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Objective:

 Develop a tool called ‘Reasoner’ to utilize the temporal and causal

relationships between the power system events to diagnose | s T i

potential operations, and prognose possible cascaded failures. HI HI o
 Expand the Reasoner as a real-time reference for operators to assist e — —

on-field decision making for day-to-day operations, and training. I 2

* (Cascaded failures historically have human error and lack of coordination as one of the contributing factors.
With increasing grid interconnectivity, it is increasingly difficult to monitor all nodes of grid and relate events

between two different sections of the operating region. Fig: System Architecture
* Need of a assisting tool with presence in the system to form reasonable hypothesis for potential
misoperations and successive failures to assist with decision making and minimizing the risk of failure. orcaker Beavior Mode
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Technical Approach: |

Observer reports (containing
hypothetical states of the plant and

controller) J

Composed of Observer sreaker Opserverodel
]_) ‘Timed Failure Propagation Graphs' to Observable events (alarms, actuator i o

capture the faults in network and ommand ‘iit:,:,;‘;:{“““”t“e ' | [ ’*

effects across the system — | _
2) ‘Timed Discrete Event Models’ of the Voltage and ; ‘ﬂ‘;::f;fr @ &

system components which arrest the Zﬁ‘;‘;f; : Command e -

propagation of fault in a network. Plant < Output evets): Zone olorms and i sigal Output (evnts): Breaker physc! satus change

Fig: Heirarchical Reasoning

Use of external simulators to refine system

level hypothesis Bus 13 A
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Accomplishments: B o
» Modeling use cases for a cascade - ﬁé;h . o " us 9 e Distance Relays trip and isolate the line L5_4
scenario for IEEE 14 Bus system, and ,.,L , % = PPy e e
faults followed by relay mis-operation. &’ | \N\i/ N S e Overload in line TL3 4
* Development of accurate Reasoners and TTEE i g ‘

appropriate observers to test against the load encroachment

above use cases

* Successful demo presenting 1) The fault
scenarios and Cascade failures with
corresponding relay operations as
observed from the system using the Real
Time Digital Simulator, 2) Observing the
same  scenarios from  Reasoner’s

e Power redistribution
e Linesl2 4 and L6 11 experience overload.

e Inadequate Zone 2 settings for relays
attached to L2_4 forces a misoperation.

e Distance Relay for line TL3_4 trips due to ]
e Blackout ]
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perspective:
v’ System level Reasoner was able to
identify relay  misoperation, and . e — — e
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Surge in line currents in Lines 5-4, 3-4 and 2-4 after the fault at t = 55.9216 sec Overloading of Line 3-4 after Line 5-4 is isolated, and leads to misoperation at t = 88.045 sec Overloading of Line 2-4 after Line 3-4 tripped, and leads to misoperation @ t = 174.788sec
reasoning and techniques for integration N T E=— . 4 N N — T "
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* Integrate exogenous reasoners using the W S — Q= Q¢ w [ | ) \ A A A __JB A _ 4
hierarchical architecture. . A ﬂ A m—
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