 a year, and the secretary and treasurer an
average salary of $10,000 a year. He said “ Where do you see
any chance for improvement?’ I confess I did not see as much
as I did when in the station.

-As to the matter of the peak of the load I would say that I
am running a road now in wl‘x)ich we have ahout 40 cars and very
few grades, and the load varies almost a8 much as it did when
we only ran 10 cars on it. On holidays and Sundays when the
traffic is bunched at a park on one end of the line, by that mar-
velous second sight that motormen have, to start every car at
once, they open the circuit breakers very frequently. After the
cars get started it appears to break the endless mental chain be-
tween the motormen.

[Adjourned.)
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‘Daiscussion 1x CHICAGO.

A meeting of Western members was held at the Technical
Club, Chicago, February 15th, 1899. The Local Honorary
Secretary, Mr. R. H. Pierce presided, and the paper was read
by Mr. B. J. Arnold.

Tue Craikman [Mr. R. H. Pierce]:—This paper, with all
other papers on the same subject, necesearily makes a com-
parison between the first cost and the depreciation of eleetric
storage batteries and steam plants. It also brings up the ques-
tion of what is the cost of a steam plant per horse-power, and
what ought to be the cost of producing a horse-power. This
ought to open a wide field of discussion. I notice that Mr. Dow
is present. From what he has told me about his own experience,
he ought to be able to discuss this phase of the question. We
have some figures of very cheaE power here, which I think some
one who is in that business ought to take up.

Mr. Arex Dow:—I am very much interested as a mechanical
engineer, because the figures quoted of 2 1bs. of coal and 3 1bs.
of coal per kilowatt hour, and so on, are figures of very high
economy. They are only obtained in the largest power plants,
and under favorable conditions. In lighting stations they are
very exceptional.

The remark interpolated by Mr. Arnold with regard to the
number of pounds of coal per kilowatt hour is strictly true, I
regret to say. I have stations on my hands now that don’t come
down to nine pounds per kilowatt hour, and the best record in
my own practice is five ponnds for the 24 hours, and approximate-
ly four pounds on favorable occasions, with Ohio coal and series
dynamos.

I have had occasion recently to consider the use of the battery
which is classified as “ small,” to secure regulation at a distant
point. The investigation took me into several lines of inquiry,
and incidentally caused me to go over all the data that I had,
and to make some experiments as to what could be done to con-
trol momentary fluctnations, and to take care of instantaneous
variations of loads such as are shown in the curves here, while
retaining a given steam economy ; not to take care of them in
the manner indicated in Fig. 1 by putting on an engine a great
deal too large for the work, but to take care of them with an
engine which would be economical under the actual conditione.
I have found that the practice in a great majority of plants is
to have an engine entirely too large for economy. I confirm
most emphatically Mr. Lloyd’s statement that in many stations
the engine is too large even for the maximum demand ; and that
brought distinctly to my mind the idea that there is still much
to be done in the way of adapting the steam engine to the actual
conditions of electric lighting and power. Much can be done
in the way of a proper proportioning of cylinders—usually in
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reducing piston area, while keeping the reciprocating parts of
the engine strong enough for instantaneous maxima, and usin
valve gear that will allow a late cutoff. I find that it 1s
Kgssible with such an engine to take care of fluctnations away
yond the nominal capacity of the set, by merely having
plenty of fly-wheel. I gnd that instantaneous loads of 10 or 15

r cent. above the generator capacity can be disregarded alto-
gether; that the average of the load can be provided for by the
proper selection of engine cylinders and cut-off in conjunction
with a much heavier frame than is usual. The strong frame and
reciprocating parts ensure that there will be no strains of an in-
jurious character produced by those instantaneous loads in the
engine itself. The generator of now-a-days does not break down
under such conditions. Formerly, we used to strip armature
windings when they got a sudden short-circuit or a sudden over-
load, but as the generators are now built, they don’t do that. I
should say the function of the “small” battery is not to take care
of instantancous variations which can be perfectly well taken
care of by a steam engine ; but is to take care of local variations
which are complicated by copper losses in the line. 1 believe
that the place for the * small ”’ battery so-called, is on the outly-
ing feeders where it can equalize drop in line and hold up the
local pressure. I believe that the distribution of several such
“small  batteries over a street railway system would be excel-
lent engineering, and give good results when a similar amount of
battery installed at the station would not be profitable or desir-
able. It would permit the doing of one thing the value of which
is only occasionally appreciated ; it would permit the use of cop-
per adapted to the average load on the feeder rather than to the
maximum.

The function of the ‘“small ” battery seems to me to be entirely
to take care of local, single feeders. If avything should go in
the station at all, it should be at least the * medium ” Battery,
though the author advocates the so-called ‘large”. battery. I
think Mr. Lloyd is deserving the thanks of electrical engineers
generally for those three expressions. They define very distinctly
the work which is required of storage batteries under different
conditions, and 1 hope they will be adopted by people generally
who are carrying on that class of engineering.

Tuae CrairMaN :(—I would like to ask Mr. Dow what, in the
light of his recent experience in central station work, he thinks
of the proposition of producing 557 watt hours from a pound
of coal.

Mz. Dow :——I think it is absurd. It is only possible to approxi-
mate it with a storage battery of the largest size.

Mke. Maurice Coster :—I would like to ask a question of the
gentleman who represents the storage battery interests. 1 note
that the author in his paper places depreciation and repairs at 10
per cent. I would like to know approximately just what per-
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centage of this is to be charged to depreciation, and what per-
centage to repairs.

TrE CrARMAN :—Mr. Appleton, you may answer that in your
own way.

M=r. Josern ArpLETON ::—About six per cent., Mr. Coster, is
very fair for depreciation.

Mge. CosTrr :—According to that it would be four per cent.
for repairs.

Mr. AppLETON :—Of course in a storage battery the deprecia-
tion is different from the depreciation of machinery. The way
in which you provide for the depreciation of a storage battery is in
time to renew the entire wearing parts of the battery. It is not
the same in the depreciation of machinery. In taking care of
the depreciation of a storage battery yon renew entirely in time
the parts which wear out, and therefore in a certain number of
years you will have practically the battery in the same condition
as when you began. Therefore the term depreciation of storage
batteries bears a rather different meaning from the depreciation
of machinery.

Mge. Coster :—In this connection I would like to express my
opinion regarding depreciation of storage batteries, electrical
machinery and engines. It is not safe for any engineer to
estimate an amount less than ten per cent., per annum for depre-
ciation. I was not surprised to Eea.r that some engineers only
allowed two per cent. I heard that a very prominent engineer re-
cently made a similar estimate in the case of a large installation
which cost over half a million dollars. I surprised one of the
principal financial men in this enterprise by assuring him that
this estimate was entirely too low, and that 10 per cent. a year
should be allowed.

The generators and engines may be in a very good condition
at the end of ten years, but in the course of that time there
would have been so much advance made in the design, economy
efficiency and style of mechanical and electrical apparatus that
they would probably be able to afford to throw away the original
installation. If this holds good regarding engines and dynamos
it probably would be more true of storage batteries.

do not wish anyone to think that I am not in favor of storage
batteries. Three years ago when Mr. Arnold had occasion to
install the first large storage battery plant in this city in the
building of the Board of Trade, I did not think that it would be
a success. 1 was, howerver, one of the first to compliment Mr.
Arnold on the great success of this installation. We should,
however, not deceive ourselves and our clients by allowing ounly
two per cent. for depreciation. Let us come right down to facts,
and estimate ten per cent. for depreciation of storage batteries,
and other apparatus, and an additional four to six per cent. for
wear and tear. I would like to hear the opinion of some of the
other members on this subject,
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Mr. AppLETON:—I Want to say a few words in reply to those
remarks, for I do not think I have made myself perfectly under-
stood perhaps. In the depreciation of an engine or piece of ma-
chinery at the end of ten years, a certain amount of money, pos-
sibly a great deal, may have been spent for repairs, but you still
have the same main parts of the engine and machine as when you
started. Now, if you put in a storage battery, at the end of ten
{ears even with six per cent. depreciation you probably won’t

ave the same plates that you started with ; you have an entirely
new set of plates. Now, if there have been any improvements
made in that time you are enabled to get the benefits of those
improvements for the same amount of depreciation. The case
is entirely different from the repairs and maintenance of any
machinery such as engines, boilers or dynamos.

MR. CosteEr :—Do you not expect, in the course of ten years
to have sumething in storage batteries & great deal more efficient
and better than you have to-day?

Me. ArpreroN :(—Well, we will have, and still, as I say, the
only parts remaining will be the tanks and electrolyte.

Mge. Coster:—How do you know that you will need any
tanks after ten years?

Tre CrAtRMAN :—Mr. Knuox, the Electrical Engineer of the
Chicago City Railway Company, is with us, and I am sure that
we shall be pleased to hear from him, as among the people that
are directly interested in the question of the application of the
battery to railway work.

Mr. G. W. Kxox:—I camne here merely to listen and learn. I
will say, however, that in my case, as with most people, first im-
pressions are often the most lasting. 1 mean by this that about
the time I started in railway work I was sent to Dubuque, Iowa,
to replace a storage battery road, which had proven unsatisfactory,
with the overhead system. and that rather influenced me in
thinking that the storage battery was not exactly what was
wanted 1n street railway work. [ will say, however, that at this
time I am inclined to be a little more liberal, as there have cer-
tainly been great developments in the application of the storage
battery, more particularly, in central station work, and of late in
the railway field. I have been watching with great interest the
developments along this line.

I can not agree with Mr. Dow in believing that it will pay to
install a swmall battery at the ends of trolley lines to take care of
the fluctuations. It will take some research and close estimating
to sce where the economy will come in.  Although the efficiency
of our motors is lowered as our voltage out on the linedrops, it really
does no particularly harm tothe motors to run for a brief period
at the lower voltage, even with a drop on the line as high as 15
per cent. So as I was saying, I believe it will take some close
estimating to see where by the installation of the small battery
to take up the fluctuations it will be found a paying investment.
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Me. ArvNoLp:—I would like to ask Mr. Knox whether in the
distribution system of the railway company which he represents,
the drop of 10 or 15 per cent. is the total drop from the power
station.

Mgz. KNox:—No. The drop on line.

Mr. Arnorp :—If not, what is the probable maximum ?

Mzx. Knox :—I have places on the line where I have to take
care of as high asa 20 per cent drop. This of course is bad
practice. But there is a condition that governs this state of
affairs, inasmuch as we are short on the required conduit room,
and we are also limited on the street where we carry our overhead
wires as to their number, and on account of the liability of
change of conditions in the system of distribution we do not know
just at this time whether it is policy to figure on running any
more feeders to the point where we have the 20 per cent. drop to
take care of it. I referto the Clark streetline. But as a whole,
outside of the Clark street line, we haven’t on our system after
a thorough test, over a seven or eight per cent. average drop
This represents the maximum average, the general average ranges
aslow as 6% per cent. Of course we run a great deal of copper,
and we have what we believe to be the most approved rail return
in the shape of cast weld joints and immense quantities of copper
cables, resulting in the saving of a great deal of the drop usually
found in railway work.

Mg. Dow:—I would like to ask Mr. Knox whether those
drops are averages, or whether they are the maximum.

R. KNox:—I refer to the eight per cent. as the maximum
average.

Mzr. Dow:—And that covers the instantaneous drop, for in-
stance, resulting from starting several cars simultaneously.

Mg. Kxox :—Oh, no.

Mg. Dow :—What is it under those conditions ¢

Mgr. Knox:—Well, we get 12 to 15 per cent. ; no more than
that.

Mgz. Arnorp:—I think, Mr. Chairman, that the railway which
Mr. Knox represents is particularly well located to keep its
average loss so low. Take the case of a long-distance road where
the power station is quite a distance from each end of the line.
I think it would take a great deal of copper to keep the average
drop up to anywhere near the figures given by Mr. Knox. But
with power stations located somewhere near the center of a
radiating system you would have a condition which would make
it possible to hold the voltage up as Mr. Knox states. 1 think
in the long-distance scheme that the regulating battery is re-
quired at the end of long feeders. '

TreE CHAIrRMAN:—As Mr. Appleton will probably be more

familiar with the subg'ect matter of this paper than the rest of us
I would like to ask for our information regarding these watt-
hours per pounds of coal. On page 50 of the paper I under-
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stand that the theoretical cost of operation, with a storage
battery, is figured on the basis of 557 watt-hours per pound of
coal, and that the result obtained from figuring on this basis is
compared on the next page with the actual results obtained in
practice. No statement 18 made as to how many watts were
obtained from a pound of coal vn practice. Of course I sup-
pose they get just about half that result; that is to say, they
would get about half as good a result as in the theoretical case.

Mg. Dow:—We figure a horse-power indicated for 1.12
pounds of coal, which is a little too good.

Tre CHarMaN :—I figured it over as the paper was being
read and made it about 1.20 lbs. I think it would be fair to
figure the combined efficiency of a generator set at not over 87
per cent.

Mg. Dow :—1I figure it 85 per cent.

Mg. AppLETON:—] may say, Mr. Chairman, I am not very
familiar with the figures given in the paper.

Me. Dow:—I think tﬁlere is a decimal missing there, Mr.
Chaitman. )

TrE CHAIRMAN :—AS8 I understand the paper, the cost of pro-
ducing the power on that basis is compared with results which
were actually obtained in practice. The aunthor of the paper, on

e 48 criticizes Mr. Conant and says that none of his stations
showed better than 3 pounds per killowatt hour. Now, take 15
tons of coal, running on a basis of 3 pounds of coal per kilowatt
hour, and those figures would show a conclusion quite different
from what the author seems to have drawn.

Now I would like to ask another question: The author of
this paper has stated what he ﬁfﬂres to be the cost of the
generating plant complete, including stations, at $100 per kilo-
watt. I think we would all be interested in knowing at what
price he has fignred the battery per kilowatt in making the com-
parison.

Mz. Arrorp :— He says distinctly without batteries.

TrE CralrMAN:—Yes, but in other places he has compared,
without giving figures, the cost of the plant with and without
batteries.

Me. ArnoLp:—The price entirely depends upon the rate of
discharge required of the battery. It may vary from $40 to
$175 depending upon the rate.

Tae CEAIRMAN :—Per kilowatt hour?

Me. ArNoLD :—Yes.

Tre CpairMaN:—To what variation do those figures corre-
spond ¢

Mz. ArNowLp :—The price of a battery depends entirely upon
the time in which you take its capacity out of it. In other
words, if you discharge a battery in one hour you only get about
one-half a8 much out of it as you would if you discharged it over
a period of eight hours, so that its price would be double what it
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would be at the eight hour rate ; so that when you figure batteries
at so much per kilowatt hour you must know at what rate you
expect to discharge. If they can be discharged over the entire
period of eight hours they can be brought down as low as $40

r kilowatt hour. Prices are advancing now, and as I am not
in the battery business at present, I am not absolutely sure of
present figures but we have ﬁgured them as low as $35 per kilo-
watt hour. If you go up to the one hour rate I think it will be .
as high as $100, and perhaps in some cases on a half hour rate
the figures which I stated a moment ago, $175. Thereare curves
in existence which I had a hand in the preparation of, by which
you can tell the cost of a battery if you determine the rate at
which you want it discharged. It varies from $35 up.

Mgr. ArprETON :— With regard to the question which Mr. Dow
raised about the regulating effect of a “small” battery, I have a
case in mind now where a “small” battery is put at the end of a
long feeder nine miles away from the power-house. A sub-sta-
tion has been built at that distance from the power-house on a
line extending about three or four miles beyond, and about three
miles back towards the power-house. The maximum amount of
current delivered from that power-house reaches as high as 1,000
amperes, but the average during the day is about 400 amperes.
This 400 amperes is sent up over a feeder to the battery and is
distributed as the load requires at any rate up to 1,000 amperes,
the average amount being sent up of course instead of the maxi-
mum. ‘I'he question of the regulating effect of batteries on rail-
way loads is a very interesting one, especially as regards the effi-
ciency of the battery and the amount of work actually done by
the battery under such conditions.

Under those conditions the efficiency of the battery is high,
because the charge and discharge are intermittent, and you are
working the battery under the most efficient conditions.
The amount of charge put into the battery is recorded
by a wattmeter, and the amount taken out of the bat-
tery is recorded by a separate wattmeter, and the average
monthly efficiencies are from 90 to 95 per cent., accord-
ing to the care with which the charging is watched. This batter
is given a little charge every night during the hours of light load,
anglif the men are careful to stop the charge or reduce the
charge when the battery is full, the efficiency will reach as high as
95 per cent. in watt efficiency.  That, of course, is very different
from a battery which is entirely discharged at one discharge and
then charged up again. In that case, the efficiency of course is
not over 75 per cent.

The Metropolitan Street Railway Company in New York has
really installed two large batteries that are not only for regulating
purposes, but also for the purpose of taking a portion of the
peak ; they have one battery installed at the foot of West 23rd
street, and there the peak in the afternoon lasts from about 4
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until about half past 6, and the work done by the battery during
that time is very interesting. Taking one day the maximum rate
reached during that two hours and a half is 2,400 to 2,600 am-
seres. That is the maximum rate at which the battery discharges

uring that time. Yet the total amount of work done by the bat-
teries during that two hoursand a half does not exceed about, 1,800
ampere hours, or an average for the two hours and a half of be-
tween 700 and 800 amperes diecharged.

I have in mind another small station operating five cars sup-
plied entirely by a rotary transformer. en the five cars are
running, the fluctuations of course are very great. The maxi-
mum demand on the line is about 300 amperes, but that does not
occur very often. At that time the maximum load on the rotary
is about 100 or 125, or less than one-half, and the average load
on the generator is about 80 amperes.

This shows very clearly how the battery used as a regulator in
that way, will reduce the required capacity of generation on a
rotary transformer. It think it is in this field particularly where
the large use of storage batteries will be, as the use of rotaries
has come into vogue ro extensively.

The use of storage batteries at the power-house is of course
different. But by the use of the battery at the feeder end you
not only get an equalization of the load on the power-house, but
you make a saving in the investment in copper. Whereas, with
the battery at the power-house you use it for the better evening
up of the load on the generator.

The whole question of the use of batteries for thie purpose is
best studied in the actual operation of a plant after the E:ttery
is putin. In laying out for the use of a battery in work of this
sort you can see many advantages, but there are others which are
peculiar and particular to each condition, which are not fully
realized until you get the advantage of operation. It has been
my experience that those in actual charge of the operation always
find many more advantages and very difterent ones than those they
were expecting when the plant was put in, and it is due to that
as much as anything, I believe, that the use of the storage bat-
teries is growing so in connection with this work.

Mgz. Ar~ovrp :—I think, Mr. Chairman, that one of the points
brought out by Mr. Ap]pleton is very important. I think that
Mr. Appleton himself has only recently found it out—within
the last few months I mean—and he is the only man who is in a
position to find it out, and we are very fortunate in having him
make it clear to us. That is the increased efficiency of a regulated
battery over and above what we have always supposed it to be.
‘We have always thought that if we got an efficiency of 80 per
cent. out of a battery we are doing pretty well. Now m
Appleton informs us that the efficiency of the battery under
those circumstances is as high as 95 per cent., and he backs the
statement with tests which he has made, and the monthly records
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of the charging and discharging of the battery. That certainly
puts the battery on a much higher plane for one of the main

urposes that it has always been advocated for; that shows that
1t is a remarkably efficient piece of apparatus, and that it is now
in the same class as the static transformer or the rotary con-
verter—getting in very good company.

Me. Dow :—Do I understand that the battery was discharged
at quite a high rate and it was charged at short intervals ¢

R. AppLETON :—The average current coming over that field
was only 400 amperes, and therefore the rate of charging could
not exceed 400. But the rate of discharge would be 600 at the
the time of maximum load, and the thousand amperes or 400
amperes coming up over the feeder would be distributed as
needed from the battery, making the total output 1000 amperes,
that is, at moments of fluctuation caused by the cars getting
bunched, coming up a hill, or something of that sort.

Tue CuairMaN :—What would be the capacity of that battery
based on the ordinary eight-hour discharge.

Mkr: AprLETON :—The battery has an hour rate of 600 amperes
or 1200 amperes at an eight-hour rate.

Tue CrairmaN :—That is all right. .

Mr. ArprLEroN :—Then we really would be charging and dis-
charging simply as the load varies.

Tue CHAIRMAN :—But at quite a high rate as compared with
the figures that are ordinarily given for charging and dis-
charging.

Mz. AppLETON :—No, 8ir, the average load on that section
never falls below about 200 amperes, therefore the battery hardly
ever charges above 200 amperes, and that you see for a short
time. The load in that section would never fall down to noth-
ing. If it did fall down to nothing the rate of charge would be
400 amperes during that time, as 400 amperes is the ordinary
current being sent up to that section over that feeder.

TaE CHAIRMAN :—But a charge or discharge of 200 amperes
on the battery.

Mr. AppLETON:—] 8ay & charge of 200 and a maximum dis-
charge of 600.

TrE CHAIRMAN :—Well, that rate of charge and discharge on
a battery of the capacity of only 1200 ampere hours at the eight-
hour rate, would really be a high rate, would it not ¢

Mz. AppLETON :—It is only the one hour rate battery now, sir,
which I think is almost universal for regulating work of that
sort,

TrE CuAtrMAN :—What I am trying to get at is, that this high
efficiency which you get is due to the intermittent work on the
battery. If it was charged and discharged at anything like that
rate constantly you would not get that e%iciency.

Mge. AppreTON :—Certainly not, because the charge and dis-
charge are not continued long enough to allow the voltage of the
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battery to drop down in discharging or raise in charging to any
appreciable extent. It does not Eive time for the gas to form on
the plate. On the other hand, the discharge is not continued
long enough to allow a great drop. A

HE CHAIRMAN :—So that it is operated with the same advan-
mﬁtbat you would get with an open circuit primary battery.

R. ApPLETON :(—Of course. The internal resistance of a
primary battery would be so great that if any work was done at
all it would drop down, but the internal resistance of the stora,
battery is so low that a discharge for a short time hardly (E:
creases it at all. Your discharge is almost the same as an open
circuit under those conditions. As a matter of fact batteries in
regulating duty of this sort, work at an average of 2.08 volts.
That is not the same value they would have if worked at a steady
discharge extending over eight or ten hours.

Tae CuairvaN :-—The real work being on the straight part of
the curve all the time, they don’t get the loss ‘that you get on
the rise and fall, which is a great portion of the loss.

MRr. AppLETON :—That is it exactly.

Mgz. Dow :—This variation was in watts.

Mgr. ArrLETON :—Yes, a8 measured by a wattmeter.

Mg. Dow :—As a mere matter of curiosity would you tell us
what the ampere efliciency would be ?

Mg. ArpLETON :(—Well, in that connection 1 couldn’t tell, sir,
bec?lnse we never measured it. I would say about two per cent.
higher.

Dow :—Then that demonstrates that the variation of volt-
age is very small.

Mgz. ArprETON :—It is very small indeed. You are operating
almost at a constant voltage under those conditions.

Of course there is one point 1 would like to add in connection
with that statement: That in order to obtain the best results,
the number of cells must be very carefully adjusted to the aver-
age voltage at that point. If you have too few cells the battery
will of necessity overcharge and destroy the efficiency.

[Adjourned subject to the call of the Secretary.]
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The 183rd meeting of the INsTITUTE Was held this date at 12
West 31st street and was called to order by President Ken-
nelly at 825 P. M.

Tee Presipent:—The Secretary will read the announce-
ments for the evening.

THE SECRETARY:—At the meeting of Council this afternoon

the following associate members were elected.

Name. Address. Endorsed by
Geeae, Tox Howarp Supt. Electrical Construction, U.S. Leroy Clarke, Jr.
Light House Board, Tompkins- O. R. Roberson.
ville, S. I., N. Y., residence, New J. D. Bishop.
Brighton, S. 1.
Horx, HaroLD J. Electrical Engineer, John A. J. H. Klinck.
Roebling’s Sons’ Co., residence, H. S. Webb.
36 W. State St., Trenton, N. J. W. S. Franklin.
JornsoN, Howarp S, Engineer and Sales Agent, Morgan- Fred'k Bedell.
Gardner Electric Co., residence, Harris J. Ryan.
70 Jefferson Ave, Columbus, O. H. S. Rogers.
MiiLer, HerBerT S.  Electrical Engineer, Dieh] Mfg. E. H. Bennett.
Co., residence, 1025 I. Jersey St..  Philip Diehl.
Elizabeth, N. J, Ralph W. Pope.
Poueroy, WiLLiaM D. Electrician, Akron Electric Mfg. H. J. Ryan
Co., 1106 So. Main St., Akron, O. Chas. S. Brown
F. W. Phisterer.
WaIrTep, THos. BYyRD Electrical Tester, The General A. L. Rohrer.

Total 6.

Electric Co , residence, 211 State
St., Schenectady, N. Y

C. P. Steinmetz.
Theo. Stebbins.

The Council, in aceordance with the Constitation, canvassed
the returns from nominations and selected the following Council
nominees for the coming election.

For PresipENT :—Dr. Arthur E. Kennelly.
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For Vice-Presipents :—J. W. Lieb, Jr., Charles F. Scott, and
L. B. Stillwell.

For Manacers:—C. O. Mailloux, S. Dana Greene, C. S.
Bradley, W. D. Weaver; and in place of W. F. C. Hasson of
San Francisco, who has resigned on account of removing to the
Hawaiian Islands, Dr. F. A. C. Perrine has been appointed by
Council to fill out the unexpired term of one year.

For TrEasurer:—George A. Hamilton.

For Secrerary :—Ralph W. Pope.

The following Local Honorary Secretaries were appointed :

For Great Britain, H. F. Parshall, London; for Australasia,
J. 8. Fitzmaurice, Sydney, N. S. W.; for Canada, Prof. R. B.
Owens, Montreal.

Tre PresipENT :—The business of the evening will be the
consideration of a paper by Prof. Pupin on the “gropaga.tion of
Long Electric Waves.” We have the pleasure of Prof. Pupin’s
presence and will ask him to come forward and present the

paper.




A  paper presemted at the 133d Meeling
of the American Imstitute of Electrical
Engineers, New York, March 22, 189.
President Kennelly in the Chair.

PROPAGATION OF LONG ELECTRICAL WAVES.

BY M. I. PUPIN.

INTRODUCTION.

This paper describes an experimental method of invesﬁgi-
ting the propagation of long electrical wavesand discusses the
mathematical theory bearing upon the same.

The study of the propagation of electrical waves received a
powerful impulse by Hertz’s discovery of a method of producing
waves the length of which could be conveniently measured
within the space of a laboratory. The oscillations which emit
such waves are of very high frequency, in the vicinity of a
thousand million vibrations per second.

In telephony, telegraphy, and long-distance transmission of
power, oscillations of only several hundred vibrations per
second, or even less than one hundred are employed. The
waves accompanying these slow vibrations are hundreds of miles
long. Itseems, therefore, a hopeless task to undertake to devise
an experimental method which will do for these excessively long
waves what the Hertzian method has done for short waves, the so-
called Hertzian waves. This explains the singular fact that
whereas there is an extengive mass of experimental facts which
throw much light upon the mathematical theory of the Hertzian
waves there ts to-day scarcely a single expervment which can throw
any light upon the mathematical theory of long electrical waves.
The experiments described in Section III. of this paper are,
therefore, the first experiments of this kind on record.

It appears at first sight as if there should be no difference be-
tween the mathematical theory of short waves and that of long
waves, and that whatever throws light upon one should illumin-
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ate the other also. But this difference does exist, and it is due
to the fact that the Hertzian waves are waves emitted by
free oscillations, whereas the long waves employed in teleg-
raphy, telephony, and long-distance transmission of power,
are due to forced electrical oscillations. The one theory deals,
therefore, with free, and the other principally with forced elec-
trical oscillations. Besides, these long waves proceed generally
from a terminal apparatus of large impedance and the principal
object in transmitting them is to have them absorbed in a re-
ceiving apparatus of large impedance. The question : How
much of the encrgy transmitted at one end is received at the
other end ? is the principal question in the mathematical theory
of long waves. The experimental researches which have done
so much for our clear understanding of the propagation of the
Hertzian waves can. therefore, help us but little in the advance-
ment of our knowledge of the mathematical theory of propaga-
tion of electrical energy for telegraphy, telephony, and long-
distance transmission of power.

The shortness of the wave-length makes the Hertzian oscilla-
tions manageable, the excessive wave-length makes, apparently,
the experimental investigation of the propagation of slowly alterna-
ting electrical vibrationsa practical impossibility. But-does a long
period necessarily mean a long wave? The wave-length of sodium
light, for instance, is shorter in glass than it is in vacuum, because
light travels more slowly in glass than it does in vacuum. If we
could increase the index of refraction of glass toanything we please,
we could correspondingly diminish the wave-length. It is all &
question of velocity of propagation. Now the simplest manner of
viewing this velocity is that devised by Fresnel. He constructed
over the sane base in the boundary surface between the two media
under consideration two cylinders parallel to the ray, onecylinder
extending into the vacuum and the other into the glass. Let the
heights of these two cylinders be each equal to the velocity of
propagation in the two media, then whatever radiant energy was
in one of the cylinders at any given moment will be in the other
after the lapse of one second. The velocity of propagation is,
therefore, proportional to the amount of energy which the
mediam stores up per unit length of the rectilinear path of the
ray, when a given stress is propagated through it. If in place of
glass we interposed in the path of the ray a substance which could
store up one million times as much energy per upit length of
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rectilinear path as the vacaum can when the same ray is pro-
pagated through them then we should have the velocity and there-
fore the wave-length also one miltion times smaller in this medlum
than in vacunum.

This very thing can be done in the case of electrical waves.
Consider a coil represented in Fig. 6.

It consists of a certain number of layers of copper wire wounc
in the following way :—After winding a layer of wire, a sheet of
tinfoil ie wrapped around this layer ; the next layer is then wound
and againa sheet of tinfoil wrapped, and so on. The tinfoil
layers are connected in series to each other and then grounded
through ¢. Everything is adjusted in such a way that the coil when
completed has the same coefficient of self-induction, the same
capacity, and the same resistance, as a first-class telephone wire
ten miles in length. The distance between the faces of the
coil is three inches. Sucha coiliscapable of storing upasmuch of
the energy of a given electric wave as a long-distance telephone
wire 10 miles in length can, hence interposing such a coil in the
path of an electric wave will make the wave advance through a dis-
tance of three inchesonly in the same time during which it would
pass over ten miles on the telephone wire. Connecting 24 such
coils in series we have a loop which is in every particular equiva-
lent to a loop of long-distance telephone wire 240 miles in length.
An electrical wave will be propagated along it in just the same
way as along the telephone line, with no other modification except
that which a ray of light experiences in passing from a vacuum to a
denser medium, and that is, a smaller velocity and therefore a
shorter wave-length. A wave-length of, roughly, 140 miles cor-
resonds to a frequency of about 1,000 periods per second when the
wave advances along the telephone line now in use between New
York and Chicago. Now 140 miles of a telephone air line corres-
pond to 14 coils and therefore the same wave advancing through
the coils would develop its whole wave-length within these 14
coils. The wave takes a spiral path. The axis of the spiral
equals the length of the 14 coils, that is three and a-half feet.
The rectilinear velocity of the wave and therefore its rectilinear
wave-length have been reduced over two hundred thousand
times.

Such a slow-speed conductor is an exact representation of a
medinm possessing an excessively high index of refraction
and offers a new and convenient method of producing short
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waves even for very long periods of oscillation. It brings,
therefore, the phenomena of propagation of long electrical
waves within the reach of laboratory investigation. Such,
briefly stated, is the new experimental method which forms the
subject of this paper. The matter is discussed fully in Section
IIIL.

The scientific interest attached to experimental investigations of
this kind needs no furthercommentary. Their practical utility will
be evident when one considers that very many practical problems
in telegraphy, telephony, and long-distance transmission of
power depend on experimental investigations of this sort.

- Muirhead’s artificial cables have helped much to advance the art
and the science of submarine telegraphy ; the slow-speed con-
ductor described in this paper will, it is hoped, do for land lines
as much as Muirhead’s artificial cables have done for submarine
cables.

The slow-speed conductor just described was constructed
over four years ago in the electro-mechanical laboratory of
Columbia University. It was a home-made affair and although
adjusted with the greatest care it developed a certain objection-
able feature which those skilled in the art of manufacturing
condensers could have foretold with certainty. Its capacity and
leakage constant varied comsiderably and it could not stand a
high voltage, not higher than 300 volts. To overcome this diffi-
culty a new form of slow-speed conductor represented in
Figs. 10 and 11 was constructed. This form is called a loaded
conductor. Inhow far the mathematical theory of electrical pro-
pagation given in Sect. Iisapplicable to such a conductor had tobe
shown. This is done in Section II, where two arrangements are
discuesed and it is shown that a conductor of this kind consist-
ing of 400 sections, each section having the same coefficient of self-
induetion, the same capacity, and the same resistance as a long-"
distance telephone wire of 24 miles in length is equivalent to a
loop of such a wire of 1,000 miles in length for all frequencies
which are of any importance in telegraphy, telephony, and long-
distance transmission of power by machinery designed to gener-
ate electromotive forces of frequencies which are now generally
employed. This part of the mathematical theory contained in
this paper is believed to be new. The other part, contained in
Section I, is, of course, not altogether new. That which is con-
sidered novel and important should be stated here briefly, for
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the purpose of elucidating beforehand the plan of this somewhat
lengthy essay.

The most essential elements in the mathematical theory of
electrical wave propagation are contained in the answers to the
following two questions:—

First Question.— W hat variation does the wave energy undergo
during its propagation from the transmitting to the receiving
apparatus?

“The mathematical theory given in Section I. of this paper an-
swers this question by constructing the mean electro kinetic
energy curve for two most important, and, at the same time,
most general caces. In the first case the effect of the transmitting
apparatus alone is considered. in the second case the effects of
both the transmitting and the receiving apparatus are taken into
consideration. In the first case the mean electro-kinetic energy
curve (Fig. 2) consists of the superposition of a simple harmonie
upon a catenary, in the second case Fig. 3 this curve consists
of the superposition of a double harmonic upona double catenary.
The mechanical illustration of this result is extremely simple and
seems to have escaped the notice of previous mathematical in-
vestigations. In the first case the curve can be illustrated by
the forced vibration of a heavy string which is stretched by a
certain tension between two points on the same horizontal line.
In the second case the mean electro-kinetic energy curve finds
a striking illustration in the forced vibration of a heavy string
stretched by a certain tension between two points on the same
horizontal line and carrying a weight at its middle point. An ex-
perimental investigation described in Section III. led to the
conclusion that this is one of the most striking features of the
propagation of long electrical waves and the theory in Section I.
as formulated in such a way as to give a strong emphasis to this
interesting feature. This i= one of the elements which is con-
gidered important and novel in the mathematical theory of
Section 1.

Second Question.—What are the means which the theory
suggests for measuring the wave-length and the velocity of pro-
pagation of long electrical waves which accompany forced elec-
trical oscillations ?

The mathematical theory given in Section I. answers this
question. It shows that having plotted the mean electro-kinetic
energy curve by measurements which involve the use of an
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ordinary ammeter or voltmeter the wave-length can be deter-
mined from this curve by measuring the distance between two
sharply defined minima. From the wave-length and the
known period the velocity of propagation can be calculated.
This experimental method is essentially the same as the one
which Hertz employed for rapid oscillations.. It could not
conveniently be applied to ordinary telegraph and tele-
phone lines, but applied to a ‘“slow-speed conductor” it en-
ables us to measure the quantities just mentioned with
as high a degree of accuracy as may be desired, in fact the method
becomes with such a conductor more direct than, and at least as
accurate as, the Hertzian method, provided, of course, that one
has an accurately constructed slow-speed conductor at his dis-
posal. This is the second element which is considered import-
ant and novel in the mathematical theory of Section I.

There are two more motives which influenced the formulation of
the mathematical theory of Section I. and which should now be
mentioned. The less important one will be mentioned first. It
is clear that equation (6) of this section is the most comprehensive
mathematical statement of this theory. It is the general solu-
tion of the equation of propagation. From it the forced as well
as the free oscillations are deduced in this paper. This gen-
eral solution was stated in that particular form; because the
general solution of the differential equations of electrical oscil-
lations on a “slow-speed loaded conductor” discussed in Section
II, is of the same form, so that a comparison of the two cases
can be readily made.

The second motive concerns what may be called the physical
aspect of the mathematical theory of wave propagation along con-
ducting wires. Most of the mathematical investigations dealing
with this subject are purely symbolic. Mr. Oliver Heaviside
has done much to introduce the living language of physics in
place of the sign language of mathematical analysis. But Mr.
Heaviside’s Lngheh is often much clearer than his Arithmetic,
such at any rate seems to be the general impresgion. so that much
remains yet to be done even after Mr. Heaviside’s most brill'ant
epoch of intense activity and radical reforms in the field of long
wave propagation. That which remains to be done is not so
much on the purely mathematical side of it. for that is pretty
well understood now, and has been so ever since the time of La-
grange and Fourier. It is the physical side of the theory which
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needs cultivation. The time seems to be ripe for looking upon
the problems of electrical wave propagation somewhat in the same
mauner in which the physical theory of light views the phe-
nomena of radiation, reflection, interference, and absorption.
According to this view the transmitting apparatus is a source of
radiation, the receiving apparatus is a houndary of secondary
radiation due to reflection of the wave energy which arrives
there ; the wave on the line conductor is an interference wave,
the components of which are the direct wave from the trans-
mitting end and the reflected wave of the receiving end. The
power absorbed by the receiving end is equal to the difference of
the wave energy which arrives there and the energy which is
reflected per unit of time. Then again there is energy absorbed
all along the line which interferes with the efficiency of trans-
mission. 7o reduce this absorption to a minimum without in-
creasing the cost of the line beyond prohibitory limits is the
ultima thuleof long-distance electrical transmission engineering.
This problem contains the most essential pointin the whole theory
of electrical wave propagation for telephony, telegraphy,and other
purposes. A mere mathematical solution of the equation of propa-
gation doesnotshed much lightupon this side of our theory; a care-
ful physical consideration of the matter will supply the deficiency. -
Thus, the power absorbed in any element of the line depends upon
the angle of lag between the current, and the potential gradient or
electromotive intensity in that element. Such is the physical
view of propagation of light through absorbing media. This
angle depends upon the ratio of reactance to resistance of the
element and we have at once the simple rule that an efficient
transmission requires a line wn. which the reactance per unit length
should be large in comparison to the resistance. In other words
the power factor of the line should be as small as possible. The
ideal line acts like a perfectly transparent medium. At every
point of such a medinm the electric force and the magnetic force
differ in phase by a quarter period. The introduction of these .
elements into the theory of Section I. forms another novel
feature of this section, and this introduction seems to siinplify
both the mathematical form and the physical aspect of the
theory very much. ‘

To bring this theory within the reach of those who mostly need
it, and that is telegraph and telephone engineers, is one of the
principal aims of this paper. Henceits somewhat didacticform.
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SECTION L *

Errorricar OsciLraTioNs oN A Lingar CoNpucTor oF UNIFORMLY
DistriBuTED CAPAcITY, SELF-INDUCTION, AND RESISTANCE.

The conductor is a loop of wire a B (Fig. 1). Atone point of
the loop is a transmitting apparatus a, at the diametrically opposite
point isa receiving apparatus B. The distance between A ands is?,
equal to one-half the length of the whole loop. The distance of
any element ds from a is denoted by s.

L]
> + .
>

" ds

A 8
Fie. 1.

GENERAL SOLUTION OF THE PROBLEM.

§1. Let L, B, C, be the coefficient nf self-induction, the
ohmic resistance, and the capacity, respectively, per unit length
of the line. Let y be the current and ¥ the potential at any
element ds, then by putting the sum of reactions in ds equal to
zero, in accordance with the law of equality of action and re-
action, we obtain '

dy AV, _
(LW+Ry+J—8)d3_O a)

An observation should now be made which is usually over-
looked. In forming this equation the dissipative reactions set
up in the neighboring conductors have been neglected. The in-
accuracy thus introduced is small for air lines. In the case of
submarine cables the errors arising from this may be con-
siderable.

If z be the displacement current, then

= c”? V _dy
z 0 = 3s ()]
From (1) and (2) we obtain the equa.tion of propagation :—
1y
L% Lo
dt’ T clt BT ®)

The current is propagated in form of a plane wave. The

1. This section read before the American Mathematical Soctety, February
meeting, 1896.
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veloclty of propagation v, neglecting the effect of the resmta.nee
R, is given by
1
vL<C

Arbitrary conditions :—The equation of propagation was de-
duced from (1). This last equation is a mathematical expression
of the law of equality of action and reaction at any point of the
line where the uniformity of the lirie is not disturbed by thein-
terposition of transmitting or receiving apparatus. Butat points
where such apparatus exists the mathematical expression for the
law of equality of action and reaction is different from (1) and
has to be determined.from physical considerationsin each particu-
lar case. At such points the equation of propagation will be
modified. There are evidently as many of these subsidiary
equations as there are points of discontinuity on the line.
They are said to express the doundary conditions at these points.
The mathematical function for the current y will have to
gatisfy not only (3) but also every one of the boundary equations.
The conductor discussed here has two such points, A and 8. The
arbitrary conditions entering into our problem will be completely
specified if we know the manner in which the electromotive force
generated at A is impressed upon the line and if, in addition, the
constants of the circuit in the transmitting and in the receiving
apparatus are given. This will be done now.

Generator at A impresses an electromotive force

e =S (0
where £ () is some analytical function of 2.

The electro-magnetic constante of the circuit at o and B are

as follows : —
Ly, R, Gy, and L,, R,, C,, are the effective co-efficient of self-
induction, the effective resistance, and the capacity of the trans-

mitting and of the receiving apparatus, respectively.
This fixes the arbitrary conditions and we can proceed now to
deduce the equations, which express the boundary conditions.

Let  V, be the potential at s = 0

13 Vﬂl“ « “ “ g = 2l

Igt%z},u “ « “« g =1

]

v =
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Where ¥, is the potential at that terminal of the receiving ap-
‘paratus which is nearest to point 8 = 0 and V7, is the potential
at the other terminal.

Let P, be the potential difference in condenser (.
Let Pl (13 [14 . 113 {1 fe [{1 01'
Stating the law of equality of action and reaction for the

terminals of A and B we obtain the following two equations ex-
pressing the so-called boundary conditions :—

(L B+ By + Pot Vo Vi) _=F()
; ®
[Ll‘dlt‘+Rly+Pl+ Vi— VI]-=I=O

It should be observed here that we infer from purely physical
considerations that the potential F'is discontinuous at ¢ — 0 and
s = l. In a symmetrical system, like the one before us, the dis-
continuity amounts to this:

Vo= — Vu
V,;=— ",
In other words
V==V
where V is the potential at any point between ¢ = 0 and 8 = ¢
and V'« ¢ “ “ow «“ “ §= land s=2!

Itis also a matter of purely physical considerations which leads
us to assume that y is & function which is continuous all along
the line.

The physical meaning of the problem suggests the following
solution :

y = (K, cos m & + K, sin m §) ehv ()

where § = I — & and the origin of co-ordinates is thus transferred
to the point where the receiving apparatus is located.

This will satisfy (3) provided that
—m =k Ok L + R)
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Solution (4) contains three arbitrary constants, K;, K, and %,
as many as the number of existing arbitrary conditions.

These constants are selected so as to satisfy (4). - This is done
by inserting the value of ¥ from (5) into (4) and determining A,
K, and £, so as to satisfy this equation. It is evident that %
=k

To caleulate X and K, introduce the following abbreviations:—

_ 1
h=L+ 50

_ 1
XI—LI+FE
b= kCkk+ Ry)
b = ko(kll-i_Rl)
Dy=k CE.

The following values for K, and K, are obtained from the
two boundary equations :— '

K1=27m;;—p0
—_ M D
=%

where
F = (lzolz,,—-4‘m’)sinml+2'm(/a0—|—ll,)cosml
and equation (4) can now be written

y=[28mcosmi+ hsinms] ‘D}’fn (6)

This is the most general solution of our problem. It includes
both forced and free oscillations.

Forcep Harmonic OsCILLATIONS.

§ 2 Harmonic oscillations maintained by the action of an
alternator impressing a simple harmonic k.m.¥. upon the line are
of universal interest and will be considered here. They are
employed in experimental investigations and in industrial arts. In
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this case the impressed E.M.F. is the real part of £ ¢'® and the
current will be the real part of ¥ in (6). We shall have now

—m=——(a+:tf=ipCEp L4+ R

e
azﬁ/p?[,/m+pll

C
B =VPT[VP’Z‘+R’——1>L]

Three distinct cases arise which will be discussed in turn. It
is well to state here that the discussion will be conducted in all
cases in accordance with the following programme : —

First, we shall inquire how the available energy varies during
its propagation between the transmitting and the receiving end ;
secondly, what is the wave-length and the velocity of propagation;
and thirdly, does the theory indicate a practicable method of
measuring the wave-length and the velocity of propagation.
These are evidently the essential elements which enter into the
description of wave propagation.

- Furst case.— The impedance of the transmitting and of the
receiving apparatus 8 negligibly small :—This is the simplest
case and is generally considered in elementary treatises.

We have
ho=h =0
Hence
F=—4mtsinml
y=— tp C Ecosmé ™
2 m sin m !
Remembering that

cosmc?=«}[(epe+e—ﬂe)cosa&'—i(eﬁe—e_ﬂe)éin aé)
sinm § =i[(eﬁ5+ e—ﬁf) sin aE—l—i(eﬂe——e-‘BE)cos'aG]

We shall have for the real part of y the following :—

1=4E ypol( - pinageos pt-p-g)(* +6 P eosatsin(pt-p-¢)]
JP’L’—}-R*\/c% Ly 2B l—2cos2al
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=A[F sin(pt— g—a £ )+ e Psin(pt —gta) ()

where

un¢=e_ﬁlsin(al—¢)+eﬂldn(alm
e_ﬁlcos(al—go)—eﬂl cos (el + ¢)
tan ¢ = z

P
Let 2 = wave-length, then evidently

1=2"
a
If 7 is the period of the impressed E.M.F., then denoting by v
the velocity of propagation we shall have

On account of this relation a should be called the ¢ welocity
constant.” 1f we could measure A we could calculate ». On this
point more will be said in the discussion of the next case.

An experimental exploration of the current along the line
would necessarily measure the mean square of the current.
There are no instruments which indicate the instantaneous value
of a variable current or potential. Besides, this mean square
measures the mean value of the available electro-kinetic energy
at the point under consideration. Hence it is & most important
quantity and its introductioninto the propagation theory seems to
simplify the apparent complexity of this branch of electro-
mechanics. v

Let M () denote the mean square of the current at any point
on the line, then since

uep=2 [Tra

we shall obtain from (7)

Mo =4 E’})O[e2ﬁe+e_ﬁe+2 cos 2af]

—— (8)
V PR [e2ﬁ l+o_2p l—2cos2al]

The physical meaning-of this formula will be discussed in con-
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nection with the corresponding expression which will be obtained
in the next case.

Second case :—The vmpedance of the receiving apparatus,

only, 18 negligibly small.
In this case
h=0

F=—4m*sinml 4+ 2 m A cos m !
The current is equal to the real part of

D &% cos m & _
—2mseinmi+ hycosm!

®)

y=

It is evident that

D
—2mseinm I 4 hycos m 1

measures the initial amplitude of the wave but does not affect
its subsequent variation during its propagation- from the trans-
mitting apparatus along the line. * Since this variation is the real
object of our study, it is superfluous to perform here the actual
caculations of the initial amplitude in terms of «, 8,7, and /.
Those interested in the design and installation of telegraph and
telephone lines will have no difficulty in performing this task.
Much confusion is avoided by keeping these somewhat lengthy
and tedious calculations out of the main body of the mathemati-
cal analysis of wave propagation. They are not essential and
should not be alowed to obscure the view of those elements of
the theory which are of fundamental importance.
The amplitude can be written

—

<

D — De
P41¢ VP

Hence (9) assumes the form

|

<

— 2}(}"‘&1’) Ccos m 3
VT

y

= 4[4 B psin( pr-gicosad + (B P )cos pt-g)sinad 45 X]
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Hence the real part of y will be
y= Al sin( pt-g-ad)+ e Psin(pt-gtat)]  (10)

From this the potential V is easily deduced. Since

9%y _3y_ pavV
ds 3¢ dt

we shall have
V=4[ co pt—g-g-aky-s P oon p—g—ptat)]  (11)

Vi=— 7V
where

4 —AvE+EF _ A ‘FL‘-}-R"
T rC VpC

tan:p:f

B

The displacement current 2 plays a very important part in
telephony owing to the facility with which it will produce cross-
talk and thus make itself objectionable. Several devices have
been tried in telephony to get rid of this source of annoyance.!

The expression for « is easily obtained from the relation.

_ ndV :
z = 0’W ) (12)

The equations of the mean square curves are now easily ob-
tained.

M) =:42.’ (2% 1 g con2ud)

1{(171):%11@255 16 2% 9 cos 2a8) . (13)

M (o) =?_’%’é’(e“’ﬁf 4625 _9 cos 2a2)

J

Discussion of the equations :—1t is evident that the mathe-

1. See J. J. Carty, T:ESAcnoﬁs, vol. viii, p. 100, 1891,
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matical relations deduced for the second case are of the same
form as those obtained for the first case. The effect, therefore,
of the transmitting apparatus upon the wave is to modify its
initial amplitude, only, and nothing else. It is sufficient, there-
fore, to discuss the physical meaning of the results of the second
case.

The current wave, equation (10) :—It can be decomposed into
two components 7, and 7, ; thus,

7=N+"n
y,:Aepesin(pt—;b-—'a&')

pn=AePsin(pt— g+ ab)

Each of these components is a progressive wave.

7, is maximum at §{ = — /, and minimum at§ =/

7’“ & :¢5=+l, &« &« “ez___l

The first wave starts from one pole of the transmitting alter-
nator and describes a right handed motion around the loop. The
second wave starts at the other pole of the alternator and travels in
the opposite direction. The waves have the same initial ampli-
tudq, the same velocity, and they become attenuated at the same
rate. Fhe distribution of the wave around the loop is perfectly
symmetrical. The resultant current wave 7 is an interference
wave. On account of attenuation the interference is not
capable of producing a stationary wave, because when the two
interfering waves meet they have unequal amplitudes.

When the resistance per upit length is made small in com-
parison to the reactance and the line is sufficiently short, the
attenuation constant # becomes so small that

P = o
and in that case
=+ p=A[sin(pt—¢—aé)+sin(pt—¢+af)]
=2 Acosaf sin(pt—¢)

that is, a stationary wave is formed.
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But even if the line is long, provided that R is sufficiently

emall in comparison to pZ, as in the case of efficient long-distance
telephone lines, the two waves will be nearly equal for quite a
distance on each side of the middle point of the loop where in
gevneral the receiving apparatusis located. Hence in the vicinity
of this point the resultant current wave approximates very nearly
the form of an interference wave. This fact manifests itself in
an interesting manner and will be brought out presently in con-
nection with the discussion of a method which this theory sug-
gests for measuring experimentally the wave-length and the
velocity of long waves.
. The potential and the displacement current wawes, equations
(11) and (12) :—They are just like the current wave, interference
waves, and the remarks just made with reference to the current
wave apply to them also. An interesting relation between these
waves and the current wave deserves a careful attention. It is '
the phase-difference ¢. This angle measures the attenuation, as
will be seen presently.

Efficiency of transmission :—Equation (1) can be written
dy _oV
LatE1=%
%_Z hould, therefore, be called the electromotive
<

intensity. Its value is easily obtained from (11.) Thus

:_57 ___A(;H(;ﬂ')[ HAsin( pt—g{l—-—af-{—ﬂ)—{—e—ﬂe sin (pt-¢+-a & + 6)]

(14)

The quantity

where

0=—2¢+Z-2:

The angle 6 is the angle of lag between the current uua the
electromotive intensity as can be seen by comparing (10) and (14).
It will be shown now that this angle of lag plays the same part
here as the’angle of lag between the impressed electromotive
force and the current in ordinary alternating current circuits.

Consider the equation

S
<

W=RMG) =M XT)

o
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That is to say, the mean value of the work per second done by
the electro-motive intensity equals the mean value of the rate of
dissipation per unit length of the line. This dissipation causes the
attenuation of the wave and thus diminishes the efficiency of
transmission. A small value of R will evidently prevent it.
Baut that this efficiency is not a question of ohmic resistance, only,
will be seen from the following consideration :

R
VP Pt R

cos l = sin 2 ¢ = 28in ¢ cos ¢ =

or
tanﬂ:P_L-

“|(5e)]=%

M () =

o

Now let

2 )

Then since

(3] = s

3
we shall have

&

Vo A 4= BEHD

A A’? cos 0 = R M ()

For efficient transmission we must have, therefore, a large
angle of lag between the current and the electromotive intensity.

, that is the ratio of reactance to resistance,

The quantity 2 7

is the most essential clement, and not 2 alone, in questions of
efficiency of this kind. Employing the terminology which has
been generally adopted among electrical engineers, we have the
following simple rule :—7he power factor of the line muast be
as small as possible. The physical reason for this isnot far to
seek. A large angle of lag between the electromotive intensity
and the current, means the same thing here as it does in ordinary
circuits, and that is, it means a large self-induction reaction in
comparison to the dissipative resistance reaction, and this again
means a large amount of energy stored up in comparison to the
energy dissipated. This stored up energy is returned to the gen-
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erator in the case of ordinary circuits and propagated in the case
of long lines. The consideration of the angle of lag 6 or, what
is the same thing, the power factor of the line, enables us
therefore to view the wave propagation in the same simple light in
which we view the energy transfer in ordinary alternating cur-
rent circuits. But it should be observed that the power factor of
the line is not the same thing as the power factor of an ordinary
alternating current circuit In wave propagation of electrical
energy, the power factor of the line measures the power con-
sumed on the line only; the power absorbed in the receiving
apparatus is measured by another power factor.

M (%)

“

Fie. 2.

The mean square curves, equation (13) -—Plotting the curves
by taking these mean squares for ordinates and § for the abscissa
we obtain an extremely simple representation of the variation of
the mean electro-kinetic energy during its propagation along
theline. The thick line = u, 2’ «' = diagram Fig. 2 represents
the curve of M (5%). Itconsistsof the superposition of two curves,
the catenary ¢ ¥ z ¥ # and thesimple harmonic 2 » z w. The
wave-length of this simple harmonic is one-half as long as the
wave-length of the progressive wave, that is

Cuw = 3
2

Let %, w0, be two points on the M (7*) curve such that v w =
4, w0,, then these points will be shown to be important points in
the experimental determination of the wave-length.

Concerning an experimental method of measwring the wave-
length and the velocity of propagation of long electrical waves :
—Many serious attempts were made long before the time of
Hertz to measure the velocity of propagation of an electrical
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disturbance in a linear conductor. The most notable among
these were the experiments of Wallaston and Fizeau. The cause
of their failure has been discussed before, and needs no further
commentary here. Hertz was the first to conceive the idea of
determining this velocity by measuring experimentally the wave-
length of a harmonic disturbance of known periodicity, and in
order to obtain a cufficiently short wave-length he ‘made the
period sufficiently short. The solution of the problem of pro-
ducing powerful harmonic electrical oscillations of very high
frequency and therefore short wave-length forms the foundation
of his classical experiments.

It will be pointed out now that the Hertzian method of measur-
ing the velocity of pro