
EMPRESA   DO   SISTEMA   ELETROBRÁS

COPPE/UFRJ

Simultaneous Partial Pole PlacementSimultaneous Partial Pole Placement
for Power Systemfor Power System

Oscillation Damping ControlOscillation Damping Control

JULIO C. R. FERRAZ (COPPE/UFRJ – CEPEL)

NELSON MARTINS (CEPEL)

GLAUCO N. TARANTO (COPPE/UFRJ)

2001 IEEE/PES WINTER MEETING
COLUMBUS, OH / JAN 28th – FEB 1st



Simultaneous Partial Pole Placement for Power System OscillationSimultaneous Partial Pole Placement for Power System Oscillation Damping ControlDamping Control2

IINTRODUCTIONNTRODUCTION

Ø Purpose ⇒ choose adequate gains for the Power 
System Stabilizers (PSSs) installed in generators of a 
test system

Ø PSSs ⇒ installed to improve the damping factor of 
electromechanical modes of oscillation

Ø Stabilization procedure:

èDetermine the system critical modes

èDetermine the machines where the installation of 
PSSs would be more effective

èAssess each PSS contribution to the control effort
èTune the gains of the PSSs using transfer function 

residues associated with other information
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Ø The variation of a given feedback gain significantly 
affects the location of certain system eigenvalues:
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GGAIN AIN TTUNING UNING NNEWTONEWTON--RRAPHSONAPHSON AALGORITHMLGORITHM

begin 

- Calculate eigenvalue and the associated (∆VPSS/∆VREF) transfer 

function residue; 

- Calculate KKK ll ∆+=+1 , where [ ]λλ ∆
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- Calculate new λ and new TF residue; 

- While the mismatch ( ( )[ ] d
lK σλ −+1Re ) is bigger than the tolerance, 

increase counter (l=l+1) and return to begin. 

end 
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TTESTEST SSYSTEMYSTEM

Ø Simplified representation of the Brazilian Southern 
system

Ø Characteristics:
èSoutheastern region represented by an infinite bus
èStatic exciters with high gain (Ka = 100, Ta = 0.05 s)

Itaipu Southeast 

Foz do Areia 

Salto Segredo 
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~ 

~ 

Salto Santiago 

~ 
South
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CCRITICALRITICAL OOSCILLATORYSCILLATORY MMODESODES

Critical electromechanical modes of oscillation

 Real Imag. Freq. (Hz) Damping 

λ1 +0.15309 ±5.9138 0.94121 -2.59% 

λ2 +0.17408 ±4.6435 0.73904 -3.75% 

Number of lead blocks Tw (s) Tn (s) Td (s) 
2 3 0.100 0.010 

 

Parameters related to the phase tuning of the PSSs
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CCRITICALRITICAL OOSCILLATORYSCILLATORY MMODESODES

Itaipu Southeast 

Foz do Areia 

Salto Segredo 

~ 

~ 

~ 

Salto Santiago 

~ 

South

Ø λ1 : Itaipu x (South + Southeast)

λ1 = + 0.15 ± j 5.91
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CCRITICALRITICAL OOSCILLATORYSCILLATORY MMODESODES

Itaipu Southeast 

Foz do Areia 

Salto Segredo 

~ 

~ 

~ 

Salto Santiago 

~ 
South

λ2 = + 0.17 ± j 4.64

Ø λ2 : Southeast x (Itaipu + South)
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CCONTRIBUTION OF ONTRIBUTION OF EEACHACH PSS PSS TO THE TO THE λλ SSHIFTHIFT

Ø A change in the gain vector ∆Κ will produce shifts in 
both the real and imaginary parts of the eigenvalues

Ø The contribution of each PSS to these shifts can be 
estimated using the matrix of transfer function 
residues

Ø For λ1 and three PSSs:
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CCONTRIBUTION OF ONTRIBUTION OF EEACHACH PSS PSS TO THETO THE λλ SSHIFTHIFT

Oscillatory Modes
λ1 – Itaipu mode

λ2 – Southern
mode

PSS Location
I – Itaipu
II – S. Segredo
III– Foz do Areia

Ø Normalized contribution of each PSS in the shifts of 
the real and imaginary parts of the two critical 
eigenvalues
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PPOLEOLE PPLACEMENTLACEMENT –– 2 M2 MODES ANDODES AND 2 PSS2 PSSSS

Ø Improve the damping factors of two critical oscillatory 
modes by the use of  two PSSs installed in:
è Itaipu and Salto Segredo

Ø The gains of the PSSs are computed for a desired shift 
in the real part of the eigenvalues

Ø Gain vector ∆Κ will be calculated at each Newton
iteration using the following relation:
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PPOLEOLE--ZZERO ERO MMAP OF AP OF [[∆ω∆ω//∆∆VVREFREF]]2x22x2

Ø Map of poles (T) and zeros (Ο) for the matrix transfer 

function [∆ω/∆VREF]2x2 with PSSs in Itaipu and S. 

Segredo
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PPOLEOLE PPLACEMENTLACEMENT –– 2 M2 MODES ANDODES AND 2 PSS2 PSSSS

Case 2
KItaipu = 5

KS.Segredo= 91

ζλ1 =  10.4 %

ζλ2 =  10.9 %

Case 3

KItaipu = 14

KS.Segredo= 29

ζλ1 =  22.0 %

ζλ2 =  13.5 %
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PPOLEOLE PPLACEMENTLACEMENT –– 2 M2 MODES ANDODES AND 2 PSS2 PSSSS

Ø The pole location must be carefully chosen

èCertain pole locations could require high gain 
values and cause exciter mode instability

Ø Installation of a third PSS

èFacilitates the pole placement ⇒ more convenient 
pole-zero map

èNumber of PSSs differs from the number of poles to 
be placed ⇒ pseudo-inverse of a non-square matrix 
must be computed

èAlgorithm must be modified
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PPSEUDOSEUDO--INVERSEINVERSE AALGORITHMLGORITHM

Ø Problems without unique solution ⇒ pseudo-inverse 
algorithm

m = number of modes
n = number of PSSs

Ø If m < n ⇒ the algorithm will produce gain  values that 
ensure a minimum norm for the gain vector

Ø If m > n ⇒ the algorithm will produce gain values that 
ensure a minimum norm for the error vector (solution 
of the least square problem)

[ ] [ ]λ∆−∆ ReRemin KR

[ ] [ ] 11 ReRe mxnxmxn KR λ∆=∆

K∆min
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PPOLEOLE PPLACEMENTLACEMENT –– 2 M2 MODES ANDODES AND 3 PSS3 PSSSS

Ø Three PSSs installed in:
è Itaipu, Salto Segredo and Foz do Areia

Ø Pseudo-inverse algorithm will provide the solution with 
minimum norm for the gain vector ∆Κ

Ø The gains of the PSSs are computed for a desired shift 
in the real part of the eigenvalues

Ø Every iteration, the pseudo-inverse algorithm updates 
and solves the following matrix equation:
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PPOLEOLE--ZZERO ERO MMAP OF AP OF [[∆ω∆ω//∆∆VVREFREF]]3x33x3

Ø Map of poles (T) and zeros (Ο) for the matrix transfer 

function [∆ω/∆VREF]3x3 with PSSs in Itaipu, S. Segredo 

and Foz do Areia
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PPOLEOLE PPLACEMENTLACEMENT –– 2 M2 MODES ANDODES AND 3 PSS3 PSSSS

Case 4
KItaipu = 8.1

KS.Segredo = 11.9

KFoz do Areia = 12.0

ζλ1 =  15.9 %

ζλ2 =  15.9 %

Case 5

KItaipu = 10.4

KS.Segredo = 16.3

KFoz do Areia = 16.3

ζλ1 =  22.0 %

ζλ2 =  21.4 %
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CCONCLUSIONSONCLUSIONS

Ø Proposed pole placement algorithm:

èBased on transfer function residues and Newton 
method

èUses generalized inverse matrices to address cases 
without unique solution

Ø Inspection of the pole-zero map is very useful 

Ø Pole placement method 

èSelected pole location can impose constraints that 
may be unnecessarily severe

èResults may be not feasible ⇒ pole placement may 
yield  undesirably high values for the PSS gains


