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A Comparative Test of Integrating Wattmeters.

The object of this thesis is to determine the

per cent accuracy of the meters tested irhen oper^.ted

on loads varying from no load to 150 % load with

voltages varying from IC fo helow to 10 fo ahove normal

voltage, v/ith different frequencies, itnd with different

power factors; also to determine the phase relation of

the series and pressure fluxes of eaoh meter.

The following apparatus was used for this test;-

1- "JTeston Voltmeter. A.C. & D.C. (0-120).

2- Thomson Ammeters. A.C. (0-5l & (o-25).

1- Weston 7/attmeter. (lO ampere).

3- Frequency Meters. (25-60-126 cycles)

1- I)yniimometer.

1- Stop ITatch,

1- Counter.

1- Variable Inductance.

Lcjnp Bank.

Two Phase Alternator. (60 cycles).

Single Phase Alternators. (25-60-125 cycles)

Storage Sattery.

r4A3 f Kj'-k.
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On the preceding "blue print is shown a scheme

of the connections used. The leads from switch 1 are

oonnected directly to one phase of a two phase alternator.

The leads from switch E connect to the series posts of

the lamp bank; the lower lead "a" connects directly to

one side of the second phase and the upper lead of

switch 2 connects to the other side of the second phase,

thus giving the pressure of the second phase on the

right hand posts of switch 3 when switch 2 is closed.

V and ]? are the voltmeter and the frequency meter.

W is the TZeston wattmeter. D is the dynamometer.

R is a non-inductive resistance in series with the

pressure coil of the dynamometer. By means of the

douhle throw switches 4 and 5 either the wattmeter or

the dsniamometer may be connected in the circuit.

A and a represent the high and low reading ammeters,

either of which may be connected to the line by means

of the double throw switch 6. ^' and '.7" are the watt

hour meters under test. I is a variable inductance

connected in series in one of the leads of the upper

phase, for the purpose of adjusting the phase relation

of the currents in these two phases. By throwing switch

3 to the right all pressure apparatus is connected to the

lower phase, and by tlirowing it to the left all pressure

apparatus is connected to the upper phase.

In order to obtain good results in this test it
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was necessary that the load, the voltage and the

frequency "be maintained consttjjit during the run.

Ihis was accomplished "by operating the motors, to

which the generators were attached, from a 60 cell

storage battery. The field rheostats of hoth motor

and generator were placed by the testing table to

give convenient control of the frequency and the voltage.

The method of procedure was as follows;- First

all instruments to be used were calibrated hj comparing

their readings with those of the standard instruments

of the laboratory of ^^rmour Institute of Technology.

The voltmeter used was made for a.G, and D.G, and it

was calibrated by comparing its readings directly with

those of the standard D.C. voltmeter. In making

this comparison two readings were made in determining

each point of the calibrt^tion, one with the current in

one direction and the other with the current in the

reverse direction, the average being taken for the true

reading, thus eliminating any effect of stray magnetic

fields. The dynamometer, to be used in the determination

of the flux phase relation, was calibrated as a watt-

meter by comparing its readings v/ith the standard volt-

amperes. S'or the calibration of the .•"-,C. ammeters

it was necessary to first calibrate a dynamometer as

an ammeter "o'j- comparing its readings with those of the

standard ammeter, direct current being used for this

calibration, and then to calibrate the ammeters by
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comparing tlielr readings v/ith those of the dyn;amometer,

alternating current being used in this second calibration.

The V/eston wattmeter was calibrated by comparing its

readings with the product of those of the calibrated

ammeter and voltmeter.

TThen an integrating meter was placed on the

testing board and connections made as shown in the above

scheme, the meter was first tested to ascertain if it

were rimning at correct speed with full load current,

unity power factor, normal frequency, and normal voltage.

The number of revolutions made "oy the disc in about

two minutes was counted. This ntunber multiplied by

the disc constant and divided by the time required to

make this number of revolutions gives the watts recorded,

which corresponds to the watts given by the ITeston

wattmeter if the integrating meter is running at the

correct speed. In case the meter ran too fast or too

slov/ under these normal coiiditions the position of the

damping magnet was adjusted until the proper speed

was obtained. In this manner all the meters tested

were adjusted to record within 2'> of the true watts

when operating under normal conditions at full load.

In cases where the disc constant was not given

the recording train was removed and the ratio of the

revolutions of the disc to the revolutions of the first

dial was determined by counting the number of revolutions
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made "by an intermediate gear, usually the one that

meshed V7ith the gear on the spindle, to one revolution

of the first dial, and then determining the ratio "between

this gear and the one on the spindle. From these the

disc constant can "be determined directly.

After an accurate adjustment had "been obtained

a ran was made with normal freouency, normal voltage and

unity power factor, ahout seven or eight readings "being

taken as the load was varied from no load to 150 "'^ load.

Then like runs were made with approximately 10 % ahove

and 10 ^ below normal voltage.

The meter was next tested for accuracy with

different power factors. The variahle inductance I

was disconnected from the upper phase, as shown in the

scheme, and connected in series with the load on the

lower phase, "being placed in the lower lead of switch 2^

which is the load side of the meters. V/ith the .'

inductance in this particular lead we were a"ble to vary

the power factor without changing the voltage impressed

upon the instruments. I^eadings were taken for the

determination of the per cent accuracy with normal

voltage, normal frequency, constant full load current

and power factors varying from unity to a'bout ,500.

A test was next made to detennine the phase

relation of the series and pressure fluxes. The

connections were as shown in the scheme, switches 1 and 2

being closed, switch 3 "being thrown to the left ajid
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switches 4 <»nd 5 telng tiarown so that the "Weston watt-

meter wcs connected in the circuit. ^ith the switches

in these positions all pressure circuits are connected

to one phase and all series circuits are connected to

the other phase of the two phase alternator. The

load was adjusted UJitil the desired current was obtained

and this current was then maintained constant thru-out

this particular test. The inductance I was adjusted

until the phase difference between the currents in the

two circuits was approximately 90 degrees, as indicated

hy the very low reading of the Weston wattmeter. and by

the very slow movement of the disc of the integrp.ting

meter. Switches 4 and 5 were now thrown so as to

connect the dynamometer in the circuit. A reading-

was made on the dynamometer and the speed at which the

disc was rotating was determined hy noting, with a stop

watch, the time required for a point on the disc to

pass between two noted points on the stationary portion

of the meter, as for exem^le across the width of the

damping magnet. It was not necessary to know the

exact speed of the disc in revolutions per minute but

simply to know the speed relative to some fixed part

of the meter in order that the disc could be given the

exact same speed when the flu:c phase relation was

readjusted. Two more readings were made on the

dynamometer with this same speed a,nd direction of
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rotation of the disc, the inductance I being readjusted

previous to each reading, and the watts corresponding

to the average of these first three readings was taken

as the true watts for this phase relation of the series

and pressure currents. The true watts divided by the

apparent watts gives the cosine of the angle "between

these currents. The position of tlie core of the

inductance was now changed until the disc was rotating

in the opposite direction with a speed equal to that

at which it was revolving in the first direction.

Three readings were taken on the dynamometer for this

direction of rotation of the disc and the watts

corresponding to the average of these readings was

taken as the true witts for this phase relation of

the series and pressure currents. These true watts

divided "by the apparent watts gives the cosine of the

angle between these currents for the second position

of the core of the inductance. coil. If it was necessary

to reverse the connections of the dynamometer to get a

positive reading when the inductance was adjusted so a? to

change the direction of rotation of the disc then one

of the readings v/as considered positive and the other

negative, indicating that one of the angles v/as less

than 90 degrees and the other was greater than 90 degrees.

In the meters of the induction type the phase angle from

a quadrature relation of the series and pressure fluxes
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when used with, a single phase current, is erucl to the

average of the phase angles from quadrature :.s obtained

from these two sets of readings. In the meters not of the

induction type the phase angle "between the series and

pressure flu:res is equal to the average of the phase cngles

from quadrature obtained from these two sets of readings.

There is a small error in this method of determining

the fluz phase relation due to the fact that the meters

are compensated for friction and this compensation aids

the movement of the disc in a forward direction and

resists movement in a baolrward direction. 'Vith high

torcue meters this error v/ill be small and that it is

small in this case is shown by the fact that the per

oent c-couracy of these meters with different power

factors oS calculated from this flu^c phase determination

agrees very closely with that determined directly by the

use of these different power factors as described above.

Tests were next made with frequencies of 25 ^nd

120 cycles, the connections being first made to the 25

cycle alternator. Adjustments were made for the

change of frequency if such adjustments were required

and the meter was tested for correct speed with normal

voltage, unity power factor and full load current and

was adjusted to run at correct speed if such adjustment

was required. An >. ccur^.cy test was made with normal

voltage and 25 cycles with loads varying from no load
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to 150 ^ load. Similicrly, the apparatus was connected

to a 120 cycle circuit and, after ?.ll necessary adjust-

ments liad "been made, the meter was tested for accuracy

with normal voltage and ISO cycles thru-out the same

rc^nge of loads.
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The Fort TTayne Integrating V7attmeter.

Type W. Ho. 252944.

Tolts 110. Amperes 10. Cycles 60.

The Port T/ayne watt hour meter is of the induction

type. An outline of the meter with circuit diagram

is given on the preceding "blue print. The series

circuit consists of the two coils A and B, one "being

just above the disc and the other just helow it. The

pressure circuit consists of the two coils P and P'

wound on the yoke of the laminated magnet M, The

moving system consists of a light shaft carrying the

disc D which rotates between the poles of the laminated

magnet M and between the poles of the damping magnet,

opeed adjustment is obtained hj changing the position

of the copper bracket P by means of the knurled nut U.

On one leg of the laminated magnet la is wound a small

coil C, the object of which is to increase the lag of

the pressure flux behind its E.M.F., thus aiding in the

production of the quadrature relation between the series

and pressure flu^-ies. The phase relation of the S.M.F.

and currents of the different circuits of this meter

may be best explained by feference to the following

vector diagrams, the first figure being for a non-induc-

tive load and the second one for an inductive load.

Let E represent the impressed E.M.F., and I the

current in the series coil in phase with the E.M.F.
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I' is the pressure current whioh, because of the self

inductance of the pressure circuit, lags lay an angle

which is a little less than 90 behind the impressed

E.M.F. There will be induced in the auxiliary coil C

an 2.H.F, which will lag 90 behind the pressure fiux

which produces it. This E.M.i". will cause a current

to flow in the coil C which will lag slightly behind

its E.M.F. because of the self inductance of the coil.

The current in the coil C is represented by the vector I".

The flvu: F" due to the current I" is in phase with I",

and the flux F' due to the current I' is in phase with

I'. By properly adjusting the resistance of the

axLziliary coil C the value of the flujc F" may be made

suoh that the resultant of F' and F" will be practically

in quadrature with the series flux. The tornue upon

the disc is proportional to the product of the two fluxes

and the sine of the angle between them, hence it is

proportional to the product of the impressed 3.H.F. and

the current in the series coil when the load is non-

inductive. If the load is inductive and the current

lags by an angle 9 behind the impressed E.M.F. » the
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Fort 'Vayne 3.

torque will be proportional to the product of the I^.M.F.

and the series current and the sine of the angle "between

the series and pressure fluxes, or the sine of the

angle ^ as given in the second vector diagram. The

sine of the angle between these flxuces is equal to the

cosine of QO'^degrees minus this angle which is equal

to the cosine of the angle of lag of the series current

if the meter is correctly adjusted for a quadrature

relation between the series and pressure fluxes with a

non-inductive load. Hence the torque is proportional

to the true power for all loads when the meter is

properly adjusted as described above.

The results of the test for the determination

of the flux phase relation shov/ the angle between the

series and pressure fluxesto be SI** 15.25'. This

inaccurate adjustment of the meter for quadrature will

make an error ot A. % with a power factor of .600, as

shown by the data calculated from this flux phase

determination. The error as determined experimentally

with a power factor of .508 was about 4.5 /o. This

meter gives practically the same results with normal

voltage and with 10 ^ high and 10 % low voltage.

With a load of one ampere the meter is about 18 ^o slow,

.'ith loads from 5 amperes to 15 amperes this meter gave

good results. The Fort ~ayne meter now on the market

can not be judged by these results as the type K instead of

the type W is now manufactured by the Fort T7ayne company.
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The Perranti Integrating I^attmeter.

H0.222S22. Volts 110. Amperes 10. Cycles 60.

The fferranti watt hour meter is of the induction

type, A general outline of this meter with circuit

diagram and sectional view of the pressure coil and

magnet is shown on the preceding blue print. This meter

is an English make and differs considerably in appearance

and construction from the American make of induction

meters. It is sma-11 and very compact. The series

circuit of this meter consists of four small coils, A,B,

G, and D, wound on poles formed by slotting the iron

yoke Y. The shunt circuit consists of a single coil, 3,

wound in the form of a bobbin on the tubular core M, and

which is surrounded by the semi- cylindrical magnet K',

an e:ctension of the core M. The magnet M' has three

inwardly projecting poles P, P', and P", and the core M

has two poles E, and U' which project radially between

the poles P, P', and P", as shown on the blue print*

These projecting poles of the shunt magnet are directly

under the slots between the poles of the series magnet*

The revolving element consists of an aluminum disc mounted

on a light vertical spindle which rests on a jewel bearing J,

The disc rotates in the air gap between the poles of the

pressure and series magnets, and between the poles of the

permanent magnet which is moxinted in the back of the meter.

The reaction of the field^ due to the eddy currents induced
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in the disc by the pressure flttx, upon the series flux

gives to the disc a torque which is proportional to the

product of the series flux and the pressure flux, and

hence to the true watts. Friction compensation on

light loads is effected by turning the series coils

about the axis of rotation of the disc by means of the

screws S' and S" . If the series magnet be displaced

in one direction the disc will tend to revolve in the

opposite direction and vice versa. The speed adjustment

is obtained by raising or lowering the series magnets

by turning the nut H, This varies the length of the

air gap and hence varies the strength of the series field.

"iHien running at correct speed with full load the disc

makes 40 revolutions per minute.

The results of the test for the determination of

the flux phase relation show the angle between the series

and pressure fluxes to be 91° 1,5'. Shis variation

of l" 1.5' from quadrature will make an error of 3> when

the meter is operated on a power factor of .500, as shown

by the data calculated from this flux phase determination,

The per cent accuracy as determined by these tests is

practically the same for normal voltage and for 10;'j high

and low voltage. l!7ith a current of one ampere the meter

is 15/^ slow. This meter gave very good results with 25

cycles, but the per cent accuracy obtained for this run

can be considered only relatively as no adjustment was made

when the meter was placed on the 25 cycle circuit.
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The Sangamo Integrating Wattmeter.

Cype E. Fo. 66151.

Volts 110. Amperes 10. Frequency any.

This Sangamo meter is of the mercury type. On

the preceding blue print is given a partial vertical

section together with an outline of tjie meter. The

moving system consists of a light shaft carrying two

discs. D and I'. The upper disc, D. rotates between the

poles of two pennanent magnets as shown in the upper

part of the diagram. The lower disc.DV is encloS(|d

in the chamber A which is filled with mercury. The

shaft and the discs are buoyed up by the mercury and

the upper end of the shaft bears against a jewel bearing J.

The two poles of the series magnet M project thru the

casing of the mercury chamber and are close to the under

side of the disc D'. The series circuit consists of

the single coil S v/ound on the laminated magnet LI.

T is a small, low potential, step-down transformer, the

primary of which consists of a large number of turns of

fine wire and is connected directly to the pressure

posts of the meter. The secondary winding consists of

only a few and in this case of only two turns of heavy

wire. The small inductance coil I and the mercury

chamber A connected in series constitute the main circuit

of the secondary of this transformer. The secondary

E.I.T.F. of this transformer ie small but the secondary

current is large because the inductance and resistance
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of the circuit are exceedingly small. This large

secondary current enters one side of the mercury chamber

A, flows across the disc D' and leaves at the opposite

side of the mercury chamber. In passing across the

disc this current flows past the poles of the series

magnet ^ sjid the reaction between the series flux and

the flux due to the secondary current produces the

necessary torque. Friction compensation is obtained

by means of the small coil C, which is connected thru

the variable resistance R to the secondary terminals of

the transformer T.

The phase relation of the various currents may

be best explained by reference to the following vector

diagrams. The first diagram disregards any lag of

the currents or fluxes due to the effect of the coils

and the iron in the circuits of the meter. The second

diagram takes this into consideration. The magnetizing

components of the currents in the transformer are so

small that they are neglected in both cases.

•«! ^ < . » ». >

' <? ' ^Z

Let S represent the E.LI.F. impressed upon the primary

of the potential transformer, and E' the secondary E.LI. P.

of this transformer. Let C be the current in the series
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coil for a non-inductive load. Neglecting any effect

due to inductance and hysteresis, the current in the

series coil and the flux due to it will "be in phase

with the impressed 2.M.F. Since the secondary circuit

of the transformer is non-inductive, neglecting the

effect of the inductance coil I for the first vector

diagram, the secondary current C will be in phase with

its 2.M.F., or 180 degrees out of p^ase with the series

current. By making proper connections to the secondary

terminals of the transformer, the pressure current vector

C may he considered to he in phase with the series

current. The torque produced in the disc will, there-

fore, be proportional to the product of the pressure

current and the series flux, which is proportional to

the true watts.

The second vector diagram takes into considera-

tion the fact that the series flu:c lags slightly behind

the current due to the hysteretic effect of the iron

core of the series magnet. In this diagram the vectors

E, E', and G represent the same quantities as in the

first diagram. P represents the series flux lagging

slightly behind the series current due to the hysteresis

in the series magnet. The small inductance coil I,

see blue print, gives a slight lag to the pressure

current bringing it into phase opposition with the series

flus. We now have practically the same conditions
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as in the preceding case, the pressure current being in

phase with the series flux when proper connections are

made. '?he torcue ^ill, therefore, as in the first case,

be proportional to the true watts.

The results obtained in the determination of

the flux phase relation show the angle between the

pressure current and the series to be 53'. This v/ill

make an error of 2.7 ^ with a power factor of .500.

The error as determined e.cperiinentally with a power

factor of .514 was between 2 Jo and t ^. This meter

gives nearly the same results with normal voltage and

with 10 "Jo high and 10 "Jo low voltage, except with large

overload. The per cent error with a current of 1.6

amperes is about 5 ~^. V/ith 150 Jo load the greatest

accuracy was obtained with the lowest voltage. "t7ith

10 io low voltage the meter is practically correct at 150^

load, while with normal voltage there is an error about

3.5 Jo^ and with 10 ,5 high voltage there is an error of

about 5.5 ;^ with this same load. Taken as a whole

the percent accuracy of this meter is very good. It

will operate successfully with 120 cycles but will not

operate on 25 cycles. The per cent accuracy on 120

cycles is not as good as on 60 cycles.
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The Sangamo Integrating Wattmeter.

Type F. Uo. 76571.

"Volts 110. Amperes 5. Frequency, any.

The type F Sangamo meter is very similar, in

general constniction, to the type E Sangamo meter "but

it it en improvement over the type S meter. The type F

meter will "be desorihed with reference to the hlue print

given with the type S meter. In the type F meter the

series aoil S is wound in tro pr.rts, one part being on

.each leg of the laminated magnet M. The "bottom casing

of the mercury chamber is made of an alloy having a

high resistance instead of the fibre used in the type E

meter. The poles of the magnet K are close to the

under side of this casing and hence close to the disc D'.

The transformer T of the type F meter has a greater

number of turns o-nd a better magnetic circuit than that

of the type E meter, hence the quadrature component of the

prim.ary current which is very small in the type 2 meter,

as compared to the power component, is made still smaller

in the type F meter. The disc D' is stamped in the

form of a cart wheel giving a slightly different path to the

current flowing across it thc.n in the type 3 meter which

has a plain disc. The vector diagram given with the

type S meter applies enually well to the type F meter.

The results of the determination of the flux
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phase relation show the angle between the series flux

and the pressure current to be 1** 33'. This phase

difference will make an error of 4.5 % with a power ^.'

factor of .500, The error as determined experimentally

with a power factor of .570 is 3.4 ^. As this error

is positive the experimental error should be less than

the calculated because friction tends to decrease the

error. The type ? meter gives practically the same

results with normal voltage and with 10 % high and 10 %

low voltage. "-'ith a load of 1.1 amperes the error

obtained was about 9 '%, As the load is inci-eased

the per cent accuracy rises quickly to approximately

100 ^ and remains within the allowable 2 fo error up to

150 fo load.

This meter is independent of the frequency.

Run # 7, with normal voltage and a frequency of 120

cycles,was made immediately after run # 6, with normal

voltage and a frequency of 25 cycles, no adjustment

whatever being required for this change of frequency.

The per cent accuracy obtained with 120 cycles is

almost identical with that obtained with 25 cycles.

In each case the meter was about 10 % slow with a load

of 1.1 amperes and was practically correct on larger

loads up to 50 fo over load.
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Tiie General Electric Watt Hour Meter.

No. 1506564.

Volts 110. Amperes 1 - 10 - 20. Cycles 25 - 60.

This meter is knov/n as the Thomson high tornue

induction test meter. An outline of the meter together

with the circuit diagram is given on the preceding blue

print. This meter is designed particularly for testing

purposes and in order to obtain a good per cent accuracy

with a wide range of load it is constructed with three

separate current coils, one for 1 ampere, one for 10

amperes, and one for 20 amperes. T.'ith the use of these

three coils we may reasonably get a good per cent accuracy

on all loads from, say, .1 ampere to as high as 30 amperes.

These coils have one common terminal D, see blue print,

and three individual terminals. A, B, and C. They

are wound on the two poles of the laminated magnet M.

The pressure coil P is wound in the form of a bobbin on

the laminated magnet U. The moving system consists

of a light shaft carrying a large aluminum disc which

rotates in the air gap between the i^oles of the series

and pressure magnets s.nu between the poles of damping

magnets. The reaction between the series field and

the field of the eddy currents induced in the disc by

the pressure flux produces the required torque. The

large diameter of the disc aids in producing the high

torque. In order to make the meter suitable for both
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60 and 25 cycles it is provided with a small inductance

coil I which may "be connected in series in the pressure

circuit by means of the switch S, which is operated "by

a "button at the top of the meter, when it is desired to

operate the meter with 25 cycles.

The per cent accuracy of this meter was determined

for the ten ampere coil only. The results of the

determination of the phase relation of the series and

pressure fluses show the angle "betr/een them to he

90" 4G.5'. This phase angle from nuadrature will

make an error of 2.4 % with a power factor of .5, as

shown hy the data giving the per cent accuracy as

calculated from this flux phase determination. The

error detez-mined experimentc^lly with a power factor of

.536 was 5 %, The large error obtained experimentally

is due partly to the fact that, as the error is negative,

all frictional effects tend to increase it; also the

load under which the experimental error was determined

was 50 ^ of that under which the calculated error was

determined. The difference in the per cent accuracy

of the meter between full load and 50 ;3 load with normal

conditions is approximately 2 % which accounts largely

for the difference between the calculated and experimental

error with the low power factor. Practically the '

same results were obtained Y/ith this meter with normal

voltage and with 16 % high and 10 ,^ low voltage.

From 50 fo load up to 150 fo load the accuracy is within
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the allowable 2 % error. ITith a current of one ampere

in the ten ampere coil the meter is appro:rimately 15 fo

slow. This load, however, is within the range of the

one ampere coil with which a negligible error could he

obtained. "he greatest low load error given With the

ten ampere coil with loads beyond the range of the one

ampere coil is approveimately 10 %, The results

obtained with 25 cycles are practically the same as the

60 cycle results.
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The We stlnfhouse './att Houb Meter.
I

Type 0. ' Uo. 681372.

Volts 110. ittperes :^ , Cycles 60.

This Westinghouse meter is of the induction type.

The "blue print given on the preceding sheet shows an out-

line of this meter with the circuit diagram. The

rotating element consists of a light shaft carrying an

aluminum disc rhich rotates "between the poles of the

series and pressure magnets and "between the poles of the

damping magnets. On the "blue print D represents the

disc, P is the pressure coil and S is the series coil.

The copper "bracket, B, surrounds the laminated pole, C,

and furnishes means of adjustment for different frequencies.

If the circuit of this "bracket is opened the meter will

"be adjusted for 125 cycles, if this circuit is closed

the meter will be adjusted for 60 cycles. The small

"brackets shown on the outer poles at m and m' provide

for friction compensation. The adjustment for friction

is obtained "by first opening the series circuit, then

raising these brackets, m and m* until the meter just

starts on the pressure current only, and then lowering

the "brackets until the disc just stops. "IVith this

position of these brackets the torque due to the pressure

current alone will not make the meter creep but is nearly

sufficient to compensate for all moving friction. The

moving system is supported on a highly polished steel

ball between two cup- shaped jewels.
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The results of the test for the determination of

the phase relation of the series and pressure fluxes of

this meter show that they are only 34' from quadrature,

and that the angle between the fluxes is 90" 34', This

small angle from quadrature will make the meter run less

than 2 % slow with a power factor as low as .500, as

shown hy the data calculated from this flux phase relation.

This meter gives practically the same per cent accuracy

with normal voltage and with 10 fo high or 10 % low voltage,

and also with normal voltage and either 25 or 120 cycles.

The principal error found was the slowness of the meter

on small loads. This meter is new and previous to

this test had not heen operated since leaving the factory.

It was labeled "by the manufacturers to he correct within

2 ^ - or - from 2 ^ of full load to 50 % overload.

'Then first placed on the testing hoard it was found that

the meter was correct within 2 /^ at full load and hence

no adjustment was given it. The error of this meter

under normal conditions with a load of one ampere, or

20 fo of full load, was found to he about 25 %. The

data shows that there is no decrease in the per cent

accuracy of the meter up to 50 Jj overload, hence we would

say that much better results could be obtained thru-out

the entire range of the meter if the adjustments were

made so that the meter would register correctly, or

perhaps one or two per cent fast at about 75 /« of full

load.



lo Bozull 'jisjBco'iq bw: asixos j 'c* to aoiisilo'x saarlq a/iJ-

,3ax;;t,:il)£x;p mo-il '^C ^;l£:o ais -^iarid" j^.xld" v/oiis leJam a lift

alxl- ,*i^S '^Oe si .^dj'JjII or'd- asaT/jao' er^ixfi axfJ tof* Bxrn;

sasi air: •ia;}-9ra a.Id- Silsni Ilt:7 6iirj-xj'x6cxrp moil eXsxtr. Il.cnin

3:. ^OOa, 3c wol 3.: loj'osl i9woq ij li^xv/ wols o; 2 acxfd-

.aoid-i.Ia'i osBifcr zzsjII sirij raoi'i X)od'.cXjyoI^o bJb^ arid- ijcf xmorla

^icciuooii d'xioo laq sntea 9xi;f •.4lIroic''or;icj ^avl'^ 'xaJ'Sfn sixiT

, o-^nd-Iov "ol ' 01 no il^xrf T; 01 li-^lY! buB a3Gd-Iov Xsnriofl :Id-xw

,3CjIo"^o on TO 55 isrld'iQ taz sscJ'Iov Israion xtd-xv; osl.o fine

•ssoam Si'd- to scsmrols arid- sbw /jrxjjol loiia IrKjionx .a_^ o.iT

od- axroivarcq; ba.£ v/art 3i lad-am sixi^ .afjcol IIbios no

.^j-xod- 0.^51 ar'd- ^nxvel soxiia fi9d-.?-xoc[o nosd d-oxi Baxf d^eed- aixld'

xixrid-x7r d-oo'i-xC; ^/ od- a-sgiud-o^xJTnxim axfd- ^jcf JbsIocT^I ssw d-I

.6';oI-jl9VO '; 02 od- Leol Ilifl. lo t, S cuotl - to - i- S

d-Md- Lnjjol sew d-1 Ivx^^od" ^axd-God" ad^ ao boozlq iatit aed'-

90119x1 bac JoBOl llifl d-s ^. S xixiioxv; J-ooi-ioo bbvi lad-gra arfd-

•xad-9fn axxld- lo lo-xia 9x{T .'.:; ao-^rg qbvt taomisulbp, on

'10 ,3ieqcif5 9X10 lo ib£0l x; xid-xw sxioid-xMoo Lcrrrton -xabxuf

9xiT .^ 3S :^xjocrx5 od od- LxijjoI 3bw ,J!>j5oI IXul lo ' : on

d-xioo "xacx arid" xix oassiosB on si: eioi-{* d'-sxld' awoxia .cd-sfi

fiXxrov; avr soixoxl ,fiBoXi9vo ^ OS ot fixr lod-exu on'd lo \jo.".'xx;oo.c

d-xro-xrciid- f)9xix.cd-'Jo acT fiXx/oo ad-Xxrasi taxied xiox/ni oii'd- "^jnc

ei9\7 sd-xiomd-cxi'^I):; 3xi;t "11 lad-ara exid- lo ogxiEi £)-ixd"xie aiCd-

xo .^Xd-ooi'ioo i3d-3X3oi fiXxfOYr -xooam gxfd" d-Md- os 36.?jn

XXxjl lo c, 2? dixod.. d-x; d-s;3l iae!> 'xoq or/J- -xo 9fto aqarligq

«I)x>oX





AHMOnH



The Dancan Integrating Wattmeter.

ITo. 61656. Volts 110. Amperes 10.

This ^'^uncan integrating yrattmeter is an alternat-

ing current conmnitator meter. An outline of the meter

with the circuit diagram is given on the preceding "blue

print. The moving system consists of a light shaft

carrying the damping disc D, a coreless armature A, and

the commutator C. The shaft is supported by a

hardened steel point resting on a cup-shaped jewel.

S ana 3' are the series coils. H is a resistance

coil, containing no iron, connected in series with the

armature. B is the compensating coil, the object of

which is to give to the armature sufficient tor';^ue to

counteract the effect of friction. Sy means of the

small lever and contact points shovm at F the number of

active turns of this compensating coil can be varied.

The flux due to the series coils is practically in phase

with that of the armature, hence the meter should be

correct on both non-inductive and inductive loads.

The results of the test for the determination

of the phase relation of the series and pressure flu-ses

show the angle betv/een them to be 59'. This will

make an error of about 3 '!<> with a power factor of .500,

as shown by the data calculated from this flux phase

determination. The error as determined e.cperimentally

with a power factor of .517 was 3.5 i^. This meter

gives practically the same results with normal voltage
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and with 10 ^"^ high and 10 % low voltage. The per

cent accuracy is practically the same for both 60 cycles

and 25 cycles, there heiii£ no decrease in the accuracy

up to 150 /o load. For 120 cycles the accuracy curve

reaches a maximum at alaout 80 fo load and decreases on

over load. w'ith 10 \o load the meter is about £0 %

slow on r.ll frequencies.
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The Duncan Integrating' T7attmeter,

Eo. 74520. Volts 110. Amperec 10.

Th.is Duncan meter is a direct current meter.

In appearance and construction it is practically the

same as the Duncan a-ltemating current cocnnutator meter

described above, e:^cept that all parts are heavier in

the direct current meter that in the alternating current

meter. The blue print given with the Duncan meter

Eo. 61666 shOT/ing the outline and circuit diagram of

that meter applies ecjually to the Duncan meter Uo. 745S0,

In the direct cxirrent meter the resistance coil H is

enclosed in the back of the meter, being wound in several

sections on a thin board. The description £;;iven with

the Duncan meter llo. 61666 applies to this meter also.

This meter was tested with alternating current

only and the following is a brief summary of the results

obtained. ^he results of the test fox the determina-

tion of the flujs phase relation show the angle between

the series and pressure flukes to be 25.5'. This v/ill

make an error of only 1.1 fo in the percent accuracy of

the meter with a power factor of .500. The error as

determined experimentally with a power factor of .517

was about 1 ,^. A large per cent error was given by

this meter on light load, this being 30 > with a load

of 1.55 amperes at normal voltage. There is no

decrease in the per cent accuracy of the meter up to
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150 fo load. Since "fclie inductance of the circuits of

this meter is vei-y small it will "be practically

independent of the frequency. The results obtained

with 25 cycles are practically the same as those obtained

with 50 cycles.
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Calibration Data for T7eston Voltmeter # 5091,

True Volts.
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Galitration Data for ^iueen & Go's. Dynamometer # 11,

Volts,

50

n

Amperes, True

N
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Calibration Data for Thomson ^i.G. Ammeter # 144085.

I)ynamoineter
Reading
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Cali'bration Data for Thomson A-C./anmeter # 82511,

Dynamometer
Reading.
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Calibration Data for Weston Wattmeter # 466.

Volts.
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Port .*ayne Meter v £52944.

Resistance of pressure coil 357. ohms.

" " series " .034 ohms.

Data for the determination of the phase relation of

the series and pressure fluxes.

Volts 110 *jnperes 10 x^pparent /atts 1100

Direction of Dynamometer True V.atts Cos 9,
Rotation of Reading.
I^isc.

Forward -7 13.5 .01228

" -7.5 14 .01272

-6.6 13 .01180

Backward 93 59 . .05640

" 35 62 .05640

" 5« 64 ,05820

Average cos Q for forward rotation 01227

" « " " " eo** 4fi

'

cos 9 " baoftward " 05620

" • " - " 86° 47. 5»

Phase angle from quadrature for forward rotation 42'

" • " " " backward " 3" 12.5'

Average phase angle from quadrature 1° 15.25'

Phase angle between series and pressure flu>:es . 91" 15.25'
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Port '.Yayne Meter r2 52944.

Run , 1.

Data showing the effect of change of load with unity

power factor, normal voltage, and normal frequency.

110 volts.

Current

l.SS

3.13

4.85

7.85

10770

12.85

14.80

True Jatts

130

345

537

870

1178

1420

1630

60 cycles.

R

3

10

17

28

38

46

52

Temperature 76 F

T
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Fort TTayne Meter # 252944.

Run ,r 2.

Data showing the effect of change of load with unity

power factor, normal frequency, and 91 % normal voltage.

100 TOltS. 60 cycles. Temperature 76 F.

Current

1.10

3.25

5.00

7.68

10.30

12.45

15.50

True '..-atts

110

325

500

770

1032

1248

1545

t

10

16

25

35

41

51

86

120

120

117.3

121

118.3

117.5

Watts
Eecorded
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Fort ^ayne Meter ;; 252944.

Run if t.'^

Data showing the effect of change of load with unity

power factor, normal frequency, ^nd 109 '/o normal yoltage.

120 volts. 60 cycles. Temperature 78 F.

Current True Vv'atts. R

1.28 155 3

3.40 400 12

4.90 590 18

7.75 926 50

10.40 1244 40

12.00 1440 47

14.65 1750 56

R is the no. of revolutions made by the disc in T seconds.

T
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Fort ^ayne Meter # 252944.

Run # 4.

Data showing the effect of change of power factor

with constant full load current, normal frequency, «ncl

normal voltage.

110
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Fort l?7ayne Meter # 252944.

# 5.

Data, oalculated from the fltuc quadrature determination,

showing the effect of change of power factor with constant

full load current, normal frequency, and normal voltage.

110 volts,
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Perranti Meter # 222322.

Kesistanoe of pressure ooil 201.0 ohms.

" ««^i^- " 0225 ohms.

Data for the aetennin«tlon of the phase reletion of

the series and pressure fluxes.

Volts 110 Spares 15.8 Apparent ^atts 1738.

Direction of Dynamometer True r.>tts Cos 6Rotation of Heading.
Disc.

Perv^ard 15.5 25 .0144

12.5 23 ^0-L32

15.0 27.5 .B158
Baoliward £0.5 37 ^^^^^

^^•^ 8T .0212

2°-^ 36 .0207
Average cos © for forward rotation 0145

" ^^°^-^^rd "
^2^03

« " forward " gg. ^^,

" backward " qq. ^^

,

:Phase angle from quadrature for forward rotation 50'

Daekward " 1° is»
average phase angle from quadrature 1° 1 5

,

Iliase angle between series and pressure fluxes .. 91" i.5»
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Perranti Meter # 222322.

Smol # 1.

D*ta showing the relation between the load wJid the

of true watts recorded with tmity power factor, normal

fte-^uenoy, cJid 100 % normal TOltage.

110
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FerrcJiti Meter % 2E23E2.

Him ,/ 2.

Data showing the relation between the load eoxd the %

of true Watts »eoorded with unity power factor, normal

frequency, and 91 % normal voltage.

Current

1.13

2.i5

5.75

8.98

11.43

13.23

15.40

True >7..tts
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Ferrj-nti Meter vf EE232E.

Run # i

Dtita showing the relation between the load und the % of

true watts recorded with unity power factor, normal fre^iuenoy,

and 109 fo normal voltage.

120
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Perimnti Meter # 2823E2.

xfan # 4.

Data showing the relation "between the load and the % of

true watts recorded with tmity power faotor, 100 fo normal

voltage, and 25 cycles^ temperature 75 F.

Current

.
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Ferrenti Meter #222322.

Rtm # 5

Data showing the effect of change of load ut normal

voltage, unity power factor and 25 cycles.

110 volts 25 cycles Temperature 80 F

Current

1.54

5.52

6.88

9.30

12.68

15.32

True Watts
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Ferranti Meter ,/ S22S22.

Bib. V 6

Data showing the effect of change of power factor with

constant full load, normal voltage and 60 cycles.

110
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Ferranti Meter # 2E2322.

Data calculated from the flux (quadrature determination

showing the effect of change of power factor with constant

full load, normal voltage and frequency.

110 volts
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aaBBBBBBBBaBBBBBBBBB BBBBBBBBBI aSBaBBBBBB
BBBBBBBBBBBBBBaaaBaaaaaaBBaBBi aaaaBBBBaa
aaaaaaBBaBaBaBaBBBBB BaaaBBaaai aaaaaBBaaa
aaBaaaaaaaaBaBBBBBBa aaaBBaaaai aaaaBBBBaa
aaaaBBBaaBBBaaaaaaa aaeaaaaaai BaaaBBBaaa
aaBaBBBaBBBBaBBeaaBaaBBBBBBBBBBBaaBBBBBB
aBaBBBBBBBBBaaaaBaaaBBBBBBBBBV <<BBBBBBBBa
aaaBBBaaBaaaaBaBBBBB BBaaaaaaak uaaaa
BaaBaaaaaaaaaaaaaaaa aBBaaaaBBi aBBBaBBaaa
BBB8BBBBBaBBaaaaaBBB8BBBBBaaaiBBBBBBBBBB
aaaBaBBBBBaaaaaaaaaa aaaaaaaaai aBBaaaaaBB
aaaBaaBBBBBBBBBaaBBa BBBBBBBaai aBaaaaaaaa
aaaaaaaBBaaaaaaBBBBa BaaaBaaaai Baaaaaaaaa
aaaaaBBBBBBBBBBBaaBB BBaaaBBBa* BaaBaBaaaa
BBaBaBBBBBaBBaBBaaaaaaaaBBBBBi bbbbbbbbbb
aBaaBBBaBBBBBBBBBaaaaBaBBBBBBI BaBBaBBBBB
aaBaaaaaaaaaBBBBaaaBBaBaaBBi aaaaa
BBBBBBBaBaaaaaaaBBBaaBaaBaaaai aBaaaaaaaa
aaBaBBBBaBBBaBBBaaaaaaaaaaaaaa BBaaaaaaaa
aaBBaBBBSBBaBBBaaaa BBBBBBBBBI BBBaaaaaBa
saaBBBBaaBBBaBBBBaaaBaaBBBBBBi bbbbbbbbbb
BaBBBBBBBBBBBBBBaaaB BBBBBBBBBI aBBaaaBBBB
aBBaBaaaaaBaaaBBBBaBaaaaaBai bbbbbbbbbb
BaaaBaaBaaaaBBBaaaaa BBBBBBBBBI aaaBBaaaaa
aBBBaaaBaBaBBBBaaaaa BBBBBBBBBI bbbbbbbbbb
aaaBBaaaBaaaaaaaaaaaBBBBBBaBai BBaBaaaaaa
eaaaaBBBBBBBBBBaaaaa aaaaa aaaai aBaBBBBBaa
aaaaaaBaaaaaaaaBBBBB aaaaaaaaai aaaaaaBaaB
aaaaaBaaaBBaaBBBBaBBBBBBaaaaBi BBBaaaaaaa
aBBaaaBBBB BaaaBBBBBB aaaaaaaaai BBaaaaaaaa
aBaBBaBBBBBBaaBBBaa BBBBBBBBBI BBBaBaaaaa
aaBaaBaBBBBBBBBBBaaB aaaaaaaaai aBaBBBBBaa
aBaaBaBBaBBBaBBBBBBB BBBBBBBBBI BBaaBBBBBa
BBBaaaaaaa BBBBBBBBBB aBBBaBaaai aaaaaBBBBB
BBaaBBBaaaBaaaBaBaBaBSBBBBBBBi BBBaaaaaaa
BBBaBaaaaa BBBBBBBBBB aaaBBBBBai BaaaaaaBaa
aBBBBBBBBB aBBBaBBaaa BBaaaBBBBi BBBaBaaaaa
aBBBaaaBaaaaaaaaaaaa bbbbbbbbbi bbbbbaaaaa
aBaaaaaaBB BBaBaaaaaa aBaBBBBBBi aaaaa
aaaaaaBaaB aaBBBBBBBB BBBBBBBBBI Baaaa
BaaBBBBBBaBBaaaBaaaaaaaBaaBBB* ^aBBBBBaaa
BaaaaaaBaBBBBBBBBBBa BBBBBBBBBI '.aaaBBBBBB
BaBBBBBBBBBBaBBaaaaaaaBBaBaBBi aaBBBBBBaa
BBaaaBaaaa BBBBBBBBBB aaBBBBBBBI BBaaaBBBBB
aaBaBBBBBBBBBBBBaaaB aaaaaaaaai aaaaaaaaBB
BaaBaaaaaaBBaBBBBBBa BBBBBBBBBI BaBaaaaaaa
aBaBaaaaBB BBBBBBBBBB BaaaaaaaBi bbbbbbbbbb
BBaaBBBaaBaaaaaaBaaaaaaBBBBBBi aaaaBBBBaa
BBBBBaaBaaaaBBaaaaaa BaaaaBBaai i aaBBBBBBBB
Baaaaaaaaa aaaBBBBBBB BBBBBaaaBi i BBBaaaaaaa
BBaaaaaaaa BBBBaaaaaa bbbbbbbbbi i BaBaaaaBaa
aaaaaBBBBB BBBBaaaaaa bbbbbbbbbi i aaaBBBaaaB
BBBBaBBBaaBBBBBBBaBBBBBBBaaaB) 'BBaaaBaaaa
BBaaaaaaaa aaaaaaaaaa BaBBBBBBBii BBBBBBBBBB
BaaaaBaaaa BaaaBBBBBB aBBBBBBBBt I aaBaBBBBBB
aBaBBaBBBBaaaaaBBaBBBBaBBBBBBt I BBBBBBBBBB
BBBaBaaBaaBBBBBBBBBaBaaaBaaaaH BBBBBBBBBB
BaaaaaaBBBBBBBBBBBBB BBBBBBBBBn BBBBBBBBBB
BBBBB BBBBaaBaBaaaaaa BBBBB araaii aaaaaBBBBB
BBBBB aBBBBBBBaaaaaaaBaaaBBL^riHBBBBBBBBBa
BBBBB aaBaaaaBBBBBBBBBaaBBaaaiin aaaaaBBBBB
BBaBBaaBaaBBBBaaaaaBBBBBBBBBBf 'BaaaBBBBBB
aasaBaaBBBBBaaBaaaBBBBBBBBBe* daaaa
aBflBBBBaaBBaaBaBaaaaaBaaBaaaaiiaaaaa
aaaaaaaBBaBBBBBBBBBB aaBBBBBBBI I BBaaaBBBBB
aaaaaaBBBBBaaBBaBBBB BBBBBBBBBI I aaaaaBBBBB
BBBBBaBBBB BBBBBBBBBB BBaaBBBBailBBaaaBBBBB
BBSBBBBBBB aaBBBBBBBB BBBBBBBBBI IBBBBBBBaBa
BBaaBBaaaa BBBBBBBBBB aaaaaBBaBiiaaaaaaaBBB
aaBBBBaaiaaBaaaaaaaBBaBBBaaBaiiBBBBBBaBBB
aaaaaBBBBB BaBaaaaaaa BBBBBaBBBI I BBBBBBBBBB
aaaBaaaaaa aaaaaBBBBB Baaaaaaaai I BBBBB
aaaaBBBBBa aaaaaaaaaa BBBBBBBBBI (BBBBB
BBBaaaaBBBBBaBBBBBBa aaaaa aaaaig aBaaaaaaaa
BBaBaBBBaaBaaaaaBBaBBBBBBBBBaibaBBBaaBaaa
Baaaaaaaaa aBBBBBBaaaaaaaaaaBa laBaaaBaaaB
BBBaBBBBBaaaBaBBBBBBBBBBBaBBB: aaaBBaaaaa
aaaaaaaaaa aaaaaBBBBB aaaaaaaaa taaBBBBBBBB
BaaBaaaaBaBBBBaaaaaa BBBBBaaaa iBBBaBaaaaa
aaaBaaaaaa BaBBBBBaaBBaaaaaaBB iaaaaBaaaaa
aaaaa aaaaa aaaBBaaaaa BBBaaaaaa ibbbbbbbbbb
aaBBaBBBBBBaBaBBBBBaBaaBBBBBB iaaaaBaaaaa
aaaBBBBBBB aBBBBaaaaa BBBBBaaaa iBBaaBBaaaB
aaaaa BBBBB BBBBBBBBBB aaaBBBBBB laBaaBBBaaa
BBBaBBBBBB Baaaaaaaaa BBBBBBBBB a aBBBBBBBBB
BaaaaaaaBaaBBBBBBBBaaaBaBaaaa laBBBBaaaaB
aaaaBBBBBB aaaBBBBBBB BBBBBBaar '•BaaaaBaaaa
aaaaa aaaaa BaBBaaaaBaaaaaaaaak. iaaaBBBBBBa
aaBBBBBaaBaaaaBaaBaaBBaBBBBBBiBBBaaaaaBa
BaaaaaaaaB BBaaaBBBBB Baaaaaaaai aaaaaBBBBB
aBBaaaaBaa BBaaaaaaaa BBBBBBBBa< I BBBaaaBBBB
BaaaBBBBBB BBBBBBBBaaBaaaaaaaaH BBaaBBBBBa
aBaaaaaBBBaBaBBaaaaa BBBBBBBBBI I BBBBBaaBBB
BBBBaaaaaa aaaaaaaaaa aaBaaaaaai aBaBaaaaaa
aaaaaaaaaa aBBaBBBBBB Baaaaaaaai BaBaaaaBaa
aBBBBBBaaa aaaBBBBBBB BBBaaaaaaB aBaaaaaaBB
aaBBBBBBBBBaaaaaaaaa aBBBBBBBBa BBBBBBBBBB
aaaaaaaaaaBBBBBBBBBB aaaaaaBaaa aaaaaBBBBB
aaaaaaaaaaBBaaaBBBBB BBBaBaaaaa aaaaaaBBB
•«B«BBaBBBBBBBBBaaaB BBBaBBBBBB aBBBBBaBB
•aBBBBBBBB BBaaaaaaaa aaaaaBBBBB iaaaaBBBBB
aaBBBBBBBBBBBBBBBBaa aBBaaaBBBB I IBBBBBBBBB
aBaaaaaaBBaaaBBaaaaa aBaBBBBBaa raaaaaaaaa
aaaaaaaaaBBBBBBBBaBaaBaaBaaaaBk BBBBBBBBB
BaBBaBBBBBaaaaaBaaaBBBaaBaaBBBiBaaBBBBBB
aaBaaaaaaBBaBBBaaaaa aaaaaaaaaa aBBBaaaa
BBaBaaaaaBBaaBBaaaBaaaBBaaBBBaa iBaaaaBaa
BaaaBaaaaaaaaBBBaBaaaBBaaBaaBaanaaaBaaBa
aaaaaaaaaaaaaaaBaaaaaaBaaaaaaabi BBBBBBBa
aaBBBaBaaaaaaBBBBBBB BBaaaBBBBB '-.^aaaBaflaa
aBBaBBBBBB aBBaaaaaaa BBBaaaaaaa •BBBaBBBaa
BBaBaaaaaa BBBBaaaBBB aaBaaaaaBB aBaaaaaaBB
aaaaaBBBBB BBaaaaaaaa BBBBBBBBBB BaiiaaaaaBB
aaBaBBBBBB aaaaaaaaaa BBaBBBBBBBBBi<BBBBBBa
aaaaaBBBBB BaaaBBBaaa aBBBBBBBBB BBiBaaaaBB
Baaaaaaaaa aaBaaBBBBB BaaaBBBBBB BBBBBBaaBB
aaaaaBBBBBBaaaaaBBBaaBaaBBaaaaBBB*BBBaaa
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aaaaaBBBBB BaBaBBBBBaBBBBBaBBBBBaaaiBBBBB
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BBBBBBaBBkBaakaBBBBBivBBBBBBaBB aaaaaBBBBB aaaaaaaaaa BBiaaBBBBB aaaaaaaaBB aaaaaBBBBB aBaBaaaaaBaBBaBBBBBB
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BBBBBBBB8P BaaaaaaaaB aaaaaaaBB BBBBBBBBBB aaaaaaaaaa aaiaaaaBaa BBBBBaBBBB aaaaaaaaaa BBBBaBaBBaaaaaaaaaaa
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BBBBB aBBBfeBBB.''aaaaBn aaaaaBBBBB BBBBBaaaaa aaaaaaaaaa aaaBaBBaBBBBBBBBBaaa aBBaBBBBBB apr^aaaaaaaaaBBBBBBBB I
Baaaaaaaaa aaBBBBBBBB aaaBaaaaaa aBBBaaaaaB aaBaaBBBBB BBiBBBaaaaaaaBaBBBBaaaaaaaaaaa an* aaaaaaa•aaaaaaaaa
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BBBBB BaB:a^BBbk:BBaBar BBBBBBBBBB BBBBBaBBBB BBBBB aaaaa aavBaBBaaaBaaaaaaaaBBaaaaaaaaa ari'^aaaaaaa aaaaaBBBBB I

BaaaaaaBP^^aBaaaaaBBa*BBBBBBBaB aBBBBBBBBB aaBaaaaaaaBaaaaBBBaaaaBaaaaaaaBaBBaaaaaa Ba:.BBBaaBB BBBBBaaaap I
BBBaaaaBk?aBB?aaaaaar BBBaBaaaaa aaaaaaaaaa BBBBBBBBaBBBBaaaBBBBBBaBBBaaaBaaaaaBaaaaa&^aaBBBBBBBBaBBaaaa I

BBBBBBBBai."aaBbBBBaBB BBBBBBBBaa BBBBaaaaaa aaaBBBaBBBBBBBaBBBBB BaBBaBaaaaaaaaaBBBBB aK-<aaaaaaa BBBBaaaaaa I
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I

BBBBBBaa..'BBaBBBBaaaa kBaaBaBaaaBaBBaaaaaa BaaaaaaaaB BiaaaaaaaB BaBaaaaaaa BBaBBBBBBaBBBBBBBBBBBBBBBaaaBB I
aBBBaaaBak^aBBt^aaBaaaaaaBaaBBBB aBBBBBBBBB aaaaaaaaaa BiaBaBBaBBBBaBBBBBBB aaaBBaaaai aaaaaaaaaa BBBBBBBBBB I
BaBBBBBapfiBBrTBaaaBB'^BBBBBBBBaBaBBBBBBBBBaBBBBBBBBBaaaaaaaBa aaBBBBBBBB BBaBaaaaai aaaaaaaaaa aaaaBaaaaB I

BBBBBBBBt a BBB'>BBKBBi:^Bai.'i BBBBB aaaaBaaaaa aaaaaaaaaa BiaBBBaBBaaBaaBaBBaaaBBBBBBBBB BBaBaaaaaaaaaaBaaBBB I

BBBBBBBB:^HaapBBB::aaL>kBai?BBBBBBBBBBBBBBBB BBBBBBBBBB aiBaaaaaaa aaaBBaaaaa BBaaaaaaai BBaBBaBBaaaaaaBaaaaal
BBaaaaBBk'irBBR«aB«aBBBHKa.-^aaaBBaBBBBBaaaaaaaaaaBaa«aiaaBaaaaBaBaBBBaaaaaaBBBBBBBi bbbbbbbbbb BBBBaaaaaa I
BaaaaaBB.riBaBa^BaaarBariBaaaaa BBBBBBaaaa BBBBBBBBBB.' BaaaaaaaBaBaBBaaaaaaaaaaaaaBi aaaaaaaaBB aaBBaaaaaa I
aaBaBBBBaaBBaaBBkBBk.-^Bt*:BaBaaB aaaaBaaaaB aaaBaaaaaa: BaaaaaaaBaBBaaaaaaaaBaB aaaai aaaaaaaaaa BBBaBBaaaa I
BBBBBaaaBkBaaBBBk^BBPaBPBBaBaBB BBBBBBBBBB BBBBB BBBBB BB IBBaaaaa BBBBBBBaBBaaBBBBaaal Bi'taaaaaaa BBBaaaaaaa I

BBBBBaaaaa BBik-BakBBh.'t'Ba*jBBBBBBaBaBBBBaaa aaaaaaBaaa aaiBaBBBBaBaaaaBBaaBBBaaaaaaai ar.^aBaaaaa Baaaaaaaaa I
BaaaaaaaPB BBB^^aataBBcvaBCBaBBBBB aaaBaaaaaa BBBBBBBBBB BBflBBBBBBBaBBaaBaBBBaBBBBBBBBi BP^aaaaaaaaBaaaaaaBB I

BBaaaaaaB);: Bar*iBa^BBajBBkBBBBBB aaaBaaaaaa BaBBaaBaaaaBaBaaBBBBaBBBBBBBBBaBaBBBBBBi akwaBaaaaa aaaaaaBaaa I
BBBBaBaa:iaBBP«aaaBBB aaaaaaaaaBaaBaBBBaBa aBaBBBBBaa BBaBBBBBBBBBBBBBaaBBBBBBBaBaaa BaBBBaaBaBaBBBBBBBBB

I

•aaaaBBBUhraBBUBBBBBBaBBBBBBBBBBaBBBBaaaaaBBBaBaBaBBaiBaBaaBaaaaaaaaaaBaBaBaaaaai aaaaBBiiBaaaaaaaaBBBB I

BBBBaaaBa::<BBB>::a»BaBB iBBBBBBBaBBaaBaaaaaB aBaaBaaaaaBB laabbbbb bbbbbbbbbbbbbbbbbbbi BBBaB^BBaaaBBBaaaBBa I
BaBBBBaaraaBa^BBa^rBaiBBBBaaBBaaBaBaBBaaaaaBaaBBBaBBaiiBBaBaaaaBaBaaaaBaaaaaaaaaBi aaaaa" kraBaaaaaaaBaaa I
aBaaBBBBBKaaKtfBaBBBBBBBBBBBBBBBBBBaaBaBB BBBBBBBBBB BBIiaaBBBBB aaBaaBBBBB BBBBBBBBBI BaBBaBCaaaBaBBBBBBBB

I

BBBBBBaBB^BBP'JBabBaPiaBaBBBaBaaBaBBBBBBa BBBBB "

BBaBBaBB•«BaBBaa•:BBu«^ ^aaaBBBBBBBBaaaaa bbbbb
aaaaBBBaraaaBVBa^aaaiiBa iBaBaaBaBaaaaaBaa bbbbb
BBBaaBBBBBBBPaapaBBarBBBBaaaaaBBaBaaaaaa BBBBB
aaaaa
BBaaaiiia^iir^iiiiiJb^icaiiaiiiiiaiiiiBiiiiiiBaiaaaBiiiiBaBBiiiBiBiiBiiBiiBiiiBal laiiiMiaiiiiiiaibbbbb I
aBBBaBBBBBBBacAa^aar4BPt.BBaBBBaBaBBBBBBBBaaBBBBBa*aaa«aMaaaa BaBaaaaaaa aaBBBBBBBI BaBaaaaaaB aBaBaaaaaa I
BaBBBBBBi I BBBBBrBBBB .^aB^BBBaBBBBBBBBBaBB BBBBaaaaaa BBd (iBBBBBB BBaaBBBBBaBaaaBBBBBB aBBaBBBBBB BaBaaaaBaa I
BBBaBBBBiL:BBaaaB%BBa aaaaBBBBaaaaaaaaaaaa aBBBBaaaapaaBaaaaaaa aaaBaaaaaaaBBBaaaaai aBBaar.TBBBBaaBaaaBaal
BBBBBaBaiBBarPBBwaaaaBaBaBBBBBaBBBBBBaaaaaaaaBBBBa'BaBaBBBBaBBaaaBBBBBBBBBBBaaBai at •aaaiaaa BBaaaBBBBB

I

BBBBBaaakVBBB/ia^Baa rBaaaaaaaa aaaaaaaaaa BBaiBaBaBABaaiBBBaaBaaBaBBBaaaaBaBBBBBBi apr^aacvaBaBaBBaaaaaal
BBBBBBBaaaaapaBaBBaK«aB^BBBBBBaBBaBaB8BBBBBBSBBaaaaaBaaaaaaaaBBBBBBBBBBBBaBaaBBi arLBBK^BaaaBaaBaaaaal
BaaBaaaBBBBBi I'BBBBBB kBB..>aaaaaa BBBBBaaaaa aaBBBBBBBB aaa iBBaaaBaaaaaBaaaaaaaaaaaaal BUi^rBaPBaaaaBBaBBBBBBl
Baaaaaaaaa BBPHar^aaai'<aB!«BBBaBB BBBBaaaaaa aaBBBBBBaa BBa.iBaBBBBBBBBBaBBBBBaaaBBBBBi aaaaa c.^aaa BBaaaaaaaa
BBBBBBaaaaaaa.'<B£aBBa^Ba?*aaaaaaaBaBBaBaaa BBaaBBaaaa BBBi IBaaaaa BaBBaBaaBBaBaaBBBBBi aaaaa BBBaaBaBaBaaaa I
•BaaBBaBBBBaBaankaaii BaraaaaaaaaBBBBaaBaa aBBaaaaaBB aBaiiaaaaaa aaaaaaaaBB BBaaaaaaBi aaaaa ::>aaaa aaaaaaaaaa I
BBBBBBaaaaaBaiBL':«aaL-aaL<«aaaaaB aaBaaBBBBB Baaaaaaaaa BBaiiaaaaaa BaaaaaaaaaBBBBBBBBBI bbbbb ikaaa BBBaaaaaaa I
aaaBBBBBaB BaakaPBBBah.BBi:aaBBBB aaBBBBBBBB BBBBPBBBBB BaBiaaBBBB BBaBaaaaaa BBBBaaaaai aaaBBaaaaa aBBaaaaaaa I
BBaBBaaaaaaaa.'^BBiJBBB aaaaaaaaaa BaaaBBBBBB BBBBBaaaaa aaaa BBBaBBBBBBBaaBaa aaaaaaaaai aaaaaaaaaa aaaaaaaaaa I
BaaaaBBBBaaaB^BBzvBBBBBaaBaBBBBBBBBaaBaaaaBaaaBaaaaBaaB aaaaaa BBaaaaaaaaBaaaaaaaai aaBaaaaaaaaaaaBaaBaal
BaaaaBaaaBaanBar^aaa BBBBBBaaaa BBaaaaaaaa BBBBBBBBBB BaaaBBBaaa aBBBBBBBBB BaaaaaBBBi aaaBaaaaaaaaaaaBBaaa

I

aaaaaaaaBB aak-*apjaaaaBBBBaaBaa BBBBaaaBBB aaaaaBaaaa aaaaaaaaa aaaBaBaBBBBBaBBBBBBB aaaaaaaaaaaaaaaaBaaa I
BaBaBBaaaBaaaaaBBBaa aalaaaBBBB aaaaaaaaaa BBBBBBBBaaaaBaiaaaaaaaaBaBBBBBBBaBBBBBBB aaBBBaaaaaaBaaaaBaaa

I

aBBBaaaaaBaBaBBBBBBjaa :biaaaaa aaaBaaaaBa aBaaaaaaBBaaaa laaaaaaaBBBBBBBBaBBBaaaaaa BaBBaaaaBaaBaaBBBaaa

I

BBBBaaaaBBBBBBBBBBBBhBL.BiaaBBBBaBaBBBBBBBBBBBaBBaaaBaaiiaaaaa BBBBBBBBBBBBBBBBBBBa BBBBBBBBBaBBBBBBBBBB I
aBBBaBaaaaBBaaaaBBaaaaaajaaaaa BaBaaaaaaa aBBaaaBBBB BBBBiiBBBBB BBBBBBBBBaaaaaaaBaaa BaaBBaaaaaaaaaaaaaaa

I

BBaaaaaBBBaaaaaaaBBB BBBBBBBBBB aaaaaaaaaa aaaaaaaaaa BBaaDBBaaa aaaaaaBaBaaaaaaaaaaa aaaaaaaBaaaaaaabbbbb I
BBaaBaaaaaaaaaBBaaaa BBaaBBaaaa BaBaaaBBBB BBaaaBBBBB aaaai aaaaa BaBBBBBBaaBaBaaBaaaBaaaaBaaBBaaBBBBBaaaa

I

BBBBBBBaaaaaBBBBBBBB aaaaaaaaaa BaBaaaaaaa aaaaBaaaaa aaaai aaaaa aaBaaaaBBBaBaaaaaaaa bbbbbbbbbb aBaaBaaaaa

I

BBBBBBBBBBBBBaaBaaaa aaaBaaaaaa aaaaBaaaaa aaBBBBBBBB aaaai aaaaa Baaaaaaaaa Baaaaaaaaa BPi^BaBBBBBBBBBBBBBBB

I

BBBBBBBBBBaaBBBBBBBBBBBBBBBBBBBBaBBBBaBBBBBBaBBBBBBBBaBBBBBBBaBBaaaaaBaBaBBaaBaaBa^BBaBaBaBaBaaBaBaal
BaaBaaaaaa aaaaaaaaaa aaaaaaaaBB BBaaaBBBBB aaaaaaaBaaaaaaB aaaa BaaaBBBBBBBBBaBBBBBBBiu-<BBBBBBB BBBBBBBBBB I
BBBBBBaaaa BBBaaaBBBaBBBBaBBBBBaaaBBaaaaa BBaBBBBBBBBBBBBtBBBB BBBBBaaaaaBaaaaaaaaa aaaBaaaaaa BBaaaBBBBB

I

aBaaaaaaaa BaBaaaaaaa aaaaBBBBBB BBBBBBBBBB aaaaBBBBBB aaaaa iaaaaaaaaaBBBBBBBBBBBBBBBBBt.BBBBBBBBBBBBBBBaa I
BBaaaaBBBBBBBBBBaaaBBaBBBBaBBBaBBaaaaBBBaaBBaBBBBBaaBBaiiaBBBBBaaaaaaaaBBaaBaaaaaaaBBBBaaaHaaaaBBBBBB

I

BBaBBBBBBaa^a^BBBBBB BBBBBBBBBB aaaaaaaaaa BBaaB^aaBBflaBBBtiBBBaBaaaBBBBBBBBBaBaBBBBBBBBBBBBBBBaaaBaaaaa

I

BBaaBaaBaaaBBBBBBBBBBaaaaBaBBa aaaaaaBaaa BaaaBaaaBBBBBBBi BBaBaaaaaaBaaaBBaaaaBaaaaaaBaaaaBBaaaaaBaaaa

I

BaaaaaBBBBBBBBaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaBBBBB BBBBBi aaaa aaaBBBBBBB aBaaaaaaaa BBaBBBBaBaaaaaaaaaaa

I

BaaaBaaaaaBBBBBBBBBB BBBBaaaaaa BBBaaaaaaa BaaaBaaaaaaaaaaBaaBaBBBBBBBaBBBBBBBaaaaa BBaaaaaaaBaaaaaaaaBB

I

BaaaaaBBBBBBaBBBaaaBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBaBaiBBa aaaaaaaaaa aBBBBBBBBB BBBBaBBBBaaaaaBaaBaB

I

aaBBBaaaaBBaaaBBBBaa BaBBaaBaBaBaaaaaaaaa aaBBBBBBBB BaaaaBiBaaBaBBBBBBBa aaaBBBaaaB BBaBBBBBBBBBBaBaaaBP I
aBBBBBBBaBaaBaaBBBBBBBaBBaaaBBBaBBBBBBaaaaaaBBaaBBaaaBaaiiaBBBBBBBBBBBBBBaaBaaaaBaaaBBBBBBBBBBBBBBBBB I
aaBaBaaBaaBaaaaaaBBBaBBaaaaaaaaaBaBaiaaa aaaaaaaaaa aaaaa aiiaaa aaaaaaaaaaaaaaaaaaaa BaaaaaaaaaaaBBBBBBBB I
aaaaaBBBBaBaaaaBBBBBBBaaaaaaBBBBBBBBBaaB BBBaBBBBBB aaaaaal aaaBBBBBBBBBaaaaaaaaaBa BBaBBaaaBaaaaaaaaasa

I

BBBBaaaaaa BaaaaaaaaB BaBBBBBBBB BaaaaaaaaB BBBBaBBBBaBBBBBBr .^aaaaaaBaaaaBBBBBBBBBBBBBBaBaBBaaaaaBaaaaBB I
BBaaaaaaBaBaBaaaaaBaBBaaaBaaaaaaBaaBBBBBBaaaaaBaaaBBBaBBLjaaaaaaaaaaBBBBBBBBBBBB BBBBBaaaaa aaaaBaaaaa I

BBBBBaaaaaBBBBaaaBaaBBBBaBBBaaBaaBBBBBBBBaBBBBBBBBBBBBBaBaBaaaBaaBaBBaBBBaBBBBBB Baaaaaaaaa BaaBaaaBBB

I

BBaBBaBBaBaaBaBBaBaaaaBaaBaaaBaaaaaaaaaBBBBBBBBaBBaaBBBBB laaBBaBaaaaaaBBaaaaaBaBBBaaaaaaaBaaaaaaaBaB

I

aaaaaaBBBBBaaaaBaBBBBBBBBBBBBBBBBBBBBaaa aaaaaaaaaa aaaaaaai IBB aBaaaaaaaa BBaaaaaaaBapriBBaBBBBBBBBBBBBBB I

BaaaBBBBBB BaaBBBBBBaBBBBBaaaaaaaBBaBaaaaBaaaaaaaaaBaBaaaai'BB aaaaaBBBBB aaaaaBBBBB BBiiBBBBaBBaaaBaBBBaa I
aBBBBaaaaa BBaBaBBBBBaBBBBBBBaBBBBBBaaaaa BBaBaaBaBBBBBBBaaaaa BBBBBaBaBBBBBaBBBaBBBL-k'aaBBaaBBaaaaaaBBB I

BBBBBBBBaB Baaaaaaaaa aaaaaaBaBaaaaaaBBBaBaBiaaBBBBBBBBaaaaa SB aBBaBBBBaBBBBaBaBBBBBbVBBBBBBB aaaaaaaaap

I

BBaBBBBaBaBaaaaBBBaBBBBBBBBBBaaflBBaaBaaBBEBBaBBaBBBBaaBBBiBaBBaaaaaaaaaBaaBaaaaaabaaaaaaBaaaaaaaaaal
BaaBaBBBBBaaaBaaaaaBBaaBBBBBBaaaaBaBaaBaaBBBBaBaBBBaaaaBBB IB BBaaaaaaBBaaBBBBBBBB BBBBBBBBBB BBBBBBBBBB

I

BBBaBBBBBBaaaaBBaBaBaBBBaBBBBBBBBBBaaBBBBBaBBBBBBBaaBBBBBaiiaaaaaaaaBaBBBBBBBaaaB BBaaaaaaaa BaaaBBBBBB

I

BBBBBBBBBBBBBBBaaaaa BBBBBBflaaaBBBaBBBBBB BBaBaflBBaBaaaBBaaBiaaaaaaBBaBBaBaBaBBBBaBBBBaaaaBBaBaaaBBBBB I

BBaaaaBaaBBBaBBBBBaBaBaaBBaaaBBaaaaBBaBBB ..
aaaBBBBBBBBaaaBgaaaaBaBBaaBaaBaBaBBBBBB.iBBBaaaaBaaaBBBBBBBBa aBBaBBBBBBBaBaaaaaaB aBBBaBBaaaaaBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBaH
BaBBBBBBaBaaBaBSBaaaaaBBBBBBaBaaaaaaaBBk a ———.«.———-————--————-——-——a
aBBBBBaBBaaaaaSaaBBaaaaaaaBaaBaaaBaaaaaai
BBBaaaBaaaaaaBaiBaaaBaaBaBaBBBBaBBBBBBBBii
aaaBBaaaaa aaaBBaBaaaaaaaBaaaaaaaaaaaaaaafc
aBBBaBBaBaaaaBaaaBBaBBaaaaBBBBaaBBaaaaaaB
aBBBBBBBBB Bl
BaaaaaaaaB ai
BaBBaaaaBBBaBBBBBBBB BBBBBBBBaaBBBBBBBBBB
BaBBBBBBBBaaaBBaaaaa aaaBBBBBBB aaai
Baaaaaaaa BBBBBaaaaa aaaaaaaaPBBa aaaBaPw

BBBBBBBBBBBiaaaaiik'^aaaaaaaBL'* bb bbbbbi'*
BBaaBaaaaaBaBaBBc^.BBBaaaaar^aB aaaBar.^
BBaBBBBBaBBaBBBBCCBBBBBBBBnMBfl BBBBBl;!

aai
BaaaBBaaaaaa
BBBBBBBBBaaBBBBBBBSSuSSSSBB SBSSiSnSBBBaBBBaBBBaaBflBaBBBaBBBBBBBBBBBBBaaBBBBBaBaaBaaaBBBBBBBBBB BBBBBaaaBaBBBaBBBBBB BBaBBBBBaBBBBBBaaaaa I
iBaasaaaaBBBBaBBaBBBaBSSSSaS SBBBSfBr.arv-appvB* a:; iir.aaBlftrra'd]r.»'iBai-jpaarflaiaBBara'>'.B''i[:..-iaapa^>-ar aaaaaBBaaa aaaaaaaBaaaaaBaaaaBaBBaaaBaBaa I
aaaaaaaa aaaaaaaaaa•«•»:«• aaiiBBaaaaaBarpaBaaaai^jiiaPajKaa.auBBaprBBBBBjariaa.a>-^BBaakr-«aaaaaBBBBBBBBBBBBBBB BBBaBBBBBB BaaaaaBaBB I

BaBBianBaiMaaBBBBB BaaBaBBBaaBBaaBBBBaBBaBaaaaaaBflaBBBBBBBB BaBaBBBBaa BaaaBBBBBB BBBBBBaaaa BBBBBBBBBB I
aBBiaSBBBii ^ —— —.———BBl

aaaaaBBaaa BBBBBaaaaaBBBBBBBBBB
BBBaaaBBaaaaBBBBBBBB aaaaaBBBBB

••BBBBBB aaBaBBBBBB aaaaaaaBBB••BBBBBBaBaBaaBBBB BBBBBBaaBB-... IBBaBBBBBBaaaa BBBBBBIBBBBBaaaa BBBBBBBBBB aaaaBBBBafl
ItiBitBpaaa BBBBaaaBBB BBBBBBaaBB

:r:

- ..„...„.»-. ^aBBaBaaaaaaaBBBBBBBaaBaBaBaBBBBaaaaBBBBl
B«jaaaaaaaBBBBBBaaaBaBaaBaBaaaaaaaaaaaaa aBBBBBBBBa aaBaaaaaaaaaaaaaaBBBBBBBBBBaBBBBaaaaBaaaaaaBBaaaBa

I

BaBBBBBBBBBaaaBBaBBBBaaaBBBBBBBBBBBBBBBaaaBaaBaBBBBaBBBBBBaBBBBaaaaaaBBBBaaBaBBaBr.^BaBaBBBBBBBBBBBBal
aaBBBBBBBBBBBBBBBBBB BaBaaBaBBBBBaaaBBBBB BBBBaaaaaaaBaBaBBaBaBBaaBaaBBBaaBaaaaaaBar-daaaaaaaaBBaaaaBaa I
BBaBaBaaBBBBaBaBaBaaaaBBaaaflaaaBaaaaaaaBaBBBaBaBapaBpaBHpaapa«aaPBPaBBBaBBPPBk*:BBBBBBBBBBBBBBBBBl
aBBaaBaapaaaaaBBaBBaaaBaBaBaBaaaaaaBaavBBBBBaaaapBBaaBBBBarBBaBBBBBarBaBaaaaaaaBBBiaaaaBBaaaBBBaBBBaBi
BBBNBaaai'k BBBaaBaBi'k'aBBaBBaaBBBBaaaaaak-' BaBaaBaafc-.aBBaaBBaL'MBaBaaaaBk" BaBBBaaaBB aaBaaBBBBB aaaBBaaaaa I
BiaBSBBar-<4BBaaaaaar..aaaBBBaaaaaBBaaaBBBw'aaaBBaBBt-.'BBBBaBaB''-4BBBBaaaif.iaaaaaaaaBaBBaaaBaBBBBBBi9BBBaBl
aaBBBBBB,*iBBBBaBBBi.bBaaBaBBBaaaaBBaaaaak:BBBBBaBakBaaaaaaaaLLaaBBBBBa^-,BaBaaBaaBaaaaaBaaBflBflBBBaBaBaal

BaBBaBBBBBBaBBBaBaaBBBBBBBBBaaaaaBBaBaakBBaBBBBaBBBaBaaaaBBaaBBBBaBBBaBBBBBBaaaaaBaBaaBBBB|

IBBMBBB
iBBMBBa

BBBBBMBB BBiiiB
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Sangamo Meter # 66151.

Resistance of pressure coil 204.5 ohms.

" " series " 0275 ohms.

Data for the determination of the phase relation of

the series and pressure fluxes.

Tolts 110 Amperes 15.15 Apparent T/atts 1665.

Direction of Djniamometer True .7atts Cos ©.
notation of Heading.
Disc.

Forward -9 1? .0102

" -11 20.3 .0122

" -9 17 .0102

Backward 37.5 67 .0415

" 38.5 68.5 .0412

" 37.5 67 .0402

Arerage cos 9 for forward rotation 0109

* Q " " « 90"" 37'

" cos Q " backward " 0410

" e " " " 97" 37«

Phase angle from quadrature for forv/ard rotation 37'

" " " " " backward " z" 23'

Average phase angle from quadrature 53

'

Phase difference between series and pressure fluxes 53*
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Sangamo l<leter jf 66151.

Ran # 1.

Date, showing the effect of change of load with normal

voltage, unity pov/er factor, and normal frequency.
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Sangamo Meter # 66151.

Rem r 2

Data showing the effect of change of load with unity

power factor, normal freyuency, and 109 % yoltage.

Current

1.35

3.4

4.9

7.55

10.00

15.20

15. SO

volts
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Sangymo Keter =. 66151.

Run ,; Z

Data showing the effect of change of load with •unity-

power factor, normal fre_uenoy, and 91 t normal voltage.
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Sangamo Meter # 66151

•

Hub # 4.

Data showing the effect of change of power factor with

constant full load, normal voltage and 60 cycles.

110
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Sangamo Meter # 66151.

# 5.

Data, calculated from the flux phase determination,

showing the effect of ohange of power factor with

constant full load current, normal frequency, and

normal Toltage.

Volts 110 Amperes 10 Cycles 60.

Cos Q
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Sangamo Keter # 66151.

Htm # 6.

Data showing the effect of change of load with •onity

power factor, normal voltage, and normal frequency.

110 TOltS. 120 cycles. Temperature 70 P.

urrent
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Ssngamo Meter # 76671,

Resistanoe of pressure coil 317. ohms.

" series " .04 olims.

Data for the determination of the phase relation of

the series and pressure fluxes.

Volts 110 .amperes 5 Apparent watts 550.

Direction of Dynamometer True Tatts Cos ©.
Rotation of Reading.
Disc.

Porv7ard li 86 .0473

" 14 26 ,0473

14 26 .0473

Backward 1 2.8 .0051

" 1 2.8 .0051

" 2 5.0 .0091

Arerage oos © for forward rotation 0473

" 9 M " " ,, 87" 17'

" cose " "baclmard " 0064

" Q " " " 89° 38'

Phase angle from quadrature for forward rotation 2° 43'

" " " " " backward " 22'

Average phase angle from quadrature 1''33'

Phase difference between series and pressure fluxes l" 33'
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Sangamo Meter ^= 76671.

HunJ 1.

Data showing the relation "between the load and the % of

true watts reoorded with unity power factor, normal frequency,

and normal voltage.

110
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Sangamo Meter t 76671,

Run r 2

Data showing the relation "between the load and the %

of true watts recorded with unity power factor, normal

fre^iuency, and 91% of normal voltage.

100 TO Its.

Current

.

1.1

2.25

3.15

4.15

5.18

6.25

7.50

True 7/atts

115

225

317

415

518

626

752

60 cycles.

R

6

13

19

25

31

36

45

Temperature 76 W

X
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Sangamo Meter # 76671.

Run # 3.

Data showing the relation "between the load and the %

of true watts recorded, nnity power factor, normal frequency,

and 109 fo normal voltage.

120
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Sansamo Meter # 76671.

Hun ., 4.

Data showing the effect of change of power factor

with constant full load current, normal voltage, and

normal frequency.

5 amperes. Temperature 76 F.110 yo
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Sangarao Meter /,' 76671.

¥ 5.

Data.oaloulated from the flux phase determination,

showing the effect of change of power factor with

normal frequency, normal voltage, and constant full

load current.

Volts
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Songamo Meter # 76671.

Rtxd. f 6

Data showing the effect of change of load with unity

power factor, nomuxl voltage ,and normal frequency.

no TOIts
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Sangamo Meter ;r 76671.

Hun -,r 7.

Data showing the effect of change of load with tmity

power factor, normal roltage, and normal frequency.

110
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General Electric Meter # 1506564.

Resistance of 60 cycle pressure coil 679.5 oluns.

" ,"25 " " " 122.5 " .

" " 10 ampere series coil .027 oiams.

Data for the determination of the phase relation of

the series and pressure fluxes.

Volts 110. .umperes 10, apparent T/atts 1100,

Direction of Dynamometer True V/atts. Cos 9.

Rotation of Reading.
Disc.

Forward -19 54' .0509

Backward ^-2 4.5 .0041

Forward -21 58 .0245

Backward ^2 4.5 .0041

Forward -18.5 33 .0300

Backward f2 4.5 .0041

average cos © for forward rotation 0318

" Q " " " 88" 10

'

" cos G " hacftward " 0041

* © " " " to 13'

Phase angle from ouadrature for forward rotation 13'

" " " " backward " 1° 50'

Average phase angle from quadrature »

«

48.5'

Phase difference "between series and pressure fluj:e£ 90*48,5'
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General Electric Meter f 1506564.

Htm # 1.

Data showing the effect of change of load with unity

power factor, 100 % normi^l voltage, und normal frequency.

110
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General Slectrio Meter # 1506564.

Hun # 2.

Data showing the effect of change of load with tmity

power factor, normal fret-juenoy, and 109 % normal voltage.

120
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General Electric I-eter u' 1506564.

Hun f- 3.

Data showing the relation between the load and the fo of

true weatt hours recorded with varying load .normal frev^uency,

unity power factor, and 91 fo normal voltage.

'.«atts

105

350

490

773

990

1145

1370

1560

100 volts.
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General Electric lieter # 1506564.

Run f- 4.

Date* showing the relation between the load and the %

of true watts recorded with normal frequency, unity power

factor, and 100 fo nomicil voltage.

110
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Seneral Electric Meter r 1506564.

Rtm # 5

Date showing the effect of change of power factor

with constant full load current, normal frequency, and

normal voltage.

110 Tolts. 10 eunperes. 60 cycles Temperature 76 F.

Oos e v/att hours T True %
Recorded. ^att hours Recorded,

1.000 86 114.5 35 100

.981 ST 124 . 37.

S

99.5

.855 35 136 35.5 98.6

.781 30 127 30.4 98.5

.691 26 120 25.4 98.4

.622 24 129.5 24.62 97.3

.536 80 129 21.1 95.0

T is the duration of each run in seconds.
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General Electric Meter #1506564.

#6.

Data, calculated from the fluz ouadrature determination,

showing the effect of change of power factor with constant

full load current, normal frequency and normal voltage.
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WestinghouBt Meter # 681372.

Resistanoe of pressure coil « 427 ohms.

" " series " 0775 ohms.

Data for the determination of the phase relation of

the series and pressure fluxes.

Volts 100 Amperes 5 Apparent IVatte 500.

Direction of Dynamometer True 17atts Cos ©.
notation of Heading.
Disc.

Forward 4 8 ,016

" S 10 .OSO

* 4.5 9 .018

Backward 1 .0002

* 1 .0002

" 1 2.5 .0050

Arerage cos Q for forward rotation 018

" « " " " 88° 58'

" oos e " backward " 0018

" • " " " 89° 54'

Phase angle from quadrature for forward rotation 1° S'

" " " " " backward " 6'

Average phase angle from quadrature 34'

Phase angle "between series and pressure fluxes .. 90" 34'
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Meetinghouse Meter # 681372

Run # 1.

Data showing; the effect of change of load with unity

power factor, normal voltage, ;.nd normal frequency.

100
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WestiEghouse lieter # 681372

Bob ir Z

Data showing the effect of change of load with unity

power factor, 110>^ voltage ,and normal frenuency.

110



STSIBo 6 itd'ali aauorfssltad.

a .. aoH

? se



ViTestinghouse Meter Ti'681572.

Hun # 3

Data showing the effect of change of load with unity

power factor, 90;^ normal voltage, and normal freouenoy.

Temperature 82 F

T 'dTatts %
Recorded Recorded

119 70.5 78.4

119 121.0 84.0

116 196 95.5

110.5 302 96.5

110.3 372 99.3

114 506 101.0

105.4 570 99.3

114 685 99.2

R is the no. of revolutions made hy the disc in T seconds*

90





IVestinghouse Meter f 581572.

Htm ; 4

Dota showing the effect of change of load with tmity

power factor, normal voltage, v^nd 25 cycles.

100
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westinghouse Meter # 681372.

Htm V 5

Data showing the effect of change of power fa.ctor

with normal voltcge, normal frequency, «iid 100 % load.

100
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westinghouse lieter tt 681372.

# 6

Data,oalculated from the flux f^uadrature determination,

showing the effect of change of power factor with constant

full ioad, normal voltage, und normal fre^iUenoy.

100 vo
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V.'estinghouse Meter # 681372.

£xin # 7,

D&ta showing the relation between the load and the %

of true watts recorded with xmity power factor, normal

Toltage, and a frequency of 120 cycles.

110
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Diincan Keter # 61666.

Eesistanoe of pressure coil 2780. ohms.

" series " 0575 ohms.

Data for the determination of the phase relation of

the series and pressure flxizes.

Volts 110 iunperes 10 Apparent '.Tatts 1100.

Direction of Dynamometer True I7atts Cos ©.
notation of Heading.
Disc.

Forward -24 42 .0388

-22 iO .0364

'26 44 .0400

Backv7ard ^ 2 4 .00364

^2 4 .00354

^2 4 .00364

-:.verage cos e for forward rotation 0S82

^ 87' 49'

COS « " backward " 00364

« " " - ep^ 19'

Phase angle from quadrature for forwatd rotation 2^ 11'
am ^

" " " backward " 13'

Arerage phase angle from quadrature ^ 19

'

Phase difference between series and pressure fluxes \ Ifl*.
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Danoan Meter } 61666.

Son. If 1.

Data showing the effect of change of load with unity

power factor, 100 % normal voltage , and normal frequency.

110
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Duncan Lleter ,,61666.

Sun ,2.

Data showing the effect of change of load with unity

power factor, 91 'h normal voltage, and normal freuuency.

100
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Dancan Meter ,r 61656.

Sun / 3.

Data showing the effect of change of load with unity

power factor, 109 /o nomial voltage, and normal freviUency.

120 volts.

Current

1.20

3.20

5.00

7.60

9.«0

11.30

13.60

15.50

True T/atts

145

385

600

910

1125

1366

1530

1880

60 cycles.

S

T

23

36

57

71

95

105

123

Temperature 84 F

I
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Duncan Meter „ 61666.

Hun :r 4

Data showing the effect of change of power factor with

constant full load, 100 fo normal voltage, and normal frequency.

110
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Duncan Meter 'ir 61566,

Sun # 5

Data showing the effect of change of load with unity

power factor, 100 fo normal roltage, and 25 cycles.

110 volts. 25 cycles. Temperature 80 F,

Current

.





Ihinoan Meter # 61666.

Run # 6.

Data showing the effect of change of load with xuaity

power factor, normal voltage, and 120 cycles.

110 volts. 120 cycles. Temperature 77 F.

Current True 7/atts R T V/atts %
Recorded. Recorded.

1.1 120 6 114.5 94.5 78.6

2.1 228 12 108. 200. 87.8

3.75 422 24 107. 404. 95.8

5.2 574 35 113. 558 97.3

7.8 788 50 115. 777 98.6

10.2 1125 71 117 1100. 97.0

12.3 1350 86 118 1312. 97.2

14.9 1640 101 116 1565. 95.5

R is the no. of revolutions made by the disc in T seconds.
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Duncan Keter # 61666

.

# 7.

Data calculated from the flux phase determination

showing the effect of change of power factor with

normal frequency, normal voltage, and constant fall

load current.

Volts 110

Cos e

1.000

.966

.866

.766

.656

.500

Amperes 10 Cycles 60.

True "'atta Watts Recorded 'fo Recorded.

1100

1061

953

844

7E3

550

1100

1057

944

831

708

554

100.0

99.6

99.1

98.5

98.0

97.2
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Duncan I>ieter # 74520.

Eesistance of pressure coil 2295. ohms.

" " series " .0875 ohms.

Data for the determination of the phase relation of

the serie» and pressure fluxes.

"Volts 110. Amperes 10. Apparent Watts 1100.

Direction of Dynamometer True 'iTatts Cos Q.

notation of Reading.
Disc.

Forward -13 24 .0218

" -12 22 .0200

•• -12.5 23 .0209

Backward -+4 8 .00726

w -^4 8 .00726

" +4 8 .00726

Average cos 6 for forward rotation 0209

» 9 » " " 88" 48

'

" cos © " backward " 00726

" e •• " " 90"* 26'

Phase angle from quadrature for forward rotation 1* 12'

" " " " " haokward " 25'

Arerage phase angle from --uadrature £3.5'

Phase angle between series and pressure fluxes . 22.5'
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Duncan Meter # 74520

Hun # 1

Data showing the effect of change of load with unity

power factor, 100 io normal voltage, and normal frev^uency.

110 TOltS

Current

.

1.55

3.00

5.20

7.95

10.85

13.25

15.50

True ?/atts

173

328

573

875

1195

1455

1700

60 cycles.

R.

8

20

3S

Sf

79

97

113

Temperature 73 P.

T
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Duncan Meter # 74580.

fiun # 2.

Data showing the effect of change of load withunity

power factor, 109 '^ normal voltage, and normal frequency.

120
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Duncan Meter # 74520.

I^n # 3.

Data showing the effect of change of load with unity

power factor, 91/0 normal voltage, and normal frequency.

100
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Duncan Meter # 74520.

Hun #4.

Data showing the effect of change of load with unity

power factor, 100 °Jo normal yoltage, and 25 cycles.

110 volts. 25 cycles. Temperature 80. F.

Current

,

1.1

3.15

5.75

7.75

10.15

12.90

15.00

True Watts. H

120

345

628

848

1115

1420

1650

3

11

20

28

38

47

55

T
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Duncan Meter # 74520.

Hun # 5.

]>ata showing the effect of change of power factor

with constant full load current, normal fretjuency, and

normal roltage.

110 TOlt
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Duncan Meter f 74520.

# 6

Data calculated from the flux phase determination

showing the effect of change of power factor with

normal frequency, normal voltage, and constant full

load current.

Volts
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