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Introduction

Notes specific the this presentation/paper

• Relays in this paper are all inverse-time

• Inverse-time overcurrent and overcurrent used interchangeably

To maintain selectivity and reduce the operating times

• MINLP (Mixed Integer Nonlinear Programming) Optimization  approach proposed

• Systematically determine relay settings using genetic algorithm (GA)
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Proposed Method (MINLP/GA approach)

Overcurrent (OC) and distance relays often used in combination for transmission and 
sub-transmission protection

• Main goal is to minimize system-wide outages
• Maintain selectivity: Done by time-grading relays
• Depending upon number of units along fault path, time grading can result in undesirable 

large operating times

• Literature typically assumes full network coverage
• Relay on each line
• May be impractical when considering budget limitations

• In practice
• Relays may be sparsely place as a cost-saving measure
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Optimization Problem Formulation (OC Relays)4



Optimization Problem Formulation (Distance Relays)5



Optimization Problem Formulation (Distance Relays)6



Overcurrent/Distance coordination

• Distance relays cannot back up 
overcurrent relays

• Plot to right (full plot is 5-dimensional)
• Voltage held fixed to reduce to 3-

dimensional plot

• Cylinders are relay profiles
• Primary
• Secondary
• Tertiary

• Slice of inverse-time OC relay curve family 
is plotted in red
• Full plot rotates around vertical axis

• Not possible to bound OC curves with 
distance relay trip cylinders
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• Distance relays cannot back up 
inverse-time OC overcurrent relays



Defining Distance Relay Trip Zones for Sparse Placement 
(Proposed Method)
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Defining Distance Relay Trip Zones for Sparse Placement 
(Proposed Method)
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Full Optimization Problem10



Full Optimization Problem (Cont’d)11

                                                                                ( discrete TDSs)

                   (OC relay type)

          (distance relay zone 1 trip delay limit)
 

 (distance relay zone 2 trip delay limit)

                                                                      ( Primary/secondary zone coordination for each 
                distance relay)



Full Optimization Problem (Cont’d)12



IEEE 123-Bus Test Case Results13



Results: Maximum Trip Time
GA solution is completed repeatedly

• Each time, the constraint on the 
maximum trip time is hardened 
(shortened)

• This is repeated until the solver fails to 
get the lowest possible maximum trip 
time

• The CTI (coordination time interval) for 
the OC relays is 0.25s

• The SDI (Secondary delay interval) for the 
distance relays is 0.25s

• The longest chain of relay along a fault 
path is 7, so the theoretical lower bound 
on the maximum trip time for all relays is 
1.75s

14



Results: OC Relay Phase and Ground Settings for Run #815

Results: Distance Relay Zone 1 and Zone 2 for Delays Run #8



Conclusions

Conclusions

• Proposed method allowed for coordination of distance and OC relays with sparse 
placement

• Essential to protection engineer where limited number of relays/budget available

• Maximum trip time was able to be actively limited using GA to approach theoretical 
limit

Future Work

• Apply proposed methodology to adaptive protection scheme in real-time

• Consider OC settings capabilities of distance relays (more applicable to adaptive 
protection)
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