Application Note

Partial Discharge Testing of Motor Stators Using a
Withstand Voltage Tester and Oscilloscope

It's possible to check for insulation defects in motor stators by observing current waveforms during withstand voltage
testing. If there are insulation defects between a coil and the core, partial discharges will occur at a lower voltage.

Target
EV motors, motors in inverter-equipped household appliances, air-conditioner compressors, industrial motors, industrial
pumps, etc.

Market Movements

Inverters and motors are transitioning to high drive (switching) voltages. EVs use drive voltages of up to 800 V, while
the drive voltages used by some inverter-equipped household appliances such as washing machines, air conditioners,
and refrigerators range from 400 V to in excess of 600 V. Generally speaking, partial discharges occur when there is
a voltage difference of greater than 350 V to 400 V. With general-purpose inverters, the problem of partial discharges
becomes particularly conspicuous for motors when the primary-side voltage reaches 400 VAC.

Additionally, increasingly high-speed switching operation of inverters produces surge voltages of up to two to three
times the switching voltage at the motor’s terminals, making discharges more likely to occur (Fig. 1).
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Fig.1 Surge voltage at the edge of a motor
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Problem

Withstand voltage testing is performed by applying a high AC voltage to insulated areas and checking the insulation’s
dielectric strength. Pass and fail judgments are made based on current RMS values. Demand for the ability to monitor
waveforms during withstand voltage testing (dielectric strength testing) has been growing in recent years.

Have you ever heard a faint sound caused by discharge during withstand voltage testing? That sound is made by
discharges that are not accompanied by sparking. Since this discharge phenomenon does not appear in current values,
the stator will pass the withstand voltage test. However, the discharge could cause an insulation failure after the motor
has entered the market.

In this application, we attempted to detect partial discharges based on current waveform observations during withstand
voltage testing.

Fig. 2 Electrical testing of a stator

Solutions

A withstand voltage tester is connected between a coil of a stator that is connected to the neutral point and the
ground (Figs. 3 and 4). Two CT probes are attached on the ground side. CT1 measures from DC to 120 MHz, while CT2
measures from 4.8 kHz to 400 MHz. The current waveforms from these two CTs are observed using an MR600O0 (similar
to an oscilloscope).
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Fig.3 Photograph of test setup Fig.4 Partial discharge measurement circuit diagram
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Equipment used

kY

AUTOMATIC INSULATION/WITHSTANDING HITESTE 3153 HIOKI

MEMORY HiIiCORDER MR6000 HIOKI
CURRENT PROBE (CT1) CTe711 HIOKI

HFCT Current Transformer Broad Frequency Response (CT2) CT-B5.0 MAGNELAB
High-Voltage Differential Probe TAO044 Pico Technology

Measured data 1

At a test voltage of 1000 V AC, no change was observed in either the CT1 (light blue) or CT2 (white) waveform.
At a test voltage of 1400 V AC, partial discharge waveforms were observed for both CT1 and CT2.
We enlarged the partial discharge waveform at the 1400 V AC test voltage for further observation.

Video URL:
https://www.youtube.com/watch?v=5QgtKKmsPgk
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Measured data 2

We placed the coil in contact with the core and observed the current waveform with a test voltage of 1000 V AC.
Although there was no change when the coil was not in contact with the core, a partial discharge waveform was
observed when the coil was in contact with the core.

Video URL:
https://youtu.be/4XjBkkZCNDO
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Summary

Partial discharges, which cannot be detected using withstand voltage testing alone, can be detected by observing
current waveforms during withstand voltage testing.

In the presence of an insulation defect, the partial discharge starting voltage will be lower.

If the stator has not yet been connected to the neutral point, you can check for partial discharges between coils (Fig.
7).

[t may be possible to automate testing using the oscilloscope’s trigger function.

However, it will be necessary to exercise caution concerning grounding and the noise environment.

Fig.6 Ground/coil withstand voltage testing after Fig.7  Coil/coil withstand voltage testing before
connection to the neutral point connection to the neutral point
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