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Fig.1 One-line diagram and measurement
configuration of 3-bus system
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Table 1 Branch parameters of 3-bus system

T R
TR T
1 2 0.01 0.03 0
1 3 0.02  0.05 0
2 3 0.03 0.08 0
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Table 2 Measurements of 3-bus system
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Table 5 Another measurement set
of 3-bus system
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Table 7 Maximum estimation

deviations of MILP
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I AU, I A0 || /rad
IEEE 9 1.0x107 15x107
IEEE 14 2.1x107 3.1x10%
IEEE 30 2.4x10° 3.0x10°
IEEE 39 3.7x10° 4.1x10°
IEEE 57 4.0x10° 5.1x107
IEEE 118 42107 43x10°
IEEE 300 5.9x10% 4.8x10°
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Table 8 Estimation results of WLAV and MILP for
[EEE 300-bus system
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Pis 42934 38593 28736 09857 4.2930 -0.4337
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Table 9 Measurement quantity and average time
consumption for different IEEE bus systems

"™ =1 3t g T 2
RGHE R M;g; /.lf M;ELEE /f
1EEE 9 60 567 63
1EEE 14 119 1416 118
IEEE 30 251 2175 145
1EEE 39 298 2939 173
1EEE 57 480 8632 411
IEEE 118 1067 29781 1144
IEEE 300 2533 102295 2495
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Fig.2 Relationship between average time
consumption by MILP and system size
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Protection failure boundary model of impedance relay
with positive-sequence voltage polarization
JIANG Aihua',XUE Chen®

(1. College of Electrical Engineering,Guangxi University, Nanning 530004, China;
2. State Grid Sichuan Electric Power Corporation Maintenance Company,Chengdu 610000, China)

Abstract: A set of protection failure boundary model with the fault distance and transition resistance size
as its core factors is proposed to evaluate the transition resistance toleration of impedance relay and
investigate its improper operation due to the transition resistance. The impedance relay with positive-
sequence voltage polarization is explicitly analyzed,which has stable protection zone and excellent toleration
for transition resistance. The maximum transition resistance that the relay can tolerate is defined as the
protection failure boundary resistance. The protection failure boundary resistance and corresponding fault
distance are calculated based on the protection failure boundary model to draw the curve of protection
failure boundary resistance. The concept of protection failure coefficient is introduced to assess the toleration
for transition resistance and risk. Results of PSCAD simulation show the proposed model can precisely
figure out the maximal transition resistance a relay can tolerate.

Key words: relay protection; protection failure; fault location; transition resistance; posilive-sequence

voltage; impedance relay; models
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Robust state estimation in form of mixed integer linear programming
CHEN Yanbo',MA Jin*, CHEN Qian'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,North China Electric
Power University,Beijing 102206, China;2. School of Electrical and Information Engineering,
University of Sydney,Sydney NSW2006, Australia)

Abstract: The existing robust state estimation approaches normally apply the gradient-based methods to
solve the problems of nonlinear and non-convex optimization,which cannot guarantee the globally optimized
solution and may not be convergent. A method of robust state estimation in the form of mixed integer
linear programming is proposed based on the exact linear measurement equations. An auxiliary state vector
and an auxiliary measurement vector are introduced to obtain the linear measurement equations;a binary
variable used to identify a measurement as normal or abnormal is then introduced to transform the linear
measurement equations into the linear measurement inequalities;a state vector supported by the normal
measurements as more as possible is finally estimated. Without nonlinear iteration,the proposed approach
has excellent robustness to mathematically guarantee the globally optimized solution. Simulative results
demonstrate its effectiveness and efficiency.

Key words: electric power systems; robust estimation; state estimation; bad-data identification; mixed

integer linear programming; mixed integer nonlinear programming; convergence
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