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The circuit of a typical voltage source PWM drive is shown in Figure 1. Each part of the equipment is bonded to the safety
earth system fo ensure personnel safety if faults occur. All parts have capacitance to ground shown by:

* CM for the motor windings.
* CC1 and CC2 for the power converter circuits.

¢ CT for the transformer’s secondary winding fo the transformers’ screen.
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FIGURE 1

The IGBT switches are in constant
operation at high frequency and this
produces an inverter output voltage with
a PWM wave shape as shown by the
voltage V1(Figure 1).

This IGBT switches also cause a motor line
to ground voltage V2 (Figure 1), normally
called a common mode voltage.

The common mode voltages cause short
high-frequency pulses of common mode
current to flowin the safety earth circuits,
shown by currents 11 and 12 Figure 1),
unless the design includes cable features
to stop this from happening.

It is essential that the common mode
currents return to the inverter without
causing EMC - EMI problems in other
equipment, and this means that the
common mode currents |1 and 12 must
not flow in the safety earthing system.
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For the motor, this is achieved by connecting a set of wires from the motor to the inverter that run with the main power
cables. These are called symmetrical insulated grounding conductors, see Figure 2. These conductors have a very low
impedance compared with the other return path via the safety earthing system.
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The three symmetrical insulated grounding conductors and overall shields are connected as shown in Figure 3.
This 360° connection is essential.

The common mode currents |1 and 12 now flow in the symmetrical insulated grounding conductors. This happens because
the symmetrical insulated grounding conductors are close to the power conductors giving a low impedance route for the
currents |1 and 12 compared with the safety earthing system.

As 11 and 12 flow near the power conductors this avoids creating external EMC - EMI problems.

It symmetrical insulated grounding conductors and an overall EMI shield are not used, EMC -
EMI problems are very likely to occur.
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* Insulation with a dielectric constant
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no greater than 3.0 to minimize
capacitance FIGURE 2

* Voltage rating of 3x the operating
voltage to prevent corona

* Three symmetrical insulated grounding conductors. Some
cables only have one grounding conductor. This is not acceptable Connection
as it produces circulating currents in the earth system Ring

* Extremely fine strands to carry the harmonic currents without Insulated
. . ) . Grounding
overheating (i.e. the inductance of fine stranded conductors is less Conductor

than 7, 19, 37 strand conductors)
* Overall shield to stop the radiation of voltage EMI fields

EMI

* Correct termination at both ends Shield

* Semi-conducting shield around each insulation layer Earth Connection

* Metallic layer around each semi-conducting shield to earth the
semi-conducting shield

Figures 1 - 3 courtesy of Converteam
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