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Medium Voltage Drive

Application Notes

Rectifier Design Selection – What design is best for my customer?

There are three configurations offered as options for the front-end rectifier of the PowerFlex 7000 MV Drive. It is
advantageous when selecting a rectifier design to have a good understanding of what the customers needs and
limitations are with regards to power factor, space requirements, harmonic specifications and cost, etc, The quality of
power supply, as well as the rating, condition and duty cycles of the motors, will also be important criteria to consider
when selecting a rectifier for the Power Flex 7000 MV Drive. All three options offer efficiency, motor protection,
energy savings and optimization of power quality in varying degrees. All three of these options comply with the
recommended IEEE-519 requirements regarding harmonic distortion.

• A 6-pulse thyristor-controlled rectifier with passive-tuned harmonic filters is shown in Figure 1. The line
current before and after the filter is shown. The input waveforms shown in Figure 1 illustrate that the current
before the filter contains the 5th, 7th and 11th harmonics, but the current after the filter is more sinusoidal since
these harmonics are redirected through the tuned filters (tuned at 5th, 7th, and 11th harmonic respectively). The
6-pulse rectifier is ideal in installations where power supply to the drive is limited and cannot exceed a certain
percentage of total plant load. In installations where harmonics are not a major concern, the 6-pulse
configuration is the most economical one. An AC line reactor is also offered as a recommended option on
installations involving new motors.

Figure 1 - 6-pulse rectifier with input waveforms
(top to bottom: line current before the filter, line current after the filter and line-to-line voltage at PCC)
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• An 18-pulse phase-controlled rectifier is shown in Figure 2. In an 18-pulse configuration, IEEE-519
requirements regarding harmonic distortion are met without the need for passive filters. However, a multi-winding
isolation transformer is required to mitigate the low order harmonics by incorporating phase shifting principles.
The resulting line current and voltage are shown in Figure 2. This option is a simple, highly efficient and easy to
use one involving series rectifiers and only three sets of secondary windings on the isolation transformer. Due to
the requirement for the isolation transformer, this option does carry with it a larger footprint that requires
additional control room space.

Figure 2 - 18-pulse rectifier and its input waveforms
(top to bottom: line current and line-to-line voltage at PCC.)

• A Pulse-Width Modulation (PWM) rectifier is the third option and is shown in Figure 3. The PWM is an active
front-end rectifier suitable for Current Source Inverter (CSI) topologies. This is a particularly attractive option for
applications involving the use of new motors, since it does not require an isolation transformer to meet IEEE-519
requirements. This results in a drive system that has the highest efficiency, most compact footprint and offers the
lowest total cost of ownership. The typical drive efficiency rating at full load full speed is 97.5%. Most available
technologies in todays Medium Voltage market require a multi-winding transformer to mitigate the undesirable
harmonic distortion through cancellation by phase shifting the transformer secondary windings. Depending on
the topology, the transformer can have up to 15 sets of secondary windings. This can compound the complexity
of the system should the isolation transformer be required.
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The PWM rectifier requires a switching pattern that complies with similar rules as the inverter. The pattern used
is a 7-pulse Selective Harmonic Elimination (SHE) pattern that eliminates the 5th, 7th and 11th harmonics. The
input capacitors are designed to reduce the current harmonics of the higher order. The filter resonant frequency
is placed below 300Hz where no residual harmonics exist. The filter transfer function technique is used to place
the filter break frequency in a region where no harmonics are present. This prevents the excitation of system
harmonic frequencies. Other factors that are considered when designing the filter are the input power factor and
the requirement on Total Harmonic Distortion (THD) of input current and voltage waveforms. The small AC line
reactor, as shown in Figure 3, provides additional filtering and current limiting features to a line side short circuit
fault. A current THD of less than 5% is achieved.

Figure 3 - A Current Source Inverter drive with Pulse Width Modulation rectifier option
and its input current/voltage waveforms

(top to bottom: line current and line-to-line voltage at PCC)
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