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ORNL Facilities Summar
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GOAL—-Grid Operations and
Analytics Lab

Real-time Grid Simulation lab

Grid

Alternate Timing Lab

Hybrid AC/DC Infrastructure Lab Operations

Medium-Voltage Lab

Advanced Computing Lab

Grid
Systems
Integration

Advanced Component
DevelopmentLab
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Buildings-to-Grid Lab
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Battery Manufacturing Facility

DECC Lab Q
Energy .
PCAT Lab - Storage ') Battery Recycling and Reuse Lab
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e Solid State Battery Lab
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Advanced Com oneni' QO MV Power module platform

Develo meni | Y= O Class 10K Cleanroom for Power Electronics
R~ - Manufacturing

O Automated soldering, bonding, and welding
equipment

Q Static and dynamic characterization for
power modules and devices

Q Reliability and Environmental testing for
power elec’rronlcs
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Advanced Component Development -
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0O Magnetics Design, Fabrication, and Testing

Baseline design and assembly capabilities

Work with both internal and external
partnerships for construction and testing

Pulse testing capability for evaluation

Coordination of power testing at base

converter levels and control strategy

|
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Inductor number
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1:
3: J16737, 500 uH 542.2 uH
4: 116736, 1mH 967.7 uH

Electric Parameters Input Data
(Spice, Simplorer, Plecs, Simetrix, etc.)
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Core and Winding Design Requirements
Selection (B, L, and initial

winding calculation)

Winding Size / Gap

Loss and Temperature |[ §

Length Verification
Optimization
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DONE
ORNL
Measurement 1t
904.1 UH @86 A
S510UH @77 A
512UH@97 A

1055.9 uH @100 A

175/350 kW DAB Transformer

75 kVA
Configuration

" Inductor
Power Testing

Multigap s:moo/thing inductor
1mH, 1 kHz, six gaps
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EMI Board DPT/ | .
Level Stack 12t Test Power :ontlro/lnter € | [ short
U sys em Pac aglng anc e | [ | [wame | | || e | [
Measurement Test Tracer Circuit Test | | HV H3TRB » B BOX,
ORNLcustom
lectroni
Gate Drive, power Mod elavs Aux Irmg esting Cage
Sénsor Boards Assemblyto Supply, SlgnaITest wVoltage
Pneumatic

O Power Electronics Assembly Torque Tooling, .
i Collab Robotics, [ — — — — ~ ! e Niring,
O Pilotflevel assembly for component and subsystem vaterils I e s, St

Full Thermal
Test (Fans,

i i i Handlers,  Cabifiet Mechanical oh Tem
integration for inverter and converter prototypes Erthrep (holes Pt Tost bartial o™
) supports, Breakers, (’\:/cl)angs:f:icctsion MV Discharge Burnin
O Component and sub-system level testing and Fuse bores) and Test Bed Testing Oeration
. . Duration Testing
COﬂfIgUFCITIOﬂ (Power Block or
System)
QO Magnetics development and pulse testing Thermal | [TempCycle | PowerCycle E‘L%RTGTP ] kin
. . Shock ATS Tenney Siemens Extlr:r::eor Ch\::;;\ental
Q Evaluate of board level metrics for drivers, controllers, 2Cold option e Sizing? 7X78’
or $ensors

O Automated dispensing, coating, and spraying
capabilities for board rework, cleaning, epoxy or
conformol coa’rlng
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O Technology resources
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Hybrid AC-DC Infrasfru_ctureLab

(2) 480V 1200A 3-phase busways
1500V 2400A dc busway
6 interconnected fest stations

Remote controlled interfaces for AR |
each bus at each test station \< g

Each test station can operate with 2
source and 2 load emulators used
iIndependently or coupled

N

Remotely reconfigurable trip settings, " e B 1
inferconnect measurements, and Lo Tl Tl = 1] e
isolation. == A ‘4 oy
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Utility System

Optimization

\

Device
+ Integrator

e

Variables *

Station Controller

Control and Optimization using Distributed Agent-based System (CODAS)

Developed to support power electronic systems integration for both simulation and hardware projects

Optimization &
Management

Resource
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ad Medium Voltage Test Lab

g
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5 kV, DC 40 A isolated
controllable power supply

2 kV, 400 A DC test bed for testing !

DC/DC converters in a loop

13 kV/TMW isolated transformer
with multiple secondary taps (2.4-

13.8 kV)

Pulse test characterization, hipof,
and partial discharge testing to

10kV

2 kV/50 kW load bank
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Facility Integration Process
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| Digital Signal Processor or Converter Controller (CC)

Coordinator Controller
1 | 192.168.55.105

Node/Hub Controller
192.168.55.101

Node/Hub Controller
192.168.55.100
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Transition to
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Hardware Hardware in the loop

M Starke et al., "4 Remote Development Process and Platform for Power Electronic Systems,” 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), 2021, pp. 3182-3189.
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Distributed Energy Communications

and Controls (DEC

Transition from emulated test conditions to
physical resources and real use conditions
0 Couple ORNL, Industrial, and Academic
power electronics solutions for testing and
interaction with several different sources
(PV, ESS, R/L loads, etc.)

Q Evaluate bidirectional power flow and
optimization with real source/load use
case conditions

Q Test bed for Anomaly Detection
Q Indoor and outdoor testing
Q Evaluation and demonstration of grid
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. NOT SHOWN: PV transfer switch ca
be ) put 50kW PV on PP3; Capstone
L Microturbine can connect to PP3 or
AC PP1 via transfer switch;
A 13.440W Array vy -4
boc

Storage is offline; 144kW DC Supph
Energy 24kW on PP2 is currently needing

Storage Programmable ! ire t
Load AC o repairireplacemen

Figure 3. Proposed Phase 1 hardware insertion into current DECC schematic for integration with DECC Distributed Energy
Resources.
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Power Conductor Accelercﬂed Teshng |

Southwest :AG/ | **; \ EO;;‘E—‘P
Q Two real 600 ft spans of transmission line (3 fowers) _—
Q 2400 ft of conductors /A -

/f ST,‘:;:; PCAT LAYOUT

Q High current (0-5000A), low voltage (0-400V) DC
supply

Q Conductor temp. up to 300°C Double-circuit conductor

Q Comprehensive sensing & measurement Power supply trailer
equipment

0 Reliable communication and data collection

D Prog rO m G ble TeSTi n g proced U re Total length ~1300 ft.
o / e

—— 3 ¥ D

Test Line = 1200 ft. (2-600 ft. spans)

. Instrumentation shed

Existing communications line
(telephone or internet)

Existing 13.8-kV distribution line
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O Battery Automated Disassembly - =4 ”?’r
(Reclaim/Reuse) 2 1 0 o - e
Q Battery Level Diagnostics .
Qd Module, Stack, Cell capabilities
d Repair and Reuse
0 Automated disassembly
O Accelerated fastener defeat

0 Secondary Reuse Battery Stack
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