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Test of Meters 

Meters tested 

Meter wo. I. 

Type = K = Integrating Vatimeter 

Single Phase 

Amperes 5 class 2 - 110 

Porm S.B.A. Cycles 60 

No. 306077 

Patented April 2, 1901 

K = 900 

Made by Fort Wayne Rlectric Works, Fort Wayne, Ind.U.S.A. 

Meter No. 2. 

Sangamo Integrating Watimeter 

Alternating current Type E. 

Volts 110 Amperes 5 Cycles any 

K = 2400 

Made by Sangamo Electric Company, Springfield, Ill. 



2. 

It was planned to test the meters Nos. 1 & 2 for the ef- 

fect of change in load, voltage, frequemcy, and induction, on 

their accuracy. However, for the lack of time the meters were only 

tested for the effect of change in an inductive load, and voltage. 

A constant frequency of 60 was kept throughout the whole test. 

Method. The meters were series connected. See plate No,.2& 

for details of connections. A current was sent through them and 

measured by an indicating wattmeter, voltmeter, and ammeter. The 

meter readings were obtained by counting the turns made by the 

disc and the time required for the turns observed. Then by the 

use of the meter constants, time, and number of turns of the disc 

the watts as indicated by the meters were calculated and compared 

to the watts as indicated by the wattmeter. See table Nos. / to 

7 inclusive, pages | to 7 inclusive for comparison of true 

watts and watts hy meter, and note the percent error of the met- 

ers, reckoned on the meter readings. 

Load. The load in this test was lamps and Cos © was tak- 

en=1 for this load. Hence it was not necessary to use the volt- 

meter and ammeter in making the test. The voltmeter and ammeter 

observations were only used as a& check in this work and do not en=- 

ter into any of the calculations. 

Voltage. A series of load tests at different voltage 

were made, ranging from ninety five volts to one hundred and fif- 

teen volts by steps of five volts each. See tables No./ to 5 

inclusive and plates Wo. J to 5 inclusive for effect of voltage. 
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Frequency. The only frequency used was sixty and the gen- 

erator was kept at the required speed by use of a water tachometer 

and by the tuning fork method. 

Induction. No test for the effect of induction was made. 

Instruments used. The instruments used in this work were 

as follows: 

Thomson A.C. Voltmeter No. 145086 Type E. 

See paged for calibration. 

Weston ammeter Model 151 Bo. 245, 

See page 4 for calibration. 

The Westinghouse Ammeter, Style No. 35120 

Serial Mo, 65063 

See pages for calibration, 

Weston Portable Wattmeter yo. 407. 

See page 6 for calibration. 

Calibration of Thomson A.C.Voltmeter No. 145086, Type P. 

To calibrate a voltmeter, its readings must be compared 

to the reading of a standard and the error observed. In this in- 

stance the only standard to be had was a direct Weston Laboratory 

Srandard. It was necessary therefore, to calibrate the electro- 

static voltmeter by the Weston Laboratory Standard and then cali- 

brate the Thomson A.C. voltmeter by the electrostatic voltmeter. 

In this way the readings of the A.C. voltmeter were compared to 

the readings of the direct weston Laboratory Standard. 

The observations for the calibration of the electrostat- 

ic voltmeter are given in table No.8 page I8 and a curve was 



T
G
 

4. 

plotted between the average deflection of the electrostatic volt- 

meter and the corrected voltages of the direct Weston Laboratory 

Standard. See plate No, ¥YII . The observations for the calibration 

of the Thomson A.C.voltmeter No, 145086, type P, are given in Ta- 

ble No. @ page 18 . A curve was plotted between the deflections 

of the electrostatic voltmeter and the A.C. voltmeter, using the 

same scales and origen as were used for the electrostatic volimet- 

er and the direct Weston TaBoIstry Standard, See plate No, 

By the use of calibrationcurve:s ( See plate No, V7) the 

readings of the Thomson A.C, voltmeter No. 145086, type P, were 

compared to the readings of the direct Weston Laboratory Standard 

¥o.=. and the observations recorded in table No.9 page 18 . How- 

ever it was thought best to plot a curve between the readings of 

the Thomson A.C. voltmeter and the readings of the Weston Labora=- 

tory Standard, see plate No.l and then observe the error from 

curve { See plate Wo. JIT of the Thomson A.C, voltmeter), See table 

To ./0 page Jj 9 for error and plate No. Wi for correction of the 

Thomson A.C. voltmeter No, 145086 Type P. 

For diagram of connections see plate No. XXVIL 

Calibration of the Weston A.C.Ammeter Model 151,No.245. 

In order to adapt it to the purpose of standardization, the 

multicellular voltmeter was provided with a mirror on the needle. 

In front of the instrument is placed a semicircular scale of about 

11/2 ft. radius divided to millimeters. Deflections are observed 

bv a telescope below the center of the scale, 

As deflections are always in the same direction, the mirror 

at the zero position of the needle stands at about 45° to the line 



of the telescope, thus making the whole five feet available for 

the deflections. 

To calibrate an A.C. ammeter, a current is sent through 

the ammeter and a bank of lamps. The E.M.F. at the lamp terminals 

is read on the multicellular voltmeter. Then a sufficient D.C. 

current is sent through the lamps to produce nearly the same E,M.F, 

and the current is read on the Weston Standard Ammeter. 

The weston A.C. ammeter Ho. 245 was calibrated by the 

above multicellular voltmeter method. The obeervations are given 

in table No.,77 page 20 , and curves plotted with the same scales 

and origdn between the Weston Standard ammeter readings and the 

multicellular voltmeter deflection and the Weston A.C, ammeter 

readings and the multicellular voltmeter readings, see plate No./ZX 

From these curves (see plate No.lX ) the Weston A.C. ammeter read- 

ings were compared to the Weston Standard ammeter readings. See 

table No, t2 page 2! . A curve was plotted from the data given in 

table No./s2 pagel! and the error of the Weston A.C. ammeter ob- 

served and recorded in table No.,/3 pagez2f,. 

For correction curve of the Weston A.C. ammeter No, 245 

see plate No X . 

Tor diagram of connections see plate No, XXVIII 

Calibration of the Westinghouse A.C.Ammeter 

Style No, 35120 

Serial No, 65063 

The same methad was used in calibrating this instrument 

as was used for the Weston A.C. ammeter No, 245. (see page 4. ) 



The multicellular voltmeter gives more accurate reading at a high 

voltage. Tor this reason three banks of lamps were used composed 

of three, nine, and twelve lamps respectively. The observations 

are given in table No. |4 pagel . Two curves were plotted for 

each load, one between Weston Standard ammeter and M. voltmeter, 

and the other between Westinghouse A.C. ammeter and M. voltmeter. 

See plate No. XT . 

Trom these sets of curves (see plate INo.XZ page ) the 

dats for calibration was obtained and 1s given in table No./5 page 

29 , For calibration curve see plate No XIL rage . From this 

cruve (see plate wo.XIT) the error of the Westinghouse A.C. am- 

meter was determined and is given in table No /& page 22 . For 

correction curve see plate Wo X77I. 

Calibration of Weston Portable Wattmeter No, 407, 

This wattmeter was calibrated with a non-inductive current. 

A bank of lamps was used for the load and Cos © was taken=1I1 for 

this calibration. The current and voltage applied to the bank of 

lamps were observed. Then the error of the wattmeter was easily 

determined by calculation. 

Observations were taken from no load to full load at inter- 

vals of five volts from eighty to one hundred and twenty velts in- 

clusive. The observations are given in tables (Nos./©6 tol#4in- 

clusive) pages ( Nos.Z3 to 3) inclusive.) A curve was drawn for 

each voltage. See plates( Nos Xto XXlinclusive). From the curves 

(see plates Nos XIV to XX inclusive) it is easily seen that above 

two hundred watts, the error of the wattmeter is very small (not 

more than 1/4 of 1%) and independent of the voltage, and that be- 
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low two hundred watts, the error is considerable and is not inde- 

rendent of the voltage. 

Method of corrsction. When the shunt coil for the watt- 

meter is being used, it is evident the wattmeter will be over=cor- 

rected for the current passing through the voltage coll, as only 

one fifth of this current will pass through the current coil of 

the wattmeter. Hence to compensate for this over correction, five 

times the watts used by the voltage coil of the wattmeter must be 

added to the watts as indicated by the wattmeter. In making the 

correction of the indicated watts, five times the watts used by 

the shunt coil plus the watts used by the Thomson A.C, voltmeter 

No. 145086 type P were added. See plate No XXIII for correction 

curve. 

As the shunt coil of the wattmeter and voltmeter coil ars 

both non inductive, the current through them is proportional to 

the voltage applied and us found by the equation I=E/R. The 

watts used by these coils are found by the equation W=%2 / RI, 

The watts consumed by these coils, at any glvsn voltage can easily 

be found by use of table No.,25page32and vy the curves on plate 

No XXIV + XXIV a 

Correction below 200 watts. The corrasction for the watt- 

meter below two hundred watts is divided into two parts, one part 

depending on the voltage for its value and the other part depend- 

ing on the watts being measured for its value. The correction for 

voltage is found by use of curve, see plate No .XXK. The correct- 

tion for load is found by use of table No.2frageldld and curve on 

p10t 2% Tre table No.26page 33 was taken from the calibration curves 

J
 



80 to 120 volts inclusive and is the average corrections at load 

indicated. See plate No X¥¥and table No.2 bpaged3d. Explanation. 

To find correction for wattmeter when it. indicates, say 120 watts 

voltage 95. See plate No XX¥for correction curve for voltage and 

observe the correction at 95 volts, Next see plate No XXVfor load 

correction and observe the correction at 120 watts. The algebrai- 

cal sum of these two separate corrections will give the true cor- 

cretion for watimeter. 

correction above 200 watts. 

Find the correction for the given voltage from curve on 

plate No XXffTand add it to the watts as indicated by the wattmeter. 

construction of Shunt Coil for Weston Portable Wattmeter 

No, 407, 

This wattmeter has a capacity of only two amperes, It 

was necessary to measure as high as five amperes in the test of 

meters No. 1 and No. 2, Hence a shunt coll for the seriss coil 

of the wattmeter was needed. It was decided to make the shunt coil 

to carry four fifths of the current to be measured, thus making 

it possible to measure currents up to ten amperes. It was neces- 

sary therefore to make the shunt coil with exactly one fourth the 

resistance and inductance of the series coil of the wattmeter. 

Method of Construction. The resistance of the serles coil 

of the wattmeter was determined by an ammeter and a millivoltmet- 

er, and was found to be about 0.284 ohms. Number 16 wire was chos- 

en: for making the shunt coil. The length of wire to give the 

- required resistances was first determined roughly by calculation. 
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The resistance was then adjusted by means of a galvonometer and 

a resistance box. 

Adjusting the Inductanc of Shunt Coil. 

After the resistance was adjusted, it was then necessary to 

adjust the inductance of the shunt coil to one fourth of the in- 

ductance of the current coil of the watimeter. 

The inductance of the shunt coil was adjusted by coiling the 

wire, by changing the number of turns of wire, the required in- 

ductance was finally found. 

Method.A non-inductive slide wire resistance was used in con- 

nection with a telephone. The shunt coil for the wattmeter was 

connected in series with the current coil of the wattmeter. Those 

two were then shunt connected with the slide wire resistance, see 

plate No XX[Xfor details of connections. While sending an alternat- 

ing current through the circuit, the sliding contact of the tele- 

phone was moved along the slide wire till a point of silence was 

found. The relative inductance was then determined by the position 

of silent: point. Owing to the fact that the slide wire was not 

likely to be uniform in cross-section, the final test for relative 

inductance was made as follows. The resistance of the shunt coil 

was adjusted very closely. A direct current was sent through the 

circuit, a galvonometer being used instead of the telephone. The 

point of no deflection was located on the slide wire, Then the 

galvonometer was disconnected and the telephone placed again in 

the circuit. An alternating current was passed through the circuit 

and the inductance of the shunt coil adjusted till the point of 

silence coincided with the point of no deflection. 

a
)
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By this method the resistance and inductance of the shunt coil 

were adjusted in the same ratio to the resistance and induction 

of the current coil of the wattmeter. 

For diagram of connections see plate Yo. XxiX 
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Average Percent Correction for Meter No, I. 

Table No..B... 

Voltage. 

Watts 95 100 105 110 115 Z. av. oor. 

100 -0.8 10.3 75,5 +2..3 +1.0 $1.5 

150 2.) 42.7 +3.4 2.1 +3.3 + 2.3 

200 -1.2 +1.4 +3.1 -1.3 -0.2 +0.4 

250 -0.4 10.2 +4.0 -1.6 £3.90 +0.6 

300 0,7 0.4 +1:% -0.5 +0.4 $0.2 

350 -0.%7 -0.6 15.5 78.8 $0.7 +0.3 

400 -0.6 -0.5 +1.8 40.4 $1.1 +0.4 

450 mle -0.2 +17 +0.8 1.5 +0 .4 

500 -2.6 10.2 +2.5 +0.4 £3.0 +0.7 

Remarks: The above table was taken from the correction 

curves ( 95 = 115 volts inclusive ) of meter No. I. 

See plate No. VI



Watts. 

160. 

Remarks: 

Average Percent Correction for 

95 

72.6 

+0.3 

+0.4 

10.4 

-0.3 

-0.8 

-0.8 

-0.9 

-0.9 

100 

t+2.4 

41.0 

t1.6 

2.5 

t2.8 

+2.4 

1.6 

$1.2 

+1.0 

Table Yo. 7 

Voltage. 

105 

+4.3 

£42 +3 

12.2 

13.4 

+X. B 

#1,3 

71.8 

22.5% 

#2.0 

11.0 

+1.0 

+1.5 

-0.2 

10.3 

10.3 

#31.0 

+2.8 

-0.2 

40.9 

Meter No. 

115 

=-4.4 

-5.1 

-4.,5 

Re. 

4 av. cor . 

1.2 

-0.2 

-0.1 

10.6 

40.6 

$0.2 

40.1 

-0.6 

-0.4 

The above table was taken from the correction 

curves (95 = 115 volts inclusive) 

See plate No. WT 

of meter No. Z. 
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Calibration of Weston A.C.Ammeter 

Weston Std. Ammeter 
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Table No. /3 
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