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APPENDIX A

A-matrix Coefficient Expansions

The state-space system in (5.35) is given in expanded form in this appendix.

Placeholding Variables

LppMD = (/Md) + (VIf) + (/ID)
LppMD = 2/LppMD

LpMQ = (/Mq) + (1/1Q1) + (1/1Q2)
LpMQ = 1/LpMQ

r2denom = (ra*ra) + (Ig + LpMQ)*(Id + LppMD)
Lnumer = LpMQ - LppMD +1q-1d
wo = 2*freqo* pi

prelf = (wo*rf*LppMD)/If

prelD = (wo*rD*LppMD)/ID
prelQl = (wo*rQl*LpMQ)/(1Q1)
prelQ2 = (wo*rQ2*LpMQ)/(1Q2)

diQtheta = ((ra* UoR* sin(thetao))- (ra* Uol* cos(thetao)) +
((ld+LppMD)* UoR* cos(thetao)) +
((ld+LppMD)* Uol* sin(thetao)))/(r2denom)

diDtheta = ((-ra* Uol* sin(thetao)) - (ra* UoR* cos(thetao)) +
((lg+LpMQ)* UoR* sin(thetao)) -
((lg+LpMQ)* Uol* cos(thetan)))/(r2denom)

diQf = (-ra* (LppM D/If))/(r2denom)

diDf = ((IgtLpMQ)* (LppM D/If))/(r2denom)
diQd = (-ra* (LppMD/ID))/(r2denom)

diDd = ((Ig+LpMQ)* (LppM D/ID))/(r2denom)
diQQ1 = (-(Id+LppMD)* (LpMQ/IQ1))/(r2denom)
diDQ1 = (ra* (LpMQ/IQL))/(r2denom)

dlQQ2 = (-(Id+LppMD)* (LpM Q/IQ2))/(r2denom)
diDQ2 = (ra* (LpMQ/1Q2))/(r2denom)

Row 1: the partial of d/dt(l ) with respect to each of the state variables

a1.=00

ay> = prelf*diDtheta

ay3 = -((wo*rf)/If) + ((wo* rf* LppMD)/(If*1f)) - prelf*dIDf
aws = ((wo*rf*LppMD)/(I1f*ID)) - prelf*diDd,

ays = prelf*diDQ1;

ays = prelf*diDQ2;
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Row 2: the partial of d/dt(l 4) with respect to each of the state variables

a1 = 0.0;

&, = prelD*dIDtheta;

a3 = ((wo*rD*LppMD)/(If*1D)) - prelD*dIDf;

&4 = ((wo*rD*LppMD)/(ID*1D)) - ((wo*rD)/ID) - prelD*dIDd,;
as = prelD*dIDQ1;

& = prelD*dIDQ2;

Row 3: the partial of d/dt(l o1) with respect to each of the state variables

as = 0.0;

as2 = prelQ1*diQtheta;

as3 = prelQ1*dIQf;

as, = prelQ1*diQd,;

s = ((Wo*rQ1*LpMQ)/(1Q1*1Q1)) - ((wo*rQ1)/1Q1) - prelQ1*(-dIQQ1L);
s = ((Wo*rQL*LpMQ)/(1Q1*1Q2)) - prelQ1*(-dIQQ2);

Row 4: the partial of d/dt(l o2) with respect to each of the state variables

ay = 0.0;

ay> = prelQ2* diQtheta

ay3 = prelQ2* dI Qf

ay, = prelQ2*diQd

as = ((Wo*rQ2*LpMQ)/(1Q1*1Q2)) - prelQ2*(-dIQQ1)

as = ((wo*rQ2*LpMQ)/(1Q2*1Q2)) - ((wo*rQ2)/1Q2) - prelQ2* (-dIQQ2)

Row 5: the partial of d/dt(w) with respect to each of the state variables
a61=0

as; = ((LppMD)/(2* H*If))*lambdaf o* dI Qtheta +
((LppMD)/(2*H*ID))* lambdado* dI Qtheta -
((LPMQ)/(2*H*1Q1))* lambdaQlo* dI Dtheta -
((LPMQ)/(2* H*1Q2))* lambdaQ20* dI Dtheta -
((Lnumer)/(2*H))*ido* dIQtheta - ((Lnumer)/(2* H))*iqo* dI Dtheta

as3 = ((LppMD)/(2*H*If))*igo + (LppMD)/(2* H*If))* lambdafo* dI Qf +
((LppMD)/(2*H*1D))* lambdado* dI Qf +
((LpMQ)/(2*H*1Q1))* lambdaQlo*dIDf +
((LPMQ)/(2* H*1Q2))* lambdaQ20* dI Df - ((Lnumer)/(2*H))*ido* dIQf -
((Lnumer)/(2*H))*igo* dI Df
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a1 = ((LppMD)/(2* H*If))* lambdafo* dIQd + ((LppMD)/(2*H*ID))*iqo +
((LppMD)/(2*H*ID))* lambdado*dIQd +
((LpMQ)/(2*H*1Q1))*lambdaQ1o*dIDd +
(LpMQ)/(2*H*1Q2))* lambdaQ20* dIDd - ((L numer)/(2*H))*ido*dIQd -
((Lnumer)/(2*H))*igo*dIDd

ass = ((LppMD)/(2* H*If))* lambdafo* dIQQ1 +
((LppMD)/(2*H*ID))*lambdado* dIQQ1 - ((LpMQ)/(2*H*IQ1))*ido -
((LPMQ)/(2*H*1Q1))* lambdaQlo*dIDQL -

((LPMQ)/(2*H*1Q2))* lambdaQ20* dIDQL - ((Lnumer)/(2* H))*ido*dIQQ1
- ((Lnumer)/(2*H))*igo*dIDQ1

ass = ((LppMD)/(2* H*If))* lambdafo* dI QQ2 +
((LppMD)/(2* H*1D))* lambdado* dIQQ2 -
((LPMQ)/(2*H*1Q1))* lambdaQlo*dIDQ2 - (LpMQ)/(2*H*1Q2))*ido -
((LPMQ)/(2*H*1Q2))* lambdaQ20* dIDQ2 - ((Lnumer)/(2* H))*ido* dIQQ2
- ((Lnumer)/(2*H))*igo*dIDQ2

Row 6: the partial of d/dt(Q) with respect to each of the variables

361 = Omegao
a5 =0.0
a3 =0.0
a2 =0.0
a5 = 0.0
a6 = 0.0

B-matrix Coefficient Expansions

by, = (PN/ZOO* H)* tmo

P12 = b3 = D14 = b1s =y = 0.0
bz, = -(wo*rf)/Md

P12 = b = g = s, = s, = 0.0
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Variable Definition
ra stator resistance, pu (Given, NOT calculated)
Id d-axis armature flux, pu
Md d-axis mutual inductance, pu
rD d-axis damper winding resistance, pu
ID d-axis damper winding reactance, pu
rf rotor field resistance, pu
If rotor field inductance, pu
Iq g-axis armature flux, pu
Mg g-axis mutual inductance, pu
rQl first g-axis damper winding resistance, pu
Q1 first g-axis damper winding reactance, pu
rQ2 second g-axis damper winding resistance, pu
1Q2 second g-axis damper winding reactance, pu
UoR real axis machine terminal voltage, pu
Uol imaginary axis machine terminal voltage, pu
IoR real axis machine node injection current, pu
lol imaginary axis machine node injection current, pu
thetao g-axis position, degrees
udo d-axis voltage, pu
ugo g-axis voltage, pu
ido d-axis current, pu
iqo g-axis current, pu
lambdaado | d-axis mutual flux
lambdaaqo | g-axis mutual flux
ifo field excitation current, pu
lambdaQ1o | first g-axis damper winding flux
lambdaQZ2o | second g-axis damper winding flux
lambdado | d-axis damper winding flux
lambdafo | field flux
cmo shaft torque, pu
efdo field excitation voltage, pu
Table A.1: Coefficient Expansion Variable Definitions
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APPENDIX B

A-matrix Coefficients, Base Case

The 40x40 A-matrix for the Base Case load flow is given for the base case load flow as indicated
in Figure 5.5. The matrix isdivided into four parts on the following pages.
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1 2 3 4 5 6 7 8 9 10
1 | -1.1364 0.9714 0.0138 0.0008 27.5519 0.0 0.0 0.0 0.0913 0.0913
2 | 28,5957 -34.3111 04776 0.0271 0.0 0.0 0.0 0.0 3.1606 3.1612
3 | -0.5445 -0.6406 -21.5144 7.8097 0.0 0.0 0.0 0.0 -5.2068  3.4476
4 | -0.0322 -0.0379 8.1482  -8.9591 0.0 0.0 0.0 0.0 -0.3081  0.2040
5 | -24.7057 -29.0668 43.0453 2.4413 -100.0 0.0 0.0 0.0 74.9966 -9.8238
6 0.0 0.0 0.0 0.0 0.0 -2.0 2.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 -10.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 0.2000 0.0 -0.2000 0.0 0.0
9 0.0415 0.0488 0.0175  0.0010 0.0 0.0150 0.0 0.0449 -0.0568 -0.0737
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 280.3267 0.0
11 | 0.0350 0.0412 0.0015  0.0001 0.0 0.0 0.0 0.0 -0.0581 -0.0488
12 | 1.2122 1.4262 0.0524  0.0030 0.0 0.0 0.0 0.0 -2.0107 -1.6913
13 | -0.0597 -0.0703 5.8375 0.3311 0.0 0.0 0.0 0.0 4.6026  -5.7807
14 | -0.0035 -0.0042 0.3454  0.0196 0.0 0.0 0.0 0.0 0.2723  -0.3421
15| -6.8064 -8.0079 11.8555 0.6724 0.0 0.0 0.0 0.0 20.6588 -2.7031
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 | -0.0153 -0.0181 -0.0530 -0.0030 0.0 0.0 0.0 0.0 -0.0149  0.0740
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -96.6644 0.0
21 | 0.0055 0.0065 0.0012  0.0001 0.0 0.0 0.0 0.0 -0.0084 -0.0087
22 | 0.1914 0.2251 0.0431  0.0024 0.0 0.0 0.0 0.0 -0.2906  -0.3019
23 | -0.0491 -0.0577 0.9215  0.0523 0.0 0.0 0.0 0.0 0.7936  -0.8589
24 | -0.0029  -0.0034 0.0545  0.0031 0.0 0.0 0.0 0.0 0.0470  -0.0508
25| -1.1392  -1.3403 1.7301  0.0981 0.0 0.0 0.0 0.0 3.2617  -0.1973
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 | -0.0022 -0.0026  -0.0091 -0.0005 0.0 0.0 0.0 0.0 -0.0032  0.0122
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -96.6644 0.0
31| 0.0034 0.0040 0.0019  0.0001 0.0 0.0 0.0 0.0 -0.0043  -0.0066
32| 0.1187 0.1397 0.0674  0.0038 0.0 0.0 0.0 0.0 -0.1489 -0.2282
33| -0.0768  -0.0904 0.5718  0.0324 0.0 0.0 0.0 0.0 0.5709  -0.4703
34| -0.0045 -0.0053 0.0338  0.0019 0.0 0.0 0.0 0.0 0.0338 -0.0278
35| -0.7988  -0.9398 0.8804  0.0499 0.0 0.0 0.0 0.0 2.0305 0.1958
36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39| -0.0010 -0.0012 -0.0063 -0.0004 0.0 0.0 0.0 0.0 -0.0031  0.0077
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -96.6644 0.0

Table B.1: Columns 1-10 of State Matrix A
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11 12 13 14 15 16 17 18 19 20
1 | 0.0323 0.0380 0.0279  0.0016 0.0 0.0 0.0 0.0 -0.0338 -0.0702
2 | 11176 1.3149 0.9663  0.0548 0.0 0.0 0.0 0.0 -1.1690 -2.4328
3 | -1.1015 -1.2960 5.3820 0.3052 0.0 0.0 0.0 0.0 5.8493 -4.0261
4 | -0.0652 -0.0767 0.3185 0.0181 0.0 0.0 0.0 0.0 0.3461 -0.2382
5| -83990 -9.8817 6.1851 0.3508 0.0 0.0 0.0 0.0 18.7560 4.6459
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 | -0.0054 -0.0064 -0.0609 -0.0035 0.0 0.0 0.0 0.0 -0.0360 0.0689
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -96.6644 0.0
11 | -1.1448 0.9616 0.0285 0.0016 27.5519 0.0 0.0 0.0 0.1156  0.0830
12 | 28.3072 -34.6505 0.9867  0.0560 0.0 0.0 0.0 0.0 4.0024 2.8754
13 | -1.1248 -1.3233 -22.9034 7.7309 0.0 0.0 0.0 0.0 -5.0254  5.2991
14 | -0.0666 -0.0783 8.0660 -8.9638 0.0 0.0 0.0 0.0 -0.2974 0.3136
15 | -24.6996 -29.0597 36.4194 2.0655 -100.0 0.0 0.0 0.0 68.6758 -4.8257
16 0.0 0.0 0.0 0.0 0.0 -2.0 2.0 0.0 0.0 0.0
17 0.0 0.0 0.0 0.0 0.0 0.0 -10.0 0.0 -250.0 0.0
18 0.0 0.0 0.0 0.0 0.0 0.2000 0.0 -0.2000 0.0 0.0
19 | 0.0491 0.0578 0.0210 0.0012 0.0 0.0163 0.0 0.0488 -0.0673 -0.0852
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 280.3267 0.0
21 | 0.0082 0.0097 0.0058  0.0003 0.0 0.0 0.0 0.0 -0.0096 -0.0166
22 | 0.2845 0.3347 0.2011 0.0114 0.0 0.0 0.0 0.0 -0.3308 -0.5738
23 | -0.2293 -0.2697 1.3698 0.0777 0.0 0.0 0.0 0.0 1.4026  -1.0912
24 | -0.0136 -0.0160 0.0811 0.0046 0.0 0.0 0.0 0.0 0.0830 -0.0646
25| -2.0264 -2.3841 1.8306 0.1038 0.0 0.0 0.0 0.0 47762 0.7778
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 | -0.0019 -0.0022 -0.0155 -0.0009 0.0 0.0 0.0 0.0 -0.0083 0.0182
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -96.6644 0.0
31| 0.0049 0.0058 0.0054  0.0003 0.0 0.0 0.0 0.0 -0.0043 -0.0118
32| 0.1697 0.1996 0.1868 0.0106 0.0 0.0 0.0 0.0 -0.1478 -0.4100
33| -0.2129 -0.2505 0.8171 0.0463 0.0 0.0 0.0 0.0 0.9652 -0.5519
34| -0.0126 -0.0148 0.0484 0.0027 0.0 0.0 0.0 0.0 0.0571  -0.0327
35| -1.3651 -1.6061 0.7764  0.0440 0.0 0.0 0.0 0.0 2.8788  0.9872
36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 | -0.0005 -0.0006 -0.0103 -0.0006 0.0 0.0 0.0 0.0 -0.0068 0.0111
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -96.6644 0.0

Table B.2: Columns 11-20 of State Matrix A




21 22 23 24 25 26 27 28 29 30
1 | 0.0009 0.0011 0.0113  0.0006 0.0 0.0 0.0 0.0 0.0070 -0.0124
2 | 0.0322 0.0379 0.3901 0.0221 0.0 0.0 0.0 0.0 0.2428 -0.4303
3 | -0.4447 -0.5232 0.1549 0.0088 0.0 0.0 0.0 0.0 0.8532  0.4376
4 | -0.0263 -0.0310 0.0092 0.0005 0.0 0.0 0.0 0.0 0.0505  0.0259
5| -1.1184 -1.3159 -1.7863 -0.1013 0.0 0.0 0.0 0.0 0.4946  3.2623
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 | 0.0035 0.0041  -0.0067 -0.0004 0.0 0.0 0.0 0.0 -0.0109 0.0020
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -91.8312 0.0
11 | 0.0028 0.0032 0.0169  0.0010 0.0 0.0 0.0 0.0 0.0083 -0.0205
12 | 0.0954 0.1123 0.5863  0.0333 0.0 0.0 0.0 0.0 0.2871 -0.7094
13 | -0.6684 -0.7864 0.4596 0.0261 0.0 0.0 0.0 0.0 1.4544  0.4327
14 | -0.0396 -0.0465 0.0272 0.0015 0.0 0.0 0.0 0.0 0.0861  0.0256
15| -1.9166 -2.2550 -2.2760 -0.1291 0.0 0.0 0.0 0.0 1.4434  4.8105
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 | 0.0047 0.0056 -0.0118 -0.0007 0.0 0.0 0.0 0.0 -0.0168 0.0054
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -91.8312 0.0
21| -1.1499  0.9555 0.0410 0.0023 27.5519 0.0 0.0 0.0 0.1322  0.0807
22 | 28.1280 -34.8613 1.4188 0.0805 0.0 0.0 0.0 0.0 45801 2.7956
23 | -1.6174 -1.9029 -23.7662 7.6820 0.0 0.0 0.0 0.0 -5.0638 6.7922
24 | -0.0957 -0.1126 8.0149 -8.9667 0.0 0.0 0.0 0.0 -0.2996 0.4019
25 | -24.3957 -28.7022 33.3218 1.8898 -100.0 0.0 0.0 0.0 65.6420 -0.6461
26 0.0 0.0 0.0 0.0 0.0 -2.0 2.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 -10.000 0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.2000 0.0 -0.2000 0.0 0.0
29 | 0.0595 0.0701 0.0232  0.0013 0.0 0.0157 0.0 0.0472 -0.0809 -0.1022
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 285.1600 0.0
31| 0.0283 0.0333 0.0351  0.0020 0.0 0.0 0.0 0.0 -0.0202 -0.0725
32 | 0.9804 1.1534 1.2142  0.0689 0.0 0.0 0.0 0.0 -0.7003 -2.5103
33| -1.3842 -1.6285 4.7209 0.2677 0.0 0.0 0.0 0.0 5.8722 -2.8480
34| -0.0819 -0.0964 0.2793 0.0158 0.0 0.0 0.0 0.0 0.3475 -0.1685
35| -8.2206 -9.6717 3.7664 0.2136 0.0 0.0 0.0 0.0 16.4567 7.1945
36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 | -0.0016 -0.0018 -0.0614 -0.0035 0.0 0.0 0.0 0.0 -0.0440 0.0631
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -91.8312 0.0

Table B.3: Columns 21-30 of State Matrix A
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31 32 33 34 35 36 37 38 39 40
1 | 0.0014 0.0016 0.0067 0.0004 0.0 0.0 0.0 0.0 0.0030 -0.0086
2 | 0.0475 0.0559 0.2336 0.0132 0.0 0.0 0.0 0.0 0.1050 -0.2975
3 | -0.2663 -0.3133 0.2286 0.0130 0.0 0.0 0.0 0.0 0.6223  0.1403
4 | -0.0158 -0.0185 0.0135 0.0008 0.0 0.0 0.0 0.0 0.0368 0.0083
5 | -0.8228 -0.9680 -0.7814 -0.0443 0.0 0.0 0.0 0.0 0.7517 19112
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 | 0.0017 0.0020 -0.0052 -0.0003 0.0 0.0 0.0 0.0 -0.0070 0.0028
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -91.8312 0.0
11| 0.0029 0.0034 0.0097 0.0006 0.0 0.0 0.0 0.0 0.0028 -0.0137
12 | 0.1007 0.1185 0.3372 0.0191 0.0 0.0 0.0 0.0 0.0981 -0.4738
13 | -0.3844 -0.4522 0.4850 0.0275 0.0 0.0 0.0 0.0 1.0201  0.0486
14 | -0.0227 -0.0268 0.0287 0.0016 0.0 0.0 0.0 0.0 0.0604  0.0029
15| -1.3548 -1.5939 -0.8495 -0.0482 0.0 0.0 0.0 0.0 15817 2.7129
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 | 0.0021  0.0025 -0.0088 -0.0005 0.0 0.0 0.0 0.0 -0.0104 0.0058
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -91.8312 0.0
21| 0.0327 0.0384 0.0104 0.0006 0.0 0.0 0.0 0.0 -0.0460 -0.0554
22 | 11310 1.3307 0.3612 0.0205 0.0 0.0 0.0 0.0 -1.5944  -1.9192
23 | -0.4118 -0.4845 5.4465 0.3089 0.0 0.0 0.0 0.0 49705 -4.8412
24 | -0.0244 -0.0287 0.3223 0.0183 0.0 0.0 0.0 0.0 0.2941 -0.2865
25| -6.9925 -8.2269 9.6491 0.5472 0.0 0.0 0.0 0.0 19.2086 0.0641
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 | -0.0122 -0.0143 -0.0554 -0.0031 0.0 0.0 0.0 0.0 -0.0234 0.0718
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -91.8312 0.0
31| -1.1384 09691 0.0192 0.0011 27.5519 0.0 0.0 0.0 0.0975  0.0909
32| 28.5283 -34.3904 0.6643 0.0377 0.0 0.0 0.0 0.0 3.3759  3.1490
33| -0.7573 -0.8910 -21.8389 7.7913 0.0 0.0 0.0 0.0 -5.2519 3.8705
34| -0.0448 -0.0527 8.1289 -8.9602 0.0 0.0 0.0 0.0 -0.3108 0.2290
35 |-24.3961 -28.7027 42.3267 2.4006 -100.00 000.0 0.0 0.0 73.8342 -8.3793
36 0.0 0.0 0.0 0.0 0.0 -2.0 2.0 0.0 0.0 0.0
37 0.0 0.0 0.0 0.0 0.0 0.0 -10.000 0 0.0 0.0 0.0
38 0.0 0.0 0.0 0.0 0.0 0.2000 0.0 -0.2000 0.0 0.0
39| 0.0474 0.0558 0.0166 0.0009 0.0 0.0162 0.0 0.0486 -0.0657 -0.0819
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 285.1600 0.0

Table B.4: Columns 31-40 of State Matrix A
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C1l

initcond.m

APPENDIX C
MATLAB Source Code

Fi

Pur

Not

1

Not e

e Nane: initcond. m

pose: Calculate initia

condi tions and internal machine paraneters

for state matrix devel opment from gi ven nachi ne externa
par anet ers

es:

I nput Data

Thi s program uses the externa

ra
X

Xd
Xdp
Xdpp
Xq
Xqp
Xqpp
Tpdo
Tppdo
Tpgo
Tppgo

prine."

stator resistance

machi ne paraneters and tine constants

pu

stator | eakage inductance, pu
d-axi s synchronous reactance, pu

d-axis

d-axi s sub-transient
g-axi s reactance, pu
g-axis

g-axi s sub-transient
d-axis open circuit
d-axis open circuit
g-axi s open circuit
g-axi s open circuit

Mat | ab uses the ' character
Therefore

From the Eurostag | oad fl ow

SN
PN
UN

Po

Q

U
theta

Qut put

nom nal power (power
turbine rated power,

transi ent reactance, pu

reactance, pu

transi ent reactance, pu

react ance, pu
transient tinme constant, sec
sub-transient tinme constant, sec
transient tinme constant, sec
sub-transient tinme constant, sec

to denote the transposition of a matrix

for the variables, "p" denotes "prime" and "pp" "double

base, MWA)
MV

nom nal vol tage (vol tage base, kV)

Pol f/PN in pu
Ql f/PNin pu
Uf/UN in pu

vol t age angl e, degrees

This program cal cul ates the four-w ndi ng nachi ne nodel val ues

a~>gosan

g

/828

stator resistance

pu (G ven, NOT cal cul at ed)

d-axis armature flux, pu

d-axi s mutual inductance, pu

d-axi s danper wi ndi ng resistance, pu
d-axi s danper wi nding reactance, pu
rotor field resistance, pu

rotor field inductance, pu

g-axis armature flux, pu

g-axi s mutual inductance, pu

first g-axis danper
first g-axis danper

wi ndi ng resistance, pu
wi ndi ng reactance, pu

second g-axi s danper winding resistance, pu
second g-axi s danper winding reactance, pu
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% %
% This program cal cul ates the initial conditions: %
% %
% UoR real axis machine term nal voltage, pu %
% Uol i magi nary axi s machine term nal voltage, pu %
% I oR real axi s machi ne node injection current, pu %
% | ol i magi nary axi s machi ne node injection current, pu %
% t het ao g-axi s position, degrees %
% udo d-axi s voltage, pu %
% ugo g-axi s voltage, pu %
% ido d-axis current, pu %
% igo g-axi s current, pu %
% | anbdaado d-axis nutual flux %
% | anmbdaaqo g-axi s nutual flux %
% ifo field excitation current, pu %
% | ambdaQlo first g-axis danper wi nding flux %
% | ambda@o second g-axi s danper wi nding flux %
% | ambdado d-axi s danper winding flux %
% | anbdafo field flux %
% cno shaft torque, pu %
% ef do field excitation voltage, pu %

% I NpUt Val UBS - - - - m o m oo %
% Machi ne Paraneters (External)

Xd = 1.8;

Xpd = 0.3;

Xppd = 0. 25;

Xqg = 1.7;

Xpg = 0.55;

Xppg = 0. 25;

ra = 0.0025;

Xl =0.2;

Tpdo = 8.0;

Tppdo = 0.03;

Tpgo = 0. 4;

Tppgo = 0. 05;

inputd = [ Xd Xpd Xppd Tpdo Tppdo];

inputq = [Xq Xpg Xppg Tpgo Tppqo] ;

inputmut = [ra X];

R e e R R R End of Parameter |nput %
% Eurostag 4-winding calculations --------mmmmmmmm %
% d-axis ValUeS ------mmmmm oo %

onmegao = 120*pi;
Tpd = Xpd*(Tpdo/ Xd) ;
Tppd = Xppd*(Tppdo/ Xpd) ;

dBl1 = (Tpdo + Tppdo) *onegao;

dB2 = (Tpd + Tppd) *onegao;

dCl = (Tpdo* Tppdo) * (onegao* onegao) ;
dC2 = (Tpd*Tppd) * (omegao* omregao) ;
Id =X ;

Ml = Xd - X;

dX = (M*1d)/ Xd;
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dP = (dB1/ M) - (dB2/dX);
dQ = (1/dX) - (1/Ml);

dB = dC2 - dC1* (I d/ Xd);

dRAD = sqrt(1 - (4*dB*| d*dQ dQ/ (dX*dP*dP));

dVl = (-0.5*dP*(1+dRAD))/ dQ
dv2 = (-0.5*dP*(1- dRAD))/ dQ
dv = [dVvl; dv2];

dUl = (dB*Id)/ (dX*dV1);

dw2 = (dB*1d)/ (dx*dv2);

du = [du1; du2];

dz1l = (dB*ld) + (Mi*dVl)*(dB2+(dP/dQ);
dz2 = (dB*ld) + (Mi*dV2)*(dB2+(dP/dQ);
dE1 = (dCl - (dz1/dX))/ (M*(dUl-dV1));
dE2 = (dCl - (dz2/dX))/ (M*(dU2-dv2));
dE = [dEl; dE2];

drfl = 1/ dE1;

drf2 = 1/ dE2;

drf = [drfl; drf2];

dal
dar

(Tpd*Md - Tpdo*dX)/ (Tpdo- Tpd) ;
(Mi+dal f)/ ( Tpdo*onegao) ;

—h —h

% selection of rf value
dummydl = abs(darf-drfl);
dummyd2 = abs(darf-drf2);
if dumydl < dummyd2

sel ectiond = 1;
el se

sel ectiond = 2;
end

dF
rD
I D
rf
| f

((dB2+(dP/ dQ )/ dX) -
1/ dF;

rD*(dU(sel ectiond));
drf(sel ectiond);
rf*(dV(sel ectiond));

(dE(sel ectiond));

% d-axis output
outputd = [Ml Id rf If

rD 1D ;
% q-axis val ues

Tpg = Xpg*(Tpgo/ Xa) ;
Tppg = Xppg*(Tppgo/ Xpa) ;

gqBl1 = (Tpqo + Tppgo) *onegao;

B2 = (Tpg + Tppg) *omegao;

qCl = (Tpqo* Tppqo) * (onegao* onegao) ;
qC2 = (Tpg* Tppq) * (omegao* omegao) ;
lg = X;

M = Xq - X

ax = (My*1 q)/ Xq;

qP = (qgBl/My) - (qB2/gX);

aQ = (1/gX) - (1/My);

B = qC2 - qCl*(lq/ Xq);

gRAD = sqrt(1 - (4*qB*1 g*qQ qQ/(aX*qP*qP));
gVl = (-0.5*qP*(1+qRAD))/ qQ

qv2 = (-0.5*qP*(1-qRAD))/qQ

qv = [qVvl; qv2];
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qul = (qB*Iq)/(gX*qVl);
quz = (qB*1 q)/ (aX*qVv2);
qu = [qUul; qu2];

qZ1 = (gB*lq) + (My*qVl)*(qB2+(qP/qQ);
qZ2 = (gB*lq) + (My*qVv2)*(qB2+(qP/qQ);
qELl = (qCl - (qZl/gX))/(My*(qUl-qVl));
qE2 = (qCl - (9Z2/gX))/(My*(qU2-qVv2));
qE = [gEl; qE2];

qrQlL = 1/ qE1;

qrQ@2 = 1/ qE2;

arQ = [arQL; qrQe];

gal QL = (Tpg*My - Tpgo*qgX)/(Tpgo-Tpaq);
garQL = (My+qal Q1)/(Tpqo*onegao) ;

% selection of rQ val ue

dummyqgl = abs(qarQl-qrQL);
dummyqg2 = abs(qar Ql-qr Q) ;
if dumyqgl < dummyq2

sel ectionq = 1;

el se
sel ectionq = 2;
end
qF = ((gB2+(qP/qQ)/aX) - (qgE(selectiong));
rQ = 1/ gF;
I Q@ = r@*(qU(sel ectionq));
rQl = grQsel ectionq);
QL = rQL*(qV(sel ectionq));

% qg-axis output

outputg = [My Iq rQl 1QL rQ2 1 Q2];
R e e End of g-axis calculations %

R T End of External Value to Internal Value Conversion %

% INput Val UBS - - - - - mmm oo oo %
% From Load Fl ow

UN = 20.0

PN = 800.0

SN = 900.0

Pol f = 700. 0;

Qol f = 400.0;

uf = 20.0;

theta = 25.0;

Po = Pol f/ SN;

Q@ = Qol f/ SN,

U= Uf/UN

R e R T End of Load Flow Val ues | nput %
% Initial Conditions Calculation ---------cmmmmmmm oo %

% machine term nal voltage

UoR = U*sin(theta);
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Uol = U*cos(theta);

%

o]
| ol

%

machi ne node injection current

(Po*Uol -

g-axi s position

(Po*UoR + Qo*Uol) / (UoR*UoR + Uol *Uol);
Q*WR) / (UoR*UoR + Uol *Uol);

thetao = atan((Uol +onegao*( Mg+l q) *1 oR+ra*1 ol )/ (UoR+r a*1 oR- onegao*( Mg+l q) *1 ol ));

%

udo
ugo
i do
igo

%

| ambdaado
| ambdaago

%
if

%

| anbdaQlo
| anbda@o
| anbdado
| anbdaf o

%

Park voltages and currents

(UoR*si n(thetao)) -

(loR*si n(thetao)) -

nmut ual fl uxes

field excitation current
o = (Il anmbdaado/ M) - i do;
wi ndi ng fl uxes

| amrbdaaqo;

| anbdaQlo;

| anbdaado + ifo;
(1l ambdaado + (If*ifo));

shaft torque

(Uol *cos(thetao));
(UoR*cos(thetao)) + (Uol*cos(thetao));

( (lol*cos(thetao)))*(100/ SN);
((loR*sin(thetao)) + (lol*cos(thetao)))*(100/SN);

(-1.0/onmegao) *(uqo + ra*iqo + onegao*ld*ido);
(-1.0/onmegao) *(udo + ra*ido - onegao*l g*igo);

cmo = ((-1anmbdaado*i qo) + (| anbdaaqo*i do))*(100/ SN);

% field excitation voltage

efdo = - Ml*i fo;

R R R R R End of Initial Values Calculations %

R e T R End of Program %
R e e R %
% 1996 A. F.Snyder, VPI&SU LEG %
R e R T %
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C.2 matrixab.m

% File Nane: matrixab. m

%

% Pur pose: Cal cul ate Eurostag A and B Matrix coefficients from machi ne
% data and load flow initial conditions paraneters
%

% Follows: initcond.m using the output variables of:

%

% ra stator resistance, pu (G ven, NOT cal cul at ed)
% I d d-axis armature flux, pu

% M d-axi s mutual inductance, pu

% rD d-axi s danper wi ndi ng resistance, pu

% I D d-axi s danper winding reactance, pu

% rf rotor field resistance, pu

% | f rotor field inductance, pu

% I q g-axis armature flux, pu

% My g-axi s mutual inductance, pu

% rQL first g-axis danper winding resistance, pu

% I QL first g-axis danper wi nding reactance, pu

% rQ second g-axi s danper wi nding resistance, pu

% I Q second g-axi s danper winding reactance, pu

% UoR real axis machine term nal voltage, pu

% Uol i magi nary axi s machine term nal voltage, pu

% I oR real axis machi ne node injection current, pu
% | ol i magi nary axi s machi ne node injection current, pu
% t het ao g-axi s position, degrees

% udo d-axi s voltage, pu

% ugo g-axi s voltage, pu

% ido d-axis current, pu

% igo g-axi s current, pu

% | anbdaado d-axis nutual flux

% | anmbdaaqo g-axis nutual flux

% ifo field excitation current, pu

% | ambdaQlo first g-axis danper wi nding flux

% | ambda@o second g-axi s danper wi nding flux

% | ambdado d-axis danper winding flux

% | anbdafo field flux

% cno shaft torque, pu

% ef do field excitation voltage, pu

%

% Not es:

%

% Uses differential and al gebraic state equation derivation from
% Eurostag V2.3 theory nanual

%

% Systemin the formof DXdot = A DX + B DU, with DXdot consisting of:
% onega

% theta

% | ambdaf

% | anmbdad

% | anbdaQl

% | anbda@

% Start of Program

% Initialization of Variables

% Initial Frequency

freqgo = 60.0;

% Inertial Constant I|nput
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H = 6.5;

% Tenporary Variable Cal cul ation

LppMD = (/M) + (1/1f) + (1/1D);
LppMD = 1/ LppMD;

LpMQ = (1/My) + (1/1QL) + (1/1Q2);
LpMQ = 1/ LpMQ

r2denom = (ra*ra) + (lq + LpMQ)*(1d + LppMD);
Lnumer = LpMQ - LppMD + 1 q - 1d;

R End of Variable Initialization %

% A Matrix Coefficients -----cmmmmmmm %

% The partial of d/dt(omega) with respect to each of the variables, row one

All = 0;

dl Gt heta = ((ra*UoR*si n(thetao))-

(ra*Uol *cos(thetao))+( (I d+LppMD) * UoR*cos(t het ao)) +( (| d+LppMD) *Uol *si n(thetao)))/ (r2denom ;
diDtheta = ((-ra*Uol *sin(thetao))-(ra*UoR*cos(thetao))+( (!l g+LpMQ *UoR*si n(thetao)) -

((1 g+LpMQ *Uol *cos(t hetao)))/ (r2denon);

Al2 = ((LppMD)/ (2*H*If))*| anbdaf o*dl Qt he ((LppMD)/ (2*H*1 D)) *1 anbdado*dl Gt heta -

ta + Lp
((LpMQ/ (2*H*1 QL)) *I anbdaQlo*dl Dt heta - ((LpMQ/ (2*H*1 Q2))*| anbdao*dl Dt heta -
((Lnuner)/(2*H))*ido*dl @ heta - ((Lnuner)/(2*H))*i qo*dl Dt het a;

digf = (-ra*(LppMX 1 f))/(r2denom;
diDf = ((I g+LpM) *(LppMXY 1 f))/ (r2denom) ;
Al13 ((LppMD)/ (2*H1f))*iqo + ((LppMD)/(2*H*If))*l anbdaf o*dl &f +

((Lp;l\/D)/(Z*H*ID))*Iarr‘odado*dIQf + ((LpMY) / (2*H*1 Q1)) *I anbdaQlo*dI Df +
((LpMQ / (2* H 1 Q@) ) *| anbdaQo*dI Df - ((Lnumer)/ (2*H))*ido*dl & - ((Lnumer)/(2*H))*igo*dI Df ;

dl Qd
di Dd

(-ra*(LppMD I D))/ (r2denonm;
((l g+LpMQ *(LppMD/ I D))/ (r 2denon) ;

Al4 = ((LppMD)/ (2*H1f))*I anbdafo*dl Qd + ((LppMD)/(2*H*I D))*iqo +
((LppMD)/ (2*H*1 D)) *| anbdado*dl @d + ((LpMY/ (2*H*1 QL)) *I anbdaQlo*dI Dd +
((LpMQ / (2*H 1 Q@) ) *| anbdaQo*dI Dd - ((Lnumer)/ (2*H))*ido*dl Qd - ((Lnumer)/(2*H))*i go*dl Dd;

(-(1d+LppMD) *(LpMY | QL)) / (r 2denom) ;
(ra*(LpMY 1 QL)) / (r2denon;

Al5 = ((LppMD)/ (2*H*If))*l anbdaf o*dl QQL + ((LppMD)/ (2*H*I D)) *| anbdado*dl QQL -
[(2*H 1 QL))*ido - ((LpMQ/(2*H I QL)) *Il anbdaQlo*dI DQL - ((LpMQ/(2*H*l Q))*| anmbdaQo*dl DQL
- ((Lnumer)/(2*H))*ido*dl QQL - ((Lnuner)/(2*H))*i qo*dl DQL;

dl QR = (-(1d+LppMD)*(LpMY | Q))/ (r2denon;
diDR = (ra*(LpMY | @))/ (r2denom;

A16 = ((LppMD)/ (2*HIf))*l anbdaf o*dl Q2 + ((LppMD)/ (2*H*I D)) *| anbdado*dl Q2 -

((LpMQ/ (2*H1 Q1)) *1 anbdaQlo*dI DQ@@ - ((LpMQ/ (2*H I @))*ido - ((LpMQ/(2*HI Q))*| anbdaQo*dl DQ
- ((Lnumer)/(2*H))*ido*dl Q® - ((Lnumer)/(2*H))*i qo*dl DQ;

R e T R P R End of row one %

% The partial of d/dt(theta) with respect to each of the variables, row two

R e T R P R End of row two %

% The partial of d/dt(lanbdaf) with respect to each of the variables, row 3
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omo = 2*freqo*pi;

A31 = 0.0;

prelf = (ond*rf*LppMD)/If;

A32 = prel f*dl Dt het a;

A33 = -((omo*rf)/1f) + ((ond*rf*LppMD)/ (I f*I1f)) - prelf*dlDf;

A34 = ((omo*rf*LppMD)/ (1 f*ID)) - prelf*dlDd;

A35 = prel f*dl DQL;

A36 = prelf*dl DQ2;

R e R End of row 3 %
% The partial of d/dt(lanbdad) with respect to each of the variables, row 4
A4l = 0.0;

prel D = (ono*r D*LppMD) /I D

A42 = prel D*dl Dt het a;

A43 = ((onmo*rD*LppMD)/ (I f*I D)) - prel D*dl Df;

Ad4 = ((om*rD*LppMD)/ (I D*ID)) - ((om*rD)/1D) - prel D*dl Dd;

A45 = prel D*dl DQL;

A46 = prel D*dl DQ2;

R D End of row 4 %

% The partial of d/dt(lanbdaQl) with respect to each of the variables, row5
A51 = 0.0;

prel QL = (onmo*rQL*LpMJ /(1 QL);

A52 = prel QL*dl QX het a;

A53 = prel QL*dl (X ;

A54 = prel QL*dl Qd;

A55 = ((omo*rQL*LpM)/ (1 QL*1 QL)) - ((omo*rQ1)/1QL) - prel Ql*(-dl QQL);

A56 = ((omo*rQI*LpM)/ (1 QL*I 2)) - prel QI*(-dl QR);

R End of row 5 %

% The partial of d/dt(lanmbda@) with respect to each of the variables, row 6
A61 = 0.0;

prel @ = (omd*r @R*LpMQ / (I @) ;

A62 = prel @*dl Q het a;

A63 = prel *dl (f;

A64 = prel @*dl Qd;

A65 = ((omo*rQ@*LpM)/ (1 QL*I )) - prel Q@*(-dl QL);

A66 = ((omo*r@*LpM)/ (1 @*I@)) - ((omo*rQ@)/1 Q) - prel Q@*(-dl QR);
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R e e End of row 6 %

R R T End of A Matrix Coefficient Calculation %
% B Matrix Coefficients -----cmmmmmmm %
B11 = (PN 200*H) *cno;

B12 = 0.0;

B21 = 0.0;

B22 = 0.0;

B31 = 0.0;

B32 = -(omo*rf)/ M;

B41 = 0.0;

B42 = 0.0;

B51 = 0.0;

B52 = 0.0;

B61 = 0.0;

B62 = 0.0;

R R R End of B Matrix Coefficient Calculation %
% Matrix Formulati On --------mm oo %

Matri xA = [All Al2 A13 Al4 Al5 Al6

MatrixB = [B11l B12

B21 B22
B31 B32
B41 B42
B51 B52
B61 B62];
NDI FF = 6;
R e End of Matrix Formnul ation %
R e End of Program %
R I i %

% 1996 A F.Snyder, VPI&SU LEG
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C.3 eigval.m

% Fi | enane: eigval.m

%

% Pur pose: Ei genval ues, Frequency, Danping, Left and Ri ght Ei genvector
% and Participation Factor calculation for a given a Matrix
%

% Fol lows: natrixab. m

%

% Vari abl e Nane Definition

0 W mmmmmmemm-ao- eeeee e -

% Mat ri xA A Matrix fromnatrixab. m

% REV Ri ght Ei genvect or

% LEV Scal ed Left Ei genvector

% ei genval ue(i) Col um Vector of i Eigenval ues (Eval)

% wdn(i) Danmped Natural Frequency of ith Eval, rad/sec
% fdn(i) Danmped Natural Frequency of ith Eval, Hz

% danpi ng(i) Danmpi ng Coefficient of ith eval

% PF(i,j) Participation Factor, REV*LEV

% MODE( i ) GCscill atory Mddes

% PFMODE(i , j ) Participation Factor of Mde(i)

% Start of Program ---------------mmmmmm

% Ei genval ue and Right Eigenvector Calculation -------------cmmmmoon %

[REV, EVR] = eig(MatrixA);

% [REV, EVR] = ei g(FULL_ARED) returns the matrices EVR and REV where

% EVR is a diagonal matrix of the eigenval ues of FULL_ARED and
% REV is a full matrix whose colums are the correspondi ng

% right eigenvectors so that FULL_ARED * REV = REV * EVR

ei genval ue = di ag(EVR);

% "eigenval ue" is a colum vector containing the eigenval ues

% ------ Matl ab Default Function, Left Eigenvector not Normalized---------- %
% LEV, EVL] = ei g(FULL_ARED );

WEV = LEV';

%

% Creates diagonal matrix EVL of eigenvalues and a full matrix

% LEV whose columms are the corresponding | eft eigenvectors satisfying
% LEV * FULL_ARED = EVL * LEV

% The eigenvalues in EVR and EVL are the sane, but not in the same order
I e e i %
% Normalized Left Eigenvector Calculation ----------mmmmmmmon %
LEV=i nv(REV) ;

R End of Ei genvector Calcualtion %
% Participation Factor Calculation --------cmmmmmmmm o %

% Note: NOT for each Mbde, but for each Eigenval ue

for i = 1:NDIFF
for j = 1:NDI FF
PE(i,j) = REV(i,j) * LEV(j,i);
end
end

% Cal cul ates the participation factors, dinmensionless neasures of the
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% state xk in node i (Pki = pki * gki, p = right eigenvector,
% q = left eigenvector)

% Oscillatory Mbde Participation Factor Calculation ---------------cooo-- %
% El i m nate the conjugate eigenval ues and cal cul ate the participation
% factor associated with each node of oscillation

%

% LOOP allows the elinmination of the conjugate eigenval ues

% (The conpl ex conjugate existing in "eigenval ue")

%

% OSC = nunber of oscillatory nodes

%

% MODE = vector with one ei genval ue associated with each oscillatory
% node

%

% PFMODE = matrix with the participation factor of each oscillatory npde
LOOP=0;

0SC=1;

for i=1:ND FF-1
if LOOP == % do not elimnate the eigenval ue
if abs(img(eigenvalue(i))) >0
% conpl ex ei genval ue
if (eigenvalue(i) == conj(eigenvalue(i+l)))

% conj ugat e ei genval ue

MODE( OSC) =ei genval ue(i);

for j=1:ND FF
PFMODE( j , OSC) =PF(j , i) +PF(j,i +1);
% sum of the two participation factors
% of the two eigenval ues

end
LOOP=1;
% all ow the elimnation of the conjugate
% during the next iteration
end
el se % real eigenval ue case

MODE( OSC) =ei genval ue(i);
for j=1:NDIFF
PFMODE(j , OSC) =PF(j , i );

end
end
OSC=0SC+1;
el se
LOOP=0;
end
end
OSC=0sC- 1,
R e End of Participation Factor Calculation %
% ResuUlts QUL PUL - - - - - o m oo e e o %
% Save Participation Factors in the file "eigval pf.afs"
% lines = oscillatory npdes
% colorms = state variabl es

fid = fopen('eigval pf.afs',"'w);

i =0;

fprintf(fid, 98 4f",i);

for i=1:ND FF
fprintf(fid, 98 4f",i);

end

fprintf(fid,"'\n");
for i=1:0sC

fprintf(fid, ' 8. 4f" ,i);
for j=1:NDI FF
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fprintf(fid,' 98.4f", PFMODE(j,i));

end
fprintf(fid,"'\n");
end
fclose(fid);
% Save the eigenval ues, oscillation frequency and danping in the file
% "ei gval danp. af s"

fid = fopen('eigval danp.afs','w);
for i=1:0sC
wdn(i ) =abs(i mag( MODE(i)));
sgma(i)=real (MODE(i));
fdn(i)=wdn(i)/(2*pi);
danpi ng(i)=-sgma(i)/sqrt(sgma(i)*sgma(i)+wdn(i)*wdn(i));

% wdn(i) = oscillation corresponding to each (eigenval ue) MODE(i)
% sgna(i) = real part of each MODE(i)
% fdn(i) = frequency of the oscillatory node of each (eigenval ue) MODE(i)
% danpi ng(i) = danping coefficient corresponding to each (eigenval ue)
% MODE( i )
fprintf(fid,' 98.0f 9%0.4f 9%0.4f 9%0.4f 9%0.4f\n',i, sgma(i), img(MODE(i)), fdn(i),
danpi ng(i));
end
R e T End of Results Qutput %
R e e End of Program %

% 1996 A. F.Snyder, VPI&SU LEG %
% %
% In collaboration with: %
% M P. Houry, EDF %
% J. C. Passel ergue, LEG %

78



C.4 eigalyzem

% Fi | enane: eigalyze.m %
% %
% Pur pose: Ei genval ues, Frequency, Danping, Left and Ri ght Eigenvector %
% and Participation Factor calculation for the Eurostag- %
% provi ded state-space system %
% %
% Vari abl e Nane Definition %
L e T %
% ARED Reduced A Matrix %
% REV Ri ght Ei genvect or %
% LEV Scal ed Left Ei genvector %
% ei genval ue(i) Col um Vector of i Eigenval ues (Eval) %
% wdn(i) Danmped Natural Frequency of ith Eval, rad/sec %
% fdn(i) Danmped Natural Frequency of ith Eval, Hz %
% danpi ng(i) Danmpi ng Coefficient of ith eval %
% PF(i,j) Participation Factor, REV*LEV %
% MODE( i ) GCscill atory Mddes %
% PFMODE(i , j ) Participation Factor of Mde(i) %

% Eurostag |Interface Notes: %
% %
% Using the Eurostag al gebraic-differential state equations, %
% the state equations are linearized, yielding the system %
% %
% Xdot = f(X, Y) -> xdot = f0 + Mk + Ny %
% 0 =g(XyvY) ->0 = g0 + Px + Qy %
% %
% where x = X - X0 %
% y =Y- Y0 %
% fo = f(X0, YO) %
% g0 = g(X0, YO) %
% %
% The linearized systeminformation fromEurostag is available in three %
% different file types: %
% .l'inear ASCI|I file with all variables %
% .lineared ASCI| file, algebraic equations are elininated %
% . mat Mat | ab readable file %
% %
% The .linear and .mat files contain the follow ng: %
% %
% NDI FF = Nunber of differential variables (dimension X) %
% NVAR = Total nunber of variables (differential and al gebraic, %
% dinension X +Y) %
% A mtrix =] MN| = sparse matrix forned by | J A(l,J) %
% | PQJ %
% VO vector = | X0 | %
% | YO | %
% FO vector = | fO | %
% | g0 | %
% %
% The .lineared file contains the sane informati on except that the %
% matrix ARED = MNinvQ*P is created in lieu of the matrix A %
% %
% The information derived fromthe .linear, .lineared and .mat files %
% is conpl emented by another ASCI| file, .keylin, which contains the %
% information for the differential state equations and their %
% correspondi ng nacrobl ocks. %
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% Reduced A Matrix ConNStruCtioOn --------mmmmm %

| oad 1lpnu_gen212. mat

% Load "fil enane. mat" (must be changed for each case)

% Eurostag V2.4 output file containing linearized state variable data
NDI M = NVAR;

% NDI M = Total nunber of variables

jaco = sparse(l,J, A;

% sparse - Builds sparse matrix jaco (Jacobian) with matrix

% coefficient A(i) at the Jth colum and the Ith row

% Matrix A Sub-Matrix FOrmation ---------ommmm %
M = jaco(1: NDI FF, 1: NDI FF);

N = jaco(1: NDI FF, NDI FF+1: NDI M ;

P = jaco(NDI FF+1: NDI M 1: NDI FF) ;

Q = jaco(NDI FF+1: NDI M NDI FF+1: NDI' M ;

% Sparse sub-matrices M N, P and Q built from Jacobian matrix

% Reduced A Matrix Calculation ---------mmmmm o %

ARED = (MNtinv(Q*P);

% Reduced A matrix calculation (ARED) = elimination of the al gebraic
% state variabl es

FULL_ARED = ful | (ARED);

% FULL - Conversion of "sparse" matrix ARED into "full" matrix FULL_ARED
R e End of A Matrix Construction %
% Ei genval ue and Right Eigenvector Calculation -------------cmmmmnon %

[REV, EVR] = ei g(FULL_ARED);

% [REV, EVR] = ei g(FULL_ARED) returns the matrices EVR and REV where
% EVR is a diagonal matrix of the eigenval ues of FULL_ARED and
% REV is a full matrix whose colums are the correspondi ng
% right eigenvectors so that FULL_ARED * REV = REV * EVR
for i=1:ND FF
for j=1:ND FF
rrev(i,j) real (REV(i,j));

irev(i,j) = img(REV(i,j));
end

end

ei genval ue = di ag(EVR);

% "eigenval ue" is a colum vector containing the eigenval ues

% ------ Matl ab Default Function, Left Eigenvector not Normalized---------- %
% LEV, EVL] = ei g(FULL_ARED );

WEV = LEV';

%

% Creates diagonal matrix EVL of eigenvalues and a full matrix

% LEV whose columms are the corresponding | eft eigenvectors satisfying
% LEV * FULL_ARED = EVL * LEV

% The eigenvalues in EVR and EVL are the sane, but not in the same order
I e e %
% Normalized Left Eigenvector Calculation ----------mmmmmmmot %

80



LEV=i nv(REV) ;

O = == mm i m e e e oo End of Eigenvector Cal cualtion %
% Participation Factor Calculation --------cmmmmmmmm o %
% Note: NOT for each Mbde, but for each Eigenval ue

for i = 1:NDIFF

for | = 1:NDIFF
PF(i,j) = abs(REV(i,j) * LEV(j,i));

end
end
% Cal cul ates the participation factors, dinmensionless neasures of the
% state xk in node i (Pki = pki * gki, p = right eigenvector,
% q = left eigenvector). Returns the nmagnitude of the conpl ex nunber,
% the val ue of interest (Kundur, p. 777)
% Oscillatory Mbde Participation Factor Calculation ---------------cooo-- %
% El i m nate the conjugate eigenval ues and cal cul ate the participation
% factor associated with each node of oscillation
%
% LOOP allows the elinmination of the conjugate eigenval ues
% (The conpl ex conjugate existing in "eigenval ue")
%
% OSC = nunber of oscillatory nodes
%
% MODE = vector with one ei genval ue associated with each oscillatory
% node
%
% PFMODE = matrix with the participation factor of each oscillatory node
LOOP=0;
0SC=1;

for i=1:ND FF-1
if LOOP == % do not elimnate the eigenval ue
if abs(img(eigenvalue(i))) >0
% conpl ex ei genval ue
if (eigenvalue(i) == conj(eigenvalue(i+l)))

% conj ugat e ei genval ue

MODE( OSC) =ei genval ue(i);

for j=1:ND FF
PFMODE( j , OSC) =PF(j , i) +PF(j,i +1);
% sum of the two participation factors
% of the two eigenval ues

end
LOOP=1;
% all ow the elinmination of the conjugate
% during the next iteration
end
el se % real eigenval ue case

MODE( OSC) =ei genval ue(i);
for j=1:NDIFF
PFMODE(j , OSC) =PF(j ,i);

end
end
OSC=0SC+1;
el se
LOOP=0;
end
end
OSC=0sC- 1,
R R End of Participation Factor Cal culation %
% Results QUL PUL - - - - - o m oo oo e %
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% Save the Eigenval ues in:
% " Fl LENAMVE- ei g. af s"

fid = fopen(' 1pnu_gen212-eig.afs','w);
for i=1:ND FF

re(i) = real (eigenvalue(i));

ie(i) = imag(eigenvalue(i));

fprintf(fid,'98.0f 9%1.5f %d1.5f\n", i, re(i), ie(i));
end
% Save the Mddes, Oscillation Frequency and Danping in:
% "Fl LENAMVE- fr dm af s”

fid = fopen(' 1pmu_gen212-frdmafs','w);
for i=1:0sC
wdn(i ) =abs(i mag( MODE(i)));
sgnma(i)=real (MODE(i));
fdn(i)=wdn(i)/(2*pi);
danpi ng(i)=-sgma(i)/sqrt(sgma(i)*sgma(i)+wdn(i)*wdn(i));

% wdn(i) = oscillation corresponding to each (eigenval ue) MODE(i)
% sgna(i) = real part of each MODE(i)
% fdn(i) = frequency of the oscillatory node of each (eigenval ue) MODE(i)
% danpi ng(i) = danping coefficient corresponding to each (eigenval ue)
% MODE( i )
fprintf(fid,' 98.0f 9%0.4f 9%0.4f 90.4f 9%0.4f\n',i, sgma(i), img(MODE(i)), fdn(i),
danpi ng(i));
end
% Save Ri ght Eigenvectors in:
% "Fl LENAMVE-r ev. af s"
% colums = vector corresponding to each ei genval ue

fid = fopen(' 1pnu_gen212-rev.afs','w);

for i=1:ND FF
fprintf(fid, 98 4f" i);
for j=1:ND FF
fprintf(fid,' 9. 4f 9B.4f" ,rrev(j,i),irev(j,i));

end
fprintf(fid,"'\n");
end
fclose(fid);
% Save Participation Factors in:
% " Fl LENAVE- pf . af s"
% lines = oscillatory npdes
% colums = state variables

fid = fopen(' 1pmu_gen212-pf.afs',"'w);
i =0;
fprintf(fid, 98 4f",i);
for i=1:ND FF
fprintf(fid, 98 4f",i);
end

fprintf(fid,"'\n");

for i=1:.0SC
fprintf(fid, o8 4f",i);
for j=1:NDI FF
fprintf(fid,' 98.4f', PFMODE(j,i));

end
fprintf(fid,"'\n");
end
fclose(fid);
R e T T End of Results Qutput %
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