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GENERAL ELECTRIC

STEAM ENGINEERING DEVELOPMENT

The history of the development of the
stcam cngine is similar to that of all man’s
inventions and, unlike natura! evolution, has
procceded from the complex to the less
complex, Nearly 150 vears ago James Watt,
the Scotch engincer, may be said to have
inaugurated the art of steam engineering
by s invention of the condenser. The rapid
advance that has been made during the last
century in reciprocating engine practice, and
during this century in the development of
the steam turbine, are indeed largely owing
to his genius, while the modern high power
triple and quadruple reciprocating engines
are the natural offspring of the cruder and
more complicated arrangements employed in
steam engincs in Watt’s time.

During the last decade steam engineering
has made a further notable advance. The
stcam turbine has been successfully developed,
and has already superseded its one-time
rival, the reciprocating cngine, in many
branches of the art. Possessing no reciproca-
ting parts and with a far simpler and more
compact construction, it would undoubtedly
have come to the front sooner had mechanical
and clectrical engincering been sufficiently
advanced to cope with the constructional
difficultics incident to the high speeds re-
quisite and to open a ficld for its scrvices,
With the advent of high speed generators,
the latter difficulty was removed and
mechanical cngincering has been forced to
solve the new cngincering problems involved
in the manufacturc of the turbine,

The reciprocating cngine, owing to its
construction, is ncither thceorctically nor
practically the best or most logical form of
prime mover. Due to cylinder condensation,
it wastes stcam, while it i= unable to utilize the
greater part of the large amount of cnergy
available in the stcam at low pressurcs in
conscquence of the small limits which are
practicable for expansion. It ccupics con-
sidcrable space per kilowatt ou:put owing
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to separate cylinders being rmployed for
cach expansionand to the fact that high speeds
are not possible with hcavy reciprocating parts,
and piston speeds are limitcd by various prac-
tical considerations. The piston engine is,
indeed, a far more complicated machine than
the steam turbine and is not so well adapted
to modern power requirements. It isunable to
utilize the steam energy below about 26 in.
of vacuum and rejects practically all energy
below this pressure. hen it is realized
that the steam encrgy available between 28
in. and 29 in, vacuum is as much as 19 per
cent. of the total steam energy at 200 lbs.
gauge pressure, it is evident how much the
reciprocating engine is handicapred in this
respect.

As pointed out in Mr. G. R. Parker’s
excellent article in this issue on steam turbine
development, the steam turbine does not
labor under this disadvantage, and it is due
to the better utilization of the steam energy
at low pressures that the turbinc has made
such rapid strides in commercial enginecring.
It is already installed in the greater number
of large steam power plants in this country,
and at the present time the total capacity
of high pressure Curtis turbines of S00 kw.
and over, manufactured and sold by the
General Electric Company, cxceeds 1,400,000
kw., representing a total of 740 units or an
average capacity of about 1900 kw. for each
machine.

The smaller amount of ocoal, fewer station
attendants and boilers necessitated, and the
smaller buildings required by turbine stations
of a given capacity, are now realized; but it
is instructive to calculatc the saving that
can be effected by a turbine station by apply-
ing actual costs of a Curtis turbine station and
a representative modem cngine station, toa
power station of average capacity. Suppose a
station of 20,000 kw. is considered operating
at about 40 per cent. load factor:

The following results are bascd on figures
obtained under actual operating conditions,
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which in nowise favored the turbine station.
The quality of coal was approximately the
same in both cases and the water facilities,
station capacity, load factor, etc., necarly
equal. The costs were also averaged over
about 4 months’ operation so as to obtain
representative operating conditions. In the
turbine station, the labor bill per kw. hour
was only slightly greater than 25 per cent.

of that of the reciprocating engine station,-

while the coal bill was only about 80 per cent.,
with the total cost of operation standing at
less than 65 per cent. Applying these figures
to a 20,000 kw. station, the following sums
will be saved per annum by the turbine
station; vis., $40,000 for coal, $60,000 for
labor, with a gross saving, including main-
tenance charges, of $110,000 per annum.
Besides dealing with high pressure turbines,
Mr Parker describes the exhaust turbine and
the latest development of this type; namely,
the mixed pressure turbine.
increase of capacity, without increase in
coal bill, and in some cases with an actual
decrease in the latter item, which can be
obtained by using low or mixed pressure
turbines in connection with either condensing
or non-condensing reciprocating cngines is
clearly exemplified. e reasons for the
economical operation of this turbine with
high pressure steam are also given. The
article finishes with a review of the field

filled by the small turbine in capacities of *

300 kw. and less, the conclusion being that
such turbines have negligible maintenance
charges owing to their very durable con-
struction.

In refcrence to the exhaust and mixed
pressure turbines, it is of intcrest to note
that over 50,000 kw. have been sold to date,
the avcrage machine capacity being slightly
greater than 1400 kw. So undoubted are
the economies that can be derived by in-
stalling such turbines, that it is certain that
no reciprocating engine stations with con-
densing facilitics can long afford to do with-
out them, especially as the mixed pressure
turbine is exceedingly flexible in operation
and will on emergency continue to deliver
power, though the supply of low pressure
stcam from the reciprocating ecngine is
entirely cut off.

The enormous.

A MOTOR OPERATED RAIL MILL

The Gary Works of the Illinois Steel
Company form the nucleus of what promises
to be the largest steel manufacturing center
in the world. The works are ideally located
both for the reception of the raw material
and the disposal of the Froduct. as their
situation on the shore of Lake Michigan
permits the delivery of the ore directly
from the lake boats to the works’ storage
pile; while in addition to the readiness by
which the product may be shipped by water,
the proximity to the city of Chicago, with its
numerous intersecting railway lines, places
the cxceptional transportation facilities of
that great distribution point at their com-
mand.

At the present time the following mills are
completed or in process of construction:

A continuous rail mill

A continuous billet mill

A 60 inch universal plate mill

An axle mill

Four merchant mills of 10, 12, 14 and 18

inches respectively.

Each of these installations embodics many
new features, both in the design of the mill
and the methods of rolling the steel.

The article by Mr. Semple in this issue
is the first of a series that will describe these
various installations, and covers the rail
mill, which was the first to be put in opera-
tion and is one of thc most important as well
as interesting of the several mills to be
installed, as it marks a new era both in the
steel and electrical industry, being the first
in which rails are rolled entircly by clectric
motors directly from the ingot without re-
heating. The motors, furthermore, are not
only larger but several times larger than
any other motors previously built.

Few undertakings having the magnitude
of these works and involving as many
radically new fcatures have experienced so
little trouble in operation as this mammoth
steel plant. In this connection, by no means
the lcast conspicious among the departures
in cngincering arc the large rail mill motors,
the operation of which has heen successful
from the first day they were put in com-
mission.
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ATMOSPHERIC ELECTRICITY*

By Pror. Evinu THoMmsON

From the remotest times the thunder-
storm has been one of the most impressive
of natural phenomena, inspiring terror in
men and other creatures alike. The real-
ization of its interest and grandeur is prob-
ably of comparatively modern origin. It
is indeed not surprising that in pagan
mythology the lightning stroke was as-
cribed to the anger of the greatest of the
gods. It is no wonder that, in one of the
greatest ms of the Bible, Job is asked,
“Canst thou send lightnings that they may
go and fay unto thee, ' Here we are’?”’

With the decay of authority and miracu-
lous interpretation of natural phenomena
and the gradual growth of rationalism and
scientific study the recognition of the light-
ning and the thunder as a result of natural
processes gradually came about. In the
seventeenth century began that gradual
awakening to the possibilities of the con-
quest of nature, the outcome of which is
modern science with all its great achieve-
ments. [t was the period of Bacon, Gali-
leo, Gilbert, Descartes, Newton and others.
At first the explosive action of lightning,
the noise of the thunder and the subsequent
strong smell of ozone, which often exists,
suggested a kinship with gunpowder, or
that certain nitrous and sulphurous con-
stituents of the atmosphere supposedly had
become fired. This naturalistic view even
the self-constituted witcheraft exponent,
Cotton Mather, willingly adopts in one of
his books.

Priestly, the discovcrer of oxygen gas,
in his *“'History of Electricity,” published
in 1767, makes an intercsting quotation
from a paper of a certain Dr. Wall in the
Philosophical Transactions. This Dr. Wall,
an experimenter in electricity in the latter
half o? the seventeenth century, and a con-
temporary of Otto Guericke and later of
Newton, after describing his experiments
with rubbed amber and the production of
li;ﬁxt and the cracklings therefrom, says,
“Now, I make no question but upon using
a longer and larger piece of amber, both
the cracklings and light would be much
greater.” Then further he says: “This
light and crackling scems in some degree

® Address at the formal oponing of the Pslmer Physicsl
Lab 'y at Prince il ity, Oct. 21, 1009,

to represent thunder and lightening.” I
believe this to be the first reference to the
possible relationship between electricity
and lightning. The later history of Frank-
lin's suggestion of identity, D’Alibard’s
experiment and that of thc famous kite
furnishing experimental proof, are too well
known to be dwelt upon here.

The practical genius of Franklin led him
at once to the suggestion of protection from
lightning by means of a conducting rod of
metal, well connected to the moist ground
at its lower end, and projecting beyond the
highest parts of the building or structure
to be protected. In these later years it is
not unusual to meet with statements of dis-
credit or denial of the efficacy of this simple
device. There seems to be a tendency
among the uninformed to regard it as an
old-fashioned and useless if not a dangerous
contrivance. Often the question has been
asked whether it is not an exploded notion
that such rods have any value for protec-
tion. It may well be tKat the "lightning-
rod agent'' of former times is largely re-
sponsible for the distrust. He was a sort
of confidence man, who supplied a sham
appliance, often of marvelous makeup. A
structure of twisted metal tube toppenr with
glittering gilt points in clusters, mounted
on green glass insulators, the whole as ex-
pensive as the unhappy victim could be
frightened into paying for, was crected,
and often left without any adequate con-
nection to the ground. It was a tree with-
out roots; lacking, in fact, the most cssen-
tial part of its structure.

Let us add with emphasis that the Frank-
lin rod when properly instalied undoubt-
edly securcs practical immunity from light-
ning damage. Its installation is an engi-
neering undertaking demanding study of
varied conditions and proper carc and
judgment in meeting these conditions. The
one consideration originally left out was
that if there were any better or more direct
paths for lightning existing in the building
or structure, or better ground connections
than the rod possessed, these must be in-
cluded in the protective system. DBut it is
also a fact that thc construction of most
modern buildings, particularly in citics, in-
volves so much metal in roofing, ventilating
and other pipes. wires and the like, that it
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is generally unnecessary to resort to any
separate means for protection.

In cities there are many lofty structures
framed in steel, piping that projects above
the roof, and metal stacks, generally in
good connection with the underground pipe
systems; all of which together tend to mini-
mize danger from strokes of lightning.
The best vindication of Franklin will, how-
ever, be found in the fact that the firmest
reliance is placed by the trained electrical
engineer upon the provision of an easy
path for the electncity of lightning to
reach the ground. Practically all his pro-
tective appliances or arresters used in elec-
tric systems are based on that principle,
with modifications and additions to suit
particular conditions of use. To provide
such modifications and adaptations is
by no means an easy task. There is still
a possibility of insufficiency such that
the menace of breakdowns and damage
by lightning still remains a bete noir to the
engineer. The tremendous discharge of
energy possible in a lightning stroke may
be sufficient to defeat our efforts. Break-
ing through insulation and causing short
circuits, burning of wires and rupture of
circuit, and damage to apparatus are still
occasional experiences in spite of our safe-
guards. Even at a considerable distance

away a stroke of lightning, by its inductive

action, may set up electric waves or surg-
ings which require to be provided against.
The extremely uncertain value of the ef-
fects, the irregularity and impossibility of
calculation or prediction, render the prob-
lem of protection difficult. The effects of
these secondary surges are generally incom-
parably less violent than direct strokes, and
they are seldom dangerous to life.

So long indeed as our electric lines are
extended above the ground, so long must
this disturbing factor be reckoned with.
Fortunately it has been possible by con-
stant effort and study to secure more and
more effective appliances so that the light-
ning menace grows steadily less. Rescarch
and experimentation in this direction have
constituted an important part of the devel-
opment of electrical engineering.

Having thus at some risk of your pa-
tience vindicated our earliest worker in the
study of atmospheric electricity—Franklin
—Ilet us turn from the practical issues and
consider the electricity of the air from a
more general standpoint.

The study of the nature and origin of
electrical storms or disturbances through-
out the atmosphere is of much interest;
our knowledge 1s yet meager; there is much
more yet to be learned in this fascinating
field. Exploration of the electrification of
the air at varying heights by captive bal-
loons, by kites, and upon elevations of land,
has generally shown an increasing electric
potential upward from the earth, and usu-
ally positive in relation thereto. Sometimes
this relation is reversed. It has been
roughly estimated that if the differences
noted can be assumed to be extended to
include the total depth of the atmospheric
layer, the earth's surface might be negative
to the surrounding space, 150,000 volts
more or less. This condition would not
admit of being regarded as constant or
stable, since widespread electric storms
occur in both our upper and lower air
levels. In the highest regions of our at-
mosphere they take the form of diffuse dis-
charges as in a high vacuum and are called
auroras. They either accompany or give
rise to magnetic storms, which affect the
direction and intensity of the earth's mag-
netism temporarily, and hence disturb the
compass needle, sometimes through many
degrees. Vithin a few weeks past we have
experienced such a storm of a remarkable
intensity; sufficient in fact to cause inter-
ruptions to telegraphic and cable transmis-
sion during several hours. Brilliant au-
roras were at the time seen in some
places.

The frequency of auroral phenomena,
and perhaps also to some cxtent the fre-
quency of thunder-storms, seems to keep
pace with the sunspot period, at least in
our latitudes. At times of sunspot activ-
ity, the surface layers of the sun, upon
the energy radiated from which so much
of earthly activity depends, are stirred by
great storms, or immense cyclones of hot
gas or metallic vapors; storms seem as
dusky spots on the sun's disc. They can
attain enormous size--20,000, 30,000 or
even 50,000 miles in diameter, though these
dimensions arc exceptional. They are vis-
jble, as is well known, not because they are
non-luminous, but because they are less
luminous than the surrounding solar sur-
face. In like manner bright spots or fac-
ulz may also be seen, because they are on
the whole brighter than the sun’s surface
adjoining them.
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There is much reason to believe that, in
accordance with suggestions made many
years ago, these solar storms are accom-
panied by exceptionally vigorous projec-
tion:outward from the sun to immense dis-
tances, of streams of electrified matter.
Should the earth happen to be in a position
to be swept by such a stream, an aurora
may be produced. During a total solar
eclipse the so-called coronal streamers are
seen to extend from the sun's surface to
distances of upwards of two millions of
miles or possibly farther than that, but
doubtless they keep on outwardly, and in-
visibly, to relatively enormous distances.
It is not unreasonable as a hypothcsis to
imagine that they may extend at times as
far as tlc orbit of the earth and may, if
the direction is the proper one, reach our
outer air.

Further, if they consist of electric ions
or particles conveying electric charges, an
aurora may result. r. Hale, of Mt. Wil-
son Observatory, has indeed recently shown
by the spectroscope that great solar storms
are in fact attended by the motion of elec-
tric ions at enormous velocities. The phe-
nomena of auroras present peculiar difficul-
ties in their study, since, as in the case of
the rainbow, no two obervers at a distance
from each other see the same or identical
appearances. Hence attempts to determine
the height by triangulation at which au-
roras exist givc most contradictory results,
for it is impossible to fix upon any con-
densation or streamer which may not be
displaced or absent to another observer
some distance away. This is understood
when we bear in mind that the luminous
appearances are not located in onc plane,
but are distributed in space; condensations
of light being the result of supcrposition in
the line of observacion.

I have come to the opinion that the
auroral streamers often extend in a gen-
eral direction outwardly from the earth,
sometimes to very great distances rela-
tively to the known extent of our atmos-
phere. The eflects observed appear unac-
countable upon any other supposition,
while they arc consistent with the idea of
outwardly dirccted strcams of grcat ex-
tent. In April, 1883, therc occurred an
aurora which was at its maximum a little
after midnight. It was the most magnificent
display of the kind, which, in spitc of a
continual vigilance on my part, it has becn

my fortune to witness. It was upon
such a scale that, so to speak, the mechan-
ism of the streamers stood revealed. At
that time I could not avoid the conclusion
that the auroral streamers must have ex-
tended outwardly ‘several thousand miles.
There is no space here to present the argu-
ment involved. Derhaps the most signifi-
cant fact is that precisely the same gen-
eral appearances were noted in Chicago as
in the cast, and that they occurred simul-
tancously. The intcresting question ariscs,
does the earth tcmporarily acquire stream-
ers similar in nature to the solar coronal
streamers? The answer is as yet unknown.
At the time of the great display mention-
ed therc was a sunspot near the center
of the sun’s disc of about 50,000 miles in
diamcter.  During that disturbance long
telegraphic lines could not be operated,
owing to arcing at the keys which pre-
vented interruption of the circuits. Ap-
parently in subtle sympathy with its
mastcr orb, the sun, the carth's clectric
and magnetic equilibrium was for a time
profoundly disturbed. g

While it is by no means certain that
auroras and magnetic storms are always
dependent on solar outbursts, it is now

encrally recognized that the observed co-
incidences are too frequent to be the rcsult
of chance. It is perhaps safe to assume
that although solar storms and sunspots
can occur without provoking auroras or
magnetic storms here, it may be doubted
if these latter occur on any great scale un-
less solar activity is coincident therewith.
And it seemingly is true that only when
the projected electrified matter actually
reaches the earth or comes near enough to
inductively affect its electrical equilibrium
are the terrestrial phenomena produced
thercby.

It has cven been suspected that a greater
frequency and scverity of thunder-storms
in our lower air accompanies the active
period of the sun or sunspot maximum.
This is a hypothesis which would require
a carcful collection and comparison of
data over a long period to give it status as
a scicntific fact or wholly to disprove it.
Be that as it may, expericnce with lightning
damage in clectric installations scemingly
supports the idca and, in a paper given
some seven or cight ycars ago during the
minimum period, led me to predict a scvere
ordcal a few years in advance. As a mat-
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ter of fact the prediction was to a large
extent verified with the result of extraor-
dinary activity in devising safeguards from
which the electrical engineering art now
-benefits. In general the harm done by
thunderstorms is due directly or in-
directly to the heavy spark discharges
called lightning flashes or strokes of light-
ning.

It may be of interest to refer briefly to
the conditions existing in a cloud which is
the source of such destructive energy. As
is well known, clouds consist of fine water
particles suspended in the air. When frozen
these particles are crystalline like minute
snow crystals. All clouds above the
snow line are likely to be of that character.
At a temperature above freezing the
particles of water are miscroscopic spheroids
which may by gradual coalescence form
drops of rain. This process of coales-
cence necessarily diminishes the total
surface of the water existing as such in
the cloud. Should, however, the original
_particles possess even a slight electric charge,
the union of the drops, by lessening
the total surface, or diminishing the
electric capacity, results in a great rise of
potential or electric pressure on the sur-
face of the drops. The process of coales-
cence continues and the water falls out of
the cloud as rain. If the cloud particles
are frozen the diminution of surface and
consequent increase of electric pressure
can not take place. This would seem
sufficient to account for the general ab-
sence of thunder-storms in winter, though
perhaps other causes contribute.

A thunder-cloud has been compared to
an insulated charged conductor, such as a
body of metal hung upon a silk cord, but
in reality the two are not at all com-
parable. It is a mistake to assume any
close analogy to exist. The cloud being
only an air body containing suspende
watcr particles, is not a conductor, nor can
it, as in the case of metal, permit the ac-
cumnulation of its electric charge on its
outer surface. In fact it possesses no true
definite outer surface but blends with the
clear air around it. The electric charge it
possesses  remains  disseminated, so to
speak, throughout, and must reside chiefly
upon the surface of its constituent water
drops. Accumulation in any part would
require the insulating air between the drops
to be overcome.

A lightning stroke from such a mass
may indeed represent a discharge of hun-
dreds of amperes at millions of volts. We
must, however, be cautious not to exag-
gerate either the current or the potential
present in a lightning flash. The curfent
in a flash can at times be only a few am-
peres or may in the heavier discharge
reach perhaps hundreds, or possibly in
extreme cases some few thousands of am-
peres. It is doubtful if the potential much
exceeds at any time more than a few mil-
lions of volts as it is probable that small
local breakdowns start the disruptive pro-
cess which then extends through miles of
length. The individual water particles even
when collected into drops can not
charged to such enormous potentials as
millions of volts. In reality it is the com-
bined effect of the numerous particles act-
ing inductively that accounts for such
pressures. A combined stress is set up
towards the earth or towards another cloud
mass of opposite charge. The lightning
stroke results from a breakdown of the in-
sulating air layer between them, and also
all through the cloud itself, and for a time
a partial neutralization or electric equi-
librium is effected. This continues until a
further redistribution of charges is re-
quired and until again the breakdown

tential is reached. The continued coa-
escence of charged water particles which
were not discharged at the first breakdown,
repeats the original condition, and so on.
Unlike the case of a suspended charged
metal body, a single discgarge does not
usually equalize the electric potential of
cloud and earth. Instead, many succes-
sive discharges occur. It is probably
fortunate for us that the process is as
gradual as it is, for the ordinary partial
discharges of the cloud are each terrific
enough and tax our resources sufficiently
when we seek to protect ourselves and our
effects from them.

Various hypothcses have been proposed
to account for the presence of electric charges
in cloud masses, but there is no time to
discuss them here, and there is in fact
little that is really known as to the
origin of the electricity of clouds. We
shall briefly refer to the phenomena which
characterize or accompany the electric
discharges. The usual form which the
discharge takes is that known as disrup-
tive spark or fork lightning, a long flash or




G ATMOSPHERIC ELECTRICITY 57

electric spark, joining carth and cloud. or
cloud and cloud, and branching within
the cloud mass like a trece. Oftentimes
between cloud and carth therc is seen the
single streak zigzag in its course, but
within the cloud it ramifies or branches
extensively in several directions. In this
way only can any considerable part of the
cloud contribute its portion to the main
discharge path, for, as stated before, the
cloud cannot act as a conducting body.

Some authorities treat lightning as a dis-
charge of very high frequency like the
ordinary discharge of a condenser or
Leyden jar. In fact, it has not been un-
usual to assume that such apparatus can
be substituted and inferences drawn as to
the naturc and character of the lightning
discharge from cxperimentation and tests
with these laboratory appliances. There
is, however, abundant reason to doubt that
lightning discharges are rcally oscillatory.
Iigthey oscillate the conditions are such as
to forbid such oscillation being of a high
frequency order. The cloud discharge
represents what is known as a discharge
of a large capacity, and the length of the
path or spark may reach thousands of feet
or even many miles, a long inductive
path; while the heat and light given out in
every part of the path indicate a high resist-
ance to the passage of the discharge.
All of these conditions are together
known to be inconsistent with the idea
of high frequency oscillation. But the
breakdown or discharge is extremely sud-
den and involves an almost instant rise
of the current to a large value, so that
the inductive efects upon surrounding
structures, such as electric lines or cir-
cuits, are very energetic and sharp like
& quick blow struck; and these lines or
structures become the scat of rapid vibra-
tion or high frequency oscillations. The
sudden blow of the hammer on a bell in
like manncr brings out all the rates of the
vibration, fundamental and overtones, of
which the bell is capable and in which the
hammer itself takes no part.

The very sudden startling character of
a lightning discharge leads to an exag-
geration in the popular estimate of its
. more evident effccts. The amount of light
given out is not so great as is often as-
sumcd. It does not give cflects at ail com-
parable with full sunshine. \While doubt-
less the intrinsic brilliancy is very high the

duration of the flash is small, generally
only a minute fraction of a second. In
photographs of lightning the landscape is
generally scen only in outline or poorly
lighted by the discharge. In the daytime,,
when the clouds are not dense cnough to
greatly darken the sky, the flash loses most
of the blinding character it has when seen
in the blackness of night. Similarly, the
sound of thunder, though of terrifying
quality, is not extraordinarly loud. It is
a common expericnce when traveling in a
train to note that the sound of even near-by -
flashes is smothicred by the roar of the
train so that no thunder is hcard. The
noisc of thunder can not be due in any
part, as is somctimes erroncously assumed,
0 collapse of the air upon itsclf and into
a partial vacuum left by the spark. I have
seen this error cven recently repeated and
even extended to include all the noise of
thunder as due to such collapse. When,
however, we consider that in a minute frac-
tion of a second the air in the path of the
discharge is so highly heated that, if it
were confined, its pressure due to heat ex-
pansion alone would risc to more than ten
atmospheres we can readily understand the
explosive shock given to the surrounding
air and the propagation thercthrough of an
intense air wave, In fact such waves from
electric spark discharges and from dyna-
mite explosions have been clearly recorded
by photography. Moreover, that the col-
lapse of the air after expansion can have
little or no effect in the sound production,
follows from the fact that the heated gas
streak left in the path of the discharge
takes an appreciable time to cool on ac-
count of its low radiating power. This is
shown by the observation that a lightning
discharge in dusty air is often succeeded
by a luminosity of the streak which per-
sists for a perceptible time and slowly fades
away like the luminous ‘trail of a meteor.
Another common misconception is that
the prolonged rolling character of thunder
is due to rcverberations or echocs. In
mountain rcgions with steep rock walls
such reverberations possibly contribute to
the effect, but it is now clearly recognized
that a sufficient single explanation suffices
for most cases. Owing to the great length
of the lightning spark or path, we receive
the sound from the ncarer parts of the dlis-
charge far in advance of that from the
more remote portions, and between these
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sounds are"those from parts of the path at
intermediate distances from the observer.
It follows from this that no two observers
at a distance from each other hear the
same succession of sounds in the thunder
of a discharge. Whenever portions of the
discharge path are situated or extended in
an approximatc direction at right angles
to the line from the observer, the sound
from that part of the path is louder or of
high amplitude owing to the sound from
that part of the path rcachin%,the observ-

+ er's ear at the same instant. henever the
path leads directly away from the observer
the amplitude is less, the sound is less ex-
plosive and takes the character of an ex-
tended roll or rumble.

It will be seen from this that every twist
and turn and every change of direction of
the spark path with respect to the observ-
er's position gives a varying loudness and
sequence of sound. Every branch of the
main discharge in like manner records its

osition and direction, its twistings and

ndings in_ these sound vibrations and
sequences. It would seem possible even to
record on a phonograph noises from sparks
invisible to the eye and map the positions
of the sparks in space from rccords so pro-
duced. If this were donc as it werc
stereoscopically or stercographically from
two or more separated observing or record-
ing places, the records would contain the
necessary data for the rcconstruction of the
spark and its branches in space.

From the above considerations an at-
tempt to determine the distance of a light-
ning stroke to carth by counting scconds
elapsing betwcen the flash and the first
thunder and allowing five seconds to a
mile approximately is seen to be futile.
Should one of the cloud ramifications or
branches of the great trec-like discharge ex-
tend in the cloud overhead with relation to
the observer, and that part of the dis-
charge be nearer to him than any other he
will first hear a receding rumble above
him, followed it may be by a heavy ex-
plosion from the main or approximately
vertical spark between cloud and carth and
from the parts of which his distance is
ncarly the samc. This louder explosion
will then be followed gencrally by a pro-
longed rumble of diminishing loudness which
is the sound coming from the ramifications
which lead farther to the distant parts of
the cloud. Manifesily the counting of time

should be between the flash and the heavy
explosive sound due to the vertical part
of the flash.

Bearing in mind that over the extent of
cloud the charged water particles may be
said to be waiting for a chance to dis-
charge to earth, it is not surprising that
any path which has been opened or broken
down by disruption of the insulating layer
of air should serve for the discharge of an
extended body of cloud. The heated vapor
or gas in the path of the discharge is a
relatively good conductor of electricity,
serving to connect the cloud mass to the
earth below. The significance of this is
understood when it i8 known that many
lightning discharges are multiple. In-
stead of a single discharge they consist of
a number rapidly following one another
through the path or spark streak opened to
them by the first discharge. This first dis-
charge opens the way or overcomes the
insulating barrier to the discharge of por-
tions of the cloud mass, which, on account
of remoteness or lower potential, could not
themsclves have caused the breakdown,
These repeated or muitiple flashes are ex-
ceedingly dangerous, both to life and prop-
erty. The first dischnrge may reduce wood
to splinters and the subsequent ones set it
on fire, The time interval between the
successive discharges in such a multiple
flash is quite variable and may be long
enough to be easily perceptible by the eye.
The multiple character is easily disclosed
by the image in a revolvinf mirror. If a
strong wind be blowing at the time of such
a multiple flash, the hot gas conducting
the discharges may be displaced later-
ally in the dircction of the wind with the
result of spreading out the discharges into
a ribbon more or less broad. Photographs
of these ribbon flashes show their true char-
acter plainly; each separate discharge ap-
pearing as a streak of light parallel to the
others and at varying distances apart. In
fact parallel discharges of exactly the same
contour are sometimes observed many feet
agart‘ Here the hot gas of the first dis-
charge has evidently been shifted by the
wind over a considerable space before the
sccond and subsequent discharges took
place. Ileavy rain scems to weaken the
air and help to precipitate a discharge.
From the fact that strokes of lightning are
often followed by incrcased fall of rain
within a few scconds it is a prevalent idea
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that the increased downpour is caused by
the discharge. In reality the reverse is the
case, for just when a gush of rain has
reached from tbe cloud down to within a
hundred feet or more from the ground, by
far the major part of the air layer has been
s0 weakencd electrically by the presence of
the water drops, that the discharge itsclf
anticipates the completion of the distance
of fall of the rain, and is therefore a short
time in advance of the time when the de-
scending gush of rain actually reaches the
ground. As, the gusts or gushes of rain
arc morc or less local and sweep along with
the storm cloud, they are apt to mark out
the places of the most frequent lightning
strokes.  Shelter sought at such times
under tall trees is particularly dangerous.

The amount of energy which may be
concerned in a lightning discharge is
neither definite nor capable of estimation.
It would seem that the widest variations in
energy may occur and this would account
largely for the observed differences in the
severity of the effects. It must be remem-
bered also that by far the larger part is
expended in the long spark in the air and
cloud. Even when much damage is done
to objects struck it is only a small fraction
of the total energy which is expended on
them. Most of the damage to property
comes indirectly from the electric discharge
by its energy being instantaneously con-
verted into heat. This heat evolves steam
and cxpanded gases in the interior of such
matcrials as wood and causes explosion,
shown in the splintering or rupture.

A curious effect, often noted when a tree
is struck and shattcred, is that when the
sglinters. somctimes of large size, are
thrown bodily out to distances of many
feet from the shattcred trce, the splinters
in their movement remain parallel to the
tree and in a vertical position. They are
frequently found standing upright after a
stroke and at distanccs ranging up to sixty
or eighty fcet away. This fact indicates
that the projecting force is quite instan-
taneous and is excrted equally and at the
same moment throughout the length of the
splinter in a dircction transversc to its
length. Such splintcrs are somctimes ten
or twelve feet in length and scveral inches
thick.  As will be seen, a person near a
large tree which is so disrupted 1s in danger
of being struck in a differcnt wa;, cven if

he escapes being included in the path of the

stroke itself. Aside from this mechanical
danger it is known that to take refuge
under a tall tree during a hcavy thunder-
storm is particularly hazardous. This is
so because the human body is a better con-
ductor than the tree trunk, particularly as
the trunk itself is the last part to become
thoroughly wetted by the rain. The leaves
and upper parts are wet and more or less
conducting while the trce trunk itself may
be yet dry. In such a case the body of a
person forms a good path or shunt to the
dry trunk and is therefore particularly apt
to be traversed by any stroke which reaches
the trec.

As before indicated, damage to buildings
ar.d other such structures can in all cases
be prevented by the provision of an effect-
ive shunting path to earth. A most essen-
tial feature of such a structure as the Prank-
lin conductor is its good connection with
the ground, or better its connection with
what we know as a good ground. In
early times it was considered that it was
quite important that the tip or upper end
of the conducting rod should be sharply
pointed, or should bristle with sharp points,
so to speak. The tips were gilded and the
points made of gold or platinum to prevent
rusting. The points were supposed to draw
off the lightning silently from the cloud
and so prevent strokes of lightning. But
for millions of volts at cloud distances
almost all irregular objects on the surface
of the carth are practically pointed. Per-
haps on this erroneous assumption of the
action of points as applied lere little stress
was laid on the dircct path to carth being
chosen and on the necessity of including
with it or connecting to it other good paths
such as gas pipes. bell wires and the like.
There is no nced of any special provision
of points. A blunt cnd will do as well, for
after all there is practically no silent draw-
ing off of the charge from the cloud, for it
is not an insulated conductor. The pro-
vision of a lightning conductor on a building
undoubtedly increascs its chances of being
struck by lightning, but if properly ar-
ranged it also ensurcs that the structure
shall suffer no harm therefrom. Viewed
from our present standpoint it is a curious
historical fact that in 1777, just after the
war of the Amecrican revolution broke out.
a miniature verbal war between the advo-
cates of blunts and points, respectively, as
applicd to lightning conductors raged. In
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England party politics led many to con-
demn points as revolutionary and stick to
blunts.. The Royal Society by majority
vote decided for points, but those who so
voted were considered friends of the rebels
in America. George III. took the side of
blunts. Franklin, who from the first had
rescribed points, wrote from France: “The
ling's changing his pointed conductors
for blunt ones is a matter of small import-
ance to me. For it is only since he
- thought himself safe from the thunders of
Heaven that he dared to use his own thun-
der in destroying his own subjects.” The
king is reputed to have tried to get Sir
John Pringle, then president of the Royal
Society to work for blunts, but received the
reply:” “Sire, 1 can not reverse the laws
and’ operations of nature.” ~As stated
above, it matters not at all which we may
use. 1 have, indeed, seen a number of
cases in which the sharp points of lightning
conductors had been melted into rounde:
ends by lightning.

In the foregoing we have been consider-
ing the effects of such ordinary discharges
of electricity as the disruptive spark, or
zigzag flash. Apparentl it the testimony

is reliable there are other and more rare
forms of discharge. I allude to sheet light-
ning., so-called globular lightning and to
bead lightning. But it may be asked, why
call sheet lightning a rare form? It is,
indeed, truc that when a storm is so far
distant that the spark discharges can not
be seen, as when it is below the horizon, or
when the spark is blanketed by a mass of
mist of cloud there is to be noted a diffused
light or extended illumination, which, on
account of distance, may not appear to be
attended by thunder. ~ This and similar
eflects are often called sheet lightning.
From observations during a few heavy
storms, however, I am led to infer the exist-
ence at rare intervals of a noiseless dis-
charge Letween cloud and earth—a silent
effect attended by a diffused light, and
which may be the true sheet lightning. In
oy cxpericnee it has accompanied an un-
usually heavy downpour of rain, the whole
atmosphere where the rain fell most heavily
being apparently momentarily lighted up
by a purple glow, seemingly close at hand
in the space between the rain drops. The
appearance has been seen in the daytime
as an intense bluish or purplish momentary
glow without any accompanying sound. It

could scarcely have been illusory. It is
hoped that other observers will carefully
note any such like effect if it occurs. It is
certainly a rare phenomenon.

It is quite common that any very bright
flash, the details of which from its sudden-
ness and intensity are unobservable, be
alluded to as a ball of fire. Doubtless
many of the reported cases of so-called ball
or globular lightning may be explained as
instances -of this condition of things.
Nevertheless, there are so many recorded
instances, apparently in substantial agree-
ment, that it 1s difficult to escape the con-
clusion that there in reality exists this rare
form of electric effect, globular lightning.

We can not properly discredit observa-
tions of phenomena which are so rare that
our own chance for confirmation of them
may never come. We must, in such cases,
carefully scrutinize the testimony, exam-
ine the credibility of witnesses and their
chances of being mistaken. 1t is certainly
impossible at present to frame any ade-
quate hypothesis to account for this curious
and obscure electric appearance. The wit-
nesses agree that it is an accompaniment of
thunder-storms and that it resembles a ball
of fire floating in the air or moving along a
surface, such as the ground. It'is not de-
scribed as very bright or dazzling, and the
size of the ball itsclf may be from an inch
or two to a foot or more in diameter.
Observers agree that it can persist for some
time and that its slow movement allows it
to be readily kept under observation while
it lasts. When it disappears there is usu-
ally an explosion and a single explosive
report like that of gun fire, Sometimes it
is said to disappear silently. Usually the
damage done by its explosion is only slight.
This summary of characteristics is common
to all accounts. Some accounts are even
roore detailed, mentioning that the fiery
ball scemed to be agitated or with its sur-
face in active motion. I have found two
instances occurring many years apart and
in widely different localities in which it is
described as having a reddish nucleus, in
diameter some considerable fraction of the
whole. The outer fiery mass has been de-
scribed as yellowish in color. In some
instances it has been seen to fall out of a
cloud. It is described as entering build-
ings and moving about therein. Person-
ally 1 was for a long period in doubt as to
the reality of this strange appearance,
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deeming it the result of .some illusion, or a
fanciful myth. But on hearing descrip-
tions by eye witnesses known to me as per-
sons not given to romancing, and finding
their accounts to correspond closely with
the best detailed descriptions in publica-
tions, my doubts have disappeared.

In one instance, while observing the
lightning during a heavy thunderstorm, a
companion, whose eyes were turned in a
direction nearly opposite to my own, sud-
denly called to me that a ball had just
dropped out of the cloud some distance
away. The view of the ground was ob-
structed by buildings and I unfortunately
just missed it. The noise of its explosion
was, however, heard in the direction indi-
cated by my fellow observer. as a single re-
Yort like the firing of a gun. At the time

closely questioned him as to details of the
appearance. Our ignorance of its possible
nature is complete. No rational hypothe-
sis exists to explain it. Science has in
the past unraveled many obscure phe-
nomena. The difficulty here is that it is too
accidental and rare for consistent study,
and we have not as yet any laboratory
phenomena which resemble it closely.

Sometimes photographs taken during
thunderstorms have been found to carry
curiously contorted streaks in some de-
gree resembling lightning flashes. Gener-
ally they have been found on plates upon
which undoubted lightning discharges have
been recorded. In some instances which
have come to my notice the streaks have
had the appearance of a string of dots or
beads and have been taken to represent a
very rare form of lightning known as bead
lightning. A number of such photographs
have been submitted to me for opinion as
to the nature of the curious streaks. In all
cases they are explained as due to the camera
having been moved without capping the
lens, permitting images of lights, such
as arc lights, or spots of reficcted light
from wet or polished surfaces to traverse
the plate in an irrcgular course. They
are then only records of the inadver-
tence of the lightning photographer. In
one instance the effect was so curious that
it was several years before the truc ex-
planation was found. In that case therc
were two wavy contorted strcaks of per-
fectly parallel and of similar outline, but
unequal in intensity, rising eact from a
rail of a single track railway, and appar-

cntly terminating in the air fiftecn or twenty
fecet above the tracks. They were finally
traced to a moving camera, and a re-
flection from the wet and polished rail
surfaces of the light of an arc lamp lo-
cated outside the field of view. It required
a visit to the place itself to enable this con-
clusion to be reached. The particular
beaded streaks or lines of dots were traced
to the fact that the arc lamps causing them
were operated by alternating currents
which naturally give light interrupted at
the zero of current; one hundred and
twenty times per second being the usual
rate. All this emphasizes the nced of care
and wholesome scrutiny or even skepticism
before reaching a conclusion in such cases.

Is bead lightning, which has at times
been described as observed visually, a real-
ity? If it is, it appears to be even rarer
than the globular variety. Perhaps it is a
string of globules; a varicty of globular
lightning. But we can not make assump-
tions. As in the case of globular lightning,
there is some testimony, which can not be
wholly disregarded, tending to show that a
form of discharge resembling a string of
beads can actually exist. An account of
an instance was given me within one hour
after the occurrence itself. The witness
was known to me as perfectly reliable. The
anearance was described as a festoon
of finely colored oval beads hung as it were
from one part of cloud to another, and as

rsisting for some seconds while graduall
ading away. The opposite ends of eacK
bead were said to be different in color. It
was seen during an afternoon thunder-
storm and spoken of as very beautiful, and
altogether different from the usual zigzag
flash.

If T have dwelt upon these cxceptional
agpearances at some length it is because
they scem to show that in electricity there
is much yet to lcarn and abundant oppor-
tunity for futurc investigation. It is cer-
tainly literally truc that, in the language
of Shakespeare, * There arc more things
in Heaven and carth, lloratio, than are
drcamt of in your philosophy.” Such work
belongs to the scicnce of physics, now recog-
nized as fundamenta! in all study of na-
ture’s processes. In clectrical engincering,
which is in rcality an art bascd upon ap-
plied physics, the subject of lightning pro-
tection has always been onc of considerable
if not vital importance. Just as a light-
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nini discharge from a cloud clears up a
path for other discharges to follow, so in
electric undertakings it opens up paths for
the escape of the electricity we are sending
out to do the work intended, such as for
lightning, power or other use. In the
past, disablement of machinery in electric
stations has not been rare. The recent
growth of long-distance transmission in-
volving hundreds of miles of wire carried
on polesacross country, over  hills and

through valleys, has set new problems of

rotection, and called for renewed activity
in providing means for rendering the lines
and apparatus immune to the baneful ef-
fects of electric storms. Judging the
future by the past, we may conclude that,
whatever difficulties of the kind arise, in
the great future extensions of such engi-
neering work, science and invention will
provide resources ample for the needs, and the
rapid advance will be continued unchecked.

THE RELATION OF THE STEAM TURBINE TO MODERN
CENTRAL STATION PRACTICE*

By G. R. ParRkER

Since the commercial introduction of the
steam turbine into this country some seven
years ago, so much has been said and written
on the subject that it seems almost super-
fluous to attempt to add anything to the
already large store of general information.

To a large number of readers a review
of steam turbine principles will, therefore,
be merely a repetition of ground covered
many times. But in any branch of science
an occasional brief return to basic principles
is never out of place.

The objective of designers of ail classes
of steam prime movers has been the same;
namely, the conversion of the heat of com-
bustion into mechanical or electrical energy;
and the medium employed has been water.
It is true that the overall efficiency of our
best steam prime movers is regretably low,
due to the fact that so much heat has to be
given to water before any of it can be con-
verted into mechanical work. For example,
the total heat per pound of steam at 150
Ib. gaugc pressure is about 1195 B.t.u.
If steam be expanded to a 2§ in. vacuum
the total energy available in this range is
only about 321 B.twu. This 321 B.t.u, is
all of the total heat we are able to use, and
in practice commercial machines may convert
anywhere from onc-half to threc-fourths of
this available energy into mechanical work.

Inthiscountry weareinterestedchieflyinthe
Parsons and Curtis types of stcam turbines.
Bricfly, the Parsons principle involves thecon-
tinuous expansion of steam through alternate
rows of moving and stationary blades, the
former being attached to the spindle and

'A“Pa;er read before the joint Meeting of the American
Socicty of Mechanical Engineers and the 8t. Louis Engineers
Club, December 11, 1909,

revolvingit,and thelatter redirecting thesteam
against other revolving blades. The expan-
sion of the steam thus occurs in both moving
and stationary blades and motion is given
the rotating element, both by the impact
of steam on the moving blades and its
reaction on leaving them. The machine is
ordinarily called a reaction turbine and
may in a general way be compared with a
reaction water wheel.

The Curtis principle differs from the
Parsons in that the expansion, instead of
being continuous throughout the machine,
is broken up into a series of pressure steps
or stages. Iach one of these contains a row
of stationary nozzles which expand the steam
through a certain range and direct it with
large velocity against the moving buckets,
through which it passes with practically
no further ecxpansion, thus moving the
revolving buckets by impulse only. The
expansion of steam, therefore, occurs only
in the stationary element. This type of
turbine is referred to as the impulse type
and is somewhat analagous to the impulse
water wheel. It is with the impulse turbine
as invented by Cunis and perfected by
Emmet that this present paper deals.

The problem confronting all turbine de-
signers has been to reduce the speed to such
an cxtent that the turbine itself and the
generator connected with it could be
made to safely withstand the centrifugal
strains. Other speed limits are imposed by
the commercial electric frequencies in use
in this country. Evidently 1500 r.p.m. is
the highest speed for a 25 cycle generator
and 3600 r.p.m. for GO cycles.

The most efficient speed for any single
impulse wheel driven by a moving liquid or
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as is one-half that of the moving element.
team exhausting from a pressure of 130
1b. gauge through a suitable nozzle attains
a velocity of about 4000 feet per second.
Therefore, half this spced, or 2000 feet per
second, should be the correct peripheral
speed of a single impulse whecl placed in the
path of the stecam jet. Evidently such a
peripheral velocity would necessitate an
angular velocity far in cxcess of the highest
commercial speeds. To reduce this high
angular velocity and at the samc time retain
the efficiency of his machine, Curtis made use
of two expedients. The first consisted
in utilizing the velocity of a single expansion
in more than one wheel, and thus dividing
the initial velocity into two or more parts.
This reduced the peripheral speed of each
wheel in inverse proportion to the number of
wheels. Ilowever, there are practical limits
to the number of wheels which can be util-
ized in a single expansion; theretore, to still
further reduce. the speed, Curtis not only
divided the velocity K of a single expansion
into two or more steps, but divided the
total expansion range into two or more
separate expansions. -

A considerable amount of experimenting
was done in the early days of manufacture
to determine the correct number of stages
and wheels per stage. Thus the first large
turbines built contained two stages and three
rows of revolving buckets per stage. Later
investigationsshowed that for all large turbines
the most economical results were obtained
with not more than two rows of buckets per
stage, and this is the present standard, With
the exception of very large machines, four
stages has been regarded as the correct
number, although recent cxperiments in-
dicatc that possibly greater economy may
be obtained with onc or morc additional
stages.

One of the principal and most justly
founded claims for the steam turbine is its
relatively high economy at other loads than
rated load. Even in the best designed
reciprocating engines the best cconomy is
obtained at onc point, and at loads greater
or less than this, cut off occurs either too
early or too lale for the cylinder proportions,
and the result is a stcam consumption per
horsc-power relatively higher at these loads.
Since very few power loads can be made to
hold constant at any given point, the average
cconomy on a varying load may b~ consider-
ably in excess of the best obtainable value.

On the other hand, the Curtis principle
permits high economy at all loads. This is
duc largely to the method of goveming.
Most impulse wheels have partial peripheral
admission of steam; f.e., stcam flowing
through only a portion of the wheel at one
time. Thus in the Curtis type the nozzles
cxpanding the stcam and admitting it to
the first stage wheel extend over only a small
portion of the wheel periphery. These
nozzles arc generally placed close together
in a single continuous arc, although in the
very large sizes two groups of nozzles spaced
180° apart are employed. The admission
of steam to these nozzlcs is controlled by a
corresponding series of valves which vary
in number according to the size of the
ruachine. The opening or closing of these
valves cvidently permits the passage of
steam through a greater or less number of
nozzles. The steam cmerging from two or
more nozzles combines to form a continuous
belt or stream of steam of constant width,
detcrmined by the width of the nozzles, and
of length corresponding to the number of
nozzles open. Governing is thus accomplished
by automatically varying the length of this
steam belt by the successive opening or
closing of the admission nozzles, The steam
thus arrives at the point of inlet at full
pressure, regardless of the load, and whether
one or all the nozzles arc open it is expanded
with practically no throttling. The result is
evident in the stcam consumption curves.
At fractional loads the steam consumption
is rclatively good, and as the load is increased
the cconomy continucs to improve, the load-
water ratc curve gradually becoming a
ncarly straight line. With such a machine it
is possible to operate over at lcast half the
range of the machine with maximum and
minimum cconomy varying not more than
five per cent. frora the average. The advan-
tages of this featurc on a fluctuating load
arc obvious.

The question is often asked as to what
arc the most economical stcam conditions;
i.e., initial pressurc, vacuum and superheat.
While there is much discussion on these
oints, the present American practice is

coming rcasonably standardized. As to
vacuum, there is no question that it is worth
while getting the highest obtainable. Twenty-
eight inches (properly speaking, 2 in.
absolute) and even higher vacuum can
readily be obtained with modern condensing
apparatus. Steam pressures vary from 130
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1b. to 250 1b. gauge. In the smaller and
medium sized plants probably 150 1b. to
175 1b. is about right, while in the larger
ones 175 1b. to 250 Ib. should be em-

plglyed.

he arguments for and against superheat
are numerous, but the consensus of opinion
is inclined to favor a reasonable degree of
superheat, at least in the large and medium
sized plants. Superheat ranging from 30°
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and increase in apeed, have greatly reduced
the size and weight per kilowatt. About
six years ago the first large turbines were
installed in the new Fisk Street Station of
the Chicago Edison Co. The first three
machines were vertical two-stage machines
of 5000 kw. capacity, and the fourth, in-
stalled somewhat later, was of the same
capacity but of the five-stage type. Within
the last year these four machines have been

12,000 Kw. Curtis Turblae. This machine replaced a 5000 Kw. Curtia Turbine
of older design, the original foundation and base being retained.
Three of the old machines are shown in the background

F. to 200° F. is in common use. Regarding
high pressure and high superhcat it should be
borne in mind that the percentage incrcase
of available cnergy given the stcam is much
greater than the percentage increase in
fuel necessary to produce these conditions.
Modern steam turbine practice has ad-
vanced so rapidly in the past few ycars that
quite startling changes have been cflected
in some of the original turbine stations.
Improvements in details of construction,

removed and replaced by four vertical
machines of 12,000 kw. continuous capacity
each, These occupy no greater space than
the original machines, and no increase in
the capacity of boilers supplying them was
necessary. The Fisk Strcet Station now
contains altogether ten similar machines
of 12,000 kw. each. The Quarry Street
Station of this same company at present
contains three vertical machines of 14,000
kw. each and three more will be installed
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during the coming summer. The cconomies
obtained in these plants are reflected in the
rates which the Commonwealth Edison Com-
pany is able to make its consumers.

A somewhat similar evolution is now under
way in St. Louis. In 1903 the present
Union Electric Light and Power Company
installed two 5000 kw., 500 r.p.m., 25 cycle,
6600 volt vertical turbines. Later, two more
5000 kw. machines were added, but with 60
cycle. 2300/4000 volt generators. The pres-
ent plan, which is now well under way, is
to replace all four machines with other
turbines of 12,000 kw. capacity cach.

The natural question is, can it possibly
be a good business proposition to throw out
four large turbines which have been in use
only threc or four years? That the answer
was affirmative was due to three principal
considerations.

(1) The larger machines could be in-
stalled without increasc in floor space.

(2) The improvement in economy rep-
resented an annual charge which, if capital-
ized, would more than pay for the additional
investment.

(3) Practically no new auxiliary apparatus
or station piping would be required.

That these considerations were based on
correct assumptions has been amply demon-
strated. The first 12,000 kw. turbine has
now been in commercial operation for several
weeks.

In making this installation not only was
it possible to utilize tke original foundations,
but even the base of the old turbine, which
also constitutes the exhaust chamber and
step bearing support, was utilized in building
the larger machine. It was, thercfore, not
necessary to remove this base from the
concrete, or break the conncction to the
condenser. In a general way it may be said
that the old 5000 kw. turbine was lifted
bodily from its cxhaust base and a 12,000
kw. machine installed in its place, without
disturbing the condenser piping and auxili-
arics. The increase in capacity means that
in this portion of the station the kilowatt
per square foot of station has been more than
doubled. Even the original four 3000 kw.
machines were placed unusually close to-
gether, and when the remaining three are
replaced by larger machincs, it seems prob-
able that the turbine portion of the Union
Electric Light and Power Company station will
show a greater kilowatt cnpacity :.er squarc
foot than any other station in this country.

Aside from the incrcase in capacity, the
improvement in stcam economy is very
large. Unfortunately, detailed test figures
are not available at this time, but it is
probable that the new turbine will show an
improvement of at least 20 per cent. over the
one which it replaced, besides having a
flatter load curve. On this basis considera-
tions of economy alone would have warranted
the change. In addition, this enormous
increasc in power has been effected without
any considcrable change in the existing
piping and auxiliary arrangements.

Any steam turbine operating condensing
with the usual pressure and vacuum derives
roughly half of 1ts power from the expansion
cf steam from boiler pressure to atmosphere,
and the other halip from the remaining
cxpansion from atmosphere to vacuum,
Thus in a four-stage machine, atmospheric
pressure is reached between the second and
third stages. A reciprocating cnginc operat-
ing under similar conditions would not de-
rive its energy from the steam in this pro-
portion. The average enginc actually de-
velops some 15 or 20 per cent. of its power
from theexpansion of steam belowatmosphere.

A consideration of these facts brings us
to the low pressure turbine. In a general way,
it may be stated that a low pressure turbine
is tha:l};art of the high pressure turbine which
normally operates below the atmospheric
line. In general, it is possible to build a
low pressure turbine for compounding with
2 non-condensing engine, with the expecta-
tion of approximately doubling the capacity
and halving the stcam consumption, while
the same thing may be done with a con-
densing engine to a less cxtent. Most
condensing engines can be operated at their
full capacity non-condensirg with a slight
adjustment of the valve gear. The incrcase
in steam consumption of the engine alone
with this arrangement will be between 15
and 25 per cent.; but the low pressure turbine
adds 90 to 100 per ccnt. capacity, so that the
net economy cffected is worth going after
regardless of the tremendous increase in
capacity. Installations of this character
were first made in this country four or five
{ears ago, although greater interest has

cen stimulated during the last year or two.
One of the carly installations was in the
plant of the East St. Louis and Suburban
Railway Company, where an S00 kw. and a
1000 kw. low prussurc turbine werc installed
in connection with non-condensing engines.
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The most notable installation is that
recently made in the power house of the
Interboro Rapid Transit Company in New
York City. This station contains the highest
type of reciprocating engines, operating under
the best possible engine conditions and
developing an economy comparable with the
best engine station in the country. It has,
however, been possible to install in connec-
tion with one of these engines a low pressure
turbine with a nominal rating of 5000 kw.
1t is probable that a detailed report of this
installation will be published at an early
date. For the present it is sufficient to say
that the improvement in steam consumption
of the combined engine and turbine has
effected a saving in coal consumption of
over 20 per cent. and the combined capacity
has been more than doubled. The turbine
generator is of the induction type and runs
permanently in parallel with the engine
generator.  With this arrangement it is
unnecessary to provide any speed governor
on the turbine. The engine governor takes
care of both machines. It is interesting to
know that in spite of the size and special
character of this installation the machine
was started and placed in commercial service
without a hitch of any kind. A second
machine of similar characteristics, but with
a larger generator, is now being installed in
connection with the second engine, and the
present plan contemplates one turbine for
each engine througliout the station. When
complete, the station capacity will have been
more than doubled without any increase
in real estate or building investinent.

What has been donc in this conncction
can be accomplished on a smaller scale in
almost any plant of 300 kiw. or larger, operat-
ing reciprocating engines either condensing
or non-condensing, provided proper con-
densing facilities are available.

A valuable feature in connection with
the Curtis low pressure turbine is that, owing
to the fact that cven with low pressure
steam the primary admission nozzles only
extend a portion of the way around the wheel
circumference, it is possible to equip any
low pressure machine with another set of
nozzles primarily designed to expand stcam
from boiler pressure instead of from atmos-
pherie pressure. A machine so cquipped can
be operated eithicr as a strictly low pressure
machine, or should the supply of cxhaust
steam fail entirely due to shut down of the
engine or other reason, it can operate

and can?r its full capacity on boiler pressure
steam alonc; or it can be operated on a
mixture of the two, in case the load exceeds
the supply of exhaust steam. It should be
remembered that these high pressure nozzles
do not throttle the steam to a lower pressure,
but are actually designed to economically
expand it to the proper internal pressure
of the turbine, Such a machine operating
on high pressure steam only, will show an

economy fairly comparable with an engine

or turbine regularly designed for high pres-
sure operation. The operation of these
high pressure nozzles is automatically con-
trolled by the main governor, and in practice
it has been found possible to instantly cut
off the low pressure steam supply without
a noticeable variation in the speed of the
turbine. This evidently makes a most
flexible machine and one that accomplishes
two most desirable results at comparatively
small cost. namely, increase in capacity and
decrease in steam consumption.

It is also perhaps worth while mentioning
the enormous field which has been opened
up by the strictly small turbine, that is,
from 300 kw. down. These machines for
the most part are designed to operate non-
condensing, and the argument in their
favor is that they are extremely simple
machines requiring practically no attention
or adjustment. The best proof of their
extremely rugged construction is found in
the fact that, out of 500 small turbines of
25 and 35 kw. capacity now operating in
various parts of the country, a large per-

centage arc in use by the various railroads -

for electric train lighting, under which con-
dition it is hardly necessary to say that they
receive a minimum of attendance with very
few opportunities for the making of repairs.
The confidence which the railroad companies
place in these scts is evident from the fact
that many of the more modem Pullman
cars are equipped with electric fixtures only,
no provision being made for gas light.
Machines of this size and larger are also in
§leneral use as exciters for large alternators.

umerous eases are on record where such
machines have run continuously for periods
of three or four months or more without
at any time shutting down.

In conclusion it may be said that the
Curtis turbine has been built and placed in
successful operation in sizes from 3 kw. to

14,000 kw., and at the present time even-

larger machines are under consideration.
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THE EFFECT OF ROTARY CONDENSERS ON POWER-FACTOR

Bv Joun Listoxn

While the relation of power-factor to
the size and efficiency of prime movers,
generators and conductors has long been
understood by the engineering frater-
nity, the practical application of the
synchronous motor as a rotary conden-
ser, to raise the power factor of systems
having induction motor and trans-
former loads, has lagged far behind
other improvements in the generation
and transmission of energy.

The Cleveland Electric Illuminating
Company was one of the first central
stations to give a practical demon-
stration on an extended scale of the
value of rotary condensers in raising the
power factor of systems carrying a
heavy inductive load. Their installa-
tions exemplify the use of unloaded syn-
chronous motors simply ‘“floated” on
the system to supply leading current to
the line and of partially loaded syn-
chronous motors for the same purpose.

Before describing the installation of
rotary condensers on this system, and
the very satisfactory results which have
been thereby obtained, it might be well
to outline briefly the theory on which
these installations are b 5

Induction motors and other induc-
tive apparatus take a component of
current which lags behind the line pres-
sure, and thereby lowers the power fac-
tor of the system, while a non-inductive
load, such asincandescent lamps, takes
o:lgr current in phase with the voltage
and operates at 100 per cent. power factor.

As transformers require magnetizing cur-
rent, they may seriously affect the power

3
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factor when unloaded or partially loaded,
but when operating at full load their cflect
is practically negligible.

Fig. 2.
Turbine Generators in Generating Station, Cleveland

Two 9000 Kw. General Electric Curtis Steam

Electric Iluminating Company

In order to maintain high power factor, in-
duction motors should be run at their full
rated load. Due to the complex industrial
requircments of the average installation,
most central stations have on their lines a
group of induction motors operating at light
loads, thereby lowering the power faclor of
the cntire system. This feature of central
station practice is sometimes rendered stilt
more serious by the desire of a customer to
have ample power for future extension or to
take care of heavy temporary loads, so that
motors of larger rating than that actually
required for normal opcration are frequently
installed,

The relative cffect of fully loaded and light-
ly loaded induclion motors on power factor
is indicated by the diagram Pig. 1.
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the phase relation between e.m.f. and
current, the direction and extent of the
displacement being dependent on the
field excitation of the condenser. It
can be run at unity power factor and
minimum current input, or it can be
over-excited and thereby deliver lead-
ing current which compensates for the
inductive load on other parts of the sys-
tem. The rotary condenser, therefore,
can supply magnetizing current to the
load on a system while the power com-
ponent is supplied by the generators.

. In order to gain a comprehensive
| idea of the results obtained by the
Cleveland Electric Illuminating Com-
pany, a brief description of the gener-
ating and transmission system is nec-

Fig. 3. 750 Kv-a. Rotary Cond dina
of the Blectrie Ok C

The magnetizing current is ncarly constant
at all loads and is wattless, lagging 90 deg.
behind the impressed e.m.f., or at right angles
to the eurrent which is utilized for power.

In the figure, .1 B is the magnetizing com-
ponent, which is always wattless,” and CB
the power component, The angle ACB
gives the phase refation between voltage and

current—the cosine of this angle it is the

power factor.

1t is cvident from the diagram that if the
load is reduced, the side CB isshortened, and,
as B is practically constant, the angle of
lag ACB is incrcased. It thereforc follows
that the cosinc of this angle, or the power
factor is reduced. The figure clearly shows
the rcason for the low power factor of in-
duction motors on fractional loads and also
shows that since the magnetizing current is
practically constant in value, the induction
motor can never operate at unity power
factor. With no load the side CB (real
power) is just sufficient to supply the friction
and windage. If this is represented by DB,
since .1 B remains constant, the power factor
is reduced to 10 or 15 per cent. and the motor
takes from the linc about 30 per cent, of
full loadl current. It therefore follows that a
group of lightly leaded induction motors can
take from the systcn a large current at ex-
ceedingly low power factor.

The synchronous motor when used as a
rotary condenser has the property of altering

essary.

Situated in the city of Cleveland,
Ohio, which has an estimated popu-
lation of 515,000, and extends, with

Fig. 4. 100 Kv-a., 2308/430 volt Genersl Blectrie Synchronour -
Mator Geoerator Set in the Plant of the National Elestric
Lamp Assacistion, Cleveland, Ohlo
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its suburbs, along Lake Erie for about
17 miles, the generating station, with
its substations, serves a territory of
approximately 50 square miles. The
steam-driven generating station is
located on Canal Street, near the
business center of the city. The gen-
erating units now in service consist
of two 9000 kw. and one 5000 kw.
Curtis turbo-generator sets of Gener-
al Electric manufacture, delivering
energy at 11,000 volts, three-phase,
60 cycles. There are, in addition,
some reciprocating engine-driven gen-
erators, delivering energy at 2300
voits, three-phase, 60 cycles. Trans-
formers step-up the e.m.f. to 11,000
volts for the Sugstations.

In addition to the alternating-cur-
rent equipment tbere are three 1500
kw. motor generator sets and direct
current reciprocating engine sets and
a storage battery. The energy for
that part of the city immediately sur-
rounding the generating station is
distributed on a direct current, three-
wire Edison system. The balance is
practically all alternating current, and
is distributed to the substations at
11,000 volts, and re-distributed at
2300 volts, three-phase, 60 cycles.

There are six substations, five of
them being straight transformer
stations, and the sixth being provided
with a motor-generator set and bat-
tery in addition to the transformer
equipment; the total distance between the
two end substations is about 15 miles. All
of the 11,000-volt circuits are under ground,
being placed in vitrified clay or fibre con-
duits, the latter form having been adopted
as a standard for all new work. The dis-
tribution circuits from the substations at
2300 volts for motors and lamps are under-
ground cables for a short distance from the
stations, where they join to pole lincs. The
secondary lighting circuits are three-wire,
single-phase, 115 volts to 230 volts, and motors
up to 5 h.p. rating arc operated from the
lighting circuits. The general inductive dis-
tribution is at three-phase, 2300 volts, the
e.m.f, being stepped-down to 460 volts and
230 volts at the customer's premises.

The motors are nearly all three-phase, but
some two-phase motors are run from three-
phase transformers by means o/ a T-connec-
tion. The ratio of alternating-current to

Fig. 5. 200 Kv-a. Genersl Blectric Rotary Condenser installed
in factory of the National Acme Manulacturing
Company, Clevaland, Ohlio

direct-current load is about 2.5 to 1. The
arc lighting load is nearly all carried by Brush
arc generator sets,

It will be secn from the above that the
operating conditions confronting the Cleve-
land Electric Illuminating Company are
those which arc ordinarily cncountered by
any central station located in a manufactur-
ing city. The fact that morc than 40 per
cent. of the connected Joad consisted of in-
duction motors, which were frequently loaded
far below their rated output, had a very
noticcable cffect on the power factor of the
system, this effcct being augmented by the
numerous transformers located in the sub-
stations and on the customner’s preinises.
So serious was this that the power factor
of the cntire system bLefore the rotary con-
densers  were installed varied hetween 63
and 70 per cent. «uring the day, and at
night, when (the motor loadd was practically
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Fig. 6. 100 Kv-a. Genernl Electric Synchronous Motor, Belt Connected
to s D.C. Generator—The Ohio Ceramic Enginecring

Compeny,’Claveiand, Ohio

discontinued and the lighting load |

substituted, it rose to between 85 and
90 per cent.

Rcalizing that these conditions
affectcd both thc permissible out-
put and regulation of the entire sys-
tem, it was determined to bring the
power factor as closc to unity as was
cconomically possible by the installa-
tion of rotary condensers in those
substations feeding induction motor
installations, and also in the factories
of large motor users.

Two 2300-volt rotary condensers
of 750 kv-a. rating and provided
with dircctly connected exciters were,
therefore, installed in one substation,
and a third unit of the same rating
was provided for a sccond substation.
In addition to these, four 200 kv-a.
Gencral Electric rotary condensers

with directly connected exciters were
connected to the low-tension side of
the transformers on the customer’s
premises; the largest motor users
on the various distribution lines being
selected for the installation of these
units. As auxiliaries to the rotary
condensers, a number of synchronous
motors partially loaded wereinstalled,
the kilowatt load delivered to the
shaft varying from 50 to 75 per cent.
of the kv-a. rating of the motor.
These motors are used to drive alter-
nating current or direct current
generators for special purposes, and
are the property of the customer,
while the 200 kv-a. rotary condensers
referred to aboveand installed on the
customer’s premises belong to the
illuminating company.

The General Electric 200 kv-a.
condenser adopted as
standard for future installations in
customers’ plants, but will not be
provided except where the power
taken is in excess of 400 h.p.
While this is not theoretically the
best method, it was considered advis-
able to have a single standard con-
denser placed in service where
conditions warranted its use, instead
of working out in detail a large
number of various condenser ratings.
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The condensers thus installed R
are carefully inspected at fre- WS |
quent intervals by repre- | | || t
sentives of the illuminating ] !
company, but arc normally |— | -
operated by the customers, bt

|

T
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who are glad to provide the |——
necessary room in their i
plants, as they benefit from |~
the improved regulation. | ‘(
A typical installation of T8/
this natureis that in theplant | || <
of the National Acme Manu- [/
facturing Company, makers 4
of milled screws and “ Acme” ! Z
screw machines (Fig. 5). The
motors in this plant are 440 } B 1
volt, two-phase, and have an T ? ¥
aggregate rating of 1200 h.p. -
The average demand on the T
substation is approximately e I ) 0 i O A I I O I | I
500 to 600 kw., and prior to o 85" 27207 J50°
the installation of the 200
kv-a. condenser the power Fig.8. Power, E.M.F, snd Current Curves for 66.5% Power-Facter
factor was about 7§ per Current lags 3° behind EM.P,
cent. on this line; at the present time it is 90 Lamp Association, which is equipped with a
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per cent, 100 kw., 2300 volt to 430 volt alternating
It will be noted that no rotary condenser current directly connected motor-generator

has been located in the power house itsclf, set. (Fig. 4.)

the reason being that when a condenser is At the works of the Ohio Ceramic Engineer-

connected to the terminals of a generator it ing Company a 100 kv-a. General Electric

raises the power factor of the generator by synchronous motar has been installed, belted

supplying part, or all, of the wattless current to a generator which loads it to about 60
of the load, but this wattless current has to be per cent. of its kv-a. rating, the balance being

carried throughout the circuit external to utilized for condenser effect; this motor
the generator, and the condenser therefore operates directly from the 2300-volt, 60-
will benefit only the generating equipment. cycle feeder. (Fig. 6.)

When the condenser is installed at the end Perhaps the general effect of low power fac-
of a line carrying an induction-motor load tor on the efficiency of a power system can be
and provided with step-up and step-down best illustrated by the current, volt and power
transformers, the condenser can supply mag- curves shown in Figs. 7 and 8, which in-
netizing current to the induction motors dicate clearly the relations cxisting between
located near it, and, as a result, the gen- the imprcssed eund. and current, at unity
erators, transformers and conductors can be and 0.865 power factors. The product of
of reduced size, as thecy do not carry the volts and amperes at any instant gives the
wattless current. instantancous value of the powcr. In the

In order to obtain most economically the curves shown, the arca enclosed by the power
required condenser cffect with synchronous curve represents energy. It will be observed
motors installed in industrial plants thesc that when the power factor is unity the whole
motors should be partially loaded so that a of the power curve lics above the axis and
percentage of their opcrating cost can be thercfore all the power is available for mechan-

charged to useful output. It has becn found ical work. With 0.865 power factor, corre-
that a synchronous motor used in this way sponding to a lag to 30 deg. of current behind

and rated at, say, 100 kw., will give the best c.m.f., a small portion of the power curve lies
results when delivering 71 kw. actual power below the axis and the total power available
and 71 wattlesskv-a. for work is represented by the difference be-

An example of a partially losled synchro- tween the arcas cnclosed by the power curve

nous motor isfound in the plant of the National above the axis and below. This difference
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will equal the total area enclosed by the power
curve multiplied by the power factor 0.865
equal to cos 30 deg. When the power
factor is zero the current lags 90° behind the
e.m.f., and the area enclosed by the power
curve below the abscissa is exactly equal
to the arca above, from which it follows that
in one complete cycle no cnergy is available.
In this case the power factor is equal to cos
90 deg. which is zero.

If the current leads the e.m.f., similar re-
sults will follow, as any displacement of the
current wave in respect to its e.m.f., whether
lcading or lagging, will introduce negative
power loops which subtract from theareaabove
the axis and reduce the power available.
Maximum power is obtained when the power
loops lic entirely above the line, as in the
casc of unity power factor shown in Fig. 7.

The prompt’ recognition of the Cleveland
Electric INluminating Company of the serious
effect of its inductive load on tg:e power factor
of its system and the improved general effi-
ciency which has been obtained by the use
of rotary condensers should appeal to every
practical central-station manager.

A gragphic illustration of the value of rotary
condensers was given recently when one of
tl.c feeder circuits on the Cleveland Electric
Illuminating Company’s system was put out
of commission during a storm, duc to a tree
calling across the line. This feeder was
equipped with one of the 200 kv-a. condensers
already referred to, and while repairs were
being made a feeder from a different sub-
station which was at the time carrying a
hcavy load at Jow-power-factor, was joined
to take on, temporarily, the additional load.
It was found that the ammecter readings with
this combined load were actually lower than
they had been with a single load on the cir-
cuit not provided with a condenser. The
kilowatt readings showed an increase of about
75 per cent. while the ampere readings
dropped about 25 per cent.

The relative cost of condensers as compared
with the investment losscs in gencrators,
conductors, etc., caused by low power factor,
of course, depends on the percentage of the in-
ductive load on a system; but the conditions
which have to bc met by the average central-
station distribution system indicate that the
heat losses, diminished cfTcetive output in gen-
crators and conductors, as well as the im-
paired regulation inherent in low power fac-
ter can be most cconomically overcome by
the installation of rotary condensers.

TRANSMISSION LINE
CALCULATIONS

Part V
By Mirton W. FrRANKLIN

CAPACITY, REACTANCE, CHARGING
CURRENT

In equation (21) Fan IV, the capacity of
a single conductor of a transmission line was
expressed as

7.354 (10)*

C is the capacity per 1000 feet, in farads;
d is the interaxial di of the di H
7 is the radius of the conductors.

From (19) part IV the charge in a condenser
c;;f capacity C subjected to an impressed e.m.f.
is
Q=CE. (&4}
d

Current is defined by f=- 3?4. whence

the current flowing into a condenser at any
instant, is

Oy L] &)

i is the instantaneous current.
¢ is the instantaneous e.m.f.

If the em.f. varies harmonically; ie., if
E =Ew sin (w t); (3) becomes
fmw C Excos (wh)
=w C Em sin (-';',-w l) (O

The effective value of ¢ is the R.).S. and is
expressed by

~T
(’!.! i dl)). whence its value may be ob-
J o

tained from (4) as follows:

T CEl T
(Tlfo i .u)’.( - "J o8 (w1 w’dl)! )
T ]
=CEw (% cos d
(Tf:o {whd{w l))

\?
~CE, (2:[’[“—%—'4-1—:1'" (:’.'wl)] )
- o
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=CEn (ﬁz p[22f'}/+;— sin ('—’f’f)])*

«CEm(@ztfy}h
~CEmy/Trf

-czz..\/% »
for2=fmw

But
EE- it Whence
\/:-_;' off Whe
Taj=w C Eyy 0]

Iejj is called the charging current of the
line and will flow into and out of the con-
denser even when the line is on open circuit.
The current is wattless, but neverthcless
represents an [*R loss in the system.

In a transmission line of small length, the
charging current is given with sufficient
accuracy by supposing that a condenser of
capacity equal to that of the line is affected
by an impressed e.m.{. equal to that employed.

Tables VIIT and XXII (August and Novem-
ber, 1909. issues of REVIEW, respectively) give
the values of the charging current per I
volts impressed e.m.f., per 2000 feet of con-
ductor (or 1000 feet line distance) and for a
frequency of 100 cycles per sccond. Charg-
ing currents at other frequencies and for other
lengths of line are proportional to the respcc-
tive ratios of the lengths and frequencies in
question to 1000 and to 100. .

In a three-phasc line the capacity is equal
to that obtained by star connected conden-
sers cach of capacity equal to that of any
single wire. The charging current per wire is

thus seen to be equal (approximately)to \}5

times the charging current for any pair of
wires, of a single-phase line. Tables NIV and
XXVIII (September and Decembler. 110,
issues of REview, respectively) give charging
currents for three-phase lines. For any sym-
metrical arrangement of the wires, the values
tabulated will not differ sensibly from the true
valucs.

In long transmission lines, the simple
calculation of charging current :bove uscd
will be found to lead to crror. This is duc to
the fact that the capacity of the line is nat

concentrated at a point and affected by the
iinpressed harmonic e.m.f. but is distributed
along the whole length of the line, and cach
infinitesimal length of linc is affected by a
different c.m.f. The c.n . is ditferent at each
puint on the linc because the impressed e.n.f.
at the generating end of the line is lowered
by the resistance and sclf-induction of the
line up 1o the point at which it is impressed
upon the infinitesimal condenser formed by
any given infinitesimal length of line, ani
may also be raised by the capacity up to that
point.

Therc is in addition to the above, a leakage
or actual flow of current across the space
between the line wires so that the current in
the line at a point distant frum the gencrating
end is by no means cqual to that at the
generating cnd.

The general solution of the problem de-
mands a consideration of the above mientioned
conditions. The complete solution is some-
what complicated, involving imaginary as
well as real roots in the resulting differential
equations (Bedell & Crehore, Alternating
Currents, page 177). By regarding the
vector quantitics [ and £ as complexes, the
problem may be very greatly simplified.

The gencral problem consists in finding the
e.m.f. and current at any point on the line,
having given the e.ni.f. and current at any
other point: ¢.g., knowing the emf. and
current at the recciving end of the line, to
calculate the e.m.f. and current at any point
distant L from the receiving end.

=% —

I e —l £,

e T \
Fig. 12

Let L be the scll induction in henries per unit
length of line.

Let € bie the eapmcity in farads peer unit length of
line.

I.et K hie the resistance in ohims per nnit length of
line,

Let g be the interhnesr sesistanee in olins joer
unit length of line,

Let £, be the em{ at receciving el of hne
Let 7y b the vurrent st eeccivang el of line,

et be 23 /.

Considering the small sectinn of the con-
ductor whose distance from the receiving end
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is / and whose length is d/, the current and
e.nuf. in said section are affected as follows:

The e.m.f. drop is
dEwIZ cos ¢ dI+1Z i sin ¢ dI
=1Z di(cos p+1 sin p)
48 12 (cos p+isin @)
-iZ l'.¢
where Z=\/R7¥ (w [)*

oerm(5F)

The current flowing from line element dl
across to the corresponding element of the
return wire will be the current by leakage and
the current across the small condenser formed
by the line element di, and is expressed by:

dl = EZ, difeos ¢y~ 5in )
Y w E2,(cos 6, 5in $)
wEZ, P

w@ree

Pum=ton™? 2."
49
Zet$ and Zg~¢$ are complexes of the
standard form r#L° and in the present
gmblcm may be treated as ordinary alge-
raic constants.

f=+/=T1 and is a fictitious mathematical
opcrator which, prefixed to a real quantity,
indicatcs that the latter is to be added
+=
5

where

veetorially at an angle according as the

sign of f is+or—.

The typical complex quantity,
Z(cos ¢+ 1 sin ¢), may be best understood
from Fig. 13:

2
[N
?
p oD p
3 AT
‘%e
.,\,l col
X

|
:l Y s wreafs
1 |
Py S—

Pig. 13

Z.'\/R’+ @ L)y, is the modulus or nu-
merical magnitude of the vector quantity

OP =Z(cos ¢+ 5 sin ¢).
Putting ZZ gide—sé1 = I

and Ze'$/Z,0 =it =32
From (8)

and substituting from (9)

';'-,‘,5-2* E (10)
Similarly from (9) and (8),

Labr an
(10) and (11) are linear differential equations

of the second order and first degree and may
be integrated as follows:

Taking (10)

%‘{E-ps

Multiplying by 2 ’%d:.

3 (%’;)(‘%E) dlm2 P E dE

integrating
("75, - pEr+C
=ME+C))
as the constant C is purely arbitrary.

=BT

dE
VErG
Integrating again
tog (E+V/E4 G ) =414,

log (C. [§1+\lg+_|] )-1 1+C,
g Cy +log (5}* \Ig+ |)-J 1+C,

and as C,=const. and C, is purely arbitrary,
the last equation may be written, *

fog (é+\/[é]';—1)-x 1+C, (19

PE g —
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This expression may be simplified by use
of the following relations.

sinh? x+ L = cosh? x = (}[e* +¢75])? (a)
Put y=sinkx=}(e —e5) (v)
then V3i+ 1= +e74) ()
Adding (b) and (c),

P+NV Y 1 =er @)

log (3‘+\/ ,3+ |)-:-xinh";|v (from [b]) (e)

from this development (12) may be twritten

sink™ f.-x 1+C, 03)
g--si.:. (A1+C)
(]
E=C, sinh (A 1+C) (9

but sink (U4C,) =
sinh A cosh Cy+cosh jl sinh C,
and (14) may be written
E=acosh Al+3sinh Al (13)
Equation (11) is of precisely the same
form as (10) and the solution will therefore

differ from that of (10) only in the arbitrary
constants of integration, a and 3, thus

Tma,coshh A1+ J3, sink A1 (16)

Of the four constants of integration, a, 3, a,,
B,. two may be expressed in terms of the
others.

From (15)

dd—?-j(asiuhjl-;-ﬂmshjl) (7

From (8) and (16)
%-U.I wdd, (a, cosh AL+ 3, sinh D) (18)

equating (17) and (18)

astmhAl+3coshdl (10)
- da, cosh AL+ A3, sinkh U

Equating coefficients

h=1
8 =al (20}
and (13) becomes
Ewacosh Al+a, A sink A1 21

Similarly (16) becomes
g, cosh A1+ sink A1 22
{ ~a, cosh +-2-.- sinh A [§:£4]

It remains to determine the values of the
constants aand a,. This may be accomplished
as follows:

When [=0; ie., at the recciving end of the
line, the e.m.f. and current become E, and /,
respectively, and substituting these values
in (21) and (22) gives:

E,=acosh o+a, A sinho
whence a=E,

Again
a
I,=a, cosho+- sink o
o=, 4 -2-'- ni

whence a,=/, and (21) -(22) ‘become re-
spectively
E=E cosh Al+1, 2 sinh A1 (23)

I =1, cosh i I+—)E—? sinh A1 (24)
.3

The quantity A/ is an ordinary complex
and the values of £ and / as’givenin (23) - (24)
may be found by evaluating cosh A ! and
sinh A | by the aid of any table of hyperbolic
functions of a complex variable.

Various methods of calculating the charging
current approximately are in use, the object
in all of them being to lessen the labor in-
volved in calculating exactly in any given
case.

Ferrine & Baum have shown that in lines
of moderate length the error obtained in
assuming the total line capacity, as concen-
trated at the center, is small.

Greater accuracy is secured by assuming
one-half the capacity shunted across cach
end of the line.

Still greater accuracy is obtained by divid-
ing the line capacity into six equal parts and
assuming that onc part is shunted across
cach end of the linc and four parts across the
center. This is in accord with Simpson’s
Rule of approximation and gives an accuracy
rarely exceeded in other calculations relating
to the same linc, .

A still greater accuracy and onc rarely
justifying the additional labor involved may

e obtained by dividing the line capacity into
ten equal parts and spacing them equally
along the line.

{To b Comtinnnd.)
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COMMERCIAL ELECTRICAL TESTING
Parr IV ’
By E. F. Corrixs

StPERINTENDENT oF TESTING

Reguiation Test-—Speed—Voltage

Shunt regulation should be taken on shunt
generators. A reading should first be taken
at no-load normal voltage; then, without

Fig. 17, Speed Curves D.C. Motors

changing the rheostat, } full load should be
thrown on and a reading taken of amperes
armature, volts armature, amperes field and
volts ficld. Holding } full load, the voltage
should be brought up to normal and the same
rcadings taken. The load should then be
increascd to } full load, the rheostat remain-
ing in the same position as beforc, and similar
readings taken. This test is repeated for 3
and full load. With full load on the machine
the voltage should be brought up to normal.
Without altering the position of the ficld
rheostat. the load is then taken off the machine
and the risc in voltage observed. A curve
should be plotted with amperes armature as
abscissic and volts as ordinates.

If the voltage should drop to zero when }
load is put on thc machine, the load should
be applied in smaller increments.  Speed
should be kept constant throughout the test.

Specd regulation is important in the opera-
tion of motors, particularly in the case of
dircct current machines. The speed on all
motors should be adjusted while the machine

is hot, by shifting the brushes, but should
never be corrected at the sacrifice of commu-
tation. It should always be adjusted for full
load unless instructions specifically state
otherwise.

If special tests are required for a motor, a
hot speed curve should be included. Starting
with no load artd increasing to full load, the
speed should be carefully read at several
intermediate points, the voltage being held
constant at all loads. A curve is then plotted
with speed as ordinates and amperes as
absciss2. No load and full load points of
the cold speed curve should also be taken.
Fig. 17 shows the general shape of the curve.
Some motors with considerable armature re-
action give a speed curve which rises as the
load increases,

When speeding up motors with increasing
luad, the brushes must never be shifted far
enough to produce sufficient armature reac-
tion to weaken the field. Careless shifting of
brushes under load has sometimes caused
runaways; hence care should be excrcised
when attempting this operation.

A test of the voltage regulation of alter-
nating current gencrators is sometimes made,
but more frequently the regulation is cal-
culated from the saturation and synchronous
impedance curves. The method of making
this calculation is more fully treated under
the subject of altecmmating current generators.
In making this test the machine is subjected
to normal load at normal voltage. Holding
the same field excitation, the load is suddenl
thrown off and the armature voltage observed.
The difference between this and normal vol-
tage,divided by normal voltage, is the per cent.
voltage regulation.

When a compound wound generator is
compounded hot, a coinpounding curve should
be taken after the german silver shunt is
properly adjusted. Starting with no-load
voltage, readings of volts armature, ampercs
armature, volts field and amperes field should
be taken at §, §. § and full load. The load
should then be reduced to zero by the same
increments, and the same rcadings taken. A
curve should be plotted with amperes line as
absciss® and volts as ordinates. The varia-
tion of this curve from a straight line will not
usually excced 5 per cent.
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Input-Output Tests

It is sometimes required to measure the
efficiency of a machine or set by the input-
output method. The mcasurement of the
power input to the motor and output from
the generator is then required. The efficicney

f the set - Total output of generator
of the se Total input to motor
The efficiency of the generator =

Total output of geacrator
(lnput to maetory -~ gnotor losses
The efhciency of motor =
(Output of geacrator; + {generater fous
Input to motor

In the case of induction motors, input-out-
Eut test is sometimes taken by the string

rake method, which will be discussed more
fully under the heading of induction motors.

The input-output method of measuring
efficiency 1s subject to considerable inaccu-
racy. It is not recommended and should not
be used except under special conditions.
It is much more preferable to ascertain the
losses directly when reliable results are desired.
By adding all the losses to the output at any
load, the input for that load may be obtained,
which, divided into the output, gives the per
cent. efficiency.

The resulting errors from the input.
output method are likely to be large, since
any inaccuracy in meters or readings in-
fluences the results directly. In loss measure-
ment tests, the same per cent. error in meters

or meter readings influences the results of the
efficiency calculations indirectly. Consc-
quently the latter method is superior for
accurate dcterminations.

m\;:. 1
X R s “oil Loat AC Mxte ]
0 R =

g Lologd T4
20 XID| i 2C —r— =
1.4

i verct D) A
4JNW.0(” i
i S EREEN

Fig 18. No Load and Full Load Phsse Charscteristicon s
300 Kw., 600 Volt, 750 R.P.M., 25 Cycle, 3-Phace
Rotary Converter

TABLE VI

Phase Characteristic on a 300 Kw., 600 V., 750 R.P.M,, 25 Cycle, 3-Phase Rotary Converter

NO LOAD i PULL L0AR 800 A%PY, D C,
Vi 1 A ’ v, Vol i 3 9
Ve | e amp Amm o | o v 0 A | i
. oA it

600 i 378 315 91 | 600 a%4 B0 1.03 125

600 | 377 253 150 GO0 383.5 57 1.25 150

800 378 210 180 600 381 .50 156

600 373 156 210 600 380 0 2.0 240

600 374 120 240 600 379 Luh

%0 a4 P 5 oo a1 P I

00 313 8 200 60 AR ) 273

600 371 23 0 | o 370 3.00 "

600 370 4 305 ] 373 3 3.30 1

@ m W ow omo o mou
3 37 i R 8

0600 360 33 232 600 370 300 500

600 369 73 360 |

600 368 116 3035

600 307 170 420

600 366 203 430
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Phase Characteristic

In taking phase characteristic curves to
determine the field current for minimum
input at a given load on either synchronous
motors or rotary converters, the machine
must be operated as a motor from some
source of alternating current, of correct
frequency and nearly constant voltage. A
reading of amperes input on all phases should
be taken with zero field on the motor, when
this is possible. Starting with a weak field,
volts and amperes armature and volts and
ampercs field should be read, and the field
increased by small steps until the point of
minimumn input armature current is found.
Increasing the ficld current beyond this point
increases the amperes armature. On a no-
load phase characteristic curve, the watts
input at the lowest point should check very
closely with the sumn of the core loss, friction
and windage losses, since the power factor is
unity on synchronous motors at this point,
With a weak field the current is lagging and
with a strong field it is leading. In taking a
no-load phase characteristic the current should
rise to a value of at least 50 per cent. of full
load current.

A load phase characteristic should be taken,
i a manner similar to that employed in
obtaining the no-load characteristic. The
input is held constant and the amperes load
recorded in addition to the readings specified
above. It is impossible to obtain a zero field
point on the full load characteristic, since the
current would be so large as to dangerously
heat the machine and the torque not sufficient
to carry full load.

All rcadings should be corrected for in-
strument factors and shunt ratios, and a
curve plotted between amperes field as
abscissae and ampercs armaturc as ordinates.
Sce Table VI and Fig. 18.

Synchronous and Siatic Impedance

Synchronous impedance should be taken
on altcrnating current machines to determine
the ficld current necessary to produce a given
armature current when the machine is running
short circuited. Since the regulation of the
machine is calculated from the impcdance
and saturation curves, care should be taken
that consistent results are obtained.

The armature should first Le short circuited ;
then, with the machinc running at normal
speed and a weak field current, the current
in cach phase should be read. The ficld
current should be increased gradually until
200 per cent. normal armaturc current is

reached, readings being taken simultaneous]
of amperes armature and field, and volts ﬁel!.

Although the speed in this test should be
held normal, a small variation therefrom will
not affect the curve, because in the formula,

T emf. _ E
- impedance +/Ri+ L}IV?

R? is small compared with I*1V?, and as E
and 1V vary proportionally to the speed, the
current remains practically constant.

On some of the standard machines, a
stationary impedance is taken in addition to
the synchronous impedance. First block the
armature or field, in the case of a revolving
field machine, then connect the armature
leads to an alternator giving the same fre-
quency as that of the machine being tested.
Starting with about 50 per cent. normal
current, the current in the armature of the
machine tested is increased by steps to about
150 per cent. normal, readings of volts and
ampercs armature being recorded.

his method should be followed in taking
stationary impedance on induction motors,
except that it is only necessary to take one
reading at normal current. A special station-
ary impedance test is sometimes taken on
induction motors; this is treated under the
heading of induction motors.

In the calculation of synchronous impe-
dancc all readings should be corrected for the
constants of instruments and ratios, and a
curve plotted on the same sheet as the
saturation curve, amperes or amperc tums
field being plotted as abscissae and amperes
armature as ordinates. See Table VII and
Fig. 19.

the term

Rerush

Wave Form P jal Curve

In determining the wave form of a direct
current machine the following method should
be used: The machine should be run at
normal speed and voltage and a pair of volt-
metcr lcads, separated a distance equal to the
width of one commutator bar, placed on the
commutator under the center of one pole and
moved from bar to bar to the center of the
next pole of like polarity. the voltage at each
step being read. In this way the voltage
between bars is obtained for a complete cycle
of 360 electrical degrees.

The rcadings should be corrected for meter
constants and plotted as ordinates against the
number of bars as abscissae, and a sketch.
showing the position of the poles should Le
madc on the same sheet with the curve ob-
taincd.
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Wave form on alternators is obtained by
the use of the oscillograph, which is described
under the heading of electrical instruments.

D.C. GENERATORS

Preliminary Tests

Preliminary tests on direct current gen-
erators consist in drop on spool, polarity, hot
and cold resistance measurements, air gap,
potential curve, rheostat data, brush shift,
running light and equalizing ring tests.
With the exception of potential curve,
rheostat data and equalizing ring, the tests
have all been previously described.

On all multiple wound armatures of self-
contained machines not equipped with equal-
izing rings, a potential curve must be taken.
All the brushes except those on two adjacent
studs are raised from the commutator, the
voltage is raised to normal and the field
current noted. This field current and the
speed must be held constant for all other
points on the curve. The brushes on stud
No. 3 should now be lowered, those on No. 1
raised and the voltage read between studs No.
2 and No. 3. This procedure should be
continued until voltage readings have been
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Fig.19. Synchronous Impedance Curve on a 300 Kw,, 600 Volt,
308 R.P.M., 60 Cycle, 3-Phase, A.C. Genarator

taken between every pair of studs. The test
should be made with the field current rising.
The maximum voltage variatior. permissible
is 4 per cent. of the average value. This test,
although similar in nature, should not be

confused with the bar to bar potential curve
taken to determine the wave form of a direct
current machine.

TABLE VI

Synchronous !mpedance on a 500 Kw.,, 600 V.,
20-Pole, 50 Cycle, 3-Phase Generator

Equalizers consist of rings or cross con-
nections tapping into equi-potential points on
the winding of multiple wound armatures
between each pair of poles. These rings pre-
vent inequalities in voltage Letween brushes
of similar potential, due to inaccurate center-
ing of the armature. The rings allow alter-
nating currents to flow from the stronger to-
ward the weaker pole pieces, which slightly
demagnctize the former and magnetize the
latter, thus cqualizing the voltage at the
brushes. Not only do the rings prevent an
interchange of heavy cross currents between
brushes, but they also compensate for
inequalitics in magnetic pull at the pole picces,
tending to bend the shaft or overhcat the
bearings. The tester should examine these
rings to sce that the taps are equally spaced
and all connections tight.

If a machine has been corrcctly con-
nected, and there are no open circuits cr
reversed spools in the field, the machine
should build up when the ficld switch is closed
and all resistance cut out of the field. If
it does not, the resistance of the ficld should
be checked with that of a similar machine of
the same size and voltage, as a 500 volt
machine may sometimes be asseinbled with
2 250 volt field.

When difficulty is had in building up the
voltage of a machine, it will usually be found
that the current does not flow through the
field in the right dircction to buikl up the
residual magnetisn. If, with the ficld switch
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open, the residual flux gives a few volts on
the armaturc and upon closing the switch the
voltage drops to nearly zero, the field ter-

Vo/es Machine

Fig. 20. Series Charscteristie

minals arc connecicd to the wrong brushes.
To remedy, cither reverse the field or shift
the brushes over one pole.

In locating the no-load electrical neutral on
commutating pole machines, the fibre brush
method is used, A fibre brush, provided with
two contacts and tcrminals scparated from
one another by a distance equal to the thick-
ness of onc bar, is placed in a brush-holder on
one stud. The brush is then shifted until
zero voltage is rcad between the two ter-
minals. The position of the rocker arm is
marked at this point. The fibre brush is then
placed on the next stud and the Lrushes
shifted again until zero voltage is obtained,
this position of the rocker arm being also
marked. This operation is repcated for cach
of the studs, the rocker arm being finally set
on the mean of the positions previously
marked. This sctting locates the electrical
neutral at noload, which should have the same
position at full load.

The shunt in the commutating jwole field
is then adjusted to give the best commutation
at full load. the amount of current shunted
through the commutating pole field being

measured.
current should always be recorded.

The amount of this shunted

The open circuit tests, already described,
are sometimes taken on commutating
pole generators.

The building up of a series generator
is a more complicated operation. The
load increases with the voltage and,
therefore, great care should be taken
in obtaining the correct external re-
sistance to prevent the load from in-
creasing rapidly. As it is practically
impossible to decrease the external
resistance enough (f.e., put the blade of
the water box in far enough) to allow
the generator to pick up, the usual
method is to put the water box blades
in and short circuit one of the boxes
with a fuse wire and then close the
circuit breaker and switches. I the
machine then starts to pick up, and
the voltage decreascs as soon as the
fuse wire burns away, there is too much
resistance in the water boxes. They
should therefore be salted (to decrease
the resistance) and the operation re-
Ezated. Should the resistance in the

xes be too small the load will in-
crease very rapidly and the breakers
may have tn be opened to prevent
the machine arcing over between
brushes.

After the brushes are set the german silver

shunt should be adjusted to give the required

voltage.

A series characteristic i8 taken on all series
wound generators. This is done by increasing
the load by small steps until full load is ob-
tained. amperes line and volts machine being
recorded at each step. The load is then
reduced by small steps to no load, the same
rcadings being taken. A curveis then plotted
between amperes as abscissae and  volts
machine as ordinates. (Fig. 20.)

In the casc of series machines which form
part of booster sets, the guarantee sometimes
does not allow this curve to deviate by more
than a certain percentage from a straight line.
The curve should be taken in all cases with
the german silver shunt in place, if the latter
is necessary.

Some direct current gencrators are pro-
vided with collector rings for three-wire
opcration. If there are two series fields, one
shoull Le connected in each side of the line,
All other tests arc made as on any direct
current generator. If unbalanced readings
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are required the compensator should be
wired according to diagram. (Fig. 21.)

A reading should be taken at no load,
normal voltage. With no change in the field,
and holding constant speed, } load should be
thrown on one side of the line and the voltage
read from the neutral to each side of the line;
volts and amperes line, volts and amperes
field should also be read. One-quarter load is
then put on the other side of the line, giving a
balanced load, readings being taken as before.
The load is then increased to 3 load on one
side, this procedure bemg continued until 125

er cent. galanced load is obtained, readings
ing taken at each step. Instructions some-
times call for 50 per cent. unbalancing, in
which case the load is increased 50 per cent.
at each step instead of 25 per cent.

Standard Efficiency Test

The method of calculating efficiency by
the method of losses is as follows:

Consider a compound commutating pole
generator.

Let V; =Volts line.
C, =Amperes line=Cy+Cy=C+C,,
C, =Amperes, shunt field
C, =Amperes, armature=C.+ C,
C, =Amperes, series field = C, L(—R'i;'m
= Amperes, german silver shunt =
CL-C,
= Amperes, commutating pole field =
Ry
RS
= Amperes, commutating polc ger-
man silver shunt =C; —-C,,
. = DBrush contact resistance
= ot resistance of shunt.ficld
. = Hot resistance of armature
= Hot resistance of scrics field

s = Hot resistance of scrics field german
silver shunt

R,, =Hot resistance of commutating

pole ficld

=Hot resistance of commutating
pole ficld german silver shunt

Then total CK drop = C,R,+ C\Ry+ C, R+

Wt kan +

RII

IV, =Core loss watts, taken from the
core loss curve corresponding to
Vo + CR for each load

W, =1Watts brush friction from core loss
test.

o797 __1,,\, -

VA‘

] Compensclar

[ \{_
Sernes fid ‘é —

Fig. 1. Three-Wire Generator

<>~

If the value taken from test appears incon-
sistent, calculate IV, by the formula:

_FXNXBxLxux746
W, - 33000 where
F, =Circumference of commutator in
feet

N = Rpm

B =Number of brushes

L =Lbs. pressure per brush

# = Coefficient of brush friction for the
particular type of brush uscd.

In the case of enginc-driven machincs or
those which are furnished without base, shaft
or bearings, the bearing friction is omitted
from the total losses, and is charged against
the prime mover.

In ncarly every casc it is prefcrable to use
the calculated bLrush friction instead of that
obtained from test. During a short test, the
commutator and brush contact surfaces can-
not get into such good condition as that
which obtains aftcr a long period of com-
mcrcial operation. Consequently, the brush
friction test does not represent the conditions

that will exist aftcr the machine has been in
operation for some time. The cocflicient of
friction determines the value of brush friction,
which in turn is detcrmined by the condition
of the commutator and brush contact surface.
This cocllicient varics considcrably at first
and only rcachcs a constant valuc after a
considcrable period of opcration. The coeffi-
cient used in the above formula for the cal-
culation of brush friction has Leen obtained
by means of exhaustive tests on brushes of
diffierent types with various pressures and
commutators. These tests extended over a
long period to obtain constant and satis-
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TABLE vill
l-_ﬂ\ciency :nd Losses of & 100 Kw,, 525/575 V., Comp Wound, 6-Pole, 275 R.P.M., D.C. Generator
0 23 50 5 100 125 150
B Line 523 £73 330 502.5 573 575
Amps. Line . 0 3.3 87.0 130.5 174 - 217.5
Amps. Shunt Field . 3.10 3.18 3.23 3.32 3.40 3.4
Amps. Armature 3.1 40.7 0.3 133.8 177.4 220.9
Amps. Series Field 0 20.2 58.4 87.8 110.8 146
Amps. Series G.S.8 0 143 28.6 2.9 57.2 705
CR Drop . 7 628 12,13 18.0 23.9 29.7
E+CR . 525.4 343.8 562.2 380.5 598.0 604.7
Core Loss 1042 1124 1205 1205 1305 1425
Brush Friction 314 314 314 314 314 314
Bearing Priction . — — == —_ - O
CR Armnl.ure - 213 797 1750 3080 4770
(C:.R N P SR e 36 133 222 331 430
*R Shunt Fiel ) g - - & !
CR Rheostat . | 1630 1710 1790 1870 1830 1950 .
C'R Series F:eld 0 33 131 208 523 820 V.
C'R G.8.S. 0 16 64 144 , 287 403
Total Losses. | 2986 3.446 4436 5801 7830 10112
Kw. Output 0 234 478 734 | 100 125
Kw. Input 5 ' 2,99 26.85 52.24 79.20 107.83 135.1
% Efficiency o o — 87.2 91.5 92.6 92.7 02.6
rush Density ‘ - 83 16.03 23.8 316 39.3
Brush Contact Res. | - 01665 0144 012440 01055 0091
Resistance of Armature 25° C. .0893 Ohms, Warm .008 at 51° C.
Resistance of Shunt Field 23° C. 97.4 Ohms, Warm 105.3 Ohms at 47° C.
Resistance of Series Pield 25° C. .0358 Ohms, Warm .0386 Ohms at 46° C.
Resistance of Series G.8.S .070 Ohms.
Dimensions of Brushes 13*X1°. No. of Studs 6. No. per Stud 4. Coefl. of Priction=.2.
Brush Contact Area, One Side 5.825 Sq. In. Brush Pressure 1} Lbs. per Brush.
TABLE IX
Efficiency and Losses of a 70 H.P,, 500 V., 6-Pole, 850 R.P.M., D.C, Motor
Volts Line 36 300 500 500 HN
Amperes Line ] 58 §7 18 145
Amperes Field A3 244 243 243 243
Amperes Arm. (4.3 555 S0 113.5 142.0
CR 5 5 3 D) W 13 15
E—CR . . 7 494 491 488 155
Coreloss . . . . . . . . 2500 2475 2430 2400 2350
Brush Friction . . . . doo 460 460 4180 400
Rearing Friction . 330 530 530 30 ) 530
CR Armature . . . . . . . 63 278 638 1150 1820
CRBrush . . . . . . . . 8 36 33 133 . 240
CE Field e . . . 5 . . 1215 1215 12156 1215 1215
Total Losses 4775 4 3380 5008 6815
Kw. Input 143 29 43.5 58 72.3
Kw. Qutput 9.7 24 8.1 52.1 63.9
H.P, Output o o o o o 128 321 51 7 . 88.5
% Efficiency & oo GG 7.0 82.8 87.0 80.8 00.8
Brush Denmity o 9 o 35.1% 10.8 13.5 20.0 25.8
Brush Contact Resis. . 0178 016 0146 0132 0119

Resistance of Armature 23° C, .0810 Ohms, Warm ,0805 Ohms at 50' C. 5
Resistance of Field 25° C. 160 Ohms. Warm 101.5 Ohms at G0° C.
Dimensions of Brushes 1§"X 4", No. of Studs 6. No. per Stud 3. 1} lbs, per Brush.
Brush Contact Area, One Side 5.62 Sq. In.
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factory conditions for both brush and com-
mutator surface. The resulting values of
brush friction can, thercfore, be reliecl on to
give accurate and final results.
Iy = Bearing friction from core loss test
Wb = Watts output =Cp x V,
The brush contact resistance, R,, is that taken
from a curve made for different types of
brushes, and corresponds to the brush current
density per square inch at any given load.
Brush current density per square inch =

4
} total brush area
One-half the total! brush area = i e
where /~ Length of brush parallel to the shaft
w =Width of brush
5= Number of studs
t=Number of brushes per stud.

For reasons similar to those just given,
extensive tests have been made to determine
the contact resistance of different types of
brushes, from which curves have been plotted
with brush current densities as abscissae and
either brush contact resistance per square inch
or CR drop in brush contact as ordinates.
In order to measure the contact resistance
directly the commutator would have to be
short circuited and the voltage drop measured
from the commutator to the surface of each
brush. This would be a long operation en-
tailing considerable expense. The results also
could not be reliable owing to the newness of
commutator and brushes, It is therefore
preferable to use the brush contact resistance
obtained from the curves mentioned.

I€ IV, = bearing friction from core loss test,
then total loss in watts =SV =1V, + W, + 1V,
+C R+ CLRs, + CiR+ (CoVL—C iR +
CuRy=C)Ry+ C Ry + Cn"kn

The quantity C,V, - C,2K,=C?R loss in the
shunt field rheostats.

The watts input 1V, will then be

Wa=1V,+ SV, where 1V, = watts output
=GV

. ‘VQ
The efficiency E =~ v,

In case a corc loss test is not made, the
running light is substituted in the formula for
the quantity (W, + W,+1V,), If the segre-
gation of the losses in the scries and commu-
tating pole fields and their respective german
silver shunts is not required, th~ resistances
R, and R, may be combined to equal Ksg,
likewise R, and R, to equal Ref.

The total losses will then be
21 = Running light+ C2R, + C,*K, +
C.Vl_+ C[_’RS[. + CL’I\’CI.-.

i s
R 15
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Fig.22. Efficiency end Losses on a 100 Kw., § Pole, 275 RP.M.
5157513 Vohs, C Wound D.C.

To calculate resistances hot when calcula-
ting efficiencies, the temperature should be
obtained from the formula;

T = (K xrise by thermometer) + 25° C.

K is the ratio between the rise in temperature
by thermomecter and that dctermined by
resistance mcasurcment.  Resistance mieas-
urements of temperature have been deter-
mined by actual tests on a large numbcer of
different armatures and ficlds. For #ll arma-
tures, or ficld spools of revolving ficld ma-
chines, K'=1.25. [or stationary ventilated
ficld spools i =~ 1.7. Sce Tables VIII and IX,
and Fig. 22 for form uscd in calculating and
plotting cfliciency.
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A FINANCIAL STATEMENT OF THE CAUVERY
HYDRO-ELECTRIC DEVELOPMENT

In the January issue of the REvIEWw, we
printed a description of the Cauvery Hydro-
clectric devclopment in India—the first
enterprise of the kind of any importance to
be undertaken in that country, and as such,
it testifics to the force of character and
progressiveness of His Mlajesty, The Ma-
harajah, and his
ablc administra-
tors.

Since the pub-
lication of this ar-
ticle,additional in-
formation has been
rcceived which
adds materially to
the interest of the
subject. Asstated
in the formcr ar-
ticle, the develop-
ment was under-
taken for the pur-
pose of supplying current to the Kolar gold
mines, the London agents of which are Messrs.
John Taylor & Sons, to whose foresight and
co-operation the cnterprise largely owes
its success.

Current is also transmitted to the cities
of Bangalore and Mysore, for lighting, cte.

he  origi-
nal develop-
ment genera-
ted 6000h.p.;
to this was
addedtwo ex-
tcnsions of
5000and 2000
h.p. respece-
tively, mak-
ing in all
13,000 h.p.
By the origi-
nal arrangc-
ment, the
mining com-
panics agreed
to pay for
power a flat
rate based! on
the normal
full load con-
sumption of
the motors,
the agrec-

Dewan L, Anands Dao

ment covering a period of ten years, and the

amount per horse-power varying according
to the following sliding scale:
1st year £29 per h.p. yr.
2nd, 3rd and 4th years £18 per h.p. yr.
5th year up to £24 per h.p. yr.
§ years following £10 per h.p. yr.

During the first year the
actual payment for the
power was £18 as in the 3
years following, the £11
being added for the pur-
pose of reimbursing the
Government for the cost
of the distribution plant.
When the second installa-
tion was made, the mines
installed their own distri-
bution plant and paid £18
per h.p. year for power;
John Taylor, Head of the with the third installation,

& sony. Losden . the rate became £10.

Thetotal capital expend-
ed by the Government in the development has
been $2,500,000. The gross revenue received
overaperiod of 63{ years hasbeen $§3,743,000.
The expense of operation and maintenance
has been §703,000. The net revenue, against
capital of $2,500,000, is therefore $3,040,000.
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A MOTOR OPERATED RAIL MILL
By B. E. SemrLE

Cuicaco Orrice, GeneraL Errerric Company

The rail mill at the new works of the
Indiana Steel Co. at Gary, Indiana, has a
capacity for rolling 186 tons of finished
rails per hour, and is the largest and most
modern mill of this description in the world.

This mill not only has the
distinction of containing the
largest induction motors ever
built, but of being the only
rail mill in existence entirely
motor operated in which finished
rails are rolled direct from the
ingot without reheating.

Some 30,000 rated horse-power
in altermating and direct cur-
rent motors are required for
the operation of the mill; about
25,000 horse-power being fur-
nished by alternating current
machines and the remainder
by direct current. The main
rolls are driven by six induc-
tion motors rated as follows:

Two I-14 pole, 2000 h.p., 214
r.pm., ?600 volts, 8-phase, 23 cycles,

Form M.
One I-40 pole, 6000 h.p., 73

tr.p.m., 6800 volts, 3-phase, 25 cycles,
Form M.

One I-36 gt_)le, 6000 h.p., 83r.p.m.,
g?OO volts, 3-phase, 25 cycles, Form

One I-44 ?ole. 2000 h.p., 68
r.p.m., 6600 volts, 3-phase, 25 cycles,
Form M.

One I-34 pole, 6000 h.F.,ss r.p.m., 6600 volts,
3-phase, 23 cycles, Form M.

All of these motors are direct connccted
to the roll machinery through couplings of
the flange type, which are constructed of
steel. The motors are located in a room
adjacent to the mill proper and cannot be
seen by the operators manipulating the ‘steel
being rolled.

Fig. 1 is a view of the two 14 pole, 2000
h.p., 214 r.p.m. motors, each of which
operates a two-high blooming mill, these
motors being installed in a room on the
opposite side of the mill from the other four
motors,

These two motors are of the slip ring tuype
and arc rated at 2000 h.p. each. at '10° C.
rise; 25 per ccent. overload continuously
at 50° C. rise, and' 50 per cent. overload
one hour at G60° C. rise. They have an

cquivalent break down torque of 6S00
h.p. The bearings are water jacketted
and are made of cast iron with babbitt
lining, each being 24 in. diameter, 60 in.
long.

Fig. 1. 2000 H P.. Three-Phase Induction Motor Gcared to
Two-high Bleoming Mills

The revolving element, including the fiy-
whecl, has a WE' value of 4,720,000 pounds
at onc foot radius. The flywheel is made
up of stcel sections, or laminations; it is
17 fcet in diameter and weighs 50 tons.
Each motor complete weighs 198 tons.

Both of these motors werc assembled and
tested at the works of the Genceral Electric
Company before shipment, only the fly-
wheels being assembled at the point of
installation. These wheels are 17 feet in
diameter and have a peripheral spced at
synchronous motor specd of 11429.14 feet
per minute, which fact readily cxplains the
necessity for constructing them of steel
laminations. The laminations are firmly
held together by very heavy rivets passing
through the wheel at right angle to its
diameter, and are attached to a steel hub
which is double keyed to the shaft.
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Each motor is provided with a thrust
bearing or mechanical fuse, mounted on
the front pedestal and held in place by two
breakable rods which can be secn in the
illustration. The purpose of this thrust
bearing is to care only for ordinary thrusts
in amounts less than 150 tons. This point
may be exceeded at times, however, by the
breaking of a rolt or a roll spindle, and in
such cmergencics the thrust is sufficient to
break the rods holding the collar in place,

gear arranged to give six revolutions per
minute on the first two passes and ten
revolutions per minute on the next two.

A short shaft mounting a pinion is coupled
to the motor shaft. This l;:inion engages
with a large gear mounted on the intermediate
shaft, which also carmue a double faced
pinion, each face engaging the large gears
on the roll shafts.

This gearing is of special interest when
the speed ratios and the power transmitted

Fig. 2. 6000 H.P., Three-Phase Induction Motor. This motor drives three stands of rolls, one
of which takes three passes, and the other two one pass each

thus allowing the rotating element to move
longitudinally away from the rolls, there-
by relieving the thrust and preventing
further damage to the roll machinery or
to the motor itsclf. The brush rigging is
arranged in such a manner that it can move
longitudinally with the rotating clement,
thus allowing the brushes to remain on the
collector nings reganiliess of the position
of the rotor.

These two motors operate the first four
*passes,” cach motor driving two stands
of 42 in. bloaming rolls. They are connected
to the rolls through a double reduction

are .considered. In one case the motor
driving pinion has a 21 in. face, 23 teeth,
and a pitch diameter of 264 in: the large
gear engaging this pinion has a 21 in. face,
135 teeth, and a pitch diameter of 12 feet,
108 in.; and the intermediate pinion has
a 27 in. facc, 20 teeth and a pitch diameter
of 3 feet 2} in. The gears on the roll shafts
arc cach of 18 feet 33 in. pitch diameter,
27 in. face, and contain 116 teeth.

The ingot which weighs about 8000 pounds
and mcasures about 65 in. long, 24 in. wide
and 20 in. thick, is reccived from the reheat-
ing furnaces at the first pass on a motor-

P e P
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og)eratcd roller table and, after passing
through the four passes operated by these
two motors, is reduced to a piece 183.6
in. long, 14.5 in. wide, and 11.5 in. thick.
As previously stated. the other four large
motors are located in a room on the opposite
side of the rail mill proper, being separated
from it by a brick wall as in the case of the
two 2000 h.p. motors.

The rolling operation is now taken up
by the 40 pole, 6000 h.p., 73 r.p.m. motor,
which is direct connected to a 40 in. three-

‘.'
|
i
}
7

This motor has the same ovcrload ratings
as those previously described and an equiv-
alent breakdown torque of 16,300 horsc-power.

It was found that this motor was too
large to be shipped even partially assembled,
and as a result it was entirely assembled
at the point of installation, the stator punch-
ings and windings and the rotor punchings
and windings all being put into place during
the construction process, expert core builders
and winders being sent from the works to
carry on the work.

Fig. 3. Finishing End of Rail Mill

high mill through which five passes are made.

This motor diffcrs somewhat in construc-
tion from those just described, and in addition
to being larger in_horse-power and slower in

» obtains its flywheel effect of 13,100,00
1bs. at one foot radius by having its flywheel
mounted directly on the spokes of the rotor
as shown in illustration on pace 50.

The bearings for this motor are 30 in.
diameter and 70 in. long, water jackctted
and babbitt lined. The stator frame is 28
feet in diameter outside and arranged in
four sections; the rotating elciient being
2] feet in diametcr and the weight of the
motor complete 392 tons.

On November 20th, 1908, the switches
controlling the lincs to this motor were
closed, and the motor was started and opera-
ted at full speed for the first time; since that
date it has heen in regular operation,

Two trials wcre made in starting the
motor; on the first trial the motor was only
brought to about half speed when, due to
a large volume of smokc issuing from the
resistances, the switches had to be opened
ani investigation revealed a picce of arc lamp
carbon lodged among the grids in such a
way that onc¢ section of resistance was
overheated.  This trouble being remaved,
a second trial at starting was successful.
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In starting one of the other motors, two
trials were also necessary, the first being
unsuccessful due to a broken resistance

grid.
The steel makes five passes through the
stand of rolls driven by this motor, three

Fig. 4. Primary Control for Three 800 H.P. Induction Molors

of them being in the samc direction and on
the same level as that corresponding to the
fourth pass, and two in the reverse direc-
tion; the mill being three-high, thus allow-
ing the motor to operate in the same direction
continuously.

The fourth motor in the cycle of operation
is a 36 pole, GOOO h.p., 83 r.p.m. machine,
which is also direct connccted to its work
and differs only slightly from the 6000 h.p.,
75 r.p.m. motor just described. This motor
is shown in Fig. 2. It has a total weight
of 374 tons. with a flywheel effect of
10,330,000 Ibs. at onc foot radius, the equiv-
alent break down torque being 18700 horse-
power. It was also shipped disassembled,

. 1ts proportions being such as not to admit of
even a partial assembly at the works.

The steel makes five passes through three
stands of rolls driven by this motor, the
stand next the motor coupling being three
high and taking three of the passes, the
two additional stands each taking one

pass.

The fifth motor in the chain is a 44 pole,
2000 h.p., 68 r.p.m., machine. This is the
slowest specd motor in the mill and has

practically the same overall dimensions as
the 6000 h.p. motors. It has a total weight
of 289 tons, a flywheel effect of 7,500,000
pounds at one foot radius, and an equiv-
alent break down torque of 5030 horsepower.

This motor drives one stand of rolls through
which the thirteenth pass is
made, the stand being only
two-high.

The sixth and last large
motor in the chain is a 34
pole, 6000 h.p.,, 88 rp.m.
machine having the same
overall dimensions as the
other two 6000 motors. Its
total weight is 374 tons, its
flywheel effect 10,330,000
pounds at one foot radius,
and its equivalent break
down torque 20600 h.p.

Three stands of rolls are
driven by this motor through
which the 14th, 15th and 18th
passes are made, all three
stands being two high.

The conversion from ingot
to finished rail is accom-
plished in 18 passes by these
six large motors, the com-
plete cycle for one ingot re-
quiring a triflc more than 357 seconds.

This does not mean, however, that the
six motors in the chain are loaded for only
a short portion of the time extending over
357 seconds, as ingots are being started on
their journey almost as fast as they can be
brought up to the first pass from the reheat-
ing furnaces. In rolling 106 tons per hour
an ingot is started through the mill every
90 seconds.

After the steel has completed the 18th
pass, and is cut into lengths by the hot saws,
it passes through the cambering machine,
which is driven by a 4 pole, 40 h.p., 750
r.p.n., 440 volt induction motor of the
squirrel cage type, and on to the finishing
department to be straightened and drilled ;
this work taking place after the rails have
entirely cooled off.

The straightening presses, of which there
are eighteen, are each driven by a 4 pole, 10
h.p., 750 r.p.m., squirrel cage type motor
equipped with a high resistance rotor, the
object of this high resistance being to increase
the slip at fullload, thus allowing the fiywheel
with which each press is equipped to become
effective and to assist the motor in its work.
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After the rails are straightened they are
drilled by motor operated drills of which
there are eighteen, each drill being driven
by a 4 pole, 10 h.p,, 750 r.p.m., 440 volt
squirrel cage type motor which is a duplicate
of those on the straightening presses, except
that they arc provided with standard low
resistance rotors.

Fig. 3 is a general view in the finishing
department, the rail drills being on the
left and the straighteners on the right.

The apparatus for starting, stopping and
controlling the six large motors is of special
interest, inasmuch as it contains certain
new features which werc necessary in the
operation of motor driven rolls to obtain the
best results.

reversing switches, making it impossible to
operate the latter while the main switch is
closed. The rcversing switches are also
interlocked as regards cach other, to prevent
both being closcd at the same time.

The main line oil switch is automatically
opened in cascs of overloads or short circuits.

The sccondary control consists of iron
grid starting resistances with contactor
panels and notching up and down relays,
the latter being shown directly at the
left of the contactor panel in Fig. 3.
The starting resistances are mounted in
frames on the floor behind the contactor
panel.

The regulating device mounted on the
relay panel controls the opening and closing

Fig. 5. 8econdary Control for 5000 H.P. Induction Motor

Fig, 5 is a general view of the secondary
control apparatus for one of the G000 h.p.
motors, and Fig. 4 shows the primary
control for three motors.

Each motor is controlled by a master
controller located in the operating pulpits
in the rolling mill, thc rcmainder of the
apparatus being placed in the motor room
near the motors. Provision is also made
for operating the motors from the sccondary
control board in the motor room, if found
necessary.

The primary control equipment for each
motor consists of onc motor-operated three-
pole line oil switch, two solenoid operated
reversing switches, the necessary rclays,
and indicating and recording instruments.
The main oil switch is interlocked with the

of the contactors, and in addition to perform-
ing the function of cnergizing the contactor
magncts during the starting opcration, also
opens the contactor circuits at the proper
timc to control the slip.

The controlling device once pro?crly ad-
justed is cntircly automatic. When the
load increascs, proportional resistance is
automatically connccted into the sccondary
circuit, incrcasing the slip and allowing the
flywheet to share the load with the motor.
As the load decrcasces, the slip is reduced and
the motor restores cnergy to the tlywhecl
in preparation for the next peak load.

he nct result of this mcthod of control
is to greatly smooth out the pecaks which
would otherwise occur in the load curve at
every pass.
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The control equipment is operated by
direct current at 230 volts, and in the event
of failure of either the direct or the altenat-
ing current supply the apparatus is auto-
matically protected.

The rotors continue to revolve for a long
period after power is shut off, on account
of the large fiywheels. When, due to accident
or other ¢ , it is ry to stop the

was opened; the 6000 h.p., 83 r.p.m. motor
operated for one hour and thirty-seven min-
utes under the same conditions; while with
direct current applied to one phase immed-
iately after opening the line switches, the ro-
tors ceased torevolveinlessthan three minutes.

Two 10,000 kw., 6600 volt circuits from
the power station supply the six large motors,
one circuit feeding the two 2000 h.p., 214

Fig. 6. Alominum Cell Lightning Arvesters

motors quickly, direct current is admitted
to thc stator windings through external
resistance, the rotor windings mecanwhile
being short circuited. Suitable oil switches
interlocked with the main line switches are
provided to connect the direct current
power circuits to the stator windings. On
onc occasion one of the 2000 hL.p., 214
r.p.m. motors continucd to revolve for a
period of two hours after the main line switch

r.p-m. motors and the 6000 h.p., 756 r.p.m.
motor, the other circuit feeding the remaining
motors. One additional circuit enters the
mill and supplies power through motor-
generator sets to the direct current system
for the various direct current motors used
for cranes and tables.

All three of these circuits are protected
against lightning and surges by aluminum
ccll arresters, which are shown in Fig. G.

e
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SOME POINTS OF MODERN PRACTICE IN INDUCTION
MOTOR CONSTRUCTION
By E. L. FARRAR

Modern practice in induction motor con-
struction is toward the elimination, so far as
is consistent with good engineering, of inactive
material; this inactive material being largely
confined to the stator casting, bearing
brackets, and the base or rails.

Inasmuch as the designers are rather
limited in the matter of distribution of metal
in the bearing brackets, but little elimination
of weight can be made there except at the
expense of rigidity. Two rails may be
substituted for a base, and a saving made
there if thought advisable; but the stator
frame affords the best opportunity for the
elimination of weight without a sacrifice of
rigidity, at the same time providing for the
most efficient heat radiation.

This idea in induction motor design has -

been worked out very carefully in the riveted
frame construction of the smaller and the
skeleton frame in the larger sizes of G.E.
induction motors.

The use of straight versus overhung slots
in the stator punchings has been open to a
great deal of discussion. While given values
of efficiency and power factor may usually be
obtained with the use of less active material
(.., laminations and copper) if overhung
slots are employed, the difficulties in ade-
quately insulating the windings with this
construction and of making repairs render
the use of straight slots desirable in all
except the small sizes, even at the expense
of increasing the amount of active material
for a given size of motor.

In the small sizes, if the lesscr insulation
inherent in overhung slot construction is not
sufficient, as might the case, for instance,
where strong acid fumes are prevalent, it is
often preferable to use a totally enclosed
motor with overhung slots, it being so much
easier to maintain good characteristics in
these sizes with this construction than with
straight slots.

With the increase in the general usc of
electric drive, a greater varicty of conditions
under which motors have to operate must be
met. This hasled to the gradual improvement
in the character of insulation. Often in
small motors where overhung slot~ arc usually
used, the whole stator is dipped many times
in heavy insulating compound and baked
several hours in a high temperature. This

compound thoroughly impregnates the entire
winding, cementing the wires together and
making the machine moisture proof.

Where straight slots are used, the stator
coils can, of course, be thoroughly insulated
before beinf placed in the slots. Except
where small wire is used, it is considered
better practice to wind the coils on forms
which give them the exact shape and dimen-
sions required, rather than wind them on a
straight form and then pull them in shape,
The coils are pressed in hot moulds to
remove any high spots that might be subject
to undue pressure when inserted in the slot.
This moulding also melts and fills the coil
with cement, binding the layers together.
After being moulded, the coils are thoroughly
insulated all over, the slot portion having an
extra heavy re-inforcing. The coil is com-
pleted by being dipped many times in heavy
insulating compound and baked scveral
hours at a high temperature.

There is still some diversity of opinion
among manufacturers as to the proper
construction of squirrel cage type motors,
but experience shows that for the smaller
sizes a better electrical joint can be obtained
by the use of soldered end rings, while for the
larger sizes, a bolted construction, using
spring washers to compensate for unequal
expansion of the bars and bolts, is the most
suitable.

The air gap of any induction motor is of
necessity relatively small, and experience

. shows that for all except the smaller sizes it

is important to have a means of centering the
rotor in the stator when the wear on the
bearings becomes pronounced. In order that
the rotor may be centercd accurately, it is of
course necessary that a gauge be furnished
with cach motor by the manufacturer.
Exhaustive cxperiments have been con-
ducted to determine the best friction metal
to use for induction motor bearing linings.
Based on the results of these experiments and
ycars of cxperience in building induction
motors, there scems to be little question but
that cast iron shclls lined with hard or so-
called tin babbitt are the best for all except
the smaller motors. Ior these an alloy is
used that has thc same desirable quality
inhercnt in babbitt; viz., that of not scoring the
shaft in case the Learing freezes through lack of
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proper lubrication. All bearing housings
should be made dust-proof.

Although some manufacturers still furnish
rails instead of a sliding base, the majority
of engineers agree that a universal base,
which can be used for floor, wall or ceiling
moum.ini,a is superior to either rails or
separate bases for floor and ceiling suspension.
In order that the belt may run true on the
pulley, the base should be designed to prevent
the belt tension from pulling the motor out of
line. Also, there are a great many advantages
in having a universal belt tightening screw

that moves the motor both ways on its base:
the base being interchangeable end for end,
thus permitting the tightening screw always
to be located on the front side of the ma-
chine away from the belt.

The above is a brief outline of modern
ractice in induction motor construction.
mprovements are continually being made,
but they usually relate to details that have
not been mentioned. The fundamental
ideas in the construction of these motors have
been so carefully worked out that they have
proved highly satisfactory in operation.

SEWING MACHINE MOTORS—DRAWN SHELL TYPE
By R. E. BarkeR

SmaLt Movor DepaRTaMENT

In 1843, Howe produced the first satis-
factory sewing machine, and since that time
vast numbers have been made and marketed
for many varied purposes. This invention
has perhaps done more to lighten the labors

times dangerous fatigue engendered by the
long continued pumping action of the feet
upon the sewing machine treadle. Man

the auxiliary devices proposed to avoid this
laborious operation of foot power supply, but

Fig. 1. Form H Motor Attached to High Arm, Drop Head Machine

of the housewife than any other, and the

greatest number of machines sold have been
those designed for houschold use.

However, with the advantages of con-

. venient, uniform, and rapid sewing by ma-

chine, there comes the unpleasant and some-

among all of these the modern electric motor
of small size, comparativcly easy application,
and reasonable cost, is undoubtedly the most
favored in all dwellings where electric power
is available.

To meet the demand for a motor for this
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service, the General Electric Company has
recently perfected a new design, in which the
drawn shell type of construction is employed.

These sewing machine motors are adapt-
able to all standard sewing machines of either
stationary or drop head stylehaving the hand-
wheel in the usunrposition. It is unnecessary
to disturb any part of the sewing machine to
attach the motor; hence in case of failure of
electric current, or removal toalocality where
electricity is not available, the belt can be
attached immediately and the machine opera-
ted by foot power.

A noticeable feature of the equipment is
the ease with which the motors can be
attached to or removed from the sewing
machine by persons possessing but slight
mechanical skill.

This motor marks a long step in advance of
the sewing machine motor formerly sold by
the Company. Its design is such that by
using only two forms it may be applied to
substantially all types of stationary and
drop head machines; thereby obviating the
necessity for special attachments for each
make of sewing machine, as heretofore.

The belt tightener and other accessories
used with the superseded line of motors have
been entirely eliminated, and the motors now
offered are self-contained in every particular,
the outfit including snap switch, connecting
cord, etc., etc.

Fig. 2. Form K Motor Attached to Low Arm Mechine

Fig. 1 shows an alternating current motor
assembled upon a high arm drop head sewing
machine; Figs. 2 and 3 show a low arm
sewing machine fitted with a 1/30 h.p. new
type of motor.

The Form K outfit is designed for the low
arm or automatic types of scwing machines,

and for the high arm machines where the
Form H motor cannot be used owing to
peculiarity in head design.
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Fig. 3., End View of Form K Motor Attached
to Low Arm Machine

Complete outfits are comprised of the
following parts:

Form HC or H. One motor complete with
bracket and base; one bobbin winder; one
treadle pull; one leather and one rubber
belt; one ornamental cover; one screw-driver;
and four wood screws (Fig. 4).

Form KC or K. One motor complete with
bracket, levers and base; one treadle pull;
one leather driving belt; one rubber belt: one
ornamental cover;one screw-driver; and four
wood screws (Fig. 3).

Family size sewing machine motors are
built in the following sizes, for the frequencies
and voltages listed:

ALTERNATING CURRENT —60,40and 25 Cycles
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Full and clear instructions for assembling
are shipped with each outfit. When the outfit
has been installed in accordance with the
directions and the motor connected to the

Fig. 4. Porm H Motor

source of clectric supply by mecans of the
flexible cord and plug, the operator can start
the machine by tumning the snap switch and
thercafter govern the's: to a nicety by
gently increasing or diminishing the pressure
~f the foot on the treadle.

Pressure of the foot releases the brake and
tightens the belt by means of the driving
pulley, thus starting the machine or incrcasing
the speed. Reduction of pressure on treadle
loosens the belt and decrcases the speed.
To stop machine quickly, remove all pressure

Pig. 5. Form K Motos

from the trcadle and the Lrake will be auto-
matically sct against the handwhecl, Lringing
the needic to rest immediately. This method
of control is simple and satisfactory: the
speed of the sewing machine may be regulated
quickly to suit the varying requircments
of different classcs of work.

When it is desired to Jower the drop head
or place the box cover on a stationary head
sewing machine, the motor may be turned
on its swiveling base plate or may be removed

entirely from the machine. Thus the
motor, when not in use, may be protected
from dust, etc. Fig. 8shows the appear-
ance of the same sewing machine asthat
illustrated in Fig. 1, when the motor is
removed and the drop head closed.
Sewing machine motor drive is one of
the most attractive applications of
fractional horse-power motors ever made
by the General Electric Company. Large
numbers of the earlier type with separate

\ /16 & belt tightener have been sold, and now

that a more improved, complete, self

Fig. 8. Drep Heed Machine Showing
Moler Removed

contained, lighter and more efficient
motor is offered, it is confidently expected
that the demand will greatly increase
when its several good features become
known to the purchasing public. The

34 new motor is much cheaper to operate

< than the old, actual tests showing a

saving of 50 per cent. in the current
bill. The power used is about equal
to that taken by one sixteen candle-
power incandescent lamp. This fact
should make the new outfit especially
attractive.

For strength, reliability, simplicity of
application and facility and economy of
operation, these outfits leave nothing to be
desircd, and persons having once tried this
method of drive find it absolutely indis-
pensable. i




OIL AND TRANSFORMER DRYING OUTFITS
By E. F. GEHRKENS

Experience has shown that it is practically
impossible to prevent moisture from being
deposited in transformers during transpor-
tation or storage, condensation taking place
on the surface of the oil as well as on the
metallic surfaces whenever these arc cooler
than the surrounding air. It is therefore
important, especially with high voltage trans-
formers, that considerable attention be given
to the matter of drying out the transformer

provided, one at the top of the furnace for the
admission of fuel, and one at the bottom for
removing the ashes and also for regulating the
draft. Wood and charcoal have been found
from experience to give good results as fuel.
Hard coal may also be uscd, in which case
it may be necessary to use forced draft,
which can casily be obtained by tapping the
pipe between the blower and the furnace.

Standard 3 in. wrought iron piping, which

itself, as well as the oil to be used. A is procured almost anywhere, i3 used through-
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portable oil and transformer drying outfit
suitable for this purpose has therefore teen
developed, whicg will- be briefly described
in the following paragraphs.
The outfit consists of the following parts:
Hot air fumace,
Positive pressure blower,
Dust collector,
Driving motor,
Necessary piping, pulleys and belt.
F'Thle outfit is shown diagrammatically in
ig. 1.

Hot Air Furnace

This furnace contains & 3 in. wrought iron
coil suitably mounted inside a sheet iron
casing, the latter being fastencd to a ~ast iron
base. The furnace is designed in a manner
similar to a self-feeding stove. Two doors are

out the outfit; the connection between the
blower and the furnacc is, however, sent
with the outfit. If the connections between
the furnace and the transformer tank arc of
appreciable length it is advisable to have them
covered with suitable heat-insulating mate-
rial. Common stove pipe may be used for
Icading the smokc from thc furnacc to the
open air,

Positive Pressure Blower

The blower is of the ordinary positivc pres-
sure. type and should be rotated in such a
dircction that the air will be pulled in through
the dust collector. It has a normal capacity
of 300 cubic fect of free air per minute.
delivered at a pressurc of G Ib. per squarc
inch. and is designed for a specd of GO0
r.p.m., requiring 15 hp. when dclivering
normal output.
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In case the outfit is used for drying trans-
formers only, smaller pressure is required and
a 5 h.p. motor will be sufficient.

Dust Collector

The dust collector, or air filter, is of very
simple construction and is attached to the
inlet of the blower. It consists of a pipe
4} in. in diameter, made from perforated
sheet metal and connected to the blower with
a suitable elbow. Cheese cloth should be tied
around this pipe so that when the outfit is in
operation the air must pass through the cloth,
tgercby being effectually filtered. The cloth

pulleys of the blower and motor should be of
such a ratio as to drive the blower at the
required speed of 600 r.p.m.

Piping, Etc.

In making up the pipings between the
furnace and the oil tank, it is necessary
to extend this pipe above the oil level, so as to
prevent the furnace from being flooded with
oil in case the motor is stopped and the valve
at the base of the tank is not closed.

Weights
The net weights are as follows:

must, of course, be changed f-rom time to time. Hot air furnace 1230 1bs.
Driving Motor . . Blower . 800 1bs.
Any available driving power, be it from a Dust collector and piping 159 1bs.
steam engine, gas motor, electric motor, etc., A
may bc used for driving the blower. The Total . 2200 1lbs.
OBITUARY

John Trumbull Marshall, assistant engincer
of the Lamp Works of the General Electric
Company, at Harrison, N. J., died in Bermuda
on January 1st, aged 50 yecars.

He was a direct descendant of Jonathan
Trumbull, the American Patriot, friend
and adviser of Washington, and Colonial
Govemor of Connecticut.

Marshall was graduated from the Scientific

Course of Rutgers Collcge in 1881, and went
to work at the Edison Lamp Works, then at
Menlo Park, in October of that year.

In 1883 or 1884 hec invented the comparison
mcthod of photometering lamps, by which
the voltage of a lamp at normal candle-power
is determined without the use of electrical
instruments. The lamp to be photometered
is placed in multiple with a lamp of known
candle-power and voltage and their relative
candle-powers observed. A constant voltage
line is not required for this work, as the
relative candle-powers of two lamps is the
same through a wide variation of voltage.
Practically all carbon lamps manufactured
by the Company are to this day mecasured
for voltage by this method, which is very
simple and cnables an unskilled operator to
test a large number of lamps per day,

During the last few months Mr. Marshall
completed and put in operation a very remark-
able devclopment of the comparison method
of lamp mecasuring, known as the watts-per-
candle photometer. This photometer, as its
name implies, gives the volts, amperes, and

candle-power of a tungsten lamp at the
desired watts per candle-power; the only
electrical instrument required being a zero
galvanometer.  With this method, also, a
constant voltage line is not nccessary. Each
photomecter requires but one operator; his
daily output, as well as the accuracy of his
work, showing a marked increase over the older
method, which entailed the use of a voltmeter,
an ammecter, a constant voltage line, and a
slide rule calculation for each lamp.

Besides specializing in photometry, Mr.
Marshall paid much attention to the manu-
facture of carbon filaments, especially as
regarded carbhonization, and the practical
methods of metalizing filaments at present
in use are largely his. Mr. Marshall was
a good mathematician and had a very large
:;npacity for work, which he used to the
imit.

Personally, Mr. Marshall was universally
loved and respected. A man of strong
character and convictions, in him truthfulness
and stroightforwvardness were so developed
that he was incapable of the least degree of
deception.  He signed a total abstinence
pledge when a boy, and never broke it. He
lived a very simple life and found his recrea-
tion and cnjoyment in his garden, the woods
and the ficlds. He knew the trees, plants and
flowers growing in his ncighborhood, and had
many of them transplanted about his home.
He was unmarried and devoted his life to his
parents and sisters.






