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Abstract

The use of a time-division multiplisr power meter
as a watt transfer standard between the National Insci-
tute of Standards and Technology (NIST) and an Indus-
try standards laboratory Ls described, Measurements
of power at 120 and 240 wvolts, 5 amperea, 50 and 62 Hz
and at power factors of 1 and 0 lagging are described.
Afcer the unit of power was transferred to the indus-
trial laboratory, a comparison of the laboratory and
NIST calibrations indicated an agreement to within l&4
parts par million (ppa).

Introduction

Consumers, suppliers, and government regulaters of
alecerical energy are paying increasing actcencion to
cost. One of the consequences of this actencion is the
development and testing of mors accurates meters for al-
ternating current power and energy =measursments. An-
othar is the development of more afficlent distributlion
squipment ineluding transformers and reactors. Commer-
cial revenus meters having specified uncertainties of
0.1% are now baing advertised. Thes gradual replacement
of the 1 - 2% induction meter by its more accurate
solid sctacre counterpart 1s beginming. In order to
evaluare the performance of these meters, tranaformers,
and reactors, &cCUrate power measuresencs are requir-
ed. There i3 a growing need to establish the unitc of
power in Indusctrial standards laboractories with an
uncertainty suitable for measuring such performance,
i.e., to better than 100 ppam.

An  accurate method of wmeasuring alcernating
CUrrent power uses &4 curTent comparator power bridge
which relates the power to the units of wvoltage and
resiscance. The standardizacion may be accomplished
wich respect to the national srtandards by well known
mechods . [1] However, the use of such specifal power
bridges requires skill, i{s time consuming, and is us-
ually done only at national laboracories. A watt-
mecer, orf warct convercer (L.e. a device producing a de
voltage output proportional te the aec power Input)
calibracion, which can be rtraced easily to national
standards, greacly simplifies cthe testing of these new
alternacing current wactmecers and low-loss discribuc-
ion coamponents.

The design of such a wattmecer was undertaken ac
ths Inscicuc Mihaile Pupin, Belgrade, Yugoslavia, and
was dascribed at the Conference on Precision Electro-
magnatic Measurements in 1984,.(2] This cype of mecer
was used in 1987 for an international cowmparison of
power standards. The meter was able to verify that the
alternacing current power standards of Canada, the
Fedaral Republic of Germany, the Inscitut Mihaile
Pupin, and the Uniced Scace agreed within 25 ppm.[3]

A recently commercialized wersion of the above
described watt convertear [see the note following the
refarancas) has ac wvoltage and current Iinput ter-
minals and de voltage output terminals. In ics commer-
clalized form., the wattmeter has two input ac wvoltage
ranges, 120 and 240 volts and four ac current ranges,
1, 5, 10, and 50 amperes. Using the ac input ranges of
120 volts and 5 amperes, the conversion conscant is 10
volts de output per 600 wacts ac input (active) power.
An accurates Th-digic voltmeter can be used co read the
de output wvoltags. Its small sire and lighe weight
makes LIt convenient to transport.
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This paper describas an experiment demonscracing
that this type wactrmeter can be used to accuractaly
transfer the unit of power from a nacional laboratory
te an industrial standards laboratory without the need
for specialized aquipment or knowledge.

Erocedure

In this experiment two wactmerers wars used. The
object of the experiment was not only te show chat the
meter is stable bur alss that the calibration can be
transferred from one mecar to another meter with ease.
The first meter was sant to NIST for testing in Sept-
ember 1988. MIST reporcted corrections to the convers-
ion constant at 120 wvolts, 5 amperes, 240 wvolcs, 5
amperes, 50 and 62 herctz and 1 and O power factor lagg-
ing. This merer was ussad in January 1989 wich firts
corrections {n an industrial standards laboratery to
decermine corrections to the conversion conscanc of
the second waccmeter. The second wactmeter was then
sent to MIST for determination of the corrections co
irs conversion constant with respect to tha national
scandards. The diffsrence bstween the convarszion con-
scant as datermined at the industrial scandards labor-
atory and at NIST is a measure of the scability of the
wattmeter and of its ability to be used as a transport
standard. The elapsed time from cthe inicial cesc of
the firsc meter to the last test of the second seter
was nine months.

The procedurss for transfarring the calibracien
from a reference wattmeter ©o a sscond uncalibrated
wattmeter are simpla. A scable source of ac wolrage
and current with adjustable powar factor was applied
sipultaneously to the wvoltage and current inpucts of
the two watt converters. A digical voltmeter was used
to measure the two wattmerer de voltage outpucs. The
arrangement is shown in Figure 1. The difference be-
tween the two dc output voltages is corrected for the
calibracion of the standardized meter and the result
is the correction to the conversion facter of the
second meter.

Using the source referred to above, the measure-
ment of the output of the wattmetars have a short rerm
stabilicy of a few parts per million over a 20 minute
interval. The digital volemeter averaging feature was
used so cthat each measurement was the average of 10
readings at 3.2 second incervals. Further, the mea-
suremencs were repeated on four successive days and
the average of the four measurements was used as the
correction for the wattmater. The Cemperature of the
standards laboratory was maintained within #0.5°C dur-
ing the tests. Since the measured temperature coaffi-
cient of the power meters is less than 2 ppm of appat-
ent input power per degree Celsius, temperature wvariat-
fon in the laboratory had only a miner influence on
the measurements.

For the procedures used by NIST to calibrace watt
converters, the reader is referred to Reference [3]
which has & description of the equipment used by the
standards laboratories of Canada, the Federal Republic
of Germamy, the Insciruc Mihailo Pupin, and the Unfted
States for wattmeter testing.
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Arrangezenc for comparing the calibrations of two
alcearnating currenc power meCers

Figure 1

Besults

Table 1 compares the corrections im parcs per
million to the conversion constant at 5 different Ctesc
points as decermined in the Iindustrial standards laber-
atory in January 1989 and as determined at NIST in June
1989. It can be seen that the maximum difference in
the corrections for this nine month periocd to the con-
version constant occurred for an input of 120 wolcs, 5
ampares, unity power factor and at 62 hercz, and was
14 ppm.

It should be again ‘noted thar thess results are
peasures of the stability of the two matars used over
the period of the tests as well as of the random srrocs
of the measurements at NIST and the iIndustrial
laboratory. In a transfer standard, ome looks for good
long-term stabilicy. These data do net include the
systemacic uncertainty of the WIST calibrations since
it iz the same in both secs of measurements at NIST and
hence does not affecc the ‘difference in callibracion
corrections’ shown in Table 1.

Induscrial
Standards
Laboratery NIST Difference
Test Calibracion Calibracion in Calib.
Condicions Corrections Correctioms Correctlons
(ppm) (pp=) (ppm)
50 Hz 120 ¥
SA 1FF -14& -B -6
62 Hz 120 ¥
SA 1PF = -10 =14
62 Hz 120 ¥
54 0 PF Lag -1 -10 +9
62 Hz 240 V
SA 1°PF -42 -52 0
62 Hz 240 v
5A 0 FF Lag -6 -7 +1
TABLE 1

Comparison between cthe calibration correction in
parts per million of watt converter conversion
constant as decermined at an induscrial stan-
dards laboratery and at the Natlonal Insticute
of Standards and Technology.

References

[1] W. H. Oldham, ©. Petarsons, B. C. Walchrip,
"Audio-Frequency Current Comparator Power Bridge:
Development and Design Consideracions™, JEEE
Irans. Instr. and Heas

., Vol .38, No. 2, pp. 290-
394, April 1989.

(2] P. Hiljanic, B. Stojanovie and F. Bosnjakovic,
*The Development of a High Precision Time-

Divislon Fowar Hetar”, in Proc., Conf. FPrec.
Electromagn, Heas.. pp. 67-68, Aug. 1984,

[3] W.J.H. Moors, E. S0, N. M. Oldham, P. H. Hiljanic,
and R. Bergeest, "An International Comparison of
Power Mater Calibrations Conducted in 1987, [EEE

, Vol. 18, Ho. 2, pp. 395-
401, April 1989.

In no case does the testing or use of any commer-
clal product lmply recommendacion by NIST, nor does
it {mply thac the product is the besc avallable.




