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CURVES OF REACTIVE POWER 

The advantages in transmission possessed 
by the alternating current and the simplicity 
and durability of thc induction motor have 
led to the adoption of these motors in ever-
increasing numbers for all kinds of power 
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 PR 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 selecting the synchronous 
machine, can be made to raise the power 
factor of the system as much as is desired. 
A simple explanation of the uso of these 

so-called " rotary condensers" was given by 
Mr. A. L. Jones in the March, 1909, issue of 
the REVIEW, from which we quote the 
following: 

"It should be remembered that the power 
factor of the generator is determined by the 
wattless magnetizing current required by 
the inductive load, and further, that a power 
factor of less than unity value has the effect 
or rendering unavailable part of the gener-
ator capacity. If all the magnc tizing current 
can be supplied from some source external to 
the generator, the latter will operate at unity 

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 excited 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 generator supplying the motor is the same 
as if the motor were of the induction type; 
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 current, and 
the effect is as if it had more excitation than 
it needed; this excess being delivered to the 
system, where it serves to excite or magnet-
ize induction motors and relieve the gener-
ators. It follows that if enough leading cur-
rent is supplied by over-excited 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 field over-excited to de-
liver leading current for exciting 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 excitation needed by them, thus 
avoiding the flow of this wattless current 
through the transmission system and the 
burdening of generators therewith. In eases 
where a considerable number of induction 
motors are concentrated at some distance 
from the generating station and the conduc-
tors necessarily become of considerable size, 
by supplying the magnetizing current prac-
tically at the motors the line current will be 
reduced and a considerable saving in copper 
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effected. 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. Karapetoff, in the pres-

ent issue, furnishes a simple means of deter-
mining the size of synchronous motor that is 
necessary to meet the requirements of any 
given case, in which the load and existing 
power factor being given, it is desired to 
raise the latter to any predetermined value. 

SOME NOTES ON THE BEHAVIOR OF 
D.C. MACHINES 

On page 416 of this issue we reprint an 
interesting article from ELECTRICAL ENG-
INEERING of London, on the behavior of 
d.c. machines. Little 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 are apparently due to the very 
small air gap or the narrow interpolar spaces 
(or both), that are present in the case of 
many of the foreign-built machines. 
The General Electric 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 45t) does not 
exist in these machines, nor is there any 
evidence of surging; in consequence, the 
brushes are run in the neutral position, or as 
nearly so as that point can be determined. 
For this same reason, the second remedy is 
unnecessary, the placing of accumulative 
series windings on General Electric commu-
tating pole motors not being required, except 
when the nature of the service demands a 
markedly drooping speed characteristic. 

Again, it would appear from the article 
that only variable speed motors are furnished 
with commutating poles, in American prac-
tice, however, constant speed machines are 
quite generally so supplied. 

NOTES ON ELECTRIC LIGHTING 
In the present issue we print the first of a 

series of articles on Electric Lighting by 
Mr. Caryl D. Haskins, Manager of the 
Lighting Department of the General Electric 
Company. The articles are taken from a 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 
engineering 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 enter. 
The first lecture was devoted to an analysis 

of the political and economic relations of the 
electric 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 steam, 
and discusses the criteria that lead to the 
selection of each form of motive power. 
Thus, under water power, the general condi-
tions that make for success or failure in such 
installations arc described; while under steam, 
the relative advantages of the reciprocating 
engine and the turbine for different cases are 
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 be employed. 

In the lecture following, distribution and 
translation arc considered, both underground 
and overhead construction being discussed. 
The Edison " ring" and three-wire systems 
are described and the phenomena of electro-
lysis and interference with telephone lines are 
briefly touched upon, as are also the subjects 
of lightning arresters and line insulators. 
The final lecture has to do with the utili-

zation of the electric current for illuminating 
purposes. The author first considers the 
development of the incandescent lamp and 
its culmination in the tungsten lamp, following 
this account with a description of the improve-
ments in arc lamps, from the Jablochkoft 
candle to the high power flame arc of today. 
The lecture closes with a brief reference 

to some of the important features of the 
modern meters. 
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ELECTRIC DRIVE IN PULP AND PAPER MILLS 

By JOIIN LISTON 

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 compared 
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 
assured that he will thereby 
obtain uninterrupted ser-
vice and a definite saving 
in the cost of production; 
either by a low installation 
expense, by lessening the 
power losses (thus securing for useful work 
a greater percentage of the initial power 
developed) or by a reduction in operating 
expenses. It has been demonstrated in nu-
merous installations, some of which arc illus-
trated herewith, that electrical drive combines 
all the advantages outlined above, and the 
following statement outlines briefly its 
points of superiority when compared with 
mechanical drive for the operation of pulp 
machinery. 
With electricity the location of the power 

plant, whether steam of water driven, may 
be selected to obtain the greatest economy 
in the generation of power, without regard 
to the arrangement or location of the manu-
facturing buildings. These in turn may be 
erected at the point most advantageous 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, due to the elimination or 
reduction of the heavy shafting and belting 

300 H.P. Motor Direct Connected to Grinder end Provided with Individual Stench end 
Control Panel. Carolina Fibre Co.. Hartsville, S. C. 

inseparable from mechanical drive. The 
structural work can therefore be of a much 
lighter character, and in the average mill 
the saving effected 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 elimination of all unnecessary handling 
of the product, as each machine or group of 
machines can be supplied with its own motor 
and operated as an independent unit. The 
average motor used for driving paper mill ma-
chinery does not require special foundations, 
and as the adoption of motor drive eliminates 
a large percentage of the long shafts and heavy 
hangers and belting that arc required for me-
chanical drive, their original cost and mainte-
nance should be considered when comparing the 
initial expenditure required by the two systems. 
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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 lb. Beatere Through Helee 
Elkhert Paper Mills. Elkhart. Ind. 

Great economy in power can be obtained 
where individual motor drive is adopted, by 
the elimination or reduction of the friction 
loss involved in the operation of shafting, 
belts, gears, idlers and other consumers of 
energy. The power consumed by the differ-
ent sections or different machines can be 
readily measured by connecting a recording 
instrument in the motor cricuit; the graphic 
record will show at once whether the power 
consumed is normal, and this will frequently 
serve as an indication of the condition of the 
machinery and will insure a prompt detection 
of any defects. As the power can be con-
veniently measured, all machinery may be 
operated at such speeds as will produce the 
best results without unnecessary consumption 
of power. 

The use of recording instruments will permit 
motors of various capacities, temporarily in-
stalled, to be tested in operation, so that 
the exact size motor required for the most 
efficient operation of any machine, or group, 
can be accurately predetermined. This will 
enable any errors of installation to be cor-
rected and will eliminate haphazard methods 

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 there arc a 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 steam power, 
the engine and generator 
may be located at a distance 
from the water power, so as 
to facilitate the receiving and 

• 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 
periods 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 

exists within a feasible transmission dis-
tance of the mill, it will be found in many cases 
more economical to purchase electric current 
than to generate it. The steady 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 

Kimberly-Clark Paper Mill at Kimberly, Wit. 

machine is directly proportional to the amount 
of production. 

Motor-Driven Grinder, 

The average 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 operate the grinders as shown 
in the illustration on page 437; that is, by 
direct connecting the motor to the grinder 
shaft, each motor operating one, two or 
four grinders. Where the supply of water 
power is intermittent it has been found 
economical to utilize the water power while 

available and to supplement this with motor 
drive during periods of low water, either 
connecting the motor to the grinder slafts 
by means of removable couplings, or through 
belts. 
The fact that wood pulp can be stored for 

future use, brings up the question as to whether 
or not motors can be profitably employed for 
auxiliary power. If a waterwheel 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 construction. In some 

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-
crease production. 
Many central stations, especially those that 

are dependent upon a variable water supply, 
grant low rates for current during the 

flood seasons; at other times low night 
rates may be obtained, as the use of power 
at that time will enable the central station 
to bring up its load factor. By taking 
intelligent advantage of these 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 minimum of additional investment. 
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Motor-Driven Jordan. 

For the operation of Jordan engines by in-
duction motors a highly efficient and compact 

ISO H.P. Induction Motor Driving Tro Demurs Through Chain Deft. 
ICiroberlyelark Co., Masbate, Win 

equipment has been designed, 
an installation of which is illus-
trated on the first page of the 
cover. This consists of a regular 
wound rotor induction motor 
with self-contained starting re-
sistance, mounted on a sliding 
base 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 
rim under 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 for by the move-
ment of the motor on the slid-
ing base. In this wa v there is no 
displacement of the rotor with 
respect to the field, as in some 
methods of motor-driven Jor-
ans, and the motor will therefore 
operate under nonnal conditions 
at all adjustments of the Jordan. 
As a heavy starting torque 

is sometimes required the type 

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

So efficient is this method 
of operating Jordana 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. A 
large percentage of the ma-
chinery operates at constant 
speed and for this work the 
alternating current induction 
motor can be used to ad-
vantage. Where a wide vari-
ation 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•Ce.ndars Do, or ThrtIr Goren! Induct,on Motors Fronded 

with Individuril Cornoenutors • ntt Control Prowl, 

Kimberly Clark Co, Kenberly, 

trow 
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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, a motor generator set may 
be employed and operated 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 is built 
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-
siderable periods without serious overheating. 
The induction motor having no commu-

tator the danger of sparks from this source is 

250 HP. Induction Motor Drivinc Stock and Water Pumps for Oround Wood 
Screen. Berlin Mills Co. Heflin. N. H. 

avoided, a feature that is especially valuable 
when motors have to operate rag cutters, 
dusters and thrashers or are 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 Mow Celina{ Chipper Room Machinery 
Berlin Mitts Ca.. Been. N. H. 

struction and light weight enables the user 
to mount it wherever desired, and in many 
cases where floor space is valuable and a 

machine is belt connected to 
a motor, space economy can be 
effected by suspending the mo-
tor from the ceiling or wall. 
For special applications these 
motors can also be arranged to 
operate on vertical shafts with 
the same high efficiency as that 
obtained with the horizontal 
shaft type. 
Group versus Individual Drive 

In the application of electric 
drive, two general systems are 
now in vogue, namely, the 
operation of each individual 
machine by a single motor, 
commonly termed " individual 
drive," and the operation of 
machinery in groups by means 
of line shafting, which in turn 
is driven by a motor, this plan 
being generally designated as 
"group drive." 
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While 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 
electrical equipment, can be best obtained by 

60 H.P. let...tiro Motor Driving No. 15 Morris Centrifugal Poem 
In Grinder Coon, Guest Northern Paper Co., Eon Millinockee, 

the application of separate motors to each 
unit. This is especially true where the opera-
tion of the 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 group 
drive, even if there is considerable venation 
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 plants illustrated herein 

are typical of the large number of pulp and 
paper mills which are similarly equipped, the 

° entire success with which they have utilized 
motor drive constituting a potent argument 
for its general adoption throughout the 
industry. 

KIMBERLY-CLARK PAPER COMPANY 
KIMBERLY, WIS. 

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

300 H.P. Induction Motor with Controller and Individual Panel, Driving Two Centrifugal 

Pumps for Filters. Great Northern Paper Co.. East Millinoeket, Me. 
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and manufactures book paper by the sulphite 
process, the capacity of the mill being 75 
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 10 feet and current from a 750 kw., 
3-phase, 23 cycle, WOO volt generator is 
transmitted to a substation at the mill, 
where it is stepped down by means of three 
300 kw. transformers to 470 volts. At the 
mill a 700 foot crib dam has been constructed 
across the river and a head of 0 feet is avail-
able. The water wheel equipment here con-
sists of nine vertical shaft reaction turbines. 
Five 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 350 
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 

Double Impeller Stock Pun., L7 , le 22 Ii P , 1200 R P 
Fan, 70 Y 

Mnior F.nch, Pruyn 86 Company. 
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engines and direct driven by them, and one 
175 kw., also oil engine-driven. The exciters 

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

a 10 Inch. 2750 Gal. Centrifugal Pump 

Finch, Pruyn ea Company. Glena Pea% N. Y. 

I arc belt-connect-
ed and arranged 
for parallel oper-
ation. A steam 
engine is included 
in the equipment 
and is employed 
to drive a 360 kw. 
generator and 
exciter. It will 
be seen from this 
description that 
through the sub-

') division of th,  
generating equip-
ment, and the 
various prime 

eidereaAe movers available 
any possibility of 
interruption to 
the electric ser-
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 exemplifies both the 
group and individual systems, as well as dif-
ferent methods of connecting the motors to the 
machinery, there being examples of direct 

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, S. C. 

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

In the bleach room eight agitators are 
driven in a group by one GO h.p. motor. 

In the beater room there arc 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 device 
which permits the motor to move on a sliding 
base with each change in the adjustment of 
the Jordan. The control panels for these mo-
tors are mounted in a small gallery so that the 
operator who manipulates them has an 

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, 

two of them being operated by a 230 h.p. 
motor while the third is provided with a 
150 h.p. motor. These three machines 
are belt-driven and are not ordinarily used 
in production, being held as an emergency 
equipment in thc event of injury to the other 
Ionians. 

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 
ai7u1 highly efficient unit, as shown on page 440. 
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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 comprises a 
hydraulic pump driven by a 50 h.p. motor, a 
pump for agitators and stock tanks by a 30 
h.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 machine shop is equipped with a 13 
h.p. motor driving the machinery through 
countershafting. 

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

In addition to the induction motor equip-
ment, the finishing room is supplied with an 
overhead motor-driven traveling crane, for 
handling paper rolls of any weight up to two 
tons. This crane is operated by a direct 
current motor, and current is provided for it 
by 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-generator 
set referred to above supplies direct current 
for arc and mercury vapor lamps. 

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

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 connected. 
The constant speed ends of the three paper 

machines used in this mill are 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 7A h.p. motor. 

In the finishing room, ten motor-driven 
super-calendars are used, the ten motors 
being back geared to the super-calendar 
driving shaft. Four of these motors arc of 
75 h.p. capacity, five 50 h.p. and one 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 DIstributton 

8 Agitator. 
3 ordans . I 
2 ordain,   
3 ordains   
1 ordan   
2 eaters   
4 beaters   
2 washers 
1 washer 
4 screen,. and 4 deckers 
Size mixing outfit . 
te: p.rdp.uarter , . 

Hydraulic elevator Pum 
Pump for agitators and stock tanks 
Stock pump and chest 
Stock pump and chest 
Boiler house pump 
Boiler feed pump 
Water pump   
Water pump 
3 paper machines constant speed end 
3 save-all pump. 
Water Pump and sur comPrestar 
Paper winder . 
Paper winder   
4 saper-mkndars 
3 super.calenders 
I super.zalender 
Threading-In rolls 
10 paper cutters ant I t limner 
Machine shop . . . . 

No. H.P. Drive 

3 
fie belt 
150 direst 
250 belt 
300 belt 
150 belt 
150 chain 
210 belt 
75 chain 
40 chain 
73 belt 
30 belt 
33 belt 
2 belt 

50 bolt 
30 belt 
13 belt 

bolt 
15 belt 
30 belt 
30 belt 
75 belt 
73 chain 
10 direct 

belt 
belt 
bolt 
Reared 
Reared 
Reared 
geared 
belt 
belt 
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THE THREE-VOLTAGE RATING OF INCANDESCENT 

ELECTRIC LAMPS. 

13v F. W. Wita.cox 

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 fer rating the lamps in total 
watts instead of by candle-power. The 
reasons for this are as follows: 

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

values (such as the horizontal, spherical, hemi-
spherical, candlepower 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 definite 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 

TABLE 1— Lite and Efficiency Ratings of Mazda Lamps at the Three Labeled Volteges. 

1 211 
I 20 
I . 20 
in 

1(.100 
06)0 
10011 
14)00 
1.100 

1.30 
1.3(1 
1.30 
1.25 
1.25 
I 

13110 
130)) 
13111) 
1300 
13(x) 
1300 
1300 
1300 
1300 

1.30 
1.30 
1.30 
1.23 
1.27; 
' 

0 
1700 
1700 
1700 
)70, 

'700 
700 

TABLE 11—Life and Efficiency Ratings of G. E. Tantalum, 100-123 Volta Lamps at the Time. Voltages. 

I 

F si¡te 

171 ,0 

174 IN1 

None—The above values are for direct current. On alternating current of GO eyelet and Wow, the lives are conaervatively rated ai 
500 boors for the 25 salt lamp. and WO hours for the Stl. 50 and SO watt lampo. 

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

S'it Vati,  e ter 

50 
80 
100 

2.36 
2.50 
2.40 
2.413 

TOP VOLTAGE 

Life in Hours 

700 
700 
700 
650 

MIDDLe VOLTAG. 

Life in Hours 

2.71 
2.65 
2.60 
2.60 

*OTTO*, VOLTAG. 

W.P.C. Life in Hours 

1000 
1000 
1000 
950 

2.89 
2.83 
2.78 
2.78 

1500 
1300 
1300 
1400 
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TABLE 1V-Ratings of Carbon Lamps, Mngle-Voltage and Three-Voltai. Basis Ex, to 13 0 Volta. Standard 

Lighting Lamps. Regular Typal,. 
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Singh' 

36.6 30.2 
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2.21 
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• Now International Caodlo*Power. by which • tortoni le e.p now rives 18.20 s.s. 

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 exact 
rating in this value will insure the most 
uniform service from the lamps. 

All standard lighting lamps operating in 
multiple must be rated at an exact 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 either an exact 
total wattage or candle-power for any fixed 
voltage. It is possible, however, to so select 
the lamps, by allowing variations from the 
average value of total watts and candle-power, 
as to bring the lamp, at its rated voltage, to 
an exact watts per candle efficiency. This 
insures that each lamp is burned at a uniform 

44) 

sl 

degree of incandescence and, although the 
actual candle-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 old method of rating by 
candle-power with a varying efficiency. The 
filaments are also subjected to a uniform 
temperature strain, and this method of rating 
therefore insures a uniform lighting effect and 
a maximum of well maintained candle-power 
and life. 
The total watts assigned to any lamp will 

represent the average value, hut the variation 
necessary to give an exact watts per candle 
rating will not amount to enough 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 efficiencies in order 
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to adapt them to varying conditions of voltage 
regulation and power costs. 

ns CoTbe 

Fig. 1 Cost of Lighting with 100 We. Meade Lamp Shoveng 

the lifhciency Which Goree the Lovett Lighting Coat et 
Different Curreot Rota. Price of Lamp. Based 

on Coat to Customer', thing 10.000 

1.orope Yearly 

Since the cost of lighting is made up of the 
combined cost of the electric energy used and 
the renewal cost of the lamps, it is evident 
that it is important that the efficiency 
be selected in every case which is adapted to 
the special cost conditions to be met. If 
the cost of power is high, high efficiences and 
relatively shorter life is justified; while if the 
cost of power is low, lower efficiencies and 
correspondingly longer lamp life is desirable. 
Moreover, an efficiency which will give satis-
factory life on a circuit when the voltage is 
uniform and does not rite more than two or 
three volts above normal, would not give 
satisfactory lite when the voltage rises four 
or five volts above normal. It is therefore 
desirable that lamps be available in different 
efficiencies to meet different service condi-
tions. This means that either a large line of 
lamps be provided at different efficiencies or 
that each lamp be so rated that it can be used 
at several different efficiencies. 

The former method is objectionable in that 
it makes it necessary for manufacturers, 
dealers, central stations and others to carry a 
large and complicated stock of lamps if they 
are to meet all service conditions so as to 
obtain the most economical lighting. Thus, 
in the past, the same lamp in a number of 
sizes appears under several different ratings. 
For example, 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, 15 watts per candle lamp, 
and at 4 volts lower still a 16 candle-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 
one label and use this same label on each of 
the lamps so that any one of them could be 
used at any of the three efficiencies. This is 
the plan followed under the three-voltage 
method of rating. 

el) 
"\;11 

120 Volt 120 Vat 
Top Voltege Middle VOilft• 

Three-Voltage Rating 

Under the three-voltage plan each lamp has 
a label bearing three voltages, for example, 
120, 122 or 124 
115, 120 or 122 
116, 11S or 120 
as shown by the sample labels illustrated 
herewith. In all cases these voltages vary 
by steps of 2 volts. They are known as 
the " top," " middle" and " bottom," or 
"first (V-1)," " second (V-2)" and " third 
(V-3)." In the first of the sample labels 
shown, 120 volts is "top" voltage, in the 
second, 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 one of three different 
efficiencies and enables the consumer to 
select lamps of the particular efficiency that 
will give him the lowest total cost including 
energy consumed and lamp renewals com-
bined. If for example the regulation of the 
circuit is originally such as to require that the 
lamps be operated at an efficiency 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 efficiency by 
ordering the same lamps at " middle" voltage 
or " top" voltage, depending upon the extent 
of the improvement in regulation. In 4.«,  
the same way any change in power • L: • 
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 renewal cost, which is 
fixed by the price and life of the lamp. 
The minimum practical limits of life 
are generally 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. 
For any given efficiency the life 
will be affected by the voltage regula-
tion; it is therefore the actual life 
obtained in service that is the deter-
mining factor. 
Assuming the voltage to be con-

stant, the lives of the various lamps 
at the different efficiencies arc as 
given in Tables I, II, III and IV. 
Under the proper conditions of vol-
tage regulation, the most desirable 
efficiency is that which 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 itself. 
Therefore, if the lamp is burned at too low an 
efficiency, the cost of energy consumed will 
increase at a much faster rate than the cost of 
renewals will decrease. As the cost of lighting 
is made up of the sum of these two factors 
(energy cost and lamp renewals), a balance 
should be struck between efficiency and 
life which will make the combined cost 
of energy and renewals a minimum. Where 
the cost of energy is high, the lamp should be 
operated at a relatively high efficiency. In 
this case its life will be shorter and the 
renewal cost will be increased, but the energy 
consumption for a given amount of light will 
be decreased. On the other hand, where the 

cost of energy is low the lamps may be 
operated at a lower efficiency, thus decreasing 
the renewal cost and increasing the con-
sumption of energy. It is apparent, therefore, 

Pig. 1. Cpt a Lighting with 4J Wipe Tantaturn Lamp. Showind the Efficiency 
Which Give, the Lowest Lighting Costa •t Different Current Peres Prices 

of Lamp, Dined on Cost to Customers Using IfIffie Lamps Yearly 

that for every energy rate there is a corre-
sponding lamp efficiency which will give the 
lowest total lighting cost, including energy 
and renewal cost. In the following pages ive 
will determine this efficiency for one size of 
each of the various lamps ( Mazda, tantalum, 
Gem and carbon). 

Maeda 

Table I gives the life and efficiency ratings 
of Mazda lamps at the three labeled voltages. 
The top voltage gives the highest efficiency 
and lowest current cost, and the greatest 
brilliancy and volume of light, with the 
excellent life of MOO hours—a rear's service 
for the average consumer. Át the lower 
voltages (middle and bottom), the lamps 
operate at lower efficiency with longer life, 
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but with reduced brilliancy and volume of 
light. 
The efficiency established for the Mazda 

lamp at top voltage, as given in the table, 

ieeo,  

Fis. 3. Coot of Lighting with SO Watt Gen+ Lamp. etc. 

Price of Laing 16.9 end 23 Cents. 

has been carefully determined as that effi-
ciency which will give the lowest cost of light-
ing service, including energy and renewals, 
to the consumer paying rates of S cents per 
kilowatt-hour and over. The top voltage 
rating is therefore the one that should be used 
by the average central station customer. 
The diagram of Fig. 1 shows graphically 

the cost of lighting with the 100 watt Mazda 
lamp at different power rates and efficiencies. 

One curt-e shows how the cost of lamp 
renewals varies with the efficiency at which 
the lamp is operated; another set shows how 
the energy cost varies with the efficiency of 
the lamp. Combining the two curves, we get 
curves which show how the total cost of 
lighting (energy and renewals) varies with the 
efficiency of the lamp. These curves are 
shown in the diagram for energy rates of 
2c., 4c., Oc., Sc. 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 rate represented in the curve. The 
curve connecting the minimum points of all 
of the total cost curves for the lamp gives the 

i,,, efficiencies to obtain minimum costs, and is 
known as the minimum cost curve. 
From these curves, the efficiencies that will 

b• give the lowest lighting cost can be readily 
determined. For example, suppose the energy 
cost is Sc. per kilowatt-hour. Referring to the 
curve, we find that the lowest total cost for 
light with the 100 watt Mazda lamp is 
obtained at an efficiency of about 1.17 watts 
per candle. From Table I it is seen that the 
nearest efficiency is 1.2 which is obtained at the 
top voltage rating, with a life of 1000 hours. 
In like manner, at 4c. per kilowatt-hour we 
find that the lowest total cost is obtained at an 
efficiency of 1.27 watts per candle. The table 
shows that the nearest efficiency to this is 1.23 
which is given at the middle voltage rating, 
with a life of 1300 hours. 
The curve showethat at the Sc. rate, the 

lowest cost of 1000 hours' service is about 
80.00--equivalent to 0c. per kilowatt-hour. 
Therefore, the cost of lamp renewals is only 
about lc. per kilowatt-hour—a very small 
item compared to the Sc. per kilowatt-hour 
energy cost. It is therefore shown to be pair 
economy to operate lamps at low efficiency 
in order to lengthen their lives, except where 
the energy cost is very low. 

Tantalum 

Table II gives the life and efficiency ratings 
of the tantalum lamps at the three rated 
voltages. These efficiencies and lives have, 
like the Mazda lamps. been determined so 
that the top voltage gives the average con-
sumer the most economical lighting service. 
As shown, the efficiencies of the 40 and 50 

watt lamps (which are the best and most 
widely used sizes) have been increased to 1.8 
watts. per candle at top voltage and the old 
standard efficiency 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 life 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 values taken are those obtained on 

direct current, the life being somewhat 
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 -10 watt tantalum 
lamp at 2 watts per candle on GO cycle 
current, is 1000 hours. In general, 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 Sc. 
per kilowatt-hour and above for current. 

This is shown graphically for the 40 watt 
lamp by the cost curves in Fig. 2, which are 
similar to those given for the Mazda lamp in 
Fig. 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 
ocher types. 
The life and efficiency ratings of these 

lamps at the three rated voltages are as 
given in Table III. 
The minimum cost curves for the 50 watt 

Gem lamp at two different lamp prices, 18.4 
and 23 cents, are given in Fig. 3. 

Carbon 
The Carbon lamps were the latest type to 

which the three-voltage method 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 supplied and used at several different 
efficiencies. This includes the 25, 30, 50, 60, 
100 and 120 watt sizes of the regular types and 
the 30, GO 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. 

Table IV gives a list of the standard carbon 
lamps as now rated, and also the lives and 
efficiencies at the different ratings (single, 
or top, middle and bottom). 

/7AVnviee,v,24;a.yeVeYerr1.5 
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Fig. 4. Coat of Lighting with 50 Watt Carbon Lento, Showing 
the EfSeieney Which Gives the Lowest Lighting Cott 

at Different Conant Rates. Price of Lento. 
16 and 20 Cente 

Fig. 4 shows minimum cost curves for the 
50 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 
lamp 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 it is 
only when the rates are lower than 2 cents per 
kilowatt-hour that bottom voltage should be 
used. 
At a lower price the lamp should be operated 

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 CARYL D. HASKINS 

MANAGER LIGHTING DEPARTMENT, GENERAL ELECTRIC COMPANY 

Yesterday we gave preliminary consider-
ation to lighting undertakings; the underly-
ing conditions which make them possible, 
wise or unwise business propositions, their 
relations to the community, etc.. etc. Today 
we shall go into more specific engineering 
questions. 
The central power station for the gener-

ation of electric energy may, of course, be 
anything from a small .30 kw. equipment up 
to one of those enormous aggregations of 
many thousands of kilowatts, which char-
acterize Chicago, New York, Boston, and 
other very large cities; aggregations so large 
that they stand by themselves as special 
problems involving serious i n d i vidual 
studies. 

For the backbone of today's talk, after 
thinking the matter over rather carefully, I 
have selected 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 average under-
taking, such as one would contemplate for a 
town of from 10,000 to 20,000 people. I 
shall occasionally deviate, in connection with 
special issues, to considerations pertaining to 
very large concentrations of power; but we 
shall, except where stated otherwise, regard 
the subject under discussion as a unit plant 
of this general capacity. 

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

'Th, article is the Ant of • series tri appear In the RavIRW. 
comprising the notes of a course of estcmpuranrous lectures de-
itvered before lb, engineering students of the Rensselaer 
technic Institute. Troy, N. Y. The series beg,ot with the 
author's second lecture. the Ant lecture having been devoted to 
topics not essential to the course front an engineering stand• 
point 

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: 

lat. The steam 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 one thinks of water power as 
without cost sore only ale cost of development. 
Largely, this is truc, 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 lighting industry of this 
country, due" to a number of causes. Where 
such plants have been unsuccessful, however, 
the cause of failure can generally be traced 
back largely to poor (too sanguine) initial 
engineering. Excessite cost of development 
means bad engineering, and it has not seldom 
been preceded by a low initial estimate. 
History tells us also of unwise judgment and 
over-hopeful estimates as to the probable 
damage to the works from floods and ice; 
unwise and carelessly made surveys as to the 
condition of streams in drought periods, the 
latter resulting in an inadequacy of water in 
dry summers, and the former in excessive 
water during flood periods, with the conse-
quent destruction of property, such as dams, 
tall 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 size, 
low head, water power undertakings in the 
eastern states, which started out with 
brilliant 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-
sibilities and variables, and, in short, con-
stitute a much more indefinite problem than 
do any plants using steam power. A high 
proportion of the successful water pon-er 
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 are 
sound. 
I have known few better examples of 

wise development of small water powers for 
the generation of electrical energy than that 
of a certain plant in the Hawaiian Islands. 
The conditions are unusual. The value of the 
crops in some portions of the islands exceed 
one thousand dollars per acre, but the success 
of these crops is dependent in a very large 
measure upon irrigation. On the west side 
of one of the islands which hal a mountain 
backbone, sugar grows very luxuriantly, 
but a great lack of rainfall prevails upon the 

other side of the range. It was found that 
sugar would grow quite as well on the eastern 
side as upon the other if the land could be 
properly irrigated. A civil and electrical 
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 SOO foot head, 
and the cost was estimated 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 close 
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 efficient 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 reached 
wide use for electric lighting purposes, but 
they promise much in conjunction with gas 
producer development. We shall not pursue 
this subject, because, frankly, I am not well 
versed in it, and there is not time, anyway. 
to go into it in greater detail. By the natural 
process of logical or arbitrary elimination, 
this leaves us steam. 
Under the general classification " Steam," 

we have three alternatives: 
(1) The reciprocating engine, belt or rope 

connected to the generator. 
(2) The reciprocating engine, direct con-

nected to the generator flexibly or 
rigidly. 

(3) The turbine, direct connected to the 
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. 
Efficiency and first cost fluctuate in first 
importance, one up and the other down, as 
the cost of fuel and labor is high or low and the 
cost of money is high or low. Efficiency 
literally and relatively 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 belted or rope drive sets as to reliability. 

In considering floor space, we must give 
attention 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 
real 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 three alternatives rank thus in regard 

to floor area: 

Belted or rope drive sets .. 100% floor space 
Direct connected or recipro-

cating engines . . . 57.5% floor space 
Turbo-generators . . 20% floor space 

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

Direct connected sets . . . 100% weight 
Belted or rope drive sets inclusive of 

engine and generator . . . 90% weight 
Turbo-generators . . . 50'10 weight 

You will note that the belt or rope drive 
sets occupy a somewhat intermediate position. 
This, however, is exceedingly 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 connected sets. 
The speed of the belted generator is, of 

course, higher in substantially every case 
than the speed of the direct 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. 

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

Efficiency, as I have already said, is in a 
considerable measure 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 
use, the advantage lies with the turbo-
generator, but reciprocating engines vary 
widely. Well built turbines, properly used, 
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 tie 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 central 

station contain? Under average conditions 
up to 1000 kw. 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 one 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 alternating 

current or direct current shall be 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, this 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 feeder 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 roust 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 25, 60 and 125 cycles. The 
latter is the commonest frequency of early 
apparatus. It is made for light weight trans-
formers and light apparatus. In the early 
days of the art, when high frequencies were 
not at a disadvantage, this frequency was 
widely used—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. It is low enough 
to make synchronizing easy, 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 GO cycles the lighting frequency. 
For lighting purposes, it has been contended 
by some authorities that with 25 cycles there 
is a certain flicker, which, while not observ-
able, is alleged to be fatiguing to the eye. 
From a practical standpoint perhaps the most 
important consideration in connection with 
this question, ir tile frequency of electric 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 when it becomes 
an economic measure for it to purchase 
current from a neighbor. 

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 for 
reasonably economical distribution over areas 
not exceeding two to five miles radius. The 
determining of the operating voltage is a 
purely physical question, dependent 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 

BY P. 

Shunt Field 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 

a 

Pig. I Polarity of nteepolea fe the Case of • Generator 

Pig. 2. Polarity of Interpolea in the co,. of • Motor 

correct rotation and does not build up, then 
probably the shunt field is wrongly connected, 
and should be reversed. Cases often occur, 
however, where the field is correctly connected 
(especially when the machine is being run up 
for the first time), and some half an hour will 
elapse before the machine commences to 
build up: or a machine may build up with the 
wrong polarity to be put on the station bus-
bars. The remedy then is not in reversing 
the field connections (if this were done the 
machine would no longer build up), but in 
reversing the residual magnetism in the pole 
pieces by separately exciting the field from 
some external source for a short time. With 
a motor there can not be an incorrect shunt 
field connection, because it is always excited 
direct from the line. The actual connection 
determines the direction of rotation. 

• Reprinted from Euteratrat Exotallaillen, London. 

to Interpole Machines) 

Q. E. 
Series Field of Compound-Wound Machines 

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

is usual to insert a low resistance or 
diverter in parallel with it, which can 
be adjusted for any value of voltage 
desired. In this way drop in engine 
speed can be compensated for between 
no load and full load as well as corn-
pounding, and there is no drawback 
to the use of a diverter, as is the 
case with interpoles. 
With a motor a diverter in the series 

field is rarely, if ever, used; the drop 
in speed due to the series turns can 
be foretold accurately enough, and 
there is always an allowance of 3 per 
cent above or below rated speed with 
any direct current machine. It is of 
the greatest importance, however, to 
be pertain that the series field is right 
way when starting up for the first time, 
especially in a variable speed interpole 
machine. It would be safe in either 
case to run the machine light first of 
all. Load should then be put on very 
gradually, and if the speed tends to 
rise appreciabl V, it is almost certain that 
the series field is reversed and bucks 
the shunt field; and in that case the 
machine should be at once shut down. 

The shunt field of a variable speed interpole 
machine is extremely weak when on top speed, 
and the series field, if reversed, is sufficient to 
%Wipe it out altogether, with the result that 
the machine would either 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 error also to suppose that 
the series field of a nuitor is wound to buck 
the shunt field, thus slightly weakening the 
shunt field on full load and keeping the speed 
constant at all loads. These differentially 
wound machines are rarely, if ever, to be 
found; the variation of 3 or 4 per cent in 
speed between no load and full load of a good 
shunt motor is quite near enough a constant 
for all commercial purposes, and, moreover, 
it appears to be forgotten that any machine 
must necessarily 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 turns are 
sufficient 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 generator, 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, instead of rewinding new spools, the 
device of inserting a low-resistance in parallel 
with the interpole winding is resorted to, and 
by correctly adjusting this resistance the 
proper percentage 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, 
especially in cases where the load is fluctuating, 
because the turns on the interpoles, 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 self-induction 
of the interpoles prevents a rapid change of 
current round them, and for the moment 'a 
greater percentage than normal passes through 
the low non-inductive resistance in parallel 
with them. The interpoles du not therefore 
at all times correctly compensate the current 

values of the armatures, 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 approximately the some 
self-induction as the interpoles; the current 
would then be correctly proportioned between 
them for all changes in value. 

L. 

Fie. 3. Diagram of Connection. for Compounded 

Interpol. Merida. 

Fig. 3 shows the usual connections of 
interpole machines; X, F, A, L representing 
the terminals on the connection board of the 
machine. X serves as a terminal for the 
equalizer bar, if one is required, in the case 
of a generator running in parallel with others. 
P is the extremity of the shunt field, which is 
usually connected to the rheostat in the field 
circuit on the switchboard before being 
joined to the other side of the line. A and L 
are the armature und line main terminals 
coupled to the main switches. In the case of a 
motor the starting rheostat would be inserted 
between A and the main switch. The point 

is the connection of the interpole winding 
to one of the armature brushes; this is not 
brought out to the terminal board. If, 
therefore, the interpoles were of wrong 
polarity and required reversing (which would 
be easily 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 
overcome the difficulty would be to rock the 
brush gear one pole-pitch forward, thus revers-
ing the armature relative to the interpoles. 
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In the case of a generator, this reversal of 
the armature would necessitate a reversal 
back again of the interpoles and armature 
together by interchanging X and A on the 
terminal board, thus making the relation be-
tween the armature and the shunt and series 
fields the same as before, and allowing the 
machine to build up. With a motor this rever-

• 
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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 

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

place be arrived at. Perhaps the best method 
is to find the brush position on which the 
machines will run at the same speed as a motor 
in both directions of rotation for the same 
applied voltage. Circumstances will not 
allow of this always, so the following me-
chanical method is more common and can be 
relied upon to have sufficient accuracy. 
By reference to Fig. 4 for a series wound 
armature, and 4a for a parallel wound arma-
ture, the whole thing is made simple: Any 
armature coil is selected, and the 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 connected are traced out and the 
brushes are moved to lie symmetrically with 
respect to these. This brush position can be 
confidently assumed to be very near indeed 
to the electrical neutral. 

• Not the case slily General Electric Machin«. See Edttorial. 

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 ampere 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 brushes 
on the electrical neutral the residual magnet-
ism in the shunt poles was just sufficient to 
produce a voltage which caused OSO amperes 
to flow through the armature. When three 
segments forward lead were given to the 
brushes, the OSO 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 required 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 
are 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 definitely 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 determines a fixed brush 
position is when the machine is required to 
have a certain degree of compounding. The 
distance of the brushes from the electrical 
neutral materially affects the amount of 
shunt field current for a given voltage, hence 
it will be at once seen that there 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 be that it must run at greatly 
different speeds, the extreme values of which 
could have a ratio of 5:1; or the speed on no 
load must be higher than that at full load, or 
rice terra. 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 neutralizes the armature reactions at 
all loads 

Fla. S. Speed Characteristics of Interpole Motor 
(I) Brush« In Neutral Potation 

(II) Brushes Given Halt • Segment Forward Lead 

• H possible, an interpole motor is run with 
its brushes on the neutral, but in many cases • 
when the machine has become hot there 
might 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 rise 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 
sparldess commutation if well designed. 
The additive action of the interpoles to the 
shunt field then keeps down the speed and at 
the same time keeps the field strong enough 
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 theme with Genera/ 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 500 volts 40 h.p., 
SOO r.p.m. is shown in Fig. 3. 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 permanent connection to the 
supply line through 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 employed 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 simple thing is a very 
important consideration. These cables carry 
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 are perfectly 
sparkless; there might be increase or decrease 
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 might be said about 
the heating of such machines. In the first 
place the size for a given output has been 
reduced to a minimum and the space available 
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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 efficiency. In fact, cases 
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 Lou end Exciting Current 

When a transformer is connected to a 
source of alternating current, a loss of energy 
takes place in the iron, owing to cyclic 
reversals of the magnetic flux. This loss of 
energy is known as the core loss; its value 
depending on the wave form of the impressed 
em.f., a peaked wave giving a somewhat 
lower core loss than a flat wave. It is not 
uncommon to find alternators giving such a 
peaked wave form that the core loss obtained on 
transformers excited by them is 3 to 10 per 
cent less than that obtained on the same 
transformers when excited from generators 
giving a truc sine wave. On the other hand 
some generators give a very flat wave form, 
so that the core loss is greater than that 
obtained when sine wave is used. The core 
loss test is similar to the impedance test, 
except that voltage is applied to one 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 sine wave alternator 
and transformer connections made so that 
the alternator is operated at normal excitation 
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 sure to place the high tension 
leads so that no one 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 one 
another, and are not affected by any stray 
field. 

A core loss curve should be taken, starting 
at 50 per cent of rated potential and increas-
ing the voltage to 23 per cent above normal. 
TO do this, hold the frequency constant and 
vary the voltage, taking simultaneous read-
ings of the excitation amperes and watts 
core loss. Do not plot the curve as each 
reading 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 necessary 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, 
use the wattmeter without a potential trans-
former or multiplier, by connecting the 
transformer for the lowest potential, as this 
will give more reliable results1 
When the normal voltage of both windings 

is above 5000 volts it is often more satisfactory 
to take core loss indirectly; that is, to read 
input into the secondary 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 care-
fully measured. 
Connect the primary of the step-up trans-

former to the secondary of the transformer in 
test, putting a low reading ammeter in 
circuit to read the exciting current. Read 
volts, watts and amperes in the secondary of 
the step-up transformer as usual. In cal-
culating the actual core loss, subtract the CIR 
and core loss of the step-up transformer from 
the total wattmeter reacting. While this 
method has its disadvantages, 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 excitation 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 one turn out, a difference 
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 between the 
two transformers. 
The connections for the parallel run are 

shown in Fig. 49, No. 2 being 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 entire 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 wire of 
not over 3 amperes capacity. One end of this 
fuse wire should be carefully fastened to one 
end of a clean dry stick about two feet long. 
Close the secondary switches and by touching 
the frame of one of the transformers with the 

Fig. 48 

Connecticris for Core Lola trot 

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

alternator, gradually bringing it up to normal 
potential. As soon as field is applied to the 
alternator, the man handling the fuse 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, 
connect a voltmeter in series and read the 
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Fig. 49 

Connections for Parallel Run 

difference of voltage with normal potential 
on the transformers. If this voltage is more 
than one-fourth of 1 per cent of the rated voltage 
of the transformer, the wrong coil should be 
located and corrected. Instead of reading the 
voltage, the exchange current may be read by 
connecting an ammeter in the circuit instead 
of the voltmeter. This current should not 
exceed 5 per cent of the normal current. 
Continue the parallel tests as above, until 
all the transformers have been run in parallel 
with the one selected as standard. 

If the transformer has two circuits that may 
be operated either in series or parallel, the 
parallel test should be made by connecting 
together the corresponding ends of these coils 
on one side, completing the circuit by means 
of fuse wire and applying full potential to the 
other winding of the transformer. It is just 
as essential that the coils of a transformer 
operate satisfactorily in multiple as that two 
transformers so operate. 

Normal Load Heat Run 

The heat test may be conducted in several 
ways, all of which are designed to approxi-
mate as nearly 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-generator 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 connected in multiple and 
then connected to an alternator which sup-
plies the core loss and exciting current. The 
primaries arc connected in series, opposing 
each other; if the transformers have the same 
ratio, the voltage from A to B will be zero. 
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The secondary of an auxiliary transformer 
D is connected in series with the primaries of 
the transformers in test. Alternator E con-
nected to the primary of transformer D 
supplies the copper losses. The same method 
may be used for any even number of trans-
formers, but it is not advisable to run more 
than six at one time. Fig. 51 shows con-
nections for the heat run on three trans-
formers, the primaries and secondaries of 
which arc connected in delta. Across one 
corner of the delta, impedance voltage is 
impressed for the three transformers con-
nected in 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 losses. 
In arranging for the heat run, see that the 

alternators and transformers are of sufficient 
capacity to carry the load; the current 
necessary to supply the iron losses being 
equal to the sum of the exciting currents of 
the transformers. If the transformers have 
several secondary coils, connect them in 
series so that when the heat run is completed 
no tinte will be lost in making connections for 
measuring hot resistance. The alternator 
supplying the core loss should operate at 
normal excitation; the voltage required to 
supply the load current being equal to the 
impedance voltages of the tran,formers. 
If there is more than one primary, arrange 
to run them in series 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, 
place a man on guard to prevent any 
one coming in contact with the wir-
ing; then see whether the proper load 
and overload can be obtained. There 
should be some resistance left in the 
field 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 read the tempera-
ture of the air escaping from the coils. Two 
thermometers should be used for the primary 
and two for the secondary windings, placing 
them about one inch above and just over the 
ducts between the coils. Also, place two 
thermometers on the core to read the tem-
perature of the iron, one near thù top and one 
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 carefully watched to see that they do 
not get too hot. After the air blast is put 
on, it is usually necessary to keep the iron 
damper closed for some time to allow the 
core 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 temperature 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 guaranteed for a 
maximum temperature rise of 40e C. at 
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normal load, and 55° C. rise after a 25 per 
cent overload for two hours, the air should 
be adjusted to give about 35° rise 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 
55° rise after 50 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. 
When 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 arc 
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 
thermometers when taking readings. 
When ready to measure resistances, shut 

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

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

R, 
= (23S+e)-- 23S. 

R, 

T Rise in degrees C. 

During the heat run a can iul inspection 
should be made for loose laminations. If an', 
transformers are found that rattle or buzz, 

Primary 

due to loose iron, they should be plainly 
tagged and a chalk mark made on the core 
as near as possible to the point at which 
buzzing was heard. The heat run and other 
tests should now be finished, except the 
double and high potential tests, which must 
always be taken after all repairs are 
made. 

It sometimes 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 easing and the cast iron corner 
castings, cap and base. If this defect is 
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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 if the trouble has been 
remedied. II a motor-generator method 
can not be used, the cropper and iron heat runs 
may be taken separately. 
To make a short circuit heat run, short 

circuit the secondary windings and apply 
normal current to the primary. 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 one being injured, and apply normal 
voltage at proper frequency to the secondary 
until the iron temperatures are constant. 
Finish up the tests as if the heat run were 
taken by the motor-generator method. The 
same amount of air will be required and the 
heating will he practically the same as though 
both iron and cropper were loaded at the same 
time. 
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At the end of the heat run measure all 
resistances carefully and read the thermom-
eters. The same care should be used 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 set of resistance 
readings on four transformers. A careful 
inspection of all soldered joints should be 
made to see that there is no undue heating. 
When no overload is specified, the trans-

formers must be run for 20 minutes at 50 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 heat run. Engineering instructions 
should always specify the overload tests 
required. 

Transformers are 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 carefully 
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, so as to avoid distortion 
of the wave form. Double potential . is 
applied to test the insulation between turns 
and between sections 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 frequency must be 
increased. Apply twice the normal voltage 
for one minute, followed by one and one-half 
times normal voltage for five minutes. The 
last test is taken in order to discover any short 
circuits that might develop during the double 
potential test, and yet not become apparent 
in the short time that the double potential is 
applied. The primary bushings should be 
cleaned 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 
defective coil should be located and plainly 
marked. Then, in disassembling the machine, 
the coil can be easily found and the cause 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 meter. Knowing the 
velocity and the area of the orifice, the cubic 
feet per minute can be easily 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 
careful to allow no air to escape. The size 
of the orifice should be noted, and the time 
that the air meter is allowed to run. Always 
record the reading in cubic feet per minute. 
The air readings arc to be taken with the 
dampers in the same position that they 
occupied during the 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 only method 
for determining whether the dielectric strength 
is sufficient for continuous operation. Me-
chanical examination amounts to little and 
measurement of insulation resistance is equally 
valueless, since insulation may show high 
resistance when measured by a voltmeter 
with low voltage, but offer comparatively 
little resistance to the passage of a high ten-
sion current. 
The insulation test which should be applied 

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 from engineering notices. In testing between 
the primary and the core or the secondary, 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 



COMMERCIAL ELECTRICAL TESTING 465 

may be much greater than the strain to 
which the insulation is subjected under 
normal operation, and therefore greater than 
it is designed to withstand. In testing be-
tween the primary and the corc, the induced 
potential between the secondary and core 
may be several thousand volts, and the 
secondary may thus be broken down by an 
insulation test applied to the primary under 
conditions which would not exist in normal 
operation. During the test, all primary 
leads, as well as all secondary leads, must be 
connected together. If only one terminal of 

»to Volta 

Fig. 52 
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the transformer winding is connected 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 applied. 
Under such conditions, the reading of the 
electrostatic voltmeter or the arcing across 
the spark gap affords no indication of the 

insulation strain. Indications which are best 
learned by experience reveal the character of 
the insulation under test. 
The charging current of a transformer 

varies with its size and design. The current 
may be measured by means of an ammeter, 
placed in the low potential circuit of the 
testing transformer. It will increase as the 
voltage applied to the insulation is increased. 
Inability to obtain the desired potential across 
the insulation may be due to large electro-
static capacity, or to the inability of the high 
potential transformer to supply a large 
capacity current at the voltage desired. A 
breakdown in the insulation will result in 
a drop in voltage indicated by the electro-
static voltmeter. 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. Set the spark gap for the voltage 
to be applied and connect in the proper 
electrostatic voltmeter. 13e 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 ceases 
and again bring it up just to the arcing point, 
holding this voltage for one minute before 
gradually taking it off. A note of the charging 
current should be made on the record sheet. 
When a transformer 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 cause of the break-down. 

(To be ronlinuel) 
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THE STEAM TURBINE 

PART II 

By DR. ERNST J. 13ERG 

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 

\  

Tg. 1 

higher than can he used to advantage without 
the introduction of gearing. 
To convince you of the correctness of this 

statement, we will proceed to determine the 
relations between steam velocity and avail-
able energy. 
We have obviously. 

ilte ... available energy; 
thus 2 X available energy; 

.1f 
II' weight 

or since the mass 11 — 
g acceleration, 

we get, if the available energy per pound of 
steam is given: 

or • 2X322 X available energy, 
✓ SVavailable energ 

11:e have shown before that if saturated 
steam is expanded from 175 lbs. to 2S in. 
vacuum, the available energy per pound of 
steam is 253,000 ft. lbs.; thus, the velocity of 
the steam as it enters the condenser would be, 

feet per second 
If the steam were expanded to atmospheric 

pressure only (when the available energy is 
139,500). 
the velocity:would he r ;j,"§§.0-: 

Thus in the first case the steam velocity 
is about twice as great as that of a modern 
ride 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 velocity 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 see 
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 
sec., 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 are 
moving at the rate of 500 ft., the remaining 
velocity would be only 1000 ft. per second. 

If the bucket speed had been 1000 ft., the 
entire velocity would evidently have been 
converted into mechanical energy. In a 
turbine, however, the steam does not enter 
in a direct line with the direction of the 
motion but, for reasons of construction, there 
is a certain angular difference. The angle 
between the nozzle and the bucket is usually 
20°. 

The " entrance" angles, ...os, (Fig. 1,) depend 
upon the relation between steam speed and 
bucket speed, the higher the bucket speed in 
relation to the steam speed, the blunter the 
angle should be in order that the steam may 
enter without shock—and at the sanie time 
not hit the back of the bucket. For this 
reason, we notice that in the second wheel 
of a two-wheel combination, where there is 
little difference between the steam speed and 
the bucket speed, the entrance angle is 
much larger than in the first wheel, where 
there is a great difference between the 
velocities. 
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The "leaving" angles, a,.,e, depend upon 
the opinion of the designer; the smaller these 
are, the more the energy that can he 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 
greatly restricted, as may be seen from the 
figure below. 
Through very careful construction the 

single stage turbine has been operated at 
bucket speeds as high as 1,100 feet per second 

Fig 2 

(turbines of other designs do not, as a, rule, go 
to higher speeds than 500 feet). 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 5 per cent in energy, a loss in the 
wheel of 10 per cent of the velocity, a nozzle 
angle of 2CP, and a leaving angle of the bucket 

Pig. 3 

of 30°, we get the diagrams of Fig. 3, which 
represent the steam and wheel velocities 
when the steam enters and leaves the bucket. 
A-B is the velocity of the steam as it leaves 

the nozzle. It is, 

v = S VO.93 X 233,000 = 3,920 feet. 
A-C is the bucket speed 1,400 feet. 
B-C is therefore the relative velocity of the 
steam as it enters the wheel and is equal to 
2,645 feet. The relative velocity of the 
steam as it leaves the bucket is, according to 
the loss assumption, 2,380 feet; therefore the 
velocity of the steam as it is rejected into 
space is 1,362 feet. 
Under these assumptions, we have: 

The loss in the nozzle 0.05 X 253,000 12,630 
foot lbs.; 

loss in the wheel A mv,— tavi'.. 
26452-2380'  20,600 ft. lbs. 64 

and the rejected energy, A mee 13:4e= 
28,800, 

making a total loss of 62,050 foot lbs. There-
fore the bucket efficiency corresponding to 
indicated efficiency with engines is: 

190,930 _ 
a.a per cent. 253,000 

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 

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 each stage, 
the work per stage varies. With the same 
work per stage, in a five-stage turbine operated 
with initially dry saturated steam at 175 lbs.. 
abs. pressure and 28 in. vacuum, the available 
energy of each stage should be: 

253,000 
50,600 foot lbs. per lb. 

The shell pressures corresponding to this 
available energy arc 73 lbs., 30 lbs., 11 lbs., 
3.8 lbs.. and 1 lb. abs. for the first, second, 
third, fourth and fifth stages respectively. 
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Thus, for instance, in the nozzles leading to 
the first stage the steam is expanded 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 leaves the nozzle is then: 

Sv' 50,600 = 1,800 feet per second. 
Two wheels running at 450 ft. per second 

would thus abstract all the energy in the 
steam. 
The size of the nozzles and the expansion 

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, 

Napier's law, F= 

or Grashof's law, F = Pi'aiGO , gives results 

which closely agree with observed values. 
Of the two laws, Grashof's seems preferable, 

at least 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 lbs., but with 
a pressure of 15 lbs., Napier's law gives values 
about 7 per cent low and at 5 lbs. 11 per cent 
low. 

Napier's law has the great advantage of 
simplicity and is therefore preferable if a 
constant is applied, which depends upon the 
initial pressure. 

at k 
F-14-;ffi-

Where: 
I....flow of saturated steam in lbs. per 

second. 
pi- initial pressure in lbs. abs. 
a.= throat area in square inches. 
k = constant = 0.995 for p,-200 lbs. abs. 

-1. for pi- 175 lbs. abs. 
-1.01 for pi-120 lbs. abs. 
= 1.02 for pi- 85 lbs. abs. 
=1.03 for pi - 62 lbs. abs. 
=1.01 for pi- 47 lbs. abs. 
= 1.06 for pi- 25 lbs. abs. 
= 1.0S for pi= 13 lbs. abs. 
=1.12 for pi= 3.5 lbs. abs. 

The flow with superheated steam is reduced 
6.5 per cent for each 100* Fah. Thus the 
equation becomes: 

a, k 
p,-70 (1-.00065 ti) 

where ti is the number of degrees superheat. 
With moist steam the flow is increased 

approximately inversely as the square root 
of the quantity x. 

Therefore the general equation of steam 
flow when pz=5Spi, whether the steam is 
superheated, saturated, dry or moist, can be 
expressed by: 

=PI 
aik (1-.00065 ii) 

Example: 
Initial pressure, Pt 100 lbs. abs. 
Final pressure, h = 50 lbs. abs. 
Superheat, 11= 100. F. 
Area, al = 1 square inch. 

We have 
then: k = 1.013, and x=1. 

Thus: F= 100 X1 X1.015 X 0.935 

1.35 lbs. per sec. 
and with steam of 3 per cent moisture the 
flow would have been: 

100X1 X1.015 
.70-‘277- — = 1A8 lbs. per sec. 

When the difference of pressure is less, 
that is, when h>0.5S h, 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 steam: 

GO 

Where k.= 1 for P2.= 0.58 

=0.9 for e - 0.76 

-0.8 for e = 0.53 
Pi 

=0.7 for e 
Pi 

=0.6 for e = 0.915 

=0.5 for e = 0.945 
Pt 

=0.4 for /22 =0.955 

=0.3 for e = 0.985 

This formula has been verified by Guter-
muth when a non-expanding nozzle was used; 
however, with a nozzle having expansion 
he found the flow to be somewhat greater 
Having determined the volume of the steam 

from the tables and its velocities in the various 
paths, we can readily proportion the actual 
dimensions of the buckets. 

70 
Z. 
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The nozzle throat area, that is, the smallest 
area of the nozzle, is fbund from the equation 
of the flow of steam. 
The largest area 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 
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the ratio of bucket speed to theoretical steam 
speed. 

It rnay seem strange that with a two wheel 
combination the maximum efficiency is reach-
ed when the speed of the buckets is IS per 
cent of the steam speed, since even if there 
were no losses in velocity or energy, 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 impulse type, 
but as the buckets have to be constructed, 
there is some slight expansion in the steam 
while passing from the nozzle through the 
turbine, this expansion resulting in a velocity 
in the second wheel which is greater than 
should be expected from the pure impulse type. 

Referring now to Fig. 4 if there were no 
rotation losses, the maximum efficiency 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 arrangements of 
buckets and diaphragms, no gen-
eral equation can be given, but 
different constructions demand 
different constants. 

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

1:11- — 0.0003 p(Tl) 

Where KIF  = kilowatt loss, 
p = absolute pressure in 

the stage, 
u = bucket speed feet 

per second, 
D —diameter at bucket 

in feet. 

As an instance, the rotation loss 
in the second stage of the five-
stage turbine discussed, which 
runs at 750 kw. and has a 

bucket speed of 465 ft. is: 

KW ,. 0.003X 30X 4.633X 11.82=125 kw. 

The total rotation loss in thc entire turbine 
will be about 500 kw., or 3.5 per cent ot the 
output of a 14,000 kw. turbine. 
To conclude, it is hoped that this lecture 

gives the necessary information for she 
understanding of the action of steam in 
turbines. Of course, important features 
enter in the design, which can not be explained 
briefly or by equations, such as practical 
clearances around wheels, effect of highly 
polished nozzles and wheels, etc. These 
details must be studied experimentally, not 
only with each type of turbine, but with 
different sizes of each type. 
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INSULATION AGAINST ELECTRICAL IMPULSE FORCES 

BY DR. 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 tested with double voltage 
across single insulation. Experience has 
shown this is sufficiently high for standing 
indefinitely the voltages constantly existing 
in the circuit. Nevertheless break downs of 
the insulation occur, and will take place with 
increasing frequency, by transient voltages— 
that is, by electric impulse forces of indefinite 
voltage—and no safety factor of insulation 
that is permissible with a reasonable size of 
apparatus, can completely guard against such 
electric impulse forces. 
The conditions are somewhat similar to 

those met in the mechanical strength. Sta-
tionary structures, intended to carry constant 
mechanical loads, may be designed rigidly 
with a chosen safety factor. Structures, 
however, which arc exposed to mechanical 
impulse forces, the impact of moving masses, 
could not be safely designed in this manner. 
For instance, an automobile tested by loading 
it at standstill . with three 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 exerted by a 
moving mass is indefinite; that is, depends 
on the rapidity of stoppage of the motion, and 
the rigidity of the structure. Thus an instan-
taneous stoppage of the motion, with a 
perfectly rigid mass, would give an infinite 
force, and where motion has to be stopped 
or changed suddenly, something must give; 
that is, the impact force must be taken up by 
elastic or unclastic deformation. Thus in the 
automobile, tires, springs, and the entire 
structure take up the impact force by their 
elasticity, while the friction clutch represents 
an instance of inelastic absorption of the 
impulse force resulting from the difference 
in speed of motor and car. 

In electric circuits impulse forces of indefi-
nite voltage may occur, even under apparently 
normal conditions of operation, due to the 
kinetic and potential electric energy of the 
system (the magnetic and electrostatic energy); 
and in large medium voltage systems such 
electric impulses have commonly been ob-
served reaching intensities 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 circuit 
constants abruptly change. Such points are 
the terminals of reactances, of transformers, 
and other inductive devices, and these are the 
danger points at which indefinite and some-
times more or less unlimited voltages may 
be expected, 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 inertia) is that the energy is 
limited but not the intensity or voltage. 
The latter is theoretically unlimited, and is 
higher the more rigid the mechanical struc-
ture, or the more perfect the electrical 
insulation. Fortunately, 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 
permanently. 
For instance, a quarter inch air gap between 

needle points, which breaks down at 5000 
volts permanently applied, may momentarily 
stand over 100,000 volts; oil and solid insu-
lations show the effect of the time of appli-
cation still more markedly.* 
While the voltage of electric impact forces 

may be extremely high, their disruptive effect 
may, and in all probability usually is relative-
ly low, duc to their limited energy and there-
(ore limited duration. 
The energy which may appear in the 

impulse force depends on the stored electric 
energy of the system, and thus approximately 
on the size of the system and on the avail-
ability of this energy, that is, the (relative) 
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 forces, and the greater 
therefore their disruptive effect. Relative to 
the normal insulation of the system, the 
disruptive effect of electric impulse forces is 
probably greatest in the large medium-
voltage systems. 
• Some data on the behavior of air and oil when subjected 

to momentary voltages a,. given in • paper on the - Disruptive 
Streneth of Air and Oil with Tramient oltages, published In 
the Proceedings of the AIES 
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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 
size 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), 
n-e find that at present the sizes (kw. capac-
ities) 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 expected, increases the protection but 
relatively, since the impulse voltage is 
theoretically unlimited, and very soon the 
practical limits of economic insulation are 
reached. Furthermore, with the increase of 
insulation (of " electric rigidity") the voltage 
of the impulse force may be increased, and 
thus somewhat its disruptive effect. 

It appears that in protecting systems 
against electric impulses we should give up 
the conception of a definite safety factor of 
insulation against steady voltage and endeavor 

so to design the apparatus and the entire 
system that no voltage of limited energy, no 
matter how high, can cause any damage. 
Damage to apparatus and harm to the 
system is usually done by the main current 
following a transient discharge, but probably 
never by the transient discharge itself, that 
is, the energy of the impulse. Thus, if the 
apparatus can be designed so that the energy 
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 ( the insulation absorbing ener-
gy by what may be called dielectric hysteresis) 
by glow discharge, corona, brush discharge, 
streamers 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, etc., which separates 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 

electric impulse forces seems largely to be 
one of the design of apparatus, and therefore 
does not yet allow of a general solution, but 
requires each problem to be taken up 
individually by choosing such a design that 
a static spark from the terminals of the 
apparatus can not cause a short circuit. 

In the design of reactive devices for high 
power medium voltage systems, the pro-
tection against electric impulse forces is a far 
more important and serious problem than the 
insulation against the normal circuit voltage 
or against the internal 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 JOHN P. JUDGE 

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

Caesar Cone, Proident Proximity Manufacturing Co. 

The company was organized in 1805 by 
Messrs. Moses H. and Caesar Cone, and 
associates. The Proximity 
mill was erected and started 
in 1805, its equipment 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 to the custom 
at that time, the power 
house closely adjoined the 
mill, a 750 h.p. Corliss 
engine being belted directly 
to the head shaft in the 
spinning room and sepa-
rately belted to jack shafts 
between engine room and 
weave shed. 
As the business of the 

concern increased, additions 
to the equipment were made 
until it was found that the 
engine 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 

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 250 kw., 100 r.p.m., GOO volt, 
three-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 these 
motors are shown on Fig. 1. In ten years 
continuous service the total expense charge-
able to these motors has not exceeded 
8100.00. The only change made in this 
motor equipment was that automatic oil 
switches were substituted for the air brake 
switches and fuses originally installed. 

Before this installation was made, careful 
readings were taken on the engine to deter-
mine the amount of power used in the weave 
room. Similar readings were taken after the 

Fig. L Rim. In Flmement Showing Motors for Operating Machines in Wove 
Room Located on Floor Above. Proximity Mill 

motors were installed (the number of looms 
having been increased lo per cent during the 
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meantime), which showed that almost exactly 
the same amount of power was required as 
before, but with an increased production of 
13 per cent; it having been found possible to 
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 consumed less steam 
and required less coal, and 
incidentally the fan was not 
required in the stack. 

In 1002 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 h as 60,000 spindles 
and 2000 looms, with the 
necessary preparatory ma-
chinery and dye house. The 
main buildings comprise a two story picker 
building, 312 ft. by 78 ft.; a two story spin-

Pig. 2. Second Story of Spinning Building Containing 00,000 Spindle, Operated 

by Seven 200 M.P. Motors Mounted on Ceiling. White Oak Mills 

Fig. 2. Second Story of ruker Sodding Shown( 200 H.P. Motors Suspended 

from Ceding Rafters. White Oak Mdls 

ning building, 750 ft. by 153 It.; a weave 
shed, 004 ft. by 180 ft.; a dye house, 312 ft. 
by 105 ft.; and a power house, 204 ft. by 

136 ft., with two radial brick stacks 176 
ft. high, one with a 12 ft. flue and one 
with a 1»,¡ ft. flue. 
The owners' experience at the Proximity 

mill had convinced them of the advantages 
of electric drive, and the White Oak mill 

was therefore laid out for 
that system of power dis-
tribution. The power house 
was plaçed 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 250 
h.p. each. The other half of 
the building, which is sepa-
rated from the boiler room 
by a fire wall, is the engine 
and generator room, with a 
considerable offset for the 
switchboard. Two genera-
ting units were instalted when 
the mill was built, each unit 

consisting of a 1230 kw., 600 volt, three-
phase, 40 cycle generator direct coupled 
to a 2000 h.p. Corliss engine operating 



474 GENERAL ELECTRIC REVIEW 

White Oak Mille, Proximity Manufacturing Company 

at 75 r.p.m. At the saine time, there was 
also installed one motor-driven and one steam-
driven exciter, each of 50 kw. and 
each capable of exciting the two 
generators. All feeds are carried 
in an underground tunnel from the 
switchboard to the several build-
ings. 

Fig: 2 is a view in the second 
story of the picker building. The two 
motors shown are each of 200 h.p., 
450 r.p.m., and are directly connected 
to the line shaft by two flexible 
couplings. In the first story there 
are three motors totalling 200 h.p., 
which operate the openers. etc. The 
first story of the spinning building 
contains two motors of 200 h.p. each, 
which operate the cards, drawing 
frames, slubbers and speeders. The 
second story contains spinning frames 
aggregating 00,000 spindles, together 
with warpers, etc., all of which are 
driven by four motors, each of 200 h.p., 
mounted on the ceiling and belted to counter-
shafts as shown in Fig 3. 

The looms in the weave shed are driven 
from below, the motors and shafting being 

Fie 4. Switchboard and Exciter in Power Honer. White Oak Mil!• 

located in the basement. In this building 
there arc four motors, each of 150 h.p., GOO r.p. 
in., 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 1007 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-
ery at that mill; a new two story 
building 430 ft. by 130 ft. being 
erected for the purpose. 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., GOO 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 enlargement was made, a motor-
driven exciter of 125 kw. capacity was installed. 

Fig. S. Ground Floor of Weave Room Showing ISO M.P. Motors 
Operating Idaehinery en 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 75 ft. by 30 ft., being shown 
in the foreground in Fig. G. One end of 
this building is partitioned off by a heavy 
brick wall, and in the section so enclosed are 
placed three 40 cycle, 1000 kw., 15,000/600 
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 the main section of this building. 
Besides the switchboard, a 250 kw. rotary 
converter is installed, which furnishes current 
for the direct current arc lamps, formerly 

Fitt. 7. SubstatIon at Proximity 

served by a separate engine-driven generator. 
The handle of the 15000 volt automatic oil 
switch controlling the primary of the trans-
formers is also shown at the end of the 
switchboard, the switch being located in the 
transformer section. 
Switchboards in Power House 
The switchboards are of black enameled slate, 

and arc of standard General Electric design; 
each generator panel equipment including a 
Thomson recording wattmeter, as does also 
the panel controlling the line to Proximity 
mill. On each feeder panel is an indicating 
wattmeter, and at the end of the board is 
a generator voltage regulator. The oc meters 
are read daily and a careful log is kept, by 
means of which the engineers are enabled to 

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., GOO volt gen-

erators. 
One 50 kw., 123 volt marine set (exciter). 
One 50 kw.. 125 volt motor-driven generator set 

(exciter). 
One 125 kw.. 123 volt motor-driven generator set 

(exci ter). 
One 15 kw., 125 volt motor-driven generator set 

(exciter). 

Six 40 cycle. 100 kw.. 13.000/000 volt water 
cooled transformers. 
One 6 pole, 230 kw., 230 volt, 5-wire rotary 

converter. 
819 arc lamps. 

and the following standard 40 cycle, Form 
"L" (wound rotor), 550 volt motors: 
Ten 200 h.p. Five 100 h.p. 
Nine 175 h.p. Two 75 h.p. 
Three 150 h.p. One GO h.p. 
Pour 123 h.p. One 50 h.p. 
These mills arc probably the largest con-

sumers of cotton in the South, using approxi-
mately 00,000 bales per annum. 

All mechanical and electrical problems are 
under the supervision of the General Super-
intendent, Mr. R. G. Campbell, and his 
assistants, Messrs. U. S. Greer, steam engi-
neer, and W. J. Dorworth, electrical engineer. 
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CURVES OF REACTIVE POWER 

BY V. KAR.APETOEF 

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 and 
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 are 
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 7.500 kw. 

at a power factor of SO 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 SO and follow it beyond 

Plg.4 a. 

the bend. To the abscissa of 90 per cent the 
corresponding ordinate is 1230 kv.-a. (per 000 

kw.); hence the required sizé of the synchron-
ous condenser is 1230 X7.5=9225 kv-a. 

In the same example, in order to raise the 
power factor to unity, 750 X7.5=5625 kv-a. 
are necessary. To raise the power factor to 
95 per cent lagging, only 420 X7.5 = 3000 kv-a. 

nee 1, 

arc required. The curves show that to cor-
rect the last few per cent of power factor 
require 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 useful 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 power factor, the 
motor is rated at 

%/àT(uip -746e =5830 Kv-a. 
5000 

at a power factorof "silo ...86 per cent leading. 
a 

The curves were calculated and plotted 
as follows: In Fig. I, let 0..1(=i) represent 
the vector of the total current before the 
corrective reactive power is applied. Let 
be the energy component of the current and 
i2 the wattless 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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E, the triangle of power (Fig. 2) is obtained. 
It is understood, of course, that the vectors 
of the currents arc multiplied by the numerical 
value of the voltage, and /to/ bv the vector of 
the voltage. In Fig. 2 the hvpothenuse 
represents the apparent power, thé horizontal 
side the true power, and the vertical side the 
reactive power. If I is in amperes and E in 
kilovolts, Pand Platte in kilovolt-amperes, and 
I', is in kilowatts. From Fig. 2 we have: 

.P2 tan o; 

or, the reactive power per 1000 kw. of truc 

power Ps = 1000 tan • (I) 

1800 

2200 Let now a leading wattless 
current AA' be taken by a 
synchronous motor or con-

MOO denser. The generator cur-
rent is then reduced to OA', 
and the reactive power sup-
plied by the generator to 
DC'= Pt. 
The new phase angle is 0, 

and we have: 
/600 P3' 1000 tan .1 (2) 

The reactive power taken 
moo by the synchronous motor 

is obtained by subtracting 

/200 = Pz=1000(fan 0-tan 4.9 

eq. (2) from eq. ( 1), or 

(3) 1 This is the formula used in 
» 90 ¡k- calculating the curves of 

reactive power. If the re-
active power taken by the 

000 synchronous motor or by a 
condenser is so large that 
the generator current OA" 

600 leads the voltage, formula 
(3) becomes 

Are= 1000 (tan4144a Pt 0") 

400 
(4) 

In other words " in for-
mula (3) must in this case 

ZOO be considered negative. 
The following table shows 

the method of obtaining a 
few points on the curve 

SS 100 corresponding to the initial 
power factor of cos 44 81:1 
per cent lagging. For this 
power factor the angle,=30° 
30' • tan 40= .740. 

These values of /"I are plotted against the 
corresponding values of cos 0' as abscissae. 

- - _ 

Cos 44' t• 0.90 0.98 
e -25 so. ltr 10' 

Tan ttp• .328 
AP, ..26.3 421 

1.00 
o. 
o 
749 

LEADING 

183 

—.621 
1370 

0.78 
—41 20' 

1629 

The other curves are obtained in a similar 
manner, beginning with different values of 
the initial power factor cos 0. 
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MOTOR OPERATED BOAT HAUL AND FERRY 

BY W. D. BEAACE 

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 
electricity 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 
employment 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 
and 50 feet back from the 
river at its normal water 

Fig. I. Mechaniarn a( Motor•Operated Boat Haul 

Fig. 2. Arrangement for Operating Fen", Ek.t 

struction, being of the home-
made variety. 

Three-phase current was 
available from local power 
mains; a two horse-power 
motor was therefore 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. An improvised brake, 
shown in the extreme left of 
the figure, is mounted on the 
shaft with the drum and 
equipped with a solenoid and 
plunger for releasing. 
The movement of the car is 

controlled by a three-pole 
double-throw switch so con-
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 bv a drum. 
Back gearing reduces the speed to a low value 

and the driving rope, through suitable 
pulleys, takes half a turn on the drum. 
The 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. 

NOTE 

In preparing copy for rig. 11 of Mr. Baum's 
article on Fire Damp Apparatus, appearing on page 
406 of the September issue of the Review, data 
which is essential to an understanding of the dia-
gram was omitted. For the sake of clearness, we 
republish the diagram, together with the neces-ary 
key. 

Fig. II, a and h. Mount« Correxponding V.Mo Crow 

Semi.. of Opening* for Rich Mixture and 5 me Pom 

,,on of the I ninon Paant o, Pre.: re Coltr rx•ndine 

C. Dixtance of Ignition Point fr. on Open¡ 

Same Mixture and Seer of (Mmung 

:.:a'n,ng. 2,7'2 
h. 
C, opening. 1.24 sq. in. 
D. opening. 1.02 sq. in. 
E. opening. 0.28 sq. in. 
F. ignition in hack. 
C, ignition in center. 
H, ignition in front. 

OBITUARY 

Mr. Theodore P. Bailer, Assistant Manager of 
the Philadelphia Office of the General Electric Corn-
pany, died at hi home in Mt. Airy, Philadelphia. 
on Saturday. August 20th, as the result of a delayed 
operation for appendicitis. 

Mr. Bailey was born in Covington, Kv., August 
17, 1806, and was educated in the public schools 
of Princeton, Ill. Completing his school course, 
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. 
Ill., and then at Joliet, III. While engaged in this 
work, Mr. Bailey made a study of law and in 1881 
was admitted to the bar at Ottawa, Ill. In the 
following year he moved to Chicago and entered the 
employ of the Thorn Wire Hedge Company..it the 
head of which was General A. K. Stiles. General Stiles 
and Norman T. Cassette were the original promotors 
of the Van De Poele Electric Company, and in 188.3, 
through the influence of the former, Mr. Bailey 
became associated with thin concern, and from that 
time on devoted his attention to electrical matters. 

In lee 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, continued in charge of the street railway 
work of the Chicago office, later becoming assistant 
manager of the office. 

In 1905 he resigned his position with the General 
Electric Company to enter the railway contracting 
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 1908 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, Iowa: Omaha, Nebr.: Topeka. 
Kans.: Ottawa, III •, St. Louis, Mo.; Karnes City. 
Mo.: Minneapolis. hlinn. 
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 Electrical 
Engineers. 




