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PREFACE

v The  purpose of this paper is to present

in as compact form as possible a few of the problems
incident to central station power service, and the
solutions for them. The préblems taken are actual
cases, selected from those .arising during the ,
period from February 1, 1918 to May 1, 1920, in the
experience of the author with the Springfield Light,
Heat & Power Company, Springfield, Ohio. They are
fairly representdfive of the different parts of a
typical central station organization, involving the
Production, Distribution, and Commercial Departments.
All superfluous material has been eliminated, as
well as all unnecessary explanations and informe-
tion, and a number of rather interesting problems
‘have been entirely omitted, because their type is-
is covered by the ones selected. The situations to
be met and correctly solved in the experience of

a central station organization are, of course, very
numerous. '

, The author wishes to acknowledge his in-
debtedness to Mr. T.H.Harvey, Works Manager of the
Ohio Steel Foundry Company, Springfield, Ohioj to
Mr., J.C.Galvin, Chie’'f Melter of the same company;

~ to Mr, E.J.Newnham, Chief Engineer, and Mr. R.F. .
MacNett, Supervisor of Power, both of the Robbins

& Myers Company, Springfield, Ohio; and to Mr., C.I.
Weaver, Treasurer and General Manager of the Spring-
field Light, Heat & Power Company, Springfield,
Ohio. :

L.E,.Brown.

" Springfield, Ohio.
May 1920.
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POWER FACTOR
CONDITIONS AND CORRECTION

SPRINGFIELD LIGHT, HEAT; & POWER CO.,
SPRINGFIELD, OHIO.

About the middle of 1918, the Springfield
Light, Heat, & Power Company began, for a number of
reasons, to investigate the power factor conditions,
obtaining throughout its plant and distribution system.
Trouble with low voltage on the unregulated three-
phase power lines had for some time been experienced in
various sections of the city, and complaints were becom-
ing frequent. The Robbins & Myers Company reported
low voltage, and tests made at once showed thdal, while the
line voltage at the plant was slightly above normal
(normal value 6600 volts), the line voltage at their
factory was below normal, and the transfopmer secondary
voltage seriously low. At that time, their 1l5-minute
peak load was about 750 K.W., and they were, and are,
the only customer of any size on a 3/0 line about 7600
feet long. The step-down transformer capacity at their
- factory was ample for the K.W. load. A test showed that
their power factor stood normally at 60% to 65%. - This
cohdition was reported.-to Mr.E.,J.Newnham, then Chief
Engineer of the Robbins & Myers Company, and they insti-
tuted an investigation, the findings and results of '
which are given hereafter.

- The dlstribution losses weype high, and for the
eight months ending August 44, 1918, the average by
mGths was 15,82 4. This figure does not include the
line losses of the downtown direct-current system. One
imﬁ%tant reason for this high loss lay in the fact that
several circuits were badly overloaded, and subsequent
changes have reduced the losses sllghtly more than 28%e
. Nevertheless, the genergl condition of low power factor
was, and is, a vital factor in the distribution losses.

‘ The peak load oun the power station during 1917
was 5500 K.W., and the anticipated: peaks for 1918 and

1919 were 7800 and 8300, respectively. The station

" generating capacity totaled 9000 K.W., at a power factor
rating of 80%,:s0 that the peak load for 1919 would
‘require all the capacity,- lea¥ing no reserve capacity what-
ever, Indeed, there was no reserve capacity for 1918,
since the anticipated peak could not be carried, in case

of loss of the 5000 K.W. unit, On account of the con-
ditions incident to the War, the installation of another



turbo-generator set before the summer of 1920 was out

. of the question, and for this reason it was increasingly
- important that everything possible be done to relieve
and assist the station equipment. Future conditions
also dictated present corrective and preventive action
in connection with the power factor conditions.

Motor application had in the past been left
very largely.in the hands of the electrical contractors,
with the natural result that in the majority of cases,
the applications were badly over-motored. One common
rule found was to standardize upon one size of motor for V
all line shafts, regardless of the individual shaft loads,
and actual cases were found where 25 horsepower motors
were carrying loads as low as 5 horsepower. The rule of
one factory electrician was to "figure the motor twice
~as large as he thought necessary, and then double that",
andﬂqulte evidently followed his rule to the letter.

It was little wonder that he could boast of the fact

that his motors seldom burned out or even ran hot.
Another natural cause for the serious over-motoring is
the fact that in the past gas-engines have been a cheap
and popular form of prime-mover, and the motor sizes have
been very often determined on the gas-engine basis,

Under the above conditions, the Springfield
Light, Heat, & Power Company determined to aggressively
enter the motor application game, with the main idea
of protecting itself as much as possible. As a result,
even though motors in many cases have been sold by com-
peting contractors, the sale has in most cases been made
in accordance with the company's recommendation, with
marked improvement in the operating characteristics.
The power factor at the plant of the E.W.Ross Company, ,
where the installation was selected by the power company,
was found to be 857 under the average conditions of
loading., The 15- mlnute demand at the time this power
factor reading was taken was about 70 K.W.

As a part of the motor application plans,
a set of curves was prepared, using the gmarantees of
one of the two large electrical manufacturing companies,
show1ng the relations of efflolency and power factor to
load and rated motor speed. These curves are for the
40 degree-rated motors. Briefly, the efficiency and
power Tactor are better for large motors than small,
increase with the rated speed, and are better at full—
load than at fractional loads. In the last respect,
- the effect upon power factor is much more serious than
upon efflClency. At half-load, a motor will have
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approximately the same efficiency as at full-load,
whereas the power factor will be as much as 15% lower.

In the case of the 5 horsepower 1200 R.P.M. motor,

the power factor drops from 80% at full-load to 63% at
half~load. These are intended to serve only as indica-
tions of what may be expected; certain sizes and speeds
deviate from them, on account of differences in design,
but on the whole, they represent very well the conditions
which will obtain. These curves have served as valuable
guides in the many applications made. Of course, it is
realized that in many cases, perhaps most of them, the

size and speed are dictated by mechanical and other
considerations. o






POWER FACTOR MEASUREMENT.

- am e e e

Since three-phase power factor is not yet a

~defined quantity, and no instrument is available for’
measuring it, it was necessary to devise somé method, at
least approximate, for obtaining an indicatioén of the
power factor in the power and motor éivecuits, I# the -
Electrical World for June 28, 1919, the following article
was published: - . ,

IMPROVED POWER FACTOR .
RESULTS FROM INVESTIGATION

With Simple Testing Apbparatus Central Station
Hes Been Able to Show Customgrs Advantages to Be Galned.

In connection with a thorough investigation of the
power-Tactor conditions obtaining over its entire plant
and distribution system, the Springfield (Qhio) Light,
Heat & Power Company has devised the following scheme
for determining power factor:

-Three single-pole, double-throw 1l5-ampere knife
switches were provided with a blade extension which
makes them similar to broken-back switches., When
placed in a sinkle ammeter circuit, as shown, they elim-
inate the possibility of opening the secondaries of the
current transformers at any time, and indicate the cur- ,
rent flowing in each leg of a three-phase circuit. Proper-
ly combined with simultaneous voltages, these .readings
give the Kva. of the system. :

The normal position of the switches, with no current
flowing through the ammeter, will be A-B. Closing the =
switches one at a time to the position B-C will give the:
currents flowing. A three-phase wattmeter inserted in
the circuilt gives the K.W., and the power factor can be
thus determined. For coavenience in inserting and re-
~moving this wattmeter, two single-pole, single-throw
knife-switches are used. .

The tWo—wattmeter'methéd,'using”a‘polyphaSe‘ihStru-"
ment, was first tried out, but soon abandoned because of
the fact that in most cases the load is unbalanced.
However, this method is used to some extent for testing
individual motors..

Tests have been made of all power circuits, both ~ -
generator and feeder, at the power station, and of most
of the primary meter installations of this company.
(See subsequent data covering plant teésts). A number
~of the larger power customers whose load has a low
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power factor, are arranging to change their induction
motors to load them up and reduce the connected horse-
power, and in two cases synohronous motors are being
installed. One company in particular is installing a
300 H.P. synchronous motor and.a 100 K.W. synchronous
converter, the former to displace & steam engine, the
latter to provide current for variable speed drive. This
‘customer has a 15-minute demand of about 150 K.W. at 65%
power factor, which with the new installation will be-
“increased to approximately 95%. (See subsequent section
"Ingtallation of 300 Horsepower Synchronous Motor and
Power Factor Conditions at The Victor Rubber Company,
Sprlngfleld Ohlo")

- The power ‘Bontractsiof this company contain
no power factor clause, so that all changes areée being
made on the basis of reduced’ motor horse~power, decreased
losses, and improved sérvice.  L.E.Brown, -
Springfield, Ohio.  Superintendent of Distribution.

~ This article was reprinted in the Bulletin of
the Ohio Electric Light Association, with an 1ntroductory
paragraph as follows.

Mr. L.E. Brown, Superlntendent of Dlstrlbutlon of the
Springfield Light, Heat & Power Company, reports that
they are going 1nto the power factor conditions of their
company very carefully and thoroughly, and expect to
make a very considerable improvement from the improved
application of motors and other devices, A number of
their larger power customers, including the Robbins &
Myers Company, are co-operating with them, and are
making changes in their induction motors installations
tp operate all motors as nearly as possible at their
full-load ratings. In several cases syanchronous motors
are being installed. (See subsequent sections covering
work at thé Robbins & Myers Company and at the Victor
Rubber Company). Mr. Brown gavée the Electrical World
a very excellent article in which they are arriving at
improved results from their power factor J.nvest:l.g;a’f,lons.~
The article taken from the Electrical World 1s as fol-~
'lows.

K L VR VA VA VO A VR ¥s
PR SRR R S R R R (N 1

. This method of measuring power factor was .
referred to the Electric Journal, Pittsburgh, Pennsyl-
‘vania, and approved by Mr,C.R.Riker, Technical Editor.



o



1

"POWER FACTOR TESTS
' ON
GENERATOR AND FEEDER CIRCUITS

In January of 1919, tests were made of the power

factor on the three generator circuits and on all the
three-phase power feeder circuits, including the totallzing
bus and the Series Street Light totalizing bus, at the
Rockway Power Plant, It is considered unnecessary to give
the detailed readings for these tests in this paper, since
they are similar to those shown for the tests at the Robbins
& Myers installation, and the results only follow:

CIRCUIT POWER FAGTOR
Generator No. 1 = - = = = = == — = 50.5 %
Generator No. 2 == - = - --- - - - not running.
Gemerator No, 5 - - = - - - - - - -~ 85.7%
Totalizing Bus - = - = = = =~ = - - - - 70.3 %
" R. '& M. - I.H.C. 3-§ 6600 Volt - - - - 67.5 %
East End 3-f 6600 Volt - - - - - - - _ 65.0 %
Ghio Steel Foundry 3-g 6600 Volt - - - 83.0 %
Lagonda 3-§ 2300.Volt = - = = - = - - 69.2 %
North Central 3-§ 2300 Volt ----- 71.34
West End 3-§ 2300 Volt - - - - - - - - 69.9 %
South End 3-¢'2500 Volt = = = = = = - 61.6 %
South West 3-§ 2300 Volt - - - - - - - 77.8%
Series Street Lights, Totalizing - - - 1 50.4 %

over
sent

well

high

It is understood that the above values are averagés
the period at which the readings were taken, and repre-
normal conditions.

The readings on the Totalizing Bus checked very
with the indications of the station power factor meter.

- The Ohio Steel Foundry Line has an unusually
power factor, for the reason that about three years
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ago the Ohio Steel Foundry Company made very careful in-
vestigations of their motor loading, and completely rear-
ranged their applications to fully load all motors. They
are the only customer on this line. It is interesting to
note that the power factor of the furnace is approximately
the same as that of the motor load, as nearly as it is
possible to measure the furnace input.

The power factor of the Series Street Lights is
especially low. on account of the high reactance of the
line itself, and because of the fact that each incandescent
lamp i1s served from an individual series transformer. This
power factor was checked by opening one element of the
watthour meter, and it was found, of course, that when the
right element was opened, the instrument stopped.

The reduction in line, transformer, and generator
capacity resulting from the above conditions of power .
factor, and the attendant bad regulation, can readily be
calculated and appreciated, and wherever possible correction
is to be mede. '
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POWER FACTOR TESTS
AND CORRECTION
AT o
THE ROBBINS & MYERS CO.,
SPRINGFIELD, OHIO. -

- In August of 1918 the Robbins & Myers Company’
complained that their voltage was low. A test was made,
which showed that while thé line voltage was somewhat above
normal (normal 6600 volts), theé secondary voltage was in-
deed low. At that time, this was assigned to the faét that
they have & double transformation, from 6600 volts to
2300 volts, and from 2300 volts to 110, 220, or 440, de-
pending upon the service. This was, of course, a valid
reason, since they were sufféring the regulation incident
to the double transformation. ’ ‘

- In January of 1919, the first test of the power
factor at their transformeresinstallation was made, in

- accordance with the attached tabulation, whicéh shows the

average power factor to be 62%, at that time., This con-
dition was reported to Mr. E.J.Newnham, at that time Chief =
Engineer of the Robbins & Myers Company, and sevéral con-
ferences with him held. As a result, Mr. R.F,McNétt was
appointed Power Supervisor, with instructions to improve
the power factor and othér conditions relating to their
power supply and service. ' :

' Mr. McNett has made, and is yet making (April .
1920) a careful study of the conditions obtaining. He has
adapted the previously described method of measuring power
factor to their conditions, and two articles appearing ‘in
the Electrical World of January 3 and 10, 1920 relate quite
adequately the changes which he has accomplished. "

PORTABLE TESTING OUTFIT
USED IN POWER SURVEY

By Its Use,‘the Motor-Rating of One Factory Has Been
Decreased by 150 Hp.- Dummy Fuses Facilitate Con-
- nection of Meters in Line. L

Because the Robbins & Myers Company manufactures
‘motors, it has been very easy for the operating depart-
ments to become over-motored, particularly during the
war period when machihes were running night and day at
top speed and there was no time to question what size
motor was best adapted to a particular drive. At that

fimeit
[ 13



time it was considered good policy, in view of the fact
that new machinery was being purchased wherever it could
be found, to put on each line shaft a motor large enough
to take care of any probable future growth. When the
armistice was signed, however, and the necessity for
high-speed production became less, the load also became
less, with the result that the power factor of the
entire plant was reduced considerably. Obviously, the
remedy for low power factor was to reduce the connected
horss-power, so tests upon each motor were made in order
that all machines be correctly motored. Smaller ones
could be installed if needed, or they could be rearrangsd
to operate to the best advantage.

The instruments available for the testing consisted
of a portable recording wattmeter, a portable recording
. power-factor meter, an ammeter with 5-ampere scale, a

voltmeter, and a tachometer. In addition, there were
three instrument transformers, each with ratios of 100,
50, and 25 to B amperes. These were connected to the
motor line through leads terminating in switchboard plugs.
~ The transformer secondaries are connected- the two out-
side ones- to the current coils of the wattmeter and the
middle one to the ammeter and to the current coil of
the power-factor meter, which are in series. In these
circuits are placed "broken-back" switches which allow
the measuring of current in any phase without opening
the secondaries. It was found necessary to meter each
phase because the voltage was slightly unbalanced and
reading the.power-factor meter would be incorrect. By
measuring the power-factor of all the three phases and
averaging the readings, the true power-factor was ob-
tained. 1In front of the transformers is a heavy protect-
ing switch and a set of fuses connected so that the
fuses are always in circuit whether the switch is open
or closed, The portable meters rest on a pad of %-inch
felt, the combination being mounted on a rolling meter
table with swiveled, rubber-tired wheels. Nearly all
connections are back of the board. (See accompanying
photograph)

For connecting the current coils of the meter in the
line, dummy fuses are used. 1In.each end of them are
tapered holes reamed to receive the switchboard plugs.
With this arrangemen{ it is a very simple matter to cons
nect the meter leads to any size of dummy fuse, to take
out one running fuse at a time from a motor circuit (the
motor operathg single-phase for a moment) and slip the
dummy in its place. For convenience, and to avoid mis-
takes, the wooden handles of the switchboard plugs are
painted different colors for "line" and "load", so that
the wattmeter connections are always correct.

/5



.

Line
Line

- . 3 Pole Sv\;i‘fg’ h and F’uses
Yo protect Meters ‘

- Poténtial Leads

\

Recordin g Wett-meter||

’ummy Fuses

Brass

)

Reom +o

J \0 Flbef“ ] my .:
- Detar/lof
Dum my Fuse® P/zfg
J EI"IGS o
4 fansforM- Pofenf/o/ Leads C
ol = ers. o
— A | :
| P11 || Recording cower =
™ } %JJ Factor Me+ter
71 W— Broken-back Switch
—J ] <Ml - Ammeter ‘ DG'?"C?I /_A
Jéck o
Plug ]

9]






18



No data are available at this time upon the savings
‘effected because the work is not completed, but it has
been possible to eliminate mope than 150 connected horse-
power in the first few months of the test, despite in-
creasing power requirements due to greatly increased
production. (The maximum l5-minute demand to April 1, 1920
is 905 K.W., compared to 750 early in 1919). As a matter
~of fact, production is on the increase and the changing
of motors and fitting them to their loads is responsible
for the fact that the power bill has increased only
slightly. R.F.McNett, : .

The Robbins & Myers Supervisor of Power.
Eompany, Springfield, Ohio. . )

TEST, RESULTS TABULATED

' - ON FACTORY MOTOR CARD

Comparison of Records Bearing Motors Ratings and .
Characteristics Allows a Complete Analysis

of Power Conditions in Plant

When making a complete power survey of the installed

- motors in its plant, the Robbins & Myers Company recorded

the results of the tests. én 5-inch by 8-inch filing
cards. These cards are provided with spaces for shop

serial and frame number;. the name-plate data, the depart-

ment, data on driving and driven pulleys, size of belt,
machinery driven, and the load readings of the motors.

In addition to this information there is a space for the
specifications which are necessary in order to permit a
complete analysis of the motors. Of course it would be
impossible for every plant to have performance curves

for all its motors, but in this case it is possible, be-
zause practically all the motors are manufactured in .

the plant. There is therefore available a complete file
of these curves, and with the data gathered from the test
each ‘motor's performance can be analyzed. This analysis
allows the determination of whether or not it is economi-
cal to make changes, and what changes are necessary.
Motors are provided that will operate at the highest
efficiency and power factor on the determined boad, but
often it is necessary to take future extensions into
account. ‘ : ‘ R.F.McNett,

Springfield, Ohio. Supervisor of Power.

{9
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POWER FACTOR TEST
. AT .
ROBBINS & MYERS
- B600 V. 3-PHASE

N
E S

Friday, Jan. 17, 1919

by
J.B.Bronson,

AV.E

Watts V.A. P.F.

(X))
1:45 P.M. 4.5 5,5 4.4 4.8 110 1100 915 60.3
2:00 4,5 5.5 4.5 4.8 109 1100 911 60.5
2:30 4,0 5.0 4.0 4,3 110 1100 821 67.0
2:45 4.6 5.5 4.3 4,8 110 1100 915 60.2
3:00 4,8 5.5 4.5 4,9 108 1150 916 62.8
3:15 4.4 5,0 4,3 - 4.5 110 1100 856 64,3
3:30 4,5 5.5 4.5 4,8 108 2100 900 61.3
3145 4,0 5.0 4.5 4.5 109 1050 850 61.9
4:00 3.5 4.5 4.0 4,0 110 1090 1765 71.4 (?)
4:15 4.0 4.5 3.5 4.0 108 1050 745 70.5 (?)
4:30 4:25 4.5 3.8 4.1 108 1080 768 70.3 (?
4:45 4.3 4.9 3.9 4,3 108 1100 805 68.4 (7)

Average Power Factor - - - -62,0 %

5 ampere Ammeter, R.& M., Serial No. 18255
150 volt voltmeter, Co. No. 2, Weston Serial No. 5203
2000 watt Wattmeter, Co. No. 14, Serial No. 143418.

Current transformer ratio 60:1
Potential transformer ratiq 20:1

NOTE : Last four readings, marked (?), are not
used in figuring the average P.F., because the values
are high, on account of the lighting load coming on.

20 |



POWER FACTOR TEST
AT :

ROBBINS & MYERS

6600V, 3~PHASE

<

Wednesday, June 4, 1919

. by
J.B.Bronson

TINME I-1 I-2 I-3 Av.I Av.E Watts V.A. P.F.
(xF)

12:15 P. M., 4.0 4.1 '56.1 4.4 110 1100 837.3 65.7
- 12:25 4,2 4,2 5.1 4.5 110 .1090 856.3 63.6
12:40 4,1 4,2 5.0 4.4 110 1090 837.3 65.5
1:00 4.3 4.3 5.3 4.6 110 1100 875.3 62.8
1:20 4.2 4.3 5.2 4.5 110 1090 856.3 63.6
"1:30 4,1 4.3 5.2 4.5 110 1090 856.3 63.6
11445 4.0 5.0. 4.2 4,4 110 1090 837.3 65.5
2:10 4,2 4.2 5.2 4.5 110 1100 856.3 64.2
2:30 4.0 5.0 4.2 4.4 110 1100 837.3 65,7
3:00 4,2 5.0 4.3 4.5 110 1100 856.3 64.2
3:15 5.4 5.1 5.1 5.2 110 1200 989.5 60.6
3:45 5.0 5.0 5.0 5.0 110 1180 951.5 62.0
4:00 4.0 4.5 5.0 4.5 110 1120 - 856.3 65.4
4:30 4,2 5.0 4.3 4.5 110 1160 856.3 67.7

Average power factor 64.3 %

Current transformer ratio 60:1
Potential transformer ratio 20:1°

10 ampere Ammeter, serial No. 535569.
150 volt Voltmeter, -serial No. 5203, Co. No. 2.
3-¢ Wattmeter, serial No, 143418, Co. No. 14.

Average K.W. Demand 630 (l5—minuté).
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: The Robbins & Myers Company ‘has just placed an
‘order with the General Electric Company (April 20, 1920)
-for three 200 K.V.A. static condensers, to be placed at
the most advantageous points in their factory to give
power factor correctlon.- These condensers are built for

- 2300 volts, since the dltrlbuuloﬂ is made at that potential,
and also since that potentlal is standard for the condensers.
The present load (15-minute peak) at the factory is about
900 K.W., and the power factor is about 65%. The attached
vector diagram shows the results which will be obtained by
the appllcatlon of these static oondensers.

“

900 KWl

~arc.cos .90

arc .cos. .65

Y
/1050 KVA.

\
600 K VA
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The improvement in service which will result
is obvious. Not only will the line regulation be reduced,
but also the regulation of the transformers at the
Robbins & Myers factory and of the station step-up trans-
formers. Aside from the bettered service, which is
the chief consideration from the point of view of the
“customer, the line losses will be reduced to about one-
half their value at the present power factor, and the
generator, transformer, and other station equipment
materially relieved. ‘
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INSTALLATION
: OF |
#00 HORSEPOWER SYNCHRONOUS MOTOR
" AND
'POWER FAGTOR CONDITIONS
. i o
IHE VICTOR RUBBER COMPANY,
' SPRINGFIELD, OHIO.

1919-1920

25



26

INSTALLATION OF 300 HORSEPOWER SYNCHRONOUS
MOTOR

' AND .
POWER FACTOR CONDITIONS
AT

THE VICTOR RUBBER COMPANY,
SPRINGFIELD, OHIO. -

A test of the power factor of the line supplying
the Victor Rubber Company and a few smaller consumers
was made at the power plant on January 3, 1919, with
results and findings as shown in the accompanying sheet.
The load at the rubber factory is very fluctuating, and
-the motors operate most of the time at comparatively light
loads, which accounts for the unusually low power factor.

On January 14, 1919, preliminary to submitting
to the Vietor Rubber Company a proposition covering the
replacement of their steam engine with motor drive, a
card test was made of the steam engine., This engine was
direct-connected to a line shaft placed under the floor
of the factory, and d?iving eight rubber mills. All other
" equipment in the factory had already been motorized, or
rather, had been equipped with motors when installed.
The engine was in need of a thorough overhauling, and
the demand upon the boilers for steam used in process
work and heating had reached the point where, in the ;
near future, additional boiler capacity would be necessary,
1f the operation of the engine were to be continued.
The results of this card test are given in the accom-
panying sheet.

. Since the Rubber Company was very anxieous to
arrive at a decision, the data taken wepeworked up in the
field, and recommendations made that a motor of 250 to
300 horsepower capaclty be purchased and installed.
In the light of the power factor test made a few days
previously, the installation of a synchronous motor was
highly desirable.This was presented to the Rubber Company,
. and they agreed to * purchase that type, iT one of the
proper rating were immediately available. Fortunately,
“a good 300 horsepower, 2060 voli, 800 R.P.M. motor was
found in second-hand stock, and at once purchased, with
the idea in mind of its immediate installation. As a .
matter of fact, this installatlon was made exactly one (ee p.=0)



" H.E.Miller
J.B.Bronson,

POWER FACTOR .TEST

VICTOR RUBBER LINE
2300 volts- 3 phase.

Saturday, Jan. 11,1919

NOTE:-

2000 watt Wattmeter- Co.
5 ampere Ammeter-~ Co. No. 9
,léorvolt Voltmeter- Co.

power factor.
11:30 are not considered. .
rapidly that accurate reddings are difficult,
especially With the poorly damped ammeter
available.

WATTS * , 4
TIME (x) _I-1 I-2 I-3 AV.I AV.E _V.A. P.F.(%)
G .

9:00 290.0 0.8 1,0 1.2 1.0 118 2204 71.1
9:01 190.0 0.5 0.6 0.7 0.6 118 123 77.2
 9:45 233,0 0.9 1.2 ‘1.1 1.08 118 217  53.7
10:00 188.3 0.8 1.0 0.9 0.9 118 184 51.5

10: 30 246.,6 1.1 1.0 1.0 1.03 118 211 58.5 -
11;00 243.3 1.0 1,1 1.0 1,03 118 211 57.8
11:15 - 150.0 0.7 00.8 0.8 0.71 118 145 51,7

11:30 100.0 0.7 0.7 0.7 0.7 118 143  35.0(7?)
11:45 90.0 0.4 0.5 0.3 0.4 118 8L.8 55.0
12:00 101.7 0.4 0.5 0.3 0.4 118 81.8 62.2
1:00 P.M. 100.0 0.5 0.5 0.3 0.43 118 88 56.8

AVERAGE POWER FACTOR 56.0 %

The first two sets of readings are doubtful
and are not considered in figuring the average
Also, the readings taken at
Load fluctuates so



ENGINE TEST
AT
THE VICTOR RUBBER CO.
SPRINGFIELD, OHIO.

‘-l

Jan. 14, 1919
by

Dan Teach

H. E. Miller
Frank Nagley
L. E. Brown

ENGINE DATA'—

Tandem Gompound
H.P. Cylinder - 18" by 48"

L.P, " = '30" by 48"
Piston Rod imneters.— .
H.P, C.E. 2 59/64"'
L.P. C.E. 3 59/64"
L.P, H.E. 2 59/64"
Pisteﬁ Net Areas:~
H.P. H.E. 201 square inches
- C.E. 194
-L.P. H.E. 8699 " "
C.E. 694 - "

Readings were taken simultaneously on ‘high and
low pressure cylinders, head end and crank end. Mean
- effective pressures taken from cards by means of direct-
- reading planimeter,

Indicator-Springs:- ‘ ;
: ‘ H.P. Cylinder 60 1b.
) ‘ Lo Be” -, ¥ 8 12 "
Abbreviations.-
M.E.P.- Mean effective pressure, lbs. /sq. in.
HPP.~ High pressure. L.P.- Low pressure.
H.E.- Head end. . C.E.~- Crank end,
L - Length of stroke, in feet

A - Nest area of piston, in sq. in,
N - Revolutions per minute.

8



CARD NO.1

CARD NO. 2

11:00 A.M,

End M.E.P, L

A N I.H.P,

R9

Remarks

CARD NO. 3

‘Total I.

201 W2 59.7
194 72 53.3
699 72 55.0

694 72 44.8

H.Pl_ - _21208

At 90 Z eff., " B.H.P. - - 192.0

Cyl.

11:35 A.M..

End M.E.P., L

A N I.H.P.

Millmman
says load
heavy as
usually

‘obtained.

Remarks

H‘P'
L.P.

Probable "

H.E. 6.5
B, 6.6
E. o 3,14
E. 3.23

amda

Total

JH.
.H.P’

b H D

201 776 12.0
194 76 11.8
899 76 20.2
694 76 20,7

P-‘ -
- - 20¢O

12:45 P.M.

End M.EP. L

A N I.H.P.

All load

off except
engine fric-
tion losses
and line

 Remarks |

©
*
o©
NN NN

Total .I.H.P.
At 92% eff., "

72 . 80,7
72 79.7
72 54.8
72 _52.1

201
194
699
694

- —267.3

B.HCP' - 24000

Note that
load is
heavier
than in
No. 1
test,

Indications from observance of engine are that
cards taken were not for maximum load. Further tests not
made for reason that decision was reached regarding size
of proposed motor to replace engine.
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year later, when the increased demandfor steam for pro-
cess work precluded the further operation of the steam
" engine without the installation of additional boiler
capacity. : ' v

Meanwhile a variable speed calender was pur-
chased, the motor of which was supplied from a. 100 K.W.
synchronous converter, and beside this, a 250 horsepower
induction motor was bought, to drive a new mill, This
additional power load led to carefullconsideration of
‘the probable necessity for changing the' 1line voltage
from 2300 to 6600 volts. The accompanying vector rela-
tions were accordingly developed, based upon assumptions
made as to the power factor of the individual additions
and upon the probable contribution of each to the max-
imum 15-minute demand. As can be noted, it was calculated
that the demand with the added equipment would be 450
K.W., and 1t was decided to postpone the change-over
to 1921. However, the 300 horsepower motor contributed
so much more than its estimated gquota, in addition to
other load added, including a 80 horsepower motor driving
a 300-pound air-compressor, that the l5-minute demand
in January of 1920 attailned the value of 576 K.W., and that
with the 250 horsepower motor not yet installed.
Accordingly, 1t is now necessary (February 1920) to
convert the line to 6600 volts as soon as possible, and
this is now under way. 3 : '

At the time of the ingtallation of the 300
horsepower synclironous motor, no switchboard or other
control eqalpment except a starter and exciter field
rheostat, had been secured, and therefore there were no
means avallable for indicating the conditions of opera-
tion of the motor. A test was therefore made, showing the
relation of the exciter (motor field) voltage to the
motor power factor, at no-locad and at full-lcad, using
the two-wattmeter method. The result is shown in the
accompanying curve. The position of the exciter rheostat
contactor corresponding to a full-load power factor of
80%, current leading, was marked, and the moior is
operated with the contactor at this mark..

It was noted during this test that at times the
voltage at the motor terminals exceeded the value of
- 2400 volts maintained on the plant bus. Proper manipu-
lation of the rheostat would increase this voltage to
even 2500 volts. The accompanying vector diagram shows
. the condition obtaining with a total load on the line of
350 K.W. at an approximate power factor of 85%, current
leading, and a motor input of 275 K.W. at a power factor



WATTLESS KVA

AT

i PowER FACTOR
- DATA & CaLcuLATIONS

THE VicTor Russer Co.
B SPRINGFIELD O,

LESB

5-23-/9

1S MinvTrE DEMAND IN KW,

L= 4 100 ‘ 200 300 200
| Present(5-19(3 ‘300 Rotary | 2s0iP
1S0KW 150 kw ISKW | TSKW
0
12° || 9230’
Q9e 200
too
"
A
200

OA = Present condirtron

0B = Cond with 300+ Syn.at 80%,1lead!

|

£
i

~ 300 KW. @ 97.8%FRF

Qe “  [loo kW Rotary at (00%0 PF — 3TE KW @ 98.6% PF
oo= | - “ RSO Ind. afeo%l?l-'.flayymj- @Ok W @ 94.0%PF,
Voltage drop — :
OA = 6.25%, "
08 = 625 -
+ |
Condttion o ;
oD = g8

LINE 2/o 2300Volt Spaced 14.5in., 10000 £ long.

ELF | 2:6-20

3
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of 80%, current ieading.

With the installation of the 300 horsepower
synchronous motor and the 100 K.W. synchronous converter,
the power factor on the line supplying the Viector Rubber
Company hag been raised from its former approximate
value of: 567 to above 90%, with attendant improvement in
service rendered and reduction in line leosses. The
results obtained are leading to a careful consideration
of future power installations, to place wherever possible
more synchronous apparatus. Several deflnlte possibili—
ties are now being considered.

In addition to the advantages of improved
service, the customer has also the very important ad-
vantage of increased production, due to the constant
speed characteristic of the synchronous motor. With
- the mills operated by the steam engine, the speed regu-
lation was quite marked, and sudden heavy loads would
result in a proportional decrease in line shaft speed.
This factor of increased production is much more im-

- portant .than most factory superintendents and. managers :
realize, and it is probably not properly appreclated by ,
the majority of application englneers.
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SOLUTION OF TROUBLE
WITH
TIRRILL REGULATOR
AND
WEST INGHOUSE EXCITER.

The Springfield Light, Heat,
& Power Co.,

Springfield, Ohio.

1919.
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SOLUTION OF TROUBLE
WITH
TIRRILL REGULATOR
AND
WESTINGHOUSE EXCITER.

Considerable trouble had been experienced with
the Westinghouse exciter ever since its installation at
the time of the purchase of the 5000 K.W. turbo-generator
in 1916. The statlon generating equipment of the Spring=-
field Light, Heat, & Power Company consists of two 2000
K.W. and one 5000 K.W., turbo-alternators, the excitation
for which 1is provided by two synchronous motor-driven
exciter sets (a 35 K.W. steam-driven exciter is used for
starting up and emergency service). One of these is a 75
K.W., 125 volt, 600’ ampere, General Electric, the other
a 100 K. W., 125 volt, 800 ampere, Westinghouse, machine,
Attempts had been made at varlous times to parallel the
two exciters, but without success, and most of the at-
tempts resulted in plant shut-downs, caused by failure
of the excitation. No investigations were made to deter-
mine the cause for failure to parallel, . It had also.
been found that under certain conditions of oeperation,
the Tirrill regulator was unable to maintain the bus
voltage at its normal value of 117, when operating in
conjunction withethe Westinghouse exciter. When the
load became approximately 75% of the capacity of the
machines in use, especially when the power factor was low,
the bus voltage would invariably sag.  This was especially
true with the small generators in use. As a result, the
Westinghouse was used as little as possible.

The flrst step, to determine the reason for
‘fallure to parallel, was to secure from the manufacturers
- the no-load saturation curves, which are shown herewith, -
on the same sheet, for convenient comparison. The reason.
is very evident. Incidentally, the exciter for a new
8000 K.W. turbo-altermator, to be installed in 1920, will
‘probably be made to operate in parallel with one of the
present exciters, preferably the General Electric.

The next step, to determine the reason for
failure of the Tirrill regulator to maintain normal bus
~voltage when operating with the Westinghouse exciter,
with the alternators carrying a relatively heavy load,
was to make tests under load conditions, Accordingly,
on December 23, 1919, this test was conducted - the data
for which are as followS'

"3
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TIRRILL REGULATOR TEST
Dec. 23, 1919. -

No. 3 Machine only:  Load 1500 K.W. P.F. 63 %

Bus volis 115 Exe. volts 141
Exc. Amps. 190 - Gen. Amps. 570
West. Exciter. - 600
Frequency 59 . " 620

No. 2 & No. 3,- no load on No. 2:-

Load 1400 K.VW. P.F. 83 %

Bus volts 117 Exc. volts 126
No. 2 No. 3
Generator K.W. -0 1400
- Generator Amps. 220 430
: S 230 450

. : 220 - 440
- Exciter Amps. 320 :

West. Exciter.

Frequency 59

No. 2 & No. 3,- both loaded:-

Load 1400 ~ P.F. 83 % :
Bus volts 117 ‘Exe. volts 122
o No. 2  No. 3
Generator K.W. 825 675
Generator Amps. 270 300
300" 325

305 320
" Excliter Amps. 320 :

West. Exciter.,
Frequency 59

No. 2 Machine only: Load 1350 K.W. -~ P.F. 64 %

, , Bus volts 113. . Exc. volts 142
Exec.. Amps. 185 Gen. Amps. 580
West., Exciter. 575
Frequency 59 580

L e . T B~ N

With 1500 K.W. on No. 3 Machine alome, the
exciter volts went to a value of 141, at which value the
short-circulting contacts on the regulator remained



4-0

permanently closed, and the bus voltage dropped to 115.
The station power factor meterfiindicated 63%, and the
frequency was 592 cycles (a test showed that the needle
was indieating & cycle low). No. 2 Machine was then put
. on the line in parallel with Neo. 3, but not permitted to
take load. The exciter volts dropped to 126, the bus
volts rose to the normal value of 117, and the regulator
began operating again. The explanation of this is, of
course, that the unloaded machine supplied a magnetizing
cross-current, laggling with respect to litself, leading
with respect to No. 3 Machine, which current helped to
excite the field of the loaded No. 3 Machine.

" The load was then divided between the two
machines and the exciter volts went to 122, the bus
- voltage remained at the value of 117, and the regulator
continued to operate satisfactorily. Under this con-
dition, each machine was carrying so small a load that its
“Inherent regulation 4id not reduce the terminal voltage
to the point where the regulator was unable to cope with
the situatioen. Had the load on each machine been approx-
imately 75% of its rating, or greater, depending some- »
‘what upon the power factor, the trouble would still have
been in evidence, as shown by the test made on December
26, 1919. :

No. 1 of the attached curves, Which are exact
copies of records made by the station recording voltmeter,
shows the performance of the bus voltage during this test,
and No. 2 shows that during a subsequent test, which was.
made following the correctlon of the difficulty. Note
that the bus voltage drops gradually after one machine is
put on by itself, due to the increase in field resistance
incident to rising temperature (Curve No. 1). The"kicks"
in the voltage chart were caused by adjustments made on
the Tirrill Regulator while it was in operation, and are
in no wise a part of its normal performance. °~ For the
purpose of this paper they might well have been eliminated
from the record, but it was thought best to reproduce the
curve exactly.

A test was made with the General Electric
exclter in use, on December 25, 1919, with both small
machines 6n the line, carrying a joint load of 2500 K.W.
The exciter terminal voltage was 116, the bus voltage
117, and the regulator was operating satisfactorily. The .
power factor was much higher than during the previous test,
stending at 80%. The former test was made when the plant
-was carrylng a light industrial load and the lightly
loaded distribution tr8nsformers, the latter when the
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lighting load was heavy The data for this test afe as
follows:-

TIRRILL REGULATOR TEST
Dec. 25, 1919.

No. 2 & No. 3, both loaded:=

Load 2500 K.W.  P.F, 80 %

Bus wvolts 117 Exc, volts 116
Exe. Amps. 360 : ~
G.E., Exciter.

_ Another test, mentioned above, was made on
-December 26, 1919, with the load carried by N6. 1 Machine
(5000 K.W. capacity), and No. 3. Under this condition
the operation was satisfactory, for the same reason that
obtained in the third part of the first test made, on
December 23, 1919. Ne. 2 Machine was then put on the line
and made to carry load, and No. 1 removed, and although
the regulator managed to maintain the bus voltage at
normal value, 1ts operation became very sluggish, and it
was almost at the point of refusing to operate altogether.
The data for this test are as follows:- _

TIRRILL REGULATOR TEST
Dec. 26, 1919.

 No. 1 & No. 3, both loaded:-
Load 3300 K.W.  P.F. 70 %

Bus volts 118 Exe. volts 123
Exe. Amps430 - West. Exciter.

‘ No. 1 ~ No., 3
Generator K.W,. 2200 1100
Generator Amps. 750 . 340
‘ 825 350

800 360
No. 2 & No. 3, both loaded:- '
Load 3300 K.W. . P.F. 70 %
Bus volts 117 Exec. voelts 135
Exec. Amps, 380 West. Exciter

No, 2 No. 3

Generator K.W. 1500 1800
Generator Amps. . 620 540
640 560

640 = 530
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Regulator very sluggish, almost ready to étick fast.‘

To remedy the trouble, a change was made in the
series- field shunt of the Westinghouse exciter. This
shunt was made of three straps of German silver, two
inches wide. One of these straps was removed, and a test
made with a station load of 2500 K.W. at 75% power factor.
Either small machine carried the load at normal bus volt-
age, although the exciter was operating close. tb the
limit, and was sluggish. Curve No. 2 shows the perform-
ance of the bus voltage during this test. Since it is
not practise to operate the machinespbove their full-load
ratings, the operation at normal loads should be entirely
satisfactory, and casual inspections subsequent to this
test have proved this to be true, and no further diffi-
culty has been experienced in the operation of the
Westinghouse excdter.. .

- Although the Westinghouse exciter has an ampere
output capacity of 800 amperes, the lead cable from its
~armature terminals to the switchboard and exciter bus are

only 500,000 circular mil, A test showed that the IR
drop in these leads is 4.0 volts at 385 amperes. Since
the cable warms up very appreciably, the drop at full-
load would be in the neighborhood of 9.0 volts. These
leads will be changed to 1,000,000 circular mil. as soon
as convenient, which will still further improve the
- exeiter operation. ‘

NOTE: It has been definitely determined (April,
1920) to operate the direct-connected 60 K.W. exciter of the
new 8000 K.W. Westinghouse turbo-generator in parallel with
‘the present 75 K.W. exciter. The 100 K.W. Bxciter will be
used only for emergency operation, and will necessitate
hand operation (as opposed to Tirrill regulator operation).
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OPERATION
OF
5-TON ELEGTRIC
STEEL FURNACE
AT THE

o

OHIO STEEL FOUNDRY CO.,
SPRINGFIELD, O.

1918-1919-1920
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PREFACE

' Early in the year 1918, the Springfield Light,
Heat & Power Company contracted with the Ohio Steel” =
Foundry Company to Supply'ﬁhe“p0wer for a 3-t6n electric
steel furnace of the Moocre type. Little contemporary
experience and data were available at that time regarding
the operation of steel furnaces, and considerable concern
‘was felt by the 6fficials of the power company as to
their ability to successfully handle this 1oad, without
jeopardizing the service to other customers. The gen-
erating capacity of the power plant was 9000 K.W. at 807
power factor, and the normal peak about 4500 K.W. The
furnace was installed and ready to operate late in July
of 1918. The transformer supplying it was a special
1000 K.V.A. 3-phase unit, with 11.3% internal reactance. .
The voltage fluctuation caused by the furnace was so

- serious that a conference was held, which resulted in the
iron wire test made in September of 1918, and described
in the first part of the report. ~ External reactors of
6.7 ohms impedance were installed, but were later replaced
by reactors of 7.95 ohms impedance. The operation was’
reasonably satisfactory with these reactors in service,
but it was felt that further improvement was possible,
-and in addition to this, the foundry company complained
that the time of melting was too long. For these reasons,
the series of tests described in the second part of the
report were made.

About the middle of 1919, two of the hoist
motors which raise and lower the electrodes failed to
‘function properly, allowing their elécétrodes to lower
into the bath and remain theré. ©No contact-making
thermometers were then in use, and the transformer was
badly damaged before the operator noted the trouble.
Two of the low-tension coil-ends were completely burned
- off, and other and more minor damage done. The trans-
former was répaired by the power company and put back
~into service, The foundry company, in conférence with
Mr. Moore of the Pittsburgh Furnace Company, and repre-
sentatives of the power company, decided to purchase and
install a 1500 K.V.A, transformer, to secure greater
capacity and a larger margin of safety. As a matter of
interest, the old transformer failed again, on the day
that the new one arrived. This new 1500 K.V.A. trans-
former had only 5.3% interaal reactance, so that the
service was again impaired, and it was decidédcdfo install
still more external reactance. Mr. Mqoore believed that
doubling the original amount would place.the furnace opera-



tion on the stable portion of the attached curve, and
would not increase the melting time, on account of the
resulting greater arc stablllty. It had been noted that
with only the original reactors the arc was "wild) tending
to blow about the furnace, and also melting the roof
rapidly. As a matter of fact, thése additional reactors
have not to date (April, 1920) been installed, and certain
‘changes and developmerits may make this unnecessary.

) In order to improve the operation of the furnace:
while waiting for the arrival of the additional reactors,
the high-tension taps of the transformer weré changed from
the 6600 volt winding to a higher potential winding, which
of course had the effect of increasing the internal reac-
tance (see print of transformer connections in pocket in
back of book). Meanwhile, Mr. Galvin, Chief Melter for
the Ohio, Steel Foundry Company, has spent a large amount
of his time experlmentlng with the furnace, and has suc-
ceeded not only in reducing the voltage fluctuation, but

also in making a remarkable reduction in the melting time,

so that hée can now secure a 3-ton heat in about an hour
and twenty minutes, and he has a record of ften 3-ton heats
in five minutes less than twelve hours. Mr. Galvin places
a lump of ordinary coke under each electrode,.whioh has
the effect of providing a constant arcing distance, and
he also charges the farnace initially with 6-tons; when
this is melted, he removes only 3 tons, leaving 3 tons of
bath in the furnace to receive a new cold charge of 3
tons. The new charge sinks into the molten charge, leav-
ing a fairly level surface for the arc to work upon, and
~a mass of highly conducting metal. Mr. Galvin is securing
patents upon this method of charging, and upon a secret
method for reducing the slag. He has had as much as
25,000 pounds of metal in the furnace, and his 1n1t1a1
charge is usua11J 1 OOO pounds.

The orlginal regulators controlling the electrode

hoist motors were "Thury" walking beams, but these proved
too slow in operation, and were replaced by the General
Electric regulators, the wiring diagram for which is given
on Geneéeral Electric Draw1ng No, 31866, in the pocket in
the back of this book. " ’

The neutral switch is no longer used, for the
reason that the .plates are burned off or are so covered
with the lining of the furnace that they are no longer
effective. If properly maintained, this neutral switch
is a beneficial factor in the furnace operation.

s Or1§1nal prints about 24" by 36". Prints secured.
are 83" by 11", and are attached herewith.

4-8
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IRON WIRE TEST
ON
OHIO STEEL FOUNDRY CIRGCUIT.

September, 1918.

On account of the excessive voltage fluctuation
caused by the steel furnace at the factdéry of the Ohio
Steel Foundry Co., it was suggested by Mr. W.E.Moore of
the W.E.Moore & Company, manufacturers of the furnace,
that we install in this line a section of iron wire for
the purpose of producing a large voltage drop at the
furnacé peaks, and to limit the supply of power drawn by
the furnace. . From the data taken, Mr. Moore is to design
a reactance to be installed in the furnace circuit, at the
plant of the Ohio Steel Foundry Co. The effect of the
iron wire will, of course, be quite different from that
of a reactor of the same impedance, on account of the high
losses in the wire and the practical absence of losses in
the reactor, but it was felt by Mr. Moore that the test
would give him the necessary data.

The assumptions made for this purpose were as
follows:- - : :

Peak on the furnace 1500 K.W. at 75% P.F.

Average load- 900 K.W., at 75% P.F. ,
The respective line currcatssat the above loads are
175 and 105 amperes. :

The acoompanylng sketch _shows the connections
used and indicates the readings. wgich were to be taken.
The test was run in the evening after the normal power load
was off, and therefore the operation, as far as the turbines
. are concerned was nolt typical of the normal operation
during the day, but the readings. taken gave the line
and furnaece .characteristics in very good shape.

‘ The aim was to produce 1000 volts drop per line
at a'peak load of TIZ5zmmperes, or 1732 volts per phase.
The power factor for the section of iron wire was assumed
to be 1007, and the line power factor to be 75%.

Slnce no adegquate data on iron wire Were'available,
a preliminary labaratory w#test was made 6n three different
sizes of iron wire. The data taken are shown on the sheet -



DIAGRAM OF CONNECTIONS

UsSED On MAKING TEST On OHIO STEEL FDRY.

FURNACE.
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headed "Test of Iron Wire", and dated August 16, 1918.

From this data and the calculations shown on the next sheet,
it was decided to use approximately 1250 feet of No. 6
American Wire Gage black annealed iron wire. The current
in this laboratory test was obtained by 1nverting a current
transformer. _ .

In the test as aotually run, 1185 feet of this No.
6 wire was used. The diaméter by actual measurement was
192 mils. The data obtained was somewhat disappointing
from the point of view of exact calculations, in that the
extremely rapid Iluctuation made it impossible to obtain
coincident readings. Most of the readers were inexperi-
enced, also. However, Mr. Moore expressed himself as
satisfied with the test, and it was possible to obtain
the necessary general data and information from it. :
Readings were taken of high-tension voltage on.one phase,
current in all three legs, K.W. supplied, and voltage
drops across all three sections of iron wire. A complete
set of wattmeter readings in the engine room on the panel
supplying the Rockway Substation were taken, reading time,
and low, high, and average K.W. On account of the fact that
the readings were not of use, they are not reproduced here.
About one hundred complete readings were taken.

Comparison of the voltage charts for the operation
without and with the iron wire inserted shows no improve-
ment, but this was not to be expected, because the con-
ditions of operation were so entirely different. The iromn
wire imposed a greater K.W. load upon the turbine, causing
a wider range of operation of the governor.

The operation at the foundry was reported by
Mr. Moore and Mr. Harvey (Works Manager) to be greatly
-improved, although. of course, the excessive drop in volt-
age over the iron wire made their motor operation bad.

An investigation of the data taken showed that .
calculations were impractical, and the test is of value
chiefly from the actual observation of the conditions and
‘behavior of the plant and furnace While it was being run.

As soon as the reactors are installed, a set of
readings will be taken to check up the voltage drop across
them at different currents. At this writing, the new General
Electric regulators are in service, and are giving consider-
ably better results than the Thury regulators.



Sample No. 1

Sample~No.

Sample No.

TEST OF IRON WIRE
Aug. 16, 1918.

Annealed, black, 3-foot length.

Diameter 175 mils, Roebling Gage No. 7

REMARKS

Wire beéame hot
enough to"sizzle"with
moisture.

black, 3-foot length.

Diameter 192 mils, Roebling Gage No. 6

REMARKS

ere became smoklng
hot.

Dlameter 204 mils, B.W.G. No. 6

' REMARKS

Wire became hot
enough to melt
galvanizing and turn
blue.

AMPERES (X50) VOLTS
3.1. 2¢05
2.5 2.15
2.3 2.2
2.2 2.23
2.17 2.24

2 -Annealed,

AMPERES(X50) VOLTS
3.75 1.9 .
3.1 2.0
3.0 - 2.0
2,75 2.0 °
2.45 2.08

- 3.6 1.7
3.1 1.8
2.9 1.9
2.55 2.0
3 .Galv., 3-foot lenguh

AMPBRES(XSO) VOLTS
S 1.1
3.0 1.15
2.9 L2
3.8 2.05
3.1 2.15
2.85 2.2
2.6 2 .25
2.4

o)

* o o

2.29

85



- CALCULATIONS

Sample‘Nd. 1

Amperes under steady conditions- 50 X 2.17= 109
Volts drop per foot- 0.75
Feet to give 1000 volts drop at 109 amperes—- 1350

. Bample No., 2

Amperes under steady oonditions— 50 X 2.55Z 127.5
Volts drop per foot- 0.67
Feet to give 1000 volts drop at 127.5 amperes- 1500

Sample No. 3

Amperes under steady conditions— 50 X 2.45= 122.5
Volts drop per foot- 0.763 .
Feet to give lOOO volts drop at 122. 5 amperes- 1300

Sample No. 1 will fuse at about 225 amperés.
1n . t 1 1 1 i . 1

2 . 265 .

w omlg Mo .m-oca @ gy B

Estimated amount of wire required to give 1000 volts
drop at 175 amperes:-

Lengih Weight

Sample No. 1 800 ft. 66.2 Lbs.

Sample No. 2 1000 97.3
Sample No. 3 850 96.0

e

Use 1250 feet of Sample No. 2. . If this proves to be
too much, lengths can be readily shorted out. This makes
‘2 total for three lengths of 3750 feet or 365 pounds..
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OBSERVATION AND TEST OF ELECTRIC FURNACE
AT -
OHIO STEEL FOUNDRY CO.
SPRINGFIELD; O.

The following set of data was taken in order to
determine whether ij'werejpossible to improve the con-
ditions of operation of the electric furnace with respect
to the power plant:

Previous to the installation of the external
reactance coils, the voltage fluctuation at the plant
was very serious. Readings were takem at the foundry
of total time for the heat, K.W.H. consumed, and the
componentsparts of the charge.. . Readings were taken at
the plant of maximum, minimum, and average K.W. load
during the period of each heat, and record made of the
machines in service,. A study of the recording voltmeter
charts was made to determine the characteristics of the
heat during its entire period.

The readings of K.W.H. consumed for the heat
are not at all accurate, since one division of the lowest
dial on the watthour meter is 2400 K.W.H. Howevery the
average over a considerable period of time would, of course,
‘give.the K.W.H. peritén quite accurately. \

The observations and tests were made over two

. 24-hour periods in order to get two complete cycles of
operation and to observe the characteristics under all con-
ditions, both at the foundry.and at the power plant. .In
addition to these two cycles, a number of readings were taken
during succeeding days in completing the study of different
methods of charging and of adjusting the shunt rheostats -
on the contact-making ammeters. Heats Nos. 9 to 15 in-
clusive include time studies of the complete cycle of
operations of the furnace, and from the readings taken a
suggestive bogie for charglng the furnace has been pre-
pared.

- Between Heats Nos. 8 and 9, the reactances were
installed and their effect studied during the remainder of
the heats.



. HEAT NO. 1
OHIO STEEL FOUNDRY NQ. 240.
Oct. 15, 1l9ls.

Power on 11:05 A.M. K. W H. Reading 191.5
Power off 1:10 P.M. L wen ~192.25-
Time 2:05 K.W. d (X2400) 0.7 75
) ~.1800.00
CHARGE
_Lbs, Percent
Turnings 695 11.4 50% Silicon 35 Lbs.
Springs . 300 - 4.9 = 80% Manganese 25
Forgings 1765 29.0 407 Manganese 80
Fdy Scrap 2155 35.4
Shells & Rivetsll75 19.3

6090 100.0°

V Bought scrap includes springs, forgings, shells,'
and rivets. Load goes up momentarily when the manganese
and silicon are thrown in, on account of the "boil".

Foundry scrap and bought scrap in flrst, ‘shell
‘turnlngs on top. Turnings are high in carbon.

- e wm e we e

POWER PLANT

Machines on- No. 1 (5000) and No. 3 (2ooo)

Load:- Minimum 3600 K.W.
Maximum 5150 "
Average 4500 "

Recordlng Voltmeter: - :

Max. swing 9 volts. Start good. ' First 30
minutes worst, but not bad. Rest of curve very good.
Toward end, one or two swings when "mix" was thrown in.
General character of curve "good". : '



HEAT NO. 2
OHIO STEEL. FOUNDRY NO. 241
_Oct.._ 15, 1918.

Power on 1:55 P.M. , ~ K.W.H. Reading '192.25
Power off =~ 3:55 P.M. . v - 193.00
Time 2:00 K. W.H. (X2400) 0.75
: , o 1800.00
CHARGE
‘ Lbs. Percent : '
Turnings - - 625 10.7 50% Silicon 35 Lbs.,
 Springs 400 8.7 80% Manganese 25 .
Forgings =~ 1685 ~ 28.1 40% Manganese 60
Fdry Scrap 2050 34.2 -

Shells & Rivest 1220  20.3  No pig.
6000 100.0

Foundry scrap in first, then springs, forgings,
shells, and rivets. Material thrown in indiscriminately,
. large and small. Turnings on top. Charge bulky in com-
-parison to weight. Leveled off sllghtly

POWER PLANT

Machines on- No. 1 (5000) and No. 3 (2000)

Load: - Mlnlmum 2250 K.W.

Maximum 5550 K.W.

, Average 3900 K.W.
Recording Voltmeter:- e :
Max. swing 13 volts. First 30 minutes worst.

Next 10 minutes quite good, followed by bad 15 minutes.
Rest of curve not bad. Peaks at end when "Mix" went in.
General character of curve "bad".



HEAT NO. 3
OHIO STEEL FOUNDRY NO. 242
Oct. 15, 1918.

Power on 4:35 P.M. © K.W.H. Reading 193.0
Power off €650 P.M. . e -193.8.
- Time 2:15 "K.W.H.(X2400) - 0.8

. : o 1920.0 -

CHARGE
~ Lbs. ‘Percent _

Turnings 680 10.6 = 50% Silicon 35 Lbs.
Springs 400 6.2 - 80% Marganese 25
Forgings ' 2000 31,2 40% Manganese 60
Fdry Scrap 2100 - 32.8 S :
Shells & Rivets 1230 - 19.2 Pig - 30 Lbs.

6410  100.0

- me =

Foundry scrap and bought scrap in first.
Shell turnings on top. Considerable fine stuff in
bought scrap, as well as some pieces larger than usual. .
Bulk considerably less than before. Charge fairly level.

— - -

POWER PLANT

Machines on- No. 1‘(5000) and Nb..S (2000)

Load:- - Minimum 1900 K.W.
Meximum 4150 " -

~ Average 3000 "

Recording Voltmeter:- .
Max. swing 14 volts. First 40 minutes bad,

followed by sudden settling down to fairly good curve.
Swings at end show when "mix" went in. General character
of curve "bad". '
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HEAT NO. 4
OHIO STEEL FOUNDRY NO. 243
Oct. 15, 1918.

Power on 7:53 P.M. K.W.H. Reading 193.8
Power off  9:53 P.M. " oo 194.55
Time 2:00 : K.W.H. (X2400) 0.75
: . 1800.00
CHARGE
Lbs. Percent -
Turnings 745 12.1 50% Silicon 35 Lbs.
Springs . 400 8.5 '807 Menganese 25 ‘
Forgings - 1685 27.4 40% Manganese 60
Fdry Scrap . 2040 - 33.4.
Shells & Rivets 1265 20.6 - No pig

-6135 ~ T00.00

Foundry scrap of sprangly, spindling pileces,
fairly uniform. Bought scrap largely small, compact
material. Springs of varying sizes. .

Nearly all of Tfoundry scrap in before any of
bought scrap (except springs) was started. Springs in
near end of foundry scrap. .Foundry scrap bulky. Foundry
scrap placed .toward front of Iurnaoe.' Turnings started in
when bought scrap was about 2/5 in. .Bought scrap small
and compact. Surface of charge reasonably level. Turn-
ings about 2/3 in by time bought scrap was all in. Charge
bulkier than preceding one, on. account of foundry scrap.

POWER PLANT

' Machines on- No. 1 (5000) and No. 3 (2000).

Load:~- Minimum i750 ﬁ.W.
Maximum 3700 K. W.
Average 2700 K.W.

Recording Voltmeter:-

. \ Max. swing 7 volts. First 50 minutes worst
but not bad. Swings at end, When mix" went in. . General
character of curve "good".
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HEAT NO. 5
OHIO STEEL FOUNDRY NO. 244
Oct. 15/16, 1918.

Power on = 10:57 P.M. K. W H. Readmng 194.55

Power off 12:53 A.M. . " 195.35
Time "1:56 . K.W.H. (X2400) 0.8
‘ . -1920.0
CHARGE.
. Lbs. Percent - ’
Turnings - 740 12.2 50% Silicon 35 Lbs.
Springs 400 6.6 ' 80% Manganese 25
Forgings 1740 28.8 407 Mangenese 60
Fdry Scrap ‘ 2425 40.0
Shells & Rivets 750 12.4 No pig.
n . Foundry scrap largely of small compact pieces.

Bought scrap somewhat bulky and sprangly. Large percentage
of springs large. ‘
Bought and foundry scrap all in at once. Springs
all in at start. Foundry scrap all in when bought scrap
was about half in. Turnings started in about time foundry
scrap was all in. Bought scrap all in when tunnings were .
about Z/S‘in. Top layer of turnings. BSurface of.charge
not very,- peaked towazrd front. Charge compact, not bulky.
Rheos changed from Pt. 8 to 3 during latter
part of heat. Operated at 5 -taps at end of run, waiting
for ladle. .

POWER PLANT

Machines on- No. 1 (5000) and No. 2 (2000).

Load- Minimum 1500 K;W.
Meximum 2500 K.W.
Average 1900 K.W.

Recording Voltmeter:-

Max. swing 15 volts. 13 volt swing at end
when "mix" went in. Gurve bad all along. Last 50
minutes, however, much better than previous part.
General character of curve "bad". :



HEAT NO. 6
OHIO STEEL FOUNDRY NO. 245
Oct. 16, 1918.

Power om  1:51 A.M. K.W.H. Readlng . 195.35

Power off 3:57 A.M. . ; won 196.25
' Time 2:06 o K.W.H.(X2400) 0.9
‘ ‘ . 2160.0

B Lbs. Percent ' , :
Turnings 720 12.0 50% Silicon 35 Lbs.

Springs 400 - 6.6 807 Manganese 25
Forgings 11650 27.4 40% Manganese 60
Fdry Scrap 2370 39.4 '

Shells & Rivets 875 14.6 No pig:
L ‘ 6015 100.0

: Foundry scra§<hal£ and half compact and
.sprangly pieces. Springs large. Forgings sprangly.
Shells and rivets compact.

Foundry and bought scrap all started in at the
same time.“Foundry scrap all in when bought scrap was
about £ in. Turnings Started in just before foundry
scrap was all in. Turnings and bought scrap finished
together. ‘Surface of charge peaked.

Heat finished with rheostats on point 6.
Operated at half taps at end of run while walting for
return of ladle. Slag very bad.

— . .

POWER PLANT

Machines on--No. 2 (2000) and No. 3 (2000).

Load- Minimum 2100
‘ Maximum 3000
Average 2500

Recordlng Voltmeter: - '
’ Max. swing 20 volts. Curve bad all along.
General character of curve "very bad".



HEAT NO. 7
OHIO STEEL FOUNDRY NO. 246
Oct. 16, 1918.

= — -

Power on 5:45 A.M. K.W.H. Reading 196.25
Power off 8:11 A.M. " o 197.10
Time 2:26 K.W.H.(X2400) 0.85
S 1 2040.0
CHARGE
~ Lbs. Percent
Turnings 750 12.2 50% Silicon 35 Lbs.
Springs 400 6.5 80% Manganese 25
Forgings 1813 29.5 - 40% Manganese 60
Fdry Scrap 2425 392.4
Shells & Rivets 760 12.4 iron 40

Pig

6148 - 106.0 -

Foundry scrap of 1arge pieces, half and half
compaot and sprangly. Springs large. Forgings large
and sprangly. Heat should show especially the effect of
large, bulky scrap.

Foundry and bought scrap all in together.
Turnings started in when scrap was about 2/3 in.
and Foundry scrap finished together. Charge peaked and
toward front. Scrap and turnings finished together.
» Hard to get heat up at end of run.

Bought

POWER PLANT

Machines on- No. 1 (5000) and No. 3 (2000)

2200

Load- Minimﬁm
- Maximum 4900
Average 3500

Recordlng Voltmet

Max. sw
Remainder not bad.
good"

er: - «
ing 13 volts. First 30 minutes worst.
General character of curve "not
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HEAT NO. 8
OHIO STEEL FOUNDRY NO. 247
Oct. 16, 1918.

- e e e

Power on ©9:02 A.M. : K.W.H. Reading 197.1
Power off (not recorded) S wen (not recorded).

CHARGE
- Lbs. Percent :
Turnings 7870 T 11.4 50% Silicon 35 Lbs.
Springs 400 = 6.8 80% Manganese 25
Forgings - 1835 27.8 = 40% lManganese 60
‘Fdry Scrap 2030 = 34.5 , ’ ‘ ‘
Shells & Rivets 1150 19.5 No pig

Bought scrap half and half large and small,
compact and sprangly. Springs unusually large and heavy.
Foundry scrap extra large, sprangly and bulky. This heat
also should show effect of large, bulky scrap. .

~ Foundry scrap sparted in. first, then springs.
Foundry scrap practically all in before bought scrap
(except springs) was started. Charge bulky. All scrap
in before turnings were added. Charge peaked and near
~front. : ' ‘

POWER PLANT

Machlnes on- No. 1 (5000) and No. '3 (2000)

Load- Minimum 4000 K.W.
Maximum 5600 "
Average 5400 "

Recording Voltmeter:- , v L '

Max. swing 12 volts. Start good. First 30
minutes worst. Remainder not bad. General character
of curve not good", ‘



HEAT NO. 9
OHIO STEEL FOUNDRY NO. 309
Oct. 25, 1918.

Power on 13:34 A.M. K.W.H. Reading 247.75

Power off 2:20 B.M. oo 248.50

Time - 2:46 K.W.H. (X2400) 0.75

’ ' ‘ 11800.0
CHARGE
- Lbs. Percent S
Turaings 850 - 10.7 50% Silicon - 30 Lbs.
Forgings - 1760  28.9 80% Manganese 35
Fdry Scrap = 2340 38.4 40% Manganese 60
Shells & Rivets 1345 22.0 No pig.
6095 100.0

-— o wm e

Foundry scrap average. Bought scrap heavy
and compact, with a number of large pieces. Foundry
scrap in first, nearly all in before bought scrap was
started., Foundry scrap fairly well leveled off in .
bottom. Shells, forgings and rivets all in together.

"Scrap all in before turnings were started.

Rheos on point 10.

e Y

POWER PLANT

Machines on- No. 1 (5000) and No 3 (2000)

Load~ Minimum 2600
Maximum 4700
Average 4000

Recording Voltmeter:- :
Max. swing 9 volts. First 40 minutes worst,

- followed by 40 minutes fairly good, after which conditions

suddenly settled down to "very good". ‘Operation very

much better than before reactors were 1nstalled

" General character of curve "bad".



HEAT NO. 10
OHIO STEEL FOUNDRY NO. 310
Oct. 25, 1918.

Power on  3:01 P.M. K.W.H. Reading 248.5
Power off 5:40 P.M, " v ou 249.,3
Time - 2:39 : K.W.H. (X2400) 0.8
‘ v D 1920.0
CHARGE

' ‘ Lbs., Percent
Turnings 710 10.8 50% Silicon 30LDbs.
Forgings A 2130 32.3 - 80% Manganese 35
Fdry Scrap 2025 | 30.6 = 40% Manganese 60
Shells & Rivets 1735 26.3 . Ne.pig.—

6600 100.0-

Foundry scrap large and sprangly. Bought
scrap compack. , Shells and rivets mixed.- o '
3 Foundry scrap started in first. All in before
bought scrap started in, Bought scrap in without dis-
crimination as to size. Turnings in last. Charge rather
bulky. Some of large pleces of bought scrap near top.
Surface leveled off slightly.

Rheos on point 10.

POWER PLANT

Machines on- No. 1 (SOOO)Vantho; 3 (2000).

Load- Minimum 3260
Maximum 4900
Average 4100

Recording Voltmeter:-

Max. swing 7 volts. . First 30 minutes worst,
followed by 45 minutes fair, remainder quite good.
General character of curve "not good".



HEAT NO. 11
OHIC STEEL FOUNDRY NO. 311
4 Oct' 25, 19180 )

- e me -

Power on 6:22 P.M. K. LH. Reading  249.3

Power off 8:41 P.M. " ~ 250.1

. 2:19 K.W.H. (X2400) 0.8

~1920.0
CHARGE
Lbs. Percent - -

Turnings 685 ~ 11.0 50% Silicon 35 Lbs.
Forgings - 1740 = 27.9 80% Manganese 35 -
Fdry Scrap : 2075 33.3 © 40% Manganese 60

Shells & Rivets 1730 27.8  Ore . 30
' ‘ 6230 100.0 : '

' Foundry scrap large, with many heavy, compact
pieces. Bought scrap rather fine and compact.

- Foundry scrap practlcally all in before bought
scrap was started. Turnings started in before scrap was
finished, so that the two finished together. This heat
should show especially the effect of having large pieces
at the top. Several large pileces were exposed on top.
Charge not leveled,

At end of heat, while waiting for return of
ladle, power was put on agaln, carbons broke through
heavy slag and ammeters hung in corner for several sec—
onds, before carbons were lifted out of bath.

Rheos on point 7.

POWER PRANT

‘Machines on- No. l (BOOO) and No. 3 (2000)

Load- Minimum 3200 K.W.
Maximum 4200 . "
Average 3800 "

Recording Voltimeter: - , ;
Max. swing 10 volts. First 35 minutes very
bad, remainder only fair. General character of curve

. "bad"
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HEAT NO. 12
OHIO STEEL FOUNDRY NO. 312
' Oct. 25, 1l918.

Power on  9:46 P.M. K.W.H. Reading  250.1

Power off 1l:54 P.M. " 250.9

2:08 , K.W.H. (X2400)" 0.8

: ~ ' , 1920.0

CHARGE
. Lbs. Percent _ '
Turnings 1045 17.4 50% Silicon 35 Lbs.

Forgings 1775 29.5 80% Manganese 30
Fdry Scrap 2295 38.2 40% Manganese 60
Shells & Rivets 895 14.9 o Ore 30

6010 100.0

_ Foundry scrap rather sprangly, with a few heavy,
compact pieces. Foundry and bought scrap mixed together .
on floor. Bought scrap rather bulky and sprangly, with
large amount of fine, compagt material.

Foundry scrap and bought scrap started in to-
gether, with no discrimination as to size. Turnings started
when scrap was about half in. Scrap finished slightly
ahead of turnings. Charge not leveled. Large pieces
of scrap near top. This heat should show especially the
effect of large pieces near the top.. '

Rheos on point 7.

Power on for short time at end, holding heat
- while waiting for return of ladle.

Night man says he gets heat out in two hours or
a little more because he peaks charge and keeps it away
from charging door. He also shifts the rheos, which may
be the main reason. ‘ . .

e ™

POWER PLANT

Machines on- No. 1 (5ooo) and No. 3 (2000)

Load-  Minimum 2200
Maximum 3000
Average 2600

Recording Voltmeter:- ' ‘
Max. swing 5 volts. Curve quite uniform through-
out duration. General character of curve "very good".



o HEAT NO. 13
- OHIO STEEL FOUNDRY NO. 313
Oct. 26, 1918

. Reading . 250;9

Power on 1:02 A. M. K.W.H

Power off 3:06 A.M. K.W.H. Reading 251.8

o 2:04 "K.W.H.(X2400) 0.9
2160.0

CHARGE

, Lbs. Percent ‘ ,

Turnings 1170 ~19.3 _507 Silicon 35 Lbs.

Forgings 1930 31.9 80% Manganese 30

Fdry Scrap 2065 34.1 40% Manganese 60

Shells & Rivets 895 14.7 , © Ore 30

' : 6060 100.0 . '

Foundry scrap rather compact w1th some large
piteces. Bought scrap mixed large and small. Bought and
foundry scrap mixed together on floor.

Foundry scrap and bought scrap started in to-
gether,'with no discrimination as to size of material. _
Turnings started in when. scrap was aboutz/S in., the two
finishing together. Large pieces of scrap near top, as
before. Charge near front. No leveling done.

Rheos started at point 7 and advanced by steps
to p01nt 3 during latter part of heat.

POWER PLANT

Machines on- No. 1 (5000) and No. 3 (2000) until 2:30,
: No..1l alone after that.

Load- Minimum 2000
Maximum 2500
Average 2200

-Recording Voltmeter:- -

Max. swing 7.5 volts. Curve quite uniform
throughout duration of heat. General character of curve
not good".

7!



HEAT NO. 14
OHIO STEEL FOUNDRY NO. 514
Oct. 26, 1918.

Power on  3:40:A.M. "K.W.H. Reading 251.8
Power off 5:39 A.M. " e 252.7
T:59 , K.W.H. (X2400) 0.9
| © 2160.0

CHARGE.

: Lbs. Percent ;
Turnings 1125 18.7 50% Silicon - .35 Lbs.
Forgings 1985 32.9 80% Manganese 30
Fdry Scrap © 1980 32.8 40% Manganese 60.
Shells & Rivets 945 15.6
: . 6035 100.0

Foundry scrap sprangly, bulky. Bought scrap
mixed odds and ends, with considerable fine stuff. Bought
and foundry scrap mixed together on floor.

Foundry scrap and bought scrap all started in
together. Turnings started in when scrap was about % in.
Scrap and turniangs finished together. No leveling done.

Rheos at 3 ab start. ©Set back to 5,6, and 7
during middle of heat. Finished at 3.

POWER PLANT

Machines om- No. 1 (5000)

Load~- Minimum 2350
Mex imum 3000
Average 2700

Recording Voltmeter: -

Max. swing 5 volts. First 20 minutes worst,
but not at all bad. At end of that time, curve suddenly."
settled down to a swing of about 2 volts, and continued
good durlng the duration of the heat. General character
of curve "very good".

7R
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HEAT NO. 15
OHIO STEEL FOUNDRY NO. 315
Oect. 26, 1918.

-~

K.W.H. Reading 252.7

Power on 6:45 A.M
Power off 8:59 A.M b " 253.5

Time 2:14 K.W.H.(XZéOO) 0.8
, 1920.0

'CHARGE.
Lbs. Percent T o o

Tarnings 1210 19.4 v 507 Slllcon .35 Lbs.
Forgings 2055 - 33.0 = 80% Mariganiese 30
Fdry Scrap = 2070 33.2° 407 Manganese 60
Shells & Rivets 895 14.4 .

6230 100.0

Foundry scrap sprangly. Bought scrap mixed’
large and small. Both scraps mixed together on floor.

" Large Toundry scrap 1n first. Bought scrap
started in before foundry scrap was finished. SCrap all =
in before turnings were started. Charge piled up in front
of door. Leveled off slightly. Rheos started at point 8,
“changed to 6 in a few minutes. Back to 8 again in a few'
more minutes. Furnce operated 1- -phase from 7:07 to 7: 14,
and from 7:22 to 7:26. Power off furnace from 7:26 to-
7:34,. Rheos set at 6 at 7:53, at 5 at 7:66, at 4 at 8:04,
at 3 at 8:30. Heat ready at 8:55, waited 4~minutes for
ladle. ) - , »

POWER PLANT

Machines on- No. l (5000)

Load- Minimum 4200
Maximim 5700
Average ”>4900

Recording Voltmeter:- o B T T

'~ Max. swing 6 volts. At end. of 90 minutes,
curve suddenly settled down to condition almost as steady
as when furnace load is not on. General character of
curve " good". «



HEAT NO. 16 :
OHIO STEEL FOUNDRY NO. 328
Oct. 29, 191s.

Power on  8:17 A.M. K.W.H. Reading 263.7

Power off 10:12 A.M. vow- 264.3
1:55 : ’ K.W.H. (X2400) ~ 0.8
: - 1440.0
CHARGE.
, ; Lbs. Percént
Turnings 620  10.2
Forgings - 2030  33.5
Fdry Scrap 1975 32.5
Shells & Rivets 1440 23.8
6065 100.0

¥ — = e e

Turnings all in on top.
"Rheos staried at point 8. s
" advanced to " 8 at 8:44

1t . 1 n 1 1 5 1 9 :OO X
1" 1® n 1t 1 4 ] 9 l 5
"l 1 ‘ 1 | 1" . ] » 3 1 9 34

G-2 demands:- 960,1120,1380, 1544 1440 1504,1216.

— - e

POWER PLANT
Machines on- No. 1 (SOOO)Vand No. 2 (2000).

Load:~ Minimum 3900
Maximum 5000
Average 4500

Recordlng Voltmeter:- ‘ '

' Clock stopped after 40 mlnutes run of heat,
Max."recoﬁded swing 7 volts. General character of curve
bad : '
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" HEAT NO. 17
QHIO STEEL FOUNDRY NO. 338
Oct. 30, 1918

Power on  11:24 A.M. K. W.H. Reading  271.4

Power off l:42 P.M. " 272.2
Time 2:18 © K.W.H. (X2400) 0.8
' : 1920.0
CHARGE.
Lbs. Percent
Turnings 695 11.3
Forgings 2010 32.8
Fdry Scrap 1765  28.8
Shells & Rivets 1661 27.1 -
6130 100 o

..#._,.“.

e Foundry scrap large, heavy, compact. Bought
scrap small and compact. ' R
‘ Foundry screp sterted in flrst. . Bought sérap

mixed in with it. Turnings started before bought serap
was all in, bought screp finishing slightly ahéad og
turnings. Charge peaked near front of furnace.

Rheos started at point 8. '
at 11:49 .

" advanced to 7

1" 1 n ! 12:03
1t i 4 1 11 £ 5 1t 12 21
1 1 1 1 1 4" 12:33
i1 i) 1@ 1 1t . 3 11 12 . 47

. ‘Unusually heavy slag caused trouble and delayed
heat. Power off furmnace from 1:25 to 1:27, from 1:29 to
1:33. '

POWER PLANT

Machines on- No. 1 (5000) and No. 3 (2000)

Load- Minimum 3500
Maximum 5000 .
Average 4300

Recording Voltmeter:- o o ’ 2 20 F o
Max. swing 6 volts. ~ No swing over 4 valts after
first 20 minutes. General character of curve "good".



‘ HEAT NO. 18 .
OHIO STEEL FOUNDRY NO 5A6
- Oct. 31, 1918. :

Power on  12:30 P.M. W.H. Reading  277.9

K.
Power off 2:18 P.M. K.W.H. Reading 278.6
Time - 1:48 D K.W.H.(X2400) 0.7
CHARGE .
: ' Lbs. Percént
Turnings - 785 12.6
Forglngs 2055 5.0
Fdry Scrap 2280 - 36.7

Shells & Rivets 1095 17.6
‘ 6215 100.0

Foundry scrap compact, heavy, with some large
pieces. Bought scrap miscellaneous, with a 1arge number
of heavy tibe ends and considerable fihe stuff. :

© "Foundry scrap started in first. Bought scrap

started in when foundry scrap was 90% in.~ Turnings started
1n“Whén“66ﬁght“scrap'Was“757’in;“ Top codat of turnings.
- Charge distributed over bottom of furnace, but not leveled
Toward front of furnace.

‘Rheos started at p01nt 8

" advanced to 7 at 12:58

" _ " 6 1:12

1 1 1t 1 1 5 D § 1 . 26

1 1 " ki) ‘ 11 4 1 l : 35

1] 1 1 N | 17 5 1 l i 45
POWER PLANT

 Machines on- No. 1 (5000) and No. 3 (2000)'

Load- Minimum 3100
Maximum 5000
Average 4200

Recording Voltmeter:- :

. Max swing 8 volts. Max. swing first hour 6 volts,
8 volt sWing‘at‘70‘minutes. ‘Only four swing over 4 volts.
General character of curve "very good".
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TIME-STUDY
FCOR .
CHARGING ELECTRIC FURNACE
AT
OHIO STEEL FOUNDRY.

Oct. 25/26, 1918.

- -

PULLING

, SLAG, WT. OF NO.MEN TIME FOR
HEAT NO. POURING REPAIRING CHARGING GHARGE CHARGING HEAT
9-309 4 9 20 6095 25 2:46
10~-310 3 14 23 6600 5 2:39
S 11+311 4 19 18 6230 6 - 2:19
12-312 22 25 18 6010 4 2:08
13-313 32 21 14 , 6060 4 2:04
14-314 8 - 186 1o . 8035 5 1:59
15-3156 24 19 22 6230 5 - 2:14

Tentative bogie for complete cycle E

5 15 15 ~ 6000 4 2:00

The time for pouring for heats No. 12, 13 , and
15 was long, bécausé”it was necessary to make two trips
with the ladle. Note that pouring, and pulling slag and
" repairing, are for prev1ous heat to one given.

‘ , Note that charge for heat No. 14 was made in 10
minutes. ‘Thebactual time wagna’few sgconds over 9:30.

Above bogie would give 9.3 heats per 24 hours.’
Allowing for délays and accidents, an average of nine heats
seems possible. The furnace is rated at 10 heats per day
by its makers.f ‘ ’

NOTE: - The record for this furnace to March 1, 1920,
about 16 months subsequent to the date of preparing this
report, is ten 6000-pound heats in 11 hours and 55 minutes.
This marked saving in time has been effected in several
ways, notation of which is made in the preface.



CONCLUSICNS

- - -

Following the fdregoing tests and observations,
the following points have been noted and conclusions '
drawn from them:-

: Near the end of each heat there will be noted
on the recording voltimeter chart a few individual swings
of cénsiderably greater magnitude than the rest of the
“curve. about’ them. These are due to the boiling up of the
metal into contact with the electrodes when the siliconm,
manganege, pig iron or ore is thrown into the furnace.
These pekks cannot, of course, be avoided.

tThe reactors have limited the momentary peaks
very noticeably, and have greatly reduced the voltage
fluctuation at the plant, and, at the same time, have
served to stebilize conditions so that by proper adjust-
ment of the shunt rheostats én the contact-making ammeters,
the time of the heat has not been increased over what it
was formerly, - Wheh first installed, there was considerable
-objection on the part of the Foundry Company, because the
heat time was prolonged one-half hour or even more. It was
-found, however, that by the aforesaid adjustment of the
shunt rheostats *. % this time could be brought down to
twp hours instead of two and a half hours or two hours and
forty minutes, without in any way impairing the plant ‘
operation. As nearly as can be determined, the reactors
have reduced the power factor very little,- probably not
more than 2 or 3%. As Tar as the foundry motors are con-
cerned, the operation is markedly better, since the ampli-’
tude of the voltage fluctuation has been greatly reduced,
‘and it has been noted that the motors are running much
cooler than before the reactors were installed. It is
difflicult to determine just what effect the reactors have
had upon the plant peak, but they have édertainly reduced
the momentary peaks and the rapid fluctuation in power and
voltage upon the turbo-alternators.

, During the last ten heats, a study was made of
the results to be obtained by adjustment of the shunt
rheostats on the contact-making ammeters. The function of
these_ rheostats, ‘as shown on General Electric Drawing No.
31566%(see pocket in back of book), is to shunt a portion
of the.current supplied to the contact-making ammeters by
the three current transformers mounted in the secondary
busses. Thes contact-making ammeters are adjusted to main-

tain a certain current at the arc, and shunting any portion

—



of this current tends to increase the total current flowing.
It was determined that by means of proper adjustment of
these rheostats, not only could the starting peaks be re-
duced, but alsoc the total time for the heat could be
reduced, and probably controlled. After approximately the
first thirty minutes, conditions become quite stable, and
it is then feasible to begin cutting part of the resistance
~of the rheostats. Following the study made, the accom-— '
panying curve was plotted to show the proper method of

ad justment of these rheostats, as nearly as it could be
determined for average conditions. .This curve or schedule
should be carefully followed, in order to give the best
operation and to reduce the time per heat as much as

- possible.’

The study of the operation indicates that the
conditions are somswhat more stable with the neutral
switch closed, and therefore this swibch, which 1s mounted
on the side of the furnace, should be kept closed, except,
of course, when samples are being taken.

By observ1ng this schedule, the operation should
be such that the maximum voltage fluctuation indicated upon
the plant recordin ng voltmeter is not more than 6 volts dur-
ing the daysandd evening when the normal load is ‘comparative-
ly large and Machine No. 1 (5000 K.W.) is in use. The
fluctuation is still quite serious at night when w . khe
normal load is light and the two small machines (2000 K.W.
each) are in use. The trouble seems to be more with the
use of the small machines than with the size of the normal
load. o . N

The effect of the reactors and of a proper
manipulation of the rheostats will be to reduce materially
the wear and strain upon the equipment of the Ohio Steel
Foundry Company, as well as upon the equipment of the
Power Company, and since the time per heat has not been
increased, the reactors are a benefit to both companies.

As far as the maximum demand is concerned it is
approximately the same as before the reactors were installed
due to the fact that-whereas the momentary peaks are less,
the stabilized conditions have resulted in a more continu-
ous use of power over the 15-minute interval. However, the
demand is less thaan it would be if the reactérs had not been
installed and at the same time the adjustment of the shunt
~rheostats were carried out. ' '

¥'see page 48
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A test was made of the voltage and current on
one of the reactance coils, and from the readings taken,
the impedance calculated. It will be noted on the
curve, plotted from these readings, that the line, if
drawn according to the values plotted, would not pass
- throught the zero point. The explanation of- this is that -
the iron frame and pipe work from which the coils are
suspended act as a core which becomes saturated at a very

low current value.

The main object of the study, as originally out-
lined, namely that of the proper method of charging the
furnace, was somewhat obscured by the discovery that the -
results desired were to be obtained by the adjustment of
the rheostats, and as nearly as can be determined, the
method of charging does not seriously affect the operation.

In general, however, the following prooedure should be
observed:-

Place large, heavy foundry scrap in the .
bottom. When the foundry scrap is about half in,
start in the bought scrap, and when the bought scrap

- is about half in, start in the turnings, so that when
the bought scrap is about all in, about two-thirds
of the turnings will remain to be thrown in.

The idea is to keep all heavy and large material in the
bottom. and gradually grade the charge so that the fine
material is at the top. It is not necessary to level the
charge, but as nearly as possible uder the average working
conditions, it should be distributed over the furnace

and the central peak should be located centrally with
respect to the eleotrodes.



MEASUREMENT OF REAGTANCE
T OF |
EXTERNAL REACTORS
AT
OHIO STEEL FOUNDRY CO.
Oct. 25, 1918,

(92}

TEST NO. 1 ‘ TEST NO. 2
,Volts Amps. . Volts _ Amps.
(X20) (X50) : - (X20) (X50)
30.0 1.7 41 0 22
37.5 2 B 44,0 2.6
32.0 1.8 36.0 2.0
39.0 2.3 : 32.5 1.7
38.0 2.3 \ - 40.0 2.2
35.0 . 2.0 : 42.0 2.3
40.0 2.4 47.5 2.8
37,0 - 2.15 46,0 2.5
40,0 2.35 44,0 2.4
39.0 2.35 84.0 4.0
35.0 1.95 62.0 3.8
32.5 1.9 62.5 3.8
31.0 1.75 52.5 3.2
41,0 2.4 55.0 3.3
35,0 2.0 54,0 3.4
36.0 2.15 61.0 3.7
39.0 2.4 54.0 3.3.
40.0 2.45 58,0 3.6
' 50.0 3.0
52.0 3.1
65.0 3.6
61.0 3.8
66.5 4,0
67.0 4.1
857.5 . 3.5
53.0 3.0
- 563.0 3.0
67.5 4.2
52.5 3.0
64.0 3.9
62.5 3.9

See attached curve for calculation of
impedance Z (6 7 Ohms)

[92]
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PREFACE

- This report, covering the details of ihe
proposed supply of energy by the Springfield Light,
Heat, & Power Company, Springfield, Ohio, to the North-
western Ohio Light Company, at Urbana, Ohio, is given
exactly as prepared for the consideration of the officials
of Hodenpyl, Hardy & Company. = Items which are.clear
to them may not be so obvious to the casual reader,
and for that reason the follow1ng explanatory notes
w1ll be given:-

~ The 1nitiéls to be noted on the cover sheet
indicate the following officials and employees:

E.J.B. - E.J.Bechtel, Vice-President and Chief
A Electrical Engineer, Hodenpyl, Hardy

-7 & Go., New York City..

F.AN, - FLA.Newton, Rate Engineer, Hodenpyl; Hardy

; & Co., Jackson, Michigan.

CQW;Jg - C.W.Johnson, New Business Manager, Hodenpyl,
s el Hardy & Co.," Jackson, Michigan.

L.R.P. - L.R. Parker, A851stant to Mr. Johnson, in

charge of Power Sales.

C.H.P. - C.H. Purdy, Commercial Engineer, Springfield
. Light, Heat, & Power Company,
Sprlngxleld Ohlo. :

In addltlon to these, there occur in the body of the
report the initials C.I.W. and J.B.B., indicating
respectively C.I.Weaver, General Manager, and
J.B.Bronson, Distribution Engineer, of the Springfield
Light, Heat & Power Company.

On account of the fact that the Springfield
company had on hand and idle, 3-400 K.V.A. 2300 to
13,200 .volt transformers, and because a 13,200 volt line
could be tied to the Urbana company's lines without ths
installation of step-down transformers or other equip-
ment, the first plan considered was that of the instal-~
lation of a 13,200 volt substation and line. The line
was to be No, l B.& S. Gage copper, because that would
be the approximate economic size with a load of 2000



87

- K.W. at the prevailing power factor and a line voltage
of 33,000 (It would be necessary to go to a higher
voltage than 13,200 when the load increased beyond 1000
K.W., and 33, OOO is standard with the Northwestern Ohio
nght Company, as well as 13,200). However, when the
load becomes 2000 K.W., Urbana would be too important
to be dependent upon a single transmission line, and an
additional line over another route, or local steam
standby, would be necessary. For that reason, and on
account of the high price of copper, No. 4 B.& S. Gage
was decided upon, as was also the voltage of 33,000.
The table .on page 2 shows clearly the reason for this
- choice, from a financial point of view. With the .
~estimated increase in load (see page 8), the pointtof
most economic operation of the line would come in 1923.
It is understood, of course, that this point of most
economic operation of the line occurs at th® point at
which the cost of the line losses is equal to the fixed
charges. (interest, depreclation, taxes, and insurance)
on the copper. ‘ .

Gross Revenue includes the total billing
recelpts. Gross Income includes only the amount left
after the deduction of the Operating Expenses, including
Maintenance & Clerical, from the Gross Revenue. Gross
Income must, therefore, provide for the items of depre-
ciatlon, taxes, ‘insurance, and last and most important
of all,  interest on the Investment. Depreciation is
xfarbltrarlly taken at 4%, Taxes and Insurance at 2%, and
return at 8% as. a minimum. In connection with this, the
fact confronts us that 8% is.not an adequate return for
‘this class of investments. The table on page 2 sum-
marizes the Gross Incomes from the various -proposed
plans in percentages of the Total Investment. A per-
centage below 14 indicates a return of less than 8%,
whereas a percentage above 14 1ndicates a return of more.
than 8%, assuming that B%pw1m1 tover Depreciation, Taxes,
and Insurance. The "Margin", shown on the sheets
"Details of Load, Investment, Operating Expenses, and
Revenue", pages 15 to 23, 1s the difference between the
Gross Income and the sum of the Operating Expenses and
14% of the Investment. In other words, it shows the
" amount available for interest and dividends after the
accepted minimum of 8% has been secured.

The overhead items in the estimates are
explained by the following extract from Hodenpyl
Hardy Circular Letter No. 1147-G:-



CONSTRUCTION ESTIMATES AND EXPENDITURES

Overhead Charges

R A K L AT
“w ol S " 3

Compilation of Constructioﬁ Estimates -

A

Material

1-Total of Detailed Estimate $

2- Contingen01es at rates used
" by your company (10%), com-
puted on 1-A and 1-B.

RS

3-Total Estimate for Materlal
and Labor

-

4-Injuries & Damages at rates
- outlined in C.L. 1068-B, or
as amended by special letter,
computed on 3-B - -
(6. 67 for Transmission)

5- Office & Local Management at
rates prescribed for your
company (4%), computed on

 3-A and 3-B. ' T

(For companies that carry
this item as an accrued
account)

6-Construction Engineering at
rate prescribed for your com-
pany (6%), as outlined in
C.L. 1147-E or as amended by
speclal letter, computed on
3-A and 3-B

s oan an an sk
3 98 90 3 %

Labor

7-Total of 3,4,5, and 6

8- Interest during Construction
at rate prescribed for your
company, as outlined in C.L.
1103 and 1103-A or. as amended
by special letter, computed
on 7-& and 7-B - $

L € £




8.

9-Total Estimated Cost ,$ $

NOTE; ~ Interest is not Ilgured on estimates amountlng
to less than $2500.00, nor for estimates made for work
which will require less than 60days for execut;on.

- e o e

It is understood throughout the report that
the energy sold to the Northwestern Ohio Light Company
will be metered at the transmission line termlnus at
Urbana, at the iransmission potentlal

It will be noted on page 1l and in Estimates
VI and VII, pages 27 and 28, that provision is made for
the installation of speclal switches for one transformer
of the proposed closed-delta bank. The expenditure for
‘this will total about $750 00 for the 33,600.¥061lt
~station, 1nclud1ng Labor and the overhead items. That
this expenditure is. justified is proved as follows:-

Total hours per year - = - = = = - = 8760
Hours requiring 3 transformers - - - 2860
Difference - - - - - - 5900

The estlmated saving in copper and iron loss, which is
largely iron loss, will be about 1% of the transformer
rating, or 6.687 K.W. Over the period of a year, this
~will be 6.67 X 5900, which approximately equal's 40,000
K.W.H. and is the equivalent of $400.00, at the energy
cost of l¢ per K.W.H. delivered to the switchboard.
This saving justifies an investment of $2860.00, allowing
14% for Interest, Depreciationm, Taxes, and Insurance, or
ylelds a.return of approximately. 55% on the total cost
of the extra switches ($750.00).

On the-next'page is given a sample calculation
of the line drop, showing how the figures in the table
"on page 9 were obtained. This calculation is for the
conditions obtaining in 1922. The effect of the charging
current is negligible and is not considered. Note that
for ease in calculating the power factor is that at the
generating end, and the percent drop is based upon the
voltage at the same end. The route is by way of Tremont
and Westville.



SAMPLE LINE CALCULATION

Voltage at generator end - 33 000

Frequency 60- cycles. Spaclng 59 inches.

Length of line 183 miles, which equals 97.9 M feet.
Total Resistance of one wire- 24.3 ohms.) (Wire No.
Total Reactence of one wire- 14.8 ohms:} B.& S. Gage.
Load 1000 K.W. at 75% power factor.

Line current obtaining- 23.3 amperes.

Recever Volts = ]

2
o ] 33000 =13 = 9,050 '

Receiver voltg - V_'OC
00 mqualp AR

- 0¢C equals ngz plus CD

2

0D equals 19056 X O 75 mlnus 566 equals 13734
CD equals 19050 sin(cos™ 0. 75) minus 345, equals 12225

0C équals 18,400
Receiver volts - 31,900
Percent drop - 3.3

NOTE : - Results are from slide-fule operation.

February 14, 1920.
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| SUMMARY OF
LOAD, REVENUE, & INVESTHENT.

- . s

_1920 .  _192D 1922 1928 _1924

E.W.Demand (est.) . 750 1850 1000 1200 1450
K.W.H. Cons, 2250000 . 2550000 3000000 - 3600000 4350000
. Gross Revenue:- . o ‘ }
Schedule "B" - - $43,500.00 $49,100.00 $57,500.00 $68,700.00 $82,700.00

Schedule "C" 45,200.00 51,000.00 59,750.00 71,400.00  85,960.00

3% Rev, per K.W.K.\(in,Cents)f—

' Scheduls "B" - - - 1.93 1.925 . 1,915 1,905 1.9
Schedule "Cff 2.01 2.00 1 L1.99 1.985 1.975

. % Not 1nclud1ng sale of energyyto Tremont and Westville. For
details of such sale, see pages 2, 23, 24, and 25, .

Investment in Substation Equipment and Line by S.L.H.& P. Co.,- ‘
Route via Tremont & Westville, not serving them - - - - $59,000,00
Route via Tremont & Westville, serving them - - - - - 61,000.00
Route via Erie Rallroad right of way = = = = = = - = - 53,000.00

33,000 volt, No 4 B.& S. Gage Copper llne, 3-667 Kva. Transformers.
Statlon Investment at $100,00 per K W. of 15-minute demand.

Erle Route preferred

°T

26



- %2 33000 V.#4

‘TABLE SHOWING GROSS INCOME
| IN PERCENT OF.
TOTAL INVESTMENT .

SCHEDULE "B"
13200 V.#1 Line via Tremont
33000 V.#1 {and Westville, but
33000 V.#4 (not serving them.
%1 33000 V.#4 Line via Erie R.R.

- %2 33000 V.#4 " serving Tremont
and Westville,

SCHEDULE"C": -
13200 V.#1 [Line via Tremont
© 33000 V,#1 jand Westville, but
33000 V.#4 \not serving them.
%1 33000 V.#4 Llne via Erie R.R.
~serving Tremont
‘and Westville.

L
w

. ' N .~ Details
1920 1921 1922 1923 1924 on page
12,75 13.3 14.0 14.86 15.0 15,16 .
12.6 13.25 14.3 - 15.35 16.3 17,18
13.5 14.2 - 15.05 15.95 16.8 19,20
14.5 14.8  15.7 16.6 17.4 21,22 _
13.7 14.65° 15.6 16 5 . 17.25 23,24,25
14.0 14,7 15.4 16.1 L&, T 15,16
13.8° 14.6 15.65 16.8 17.8 17,18
14.7 15.5 16,45 :17.5 18.4 19,20
15.45 l6.2 . 17.2 ' 18.2 19.05 21,22 '
15,95 18.95 18,8 23,24,25

14.95

‘First choice of route.

#2 Second choice of route.
Rate Schedule "c" recommended.

NOTE:- Schedules "B" and "C" apply only to energy sold #oz the Northwestern

18.0

- Ohio Light Company, and not to that sold to Tremont and Westville.

°3
ol o)



TABLE OF
PROPOSED RATE SCHEDULES.

RATE SCHEDULE"NB" -

$30,00 per K.W. per year- first 100 K.W. of demand.
25,00 per K.W. per year- next 160 K.W. of demand.
20.00 per K.W. per year- all over 200 K.W. of demand.

,%¢ per K.W.H,- first 100 hrs. use per mth. of max., demand.
1 ¢ per K.W.H.- all over 100 hrs. use of max. demand.

RATE SCHEDULE "C" -

$30.00 per K.W. per year- first 100 K.W. of demand.
25.00 per K«Wy per year- next 100 K.W. of demand.
20.00 per K.W. per year- all over 200KK.W. of demand.

4 <
' %¢ per K. W.H.~ first 100 hrs. use per mth. of max. demand.
 1s¢ per K.W.H.- all over 100 hrs. use of max. demand.

N

The maximﬁm'demand interval is 15 minutes.
Note that the demand charge is the same for both rates.

Schedule "C" is recommended.
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MARKET- PRESENT AND FUTURE.

With reference to present business, the follow-
ing larger companies are faking their power from the
.plant at Urbana -

Greenv111e Gravel Pit., - Owned by the Big 4
Railroad. Issupplied by a 12-mile, 13200 volt trans-
mission line and 3-100 K.W. transformers, and according
to Mr. Auger, local Manager at Urbana for the North-
western Ohlio Light Company, they expect to operate three
more years in. the present location. At the end of that
time, when it it is estimated the gravel supply will be
exhausted, they will probably move to another location
aqross the road, an option on which they now hold.

The Desmond &'Stephens Company. - Manufacturers
of, emery wheel dressers, have a connected load of
10 horsepower. .

- The United Paper Board Company.:x- Are absorbing
about 100 horsepower.

The Johnson Manufacturlng Company. - Have 90
horsepower in motors. , .

The Urbana Broom Company. - Have Soyhorsepower.
" The Urbana Tool & Die Company. -~ 30 horsepower.
The Nurphy Lumber Company‘ - 80 horsepower.
’The Urbana Packing Company. - 150 horsepower.
The W.B.Mervin Company. - 100 horsepower.
In addition to the above inoustries and some
minor power and the lighting load at Urbana, the plant

supplies 13200 volt transm1551on lines supplying the
- following small towns:-

Mechanicsburg Woodstock Middleburg
Catawba North Lewisburg East Liberty
Mutual Cable ' West Mansfield

Except in the case of North Lewisburg and East
Liberty, the company does a retail business. In these
two towns they wholesale to a local company. Mr. Auger
states that they greatly prefer to retail the current



themselves, on account of the fact that in nearly all
cases the local companies will not push the development
of their markets or the sale of appliances.

With respect to future business, there 1is
considerable room for development, A number of plants are
at the present time operating with gas engines, and
others by steam equipment. The gas situation in this
section of Ohio is becoming more acute each year, and
during December and January of 1919 and 1920, rsepectively,
all factories depending upon gas have suffered from
the shortage.

The Howard Paper Company has a steam plant of
2400 horsepower engine capacity, which plant they have
been repairing quite extensively, installing a new stack
and other equipment. Mr. F.H.Hooper, Vice-President of
the Northwestern Ohio Light Company, with headquarters at
Lima, states that 150 horsepower of the Howard Paper .
Company's load can be secured for central station service
whenever they have the capacity to handle it. This load
is' too far removed from the rest of the faotory to
permit line-shaft operatlon.

The Central Glass Company may start‘operatiCns
again, with need for.approximately 100 horsepower.

; The villages of Tremont and Wes3v1lle want
service, and this fact would be of considerable assistance
in the matter of securing right of way through these
two towns, in case it should be decided to build the line
over that route.
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PLANT DESCRIPTION AND DATA,
- URBANA' .

The power plant at Urbana consmsts of the
follow1ng major equipment:-

1-500 E.W. Curtis turbo-alternator, operating condensing
' at a steam pressure of 160 pounds gage and an
average vacuum of 28 inches.

- 1-250 K.W. Woods’System altérnator, direct- driVen by a
Buckeye engine, which is operating non—coadens-
- ing. v

2-250 hdrsepower hahd-fired boilers.‘

2= 250 K.V.A., 2300 to 13;200 volt, 60-cycle; indoor type,
- oil-insulated, self-cooled, transformers.

’Necessary switchboard equipment.

The ordinary 15-minute peak load delivered to the
switchboard is about 550 K.W. The 1l5-minute peak for
the period December 1, 1918 to December 1, 1919, was 670
K.W., and occurred at 5300 P.M. on October 30, 1919. The
K.W.H. delivered to the switchboard for this period was
2, 081 544, the load factor was 35.4 %, and the coal in
pqnds per K.W;H. delivered to the switchboard 5.52 .
The monthly coal consumptlon for this same period was as
follows:- v

De comber 1918 1059288

January 1919 ‘ - 1040374
February ' 824477
March , , 887890
April ‘ 839480
May _ 956525
June 1027289
July . . 960075
August 1033727
September 925898
October 984741

November 973390
/ Total - - 11493154



The demand and consumption data for four representative

months of the period are as follows:- ;

. MaX. 60" ., ' .
min. peak : Cons. ; Load Fac.
January S 420 - - 159490 ﬂ 51.0 %
- April C 410 141230 47,8
July - ' 470 194592 . 5b.5

October 560 201978 ' 48.4

. The figures used in the above tabulation and
in the accompanying curves, it will be noted, are the
meximum average load over an hour's period, which makes
the load factor considerably higher than would be obtained
on the basis of a l5-minute interval. However, the
load factor for the period from Decemberll, 1918 to
December 1, 1919 has been on the 15-minute peak of 670
K.W., which occurred at 5:00 P.M., Thursday, October 30,
1919, and which actually lasted about 20 minutes.

, The coal per K.W.H. delivered to the switch-
board for this period seems rather high, but Mr. Auger
confirms the figure and explains that during the summer
of 1919 he received a considerable -amount of very poor
coal and that also, he had to charge off during this
year a certain shortage which came up. It will be noted
- that the coal per K.W.H. for December I},1919 (load curve
for which day is shown) was 4.8 pounds. On Sunday, when
it is necessary to operate the Buckeye engine in order
to permit inspection of the turbine and cleaning of the
condenser, the coal per K.W.H. delivered to the switch-
board runs as high as 7.0 or 8.0 pounds.

Mr. Auger states that the average power factor
at the plant is 70 percent,

, ~The distribution system at Urbana is in reason-
ably good shape; probably better than in the average town
of the same size, A considerable amount of tree-trimming
is necessary, or at least desirable, although Mr. Auger
says that they have had no seriocus trouble from this source.
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. DESCRIPTION OF
- PROPOSED SUBSTATION AND LINE.

_— = .

The two routes shown on the accompanying map
have been selected in preference to two or three others,
on account of the fact that they are quite free from
trees and pole lines, and are on pigh ground. In ad-
dition to this, they follow the ‘only feasible way for
us to leave the city with a 33,000 volt line, - over the
Victor Rubber pole line to Maitland. The route by way of
~ the Erie Railroad is better than that by way of the D.T.&
I. and the Valley Pike, because of the fact that it is.
shorter, straighter, and almost entirely free from trees.
The other routes considered are fully occupied by tele-
-phone and other power lines, notably the Ohio Electric,
or are badly built up with trees, or are over low,
swampy ground. '

We 1nvest1gated the p0351b111ty of building
our 1ine teo Urbana over the same pole lead with the Ohio
Electric, but their lines are in bad condition and would
constitute a hazard to our service, and at many points
it would be impossible to place another 33,000 volt cir-
cuit on the poles without going to considerable changes
in the construction.

. Neglecting the effect of the current to supply
the villages of Tremont and Westville, the voltage drop
at the yearly peaks for No. 4 B.& &. Gage solid=copper
wire and a line potential at Springfield of 33,000 volts,
assuming a power factor of 75 %, would be as follows -

VOLTS DROP.IN PERCENT

YEAR K.W. ~ TRE'T & W'LLE  ERIE R.R.
1920 ‘ 750 2.4 2.0
1921 ‘ 850 3.0 2.5
1922 1000 3i3 2.8
1923 1200 4.1 3.4
1924 1450 5.2 4.3

The llne by way of Tremont and Westville would
be approximately 183 mlles long, by way of the Erie Rail-
road approximately 155 mlles long.

[{o]s]
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for malo' showing proposea’ routes, -
see loocfre-{—.on inside of rear cover
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The poles shall be Northern White Cedar, 7-inch
" tops, strictly woods run, treated in accordance with the
specifications of the "B" Treatment. The lengths will,
of courseg depend upon the location, but the larger per-
centage will be 35- foot poles, and this 1ength will be
the minimum.

: The attached prints show fully the proposed
line construction for straight-away locations, and for
crossing and dead-end locations.’ .

Poles will be properly guyed where necessary,
and in general the construction will be such as to render
the maximum of reliability and to reduce troubles and
~service interruptions to a minimum.

The step-up substation at Sprlngfleld will
consist of 3-667 K.V.A. transformers, 66-cycle; 6600 to
33000 volt, outdoor type, oll-insulated, self-cooled,
controlled by an automatic switch on the low-tension side,
and protected from lightning and other transient dis-
turhances on the high-tension side , by an electrolytic
or oxide-film arrester. One transformer unit will not -
be put into service at once, but will be.necessary from
the viewpoiant of assured service. When put into service,
it will be provided with a non-automatic -0oil switch on
‘the low-tension side and an ailr-break switch on the high~
tension side, sp that at periods of light load itncan
be removed from the llne, thus reducing the transformer
iron 1osses.

- The accompanying sketch shows the proposed
station and line arrangement, including the supply of
energy: to Tremont and Westville.
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DETAILS OF LOAD, INVESTMENT,
OPERATING EXPENSES, & REVENUE

P e

13,200 VOLT LINE No. 1 COPPER, VIA TREMONT & WESTVILLE

BUT NOT SERVING THEM,

1925

1920 1921 1922 1924
K.W.Demand - - - = = = = == - - 750 850 - 1000 1200 1450
K.W.H. Consumption - - - - - - 2,250,000 2,556,000 3,000,000 3,600,000 4,350,000
Line loss in K.W.H. - - - - = 143,000 . 183,000 253,000 365,000 532,000
Transf. loss in K.W.H. - - - = 150,000 _ 160,000 175,000 195,000 22§Looo‘
Total K.W.H. dlvd to swbd - 2,543,000 2,893,000 3,428,000 4,160,000 5,107,000
Station Investment - - - - - - $75,000.00 $85,000.00$300,000.00$120,000.00 %145 000.00
Substation and line - - - - - 58,800.00 58,800.00 58,800.00 '58,800.00 58,800.00
Total Investment - - - - - 4753,800.00 T43.800.00 158,800.00 178,800.00. 203,800, 00
Int.,Dep.,Taxes, & Ins. @lsf  $18,750.00 $20,150.00 $22,250.00 $25,050.00 $28,500.00
Cost of energy @l¢ K.W.H. swbd .25,430.00 .28,930.00 .34,280.00 4ﬂ“600 00  51,070.00
Maintenance & Clerical - - - - 1,000.00 1,000.00 - 1,000.00 1,000.00 ° 1,000.00
Total Cost of service - - - -$45,180.00 50,080.00 57,530.00 67,650.00 80,570.00
Schedule Revenue - - - $43,500,00 $49,100.00 %57;500.00 $68,700.00 $82,700.00
- "B ~ Margin - - - - . [,480.00 . 980.00 . = 30.00  1,050.00 2,130.00
' Schedule ‘Revenue - - - $45,200.00 $51,000.00 $59,750.00 $71,400.00 $85,960.00
e Margin - - - - - 20.00 = 920.00 2,220.00 3,750.00 5,390.00
Cost of line I°R loss - - - - - $1430.00 $1830.00  $2,530.00 $ 3,650.00 $5,320.00
Int.,Dep.,Taxes Ins. on copper - 2310.00 2310.00 25310.00 2,310.00 .2,310.00

Most economic poiqt between 1921 and 1922.

ENG. BLES&N

g1
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CONSUMERS POWER COMPANY - 1s.
PROPOSED EXF’ENDITURE ] No.1
DISTRIBUTION - _ ‘ Zq/lﬁjh:éye‘/r DEPARTMENT

NAME OF DISTRlCT OR DEPARTMENT

iT IS PRoposED TO . Insle'l 1'%?00 vo'H' 1200 K V.A. substation and A
build SSOOO volt No. 1 copper line ’co gerve the Northwestern

f_____Ohio_nghL_C_Qm;Qany ah.[h:banan Rmzte b;z way of Tremont
and W&sLmllle+_hui_ngi_serying them.

CHARACTER OF EXPENDITURE CONSTRUGTION - | GHARGE ACCOUNT No
REQUESTEDLZ2=115' 19 BY. C.I-W‘v APPROVED- : 191 BY— - CHF.‘E.N\GR.
mapel2-=10 19,19 sy _J.B.B, - 191 BY MGR.
| cnxulzf_;z_ 19119 gy L.E.B, BT 191____ByY_ GEN. MGR.
CTFD. © s BY_ - ~ AUTHORIZED 191 BY \ - PRESIDENT
| DETAILS ‘ ‘NUmser | costMATERIAL | cosT LABOR
‘Substation (See Est. VI, ‘bage 2'7) - '5;750 00 750| 00
Poles o DT ) 11,500( 00 | 3,000/ 00
X-arms ‘ : S 900} 00 - 250100
Insulators - : ‘ 4,400| 00 200/ 00
Pins® ) | '560{00 | 100{00
Guys and‘anohors ‘ ‘ : .200) 00 200100
Wire- No. 1 B.& S. Gage S B 16,500{00 | 1,500]{00
Dead-cnds B o : ' .500| 00 20000
Rightof way v . e 1,000f00 '
. Freight and cartage v . ‘ 500! 00 :
Contingencies @ 10 4 . 4,150/ 00 | 00|00
- Injuries and damages . o 400]00
Office and Local Management @ 4% , ‘ ‘ 2,100({00
.Construction Engineering @ 6% . e 2,740|00 40000
Interest during Constructlon - L 500| 00 100{00
,\C}UALCVQSWAT’ERIALS ' - o ESTIMATED COST MATERIAL § .4‘3,“00;00
ACTUAL COST LABOR . § ESTIMATED COSTLABOR . §—92,800.00

TOTAL ACTUAL COST , §_ — B TOTAL ESTIMATED cosT . 5—58,800,00



DETAILS OF LOAD,

INVESTMENT,

OPERATING EXPENSES, & REVENUE.

55000 VOLT LINE, No. 1 COPPER, VIA TREMONT AND WESTVILLE
BUT NOT SERVING THEM. _ - :

1922

1923

1924

1920 ’1921 |
i ! . v
K.W. Demand - - - = = = = = - - - 750 850 1000. 1200 - 1450
"K.W.H.Consunption - - - - - - -2,250,000 2,550,000 3,000,000 - 3,600,000 -4,350,0Q0
Line loss in K.W.H. - - = ~ - - 23,000 29,000 41,000 59,000 86,000
Transformer loss in K.W.H. - - - 150,000 160,000 175,000 195,000 225,000
Total K.W.H. dlvd to swbd - - 2,423,000 2,739,000 3,216,000 3,854,000 4,661,000 -
Station Investment - - - - - - $ 75,000.00 $85,000.00 $£005000.00 $120,000.00 $145,000.00
Substation and Line - - - - - 69,800.00 69,800.00 69,800.00 69,800.00 69,800.00
Total Investment - - - - - -$144 800.00 %154 800.00 $169 800. 00 $189 800.00 $214 800.00
Int.,Dep.,Taxes, Ins.@ 14% - - $20,250.00 $21,700.00 $23,750.oo $26,550.00 4$30,150.oo
Cost of energy @ 1¢ K.H.H. swbd 24,230.00 27,390.00  32,160.00 38,540.00 46,610.00
Maintenance & Clerical - - - - .- 1,000.00 1,000.00 1,000.00 1,000.00 1,000.00
‘Total Cost of Service - - - $45 480.00 $5o 090.00 $56 910.00 $66 090.00 $77 760. 00
Schedule Revenue- - - $43,500.00 $49;1eoaooo $57,500.00 $68,700.00 $82,700.00
Hgn Margine - = - I,980.00 990.006 - 590,00 2,610.00 4,940.00
Schedule  Revenue - - -$45,200.00 $51,000.00 $59,750.00 $71,400.00 $85,960.00
et . Margin - - - - 280.00 - . 910.00 = 2,840.00 . 5,310.00 8,200.00
Cost of Line I°R Loss - - - - - $230.00 $290.00 $410.00 $590.00 $860.00
2,310.00 -2,310.00. 2,310.00  2,310.00

Int.,Dep.,Taxes, Ins. on copper 2310.00

Most economic point mnot reached,

LT
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CONSUMERS POWER COMPANY

PROPOSED EXPENDITURE

v

|09
18.

No.II

'IT IS PROPOSED TO.

DISTRlBUTION

NAME OF DISTRICT OR DEPARTMENT )

Install 33000 volt 2000 K. V AL

ﬁﬁgfﬁ#ﬁ‘D;PARTMENT

subhstation at

_serve the Northwestern Ohio. Light Combanv at

'3Snr1ngfield and build 33000 volt, No; 1L _copper lime to

'Urbana.

Route by way of Tremont and Westville,

but not serving them,

ICTUAL COST MATERIAL §
JCTUAL COST LABOR .

JOTAL ACTUAL COST ,

i
—

<
L4

W

CHARACTER oF EX’PE.NDlTURF' CONSTRUCTION CHARGE ACCOUNT No
REQUESTEDLQ Ly 19 GM., © APPROVED 191 -BY CHF. ENGR.
" mapE—1=19 19,20 BYL.B_A_B_-_ ' 191 BY -MGR.
cHkp—L=20" 19120 svL.E.B. 191 By GEN: MGR.
CTFD 191 BY. ‘ ) -AUTHORlZEDF ‘191" RY PRESIDENT
D.ETAILS romamn | comreaTen., | SEXmAEED,
Substation(see Est. VII, p.28] 14,750 00 | . 750| 00
Poles - 1 11,500] 00 35000 00
X~arms -900| 00 250} 00
Insulators 4,400| 00 200| 00
Pins 560| 00 100/ 00
‘Guys and anchors -~ .200| 00 . 200{ 00
Wire- No. 1 'B.& S. Gage | 16,500{ 00 | '1,500]00
Dead-ends ) . 300| 00 2001 00
Right of Way - 1,000| 00
Freight and cartage .500| 00 ‘
: Contingencies @ 10% ! 5,050| 00 620{ 00
~ Injuries and damages : ' ' 400} 00
! Office and Local Management. @ [4% - 2,470 00
i - Construction Engineering @ 6% | . 3,340( 00 410] 00
g Interest during Construotlon 600| 00 100} 00~

ESTIMATEDCOST MATERIAL§_D9,600.00

ESTIMATED COST‘ LABOR .

TOTAL ESTIMATED COST .

P 0



DETAILS OF LOAD

OPERATING EXPENSES ‘& REVENUE,

INVESTMENT, -

-—

33000 .VOLT LINE, No. ) COPPER VIA TREMONT AND WESTVILLE
BUT NOT . SERVING THEM.

B

1923

- 1924
S

Int.,Dep.,Taxes,

Most ecenomic point in 1923.

1920 1921 1922
) ) . s { \\ \/ i i
E.W. Demand- - - - - - - = - - - 750 850 1000 1200 - '1450
K.W.H, Consumption - - - - - - 2,250,000 2,550,000 3,000,000 3,600,000 4,350,000
Line Loss in K.W.H. - - - - == 46,000 58,000 82,000 118,000 172,000
Transformer Loss in K.W.H. - - - 150,000 160,000 175,000 - 195,000 225,000 .

Total K.W.H. dlvd swbd. - - - 2,446,000 2,766,000 - 3,257,000 3,911,000 4,744,000
Station Investment - - - - - $ 75,000.00 $85,000.00 $100,000.00 $120,000.00 $145,000.00
Substation and Line - - - - - 59,000.00 = 59,000.00 . 59,000.00 . 59,000.00 . 59,000.00
Total Investment - - - - - $134,000.00 $144,000.00.$159,000.00 $179 000.00 $504,000.00
Int.,Dep.,Taxes,Ins.@ 147 - - $18,750.00 $20,150.00 $22,250.00 &25,100,00 $28,550.00
Cost of energy @ l¢ KWH.swbd -.24,460.00 27,660.00 .32,570.00 39,110.00  47,440.00
Maintenence & Clerical - - - - 1,000.00 1,000.00 1,000.00  1,000.00 1,000.00
Total Cost of Service - - - $44,210.00 $48,810.00 $55,820.00 $65,210.00 $76,990.00

' Schedule Revende - - $43,500.00 $49,100.00 $57,500.00 $68,700.00 $82,700.00

- "B" °  Margin - = = 710.00 290,00 1,680.00 3,490.00 5,710.00
Schedule Revenue - - $45,200.00 $51,000.00 $59,750.00 $71 400.00 $85,960.00

T ougn Margin - - - 990.00  2,190.00 3,930.00° 6,190.00  8,970.00

" Cost of I°R Line Loss - - - -~ $ 460.00 $ 580.00 $ 820.00 $1,180.00 $1,720.00
Ins.on copper 1,140.00 .1,140.00 1,140.00 1,140.00 1,140.00

‘6T -

o/



CONSUMERS POWER COMPANY

i

20.
PROPOSED EXPEND]TURE . , No._ﬂl__
IS L DISTRIBUTION _ Aﬂéﬁ%&{DEPAnTMENT
R ag, . NAME OF DISTRICT OR DEPARTMENT i ‘
rr |s PROPOSED TO anhﬂ 1 '%'mnn vn'l t 9000 K YV.A qubs‘l'a‘i' ion and
’ puild’ 33000 volt No. 4 copper:line to serve the
Northwestern Ohio Light Company at Urbana. Route
by way_ of Tremont. and Westv1lle. but not serving
them. . '
CHARACTER OF EXPENDITURF " \ CONSTRUCTIO‘N .+ CHARGE ACCOUNT No
REQUESTED?JB,:IZQ'_l,QA»f ay.-C. L. W, APPROVED 191 BY. : CHF. ENGR.
waDE—1=19 16; 20 gy _J.B.B, . BT Y BY. 3 ‘ MGR.
cHkp—1=20_ 19120 BvﬁL._E_._B_. . . " 191 ‘BY. < GEN. MGR.
CTFD_ Mol BY___ AUTHORIZED' 191 BY W ‘ PRESIDENT
DETALS . - Ny | comsTimatee, | | ESTIMATED
Substation (See Est. VII,p 28) _‘ 14;750'00 750{ 00
Poles ) . 11,500 00 3,000 00
X-grms S ‘ ' S R - .900|.00 . 250] 00
Insulators. _ " 4,400 00 2001 00
Pins , 560 00 || . .100| 00
Wire- No. 4 B, & S. Gage , . ; 8, 200{ 00 1,500] 00
Dead~ends . .. . o , +..300L,00 || . 200] 00
Right of Way - ’ - 1,000 00
Freight and cartage - , 400|-00
Contingencies @ 10% : - | 4,120/ 00 600), 00
Injuries and damages IR I 400[ 00
- Office and Local Management @ 4% / | | 2,110] 00
Construction Engineering @ 6% ‘2,770 00 | = 390| 00
Interest during Construction. o 500( 00 100} 00
CTUAL COST MATERIAL $ ‘l”, ésnmmaﬁ“cow MATERIAL 5— 49, 400,00
. e o | » - | 19,600.00
TUAL COST LABOR . $ . . ESTIMATED COSTLABOR . §

9

L)

OTAL ACTUAL COST ',

TOTAL ESTIMATED COST . $-99, 000.00

|



DETAILS OF LOAD,

INVESTMENT,

OPLRATING‘EXP&NSES & REVENUE.

—

- . e e

1922 .

1924 -

Most economic point in 1923.

1920 1921 1923
l | R T
K.W. Demand - - - - - - - - - - 750 850 . 10%0 ‘1250‘ 11450
K.W.H. Consumption - - - - - - 2,250,000 2,550,000 3,000,000 3,600,000 4,3505000
Line Loss in K.W.H. = - - - = - 38,500 . 48,500 68,700 99,000 144,000
Transformer Loss in K. W.H. - - - 150,000 160, 000 175,000 - 195,000 225,000
Total K.W.H. dlvd swbd - - - 2,438,600 2,758,500 3,243,700 3,895,000 4,719,000
Station Investment - - - - - $75,000.00 $85,000.00 $100,000.00 $120,000.00 $145,000.00
Substation and Line - - - - - 53,000,00 = 53,000.00 . 53,000.00 . 53,000.00 53,000.00
Total Investment - - -. - - $128 000.00 $138,000.00 $153,000. 00 3173 000.00 $198,000,00
Int.,Dep.,Taxes,Ins.@ 14p - - $17,900.00 $19,300.00 $21,400.00 $24,200.00 $27,700.00
Cost of energy @ 1¢ KWH.swbd - 24,900.00  27,600.00 ' 32,450.00 38,940.00 47,200.00
Maintenence & Clerical ~ - - - 1,000.00 1,000.00 % 1,000.00 1,000.00 1,000.00
Total Cost of Service - - - %45,300.00‘ $47,500.00 $54,850.00 . $64,140.00 %75,900,00
Schedule Revenue - - -$43,500.00 $49,100.00 $57,500.00 $68,700.00 $82,700.00
-1 ~ Margin - - - 200.00 1,200.00 2,650.00-  4,560.00 6,800.00
Schedule Revenue - - -$45,200.00 $51,000.00 $59,750.00 $71,400.00 $85,960.00
Hen ~ Margin - - - . 1,900.00 3,100.00 4,900.00°  7,250.00 10,060.00
Cost of Line IR Loss - - - - - $385.00 $475.00  $687.00 $0990.00  $15440.00
~Int.,Dep.,Taxes,Ins.on copper - 980,00 .980.,00 980.00 .980.00 980.00

‘T2
rAf|



CONSUMERS POWER coMm PANY

PROPOSED EXPENDITURE -

DISTRIBUTLON

NAME OF DISTRICT OR DEPARTMENT

13
22,

No"_;ll;____

q@@ﬁ@@?oEPARTMENT

ITIS PROPOSED TO ww&m&mnd__—_
build 33000 volt No. 4 copper line- to serve the

Northwestern Ohio“Light Company at Urbana.,

‘Route

by way of Erie Radlroad right of way from Maitland

ta Urbana.

CHARACTER_ 6F EXPENDITURE. - (‘ONSTRUCTION

CHARGE ACCOUNT No.

REQUESTEDL 2=115:.19 ay..-C. T VL, - APPROVED. 191_____BY— CHF. ENGR.
MADE—L = 19 10120 gy J.B.B. 191 _BY MGR.
cHkp_J 1 20_. 19120 gy L.E.B. 191 BY. GEN. MGR.
CTFD . 191 A BY' ) » i A‘UTHORIZED 191 BY. PRESIDENT
y  DETAILS NUMBER | cOST MATERIAL | cCOST LABGR
Substation (See Est. VII P 28) 14,750{ 00 | ' 750| 00
Poles . 9,400} 00 -2,700( 00
X-arms 750| 00 210} 00
Ingulators 5 800| 00 170} 00
Pins T 270| 00 175( 00
Wire- No. 4 B.& S Gage 7,000| 00 1,200|00
Dead-ends 250| 00 200] 00
Right of way . ‘ 1,000| 0O
Freight and cartage ~400| 00
‘Contingencies @ 107 3,750| 00 . 530| 00
Injuries and damages 1 400| 00
Office and Local Management @ 4% o 1,900{ 00
" Construction Engineering @ 6%-| . - 2,480( 00 '365{ 00
‘ Interest during Cinstruction. 450( 00 100| 00
CTUAL COST MATERIAL § ' \ ESTIMAfEDCOSTMATERIALé 44 ,300,00
CTUAL COST LABOR . §. ‘ ESTIMATED VCQS'II'LABOR . $——8,700.00

B

fOTAL ACTUAL COST ,

L]

TOTAL ESTIMATED COST . §

53,000.00



DETAILS OF LOAD, INVESTMENT,
OPERATING EXPENSES, & REVENUE.

33000 VOLT LINE, No. 4 COPPER, VIA TREMONT & WESTVILLE
SERVING THEM :

- wm e en ma e

1920 1921 '1922 ‘1923 1924

K.W. Demand - - - - - - = = — - - 775 875 . . 1,025 1,225 1,475
K.W.H. Consumption - - - - - - 8,280,000 - 2,590,000, 3,045,000 3,650,000 4,400,000
Line Loss in K.W.H., - = - - = - 46,000 58,000 82,000 118,000 172,000
Transformer Loss in K.W.H. - - 154,500 165,000  1I805500 201,000 231,000
Total K.W.H. dlvd swbd - - - 2,480,500 2,813,000 3,307,500 3,969,000 4,803,000 -
Station Investment - - - - - $77,500.00 $87,500.00 $102,500.00 $122,500.00 $147,500.00

Substation, Line, & Transf's _61,000,00 .61,000.00 . 61,000.,00 61,000.00 61,000.00

TPotal Investment - - - -.- $138,5oo.oo $T48.500.00 $163,500.00 $183,500.00 $208,500.00

Int.Dep.,Taxes,Ins. @ 14% - $19,400.00 $20,800.00 $22,900.00 $25,700.00 $29,200.00

Cost of energy @ 1¢ KWH.swbd - 24 800.00 .28,130.00 33,080.00 -39,690.00 48,030.00"

Maintenence & Clerical - - - - 1,200.00 - 1,200.00  1,200.00 _ 1,200000  1,200.00
Schedule Revenue - - - $45,000.00 $51,100.00 $59,750.00 $7i;zoo.oo 485,200.00 ..
L Margin - - - - 400.00 . 970,00 . 2,570.00 . 4,610.00 6,770.00
' Schedule " Revenue - - - $46,700.00- $53,000.00 $62,000.00 $73,900.00 $88,460.00

"¢" Margin - - - . 1,300.00 . 2,870.00 . 4,820.00 7,310.00 10,030.90

Cost of Line I°R Loss - - - - § 460.00 $ 580.00 $ 820.00 $1,180.00 $1,720.00

Int Dep.,Taxes,Ins. on copper 1,140.00 = 1,140.00 1,140.00 1,140.00 1,140.00
-~ Most economic po:.nt in 1923. . : :

. ey
t1



24,

TABLE OF ESTIMATED :
LOAD, REVENUE, AND LOSSES -
FOR :
TREMONT AND W“STVILLE

YEAR  DEMAND K.W.H. REVENUE _ Loss 'IN K.W.H.

1920 25 30,000 , $1500.00 4500
;pogl | 25 740,000 2000.00 - 5000
1922 25 45,000 2250, 00 5500
1923 25 50,000  2500.00 6000
1924 25 - 50,000 2500,00 6000

, A flat demand of 25 K.W. is assumed, and added
to the Urbana demand in calculating data for serving

" Tremont and Westville fron the line to Urbana. An everage

revenue per'K.W.H; of 5 cents is assumed.

- -See attached estimate for cost of installing
transformers (2~25 K.V.A.) to serve Tremont and Westville.
~Assumption is. made that power will be metered and sold at
the secondary terminals of the transformer.

x

- GENERAL DATA

Tremont-  Population 1910, 478.
Load- Residence lighting.
Street lighting.
Garment factory.
Mill and elevator.

Westville~ Population 1910, 285, v
: Lbad~ Residence lighting.
) . . Street lighting.
R ‘ : Two elevators.



IT IS PROPOSED TO

CONSUMERS POWER COMPANY

PROPOSED EXPENDITURE

DISTRI BUTION

NAME OF DISTRICT OR DEPARTMENT

16
25.

No._ V

Afﬁf%ﬁﬁ'DEPARTMENT
Make transformer.'swiﬁching4_gnQ_mgigx_;nsiallaiigna____

n‘l' ’T'r*emnnf and Wegtville, to serve those +om*¢s *E‘rom

33000 wvolt ]ine fa,the Noruhwestern Ohio nghi_ﬂgmpany________

" at Urbana.

)
f

/

_ GONSTRUCTION.

"CHARACTER OFVEXPENDITURF CHARGE ACCOL;NT No.—
ReQuesTepli=19y 20 sy C.T.W.. ,APPRQ\IKED 191___ BY CHF. ENGR.
maDE—1=20 19; 20 gy L.E.B, 191——_BY_ MGR,
CHKD : . 191 BY 191‘ 4BY GEN. MGR.
‘CTFD 191 ~ BY. AUTHORIZE‘D ' 191 BY . PRESIDENT

DETAILS NUMBER | copTMATERAL | coot LaoR
2-25 K.V.A. transformers 950 00 || ,
Switching & protective equip't 225 00 -100 PO
Mounting & connecting to line- 100 00 100 po
Meter equipment (secondary). - 100, 00 50 PO
Freight and cartage S 25| 00 1
Contingencies @ 10% 140 00 25 PO
Injuries and damages ‘ “10 po

~ Office and Local Management ® 47 70 PO

Construction Engineering @ 6% |- 90| 00 15 po
NOTE:-  In computing data for |
o serving Tremont and

Westville, the amount of

- this estimate is added

to that for the sub-

station and No. 4 line .

to Urbana by way of

Tremont and Westville,

‘but not serving them.

See pages 19 and 20.

CTUAL COST MATERIAL § ~ ESTIMATED COST MATERIAL §—1 , 630,00
\CTUAL COST LABOR . 5. ESTIMATED COST LABOR . § 870.00
[OTAL ACTUAL COST ., § 2,000.00

L .

-TOTAL ESTIMATED COST . §
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CONSUMERS POWER COMPANY .
PROPOSED EXPENDITURE . No.*ll.____.
o DISTRIBUTION . d»é#/v‘r/omwm

IT IS PROPOSED TO __BJLiLd_lEZQQAmMJuhsLaMQn_aLJha_RMaV

Steam Planf. to qunnlv a line to serve the North-

Wﬁsignn_gh_Q‘Light Comnanv at Urbana,

‘CHARACTER oF eXxPENDITURE—— CONSTRUCGTTION -~~~ CHARGE ACCOUNT No

:REQUESTED 1y BY. APPROVED. ————191 BY—— ; —~——CHF. ENGR.
,MADE_lZ__l_Q_leQ_ BY_L_._E_.._, - 191 BY MGR.
CHKD- 191 BY ' - | 191 BY. o GEN. MGR.
:‘crrn - o1 BY. AU];H.ORIZED - 191. BY. '  PRESIDENT
RETALE . ‘ ‘NUMBER , coEsiT:nN.:\l'\rLi?ALA CoBT LABOR
'3-200 K.V.A. transformers | 4,000] 00 -
(in stock) : - :
2300 V. automatic oil switch ‘ . + 300] 00 {
‘ (in plant) ’ : B :
Concrete slab CL - : 75| 00 Ing.
Wires, cables, and supports ~ 500 00 R E
Fence _ . - 12B{ 00 || - Ing.
- Lightning arresters . ' o - 6580] 00
Special switches for one transﬁormer - 260} 00 '
- Labor of instalLatlon F o .~ 60000

|
|
:
NOTE: - Contingencies and

. overhead items are in-
| ; rluded in total estimatgs
| ; of which this estimate
' is a part. Estimate I,
' ‘bage 16.

Al

ICTUAL COST MATERIAL § : : " ESTIMATEDCOST MATERIAL$—5,200.00

ACTUAL COST LABOR ,

+»

" ESTIMATED COST LABOR . § 600,00

L

LOTAL ACTUAL COST ,

|

TOTAL ESTIMATED cosT . $—8,500.00 -

-~
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/ CONSUMERS POWER COMPANY 5
8 PROPOSEDEXPENDHURE .~ No_VIL
| DISTRIBUTION U _ bld A -oerarTvENT

WESPgoposEb'n): Build 33000 volt substation at Rockway Steam .

Plant, to supply 33000 volt line to Northwestern

'Ohin‘Light Cnmpanykat'Urbaﬂa,

él-'l:ARACTER OF: EXPENDITURE : A CONSTRUCTION .CHARG'E ACC&)UNT l;lo,
REQUESTED 150 BY. —— I aprrovED_ 191 BY—— -‘ —CHF.ENGR. °
MADF 12"10 10129 By L-E"B- R = 191 BY-——— ‘ : MGR.
CHKD 191 BY__ ‘ e 191 BY ' ‘ : GEN. MGR.
T s BY Al auTHorizED 191—_ BY PRESIDENT
, DETAILS | hgsmu | LESTOTEL ] Seriiaee
 3-667 K.V.A. transformers |11,500|00
6600 volt automatlo okl switch 350|00
Concrete slab. ‘ , 10000 Ing.
‘Wires, cables, and supports , . 650100
- Fence ‘ ; ‘ - 150|00
Lightning arrester ‘ ' s 1,500|00
Special switches for one “transfg '
former ' - 500{00

,Labor of‘installation e , : ’ 750 {00

’

NOTE: - Contingencies and
A overhead items are in- o
~clude<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>