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Context of the Pro

== ADMS/DMS
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Challenges: e SSPS
Architectures focused on grid/ancillary services for SSPS T
increased relia bili’ry & resiliency |  Solid State Power Substation and Interconnected Feeders (Level 3) |

v’ Traditional node architectures have laid emphasize o
mainly on power and energy management

v Multimode/mode transition operation is crucial for
responding to internal & external abnormalities

Node (Level 2A)
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Need for health monitoring & data pipelining framework to = qu‘f‘-ﬂer ny BN  Noce L FC S
reduce Operation & Maintenance (O&M) costs et “"f _
v System level framework for health monitoring and piutnl ol Sl
oo . . 11 Al
resilient operation needs to be emphasized. o E
oge ACDC 1
Critical Need:s: ~ | [ i
. . . . |
Architectures & frameworks that support various grid service \|L_PV ES LoAD |/
control modes for grid reliability & resiliency enhancement ~~ —
: : Invention: M. Chinthavali, M. Starke and R. S. K. Moorthy, “Solid
Framework for SySTem level m’regrohon of health data & State Power Substation (SSPS) Distribution and Consumer End Grid

associated metrics. Infrastructure”.
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Proposed Solution & Obje

clives

Demonstration of SSPS 1.0 node with
optimization framework beyond
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Technical Approach
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Mode Translhon/Mthmode Controls Context of the

5

1. Inverters can be used for multitude
of functions for grid services.
However, use/combination of more L Y T Ay ~

than one function has not been

. . ‘ .
explored in the literature for 3-ph ”Ffv\t'\tl* abcdq 0 [o | |—.Jabc o

systems ? T]
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2. Multi mode transitions have been
established only with regards to
fundamental components of P & Q
and not beyond & using state
machines only. Plausible
combinations of modes has not
been explored.

3. Integration of such fransitions to a
hierarchical controller has not been
reported

Function Controller Function Selection
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Multimode Operation - Example

4.16 to 34.5 kV, Substation 69 to 230 kV

PACE

Distribution MV Feeder @ Transmission lines
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. - Interfacing Converters/
[:l SWItChgear Components

- Interlinking Converters/
Components
- Load-facing Converters/

Components
- Grid-facing Converters/
Components

¢ 480V

Primary Control: Vdc regulation

Simultaneous Mode: Harmonic Filtering, QV droop
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#1 - Multimode/Mode Transition Contirol for SSPS 1.0 Node

Mode Transition - Example

4.16 to 34.5 kv,

69 to 230 kV

Primary Control: Power/Current Control
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ia am amt
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Control mode grouping as primary, transition & simultaneous is key to

CCELERATING ELECTRIFICATION

define multimode/mode fransition controls
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Harmonic control in inner
current loop
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Multimode operation use case — 1: Power quality issue in industrial
systems when there are voltage sags in the network
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Benefit: Harmonic compensation + Voltage conftrol = Increased Reliability of grid & downstream

systems/assets
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#3 - Framework for Advcmc:ed Algorlfhms wﬂh Healfh Data

from Down Stream En

SUPER Controller

SSPS 1.0 Node
. . . age H H Ad dC 1
In-situ Parameter Estimation - New additions to messages | Objectives for _CCvafced SoMo=
Active thermal control, lifetime &
from IPS to SUPER (Data Channel) performance & ( reliability control )
e Model based Maintenance
Electronic circuit based . .
estimation
: 1. Sensor Fusion
1. Rds,on measurement via gate ) )
driver Extraction of RUL, MTBF, degradation
2. Advanced index, health index etc.
2. Specialized voltage sensors for Olg%rISZTVrgsfor 1, Rds,on,. ARds, L, C, gate ?dee Extracting useful information
Vds.on measurement PC . degradation, stress/health index
estimation T T
. . IPS Controller
3. Gate driver-based prognostics 3. Diaital twin - _
for gate oxide degradation - Pigital Data Storage & Processing
Passive Encoding of data to SUPER at regular
estimation intervals ~ secs & data storage ~ switching
cycles
= The health estimates will be streamlined from SUPER to Node controller for
higher level system objective formulation for performance improvements &
scheduled maintenances.
Gnctlon temperature, On state resistance, Gz@
» The computational platform requirements SUPER with added computational leakage current, Capacitance
requirements will be identified Measurement/Estimation
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#4 — SSPS 1.0 Node Ophmlzahon Beyond Energy

Management ,

integrate with platform.

Oblechve Develop optimization functions for control modes and

New Objectives !l

Objective Function

Objective = min( X y2 PfC— ySpPFL  + 3 preAux + Y sochAwx + Min(WHPAP + WHQAP).+ Health Objectives
Economics Grid PCC Limit ES Capacity Limit  JHarmonic Filtering Health
Energy Storage Model
SOC — SOCb+(PCb _ de/ _ PlOSS)At/E Energy MOdel PV and Load
t+1 t t N t N ; b 0< Ptva Ptpvforc 0< PtloadS Ptloadforc
0 < P8P < pdh, bhab 0 < P < Pifuxbf®
max Power Limits PCC
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0 PccAux > PCCC Pﬁi& 0< Pch < 1010bch
SOCHAw* > {SOCY — SOCyax Energy Limits \PEP — Puik bEet + bEP <1
So0chy —Soc?
DC Bus Model
geC _ pgeD __ ppv _ pload _ pcb db
Pgrid Converter F i i Pe Pem+ B
0 <P < RIxb!”  0<PIC < RISHIC AC Bus Model
bigcC n bich <1 Power Limifs pgec— pged = Ptgcc _ PthD

health

New constraints based on grid abnormalities & downsitream system
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Streamlining of health data from SUPER -> Agent -> Node Controller

Utilization of health data in SUPER for operational enhancement
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CONTROLLER
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RESOURCE CONVERTER
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RESOURCE INTEGRATION CONTROLLER (RIC)

RESOURCE SYSTEM CONTROLLER (RSC)

Control ISR

State Machine ISR Background Loop
e

Limit Checks/
Fault

Scaling Measurements |

Variables

PCC Monitoring
State Machine
Controls
UDP Comm Decision
Send Making

POWER ELECTRONIC CONTROLLER (PEC)

State Machine ISR Control ISR

Limit Checks/
Fault

Background Loop

Scaling Measurements

Variables
Closed Loop

State Machine Control
Ccomms

Processing of itchi ianal
Data Comms measurements Switching Signals

POWER ELECTRONIC CONTROLLER (PEC)

Communication messages to relay regulation
curves, harmonic compensation setpoints....,
handshaking & data verificatfion strategies etc.
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SSPS 1.0 Node
Controller
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From/To Other Controllers

Computational Node - Intelligence
(System Monitoring, Auto Configuration,
State Machine ......

Measurement, Control Commands,
Set Points, Status & Configuration
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Measurement, Control Commands,
Set Points, Status & Configuration

SUPER Level - Embedded Controller
(PLL, Current Control State Machine,
Protection Logic .....)

Sensing & Protection
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#7 — Coniroller Hardware in Loop (CHIL) for Frqmework

de with advanced controls & health data

° Distribution Network Model
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L Objective: Demonstrate the need for/impact of such
architectures, additional data & control options in

distribution networks
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Final Outcome

Measured Voltage
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Local Measurements

Measured Current

Algorithms for Data
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controller o _ Optimization &
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Milestone Description (or Go/No-Go Decision Criteria) Due Status Accomplishments/Notes
L The framework for SSPS 1.0 node beyond

1.1 - Framework for SSPS 1.0 node op’rlm|zo’(|on and BPT - QI Completed energy management (harmonic filtering) was

control beyond energy management (version — 1) (Dec 22) developed
The framework for multi-mode & mode

1.2 — Development and validation of SSPS 1.0 node BP1 -Q2 Completed ’(rjrc;cz;r(l)o;e%on’rrols for SUPER/SSPS was

components (Mar 23) The strategy to be verified used the
communication testbed

1.3 — CHIL validation of SSPS 1.0 node BP1 - Q3 In Progress OPAL_.RT modeling and evaluation of SSPS 1.0

(Jun 23) node is in progress.

1.4 - Integration of CHIL based node model with BP1 - Q4 Not Started

node controller and use case validation (Sept 23)

2.1 — Addition od additional data framework to the BP2 - QI Not Started

node controller (version — 2) (Dec 23)

2.2 - Develop and validation of SSPS 1.0 node BP2 - Q2

components in hardware (Mar 24) Not Starfed

2.3 — Integration of SUPER with node controller B(jgn_gtf Not Started

2.4 — Use case demonstration: SSPS 1.0 node with BP2 - Q4 Not Started

SUPER (autonomous operation + data management (Sept 24)
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Timeline

Risks

1. Anficipated delays in setting up the CHIL platform for the node
a. Delays owing to purchase of new equipment for test bed expansion

Mitigation Strategy

1.  Node with one SUPER can be demonstrated using addition on analog/digital cards in existing simulators
(Orders placed)
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Impact/Commercialization

Publications

1. R.S.K.Moorthy, M. Starke, S. Campbell, B. Dean and A. Yadav, “Multimode control strategy for SUPERs to
support multiple grid functions,” accepted to ECCE 2023.
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Future Woyk

« Develop the framework for utilizing additional data from SUPER into the node controller

 Validate the mode transition/multi- mode conftrols in CHIL.
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Radha Sree Krishna Steven Campbell Michael Starke Benjamin Dean

Moorthy System Integration & Optimization Communications &
Real-Time Systems Testing Software Development
Integration
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CHIL — Controller Hardware in Loop
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