
NIST Progralll for Traceable Power and Energy
Measurements Under Non-Sinusoidal Wavefonn

Conditions
G. N. Stenbakken, T. L. Nelson, B. C. Waltrip, and D. I. Bergman, IEEE Members

Abstract-- In response to industry requests to have calibration
services for distorted power instrumentation, NIST is developing
a new sampling system to provide this service. This development
effort is aimed at providing calibration of instruments that will
make measurements in accordance with the IEEE Trial Use
Standard 1459-2000 on power measurements in distorted and
unbalanced conditions. The system will make use of several NIST
developed instruments and sensors.
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I. INTRODUCTION

The National Institute of Standards and Technology
(NIST) has received several requests in recent years from

instrument manufacturers wanting traceability of distorted
power instrumentation. These requests are for traceabilityof
both measuring equipment for and signalsources of distorted
power. Most of these requests have been for calibrations at
the traditional rms power signal levels of 120 V and 5 A.
Several factors in the electrical utility field are driving these
requests. First, much research has shown that some
measurement equipment give significant errors when
measuringdistorted signals [1]. A second factor is the interest
in including harmonic power in electric energy billing to
account for the cost of deliveringenergy to nonlinear loads
[2]. To add this factor to the billing algorithm requires an
accurate measure of the amountof distortedpower introduced
into the power network. Also, the increase in distributed
power generators requires the monitoringof the quality of the
power being supplied to the network.All thesefactors point to
the need for instrumentation that can accurately measure
generallyaccepted quantities for distorted power, specifically,
quantities such as those defined in the IEEE Trial Use
Standard 1459-2000 Standard Definitions for the
Measurement of Electric Power QuantitiesUnder Sinusoidal,
Nonsinusoidal,Balanced, or UnbalancedConditions[3,4].

II. DISTORTED POWER CALIBRATION SYSTEM

In response to these requests NIST has begun a program to

Official contribution of the National Institute of Standards and Technology,

not subject to copyright in the United States.

The authors are with the Electricity Division, EEEL, National Institute of

Standards and Technology, Technology Administration, U.S. Department of

Commerce, Gaithersburg, MD 20899. (email: gerard.stenbakken@nist.gov)

0-7803-7990-XI03/$17.00C2003 IEEE

develop calibration services for distorted power and energy.
The following compares characteristics of the present
calibrations services with what will be added for the new

distorted power calibration services.
These new services will make power and energy

calibrations over a broader frequency range than those
services presently offered. NIST now offers calibrations at
power frequencies of 50 Hz or 60 Hz and calibrations at.
400 Hz. Although calibrations can be supplied at other
frequencies, these tests are not part of the NIST routine
calibration services. The new services will cover all

frequencies from 50 Hz to 3000 Hz. The present services only
provide calibrations using a single sinusoidal frequency at a
time for both the voltage and current signals. The new service
will work with signals that have many harmonics in both the
voltage and current waveforms. The new calibration reports
will provide information for voltage and current signals at
many harmonics. The present services only calibrate power
and energy measurement instrumentation. The new services
will include calibration of power sources. More details on the
calibration services to be offered are given below.

III. DESCRIPTION OF PROPOSED CALIBRATION SYSTEM

A new system is being assembled to perform these
calibrations. It makes use of several NIST -developed
measurement instruments and signal sources. The
measurement system will use the sampling comparator system
and the NIST Wideband Sampling Voltmeter [5]. The
sampling comparator probes are low noise sampling probes
that have a 3 dB bandwidth of 20 MHz [6]. The frequency
response of th~se probes is calibrated in the time domain 'by
using the comparator to measure a well-characterized step-
like signal. These probes will be used in both the voltage and
current channels. The voltage channel will use a voltage
divider to attenuate the 120 V rms signal to approximately 2
V rms. The current of about 5 A rms will be converted to a

voltage with a 0.1 ohm shunt recently developed at NIST.
This shunt wiU be temperature corrected by monitoring its
temperature during the calibration. The design of the shunt
allows for calculation of its phase shift.

The power source signals will make use of two commercial
16-bit arbitrary waveform generators. These generators will
produce signals for the voltage and current waveforms. A high
voltage amplifier will be used to boost the voltage channel
signal to 120 V rms. A NIST designed transconductance



amplifier will be used to convert the current channel signal to
a 5 A rms current [7,8].

The traceability of the calibration will be maintained
through the measurement instruments. The current shunt,
voltage attenuator, and sampling comparator probes will
receive periodic calibrations to basic standards. When
calibrating measurement instruments, the output of the power
sources will be monitored with the measurement

instrumentation. The development of this system is part of a

program to develop a high accuracy sampling measurement
system for power and energy.

The new calibration services will include calibrations for

both power sources and measurement equipment. The sources
will be calibrated for distorted voltage and current signals
from the fundamental power frequency (50 Hz to 60 Hz) to
the 50th harmonic. Standard distorted waveforms will be used

to calibrate the measurement equipment. The NIST
measurement capability will be limited initially to a total rms
voltage and current of 120 V and 5 A.

IV. INTERNATIONAL COMPARISON

The international community must have confidence in
these calibrations.Thus, a pilot project to workon developing
a key comparison of distorted power has been approved by
the Consultative Committee for Electricity and Magnetism
(CCEM) of the Bureau international des poids et measures
(BIPM). This pilot project is making use of a portable
distorted power source developed by the National Research
Council (NRC) of Canada [9]. This source provides standard
distorted waveform voltage and current signals. The
international participants will measure the signal pairs and
report the amplitudes of the voltage and current harmonics
from the fundamental through to the 50th. The phase of each
harmonic will be determined relative to the voltage
fundamental. The results of this project will help each
participant in the development of its calibration systems.
Currently, four countries are taking part in this project being
lead by NRC.

V. CONCLUSION

NIST is developing new calibration services to provide
traceability of distorted power and energy measurement and
generation instrumentation to basic standards. This system
will be compared to similar systems in other countries in an
international comparison. Development of the system is
underway and will make use of instruments developed
previously at NIST for calibrations of ac voltage and current
meters and sources.
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