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Abstract: Wide — area damping control is a great potential approach for the damping of inter — area low — frequency oscilla—
tions. Reduced order identification provides a feasible solution to get the system model for the design of damping controller.
The principle of order reduction for damping controller design in power system is studied based on mode controllability and ob—
servability analysis. Then model reduction error is analyzed and a model order selection method is proposed according to reduc—
tion error analysis and BIC criterion. Then an input and pre - filter design method is proposed for damping control oriented i—
dentification experiments. The availability of proposed principle and methods are verified in a four — machine system.

Key words: power system; low — frequency oscillation; wide — area damping control; reduced order identification

- TM712 TA : 1003 —6954(2014) 01 —0033 - 06
0
L. Ljung g o
[. Kamwa
( power stability MIMO
stabilizer PSS) . 4
. PEM
MIMO o

PSS

( prediction error method PEM)
N 1.1
e 33 .



37 1 Vol. 37 No. 1
2014 2 Sichuan Electric Power Technology Feb. 2014
6
z=Az+Bu (1)
y=C= (2)
A=diag( A Xy °),) 1z A ’
Y > i u ;
e € i y Y °
o u=Ky K o ° PSS
z=Az+BKCz=(A+KBC)z (3)
A+kBC” A’ : PSS
)\i b’i :0 A’ o A
S + Kb\ ¢, Kb’ ¢, =+ Kbc’, "0 °
E Kbye', A, +Kbe), Kby, "'B
A=0 : : |
o 0 0 0 A 0 o
U ..g
(4)
(@ (9 L
gt +RbGen Kb 0 "o C(s) - 6(s)
T Kb'ye', A, +Kbye, 0 --g ( ).
PAP =g : :g o(s) = R R, R..,
H 0 0 0 A OH s s—A, S=A,  S—=A,, * *
g o ---U R
l (7)
(5) M
P o (5) Ai=a; +jB; R, =c’b;, A |
(6) . R IzIR,I=z=IR,I, rooe
: R R R
2, =A5 G — 2 r 8
(6) (5) s—)\]+s—)\2+ +S—)\, (8)
z=Ag b s Ko =2 ¢z JFL R =R ,=""=R, =0 G.(s) =6(s)
(6) R,., #0 :
Rr+] Rn
AG,(s) =G(s) —=G.(s) SoAL + +s—)\”
. (9)
H, H, o
H@
° ° A G(s)
o R./(s-A) IR, /1 |
H IR 1 /1a; 1o

34«



37 1 Vol. 37 No. 1
2014 2 Sichuan Electric Power Technology Feb. 2014
(9)
_max {IR 1 /1a;1} < 2
I AG( s) ||w<=il|Ri|/|ai| (10)
H, 2
A R/(s-A,) H, ’
‘(RQ{RL}AJ)Z&(;E}{R‘A‘*})2 Im{ A,} #0 y(1) =Gy(q) u(t) +Hy(q)e(t) (15)
1(A) 03 = R Gy u
—2*0; Im{A} =0 y Je Ao H,
(11)
2
(9) H, i | |
(12) J0O) =] _1G,(€) —G(e” 6) 1’Cw) do
< 12 1
1AG(9) 1.=C 3 1) 1D (12) | (10)
G(e” ) C(w)
- J(6) “ R )
T, 6) Ju(6)
2
1.3 BIC
3(8) =n/N [ () (0) /®,(w) do
€o (17)
(13) n ;N ' D,(w)
IAG,(s) | <& || G(s) || < [1AG,.,(5) | D,(w) =Ag I Hy( ") I’D,
(13) (o) .
e H, H, | AG,(5) | Ju(6) ’
(9) .(10) (11) " (w) =p /C(w) * D,(w) (18)
[ 6(s) |l J o J5(0)
(19) * .
@, (w) IL(”) IP/IH(” 6°) 1" =kC(w) (19)
BIC ; H(¢” 0) N
BIC(p) =N InVy +p InN (14) Tk
P P N vV
C(w)
BIC
BIC
= -k
u( 1) (q) ¥(1) (20)

e 35 .



Vol. 37 No. 1

37 1
2014 2 Sichuan Electric Power Technology Feb. 2014
vy =Sev S S, =
1/(1+GK) . R(q) 3
R(q) =G(q 6) /1 +G(q 6) K(q) ] (21)
S, S, S,
s - | ) | QRK G(q 6) -G Matlab 1 6
" 1+G,K 1+G(q ) K Go( 1 +GyK) o
(22)
J(G) =
[7 16(e” 6) -6,1° ﬁ Plde  (23)
(16) ()
C(w) =IRK/ G,(1+G,K) 1’®" (24) 1
) . (24) 54
(18) (19) o 4
1 2
" () = RK/ Gy(1+G,K) |/« &,
(25) . 1
() 17 =1H(e” 67) 1”7 /C(w) /D,(w) 1 3
(26) 0.557 7 Hz 1.104 9
Go oy, G3/G4 1.131 6 Hz
®, K R o G1/G2 ;
. G4 G3/G4
. G1/G2
(25)  (26) (;4
/ : G4
° G1/G2
/ ;
(18)  (26)
/ .
()
10% H,
2 Hz 8
3
10 4
P 2

3G ¢



37 1 Vol. 37 No. 1

2014 2 Sichuan Electric Power Technology Feb. 2014
1
ca
/Hz H, H, H, H,
0.557 7 0.051 3 4.638 4 0.186 4 0.3114 2.0257 3.356 1 4.800 1 8.017 7
1.104 9 0.118 0 28.380 0.168 5 0.0157 4.430 3 0.3753 3.808 1 0.355 8
1.1316 0.118 3 0.627 3 0.0113 0.054 2 0.008 1 0.0357 0.008 4 0.040 1
0.089 8 0.400 7 1.328 2 0.093 5 0.029 1 0.276 1 0.086 3 0.503 1 0.156 9
0.102 5 0.453 4 2.018 5 0.0339 0.029 2 0.100 4 0.120 5 0.208 7 0.179 8
0.305 6 0.6811 8.681 1 0.109 4 0.083 4 0.716 9 0.491 1 0.5318 0.405 1
0.072 8 0.968 6 1.604 1 0.114 7 0.058 9 0.030 0 0.094 9 0.103 2 0.053 0
0.006 2 0.999 8 1.0950 0.049 1 0.054 0 0.053 4 0.046 9 0.027 5 0.030 2
1.574 6 0.657 5 83.246 0.000 3 0.000 4 0.008 7 0.0137 0.003 1 0.003 6
2.3009 0.750 9 1516.5 0.017 6 0.003 0 6.1955 1.186 8 1.626 2 0.277 9
1.249 4 0.973 4 0.052 7 0.001 9 0.003 7 0.004 7 0.009 2 0.001 3 0.002 5
0.070 2 0.999 9 2.1153 0.003 1 0.002 6 0.053 6 0.102 0 0.014 9 0.012 5
1.098 4 0.992 8 853.50 0.000 2 0.000 9 0.000 1 0.000 3 0 0
4.889 8 0.858 7 264.41 0 0 0.000 2 0.001 2 0.000 1 0.000 1
0 — 1.504 9 0.0457 0 0 0 0 0.421 8
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