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II. OPERATING PRINCIPLE

Abstract— This paper is related to the establishment of a
Primary Standard of AC Power & Energy. This is traceable to
Voltage, resistance (current in effect) and time. Two digitalized AC
signals are generated one for voltage and the other for current.
The signals are converted in analog signals by D/A converters. The
voltage signal is amplified and applied to device under calibration
(DUC) and for measurement, applied to a step down transformer,
which is at same level when it was generated. The current
amplifier generates the test currents which is given to the DUC and
also to a current transformer (CT). The secondary side of the CT is
burdened with a shunt and again brought at the level when it was
generated. The two signals are measured by a Digital Multi-Meter
(DMM) by a single clock signal. Then the two signals, are
compared through DMM. The phase between voltage and current
is applied by time delay.

Index Terms—Primary Standard, Voltage , Current, Power
Factor.

I. INTRODUCTION
The present paper is about the establishment of Precision
Power Calibration System (PPCS) at National Physical
Laboratory India (NPLI) . The system is traceable to base
units and is suitable for the measurement of active, reactive
and apparent powers at any power Factors (PF) [1]. It makes
use of digital signal synthesis and discrete Fourier
Transform evaluation based on single master clock. The
system not only measures power at power frequencies (45 to
65 Hz) but can also measure at 400 Hz [2] Communication
with the PC is handled with bi-directional transfer of 8-bit
wide data word that can be transmitted individually as
ASCII character or in a block. The communication module
has two 8 bit wide bus system for this purpose.

The Primary standard of AC Power has been established in
NPL India for last one year. It works on the principle that a
two channel AC source generates sinusoidal voltages in
digital form and converted to analog signal by D/A
converter and the phase is introduced by time delay. Any
phase difference +180º to -180º can be introduced and
corrected if there is difference in the applied and measured
value. One signal is for voltage and other for current. [3]
The voltage signal is amplified to different values and the
voltage amplifier supplies the voltage to the device under
calibration (DUC) and in parallel to the voltage transformer [1].
The secondary side of the transformer is connected to DMM
through a signal switch. The other signal is amplified by a
trans-conductance amplifier and test current is generated to
different values, which is applied to the DUC and the primary
side of a precision current transformer (CT). The secondary
side of this CT side of a Current Transformer (CT). The
secondary side of this CT is burdened with AC shunt. The
voltage drop across the shunt is measured by DMM through
signal switch. The two signals are compared with generated
voltages and the error is calculated.
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Fig. 1 Schematic diagram and working principle of Primary
Power Calibration System (PPCS)
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Fig. 3 Two step current transformer

Fig. 2 Calibration of MSB 100 by PPCS Set-up
Synchronizing errors are eliminated [4] because of single
clock signal used for generation as well as for measurement
of both signals and also by the use of single voltmeter for
measurement of all the voltage signals. The clock generator
module generates a frequency-programmable output pulse
that is based on an internal quartz oscillator (10 MHz) or an
externally provided pulse signal at the clock input terminal.
The measurement uncertainties are in the range of ± 10ppm to

± 40ppm at k=2. The system is traceable to DC voltage,
resistance and time.
.
The active reactive and apparent powers are calculated by
software and compared with the measured values from
Device under calibration
The digital-analogue-converter slide-in modules convert the
system pulse of the scanning volt meter (10 MHz) into two
digitally synthesised, synchronous, sinus-shaped alternating
, one for voltage at 6V and other for current at 1 V. The
output voltages are galvanic ally separated. The
programmable pre-divider and the option of determining the
number of sampling points facilitates programming of
almost any output frequency.

Fig. 3 shows the structure of a two-step current transformer.
It consists of two ring cores made of highly permeable,
magnetically soft material: the main core (Core 1) and the
compensation core (Core 2). They are provided with a
primary coil WP (number of turns NP), a secondary coil
(WS, NS) and a compensation coil (W K, NK). The primary
and secondary coils envelop both cores, while the
compensation coil only envelops the compensation core.The
primary current IP creates the secondary current I1 and the
compensation current I2 through the impedances Z1 and Z2.
This two-step arrangement ensures that the magnetization
current, which is required for the magnetization of the main
core (the primary cause of the inappropriate performance of
one-step current transformers), is also magnetizing the
compensation core and creating the compensation current I2.
When the secondary and the compensation coil have the
same number of turns (NS = NK), the compensation current
I2 becomes nearly as large as the magnetization current
required for the magnetization of the main core. If one adds
I1 and I2 in a suitable manner and forms the quotient of the
added currents (I1 + I2) and the primary current IP, the ideal
conversion performance of a two-step current transformer
results, which only depends ratio Kni = NS/NP:

-6

Values of approx. 1 x 10 or 1µrad in phase can be
achieved for the complex measuring error εi (with real part
αi and imaginary part βi). When two resistors with the same
nominal value RN are used for the impedances Z1 and Z2
and the output voltage Ua is calculated as the total of the
voltages U1 und U2, the following complex conversion Kju
results for the current/voltage transformer

The Output currents from 0.1 A to 100 A are generated.
Current range settings are at 0,1 A – 0,25 A – 0,5 A – 1 A –
2,5 A – 5 A – 10 A – 25A-50A-100A
In this idealized case, the properties of the current/voltage
transformer only depend on Rn and the ratio of the numbers
of turns NP / NS.

Voltage ranges are 60-120-240-480 V
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Table 1 Measurement Uncertainty (Type A & Type B) for the PPCS at 120.0 Volts, 5A & 0.8 lead Power factor.
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Table 5. Comparison of results of MSB100A by NPLI
and NIST for 0.1 (i/c) PF at 240V/10A
IV. CONCLUSION:
The traceability of PPCS is achieved by the RMS
voltmeter and AC Shunt with small and well known
frequency characteristic which are calibrated against the
national standards and the errors whatever be are
incorporated in the software. The reduction of
measurement uncertainty is achieved by the use of single
clock signal for the generation and measurement of the
signals. Use of single voltmeter reduces synchronization
errors and unavoidable differences between the sampling
voltmeters.
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