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This Research is Enabling
a Revolutionary Step Towards Ideal Goals

« Unlimited use of stochastic renewable sources through dynamic power flow
control and optimized energy storage.

 Reduction of excess centralized generation capacity reducing our
dependence on fossil fuel based generation and associated fuel
transportation logistics.

 Self-healing, self-adapting, self-organizing decentralized architectures. This
could greatly improve the security of critical infrastructure.
- Renewable energy
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Secure Scalable Microgrid (SSM) Testbed Enables
Hardware Testing of Networked Power Systems

« Testbed allows for a high-volume of flexible, repeatable experiments

« Hardware Testbed includes components representing generation, loads, energy
storage and transmission/transfer

« Component building blocks enable a variety of system configurations

Microgrid #1
Microgrid #3
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Secure Scalable Microgrid (SSM) Testbed Enables
Hardware Testing of Networked Power Systems

» Testbed allows for a high-volume of flexible, repeatable experiments

« Hardware Testbed includes components representing generation, loads, energy
storage and transmission/transfer

« Component building blocks enable a variety of system configurations

« Testbed includes
— Programmable Loads

— Programmable
Generators/Emulators

— Reconfigurable Bus
— Power Electronic Converters
— Energy Storage Emulators

— Automated Experiment
Orchestration

 Master Controller controls load profiles,
system settings and the “weather”




Secure Scalable Microgrid (SSM) Testbed Enables
Repeated Experimentation of the Same Scenarios

* The Master Controller allows for scripted experiments that include
— Load profiles
— Weather Conditions
— Topological/Architectural constraints

* |dentical scenarios with different controls can be tested as a “batch run” of
experiments, each leading to different outcomes
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Generator and Renewable Source Dynamics are

Modeled and Reproduced in the

« Baldor 15 HP Induction Motor with speed
encoder

- ACS800 30HP ABB drive

— DTC with 1% error when used with speed
encoder

— 24 msec timestep
— 5 msec delay after register read
— Brake Resistor

* 10 kW Georator 36-013-1 Permanent magnet
alternator

« Computer runs LabVIEW 2011 with
Mathscript RT toolkit
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Generator and Renewable Source Dynamics are
Modeled and Reproduced in the Laboratory

» This emulator concept has been applied to
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A Highly Interconnected Microgrid
Will Result from these Advancements
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Our Basic Control Structure adds Capability and
Supports Flexibility

Communication network

Energy Management
& Reasoning
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Energy Management Over Ethernet

 Informatic control layer monitors system state and send control actions via

hardwired ethernet

* Low level controllers send periodic measurements via UDP packets at ~800 per

second

» Software agents interpret measurement data to form a global model of the energy

system state

Informatic Control Layer
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Informatics Incorporates Optimization

Optimizer can be a computer resource on the IP network, called remotely,
or can be run directly on the agent platform

Informatic Control Layer sends optimization parameters to an optimizer
based on measurements and system objectives

Optimizer returns reference points that are used by the Informatic Control
Layers to drive low level controllers

Optimizer supports preferences towards particular generation sources
within the energy mix

[ AGENT ]
253752

/ Energy System Optimizer \

* Electrical system circuit equations

* Variables with bounds

* Allows flexibility in microgrid configurations
» Multi-objective problem specifications

« Optimizes nonlinear constrained problems
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Navy Electric Ship Pulse Power App.

* Pulse load demands drives microgrid performance and energy storage

requirements o R— .
Ragone plot compares various 1
energy storage/ propulsion s
technologies as function energy £ 5
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* Multiple pulse load application (EMALS) — DC networked ugrid
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Summary

« SSM Testbed provides a configurable microgrid testing
environment for evaluating controls and component
performance

« SSM Informatics performs closed loop control over an IP
network to manage microgrid resources

 Recent research result efforts address risks and issues
associated with pulse load demands in NAVAL ship
applications.




