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» Two Area Four Generator system was selected as the test system [2].

Introduction » Eigen analysis of the system revealed a poorly damped inter-area mode. Ei ge nvalues com pared with Padé
Availability of PMUs (Phasor Measurements Units) enables wide area

» Using residue analysis, a PSS was designed employing a remote signal. - .
| . | . . . | approximation
controllers through the use of remote signals. However, issues such as » Using the PSS, the critical eigenvalue pair was moved to improve the damping to 5%.
latency and missing signals should be properly addressed before a step 400 . . . . .
Into wide area concepts. This study is focused on modeling delays to 2ol bade approimation

assess the stability in closed loop feedback control systems. Delay AnaIySiS Steps _ discrete case «__ Discrete time
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additional eigenvalues
from discrete case

M Odel | ng Of the De | ay ‘ Selection of a sampling rate that best represents the continuous system (100Hz)

) ) ) ) Observe the effect on increasing delay on the Eigenvalues representing the delay. This
Discrete time approximation gives an indication of the maximum delay that can be represented with this method.

Time delayed systems are inherently infinite dimensional. Therefore, | | | | 400

modelin g involves app roximations. The method we em P | Oyed AN x continuous closed loop system eigenvalues without delay x  continuous closed loop system eigenvalues without delay
SN + with delay of 0.05s (5 times the sampling period) with delay of 100ms (10 times the sampling period) 300+

approximates the continuous time system to a discrete time system ol ] 300} i

by zero order hold sampling [1]. ool YT PR T T

Real axis

Imaginary axis

additional eigenvalues
from Pade approximation

» This computation method allows us to calculate closed loop system matrix

and the sensitivity of the critical modes to the delay 100}

» The eigenvalues are compared with the eigenvalues obtained by

o representing the delay as a Padé approximation [3] with the order of five.

Imaginary Axis
Imaginary Axis

» Delay can be modeled as additional state variables representing the past

sampled values [1] -:: . \ 1 ] » System eigenvaI,tJes closgly match with the cortesponc.ling.eigenvalues
N Additional 5 eigenvalues from that of Padé approximation when the Padé order is high (around 20).
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Consider a state space system z(t) = Axz(t) + Bu(t)
y(t) = Cu(t)
For the delay t, where O< t < |h, | is an integer, h is the sampling period
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representing the delay

| | | | | | | | Time domain simulation in Simulink with real delay representation can
250 200 150 100 50 ' ' ' 120 100 -~ 80 60 -40  -20 also be used to validate the results obtained from approximated

Real Axis Real Axis

x  continuous closed loop system eigenvalues without delay i x  continuous closed loop system eigenvalues without delay met h 0O d S.
+ with delay of 200ms (20 times the sampling period) with delay of 500ms (50 times the sampling period)

% Conclusions

0_

Imaginary Axis

H
f » This method is acceptable for studying the effect of constant delays on
100} f the performance of the damping controller.
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Imaginary Axis
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T T—(—1)h » Effects due to discretization limit the applicability of this method for large

systems
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3001 ' ' ' + ' ' ' 400 . . . . . » The dimension of the model increases with the sampling frequency
160  -140  -120  -100 Re;;g)ds -60 -40 -20 0 060 140 120 -100 80 - - 20

o N _ Real Axis » This method can be easily extended for systems that have multiple
‘ Sensitivity of the critical eigenvalue to the delay delayed inputs to the controller with different delay magnitudes.
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T wmdelay increased fom 10ms 0 500ms | 1 p, Thijs figure shows the variation of the critical

x without dela
y . eigenvalue pair as the delay is increased Refe rences
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Power System Continuous Time
Stabilizer (PSS) Plant

Imaginary Axis

» With increasing delay, it moves further
towards instability region even beyond the

Sensor (PMU)
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