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The Development of New Adaptive LQG System of Generator for High Speed Damping
Control Techniques of Power System Oscillation

Tsutomu Michigami, Masaru Terasaki, Nobuyoshi Sasazima

With the advent of interconnection of large-scale electric power systems ,many new
dynamics power system problems have emerged, which include low-frequency intersystem
oscillations and many others. To date,most major generators in trunk electric power
system in Japan are equipped with supplementary excitation control,commonly referred to
as the conventional single and two input PSS. However, low-frequency oscillations still
occur.It is difficult for these conventional PSS to improve the additional damping of
power system oscillation, because of the hardware and design of fixed PSS control
constants from a one-machine infinite-bus model. It has therefore become necessary to
develop a new adaptive LQG system of generator. This paper explains the development of new
adaptive LQG system and the simulation of low-frequency and local mode oscillation for
this new adaptive LQG system.
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Table 3. Weighting parameters of LQG control
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o . # | 3)0.2~1.0,1 | 0.002~0.004, 1
K3 LQGHIE%=ED - REHMENE O Y 7K
5 5 0.5~2.0, 1 0.005~0.007, 1
Fig.3. Generator block diagram with adaptive LQG
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Table 4. Optimal weighting parameters of state-feedback

et | FER| EA ) BETH BhiZAEH

E G 1E W
B2 | [s] R Q & [pu] [rad/s]

Aw 1 0.0002 | 1 |-3.21%7.08 13 17.77
y ] 0.003 1 | -L.72% 1. 47 59 2.26
iz 5 0. 006 1 | -1.23%;0. 39 54 1.29
AP 1 0.5 1 | -4.68%;2.74 62 5.42
i 3 0.5 1 ]-0.73%x41.07 64 1.29
5 1.0 1 {-0.45%;0.75 11 0.87
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Table 5. Characteristic values of Kalman estimator
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Table7. Parameters of power system [ B{i]p.u. Table8. Eigenvalues of modeling waveforms
-2 X's Xe | Vs P. Q. =2l T | EEE(otjw) 'S W
Ao—7#ILEhiE | 0.346 —— | 1. 047 1)-0. 0007 £ j6.26 10,0001 6. 26
2-7.80 *j12.84 0.519 15.0
B | 3 s | 2.945, 0.250 | 0.994,0. 897, 0. 204 A s |3-11.6 £j7.72 0.832 13.9
B A-12.6 £j2.53 0.980 12.9
Bhiz 5s | 12.09, 0.250 ] 1.016,0.897,0. 204 5:-0.000, ©-1.10 —— ——
D-0.0171%£j2.09 0.0081 2.09
. ) 2-7.07 £j13. 11 0.409 17.0
Vg jXs Vs Vg jXe iXs Vs 3s [ D-10.5 £j7.824 0.739 15.0
4-10.8 £32.63 0.942 13.8
44 @—W‘—Hm—l o 5-0.00,®%6. 11 —— ——
- - . -0, +jl. ) .
Py+iQs PeriQs  TPitiQ 27085 £l 01 001 1750
5s | 3-10.5 £j7.824 0.761 16.0
(a) o — h L @hiz b) ERGHE 4-10.7 £j2.61  0.945 14.9
K5 #$ET-F2EBERITLIRHETTIL %-0.00,®-5.95 ——r —o
Fig.5. System model of power system oscillation
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Fig. 6. Automatic parametric modeling waveforms
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Table 9. Design results of K, L and F (s) of adaptive LQG
r— 2 B R K L LQGHIMEPAEF (s)
AP [0.175,-0.429 | -1.455 0.002 12. 1s°4252. 9s%4627. 2s+127. 4
A |ls 548.5, 7.396| -0.019 0.227
& $'435.025%+495. 2s241473s+1859
-3.426, 1.44| 29.13,-0.753
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5s 7.749, 5.34 | 0.000, 0.000 54. 857430255 +7. 1e0ds* +9. 3055 +6. Te06s+1. 7e07s?+1. 2e075-3. 106
BIME | 2.070,-118. | 0.762, 0.013 | 594595 41535542, 3e04s° +2. 0e055 49, [e05s°+2. 0e06s +2. 0e06s+4. 3e05
0.044, -495. | -128.9, 0.008
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Fig.7. Step response with adaptive LQG
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Table 10. Characteristic values with adaptive LQG design Table 1l. Damping factor with
vz BICELQG WHRIZPSS (AP) non-adaptive LQG
¢ [pu) & i ¢ [pu] & #{E atirmE | AEALs, JEHA3s, JARASs
A Is [ 0.862, -4.68%j2.74 |0.301, -1.88%j5.96 A Is | 0.862,-0.073,-0.072
A&EB , 3s [0.583, -1.26%xj1.76 | 0.310, -0.65%;1.99 Z&E3 , 3s | 0.304, 0.583, 0.195
5§£;Es 5s | 0.644, -1.09%j1.29 | 0.366, -0.46*j1.17 B§£§55 os | 0.374, 0.193, 0.644
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