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15 Years of CHIL & PHIL at CAPS
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15 Years of CHIL & PHIL at CAPS
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First 4 RTDS Racks at CAPS
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15 Years of CHIL & PHIL at CAPS
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4 individual Modular Multi-Cell (MMC) Converters

Galvanically isolated
Each 0...+/-6 kVdc, 0...+/- 210 A

Any series & parallel configuration possible

12 kHz effective switching frequency




Full Bridge MMC
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MMC Controller HIL (CHIL) Simulation

CHIL simulation of the PHIL amplifier is an
essential tools to de-risking PHIL experiments
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MVDC Lab
Experimental Possibilities
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MVDC Lab
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« Power transfer with different rates

« 5 ms delay in action of second load

« AC voltage and frequency fluctuation is minimal
» Generator power reaches 1.5 pu for 15 ms

5 | L 1 | L | 1
-001 -0005 0 0005 001 0015 002 0025 0.03
t(s)

W

09 | 1 | L |
-0.01 -0.005 0 0005 001 0015 002 0025 003
t(s)

1.001 ‘

1‘ —
!
t(s)

3.9 MW, 4.16 kV, 60 Hz

DISTRIBUTION STATEMENT A: Approved for Public release, Distribution is unlimited

750 kW, 5 kV, 150 A



Energy Storage Control via MVDC Bus
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Current (A)

Installed and commissioned on May 18th
Goal: Exercising the IMU on active loads & sources
Individual PEBB tests: OK
Discovered effects of HF common-mode currents
Improved EMI, learned valuable lessons for
PEBB-1000 and PEBB-6000 programs
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Fault Management in Breaker-less
MVDC shipboard power systems

Fault clearance process of MVDC

« |dentify and isolate short-circuit faults via system
coordinated control of power converters and Detect and Isolate  Re-
_ _ - _ : local faulted energize
non-fault-breaking ultra-fast mechanical ocalize R

disconnects \ t

» Challenges

Looped system with multiple sources
Fault current waveforms (transients during faults)
Bi-directional power flow from power electronics \ /

Targeted system response (1) to (4): 8 ms

Voltage

Time

« Primary — Centralized Fault Management Current|
(CFM) Normal

= Based on federated data aquistion Dperation
» Instantaneous percentage differential scheme

System
Restored

* Backup — Localized Fault Management (LFM)

= Based only on local measurements
= Distance protection principle

b

Fault Time

inception
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Current Limiting with MMCs

DC voltage
reference set to 1 kV

Prospective current:
597 A

Contactor closes at
t=0
Max current 270 A

Steady state current
200 A@ 385V
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Arc Fault Testing

Copper bus bars

Controller

l Aluminum rod
1 mmc* l‘/ 7S

8" gap

Controller

- + 0.7

MMC o8

= _ 05

% 0.4 ; |

. . £ o3|
Setup: Two MMCs connected in parallel in CSM and to B nl 4
a set of copper bus bars. The bus bars are set with 8” 0ap |

gap of separation and an aluminum rod provides a
short between the two.

Voltage [kV]

0 005 01 015 02 025 03 035
Time [s]

Snapshot of the arc during the test with correcting voltage
and current waveforms

Photograph of the arc fault setup with 8" gap between
DC rails and aluminum rod shorted between probes.
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Concluding Remarks

« Established MVDC facility with
MMCs
« Ongoing experiments
— Testing of VaTech’s Impedance
Measurement Unit

— Rapid Power Transfer in shipboard
MVDC systems

— Fault Management in fault current
limited shipboard MVDC systems

— Common mode coupling of MW
scale converters

15



« Established MVDC facility with
MMCs
* Ongoing experiments
— Testing of VaTech’s Impedance
Measurement Unit

— Rapid Power Transfer in shipboard
MVDC systems

— Fault Management in fault current
limited shipboard MVDC systems

— Common mode coupling of MW
scale converters

15 years of CAPS Leadership in CHIL & PHIL
to be continued...
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