








The reduced admittance matrices can now be computed as outlired in steps
4 and 5 above. The pre-fault admittance matrix is

Joute | 08453 — 72,9881 0.2870 + j1.51310.2095 + j1.2257
yPREIOUE — | 0.2870 + j1.5131 0.4199 — j2.7238 0.2132 + j1.0880
0.2095 + j1.2257 0.2132 + 71.0880 0.2769 — j2.3681

The fault-on matrix is found similarly, except that the Y, is altered to re-
fect the fault on bus 8. The solid three-phase fault is modeled by shorting the
bus to ground. In the admittance matrix, the row and column corresponding
to bus 8 are removed. The lines between bus 8 and adjacent buses are now
connected to ground; thus, they will still appear in the original admittance
diagonals. The column of Y5, and the row of Y},,,, corresponding to bus 8
must also be removed. The matrix V., remains unchanged. The fault-on
reduced admittance matrix is

0.6567 — j3.8159 0 0.0701 + j0.6306
ylouli-on 0 0 — j5.4855 0
0.0701+ j0.6306 0  0.1740— j2.7959

The post-fault reduced admittance matrix is computed in much the same
way, except that line 8-9 is removed from Yi,m. The elements of Y, are
updated to reflect the removal of the line:

Yiam(8,8) = Yium(8,8) + Yoo (8,9)
Yim(8,9) = Yinm (9,9) + ¥ (8,9)
Yom(8.8) =0
Ym(9,8) =0

Note that the diagonals must be updated before the off-diagonals are zeroed
out. The post-fault reduced admittance is then computed:

fauit | 1811~ j2.2285 0.1375 + j0.7265 0.1900 + j1.0795
yPOSEIOME — 101375 + j0.7265 0.3885 — j1.9525 0.1987 + j1.2204
0.1909 + j1.0795 0.1987 + j1.2294 0.2727 — j2.3423

These admittance matrices are then ready to be substituted into the transient
stability equations at the appropriate time in the simulation.

Applying the trapezoidal algorithm to the transient stability equations
yields the following system of equations:

Si(n+1) = & (n) + g B +1) —wp+oaln) —ws]  (5.143)
A +1) =) + 5 iln+ 1)+ filn)] (5144)

da(n + 1) = da(n) + ;—L [wa(n 4 1) — w, + wa(n) —w,y] (5.145)



wn(n +1) = wa) + 5 sl +1) + fa(o)] (5.146)
Sl 1) =l g bl Salca] G
(1) = wa(n) + 5 [fs(n +1) + fo(n) (5.148)

where

filn+1) = ML{ (Pm, — E?G,i — B ZE_, (Bij sindij{n + 1) + Gy cosdi(n+ 1))
RES
(5.149)
Since the transient stability equations are nonlinear and the trapezoidal
method is an implicit method, they must be solved iteratively using the
Newton-Raphson method at each time point. The iterative equations are

i El{ﬂ + I]*‘H' _Jl[ﬂ + 1]"‘ 1
wi(n 4 1) —wi(n 4 1)k
da(n + 1)1 — gy(n + 1)*
wa(n + 1)+ — wu(n + 1)k
a3 [:ﬂ + ”k_H — d3({n + -”k

Lwa(n + 1) —wa(n +1)%

I- ; [J(n + 1)¥]

[[65(n+1)] [éi(n)] [wEn+ 1) +wi(n) =2, ]
w(n+1) wi(n) fEn+1)+ fi(n)
6%(n+1) 8a(n) h (wi(n+1) +wa(n) — 2, (5.150)
wz(n+1) wy(n) | 2 fEn+1) + fa(n) '
84 (n+1) 83(n) wi(n +1) +wi(n) - 2,
lwiln+1)] [ws(n) fE(n+1) + fa(n) ]
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Note that LU factorization must be employed to solve the discretized equa-
tions. These equations are iterated at each time point until convergence of the
Newton-Raphson algorithm. The fault-on and post-fault matrices are substi-
tuted in at the appropriate times in the integration. The simulation results are
shown in Figures 5.18 and 5.19 for the rotor angles and angular frequencies,
respectively. From the waveforms shown in these figures, it can be concluded
that the system remains stable since the waveforms do not diverge during the
simulation interval. ®
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FIGURE 5.18
Rotor angle response for Example 5.9

FIGURE 5.19
Angular frequency response for Example 5.9





