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ABSTRACT

In this paper, we propose a novel method for tuning the amount of generation tripping that
would be used in conjunction with remedial action schemes (RAS) or special protection schemes.
The method is motivated by the concept of unstable limit cycles and it utilizes fast eigenvalue
computations. Unstable limit cycles play a crucial role in determining the transient stability margins
of the power systems with weak interarea oscillatory modes. The western American power system
WECC is an example where the transient stability is closely related to the existence of unstable limit
cycles under certain operating conditions. For these systems, fast computational procedures based
on estimation of the damping of the interarea modes, can be used for assessing the RAS generation
tripping amounts. Eigenvalue based rules are presented in the paper and the results are illustrated
on simulations of the phenomena in the standard Kundur two area test system which exhibits an
interarea oscillatory mode.

1. INTRODUCTION

Dynamic security characterizes the ability of a power system to survive a set of credible
contingencies with certain safety margin so that the system arrives at acceptable steady-state operating
conditions after the contingencies. Usually, the security is addressed in two aspects: a) preventive
actions applied to the pre-contingency system and b) corrective remedial actions (also termed special
protection systems) taken following a credible contingency. Preventive actions usually restrict the tie-
line interface power flows, the total generation output for certain plants or the angle difference across
a particular path, which are conservative and can be costly. Therefore, corrective remedial action
schemes can lead to less conservative transfer limits than the preventive action schemes.

Reliability rules require that the power system be able to withstand all single contingencies or
N-1 outages without any RAS schemes. On the other hand, RAS schemes can be used effectively for
mitigating N-2 outages or multiple contingencies. Remedial action schemes are triggered by the detection
of the occurrence of a multiple contingency, and the RAS controller will then issue transfer trip signals
to RAS control schemes. The RAS initiated controls include a) shedding remote generation, b) insertion
or tripping of shunt and series capacitor/reactor banks, c) insertion of dynamic brakes, and d) load
shedding.

Generator tripping and load shedding are two of most common control types for RAS, especially
used for multiple line outage. In this case, the resulting higher power-flow on the remaining lines can
push the system into transient instability unless the condition is corrected within the first swing of the
transient response. Naturally, load tripping would be used as the last alternative if the other possible
actions such as generation tripping or the insertion of shunt and series capacitor banks are not able to
correct the problem. At the same time, we would like to minimize the amount of generation tripping that
is initiated by the RAS scheme as an operations objective. Computing the minimum generation tripping
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RAS minimal tripping 
amounts (MW) 

Power flow 
(MW) 

Pre-fault 
damping 

ratio 

Post-fault 
damping 

ratio 0.2 sec 1.0 sec 
340 3.05% 0.77% 0 0 
360 2.75% 0.18% 21 35 
380 2.44% -0.46% 56 70 
400 2.12% -1.11% 84 105 
410 1.95% -1.45% 105 126 
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RAS minimal tripping 
amounts (MW) 

Power flow 
(MW) 

Pre-fault 
damping 

ratio 

Post-fault 
damping 

ratio 0.2 sec 1.0 sec 
340 1.81% 0.60% 0 0 
360 1.90% 0.45% 21 21 
380 1.92% 0.16% 49 63 
400 1.87% -0.24% 77 98 
420 1.74% -0.79% 112 133 
440 1.54% -1.46% 147 168 
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RAS minimal tripping 
amounts (MW) 

Power flow 
(MW) 

Pre-fault 
damping 

ratio 

Post-fault 
damping 

ratio 0.2 sec 1.0 sec 
370 3.15% 1.29% 0 0 
390 3.34% 0.07% 35 49 
410 3.22% -1.40% 77 91 
420 3.03% -2.35% 84 Unstable 

 

RAS minimal tripping 
amounts (MW) 

Power flow 
(MW) 

Pre-fault 
damping 

ratio 

Post-fault 
damping 

ratio 0.2 sec 1.0 sec 
360 1.76% 0.62% 0 0 
380 1.89% 0.39% 28 42 
400 1.92% 0.00% 63 84 
420 1.86% -0.59% 98 119 
440 1.69% -1.33% 140 161 
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RAS minimal tripping 
amounts (MW) 

Power flow 
(MW) 

Pre-fault 
damping 

ratio 

Post-fault 
damping 

ratio 0.2 sec 0.2 sec 
460 

 
1.66% -6.72% 105 (gen) 

71 (load) 
140 (gen) 
53  (load) 
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RAS for impedance load (action time 0.2 sec) HVDC transfer 200MW

calculated value
gen2-2 trip value
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RAS for current load (action time 0.2 sec) HVDC transfer 200MW

calculated value
gen2-2 trip value
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RAS for mixed-1 load (action time 0.2 sec) HVDC transfer 200MW

calculated value
gen2-2 trip value
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RAS for mixed-2 load (action time 0.2 sec) HVDC transfer 200MW

calculated value
gen2-2 trip value
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RAS for mixed-3 load (action time 0.2 sec) HVDC transfer 200MW

calculated value
gen2-2 trip value
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Power flow 
(MW) 

(DC flow) 

Pre-fault 
damping 

ratio 

Post-fault 
damping 

ratio 

RAS minimal 
tripping 

amount (MW) 
390 (200) 1.92% 0.21% 49 
410 (220) 2.10% 0.14% 56 
430 (240) 2.22% 0.04% 63 
450 (260) 2.31% -0.10% 70 
470 (280) 2.38% -0.27% 77 
490 (300) 2.40% -0.49% 84 
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RAS for mixed-1 load (action time 0.2 sec) for AC transfer 190MW

calculated value
gen2-2 trip value
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