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The paper presents a proposed technique with linearized
formula for computing the transmission line power flow in
terms of injected powsr due to any changs in power system
loeding conditione. The formula ralates the line powsr flows
to both loads and power generation directly for a transmission
network configuration. Belng in an integral form, new power
flowa on the lines can be obtalned directly without running a
complete load flow programs when the total system generation
changes. This formula is a falrly general one as it is suitabls
for various ensrgy monltoring and control applications such as
generation shifte to alleviate the line overloads, the ganeration
redispatch for an incremental change in loading conditiona and
the on-lins load shedding programs as well sa the fast
contingency analysls.

INTRODUCTION

Among the major regquirements placed upon sscurity monitoring
and gontrol of bulk powsr systems are thoss of maintaining
bighly secure operation of interconnscted system to prevent
peparation and failure of the Bystem. Of the main functions of
securlity monltoring and conirsl is to maintain the active powar
flow in sach lina of the transmiseion network to be within a
gpecified limits under the continuous thanges in loading
conditicns and the pomsible outage of any loaded transmission
lines. For such studies, the utility industry prefers faster
spproximate techniques to locate the potential trouble spots.
However, among the various approximate technlques, tha relative
accuracy is st1ll of major importance to reflect analytically
the magnitude of potentially dangerocus overloads as really
ccours a& possible.

The use of senaliivity methods in syatem security and
contingency analysis remainsd very popular [1-4]. The linaarized
distribution factors was presented by MacArthur [5] and the
pathematical setting was followed by Iimmer [6]. The Generation
Shift Distribution Factars (GSDF) [2] are the most sensitivity
mathods used to shift generation from cne gensrator to any other
generator, via the reference generator, to alleviate the network
overloada. However, this methed is limited to the case when the
total system generatlon or load remains unchanged.

Mamandur and Berg [1] presentad a sensitivity coefficlent
matrix obtained from the inverse of the Naewton Haphson Jacobian
matrix. This method is based on the assumption that the Jacoblan
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matrix remaine constant during the next operating conditions.
Beside this limitation, the method is not suitable for formulating
the powsr flow constraints in security constrained dispatch
problems using mathematical programming.

Sauer [2] presented a Current Distrlbution Factors based on
the Z-bus formulation with constant swing bus voltage. This
method is 1limited to the application of goneration shift process
vis the swing generator and does not guarantee with the economic
dispatch problem which may require the swing gensrator to
contribute to the load as well as the transmisesion losses for
economlc reasons.

Recently, Wal T.Mg [3] presented the so camlled Generalized
Generation Distribution Factore (GGDF) to replace the Generation
Shift Distribution Factors (GSDF). Thle method is well applicable
for cases when the total system genseration ¢hangsee providing
that the loads are changed in the same rate at the different
loading points. Although stated in his ccnelusion that his method
is sultable to produce optimum generation schedules under security
and contingency constraints, it ia found through various tests
that his conelusion i8 not completely correct hecause under
securdty and contingengy constraints the power variations in the
different loading pointes are not necessarily varying in the same
rate in large gysiems and sonetimes mose ¢f lcads has to be '
shed under contingency situations.

Thls power presents a proposed technigue with linsarized
farmula for computling the transmission line powsr fiow in terms
of injected powar due to any change 1n power syetem loading
conditions. The formula relates the line vower flowe to both
loads and power generation directly for a transmiselon network
configuration, Being in an integral form, new power flows on
the lines can be obtained directly without running a complete
load flow programs when the total system genaration changes,

MATHEMATICAL FORMULATION

Consider the Z-bus referred to certain bus as a reference
bus. This Z~matrix representation can be obtained using the
Z-matrix bullding algorithm {7]. A1l the shunt lmpedances in
the transmisaion network are removed and their effect 1s
represented by appropriate injected currents. The general load
flow equation can be written as;
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where S 1is the conjugate of the complex power, and V is the
conjugate of the bus voltage.
yy = the shunt admittance at bus 1.

For a base case aperatling condition, the current flowlng
in a transmission line connecting btus i1 to bus J can be written
a8

where ZL41 is the primitive impedance of line 1j as shown in
g sila 3 5™

bus j

Fig.! Line connacting two buses
with shunt admittance.

Substituting eqn.{1) in egn.(2);

N_
i = kgz“__ [(Zik-zjk)/ZLij] e cen(3)
#here Ztk’ E1k are the ikth and jkth entry of the bus impedance
matrix referred to the referenmce bua, ik is the injected currant

at bus x including the current flowing in the shunt admittance
at this bus. This currect can be given hy;

= =1 =
Ik = Izk L1k Yk Vk PR
FREERS ng = generation current at bus k,
ILh = load current at bus k.

For an incremental change in the generation current and/or
load current and assuming that the change in voltags magnitudes
at all buses are very small,

AIk:'Ang -AILk vesl5)

Therefore, the corresponding incremental change in line current
Iij can be given by;
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Using eqm(-’:‘.), we can write;
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‘Taking the partisl derivative w.r.t %
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whera ALy .Aﬁ are the ikth , Jkth entry of the matrix AZ
#mu ip eqn.(8). I

ACATIONS

mmm—m mt a{gﬂu 'Mrhé 6 generators and 41
! test the accuracy of the proposed

; la ed powsr flow mnu&,;m. Simulations of
' . cases a:& made with udupuq. with a complete lomd
r:m, Generalized Generation Di m&nﬁan Enf.ztm-- (GGDF), and

u-qmmn,m'c mmumwn rnnzm (GSDF).

jue ﬁw,
GADF, ) 2or tlu cnml e *.tﬁx, ,tiﬂ anm- flow in the
s mwmfm%: R .": .u."f-%%“" B l;f-*wm-"
i e e

I:L' . Sch l
ga w q.nd. tm increase is ﬂimmn-d
;mntdru according to the economical dispatch.
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s:-“} m ’bﬂ mmz ‘of nﬂﬁ Hﬁ.}h i

&m tables 1 and 2, technique 1s shown to
'“#-Hmmlu the attmr' MW”‘ thods. In case of changing
ﬂu qﬁﬁmm. the proposed mﬁau is shown to be mors accurate
LOmpar the existing ﬁﬂ m"":ﬁ”ﬁ“""  propossd
method is lppliu-.bli for the cass of cuit con ey
d to §.R. load flow. As shown in table 5, there is good
A usimmaﬁ: for ths heavily loaded qa.
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TABLE 1 - Percentage change in active power flow
in case 0f generation shift between

generator No.13% and the slack generator

No.l.
Percentage change in active power flow in

1w transmission lines
T Load flow GGDF GSDF Proposed
formula
1 ~3.010249 -3.600486 ~3%.600486 ~3.49962
2 ~3.349120 -3.866204 -3.866204 ~3.78455
e ~-3.750916 -4 410810 -4 .410810 -4, 34968
4 -3.453715 -4 ,103178 ~4.,103178 -4.03830
5 -0.,804388 =-1.029330 -1.029330 ~-0.99766
6 ~2.835879 ~3.563971 ~3.563971 ~3.49848
7 0.835253 0,.200368 0,200368 0.11795
8 3.438102 L.432L57 L.432457 4.38574
9 1.332906 1.595023 1.595023 1.59676
10 ~0.764536 -0.251036 -0.251036 -0.00647
11 -4.059079 ~5.472932 =5.472932 ~5.42866
12 -3,188157 ~L 316657 ~4.316657 =4 .28680
i3 ~0.055577 ~0,014927 =0,014527 ~0,00587
15 -8,381167 ~9,072093 «3.072093 ~3,03646
16 29.516581 29.656345 29.656345 29.64673
17 2.218018 2.220419 2220419 2.23554
18 3.615241 3.430329 34430329 34674
19 10.9C0578 10.985232 10.985232 11.00289
20 6.153308 7899031 7 +896031 7.91961
21 18204851 18.8858498 18.885898 18.90203
22 8.805061 9,068111 9.098111 9.11435
23 18.027244 19.595559 19.595559 19.70457
24 =~6.872094 ~-8.,211062 -8,211062 =-8.20403
26 ~20.966510 -22.303551 ~22.303551 =22.30522
27 -0, 444718 ~1.242588 ~1.242588 =1.22745
28 -0,670291 -1,505828 -1,505828 ~1.48839
29 ~3.450137 “~4.735520 -4 4735520 -4 ,68977
30 3.832092 3.960681 3.960681 3.98174
31 -1,912545 ~2.653307 ~2.653307 ~2.63277
32 5.089551 5.562167 5.562167 5.58322
£ L 0.345817 0.061947 0.061947 0.03628
34 0.209173 0.047024 0.047024 0.02784
S 0.180412 0.050820 0,050820 0.02961
36 0.106076 0.052736 0.052736 0.02937
2% 0.076641 0.031038 0.031038 0.01810
38 0.017957 0.020936 .020936 0.01221
%9 ~0.067755 -0.005867 -0.005867 =0,00342
40 ~0.317262 -0,.107391 -0.107361 ~0.,00273
41 =4 . 329948 -1.539722 -1.539722 ~-0.03958
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TABLE 2 -~ Percentage change in active power
flow in case of generation shift
between generator No.13 and the

generator No.8

Percentage change in active power flow in
i transmission lines
ne

No. Load flow GGDF GSDF Proposed
formula
1 0.983690 0.275217 0.275217 0,302362
2 Q0.235217 0.599751 0.599751 0.578115
3 ~0.834256 -1,513722 -1.513722 ~1.497568
4 Q.239270 0.634600 0.634600 0.616398
5 0.571906 0.379515 0.379515 0.387771
6 2.106784 1.311286 1.311286 1.328657
7 13.899170 12.473375 12.473357 12495482
8 ~2.362786 =1.619213 -~1.618213 -1.632519
9 ~0.814565 ~-0,589782 -0.589782 -0.589398
10 [-161.831820 |-160.676100 | ~160.676100 | =160,740880
11 ~7.971566 -9.415823 ~9.415823 -9,405618
12 -6.1831 11 -7+437010 =7.437010 ~7 430135
13 ~3.055584 ~0.007158 -0.007158 -0.3C5100
14 =h 32547 ~5.121072 ~5.121072 -5.117883
15 | =13.132040 | =13,746240 | =-13.746240 | -13.737930
16 47.278166 47434127 47 434127 L7.431902
17 3.575071 3.863903 3.863903 3.868178
18 5.936308 9.927191 5.927191 5932145
19 18.590796 18.913550 18.910550 18.918822
20 10. 146706 13.544228 13.544228 13.551551
21 31.297943 32.320756 32.520756 32.525574
22 14.813367 15.679403 154679403 15,.684081
23 30.865564 33,887868 23.887868 33.890363
24 -12.235116 ~14,105116 -14.105116 -14,1029G3
25 -8.557525 | -10.590350 | -10.390350 | ~10.386434
26 ~36.328664 ~38.405323 -38.405323 ~38.406066
27 -1.223850 -2.109982 ~2.109982 -2.,105464
28 -1.,598719 ~2,558407 ~2.558407 -2.553458
29 -6.258072 ~8.060764 ~8.060764 -8.047493
30 6£.312567 6.858992 6.858992 6.865325
31 ~3.499765 =4.514845 =4 514845 =4 .508490
32 8.501697 9.516679 9.616679 - 9.623053
33 0,327209 0.056387 0.056387 0.048567
34 0.206859 0.043741 0.043741 0.037576
35 0.17889% 0.045780 0.045870 0.039481
36 0.103872 0.043256 0.043256 0.037757
37 0.075972 0,028021 0.028021 0.024159
28 0.015022 0.018903 0.018903 0.016298
39 0060601 0.005302 0.005302 0.004571
40 -152-734670 =159 ..84L 4450 | =159.844440 | ~159.816680
L1 [|=172.846620 [=171,097240 | =171.097240 [ =171.494770
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