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1. Introduction

Against the backdrop of international efforts to prevent
global warming, the increasingly effcient motor drive
systems used in electric vehicles and industrial appli-
cations have been attracting attention in recent years.
Essential in evaluating the effciency and loss of motor
drive systems, the ability to measure power accurately
demands a range of expertise.

This paper focuses on the characteristics of inverter
output waveforms in order to outline requirements for
the power measuring instruments that are needed to
accurately measure inverter output power. It also intro-
duces a phase shift function by a power analyzer with
a focus on current sensor phase error in order to satisfy
those requirements. Finally, it reports on the authors’
verification of the effectiveness of the current sensor
phase shift function.

2. -



motor that is connected to an inverter as a load (Fig. 2).
The motor’s winding can be thought of as an R-L load
consisting of a resistance and inductance connected
in series. Consequently, impedance grows at high fre-
quencies, making it harder for current to fow.
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Fig. 2: Motor equivalent circuit (for 1 phase)

Similarly, if we look at the power factor (cos 6) for the
power of an R-L load, the power factor approaches a
value of 1 when the frequency is low, for example for
the fundamental wave and its harmonics. However,
because inductive reactance becomes dominant at high
frequencies such as the switching frequency and its
harmonics, current exhibits lagging phase, resulting in
a low power factor.

The bottom half of Fig. 3 provides an enlarged view of
the time axis for the inverter output voltage and cur-
rent waveforms up to the switching frequency region.
The voltage waveform is rectangular, while the current
waveform is triangular. It is apparent that their phase
relationship is characterized by the current’s lagging
phase, as described above, resulting in a low power
factor.
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Fig. 3: Enlarged view of inverter output waveforms
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Fig. 4: Principal components of inverter output active
power and their characteristics

3. Performance required for high-
precision measurement of in-
verter output

This section describes the requirements that a power
measuring instrument must satisfy in order to accu-
rately measure inverter output power. Based on the
characteristics described above, it is important that
such an instrument be capable of measuring active
power not only for a high-power-factor fundamental
wave and its harmonics, but also for a low-power-factor
switching frequency and its harmonic components.
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Fig. 5: Relationship between phase error and active
power error at different power factors

Fig. 5 illustrates the relationship between phase error
and active power error at different power factors. Volt-
age and current phase error in the measurement circuit
has a greater effect on active power at low power fac-
tors than at high power factors. Consequently, accurate
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