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MYV Converter Applications
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Opportunity and Technical Innovation

e Back-to-back MV AC conversion today entails 60 Hz transformers
down to 480-600 V. then power electronic conversion (system is
heavy and expensive)

e Standards for “grid connectors” are not well defined

® (Grid operation on radial feeders is limited, particularly in regions
with high-levels of DERs, resulting in hesitation to install more
DER and limited flexibility

e MV power electronics are difficult to test presently
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Grid Application Development, Testbed, and Analysis for
MV SiC
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Back-to-back Converter Development
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Converter Development

Bus Bar Assemblies
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HV capacitor

Voltage sensing
board

Gate drive board

Auxiliary power
I Auxiliary power supply Heatsink and fans
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Three phase Converter pictures — Developed by academic
partners
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Full converter
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Power Electronic Converter in a Real System

Application or System Control >10 ms Control Implementation
Converter - Operating mode determination

Control

Application Control 1ms - 1s
- Overriding control & measurements

Converter Control  10us—-1ms
- PLL synchronization
- Coordinate transformations

(Conver‘ter’) - Current controls
& S itching Control 1-10
. . witcnhing Lontro — 10us
SWItChlng - Modulator
Control - Converter switching logic
- 2™ Jeyel protection
Hardware Control 0.1-1ps
. . - Stack or module assembly
Power CerUIt - Snubbers for safe commutation

- Gate drivers and feedbacks
- 1*t level device protection

- A/D and D/A conversion

- Gate drive power supply

- Current and voltage sensors
- AC/DC power terminals

- Thermal management NREL | 10




Controller Development — Central Controls

Central Controller Architecture
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Controller Development — Control Implementation

Control Platform Specification and Architecture

CAN Bus:

IEC 61850

protocol: Ethernet + VPN tunnel \%

SN65HVD23x Can Central Controller
Transceiver+DB9 cables

Control Algorithms: Volt Var, Volt Watt, Frequency Watt, Ride Through, Ramp Rate

Speed: 1Mbps Operational Commands
Safety Trip Signals

]

S

S
( \ PWM-8/phase, (24)

Local Controller
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Active Power Control
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Multiport, modular, medium voltage power electronics
system (M3PE-HUB)




M3PE hub controls
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M3PE hub controls

» Multiport, modular, medium voltage power electronics system (M3PE-HUB) is being
for futuristic grids.

» \Verification of M3PE-HUB’s operating scenarios under important corner cases were
identified and addressed.

» Preliminary case studies were performed via real time simulation in RSCAD with the
M3PE-HUB connected to an existing model of Banshee microgrid.

» |EEE-1547 2018 based advanced grid functionalities are implemented for the M3PE-
HUB in a central controller to have a better grid supportive functional operation.

» Several important case studies are being explored to realize the operational
capabilities for the system either in grid following or grid forming modes
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NREL MV Capabilities

2MVA Synchronous Machine Medium Voltage Controllable Grid

(driven by 2.5MW dyno) Impedance Network Interface (existing)
13.2kv

Connection to
other ARIES/FC
Equipment

2MVA PV Inverter System Equipment—Under;
(Research Control Platform) Test Pad

NREL Flatirons facility
 Upcoming MV test facility
 PEGI (December 2023)
 APET (2025)
e Test platform for MV converters with more

flexibility NREL | 17

Energy Systems Integration Facility
* Indoor MV test facility

e Real Time Digital Simulators

e PV emulators —1.5MW

e Grid simulators —2 MW




Conclusion & Other Contributions

® [mpact of the advent of medium-voltage SiC devices for the power systems
® The combination of various standards on the control of these power converters

e Study of grid applications - quantification and demonstration of grid support
functions enabled by addition of MVB2B converters to the power grid

¢ Final demonstration of the full system at the Energy Systems Integration
Facility in NREL
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