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Fig.1. - Summary of the manufacturing electricity

consumption in the U.S. by major end users [1].

* Fixed speed drives - 30% to 80% potential
wastage due to the mechanical throttle.

 Variable speed drive (VSD) - Control the speed
and torque of the motor by varying the voltage
and frequency.

 Medium \Voltage (MV) systems (>1kV) reduce
copper losses.

* Only 13% of MV motors are integrated into
V3SDs.
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Fig.2. - Summary of relevant devices (WBG)
material properties for silicon are a step 1o
(Si), silicon carbide (SiC) ,and  address the market
gallium nitride (GaN) [2]. barriers.
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Fig.3. - Schematic of (a) an MV Si-based and (b) an MV
SIC-based inverter for high-speed motor drive application.

Applications — Pumps, Fans, Compressors, Olil,
and Gas, Aircraft Propulsion Systems, Wind
Energy Systems
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Medium Voltage Motor Drives

SiC-based studies Alstom o SiC-based devices — 3.3 kV,
NPC — |2 6.5 kV, and 10 kV.
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Fig.4. - Overview of existing Si-based MV drives in the market.

Topic 3.
Build a MV
CSI

Research Statement: Investigate SiC-based devices for CSls

Si1C-based Current Source Inverter

Topic 1. Finalize an optimal switch
configuration and package the switch for
Improved power density

Topic 2. Reliability of

power converters

 Components failure
[3]
Power devices are
the most critical
components — 31%
Gate driver faults —
15%

Topic 4. Interface the CSIl to a
high-speed machine system

Topic 5. Implement an MV-based
coupled DC inductor

Fig.5. - Research aspects of the three-phase CSI for motor drive applications

Current Source Inverter for Medium Voltage Motor Drive
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Results

« 3.3 kV SIC devices were used for this research, and results can be extended for higher
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voltages.

Topic 2 and 3

FReean

— p— T— =

Vi 4
SSSSS

ate Driver and GD Power Suppl ,*sf'ﬁ b g
for IGBTs “ A

Power density > 40 %
compared to baseline.
Efficiency Increases by -~
3%.

Operated at higher
fundamental frequencies
greater than 60 Hz.

Fault detected within two
fundamental cycles.

Future Work

Operate the CSI at full voltage and power ratings.
Implement an optimized MV-based coupled DC inductor
design.
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