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Tutorial Abstract:

Experiments play a major role in the research of motors and converters. The properties and efficiencies of the
motors and converters are verified through experiments. The continuous improvement of the efficiency of the
devices and distorted electrical waveforms create specific challenges for the task. This tutorial introduces the
typical efficiency determination methods for converters and motors, highlights the corresponding international
standards and analyses the measurement uncertainty using real case studies.

Efficiency is the ratio of the output power to the input power and can be directly determined by measuring the
input and output powers. This input-output method is troublesome when the efficiency of the device is high
because the uncertainty of the losses is approaching infinity when the efficiency is approaching unity. Therefore,
loss segregation methods or calorimetric methods are recommended for high efficiency devices, but in practice
the input-output method is the only viable method for regular use. One objective in this tutorial is to understand
the limitations of the input-output method.

Uncertainty analysis is a basic tool in science, but it has been ignored in the field of electric motor systems. The
accuracy of the power measurement in the case of pulse-width-modulation (PWM) has been a controversial topic.
Here, the measurement uncertainty determination methodology in electrical (sinusoidal and PWM-supply) and
mechanical power measurements is presented, and the loss and efficiency uncertainties of converters, motors
and motor systems are analyzed.
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