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CURVES OF REACTIVE POWER

The advantages in transmission possessed
by the alternating current and the simplicity
and durability of the induction motor have
led to the adoption of these motors in ever-
increasing numbers for all kinds of powcr
purposes that do not require great variations
in speed. For this reason, the various
features of their installation and operation
are of much importance. .

One of the characteristics of these motors
that requires consideration is their action in
lowering the power factor of the circuits on
which they operate, through taking a magnet-
izing current that is practically wattless.
While this wattless or magnetizing current
can be generated with little expenditure
of power on the part of the prime mover
(only enough to account for the I!R loss),
it is by no means negligible, as it adds to the
heating, and thus increases the generator
capacity required for a given load as well as
the size of the distributing conductors, and
in addition affects the regulation by increasing
the IR drop.

An effective remedy for this condition of
low power factor is found in the synchronous
motor, which, when operated with over
excited fields, supplies a leading component
that, by properly sclecting the synchronous
machinc, can be made to raise the power
factor of the system as much as is desired.

A simple explanation of the usc of these
so-called “rotary condensers” was given by
Mr. A. L. Jones in the March, 1009, issuc of
the Review, from which we quote the
following:

‘It should be remembered that the power
factor of the generator is determincd by the
wattless magnetizing current required by
the inductive load, and further, that a power
factor of less than unity value has the ¢flect
or rendering unavailable part of the gencr-
ator capacity. If all the magnctizing current
can be supplied from some source cxternal to
the generator, the latter will operate at unity
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power factor and its whole output will be
available for power.

*“Synchronous motors * * * can be used
to supply magnetizing current to induction
motors, thereby removing this burden from
the generators. Such a motor, of course,
has to be separately cxcited from some
direct current source. There is, however,
a critical value of field current at which
the current taken by the synchronous motor
is at unity power factor. If excitation below
this value is supplied, the current taken from
the line becomes lagging, and the effect on
the fenerator supplying the motor is the same
as it the motor were of the induction typc;
that is, the generator must make up the de-
ficiency in excitation. If on the other hand
the field current is in excess of the proper
value, the motor draws leading currcnt, and
the effect is as if it had more excitation than
it needed; this excess being delivered to the
system, where it serves to cxcite or magnet-
ize induction motors and relicve the gener-
ators. It follows that if cnough leading cur-
rent is supplicd by over-cxcited synchronous
motors to furnish magnetizing current to all
the induction motors of the system, the gen-
erators will operate at 100 per cent power
factor.

“ A synchronous motor without mechanical
load, and having its ficld over-cxcited to de-
liver lcading current for cxciting induction
motors in other parts of the system, is called
a rotary condenser. Such a machine may be
located near the induction motors and used
to supply the cxcitation nceded by them, thus
avoiding the flow of this wattless curront
through the transmission system and the
burdcning of gencrators therewith. In cascs
where a considcrable number of induction
motors are concentratedd at some distance
from the generating station and the conduc-
tors nccessarily become of considerable size,
by supplying the magnetizing current prac-
tically at the motors the linc current will be
reduced and a considerable saving in copper
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cfiected. \What is more important, however,
the generator is not burdened with this
wattless current, and its full capacity is
available for power. Locating the condenser
at the generating station relieves the gener-
ator, but the wattless current still has to be
transmitted over the conductor net work.”

The article by Prof. Karapetof, in the pres-
ent issue, furnishes a simple means of deter-
mining the size of synchronous motor that is
necessary to mect the requirements of any
given case, in which the load and existing
power factor being given, it is desired to
raisc the latter to any predetermined value.

SOME NOTES ON THE BEHAVIOR OF
D.C. MACHINES

On page 436 of this issuc we reprint an
interesting article from EtrecTricar Ewc-
INEERING of London, on the behavior of
d.c. machines. Littlc has been published
on this subject, and the article contains
suggestions regarding the starting of com-
mutating pole motors that should prove of
value to those operating these machines.

It should be particularly noted, however,
that a number of the troubles discussed in
this article arc apparently duc to the very
small air gap or the narrow interpolar spaces
(or both), that arc present in the casc of
many of the foreign-built machines.

The General Elcctric motors are liberally
proportioned in respect to both of these
features, and a tendency for the speed to rise
on load (as noted on page 439) does not
exist in these machines, nor is there any
cvidence of surging; in conscquence, the
brushes are run in the neutral position, or as
nearly so as that point can be determined.
For this same rcason, the second remedy is
unnceessary, the placing of accumnulative
scrics windings on General Electric commu-
tating pole motors not being required, except
when the naturc of the service demands a
markedly drooping speed characteristic.

Again, it would appecar from the article
that only variable speed motors are fumnished
with commutating polcs, in American prac-
tice, however, constant speed machines are
quite gencrally so supplied.

NOTES ON ELECTRIC LIGHTING
In the present issuc we print the first of a
serics of articles on Elcctric Lighting by
Mr. Caryl D. Haskins, Manager of the
Lighting Department of the General Electric
Company. Thearticlesarc taken froma course
of four lectures delivered to the students of

civil and electrical engineering at the Rens-
selaer Polytechnic Institute, Troy, N. Y.

In covering a subject of such scope within
the limits of four lectures, it was manifestly
impossible to enter into a discussion of
cngineering details, and in these ““talks’ as the
author prefers to call them, the effort was made
to avoid technicalities, in so far as possible,
and to treat the general subject of public ser-
vice lighting in a purely practical way; to
present to the students a bird’s eye view of
the field into which they were about to cnter.

The first lecture was devoted to an analysis
of the political and economic relations of the
clectric industry to the community; it has
been omitted from the present series, which is
confined to the engineering aspects of electric
lighting, commencing with the second lecture.

It is assumed that a plant is to be installed
capable of generating from 300 to 1000 kw.
to supply a town of 10,000 to 20,000 inhabi-
tants. With this as a starting point, the
author takes up the subject of the power
plant under the heads of water power,
internal combustion engines, and stcam,
and discusses the criteria that lead to the
sclection of each form of motive power.
Thus, under water power, the general condi-
tions that make for success or failure in such
installations are described; while under stecam,
the relative advantages of the reciprocating

.cngine and the turbine for different cascs arc

clearly presented.

Following the selection of the type of
prime mover and the number of units to be
installed, the conditions governing the choice
of the direct current or the alternating current
system arc discussed, together with the
determination of the frequency to beemployed.

In the lecture following, distribution and
translation arc considered, both underground
and overhcad construction being discussed.
The Edison “ring” and three-wire systems
arc described and the phenomcna of electro-
lysis and interference with telephone lines are
bricfly touched upon, as arc also the subjects
of lightning arresters and line insulators.

The final lccture has to do with the utili-
zation of the clectric current for illuminating
purposes. The author first considers the
devclopment of the incandescent lamp and
its culmination in the tungsten lamp, following
this account with a deseription of the improve-
ments in are lamps, from the Jablochkoff
candle to the high power flame arc of today.

The lecture closes with a hrief reference
to some of the important features of the
modemn meters.
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ELECTRIC DRIVE IN PULP AND PAPER MILLS

By Joun Listox

The ideal of modern production is the
attainment of a maximum output for a given
investment_in plant and power. Owing to
the relatively large amount of power required
in pulp and paper mills, it is essential in
order to secure the most economical oper-
ation, to carefully scruti-
nize all factors which enter
into the power costs of pro-
duction and to determine
in every instance the rel-
ative values of the different
methods of power applica-
tion. The extensive adop-
tion of electric drive in this
industry is due to the grow-
ing appreciation of the
inherent reliability, econ-
omy and high efficiency of
motor drive as comparcd
with the mechanical appli-
cation of power for this
class of service.

In considering the
adoption of electric drive
in a new plant, or the re-
placement of mechanical
drive in an old one, the
practical operator must be
assurcd that he will thereby
obtain uninterrupted ser-
vice and a definite saving
in the cost of production;
either by a low installation
expense, by lesscning the
power losses (thus securing for uscful work
a greater percentage of the initial power
developed) or by a reduction in operating
cxpenses. It has been demonstrated in nu-
merous installations, some of which arc iilus-
trated herewith, that clectrical drive combines
all the advantages outlined above, and the
following statement outlincs bricfly its
points of superiority when comparcd’ with
mechanical drive for the operation of pulp
machinery,

With clectricity the location of the power
plant, whether stcam of water driven, may
be sclected to obtain the greatest cconomy
in the generation of power, without regard
to the arrangement or location of the manu-
facturing buildings. These in turn may be
erccted at the point most advantagcous to
production and the shipment of finished

material without reference to the location
of the power plant.

In a new mill, the adoption of electric
drive will considerably reduce the building
construction cost, duc to the elimination or
reduction of the heavy shafting and belting

300 H.P. Motor Direst Connected to Grinder snd Provided with Individual Switch and
Control Paael.  Carolina Fibre Co., Hartsvule, 8. C,

inseparable from mechanical drive. The
structural work can thcreforc be of a much
lighter character, and in the average mill
the saving cfiected in this way will amount
to about five per cent of the total cost of
the building.

The machinery can be located with a view
to the climination of all unnccessary handling
of the product, as cach machine or group of
machines can be supplied with its own motor
and opcrated as an independent unit. The
average motor uscd for driving paper mill ma-
chinery does not require special foundations,
and as the adoption of motor drive climinates
a large pereentage of the long shafts and heavy
hangers and belting that arc required for me-
chanical drive, their original cost and mainte-
nanceshould be considered when comparing the
initial expenditurerequired by thetwosystems.
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Subdividing the power application, where
numerous motors are used, permits the
starting or stopping of any machine, or group,
without interfering with the operation of the
remaining machinery.

100 H.P. Induction Motor Driving Two 1000 ib. Beaters Through Belte
Kikhart Papee Mills, Elkhart, Ind.

Great economy in power can be obtained
where individual motor drive is adopted, by
the climination or reduction of the friction
loss involved in the operation of shafting,
belts, gears, idlers and other consumers of
cnergy. The power consumned by the differ-
ent scctions or diffcrent machines can be
readily measured by connecting a recording
instrument in the motor cricuit; the graphic
rccord will show at once whether the power
consumed is normal, and this will frequently
scrve as an indication of the condition of the
machinery and will insurc a prompt detection
of any defects. As the power can be con-
vcniengiy measured, all machincry may be
operated at such speeds as will produce the
best results without unnceessary consumption
of power.

The use of recording instruments will permit
motors of various capacitics, temporarily in-
stalled, to be tested in opcration, so that
the cxact sizc motor required for the most
cfficient operation of any machine, or group,
can be accurately predetermined. This will
enablc any errors of installation to be cor-
rected ang will eliminate haphazard mcthods

of ascertaining the power necessary for
driving the machinery required for additions
to the plant.

Electric drive has great flexibility, in that
additions to an existing plant may be made
without interfering with the
operation of the original
equipment.

The generating plant may
be economically divided into
two or more units, thus in-
suring against a complete
shut down in case of acci-
dent and permitting eco-
nomical operation with
individual sections of the
plant. If therearea number
of small water powers in the
vicinity which can not be
profitably utilized for me-
chanical drive, small genera-
ting plants may be estab-
lished at these places and
the power transmitted and
applied at the mill.

In supplementing water
power with stcam power,
the engine and generator
may be located at a distance
from the water power, 0 as
to facilitate the receivingand
-handling of fuel; and, without other connec-

tions than the wires between the generators,
can be arranged to automatically supply any
deficiency in the power of water-driven plants,
This method is especially valuable during
perinds of low water,

In a plant already equipped with recipro-
cating stcam engines, a low pressure steam
turbine can be installed which will utilize the
exhaust steam of the reciprocating engine
to good advantage. So efficient is this turbine
that in many cases its adoption has practically
doubled the power output of the reciprocating
engine plant without increasing the boiler
capacity.

Where a properly equipped central station
cxists within a fcasible transmission dis-
tance of the mill, it will be found in many cases
more cconomical to purchase electric current
than to generate it. The stcady demand
of the paper mill renders it an attractive
proposition for the central station and as a
rule low rates can be obtained. By using
central station power in a new mill, the
investment expense for power house equip-
ment and the cost of maintenance are avoided,
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while the possibility of interrupted service
due to the breakdown of a machine in an
isolated plant is overcome, as the modern
central station is, as a rule, amply equipped
with reserve machinery.

Even in an old mill already equipped
with a steam plant, it may be true economy
to discontinue the use of the steam plant,
and disregard the investment already made
that it represents, as in some instances this
results in a reduction in the cost of power.
When utilizing central station power the
cost of operation of any machine or group is
incurred only during the time the machinery
is in service and the cost of running the

available and to supplement this with motor

drive during periods of low water, either

connecting the motor to the grinder s)afts

l‘:z'lmeans of removable couplings, or through
s

The fact that wood pulp can be stored for.
futurc use, brings up the question as to whether
or not motors can be profitably cmployed for
auxiliary power. If a waterwhcel mill is
located near other sources of water power,
generators can be installed at these points
and the power transmitted to the mill as
described above; so that the capacity of the
mill may be largely increased with little or no
additional building conmstruction. In some

ok
N
:

Kimberly-Clark Paper Mill at Kimberly, Wis.

machine is directly proportional to the amount
of production.

Motor-Driven Grinders

The avcrage pulp mill is operated by water
power and as this power can not always be
depended upon, the grinder room is usually
equipped with a larger number of machines
than would be required if constant operation
were assured. In some mills it has been found
advisable to opcrate the grinders as shown
in the illustration on page 437; that is, by
direct connecting the motor to the grinder
shaft, cach motor operating one, two or
four grinders, Where the supply of water
power is intermittent it lLas been found

cconomical to utilize the water power while .

instances this has been done so successfully
that the utilization in this way of what
would otherwise be waste power has obviated
the necessity of building other mills to in-
crcase production.

Many central stations, especially those that
are dependent upon a variable water supply,
will grant low rates for current during the
flood scasons; at other times low night
rates may be obtained, as the usc of power
at that time will cnable the central station
to bring up its load factor. By taking
intelligent advantage of thesc conditions,
which will vary somewhat in different local-
ities, the average water-driven wood pulp
mill can largely increase its productive capac-
ity with a mimmum of additional investment |
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Motor-Driven Jordans
For the operation of Jordan engines by in-
duction motors a highly efficient and caompact

150 H.P. Induction Motor Driving Two Beaters Through Chain Belts
Kimberly-Clark Co., Kimberly, Wis.

cquipment has been designed,
an installation of which is)llus-
trated on the first pagc of the
cover. This consistsof a regular
wound rotor induction motor
with self-contained starting re-
sistance, mounted on a sliding
basc and direct coupled to the
Jordan shaft. In order to per-
mit the adjustment of the Jor-
dan without affecting the effi-
ciency of the motor, a shaft is
run undcr the Jordan and con-
nected at one end to the motor
base, the other end being geared
to the adjusting hand-wheel;
thus any change in the adjust-
ment of the Jordan may at once
be compensated forby the move-
ment of the motor on the slid-
ing base. Inthis way there is no
displacement of the rotor with
respect to the ficld, as in some
methods of motor-driven Jor-
ans, and themotor will therefore
operate undernormal conditions
atalladjustmentsof the Jordan.

As a heavy starting torquc
is somctimes required the type

of motor chosen for this service will give
approximately 150 per cent of full load torque

So efficient is this method
of operating Jordans that it
has practically superseded all
belt-driven motor equipments,
Alternating versus Direct Current

In choosing between alter-
nating and direct current
motors for pulp and paper
mills service, the requirements
of the individual machines
should be considered.
large percentage of the ma-
chinery operates at constant .
speed and for this work the
alternating current induction
motor can bc used to ad-
vantage. \Wherea wide vari-
atiori in speed is required, as
in the operation of the finish- .
ing end of a paper machine,
a direct current motor will
insure a ready control and a
prompt variation of the speed.
As a rule, direct current

10 Super-Calendars Driven by Back Geared Induction Motors, Pravided
with Individual Compensators and Contral Panels
Kimberly-Clark Co., Kimberty, Wis,
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motors should not be used for the remainder
of the machinery. In order to supply direct
current for the operation of the variable
speed machinery, 2 motor generator set may
be employed and opcrated from the alter-
nating current power circuit. .
After many years practical
experience in the equipment
of pulp and paper mills, the
General Electric Company
decided to adopt the poly-
phase induction motor as a
standard for this service
where constant speed is
required. This motor isbuilt
to withstand hard usage and
to operate continuously in
exposed locations and under
disadvantageous conditions.
The parts are few in number
and have been carefully
designed, so that a minimum
of attention is required when
the motor is in operation,
and the cost of maintenance
and repairs is practically
negligible. The electrical
design is such that high effi-
ciency is obtained over a
wide load range, and the mo-
tor is capable of withstand-
ing heavy overloads for con-
sidcrable periods without serious overheating.
The induction motor heving no commu-
tator the danger of sparks from this source is

250 H.P, Iaduction Motor Driving Stock and Water Pumps for Ground Wood
Screen.  Berlin Mills Co. Berlin, N. H.

avoided, a fcaturc that is cspecially valuable
when motors have to operate rag cutters,
dusters and thrashers or arc used in any
location exposed to inflammable dust.

This motor is easily controlled and will
start readily under full load. Its rigid con-

300 H.P. Induction Motor Driving Chipper Room Machinery

Berlin Malls Co., Berlin, N. H.

struction and light weight cnables the user
to mount it wherever desired, and in many
cascs where floor space is valuable and a
machinc is belt connceted to
a motor, spacc cconomy can be
effeeted by suspending the mo-
tor from the cciling or wall.
For special applications these
mnotors can also be arranged to
operate on vertical shafts with
the same high cfficicney as that
obtained with the horizontal
shaft type.
Group versus Individual Drive

In the application of clectric
drive, two gencral systems are
now in vogue, namcly, the
operation of cach individual
machine by a single motor,
commonly termed *‘individual
drive,” and thc opcration of
machinery in groups by mecans
of linc shafting, which in tum
is driven hy a motor, this plan
being gencrally designated as
*group drive.”
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VWhile there are many successful examples
of economical group drive, it is now the con-
census of competent opinion that in a large
majority of cases the highest efficiency, both
for the machinery to be driven and for the
clectrical equipment, can be best obtained by

60 H.P. Induction Motor Driving No. 15 Morrls Centrifugsl Pump
in Orinder Room. Orest Northern Paper Co., Esst Millinocket, Me.

the apg}ncauon of scparate motors to cach

his is especially true where the opera-
tion of thec machines is intermittent, as in
this case the cost of current, if obtained
from an outside source, is incurred only
during the actual operation of the machine.

If, on the other hand, the plant generates
its own current, the size of the prime mover
and generator, as well as the power factor in
the case of alternating current plants, will
be appreciably affected by the choice of
group or individual drive; as in the latter
case, each machine can be equipped with the
motor that most nearly meets the exact
requirements in regard to speed and power.

Where the operation of the various units
is intermittent, the individual drive system
will, in practically every case, permit of a
much smaller generating outfit than up
drive, even if there is considerable vanation
in the length of time that the units are in
service; for, in the latter case, power is
wasted through the unavoidable operation
of shafting and belting which, during varying
periods, performs no useful work.

The motor operated plantsillustrated herein
are typical of the large numbcer of pulp and
paper mills which are similarly cquipped, the
entire success with which they have utilized
motor drive constituting a potent argument
for its gencral adoption throughout the
industry.

KIMBERLY-CLARK PAPER COMPANY
KIMBERLY, Wis

The Kimberly Mill of the Kimberly-Clark
Paper Company is located on the Fox River

300 H.P, Induction Motor with Controller and Individual Panel, Driving Two Centrifugal
Pumps for Filters. Oreat Northern Paper Co., Esst Millinocket, Me,

World Radio Histol
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and manufactures book paper by the sulphite
process, the capacity of the mill being 73
tons per 24 hours. |

The mill machinery is operated electrically,
and water power, steam and oil engines are
utilized for the generating of electric current.
Two power stations supply current to the
mill, both being located on Fox River, one in
the mill itself and the other at Appleton,
five miles up stream. The available head at
Appleton is 16 feet and current from a 750 kw.,
3-phase, 25 cycle, 6600 volt generator is
transmitted to a substation at the mill,
where.it is stepped down by means of three
300 kw. transtormers to 470 volts. At the
mill a 700 foot crib dam has been constructed
across the river and a head of 9 feet is avail-
able. The water wheel equipment here con-
sists of nine vertical shaft reaction turbines.
Pive of these are geared to a common hori-
zontal shaft, to which a 300 kw. generator is
coupled. The remaining four turbines are
connected in the same way to a second 330
kw. generator, but in addition to the water-
wheel drive, this generator is also arranged
for oil engine drive, the generator being
located between the turbine-driven shaft and
an oil engine and equipped with removable
couplings on both ends of the shaft. In this
way the oil engine can be readily used to
operate the generator during periods of low
water. In addition to these there is one 350
kw. generator mounted between two oil

g T s

Glens Folle, N. Y.

100 H.P,, 1200 R.P.M, Induction Motor, Direct Connected to

Double Impeller Stock Pump Driven by a 22 H.P,, 1200 R.P.M. Motor. Finch, Pruyn & Company,

engines and direct driven by them, and one
175 kw., also oil enginc-driven.

The exciters

a 10 Inch, 2750 Gal. Centrifugal Pump
Finch, Pruyn & Company, Glens Falls, N. Y.

arc belt-conncct-
cd and arranged
for parallel oper-
ation. A stcam
<engine is included
in the cquipment
and is cmployed
1 todrive a 360 kw.
generator and
- exciter. It will
be scen from this
description that
through the sub-
division of the
generating cquip-
ment, and the
various primc
movers available
any possibility of
~ interruption to
w the clectric scr-
vice is reduced to
a minimum,
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The first application of motor drive in this
mill was made about six years ago and at the
present time the motors in actual operation
total fifty-five; provision has already been
made, however, for additional installations.
The application of motors to paper mill ma-
chinery in this plant excmplifies both the

p and individual systems, as well as dif-
gg:nt methods of connecting the motors to the
machinery, there being examples of dircct

unobstructed view of the motors, while at the
same time the panels occupy no useful floor
space and are protected from accidental
injury. There are three other Jordans in’
this room, which constitute an older equip-
ment; they are driven from a countershaft,
which is belted to a 300 h.p. motor mounted
on the floor below, the controller being
installed on the floor beside the Jordans.
There are three other motor-driven Jordans,

20 H.P, Induction Motor Driving Sulphite Machine and Flat Screen, and 15 H.P. Motor
Mounted on Ceiling, Driving a Centrifugal Screen Through a Quarter-Turn Belt
Carolina Fibre Co., Hartsville, 8. C.

conneetion, belt, and chain drive, and motors
direct geared to the driving shafts,

In the bleach room cight agitators are
driven in a group by onc GO h.p. inotor.

In the beater room there are three Jordans
driven by three 150 h.p. motors, as shown on
first page of cover. These motors are equip-
ped with the General Electric adjusting deviee
which permits the motor to move on a sliding
base with cach change'in the adjustment of
the Jordan. The control pancls for these mo-
tors are mounted in a small gallery so that the
operator who mnanipulates them has an

two of them being operated by a 230 h.p.
motor while the third is provided with a
150 h.p. motor. Thesc thrce machines
are belt-driven and arc not ordinarily used
in production, being held as an emergeney
cquipment in the event of injury to the other
Jordans.

In the beater room a pair of beaters is
driven by means of a 130 h.p. motor with
the shaft extending on both ends and con-
nected to the driving shafts of the beaters
by chain belts, forming in this way a compact
and highly efficient unit, as shown on page 440.

World Radio Histol
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Four other beaters are driven in a group
by a 250 h.p. motor, belt connected.

In the washer room chain drive is used for

‘one 40 h.p. and two 73 h.p. motors, operating

three washers. There are also four screens
and four deckers belt-driven in a group by
means of a 75 h.p. motor.

In the size room the mixing outfit is driven
by a 50 h.p. motor. Four paper dusters are
driven by a 25 h.p. motor and a waste paper
baler by a 2 h.p. motor, both motors driving
through belts.

The pump equipment of the mill is prac-
tically all motor-driven. It* compriscs a
hydraulic pump driven by a 50 h.p. motor, a

ump for agitators and stock tanks by a 30
.p. motor; two stock pumps and chests by a
15 h.p. and a 20 h.p. motor; the boiler house
pump by a 15 h.p. motor, and boiler feed
pump by a 30 h.p. motor, and two water

The machinc shop is cquipped with a 13
h.p. motor driving the machincry through
countcrshafting.

All the above motors arc of the alternating
current induction type and opcrate on 25
cyclcs, three-phase circuits.

In addition to the induction motor equip-
ment, the finishing reom is supplicd with an
overhead motor-driven traveling crane, for
handlin% paper rolls of any weight up to two
tons. his crane is operated by a direct
current niotor, and current is provided for it
bz' means of a motor-generator set consisting
of an induction motor direct coupled to a 220
volt d.c. generator.

Three systems of lighting are used in the
mill, alternating current being used for in-
candescent lamps, while the motor-gencrator
set referred to above supplies dircct current
for arc and mercury vapor lamps.

Dam, Power House and Grinder Station on the Penohscot River. Great Northern

Paper Co., Dolby, Me.

pumps, one driven by a 35 h.p. and the other
by a 75 h.p. motor. There is also an equip-
ment utilizing a 15 h.p. motor to drive a water
pump and air compressor, the latter supplying
pressure for blowing out the water filters. All
of these pumping sets employ belt drive. In
addition to these there are three save-all
pumps, to each of which a 10 h.p. motor is
direct connccted.

The constant speed ends of the thrce paper
machines used in this mill arc driven through
chain belts by three 75 h.p. motors; the paper
winder by a 20 h.p. motor, belt-connected,
and the rewinder by a 734 h.p. motor.

In the finishing room, ten motor-driven
super-calendars are used, thc ten motors
being back geared to the super-calendar
driving shaft. Four of thesc motors are of
75 h.p. capacity, five 50 h.p. and onc 100 h.p.
The threading-in rolls are individually driven
by ten 15 h.p. motors, back geared to the
driving shaft; and ten paper cutters and one
trimmer are driven in a group, through
belting, by a 30 h.p. motor.

Motor Distribution No. H.P. Drive
8 Amtstors 60 belt
3 Jordaps . 130 | direct
2 Jordans . 250 belt
3 Jordang 300 t
1 Jordan 150 belt
2 beaters 150 chain
beaters 230 belt
2 washers . 75 chain
1wagher , . . . . . 10 chain
4 screens and 4 deckers . . . . belt
Size mixing outht . . . . 30 belt
per dusters . 5 o oo 25 belt
Waste paper baler - 3 bolt
Hydraulie ¢levator pump A S0 beft
Pump for agitators and stock tanks X belt
pump and chest . . 13 belt
Stock pump and chest . 20 belt
Boiler house pump 15 belt
lor feed pump 0 belt
Waterpump . . . . . belt
Water pump e e 3 helt
3 paper machines constant speed end K 7. chain
Isaveallpumps . . . . 10 direct
Water pump and sir compressar helt
Paper winder . . . . . 1 belt
Paper winder . 8 1 et
4 super-calendats . 1 reared
3 super-calenders 3 weared
§ super-calender " 1 geared
Threading-inrolls . . ., . 10 weared
10 paper cutters and | trimmer 1 belt
Machine shop . g 1 bedt
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THE THREE-VOLTAGE RATING OF INCANDESCENT
ELECTRIC LAMPS.

By F. W. Witrcox

The three-voltage method of rating incan-
descent lamps, which was first adopted for the
metallized filament, or Gem lamps, has now
been applied to all types of regular incan-
descent lamps made in the standard com-
mercial voltages of 100 to 125 volts. The
Mazda, tungsten, tantalum, carbon and Gem
lamps are now all rated on this basis.

A proper rating for incandescent lamps
should provide for rating the lamps in total
watts instead of by candle-power. The
reasons for this are as follows:

First. The conventional candie-power rat-
ing, as employed for illuminants, has been a
much abused and misused method of rating.
As there are many different candle-power

TABLE [I—Life and Efficiency Ratings of Mazda Lamps at the Three Labeled Voltages.

TABLE 1ll—Life snd Efficiency R

values (such as the horizontal, spherical, hemi-
spherical, candle-power at different angles,
etc.), candle-power, unless specifically defined,
tends to become a misleading and meaningless
basis for rating. Lamps are a current-con-
suming device and the logical rating for such
devices is a total watt rating, since lighting and
power are measured and sold almost entirely
on a wattage basis. Candle-power values
need not be abandoned, but can be used,
when required, in a more definitc way,
properly defined and accurately stated for any
given wattage of lamp.

Second. A -desirable condition for the
rating of an incandescent lamp is that the
lamp should have its most exact measure

TAGK PTTOM

P o H

3 134 7
1.30 13 1700
1.3( 17
123 1700
1 1700
1.25 1700
1.20 1700
]
i

100-128 Voits Lamps at the Three Voltages.

by

EXI 1300 e 1700
‘ t] 1 1500
~ 16 1500

< 8t 1050

Nol’l.—-T;le above values are ior direct current. On alternating current of GO cycles and below, the liv; are conscrvatively rated a5
500 hours (or the 25 watt lamp, and 600 hours for the 40, 50 and 80 watt lampa.

TABLE li]—Life and Efficiency Ratings of GEM Lamps at Three Voltage.

Tor voLTAGE
Size of Lamp
in Watts

MIDDLE VOLTAGE BOTTOM VOLTAGE

W.P.C.

wW.P.C, Lite in Hours w.p.C. : Life in Hours \ Life in Hours
05 . ! e
40 2.56 700 271 1000 2.89 : 1500
50 2.50 700 2.63 1000 2.83 1500
80 240 | To0 2.60 1000 278 1300
100 2.46 650 2.60 950 2.78 1400
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TABLE 1V-——Ratings of Carbon Lamps, Single-Voliage and Three-Voltage Basis. 100 10 130 Volis, Standard
Lighting Lamps. Regular Types.

* New International &;l-?ovnr. by which a former 16 ¢.p, laxp now gives 16.26 &P

neither candle-power nor total watts, but
watts per candle, which determines the
temperature strain of the filament. The
reason for this is that the watts per candle
determines the degree of incandescence or
temperature strain on the filament, and cxact
rating in this value will insure the most
uniform service from the lamps. .
All standard lighting lamps opcrating in
multiple must be rated at an cxact voltage
(such as 110, 115 volts, etc.). It is a practical
impossibility to manufacture all lamps, par-
ticularly those with metal filaments (such as
the Mazda, tungsten, etc.) to cither an cxact
total wattage or candle-power for any fixed
voltage, It is possible, however, to so select
the lamps, by allowing variations from the
averagce value of total watts and candle-power,
as to bring the lamp, at its rated voltage, to
an exact watts per candle cificiency. This
insures that each lamp is burncd at a uniform

u

gk 10 Siayl 1o . 284 2000 1
Voltage 20 Single n Y [IEN L ) g A 1
20 ] H EE [ oh 5 X v
Ty K v 67 “ 4 AT 7
25 Mudille "y RN NE 20 b
Betior w2 a2 [ ) w0 Ly 1
Top ] & i i [N el 100y
0 Miek 1l o L (IR} 7o 3.0 1
Bostom PL f "2 o S 2ien
Toyp SO0 (R fliy 170 Tun
N Midadi 82 3R (5 (B 15%.0t 1603
Thre.e Buttom 4G 4 BN | B4 JRIR) 1420 L0 1500
Voltiuge
Tap ) LUy IR SURO 3 TH0 SH19
© 60 i Middle 57.9  3.18 18.3 1800 3.20 1000 S819
l Bottom ; 55,7 . 3.39 16.4 , 1700 3.06 1800 §s19
Top 100 297 33.8 3490 349 600 §824
100 Middle 96.4 3.18 30.5 3160 326 850 5824
Bottom 929 . 3.39 274 2840 3.06 1330 §524
{ Top 120.0 2.97 40.4 3.3 419.0 340 600 §824
120 Middle . 1158 3.18 36.6 30.2 379.0  3.20 850 8824
i+ Bottom. 1114 339 - 828 | 27.1 3400 3.08 1350 §524
i ' L 1. .
200 to 250 Volts
Smglc 35 Sugls H%) 1} 5.0 N 2 40 1My
Valtag L Sty [ S DL} 1716 284 o
12 Sing 120 BEHT 32.5 uTy 340 s i

degree of incandcscence and, although the
actual candlc-power may vary somewhat,
nevertheless the lamps will appear to the eye
to be of uniform brilliancy and the variation
in initial candle-power will not be as notice-
able as under the ald mecthod of rating by
candle-power with a varying cfficiency. The
filaments arc also subjected to a uniform
tempcerature strain, and this method of rating
therefore insures a uniform lighting effect and
a maximum of weil maintained candle-power
and life.

The total watts assigned to any lamp will
represent the average valuc, but the variation
nccessary to give an cxact watts per candle
rating will not amount to cnough to disturb
conditions.

Third. A proper rating for incandescent
lamps should further provide a flexible
method which would permit of using the
lamps at several different cefficiencies in order
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to adapt them to varying conditions of voltage
regulation and power costs.
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Fig. 1 Cont of Lighting with 100 Watt Masda Lamp Showing
the Zficiency Which Gives the Lowest Lighting Cost st
Different Carrent Rates. Price of Lamp, Based
on Caat to Customers Using 10,000
Lampe Yearly

Since the cost of lighting is made up of the
combined cost of the clectric cnergy used and
the renewal cost of the lamps, it is evident
that it is important that the cfficiency
be sclected in every case which is adapted to
the special cost conditions to be met. If
the cost of power is high, high cfliciences and
relatively shorter life is justified; while if the
cost of power is low, lower cfliciencies and
correspondingly longer lamp life is desirable.
Morcover, an cfficiency which will give satis-
factory lifc on a circuit when the voltage is
uniform and docs not rise more than two or
three volts above normal, would not give
satisfactory life when the voltage riscs four
or five vo?uz above normal. It is thercfore
desirable that lamnps be available in different
cfficiencies to meet different serviee condi-
tions. This mcans that cither a large line of
lamps be provided at different efficiencics or
that cacli lamp be so rated that it can be used
at several different cfficiencics.

The former method is objectionable in that
it makes it necessary for manufacturers,
dcalers, central stations and others to carry a
large and complicated stock of lamps if they
arc to meet all service conditions so as to
obtain the most cconomical lighting. Thus,
in the past, the same lamp in a number of
sizecs appears under several different ratings.
For cxample, a carbon lamp which at given
voltage is a 24 candle-power, 3.1 watts per
candle lamp, becomes at 4 volts lower a
20 candle-power, 3.5 watts per candle lamp,

. and at 4 volts Jower still a 16 candlec-power

4 watts per candle lamp. For each rating
there was a different label with a different
voltage marked on it. Evidently, it would be
much simpler to mark these three voltages on
onc label and use this same label on cach of
the lamps so that any one of them could be
uscd at any of the three cfficiencies. This is
the plan’ {ollowed under the three-voltage
method of rating.

@ /3

&Y
120 Voit 120 Voit 120 Vort
‘Top Voltage Middle Voltege Bottom Voltsge

Three-Voitage Rating

Under the three-voltage plan each lamp has
a label bearing three voltages, for cxample,
120, 122 or 124
118, 120 or 122 .
116, 118 or 120
as shown b)I' the sample labels illustrated
herewith. n all cascs these voltages vary
by steps of 2 volts. They are known as
the ‘“top,” “middle” and *bottom,” or
“first (V-1),” “sccond (V-2)" and ‘‘third
(V-3).” In the first of the sample labels
shown, 120 volts is ““top” voltage, in the
sccond, 120 volts is ““middle” voltage and in
the third, 120 volts is “bottom” voltage,

The three-voltage rating permits any lamp
to be operated at any onc of three diffcrent
cflicicncies and cnables the consumer to
sclect lamps of the particular cfficiency that
will give him the lowest total cost including
energy consumed and lamp rencwals com-
bined. " If for cxample the regulation of the
circuit is originally such as to require that the
lainps be operated at an cfficiency corre-
sponding to that obtained at *‘bottom’’ vol-
tage, and is later improved by the installation
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of more copper or regulating devices, the cus-
tomer can readily improve his cfliciency by
ordering the same lamps at “‘middle" voltage
or ‘‘top” voltage, depending upon the extent
of the improvement in regulation. In
the same way any change in power
cost could be met with a similar
changein lamp efficiency, which would
enable the consumer to keep his total
lighting cost, including power and re-
newals, to the lowest possible figures.

&

Determination of the Proper Efficiency at
which a Lamp Should be Used
The proper efficiency at which a
lamp should be used is determined
by the lamp rencwal cost, which is
fixed by the price and life of the lamp.
The minimum practical limits of life

AW &' Sevorse

449

cost of encrgy is low the lamps may be
opcrated at a lower cfficicney, thus deercasing
the renewal cost and increasing the con-
sumnption of cnergy. It is apparent, therefore,

—

are gencrally considered to be about

400 to 500 hours; above this value
the life will be varied to suit the
conditions of current and lamp cost.

lb:im(y’e/
Do w N

For any given efficiency the life

will be affected by the voltage regula-
tion; it is therefore the actual life
obtaincd in service that is the deter-
mining factor.

Assuming the voltage to be con- !
stant, the lives of the various lamps
at the diffcrent cfficicncics are as

iven in Tables I, II, III and IV,

nder the proper conditions of vol-
tage regulation, the most desirable
efficiency is that shich will give a
life not less than the practical limit
before stated, and which will give
the consumer the lowest total cost for
lighting service, including power cost
and lamp renewal cost.

At the ordinary rates for current, the cost
of the power consumed by a lamp is equal to
many times the cost of the lamp itsclf.
Therefore, if the lamp is burned at too low an
efficiency, the cost of encrgy consumed will
increase at a much faster rate than the cost of
rencwals will decrease. As the cost of lighting
is made up of the sum of these two factors
(cnergy cost and lamp rencwals), a balance
should be struck bhetween cfficicney and
life which will make the combined cost
of cneryy and renewals a minimum.  Where
the cost of cnergy is high, the lamp should be
operated at a relatively high cfficiency, In
this casc its life will be shorter and the
rencwal cost will be increased, hut the encrgy
consumption for a given amount of light will
be decrcascd. On the other hand, where the
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Gives the Lowest Lighting Costs st Different Current Rates
of Lamp, Baved on Cost to Customare Using 10,000 Lamps Yearly
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that for cvery cncrgy rate there is a corre-
sponding lamp efficiency which will give the
lowest total lighting cost, including encrgy
and rcnewal cost.  In the following pages we
will determine this efficichey for one size of
cach of the various lamps (Mazda, tantaium,
Gem and carbon).

Mazda

Table I gives the life and cfliciency ratings
of Mazda lamps at the three Jabeled voltages.
The top voltage gives the highest cfliciency
and lowest current cost, and the greatest
brilliancy and volume of light, with the
exccllent life of 1000 hours—a year's service
for the average consumer. At the Jower
voltages (middle and bottom), the lamps
operate at fower cfficiency with longer life,
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but with reduced briltiancy and volume of
light.

The efficiency established for the Mazda
lamp at top voltage, as given in the table,

o5

e

3 L4 Vs
LT EXTVEALRy B? TIPS o7 Comels

Pig. 3. Cost of Lighting with 50 Watt Gem Lamp, etc.
Price of Lamp 18.4 snd 23 Centa.

has been carcfully determined as that effi-
cieney which will give the lowest cost of light-
ing service, including cnergy and rencwals,
to the consumcr paying rates of 8 cents per
kilowatt-hour and over. The top voltage
rating is thercfore the one that shouid be used
by the average contral station custonicr.

The diagram of Fig. 1 shows graphically
the cost of lighting with the 100 watt Mazda
lamp at different power rates and cfficiencies.

QoS O ey /in (V5,007 Ao/ /i
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One curve shows how the cast of lamp
renewals varies with the efficiency at which
the lamp is operated; another set shows how
the encrgy cost varies with the cfficiency of
thelamp. Combining the two curves, we get
curves which show how the total cost of
lighting (energy and renetwals) varies with the
efficiency of the lamp. These curves are
shown in the diagram for energy rates of
2¢., 4¢., Oc., 8c. and 10c. per kilowatt-hour..
The efficiency at the lowest point of the curve
is the one at which the lamp should be worked
in order to get the lowest total cost of lighting
at the ratc rcpresented in the curve. The
curve connecting the minimum points of all
of the total cost curves for the lamp gives the
efficicncies to obtain minimum costs, and is
known as the minimum cost curve.

From these curves, the efficiencies that will
give the lowest lighting cost can be readily
determincd. For example, supposc the energy
cost is Se. per kilowatt-hour. Referring to the
curve, we find that the lowest total cost for
light with the 100 watt Mazda lamp is
oﬁtaincd at an efficiency of about 1.17 watts
per candle.  From Table I it is scen that the
nearest efficicney is 1.2 which is obtained at the
top voltage rating, with a life of 1000 hours.
In likc manner, at 4¢. per kilowatt-hour we
find that the Jowest total cost is obtained at an
efficiency of 1.27 watts per candle. The table
shows that the nearcst cfficicncy to thisis 1.25
which is given at the middle voltage rating,
with a life of 1300 hours.

The curve shows'that at the Sc. rate, the
lowest cost of 1000 hours’ service is about
$9.00—cquivalent to fc. per kilowatt-hour.
Thercfore, the cost of lamp renewals is only
about lc. per kilowatt-hour—a very small
item comparcd to the Sc. per kilowatt-hour
cnergy cost. It is therefore shown to be poor
economy to opcratc lamps at low efficiency
in order to lengthen their lives. except where
the cnergy cost is very low.

Tantalum

Table I{ gives the life and cfficicney ratings
of the tantalum lamps at the three rated
voltages. These cfficiencies and lives have,
like the Mazda lamps, been determined so
that the top voltage gives the average con-
sumer the niost cconomical lighting service.

As shown, the cfficiencics of the 40 and 30
watt lamps (which arc the best and most
widely used sizes) have been increased to 1.8
watts per candle at top voltage and the old
standard cfficiency of 2 watts per candle is
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given at the bottom voltage, with a life of
1500 hours. The 25 watt lamp gives a lile of
1000 hours at top voltage, 2 watts per candle
efficiency, and a life of 1700 hours at bottom
voltage, 2.2 watts per candle efficiency.

The valucs taken are those obtained on
direct current, the life being somcwhat
shorter on alternating current. The life for
alternating current given in the note is very
conservative, as the 40 and 50 watt lamps
will considerably exceed 600 hours in the
average case. Tests have shown that the
average breaking life of the 40 watt tantalum
lamp at 2 watts per candle on G0 cycle
current, i3 1000 hours. In genecral, however,
the bottom voltage rating should be used on
alternating circuits of 60 cycles or lower.
The top voltage is desirable on direct current
service for the consumer paying rates of 8c.
per kilowatt-hour and ahove for current.

This is shown graphically for the 40 watt
lamp by the cost curves in Fig. 2, which are
;i:nilar to those given for the Mazda lamp in

1g. 1.

Gem

The three-voltage method of rating was
first adopted for the Gem lamp, and the
excellent results obtained from the system
with these lamps led to its adoption for the
other types.

. The life and efficiency ratings of these
lamps at the three rated voltages are as
given in Table I11.

The minimum cost curves for the 50 watt
Gem lamp at two different lamp prices, 18.4
and 23 cents, arc given in Pig. 3.

Carbon

The Carbon lamps were the latest type to
which the three-voltage mcthod of rating
was applied, this method having just recently
been adopted for these lamps.

* This rating is used for those sizes of the
regular 100 to 130 volt types which were
formerly supplicd and used at several different
cfficiencies. This includes the 23, 30, 50, 60,
100 and 120 watt sizes of the regular types and
the 30, G0 and 120 watt sizes of the round
bulb and tubular types.

The 200 volt lamps, and lamps below &
candle-power in the 100 volt types, arc still
rated at one voltage only, by what is known
as the “‘single-voltage rating,” as distinguished
from the three-voltage rating. However,
these lamps are also now rated for size in
watts instead of candle-power.
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Table IV givesa list of the standard carbon
lamps as now rated, and also the lives and
efficiencies at the diffcrent ratings (single,
or top, middle and bottomn).
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Fig. 4. Cost of Lighting with 50 Watt Carbon Lamp, Showing
the Efficiency Which Glves the Lowest Lighting Cost
at Diffecant Current Rates.  Price of Lemp,
16 snd 20 Cents

Fig. 4 shows minimum cost curves for the
30 watt carbon lamp at two prices per lamp,
16 and 20 cents.  As shown by the curve, the
minimum cost of lighting with the 50 watt
lamnp at 20 cents, will be obtained by using
top voltages for all power rates of 4 cents
per kilowatt-hour and over. At rates of 2
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cents per kilowatt-hour, the lowest cost is
obtained by using middle voltage and itis
only when the rates are lower than 2 cents
kilowatt-hour that bottom voltage should be
used.

At alower price the lamp should beoperated
at a still higher efficiency. This is shown by a

comparison of the 20 cents per lamp curve
with the 16 cents per lamp curve.

The new method is not a radical departure
from the old, and with the exception of a few
sizes, any customer can obtain exactly the
same lamp he is now using, under the new
rating.

NOTES ON ELECTRIC LIGHTING*

Part I

By Carvr D. Hasxins

MaNAGER LIGHTING DEPARTMENT, GENERAL ELECTRIC COoMPANY

Yosterday we gave preliminary consider-
ation to lighting undertakings; the underlv-
ing conditions which make them possible,
wise or unwise business propositions, their
relations to the community, ctc.. cte. Today
we shall go into more speciﬁc engineering
questions.

The central power station for the gencr-
ation of electric encrgy may, of course, be
anything from a small 30 kw. cquipment up
to one of thosc enormous aggregations of
many thousands of kilowatts, which char-
acterize Chicago, New York, Boston, and
other very large citics; aggrcgauons so large
that they stand by themscl\cs as special
problems involving scrious individual
studics.

For the backbone of today’s talk, after
thinking the matter over rather carcfully, I
have sclected the conditions commonly sur-
rounding plants ranging from a minimum of
300 to a maximum of say, 1000 kw., or from
about 400 to 1300 h.p.; an a\crau: under-
taking, such as onc would contcmplate for a
town of from 10,000 to 20,00 people. I
shall occasionally dcvmtc, in connection with
special issucs, to considerations pertaining to
hz' large concentrations of power; but we
shall, except where stated otherwise, regard
the subjcct under discussion as a unit plant
of this general capacity.

In dealing with a problem of this kind, the
cngineer's  first decision of course, must

*The article is the first of a series to appear in the Ravirw,
comprish hc m\u of n course of extempurancous lectures de-
livered meenn' -mdmuol |ht Renusclaer Poly.
technic hmmuc ‘l’ The begins  with the
author's second lecture, nu,- frat lecrure hl\'hll been devoted to
topics not cssential to the course from an engineening stand-
pont

relate to the selection of his prime mover
and its physical connection to the genera-
ting apparatus. In central station practice,
we find three general classes of prime
movers:

Ist. The stcam engine
2nd. The internal combustion engine
3rd. Water power.

With water powers the question is largely
one of location. Unfortunately, water head
and flow can not be found everywhere.
Commonly onc thinks of water power as
without cost save only the cost of devclopment.
Largcly, this is true, but not seldom, when ill
considered, this cost has proved too much.
There have been a very considerable number
of unsuccessful water power generating plants
in the history of the llghtmi industry of this
country, due to a number of causcs, Where
such plants have been unsuccessful, however,
the causc of failure can gencrally be traced
back largely to poor (too sanguinc) initial
enginecring.  Excessive cost of devclopment
means bad engineering, and it has not seldom
been preceded by a low initial estimate.
History tells us also of unwisc judgment and
over-hopeful cstimates as to the probable
damage to the works from floods and ice;
unwise and carelessly madc surveys as to the
condition of strecams in drought periods, the
latter resulting in an inadequacy of water in
dry summers, and the former in cxcessive
water during flood periods, with the conse-
quent destruction of property, such as dams,
tail races and gates.

It is safe to say, that most unsuccessful
water power plants have failed because of an
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insufficient water supply. A very high
percentage of the early intermediate sizc,
low head, water power undertakings in the
eastern statcs, which started out with
briliant prospects, today have stand-by
steam plants as large as their water power
development. But bear in mind this does
not mean that they are failures by any
means.

To civil engineers the development of
water power is, of course, of peculiar interest,
but it can be no more dealt with generically
than can the matter of bridge construction.
I shall, therefore, pass it by with the excuse
that it is a special study too big and vital
to form a part of this lecture. I can not
refrain, however, from a few more generalities.
Water power developments of low head, such
as usually characterize those in the eastern
states region, require more careful investi-
gation and involve more unfavorable pos-
sibilitics and variables, and, in short, con-
stitutc a much more indefinite problem than
do any plants using steam power. A high
proportion of the successful water power
plants for lighting and power purposes in
this country, are in our western states,
where high heads, in rather close proximity
to large towns, are far more common.

A high head proposition for electric pur-
poses generally involves a comparatively
low cost of development. This must not be
misunderstood to mean that low-head prop-
ositions are inherently bad, but rather that
they are, as a rule, more difficult problems
to solve and are more costly.

The price of coal has a very important
relation to water power development; often
it is the controlling consideration. Every
additional dollar per annum for fuel to
obtain a given power, obviously justifies an
expenditure of from $10.00 to $15.00 for
additional development in connection with
a water power, providing always that the
engineering premises for the development arc
sound.

I have known few better examples of
wise development of small water powers for
the generation of elcctrical energy than that
of a certain plant in the Hawatian Islands.
The conditions arc unusual. The value of the
crops in some portions of the islands excced
one thousand dollars per acre, but the success
of these crops is dependent in a very large
measurce upon irrigation. On the west side
of onc of the islands which has a mountain
backbone, sugar grows very luxuriantly,
but a great lack of rainfall prevails upon the

L]

other side of the range. It was found that
sugar would grow quitc as well on the eastern
side as upon the other if the land could be
properly irrigated. A civil and clectrical
engineer found that rainfall and springs
were plentiful to the very summit of the west
side. He drove two shafts into the mountain
from the east about four-fifths of the way to
the summit, and water was encountered
plentifully as soon as the shafts were well into
the mountain. A heavy flow was speedily
secured at a point giving S00 foot' head,
and the cost was cstimated and proved to be
low. With this water the engineer drove his
electrical generating apparatus, and after
doing its work, the water was taken to irri-
gation ditches and used to wet the crops nlose
in to the east side of the mountains, while
the power generated was used to drive a large
number of pumps at numerous remote points
in the dry belt. This undertaking would
probably not have been justified save for the
high cost of coal and other fuel equivalents
($10 to $12 per ton).

The internal combustion engine was our
second alternative prime mover. For central
power station use, the internal combustion
engine is comparatively new. No one who
has studied the question doubts the enormous
promise of this prime mover. It has already
been developed to a highly efficicnt status for
relatively small capacities. The prepon-
derance of evidence seems to indicate, how-
ever, that the larger units are as yet somewhat
unreliable, occupy a large amount of floor
area, and are of disproportionally great weight
and high cost. They have not yet rcached
wide use for electric lighting purposes, but
they promise much in conjunction with gas
producer development. Wec shall not pursuc
this subject, because, frankly, I am not well
versed in it, and therc is not time, anyway.
to go into it in greater dctail. By the natural
process of logical or arbitrary climination,
this leaves us steam.

Under the gencral classification “Steam,”
we have three alternatives:

(1) The rcciprocating engine, belt or rone

connceted to the generator.

(2) The reciprocating engine, dircet con-
nected to the gencrator flexibly or
ngidly.

(3) The turbine, dircct ton!ncc}cd to thf.
generator, and constituting a unit
piece of apparatus with it.

The decision as to which one of these

alternatives shall be adopted is the first
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,
concrete problem to settle before going
forward with the steam generating station.

In considering these things, we have to
measure reliability, floor space, weight, effi-
ciency, first cost and maintenance. Efficiency
has been placed low in the list, not because
it does not belong high, but because it is so
largely dependent upon physical conditions.
Efficicncy and first cost fluctuate in first
importance, one up and the other down, as
the cost of fucl and labor is high or low and the
cost of money is high or low. Efficiency
literally and rclatively varies with the cost of
fuel and water for the boilers, and the avail-
ability and temperature of the condensing
water.

In reliability, the direct connected engine

and the turbine set are probably on a sub-
stantially equal basis, with a slight advantage,
if any, in favor of the turbine. Either
alternative has a material advantage over
the beltcd or rope drive sets as to reliability.

In considering floor space, we must give
attcntion to the cost of the building as well as
the land area required, which stated plainly
means the cost of real estate. This is of prime
importance in large cities where the price of
rcal estate is high. It is not of course, so
serious a problem in smaller towns. We must
also consider the cost of labor necessary to
transport and install the apparatus.

The threc alternatives rank thus in regard
to floor area:

Belted or rope drive sets .

Direct connected or recipro-
cating engines . 5

Turbo-generators

100% floor space

. 57.5% floor space
20% floor space

In the matter of weight we have to consider
freight charges, ease of handling, cost of
foundations and the cost of the permanent
cranes of the station. The relative weights
arc about as follows:

Direct connected scts 5 5 .

Belted or rope drive sets inclusive of
engine and generator . o g 003 weight

Turbo-generators a o 50% weight

1009 weight

You will note that the belt or rope drive
scts occupy a somewhat intermediate position.
This, however, is exccedingly variable, so much
so as to make it quite possible that in some
instance they would occupy a higher place as
to weight than the direct connccted sets.

The spced of the belted generator is, of
course, higher in substantially every case
than the speed of the dircct connected
sets.

In the matter of reliability the turbine is
the equal of the other alternatives, or better.

In the matter of weight the turbine is
materially preferable.

In the matter of floor space the turbine
is greatly preferable.

In the matter of first cost, belted sets are
generally cheapest, turbo-generator sets inter-
mediate, direct connected sets, except when
of very high speed with reduced reliability,
most expensive.

Thesc statements and figures are all based
on averages and vary materially in individual
cases.

Efficiency, as I have already said, is in a
considerable mcasure a question of fuel,
condensing water, the temperature of that
water, its value, availability, etc. Turbines
are at their greatest advantage at very high
vacuums. Under all conditions of continued
usc, the advantage lies with the turbo-
generator, but reciprocating engines var
widely. Well built turbines, properly usecf:
give efficiencies better than reciprocating
engines under all conditions of sustained
service, and these economies increase rapidly
as the size of the turbine is increased. Belted
sets may be safely eliminated from consider-
ation under the conditions that we are
discussing; they should be considered only in
connection with very small projects. Let us
remember, however, that nearly one-half of
the central stations in this country are belted,
a condition which must change sooner or
later—three thousand problems for the engi-
neer of tomorrow.

How many units should an average ccentral
station contain? Under average conditions
up to 1000 lw. total, three units of equal
rating are preferable. The “valley” to
normal load will be taken care of by one unit,
the normal to ‘‘average peak’ load by two
units, and all abnormal peaks (as during the
night before Christmas), by three units.
This installation, in the average plant, permits
of the reservation of onc unit as a ‘““standby,”
for use only when abnormal peaks exist, or
when repairs to other units become necessary.
Under these conditions it is possible to avoid
running the generators at low efficiency, that
is, at a low proportion of the full load.

The decision as to whether aiternating
current or direct current shall bo generated
in a station must now be reached. The
conditions governing this decision are depend-
ent upon the amount of energy to be dis-
tributed, the relative reliability of the
apparatus (a.c. or d.c.), the relative cost of
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operating, and the first cost of installation.
Where power is to be distributed over large
areas, tbis becomes a question of potential
rather than direct current versus alternating
current; but it is after all reduced to a ques-
tion of the character of current, because only
very low potentials are feasible in direct
current multiple distribution. This is due
to two reasons: First, incandescent lamps
are only made in low voltages (220 volts
maximum); and, second, because commu-
tation becomes difficult at high voltages.
We may safely assume that where the area
over which we are to distribute exceeds, say,
2000 feet maximum radius, it is practically
necessary to resort to voltages in excess of
those that are feasible for the direct current
service of incandescent lamps.

The first cost of a complete system depends
very largely upon the cost of fceder copper,
and as this varies inversely as the square of
the voltage at which power is transmitted,
the higher potentials (which means alterna-
ting current) are generally imposed upon the
central station as an unavoidable condition.
We must remember that there is always one
factor in favor of the direct current service;
i.e., copper depreciates less rapidly than
apparatus, and the investment in copper,
while initially high, is more permanent than
the investment in apparatus under most
conditions.

In the matter of reliability of operation,
both as to generating and subsidiary appa-
ratus, alternating current hassomeadvantage,
largely because of freedom from commu-
tation and its difficulties. The great recom-
mendation for alternating current, aside from
the economical distribution of power, is its
flexibility, enabling us to do a large number of
things at all sorts of voltages. Let us then,
decide to use alternating current in our plant:

The next question is one of frequency.
We have three common frequencies in the
United States and several others which are
not uncommon, as for example, 40 cycles, the
frequency in use here in Troy. Nevertheless,
40 cycles is not a common frequency through-
out the United States. Our common fre-
quencies are 23, 60 and 125 cycles. The
latter is the commonest frequency of carly
apparatus. It is made for light weight trans-
formers and light apparatus. In the early
days of the art, when high frcquencies were
not at a disadvantage, this frequency was
widcly uscd—today, a system having a

frequency of 125 cycles is generally considered
obsolete, for reasons presently to be ex-
plained.

Sixty cycles is now the common frequency
for lighting undertakings. Itis low enough
to make synchronizing casy, and is highly
satisfactory for induction and synchronous
motors. It is not too high to prevent the use
of rotary converters and is amply high to give
good light through incandescent filaments
without noticeable flicker.

Twenty-five cycles is the’ preferred fre-
quency for long distance transmission systems
as well as for railway generating systems.
It is peculiarly well adapted to the operation
of rotary converters. Twenty-five cycles
may well be considered the power distribution
frequency and 60 cycles the lighting frequency.
For lighting purposes, it has been contended
by some authorities that with 23 cycles there
is a certain ficker, which, while not observ-
able, is allcged to be fatiguing to the eye.
From a practical standpoint perhaps the most
important consideration in connection with
this question, is the frequency of eectric plants
in nearby towns. An engineer who is building
a new plant in the United States today is
undoubtedly building it within striking dis-
tance of some other plant or plants, generally
within reach of a half-dozen other plants.
The value of his property is destined to be
materially greater if his frequency is the same
as his neighbor’s. Sooner or later central
stations will be tied together for mutual
support; the smaller ones will disappear as
generating units and the larger ones will
assume the load. When this occurs, the
wisdom of the adoption of a standard fre-
quency will be apparent; the smaller concern
can then buy its power from the larger without
changing its subsidiary apparatus. The
plant with a special frequency is obviously
at a greater disadvantage then it becomes
an economic measure for it to purchase
current from a ncighbor.

Let us assume, that our plant will be a
60 cycle one, and that our voltage will be 2300.
This is the commonest standard voltage for
lighting projects and is sufficiently high ‘or
reasonably economical distribution over areas
not excecding two to five miles radius. The
determining of the operating voltage is a
purely physical question, dcpendent upon data
as to arca, density, and distribution of load.

(To be continued)
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SOME NOTES ON THE BEHAVIOR OF D.C. MACHINES*
(With Special Reference to Interpole Machines)
By P.Q.R.

Shunt Ficld Faults

In the case of a generator which is required
to be self-exciting there is only one correct
connection of shunt field terminals to the
armature busbars. If the machine be run with
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Fig. 1 Polarity of Interpoles in the Casa of 8 Generator

A\ g

Fig. 2. Polarity of Interpoles in the Case of s Motor
corrcct rotation and docs not build up, then
probably the shunt ficld is wrongly connected,
and should be reversed. Cascs often occur,
however, where the ficld is correctly connected
(especially when the machine is being run up
for the first time), and some half an hour will
cla; before the machine commences to
build up: or a machinc may build up with the
wrong polarity to be put on the station bus-
bars. The remedy then is not in reversing
the ficld conncctions (if this were done the
machine would no longer build up), but in
reversing the residual magnetism in the pole
picces by separately exciting the ficld from
some external source for a short time. With
a motor there can not be an incorrect shunt
ficld connection, because it is always excited
dircct from the line. The actual connection
determincs the direction of rotation.

* Reprinted from ELscraicas Excixzarixg, London,

Series Field of Compound-Wound Machines

A generator running at constant speed will
have its volts increased as load increases
when the series field is correctly connected,
and to obtain any degree of compounding it

is usual to insert a low resistance or
diverter in paralle! with it, which can
be adjusted for any value of voltage
desired. In this way drop in cngine
specd can be compensated for between
no load and full load as well as com-
pounding, and there is no drawback
to the use of a diverter, as is the
case with interpoles.

s With a motor a diverter in the series
field is rarely, if evcr, used; the drop
in speed due to the series tums can
be foretold accurately enough, and
there is always an allowance of 5 per
cent above or below rated speed with
any direct current machine. It is of
the greatest importance, however, to
be certain that the scries ficld is right
way when starting up for the first time,
cspecially in a variable specd intcrpole
machine. It would be safe in cither
casc to run the machine light first of

. all. Load should then be put on very
gradually, and if the speed tends to
rise appreciably, it is almost certain that
the scries field is reversed and bucks
the shunt field; and in that casc the

. machinc should be at once shut down.
The shunt ficld of a variable speed intcrpole
machinc is extremely weak when on top speed,
and the scrics field, if reversed, is sufficient to
wipe it out altogether, with the result that
the machine would cither race to destruction
or arc over between the brush studs, thus
blowing its own circuit breaker and possibly
shutting off the supply.

It is a common crror also to supposc that
the scrics ficld of a métor is wound to buck
the shunt ficld, thus slightly weakening the
shunt ficld on full load and keeping the speed
constant at all loads. Thesc diffcrentially
wound machincs are rarcly, if ecver, to be
found; the variation of 3 or 4 per cent in
sgccd between no load and full load of a good

unt motor is quite ncar cnough a constant
for all commercial purposces, and, morcover,
it appears to be forgotten that any machine
must nccessarily be some 3 or 4 per cent
higher in speed when hot than when cold, due
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to increase of shunt field resistance and
consequent weakening of field current.

Interpoles

The object of commutating poles or inter-
poles is to neutralize the armature reaction
at all loads, and thus leave the flux from the
shunt poles undisturbed as much as possible;
this will then allow of good commutation with
a fixed brush position at all current values.

In practice the whole of the line current is
carried round these poles, and the tums are
sufficicnt to produce from 1 to 1.5 times the
reactive ampere turns on the armature,
according to the air gap. The exact pro-
portioning of these parts is very important,
for if badly designed the commutation might
be even worse than if commutating poles
had not been supplied. These poles have
their winding always put directly in series
with the armature of the machine, and after
the connections hate once been correctly
made, they will be correct under whatever
conditions the machine is to work, whether
motor or generalor, or for either direction of
rotation, because for any reversal of current
in the armature there will be a corresponding
change of current and reversal of polarity in
the interpoles. The correct connection is
that which produces the polarity shown in
Fig. 1 for a generator and Fig. 2 for a motor.
The polarity is opposite in the two cases
because the reversal of the armature current
reverses the polarity of the interpoles.

Cases occur in which the ampere turns on
the commutating poles have too high a value;
then, instcad of rewinding new spools, the
device of inserting a low-resistance in parallel
with the interpole winding is resorted to, and
by corrcctly adjusting this resistance the
proper pereentage of the total current is
diverted through it, thus reducing the ampere
turns on the interpoles to the correct value.

This, however, is not to be recommended,
cespecially in cases where the load is fluctuating,
because the tums on the intcrpoles, being
wound on an iron core, possess a large amount
of self-induction which resists a rapid in-
crease of current round the poles. When load
then varies with a corresponding change in
current, during the change the sclf-induction
of the interpoles prevents a rapid change of
current round them, and for thc moment a
greater pereentage than normal passes through
the low non-inductive rcsistance in parallel
with them. The intcrpoles du not therefore
at all times corrcctly compensate the current

values of the armaturcs, which results in
sparking at the brushes. The difficulty could
only be overcome by winding the low resist-
ance mentioned above around an iron ‘core,
which should have approximatcly the same
self-induction as the interpoles; the current
would then be correctly proportioned between
them for all changes in value.
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Fig. 3. Diagram of Connections for Compounded
Interpole Machine

Fig. 3 shows the usual conncctions of
interpole machines; X, F, 4, L representing
the terminals on the connection board of the
machine. X serves as a tcrminal for the
equalizer bar, if one is required, in the casc
of a generator running in parallel with others.
F is the extremity of the shunt ficld, which is
usually connected to the rheostat in the ficld
circuit on the switchboard before being
joined to the other side of the line. .1 and L
arc the armature and line main terminals
coupled to the main switches, In the cascof a
motor the starting rheostat would be inscrted
between .t and the main switch. The point
1" is the connection of the interpole winding
to onc of the armature brushces; this is not
brought out to the terminal board. If,
thercfore, the interpoles were of wrong
polarity and required reversing (which would
be casily detected on starting up the machine
by the violent sparking when the brushes
were in correct position), the connections
could not be got at and the only way to
overcomnce the difficulty would be to rock the
brush gear onc pole-pitch forward, thus revers-
ing the armaturc rclative to the interpoles.
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In the case of a generator, this reversal of
the armature would necessitatc a reversal
back again of the interpoles and armature
together by interchanging X and 4 on the
terminal board, thus making the rclation be-
tween the armature and the shunt and series
fields the same as beforc, and allowing the
machine to build up. With a motor this rever-
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Fig. 4n. Parallel- Wound
Armature

Fig. 4. Serics-Wound
Armature

sal of the armature would reverse the rota-
tion; and to bring back the rotation to the
original, interpoles and armature together are
reversed by interchanging X and A.

Before considering the behaviour of these
types of machines, it must be thoroughly
understood at the commencement that brus
pusition is thc one all-important factor in
successful operation The commutating zone
of a compole machine is very nccurateli
defined, and the smallest alteration of brus)
position very greatly alters the character-
istics of the machines.

The electrical neutral must in the first
placc be arrived at. Perhaps the best method
is to find the brush position on which the
machines will run at the same specd as a motor
in both dircctions of rotation for the same
applied voltage. Circumstances will not
allow of this always, so the following me-
chanical method is morc common and can be
relied upon to have sufficient accuracy.
By rcfercnce to Fig. 4 for a series wound
armature, and 4a for a parallel wound arma-
ture, the whole thing is made simple. Any
armaturc coil is selected, and thc armature
is moved round until the slots in which the
coil is wound are symmetrical with respect to
the pole tips of a shunt pole. The commu-
tator segments to which the conductors in
this coil are connccted are traced out and the
brushes arc moved to lic symmctrically with
respect to these.  This brush position can be
confidently assumed to be very ncar indced
to the electrical neutral,

¢ Not the case with General Electric Machines.  Sce Editorial,

The actual influence which interpoles have
with different brush positions is very well
illustrated in the following example: The
machine under test was a 500 kw., 500 volt,
1,000 amperc generator, with interpoles but
no series field. It was desired to run the
machine on dead short-circuit with 1,000
amperes flowing. The only resistance then
in circuit was that of the armature and inter-
poles, and it was found that with brushcs
on the electrical neutral the residual magnet-
ism in the shunt poles was just sufficient to
produce a voltage which caused 980 amperes
to flow through the armature. \Vhen three
segments forward lead were given to the
brushes, the 980 amperes above were reduced
to 40 amperes.

*Very often in practice, on the other hand,
backward lead is purposely given to the
brushes of an interpole generator when com-
mutation will allow it; because then the
interpoles are helping the shunt poles, and
less shunt field current*is requircd for any
given voltage. Again, with a motor, where
commutation will allow it, quite an appreci-
able alteration in speed can be obtained by
alteration in brush position; but interpoles
arc not supplied very often except with
variable speed motors, the regulation of
which is obtained by means of resistance in
the shunt field. Brush position is then very
important, since other difficulties arise on
high speeds which dcfinitely fix the position
of the brush gear; but these considerations
will be dealt with later. ,

The difficulties in interpole generators are
not very great. Sparkless commutation can
be obtained with the brushes varying as much
as two or three commutator segments; the
only item which determinesa fixed brush
gosztion is when thc machine is required to

ave a certain degree of compounding. The
distance of the brushes from the electrical
ncutral materially affects the amount of
shunt field current for a given voltage, hence
it will be at once seen that therc is only one
brush position at which the compounding
at all loads will be that desired.

With interpole motors the case is different.
It might be that the motor is required to be
reversible; this at once determines that the
brushes must be on the electrical neutral.
It might bc that it must run at greatly
different specds, the extreme values of whic
could have a ratio of 5:1; or the speed on no
load must be higher than that at full load, or
vice versa. For all these cases the interpoles
require great accuracy in design to secure

-
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good results. The iron forming the pole-core
should not be more than half saturated when
full load current is flowing so that the flux
produced is in direct proportion up to con-
siderable overload of the current, and thus
fully ncutralizes the armature reactions at
all loads

Parcentage Rated Spead
g

Fig. $. Speed Characteristica of Interpole Motor
(3) Briwbes in Neutral Position
(I1) Bruahes Given Half a Segment Forward Lead

*If possible, an interpole motor is run with
its brushes on the neutral, but in many cases -
when the machine become hot there
nll;'lfht be a slight tendency for it to surge on
full load, or, if not on full load, perhaps on
50 per cent overload. Besides this, the
influence of the interpoles on the main field
is such that the speed on full load and overload
might be even higher than on no load.

Any tendency for the speed to risc on load
should be remedied, because on some overload
or other the machine is almost sure to surge
considerably, and in the event of a heavy
overload for a short period at any time it will
be damaged, due to the extremely heavy surg-
ing current values or to its racing to a danger-
ously high speed. The only remedy for this
difficulty is to give the brushes, say, half a seg-
ment forward lead (but this, of course, can not
be done when the machine is reversible). The
interpoles ought to allow of this and still give
%q:nldess commutation if well designed.

e additive action of the interpoles to the
shunt field then keeps down the spced and at
the same time keeps the field strong cnough
to prevent surging. Perhaps even in this case,
if the speed at full load was lower than on
no load, on 25 per cent overload the speed
might still be higher than on full load. The

© Not thecase with General Electric Machines. See Editorial.

machine has not necessarily a drooping char-
acteristic at all loads; hence it is worth while
to insure that the speed on 50 per cent over-
load is going to be very little higher, if at all,
than on no load. The speed characteristic
of an interpole motor of 600 volts 40 h.p.,
800 r.p.m. is shown in Fig. 5. Curve I shows
the speed with brushes on neutral position,
Curve II with the brushes given half a
segment forward lead. A good machine
would usually allow of one segment forward
lead being given to the brushes before
sparking commences.

*A much simpler way out of the above
difficulty is to supply a series winding, so
that as load comes on the machine the series
turns help the shunt field and keep down
the speed and at the same time the machine
is perfectly stable. This is done in every case
with a reversible motor, in which the brushes
must necessarily be fixed on the neutral.
In the latter case the shunt field and series
field are in
supply line gh the main switches, of
course, and the interpoles and armature
together are brought out to the reversing
controller. With variable speed motors the
value of the shunt field current on the highest
speed is very small, and in many cases in
which a series winding is employed as well,
the machine would safely run on top speed
without any shunt field at all.

When a series winding is not employcd the
safety of the machine depends on this small
value of shunt field current.

The connecting cables from the various
terminals of the machine are often threaded
in any manner through the frame between the
spools, when really this sim’lgle thing is a very
important consideration. These cables cang'
the full load current of the machine, and,
lying as they do adjacent to a shunt spool,
they are equivalent to half a turn practically
round the spool. The influence of that
number of ampere turns on the shunt spool
when it is itself very weak is very considerable,
and the result is that brushes collecting from
conductors under its influence spark quite
appreciably when all others arc perfectly
sparkless; there might be increasc or decrcase
of shunt field strength, but certainly there is
bad commutation. Cables of this sort should
always pass between the spools in pairs, in
which current passes in opposite directions.

In conclusion, a word mught be said about
the heating of such machines. In the first
place the size for a given output has been
reduccd to a minimum and the space available

rmanent connection to the .
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is so well utilized that ventilation suffers
considerably. It is safe to say that a machine
whose output is limited by temperature will
operate practically sparklessly at 25 per cent
overload and, take 50 per cent overload for
short periods without undue sparking. In
many cases, too, the output can be consider-
ably increased by the addition of a small fan

on the armature shaft to aid ventilation, and
by so doing the advantage of decrease in
cost for a given output far outweighs
any small loss in cfficiency. In fact, cascs
often occur where, after the addition of a
small fan, the efficiency is actually increased,
due to the greatly reduced copper losses in
the machine at the lower temperature

COMMERCIAL ELECTRICAL TESTING
Part XII
By E. F. CoLLiNs
TRANSFORMERS—Cont'd.

Core Loss snd Exciting Current

When a transformer is connccted to a
source of altcrnating current, a loss of energy
takes place in the iron, owing to cyclic
reversals of the magnetic flux. This loss of
cnergy is known as the corc loss; its value
depending on the wave form of the impressed
com.f, a peaked wave giving a somewhat
lower core loss than a flat wave. It is not
uncommen to find alternators giving such a
peaked waveform that thecorelossobtained on
transformers cxcited by them is 3 to 10 per
cent less than that obtained on the same
transformers when cxcited from generators
giving a truc sinc wave. On the other hand
some generators give a very flat wave form,
so that the corc loss is greater than that
obtained when sinc wave is used. The core
loss test is similar to the impedance test,
cxcept that voltage is appliced to onc winding,
the other being left open circuited. Voltage
should always be applied to the low potential
winding in order to avoid placing meters in
high potential circuits. Core loss should
always be taken from a sinc wave alternator
and transformer conncctions made so that
the alternator is operated at normal cxcitation
when normal potential reading of core loss
is taken.

To make this test, estimate the capacity
of the meters required, connect the ammeter
in circuit and take a preliminary reading of
exciting current to show what meter capacity
is required.  Be surc to place the high tension
leads so that no onc can come in contact
with them and that there is no danger of
short circuit. The instruments should be so
placed that they have no influence upon onc
Enlt:;hcr, and arc not affected by any stray

cld.

A core loss curve should be taken, starting
at 50 per cent of rated potential and incrcas-
ing the voltage to 23 cent above normal.
To do this, hold the frequency constant and
vary the voltage, taking simultancous rcad-
ings of the excitation amperes and watts
core loss. Do not plot the curve as cach
rcading is taken, but as soon as all arc
finished. If the curve is not smooth, repeat
the test.  The curve will be more satisfactory
if meters can be so selected that no change in

-them is nccessary throughout the curve.

Record all meter numbers, their constants
and date of calibration, temperature of iron,
and numbers and ratios of potential trans-
formers or of multipliers. Wherever possible,
usc the wattmeter without a potential trans-
former or multiplicr, by connecting the
transformer for the lowest potential, as this
will give more reliable results:

When the normal voltage of both windings
is above 5000 volts it is oftcn more satisfactory
to take core loss indircetly; that is, to read
input into the sccondary of a transformer used
to step up to the voltage of the transformer
in test. This step-up transformer should
have its ratio, resistance and core loss carc-
fully measured. .

Connect the primary of the step-up trans-
former to the sccondary of the transformer in
test, putting a low reading ammeter in
circuit to rcad the cxciting current. Read
volts, watts and amperes in the sccondary of
the step-up transformer as usual. In cal-
culating the actual corc loss, subtract the C*R
and corc loss of the step-up transformer from
the total wattmeter reading. While this
method has its disadvantagcs, it is almost as
accurate as that of using a potential trans-
former of large ratio and a current transformer
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and is certainly much safer. Connections for
this test are shown in Fig. 48.

Parallel Run

The discussion of the parallel test is given
here rather than under the heading of ““ratio”
or “polarity,” because the heat run is the
next test, and cxcitation voltage must there-
fore be provided.

Having previously tested the ratio and
polarity on one¢ of the transformers of the
group, the parallel run can be made and the
polarity of the others checked with the one
tested; also the ratio of the remaining trans-
formers. If the transformers differ in ratio
by one-tenth of 1 per cent, the fact will be
shown in the parallel run, because the test is
made at the full potential of the transformer.
If a transformer is onc turn out, a differcnee
of voltage between the two transformers of
from 15 to 40 volts will be shown, depending
upon the size of the transformer. This
potential gives quite a spark and the exact
amount of voltage difference may be deter-
mined by connecting a voltmeter bctween the
two transformers.

The connections for the parallel run are
shown in Fig. 49, No. 2 bcing the standard
transformer—the one on which polarity and
ratio have been taken. Only two transformers
must be conpected at the same time, for if
voltage is on the cntire set, there is more
danger of some one coming in contact with
the primary leads. Connect two of the
transformers as shown in Fig. 49, making one
side of the primary connections permanent,
and arranging the other side so that the circuit
may be completed with a small fuse wirc of
not over 3 amperes capacity. One cnd of this
fuse wirc should be carefully fastened to one
end of a clean dry stick about two feet long.
Closc the secondary switches and by touching
the frame of onc of the transformcers with the
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Fig. 48

Connections for Core Loss Test

fuse wirc, determine whether voltage is on the
transformer; a small spark indicates that the
transformer is excited. Now ecxcite the

alternator, gradually bringing it up to normal
potential. As soon as field is applicd to the
alternator, the man handling the fusc wire
should begin tapping its loose end on the
primary terminal of the other transformer;
if no spark is seen the transformers will
operate in parallel. If a small spark appears,
connecet a voltmeter in series and read the

Fii v M
LWt Primary
— ~‘,‘WW\,WVj Secondary

Nerma/ ] ‘ o
Secondory : AW + Primary
ol ogé& ] el 2
MWW seconaary
Fig. 49
Coanections for Parallel Run

difference of voitage with normal potential
on the transformers. If this voltage is more
thanonec-fourthof 1 percentof therated voltage
of the transformer, the wrong coil should be
located and corrected. Instead of reading the
voltage, the cxchange current may be read by
connccting an ammeter in the circuit instead
of the voltmcter. This current should not
exceed 5 per cent of the normal current.
Continue the parallel tests as above, until
all the transforincrs have been run in paralicl
with the onc sclected as standard.

If the transformer has two circuits that may
be operated cither in series or parallcl, the
parallel test should be made by connccting
together the corresponding ends of thesc coils
on onc side, completing the circuit by means
of fuse wirc and applying {ull potential to the
other winding of the transformer. It is just
as cssential that the coils of a transforiner
operate satisiactorily in multiple as that two
transforiers so operate.

Normal Load Heat Run

The heat test may be conducted in several
ways, all of which are designed to approxi-
mate as ncarly as possible the operating
conditions of the transformers. A run with
actual load might be made by using water
rheostats, but as this would be very expen-
sive, some form of motor-gencrator method
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should be used. Fig. 50 shows the connections
for testing two transformers by the motor-
generator method. The secondaries of both
transformers are conncected in multiple and
then connected to an alternator which sup-
plics the core loss and exciting current. The
primarics arc connected in series, opposing
cach other; if the transformers have the same
ratio, the voltage from .l to B will be zero.

-—
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Secondary
Vol/tage

Fig. S0
Connections for Heat Run

The secondary of an auxiliary transformer
D is connected in scries with the primaries of
the transformers in test. Alternator E con-
neeted to the primary of transformer D
supplies the copper losses. The same method
may be used for any cven number of trans-
formers, but it is not advisable to run more
than six at onc time. Fig. 51 shows con-
nections for the heat run on three trans-
formers, the primarics and sccondaries of
which are connccted in delta.  Across onc
corner of the dclta, impedance voltage is
impressed for the three transformers con-
ncctedin series.  The current circulates within
the delta and is entirely independent of the
secondary voltage.

The two methods outlined above require
only sufficient power to supply the losscs.

In arranging for the heat run, sce that the
alternators and transforiners arc of sufficient
capacity to carry the load; the current
necessary to supply the iron losses bein,
equal to the sum of the exciting currents o
the transformers. If the transformers have
scveral sccondary coils, connect them in
scries so that when the heat run is completed
no time will be lost in making connections for
measuring hot resistance. The alternator
supplying the corc loss should operate at
normal cxcitation; the voltage required to
supply the load current being equal to the
impedance voltages of the transformers.
If there is more than one primary, arrange
to run them in scries if possible. If the

transformer is to have a 50 per cent overload
test, add 50 per cent to the voltage already
obtained.

Shop transformers should always be inter-
posed between the primaries of the trans-
formers in test and the alternators to prevent
the breaking down of the armature and to
avoid high potentials on the switchboards.
“Step” the voltage either down or up, or
down and up again, depending upon
circumstances; but always have trans-
formers between the alternator and
the primaries of the transformers in
test. Having made connections,

one coming in contact with the wir-
ing; then sce whether the proper load
and overload can be obtained. There
should be some resistance left in the
ficld of the alternator so that as the
alternator fields and the winding of
the transformers heat up, the load
can be kept normal.

Place spirit thermometers in the
top of each transformer to rcad the tempera-
ture of the air escaping from the coils. Two
thermometers should be used for the primary
and two for the sccondary windings, placing
them about oneinch above and just over the
ducts between the coils. Also, place two
thermometers on the core to read the tem-
perature of the iron, onc near thé¢ top and onc
near the bottom, and two thermometers to
read the temperature of the air escaping from
the iron. The transformers can now be loaded.
With the alternator running at proper speed,
the total exciting current of the transformers
should be read and the secondary voltage
can be checked.

Air blast transformers arc usually run at
full load for 50 minutes without air, in order to
heat them up and thus shorten the heat run.
Some transformers can not be operated for
more than 20 minutes without air and they
must be carcfully watched to sce that they do
not get too hot. ‘After the air blast is put
on, it is usually nccessary to keep the iron
damper closed for some time to allow the
corc to heat up, as the copper heats much
faster than the iron. The amount and pres-
sure of air required depends on the guarantees
as to tcmnperature and to some extent on the
voltage of the transformers. The large
amount of insulation on the coils of high
voltage transformers tends to retard radia-
tion.

If transformers are guarantced for a
maximum temperature risc of 40° C. at

C)f place a man on guard to prevent any

Pu—
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normal load, and 53° C. rise after a 23 per
cent overload for two hours, the air should
be adjusted to give about 353° risc on the
copper and 40° rise on the iron. If the iron
seems too hot, increase the air pressure,
partially closing the top damper; if the copper
is too hot, increase the pressure and partially
close the lower damper.

If the transformers are guaranteed for a
maximum rise of 35° C. at normal load and
53° rise after 30 per cent overload for two
hours, the air should be adjusted to give
about 30° rise on the copper and 35° rise on
the iron. These adjustments should be
carefully made during the first
hours of the heat run.

YWhen properly adjusted the
transformers should run about
four hours at a practically con-
stant temperature. Place the
thermometers for measuring the
room temperature near the intake
of the blower so as to get the tem-
perature of air delivered to the
transformers. Read all thermom-
eters and take the resistance on one
winding of each transformer every
hour. Iron temperatures may be
read while the transformers are
under load, since the frames are
grounded. If primary leads are
brought out at the top of the
machine, the voltage should be cut
off when taking other readings; if,
however, the transformers are bottom con-
nected, the temperatures may be read while
the machines are under load. If it can be
avoided, do not change the position of
thermometcrs when taking readings.

When rcady to measure resistances, shut
down the blower, take off the load and
measurc the resistances as rapidly as possible,
50 as not to allow the transformers to cool of.
One minute per transformers should be ample
time for these readings. The rise by resistance
is caleulated as follows:

] = Cold temperature of coil.
T =Hot temperature of coil.
R, =Cold resistance of coil.
R, =Hot rcsistance of coil.

T -(zas+z)%’- 235,

T —t=Risc in degrees C.

During the hcat run a car-iul inspection
should be made for loosc laminations. If any
transformers are found that rattic or buzz,

. normal current to the

duc to loosc iron, they should be plainly
tagged and a chalk mark madc on the corc
as near as possible to thc point at which
buzzing was heard. The heat run and other
tests should now be finished, except the
double and high potential tests, which nust
always ba taken after all repairs are
made.

It somctimes happens that the iron casings
are loose, causing them to rattle. Tighten up
all the screws, and if this does not stop the
noise, strips of felt must be placed between
the sheet iron casing and the cast iron corner
castings, cap and base. If this defect is
= :'J 7o Arcernator
Vi 2 Supplysng Copper

I cosses
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Flg. 51
Comnections for Heat Run

discovered during the first part of the heat
run, it should be repaired before the heat run
is continued; if not, repairs will be made
directly the heat run is finished. After such
repairs, always apply full voltage at normal
frequency to see i(y the trouble has becn
remediecd.  If a motor-gencrator method
can not be used. the copper and iron heat runs
may be taken separately.

To make a short circuit heat run, short
circuit the sccondary windings and apply
rimary. When this
test is finished and the hot resistances taken,
open-circuit the primary, arranging the
primary leads so that there is no danger of
any onc being injured, and n];:ply normal
vol{agc at proper frequency to the sccondary
until the iron tcmpcratures arc constant.
Finish up the tests as if the heat run were
taken by the motor-gencrator method. The
same amount of air will be required and the
heating will be practically the same as though
both iron and copper were loaded at the same
time.
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At the end of the heat run mcasure all
resistances carefully and read the thermom-
eters. The same care should be uscd as when
taking cold resistances, and if any set of
readings indicates a doubtful increase of
resistance, the readings should be checked,
using a different set of meters. If the work
is properly conducted, ten minutes is ample
time to take a complete sct of resistance
readings on four transformers. A careful
inspection of all soldered joints should be
madc to sce that there is no undue heating.

When no overload is specified, the trans-
formers must be run for 20 minutes at 30 per
cent overload current to test soldered joints.
This test follows that of hot resistance.

Overload Heat Runs

This test is ordinarily limited to two hours
and is taken as a continuation of the normal
load hcat run. Engincering instructions
should always specify the overload tests
required,

ransformers arc sometimes designed to
run continuously at overloads, or may be
guaranteed to operate at a certain kilowatt
output at some power factor less than unity.
Overload heat runs should be very carcfully
watched, particularly those of short duration.
Special attention should be given to the
length of the run, as the temperatures often
rise very rapidly. At the finish of the heat
run, record all temperatures and measure all
resistances.  The same air pressure should
be used for the overload as for the normal
load.

Insulation Test—Double Potential Test

In this test, as well as in the core loss and
impedance test, the alternator supplying the
voltage should be operated at as near normal
voltage as possible, 50 as to avoid distortion
of the wave forn. Double potential is
applicd to test the insulation between turns
and between scctions of the coils. Since it is
impossible to obtain double voltage on a trans-
former at normal frequency, due to high
density in the iron, the frequeney must be
incrcased. Apply twice the normal voltage
for onc minute, followed by one and onc-half
times normal voltage for five minutes. The
last test is taken in order to discover any short
circuits that inight develop during the double
potential test, and yet not beecome apparent
in the short time that the double potential is
applicd. The primary bushings should be
cleancd before the test and the transformer

guarded to prevent accidents from the high
voltage circuits. Any buzzing or leakage of
current should be noted.

In applying and taking off the high poten-
tial, vary the alternator field gradually; that
is, do not open the field switch with a jerk, for
if this is done trouble is very likely to occur.
As soon as this test is taken, make the proper
comments on the test sheet.

In case a transformer breaks down, the
defcctive coil should be located and plainly
marked. Then, in disasscmbling the machine,
the coil can be easily found and the causc of
the defect ascertained, thus preventing a
repetition of the breakdown.

Air Readings

The method at present used is to read the
velocity of the air through a standard orifice
by means of an air mcter. Knowing the
velocity and the area of the orifice, the cubic
foct per minute can be casily calculated.
A large box with an opening in the bottom
should be held against the transformer, using
a small piece of felt as packing and being
carcful to allow no air to cscape. The size
of the orifice should be noted, and the time
that the air mcter is allowed to run.  Always
record the reading in cubic feet per minute.
The air rcadings are to be taken with the
dampers in the same position that they
occupicd during thce heat run, and at the
same air pressure.

High Potential Test

The application of a high potential to the
insulation of a transformer is the onfy mcthod
for determining whether the diclectric strength
is sufficient for continuous operation. Me-
chanical cxamination amounts to little and
mcasurcment of insulation resistance iscqually
valucless, since insulation may show high
resistance when measured by a voltmeter
with low voltage, but offcr comparatively
little resistance to the passage of a high ten-
sion current. ’

The insulation test which should be applicd
to the windings of a transformer depends
upon the voltage for which the transformer
is designed. The voltage to be applied should
always be obtained from standing instructions,
or{rom cnginecringnotices. Intestingbetween
the primary and the corc or the sccondary, the
secondary should be grounded for the following
reasons: In testing between one winding and
the core, a potential strain is induced be-
tween the core and the other winding which
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may be much greater than the strain to
which the insulation is subjected under
normal operation, and thercfore greater than
it is designed to withstand. In testing be-
tween the primary and the core, the induced
potential Detween the secondary and core
may be several thousand voits, and the
secondary may thus be broken down by an
insulation test applicd to the primary under
conditions which would not exist in normal
opcration. During the test, all primary
leads, as well as all secondary lcads, must be
connected together. If only one terminal of
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Fig. 52
Curve of Arc Distances

the transformer winding is connccted to the
high potential transformer, the potential
strain may vary throughout the winding, and
at some point may even be greater than at
the terminal of which the voltage is applicd.
Under such conditions, the rcading of the
clectrostatic voltmeter or the arcing across
the spark gap affords no indication of the

insulation strain. Indications which arc best
lcarmmed by experience reveal the character of
the insulation under test.

The charging current of a transformer
varies with its sizc and design. The current
may bc measurcd by means of an ammeter,
placed in the low potential circuit of the
testing transformer. It will increasc as the
voltage applicd to the insulation is increased.
Inability to obtain the desired potential across
the insulation may be due to large clectro-
static capacity, or to the inability of the high
potential transformer to supply a large
capacity currcnt at the voltage desired. A
breakdown in the insulation will result in
a drop in voltage indicated by the clectro-
static voltmetcr. An excessive charging
current will flow and the insulation will burn
if the discharge is continued for any length
of time.

For any test above 10,000 volts always use
a spark gap, setting it according to the sine
wave curve of arcing distances (Fig. 52).
Use a new set of needles each time. Connect
both ends of the primary winding to one
terminal of the high potential transformer
and ground both ends of the secondary to the
core and frame, connecting the other terminal
of the high potential transformer to the
frame. Sct the spark gap for the voltage
to be applied and conncet in the proper
electrostatic voltmeter. Be sure that every-
thing is clear, then apply the voltage, bringing
it up gradually until the gap arcs over. Then
decrease the voltage until the arcing ceascs
and again bring it up just to the arcing point,
holding this voltage for one minutc before
gradually taking it off. A note of the charging
current should be made on the record sheet.

When a t-ansformer breaks down, the
defective coil should be located by making
it “smoke up.” In doing this, burn only
enough to show the coil. If much damage is
done by smoking it may be impossible to
discover the causc of the break-down.

(Ta be rontinned)
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THE STEAM TURBINE
Part I1
By Dr. ErnsT J. BERG

The first turbine of the impulse type had
but a single wheel, and while this design has
been used extensively, its principal drawback
lies in the fact that its efficient speeds are far

Fig. 1

higher than can be used to advantage without
the introduction of gearing.

To convince you of the correctness of this
statcment, we will proceed to determine the
rclations between stcam velocity and avail-
ablc energy.

We have obviously,

1% Al =available cnergy;
2Xavailable cnergy;

M 8
or since the mass M = LR \\'C‘lght._ —

¢ acceleration,

we get, if the available cnergy per pound of
stcam is given:
3= 2% 32,2 Xavailable encrgy,
v=S8/available energy.

We have shown beforc that if saturated
steam is cxpanded from 1735 lbs. to 28 in.
vacuum, the available energy per pound of
steam is 233,000 ft. 1bs.; thus, the velocity of
the stcam as it enters the condenser would be,

v=8\/33T 000 = 4020 feet per second

If the stcam were expanded to atmospheric
pressure only (when the available cnergy is
139,500).
the velocity would be v=8v/139,500 = 2990,

thus t?e=

or

Thus in the first case the steam velocity
is about twice as great as that of a modern
rifle ball; in the latter case, fifty per cent
greater.

If the buckets revolve at one-half
the velocity of the steam, the relative
velocity of the steam in the buckets
is one-half the absolute steam speed.
Since, however, the bucket is moving
at one-half of the original steam speed,
it follows that with a relative velocity
of one-half and a bucket vclocity of
one-half, the absolute velocity of the
steam as it leaves the bucket is
zero; thus all velocity has been
converted to mechanical work.

Since it is a little difficult to sce
just why the bucket velocity should
be one-half of the steam velocity, it
may be well to also explain it in
another way.

If the buckets stand still, then the

steam, entering at say 2000 ft. per
sec., would recoil with a speed of 2000 ft.; if
the buckets move at a speed of 500 ft. per
sce., the steam would hit the bucket at 1500 ft.
It would recoil from the buckets at that speed

‘but, since during the recoil the buckets arc

moving at the rate of 300 ft., the remaining
velocity would be only 1000 ft. per sccond.
If the bucket spced had been 1000 ft., the
entire velocity would evidently have been
converted into mechanical cnergy. In a
turbine, however, the steam docs not enter
in a direet line with the dircction of the
motion but, for reasons of construction, there
is a certain angular difference.  The angle
between the nozzle and the bucket is usually

The “entrance” angles, 87, (Fig.1,) depend
upon the relation between steam speed and
bucket speed, the higher the bucket speed in
relation to the stcam speed, the blunter the
angle should be in order that the steam may
enter without shock—and at the same time
not hit the back of the buckct. For this
reason, we notice that in the second wheel
of a two-wheel combination, where there is
fittle difference between the steam speedd and
the bucket speed, the cntrance angle is
nmuch larger than in the first wheel, where
there is a great difference between the
velocitics.
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The *“leaving' angles, 3,8, depend upon
the oginion of the designer; the smaller these
are, the more the energy that can be abstract-
ed, but the higher the buckets will be to pass
a given amount of steam. The rotation loss
is therefore greater, which fact is evident,
since with small angles the steam path is
Ereatly restricted, as may be seen from the

gure below.

Through very careful construction the
single stage turbine has bcen opcrated at
bucket speeds as high as 1,400 fect per second

/7174

\\:\‘\\

(turbines of other designs do not, as a rule, go
to higher speeds than 500 fect). It is of
interest to all what efficiency could be
expected at that speed.

Assuming, then, a speed of 1,400 feet, a
nozzle loss of § per cent in energy, a lossin the
wheel of 10 per cent of the velocity, a nozzle
angle of 20°, and a leaving angle of the bucket

loss in the wheel 14 my?— 14 mp?=
2 ~ 23502
2T 25T o 20,600 ft. 1bs.
2
and the rejected energy, 14 mo? = ‘::}32 -
28,800,
making a total loss of 62,050 foot 1bs. There-
fore the bucket efficiency corresponding to
indicated efficiency with engines is:
190,930
233,000

=75.5 per cent.

’

To overcome the difficulties connected
with high rotational and linear speed, such
as are necessary for good economy in the
single stage turbine, Curtis introduced the
multi-stage type and the use of two or more
wheels in each stage. This type can most
readily be understood by considering each
complete turbine as made up of a number of

of 30°, we get the diagrams of Fig. 3, which
represent the steam and wheel velocitics
when the stcam enters and lcaves the bucket.

A-B is the velocity of the steam as it leaves
the nozzle. It is,

7=8v/0.93 X 253,000 = 3,920 feet.

A-C is the bucket speed = 1,400 fect.
B-C is thercfore the relative velocity of the
steam as it enters the wheel and is cqual to
2,645 feet. The relative vclocity of the
steam as it lcaves the bucket is, according to
the loss assumption, 2,380 feet; therefore the
velocity of the steam as it is rcjected into
space is 1,362 fect.
Under these assumptions, we havc:
The loss in the nozzle = 0.05 X 253,000 = 12,650
foot Ibs.;

smaller turbines placed in series. The
pressure distribution is governed by the size
of the exhaust opening in each section, which
opening, as a rule, forms the nozzles for the
next section.

Depending upon the pressure in cach stage,
the work per stage varics. With the same
work per stage, in a five-stage turbine operated
with initially dry saturated stcam at 175 lbs. |
abs. pressurc and 28 in. vacuum, the available
cnergy of cach stage should be:

93
233,009, 50,600 foot Ibs. per 1b.

The shcll pressurces corresponding to this
available cnergy are 73 1bs,, 30 lbs., 11 Ibs,,
3.8 lbs., and 1 1b. abs. for the first, sccond,
third, fourth and fifth stages respectively.
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Thus, for instance, in the nozzles leading to
the first stage the steam is cxpanded from the
initial pressure of 173 lbs. abs. to 75 lbs. abs.
Neglecting any losses in the nozzles, the
steam velocity (which obviously is the same
in all stages) as it lcaves the nozzle is then:
$v/50,600 = 1,500 fcet per sccond.

Two .wheels running at 430 ft. per second
would thus abstract all the energy in the
steam.

The size of the nozzles and the cxpansion
ratio is governed by the flow of steam through
orifices.  As long as the pressure at the nozzle
end is less than S per cent of the initial
pressure and the steam is dry and saturated,

Napicr's law, F= P:;—(l)

o

60 3
which closcly agree with observed valucs.

Of the two laws, Grashof’s scems preferable,
at lcast at low pressures, when Napier’s law
gives values of flow somewhat smaller than
those actually obtained. For instance, the
two laws agree within about 2 per cent for
pressure ranges from 80 to 200 Ibs., but with
a pressure of 15 1bs., Napicr’s law gives values
iab«.mt 7 per cent low and at 5 1bs. 11 per cent
ow.

Napicr’s law has the great advantage of
simplicity and is thereforc preferable if a
constant is applied, which depends upon the
initial pressure.

or Crashof’s law, F= gives results

[ k
Fe=h3p
Where:
F=flow of saturated steam in lbs. per
sccond.

p1=initial pressure in 1bs. abs.
a,=throat area in squarc inches.
k= constant = 0.993 for =200 lbs. abs.
- for p1=175 lbs. abs.
=1.01 for py=120 Ibs. abs.
=1.02 for py= 85 lbs. abs.
=1.03 for py= G2 lbs. abs.
=1.04 for py= 47 Ibs. abs.
= 1.06 for py= 23 lbs. abs.
=1.08 for py= 13 lbs. abs.
=1.12 for pi= 3.5 Ibs. abs.
The flow with superheated steam is reduced
6.5 per cent for cach 100° Fah. Thus the
cquation becomes:

P p.‘-';tf (1 ~.00063 1)

where ¢4, is the number of degrees superheat.
With moist stcam the flow is increased

approximately inversely as the square root
of the quantity x.

Thereforc the general equation of steam
flow when py=38p,, whether the steam is
superheated, saturated, dry or moist, can be

expressed by:
Fo p ik (100005 1)
b evE
Example:
Initial pressure, p, =100 lbs. abs.
Final pressure, p, =50 lbs. abs,
Superheat, £,=100° F.
Arca, a;=1 square inch.
Wec have
then: £=1.015, and x=1.
Thus: Fol00X1X1015X0935

70
1.35 lbs. per sec.
and with stcam of 3 per cent moisturc the
flow would have been:

100X 1X1.015
--—-'TW— =1.48 1bs. per sec.

When the difference of pressure is less,
that is, when $;>>0.58 p,, the flow through a
given orifice is less than that given above and
changes with the shape of the nozzle.

Grashof gives the following formula for
saturated stcam:

Fors g:"’xn.k._
60
Where k,=1 for %=O.5S
1

=0.9 for ?-o.m

1

=0.8 for t;—‘-o.sa

1
=0.7 for 2= 0.58
2

=0.6 for 22=0.915
P

=0.5 for £2=0.015
h

=0.4 for 2120035
h

=0.3 for %’-o.ssa

1

This formula has been verified by Guter-
muth when a non-cxpanding nozzle was used;
however, with a nozzle having expansion
he found the flow to be somcwhat greater.

ITaving dctermined the volume of the steam
from the tables and its velocities in the various
paths, we can rcadily proportion the actual
dimensions of the buckets.
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The nozzle throat area, that is, the smalicst
area of the nozzle, is found from the equation
of the flow of stcam.

The largest arca of the nozzle, or what is
equivalent, the expansion ratio, is also
determined from the same equations, taking
account, of course, of the fact that a consider-
able part of the steam is often converted to
water by the expansion in the nozzle, and
therefore the area is less than would be the
case if the exhaust were dry.

The relation between bucket efficiency and
bucket speed can best be shown by Fig. 4,
where the bucket efficiency is plotted against

Referring now to Fig. 4 if there were no
rotation losses, the maximum cfficiency of
the turbine could be expected to be 75 per
cent and the efficiency of the complete unit,
including generator, say 72 per cent.

This figure has not, however, been reached
at the present time. A combined efficiency
of 68 per cent is as high as can be claimed by
any manufacturer.

The rotation loss is often of considerable
magnitude.

This loss is proportional to the third power
of the linear speed, that is, the bucket speed.
It is practically proportional to the square of
the diameter and directly pro-
portional to the absolute pressure.

As rotation loss formulx are
very different with different types
of turbines and arrangemcnts of
buckets and diaphragms, no gen-
cral equation can be given, but
differcnt constructions demand
different constants.

For a two wheel combination
a fair approximation can be ob-
taincd as follows:

AN
K11'=0.0003 ?(ﬁﬁ) m

Where Kil"=kilowatt loss,

20—+ 1 4 p =absolutc pressure in
[ the stage,
SO— | ¢ e #  =bucket spcgd feet
i_;Ll__l__l__L 1 1. . =  per sccond,
90 72 74 16 78 20 22 24 26 26 w0 32 H D =diameter at bucket
i Buhet Jooed | Bucket S in fect.
Steom Speed & Ava, nergy As an instance, the rotation loss

Fig. 4

the ratio of bucket speed to theoretical stcam
speed.,

It may seem strange that with a two wheel
combination the maximum efficiency is reach-
ed when the speed of the buckets is 28 per
cent of the steam speed, since even if there
were no losses in vclocity or encrgy, all speed
could be abstracted by a two-wheel com-
bination at a bucket speed only 25 per cent
of the steam speed. This would be the case
if the action were purely of the impulsc type,
but as the buckets have to be constructed,
there is somc slight cxpansion in the stcam
while passing from the nozzle through the
turbinc, this expansion resulting in a velocity
in the sccond wheel which is greater than
should be expected from the purc impulse type.

in the sccond stage of the five-

stage turbinc discussed, which

runs at 750 kw. and has a
bucket speed of 463 ft. is:

KI'=0.003X 30X 4.65*X11.82 =125 kw.

The total rotation loss in the entire turbine
will be about 300 kw., or 3.5 pcr cent ot the
output of a 14,000 kw. turbinc.

To conclude, it is hoped that this lecture
gives the necessary information for the
understanding of the action of stcam in
turbines. Of course, important fcatures
cnter in the design, which can not be explained
bricfly or by equations, such as practical
clearances around wheels, eflcet of highly
polished nozzles and wheels, ete. These
details must be studied experimncentally, not
only with cach type of turbinc, but with
different sizes of each type.
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INSULATION AGAINST ELECTRICAL IMPULSE FORCES

By Dz. C. P. STEINMETZ

In the insulation of electric circuits for
medium and high voltages a safety factor of
4 is used. That is, while normally the rated
voltage comes across two insulations, the
apparatus is testcd with double voltage
across single insulation. Expcrience has
shown this is sufficiently high for standing
indcfinitely the voltages constantly existing
in the circuit. Necvertheless break downs of
the insulation occur, and will take place with
increasing frequency, by transient voltages—
that is, by electric impulsec forces of indefinite
voltage—and no safcty factor of insulation
that 1s permissible with a rcasonable size of
apparatus, can completely guard against such
clectric impulse forces.

The conditions arc somewhat similar to
thosc mct in thc mcchanical strength. Sta-
tionary structurcs, intcnded (o carry constant
mcchanical Joads, may be designed rigidly
with a chosen safcty factor. Structures,
however, which arc cxposed to mechanical
impulse forces, the impact of moving masses,
could not be safcly designed in this manner.
For instance, an automobile tested by loading
it at standstill .with thrcc or four times the
weight it is intended to carry, would not
offer any certainty of standing the shocks
met in operation, since the force cxerted by a
moving mass is indcfinitc; that is, depends
on the rapidity of stoppagc of the motion, and
the rigidity of the structure. Thus an instan-
tancous stoppage of the motion, with a
perfectly rigid mass, would give an infinite
force, and where motion has to be stopped
or changed suddenly, somcthing must give;
that is, the impact force must be taken up by
clastic or unclastic deformation. Thus in the
automobile, tircs, springs, and thc entirc
structure take up the impact force by their
clasticity, while the friction clutch represents
an instance of inclastic absorption of the
impulse force resulting from the diffcrence
in speed of motor and car.

In clectrie circuits impulse forces of indefi-
nitc voltage may occur, even under apparently
normal conditions of operation, due to the
kinctic and potential clectric cnergy of the
system (themagneticand clectrostaticencergy) ;
and in largc medium voltage systcms such
clectric impulses have commonly been ob-
served rcaching intensitics corresponding to a
constant voltage striking distance of two or
more times the circuit voltage.

Just as in a mechanical structure impact
forces appear at the points where sudden
changes of speed occur, so in the electric
circuit impulse forces reach their greatest
intensity at the points where the circut
constants abruptly change. Such points are
the terminals of reactances, of transformers,
and other inductive devices, and these arc the
danger points at which indefinite and some-
times more or less unlimited voltages may
be cxpected, and should be guarded against.

Characteristic of an impulse force (as the
mechanical force when suddenly stopping a
motion, or the voltage when suddenly destroy-
ing electric incrtia) is that the energy is
limited but not the intensity or voltage.
The latter is theoretically unlimited, and is
higher the more rigid thc mechanical struc-
turc, or the more perfect thc electrical
insulation. Fortunatcly, just as a mechanical
structure can momentarily stand forces far
beyond those which when permanently ap-
plied would result in a break down, so also
electrical insulation can momentarily stand
voltages very much higher than it can stand
permancntly.

For instance, a quarter inch air gap between
needle points, which breaks down at 5000
volts permancntly applicd, may momentarily
stand over 100,000 volts; oil and solid insu-
lations show the effect of the time of appli-
cation still morc markedly.*

While the voltage of electric impact forces
may be extremely high, their disruptive effect
may, and in all probability usually is rclative-
lv low, duc to their limited energy and there-
forc limited duration.

The energy which may appear in the
impulse force depends on the stored clectric
encrgy of the system, and thus approximatcly
on the sizc of the system and on the avail-
ability of this cnergy, that is, the (rclative)
resistance of the circuits. The larger the
system and the lower the resistance of the
circuits, the greater is the energy which may
appear in these impact forees, and the greater
therefore their disruptive cffcct.  Relative to
the normal insulation of the systcm, the
disruptive cffcet of clectric impulse forces is
probably greatest in the large medium-
voltage systems.

* Some dats on the behavior of air and oil v;‘!rg subjecied
B o a1 TS ansiont Votiagets s pubhencd in
the Proceedings of the A.LE.E.
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As the economic area of electric supply is
approximately proportional to the square
of the voltage, the size of the system and
therefore the disruptive effect of the impulse
forces appearing in the system, increases
approximately with the square of the voltage;
while the voltage for which the system is
insulated increases only in proportion to the
operating voltage (and at low voltages is
still higher). Thus in an 11,000 volt under-
ground distribution system the relative dis-
ruptive effect of electric impulses compared
with the insulation of the system, is very
much greater than in a 2300 volt primary
distribution system, due to the much larger
sizc of the former and therefore greater
energy of the impulses, and also the relatively
lower resistance of the cables, compared with
the 2300 volt distribution circuits. When we
come to very high voltage (60,000 or 100,000),
we find that at present the sizes (kw. capac-
itics) of such systems are not larger, but
usually smaller than the largest 11,000 volt
distributions, ' the percentage resistance is
usually much higher, and the normal insu-
lation of the circuits so much higher that
electric impulse forces again offer relatively
less danger of disruption.

Thus it seems to follow that the necessity
of guarding the danger points of the system,
i.e, the terminals of inductive devices,
against unlimited voltages of limited energy,
is at present greatest in the medium voltage
high power systems, the large central station
distributions, and next to these in other high
power low resistance systems.

An increase of the safety factor of insulation
at the danger points of such systems, where
impulse forces of relatively high energy may
be cxpected, increases the protection but
rclatively, since the impulsc voltage is
theoretically unlimited, and very soon the
practical limits of cconomic insulation are
rcached. Furthermore, with the increase of
insulation (of “clectric rigidity ") the voltage
of the impulsc force may be increased, and
thus somewhat its disruptive cffect.

It appears that in protccting systems
against clectric impulses we should give up
the conception of a definite safcty factor of
insulation against steady voltage and endeavor

so to design the apparatus and the cntire
system that no voltage of limited energy, no
matter how high, can causc any damage.
Damage to apparatus and harm to the
system is usually donc by the main current
following a transient discharge, but probably
never by the transient discharge itsclf, that
is, the energy of the impulse. Thus, if the
apparatus can be designed so that the encrgy
of the impulse can be by passed or dissipated
by a momentary high voltage, without any
possibility of a discharge to ground followed
by a short circuit occurring, the apparatus
should be safe.

The energy of an impulse may be reflected
or by passed by capacity (the aluminum cell
works largely in this manner); or it may be
dissipated and the voltage of the impulse
thereby kept down by electric deformation
in the dielectric (theinsulation absorbing ener-
gy by what may be called dielectric hysteresis)
by glow discharge, corona, brush discharge,
strcamners or spark discharges from the
terminals at which the impact occurs, or by
leakage. The terminals of reactive devices
should therefore be so arranged, that no
limited power spark discharge from them
can reach the ground and thereby cause
short circuit; but it may be advantageous to
make such arrangement that the discharge
may reach some high resistance conductor,
as wood, concrete, e¢te., which scparates it
from ground, as hereby the energy of the
impulse could be destroyed without the
danger of a short circuiting arc following.

Thus the problem of protection against
clectric impulse forces seems largely to be
onc of the design of apparatus, and therefore
docs not yet allow of a gencral solution, but
requircs cach problem to be taken up
individually by choosing such a design that
a static spark from the terminals of the
apparatus can not causc a short circuit.

In the design of rcactive devices for high
power medium voltage systems, the pro-
tection against clectric impulse forces is a far
more important and scrious problem than the
insulation against the normal circuit voltage
or against the intcrnal voltages originating
in the apparatus.
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DEVELOPMENT OF ELECTRICAL DRIVE IN THE MILLS OF THE
PROXIMITY MANUFACTURING CO., GREENSBORO, N. C.

By Joun P. Junce

The Proximity Manufacturing Company
of Greensboro, N. C., operates two large
cotton mills for the manufacture of indigo
blue denims.

Caesar Cone, Pre P ity facturing Co.

The company was organized in 1895 by
Messrs. Moscs H. and Caesar Cone, and
associates. The Proximity
mill was crected and started
in 1895, its cquipment in-
cluding 20,000 spindles and
1000 looms. A double spin-
ning shift was instituted,
and the looms were operated
only in the day time.
According 1o the custom
at that time, the power
housc closcly adjoined the
mill, a 730 h.p. Corliss
engine being belted directly
to the head shaft in the
spinning room and scpa-
ratcly belted to jack shafts
between engine room and
weave shed.

As the busincss of the
concern increased, additions
to the equipment were made
until it was found that the
enginc was carrying about
20 per cent overload and to
get satisfactory draft a fan
had to be installed in the stacks. In 1000
the owners determined that better results

World Radi

could be got by restoring the engine to
its rated load, and after a thorough
investigation, decided to install a separate
engine with generator to drive the weave
room. This was the first step taken by
the company towards its present extensive
system of electric drive. The equipment
consisted of a 230 kw., 100 r.p.m., 60O volt,
threc-phase, 40 cycle generator direct coupled
to a Corliss engine, the set being erected in
the power house alongside of the first engine.
Three 100 h.p. motors were installed in the
basement of the weave room, each motor
being belted to four shafts. Two of ihese
motors are shown on Fig. 1. In ten years
contlinuous service the total expense charge-
able to these motors has not excceded
$100.00. The only change made in this
motor cquipment was that automatic oil
switches were substituted for the air brake
switches and fuses originally installed.
Beforc this installation was made, careful
readings were taken on the engine to deter-
minc the amount of power used in the weave
room. Similar readings were taken after the

Pig. ). View in Basement Showing Motors for Opersting Machines in Weave
Room Located on Ploor Above. Proximity Mill

motors werc installed (the number of looms

having been incrcased 10 per cent during the
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mcantime), which showed that almost exactly 136 ft., with two radial brick stacks 170
the same amount of power was required as ft. high, one with a 12 ft. flue and one
before, but with an increased production of with a 934 ft. flue.

15 per cent; it having been found possible to The owners’ experience at the Proximity

operate the looms faster with
the motor drive. It was
also found that for the same
total output formerly carried
on one engine, the two
engines consumned less steam
and required less coal, and
incidentally the fan was not
required in the stack.

In 1902 the owners decided
to 'build a larger mill about
two miles from Proximity;
this mill now being known
as the White Oak mill. The
site is an ideal one, being
well elevated and surrounded
by a thick growth of pine
and oak. A considerable
tract of woodland is set aside
as a park for the benefit of
the operatives.

This mill has 60,000 spindles

[ 60,000 O

and 2000 looms, with the Fig. 3. Secend Story of

necessary preparatory ma- by Seven 200 H.P. Motors Mounted on Ceiling. \.anu Oak Mills

chinery and dye house. The

main buildings comprise a two story picker mill had convinced them of the advantages
building, 312 ft. by 78 ft.; a two story spin- of electric drive, and the White Oak mill

Fig. 2. Second Story of Picker Building Showing 200 H.P. Motors Suspended
from Ceiling Rafters. White Osk Milis

was therefore laid out for
that system of power dis-
tribution. The power house
was plaged to the west of the
other buildings, as the land
slopes in that direction, giv-
ing good facilities for the
delivery of coal to the boilers
and for handling the conden-
sing water. One-half of the
building is devoted to the
boiler room, which contains
26 Heine water tube boilers,
16 of 200 h.p. and 10 of 230
h.p. each. The other half of
the building, which is scpa-
rated from the boiler room
by a firc wall, is the cngine
and gencrator room, with a
considerable offset for the
switchboard. Two genera-
ting units were instalied when
the mill was built, cach unit

ning buildini, 750 ft. by 135 ft.; a weave consisting of a 1250 kw., 60O wvolt, three-
Y

shed, 004 ft.

180 ft.; a dye house, 312 ft. phasc, 40 cycle gencrator direct coupled

by 105 ft.; and a power house, 264 ft. by to a 2000 h.p. Corliss cnginc operating
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White Oak Milis, Proximity Manufacturing Company

at 75 r.p.m. At thc same timc, there was The looms in the weave shed are driven
alsoinstalled onc motor-drivenand one stcam- | from below, the motors and shafting being

driven exciter, cach of 50 kw. and
each capable of cxciting the two

erators. All fecds are carried
in an underground tunnel from the
switchboard to the several  build-
ings.

Fig. 2 is a vicew in the second
story of the picker building. The two
motors shown are cach of 200 h.p.,
480 r.p.m., and arc directly connocted
to the line shaft by two flexible
couplings. In the first story there
are thrce motors totalling 200 h.p.,
which operate the openers, cte.  The
first story of thc spinning building
contains two motors of 200 h.p. cach,
which operatc the cards, drawing
frames, slubbers and specders.  The
second story ggt{l)toa(;ns lpjirlmi ng f m?es
a4 atin X spindles, together
mgfl!;cevarpgn. cte., gll of whicgh are

driven by four motors, cach of 200 h.p., located in thc basement. In this building
mounted on the ceiling and belted to counter- there are four motors, cach of 150 h.p., 600 r.p.

shafts as shown in Fig 3.

Pig. 4. Switchboard sad Buciter in Powar House, White Osk Mills

m,, belted to four shafts, Fig. 5 shows some of
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the motors in basement of weave room.
It will be noted that this building is
equipped in precisely the same manner
that the weave room at Proximity was
equipped five years before—good
evidence that the owners were well
satisfied with their first experience.

The dye house of this mill is
unusually large and admirably
appointed. The dyeing machinery is
operated by one motor, which is of
100 h.p., a similar motor being used
for driving the slashers in another
section of this building. This mill
is operated single shift.

In 1907 it was decided to enlarge
the power house at White Oak and
drive the Proximity mill therefrom,
abandoning the mechanical drive,
which had been retained there,
except for the weave room. At the
same time it was concluded to
abandon night work at Proximity.
This necessitated doubling the ca-

pacity of the yarn-making machin- rig. 8.

ery at that mill; 2 new two story

building 430 ft. by 130 ft. being

erected for the p:rfosc. A new dye house
was also constructed and other improvements
made, bringing the equipment of this mill
up to 45,000 spindles and 1500 looms.

In the power house at White Oak there
were added two 1500 kw., 600 volt, 40 cycle,
three-phase generators, each coupled to a
2250 h.p. Corliss engine. The four units are
shown on page 434, and the switchboard in

Fig. 4. This view also shows the motor-

driven and steam-driven exciters. When
this last enlarfement was made, a motor-
125 kw. capacity wasinstalled.

driven exciter of

Ground Floor of Weave Room S8howing 150 H.P. Motors
Operating Machinery on Floor Above

To transmit the required power to Prox-
imity, it was necessary to step up the voltage
at White Oak and to step it down at Prox-
imity. Consequently, three single-phase, 40
cycle, 1000 kw., 600/15,000 volt water cooled
transformers were installed in a brick build-
ing just outside of the switchboard room at
White Oak, and a steel tower line was carried
to Proximity.

Fig. 6. Office and Substation, Proximity Mill
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A substation for transformers and switch-
board was also erected at Proximity; this
building, which is 73 ft. by 30 ft., being shown
in the foreground in Fig. 6. One end of
this building is partitioned off by e heavy
brick wall, and in the section so enclosed are
placed three 40 cycle, 1000 kw., 15,000/G00
volt, single-phase transformers and the light-
ning arresters, the transformers being located
on a level with the ground. This section is
full height of the building, giving ample
room for high voltage connections. Fig. 7
shows thc main scction of this building.
Besides the switchboard, a 250 kw. rotary
converter is installed, which furnishes current
for the dircet current arc lamps, formerly

check the power output against coal consump-
tion and also against the production of the
mills. Very interesting and useful data is
thus secured.

The electrical equipment is all of General
Electric manufacture, and includes:

Two 64 pole, 1250 kw., 75 r.p.m., 600 volt gen-
erators, .

Two 64 pole, 1500 kw., 75 r.p.m., 600 volt gen-
erators.

One 48 pole, 250 kw., 100 r.p.m., 600 volt gen-
erators.

One 50 kw., 125 volt marine set (exciter).

One 50 kw., 125 volt motor-driven generator set
{exciter).

One 125 kw.. 125 volt motor-driven generator set
(exciter).

One 15 kw., 125 volt motor-driven generator set
{exciter).

Fig. 7. Substation at Proximity

served by a scparate engine-driven generator.
The handlc of the 15000 volt automatic oil
switch controlling the primary of the trans-
formers is also shown at thc end of the
switchboard, the switch being located in the
transformer scction.
Switchboards in Power House
Theswitchboardsare of black enameled slate,
and arc of standard General Eleetric design;
cach generator pancl cquipment including a
Thonson rccording wattmeter, as does also
the panel controlling the linc to Proximity
mill. On cach feeder pancl is an indicating
wattmeter, and at the end of the board is
a generator voltage regulator. These meters
arc rcad daily and a carcful log is kept, by
mcans of which the engincers are cnabled to

Six 40 cycle, 100 kw., 13,000/000 volt water
cooted transformers.

One ¢ pole, 250 kw., 230 volt, 3-wire rotary
converter,

819 arc lamps.
and the following standard 40 cycle, Form

“L™ (wound rotor), 530 volt motors:

Ten 200 h.p. Five 100 h.p.
Nine 175 h.p. Two 75 h.p.
Three 150 h.p. One 60 h.p.
Pour 123 h.p. One 30 hp.

These mills arc probably the largest con-
suincrs of cotton in the South, using approxi-
mately 60,000 bales per annum.

All mechanical and clectrical problems are
under the sy, ision of the Gencral Super-
intendent, Mr. R. G. Campbell, and his
assistants, Messrs. U. S. Greer, steam engi-
ncer, and W. J. Dorworth, electrical enginccr.
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CURVES OF REACTIVE POWER

By V. KaRaPETOFF
PROFESSOR ELECTRICAL ENGINEERING, CoRNELL UNIVERSITY

Overexcited synchronous machines are fre-

quently used for raising the power factor of a
load, in order to reduce the line current ard
consequently the size of generators and
transmission lines; by so doing the voltage
regulation and the efficiency of the whole
plant are improved. In some cases it is
advisable to run overexcited synchronous
machines without any load connected to
them, simply to supply the magnetizing
current for other apparatus fed from the
same line; in this case these machines arc
called synchronous condensers.

From the curves on the attached curve-
sheet the necessary size of a synchronous
condenser, or the reactive kilovolt-amperes
which must be supplied by a synchronous
machine in order to correct the power factor
from a given value to another given value, can
be determined.

Example:

A power house supplies a load of 7500 kw.
at a power factor of 80 per cent lagging. How
many reactive (wattless) kilovolt-amperes
must be furnished by a synchronous condenser
in order to raise the power factor to 90 per
cent leading?

Solution : .
Select the curve (Fig. 3) which crosses the
axis of abscissae at 80 and follow it beyond

c*

D

v L 2.

the bend.  To the abscissa of 90 per cent the
corresponding ordinate ig 1230 kv.-a. (per 1000

kw.)}; hence the required size of the synchron-
ous condenser is 1230 X 7.5 = 9225 kv-a.

In the same example, in order to raise the
power factor to unity, 750X 7.5= 3625 kv-a.
arc necessary. To raise the power factor to
13 per cent lagging, only 420X 7.5 =3000kv-a.

4//

B —

)
2

Fie g1,

are required. The curves show that to cor-
rect the last few per cent of power factor
requirc the most reactive power. This
follows from the fact that the cosine of an
angle varies very slowly with small angles; a
power factor of 95 per cent implying a phase
displacement between the voltage and the
current of over 18 degrees.

Having determined the required reactive
power from the curves, the rating of a syn-
chronous motor is obtained by combining
vectorially (at right angles) the uscful power
and the reactive power (Fig. 2). Thus, if the
input into the motor must be, say, 5000 kw.,
and besides this, the motor has to supply 3000
kv-a. for compensating low powcr factor, the
notor is rated at

V/ 5000+ 3000° = 5830 Kv-a.
at a powerfactorof "’o‘g% =80 per cent leading.

The curves were calculated and plotted
as follows: In Fig. 1, let O.1(=i) represent
the vector of the total current before the
corrective reactive power is appliol. Let 1y
be the energy component of the current and
iz the wattlcss component; ¢ is then the
angle of phase displacement between the
current and the voltage. Multiplying all the
three sides of the triangle by the line voltage
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T rTT 2200°  Letnowaleading wattless
f‘*"'” T ""“;‘ | | P currentAA‘betagkenbya
T4 O I NAEEA VS EENEESES| synchronous motor or con-
EENENENESEEECVAEESYENEnEN 2000 denser. The generator cur-
| BRE SIS RGeS EEERSHE B 4 rent is then reduced to 043,
- and the reactive power sup-
plied by the generator to
/800 pCim Py,
The new phase angle is ¢!,
- and we have:
/7600

Ple1000 tan ¢ (2)

The reactive power taken

/400 , by the synchronous motor

eq. (2) from eq. (1), or
CCVax 5 Py== 1000(fan ¢ —lan ¢*)

- §1s obtained by subtracting
/200

(6]

This is the formula used in

/000

Aitovo/t -

calculating the curves of
reactive power. If the re-

active power taken by the
synchronous motor or by a

condenser is so large that

the generator current 04"
leads the voltage, formula

\.kf‘ ~

690 (3) becomes

aPy=1000{tan ¢ +iany")

b= ¢

‘)',

)

<400
In other words ¢’in for-

e

4

mula (3) must in this case

b

200  be considered negative.

The following table shows

N
]

the method of obtaining a
fewv points on the curve

Fig. 2

k, the triangle of power (Fig. 2) is obtained.
It is understood, of course, that the vectors
of the currents arc multiplicd by the numerical
value of the voltage, and not by the vector of
the voltage. In Fig. 2 the hypothenuse
represents the apparent power, the horizontal
side the truc power, and the vertical side the
reactive power. If [ is in amperes and E in
kilovolts, Pand Pyarc in kilovolt.-ampercs, and
I is in kilowatts. From Fig. 2 we have:

Py= Py lan ¢;
or, the reactive power per 1000 kw. of truc
POWET b = 1000 fan o 1)

corresponding to the initial
power factor of cos ¢=80
per cent lagging. For this
power factor the angle ¢ =36°
50'; tan ¢=.749.

These values of Py arc plotted against the

corresponding valucs of cos ¢’ as abscissae.
LAGGING ) l LEADING
Cos =090 093 . 1LOO !.s.s 075
¢’ =25° 50" 18° 10 o |-31°50° —41°20'
Tan ¢’ =434 328 -.621 ~.880
aP; =205 121 749 | 1370 1629

The other curves arc obtained in a similar
manncr, beginning with different values of
the initial power factor cos ¢.
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MOTOR OPERATED BOAT HAUL AND FERRY
By W. D. Bearce

Coincident with the increasing tendency level. As may be seen from the illustrations,
to install electric drive for all industrial all the auxiliary apparatus is simple in con-
purposes, there is an equal
tendency to make use of
clectricity for all sorts of
labor saving devices. While
the electrical operation of a
boat haul, an example of
which is here illustrated,
is not an uncommon applica-
tion of electric power, its
emplotyment for the propul-
sion of a ferry boat is rather
a novel feature.

The boat house of the
Edison Club, Schenectady,
N.Y,, is located on an arm
of the Mohawk river, oppo-
site a large island upon
which the club has obtained
ground for tennis courts, a
baseball diamond, etc. The
use of any kind of bridge is
impractical on account of
high water and ice in the
spring; for the same reason
the boat house had to be
placed about 25 feet above
apd 50 feet back from the Pig. 2. Arrangement for Operating Feery Boat
river at its normal water

struction, being of the home-
made varicty.

Three-phase current was
available from local power
mains; a two horsc-power
motor was thercfore belted
up to a suitable drum for
operating the boat haul. This
apparatus is supported from
the under side of the plat-
form as shown in Fig. 1;
this arrangement allowing a
rope to pass from the drum
up through the platform to
the car. Animprovised brake,
shown in the extreme left of
the figure, is mounted on the
shaft with the drum and
cquipped with a solenoid and
plunger for releasing.

‘The movement of the car is
controlled by a three-pole
double-throw switch so con-

Fig. 1. Mochanism of Motor-Opersted Bost Haul nected that when thrown
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down, current is sent through the solenoid,
releasing the brake and allowing the car and
its load to descend by gravity. By opening
the switch the brake is operated and the car
brought to a stop. Throwing the switch
up connects both solenoid and motor to
the supply mains, thereby revolving the drum
in the opposite direction.

For supplying motive power to the ferry-
boat operating between the main land and
the island, another 2 h.p. induction motor
was adapted to the frame of an old suction
pump, the pistons being replaced by a drum.
Back gearing reduces the speed to a low value

NOTE

In preparing copy for Fig. 11 of Mr. Baum’s
article on Fire Damp Apparatus, appearing on page
106 of the September issuc of the ReviEw. data
which is essential to an understanding of the dia-
gram was omitted. For the sake of clearness, we
:‘cpubﬁlh the diagram, together with the neces-ary

ey.
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Fig. 11, 8 and b, Pressure Correaponding 19 Vatioos Cross
Sectisns of Dpenings for Rich Mixture and Same Posye
tion af the I nitton Pont ¢, Pressare Correaponding
ta Distance of Ignition Pant from Qpentug kx
Same Mixture and Saze of Opening

A, cpemng, 270wy

U, vpening, 2,88 sy dise
C, opening, 1.24 sq. in.
1), opening, 1.02 sq. in.
E, opening. 0.28 sq. in.
T, ignition in back,

G, ignition in center.
H, ignition in front.

GENERAL ELECTRIC REVIEW

and the driving rope, through suitable
ulleys, takes half a turn on the drum.
he slack rope is taken up by a comparatively
heavy idler, shown at the left of the picture.

When an extra strain is exerted, as at
starting or in case of any obstruction, the
taut rope lifts the idler, thus allowing the
drum to slip under the rope. A single rope
carrying balanced weights at each end,
operates a double throw reversing switch
which can be operated from either side, or
from the boat. Stop blocks on this rope
automatically bring the ferry to a stop at
either landing.

OBITUARY

Mr, Theodore P, Baile{. Assistant Manager of
the Philadelphia Office of the General Electriz Com-
pany, died at his home in Mt. Airy, Philadelphia,
on Saturday. August 20th, as the result of a delayed
operation for appendicitis.

Ar. Bailey was born in Covington, Ky., August
17, 1986, and was educated in the public schools
of Princeton, 1ll. Completing his school coursé,
he engaged in newspaper work in the latter town
and later took up the study of stenography, securing
a position as court stenographer, first at Morris,
1L, and then at Joliet, JIl. \While engaged in this
work, Mr. Bailey made a study of law and in 1881
was admitted to the bar at Ottawa, 1)l. In the
following year he moved to Chicago and entered the
employ of the Thorn Wire Hedge Company, at the
head of which was General A. K. Stiles. General Stiles
and Narman T. Gassette were the original promotors
of the Van De Poele Electric Company, and in 1883,
through the influence of the former, Mr. Bailey
became associated with this concern, and from that
time on devoted his attention to electrical matters.

[n 188R he accepted a position with the Chicago
office of the Thomson-Houston Electric Company,
acting as \Western representative of that concern
and, after its merger with the General Electric
Company. continucd in charge of the street railway
work of the Chicago office, later becoming resistant
manager of the ofhce.

In 1905 he resigned his p with the G t
Eleetric Company to enter the railwa; conlraclini
business as Vice-President and General Manager of
the L. E. Myers Company, of Chicago. Ile re-
mained with this concern until 1907, when he accepted
a position with the automobile department of the
St. Louis Car Company. In the fall of 1808 he again
entered the employ of the General Electric Company,
as assistant manager of the Philadelphia office,

Mr. Bailey was one of the first men to introduce
electric railways in the West, and for many years
was one of the most widely known men in the street
railway circles of that section. Among the prin-
cipal installations in which he was interested were
those at Des Moines, Jowa: Omaha, Nebr.: Topeka.
Kans.: Ottawa, I1l.; St. Louis, Mo.; Kansas City,
Mo.; Minncapolis, Minn.

At the time of his death Mr. Bailey was a member
of the Chicago Automobile Club, Chicago Athletic
Club, White Marsh Country Club, and an associate
member of the American Institute of Elcctrical
Engineers.






