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The occurrence of voltage instabilities or voltag@lapses depend on the
duration of the persistence of the fault and ontihee of fault, some faults
lead to voltage instabilities, others lead to vgkacollapse. Evaluation of
fault durations causing occurrence of voltage ibdtes or collapse is the
main goal of this paper. The effect of the genesaterminal voltages
magnitudes (GVM) on fault duration which causestagd instability
initiation is investigated. The fault which leadsvbltage instability is found
to be three-phase short-circuits at certain load laund cleared without any
variation in the transmission system elements, the. post-fault network
conditions will be the same as its pre-fault coodi. Also, this paper
searches for the effect of GVM on fault duratianvigtage collapse. Where,
some line opening in the studied system can betteadcur the phenomena
of voltage collapse initiation.
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1. INTRODUCTION

Voltage instability concerns voltage fluctuationsownd nominal values. These
fluctuations are either periodic or non periodicieTmain factor causing voltage
instability is the inability of the power system iteeet the demand for service power.
The heart of the problem is usually the voltagepdtioat occurs when active and
reactive power flow through the series inductiveictances of the transmission
network [1-5]. A criterion for voltage stability that, at a given operating condition for
every bus in the system, the bus voltage magnitoceases as the reactive power
injection at the same bus is increased. A systamssable if for at least one bus in the
system, the bus voltage magnitude decreases asdltve power injection at the

same bus is increased. In other words, a systewitege unstable if V-Q sensitivity is

negative for at least one bus [5, 10].

Voltage collapse is a rapid progressive voltagé dad settling at certain value
defined by system parameters, it is more complar gimple voltage instability and
usually the result of a sequence of events accoynpaltage instability leading to a
low voltage profile in a significant part of thewer system lasting long periods [11-
16]. Voltage stability is the ability of a powerstgm to maintain steady acceptable
voltages at all buses in the system under normetatipg conditions and after being
subjected to a disturbance. A system enters a sthteoltage instability when
disturbance such as increase in load demand, migehia system condition causes a
progressive and uncontrolled drop in voltage [1}-Zhis paper studies the effect of
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the GVM (of all generating units) on fault duraticausing voltage instability, when a
3-phase short circuit occurs at certain load but) different types of loads. Also,

studies the effect of the all GVM on the fault diga causing voltage collapse, when
opening line between two buses in the studied systath different types of loads

[22-25].

2. POWER SYSTEM MODEL REPRESENTATION

The power system considered consistingy gfynchronous generators feeding through
a transmission network, a number of loads. Theesystnotion using one-axis
generator model, under a disturbance, the follonsey of differential equations
described for each generator [6]:

a =2ty w (1)
@ =(R,~R,~Dw)/2H ®)
E.t'ﬂ =(Ew _Ec'n =X =Xl ) T 3)

Where: s, f;, w, H, D, and E('li are the rotor angle, initial frequency, speed
deviation, inertia constant, mechanical dampingffment, and the g-axis voltage
component, respectivel®,, P, Eq, lg, and Td'oare the generator input mechanical
power, output electrical power, excitation voltageaxis current component, and d-
axis transient open-circuit time constant, respetti Finally, X, and X(', are the d-
axis and transient d-axis reactance’s. Note #as computed as:

P = Eglg * Ealg 4)

Where, E,is the d-axis component of the voltdge and | is the g-axis

component of the generator current, which is giaen
I = (B -V /(iX4) (5)

Where, E is the voltage behind the reactar)(:('ga, andV is the generator

terminal voltage.

In this paper, we concerned with the study of thasij static loads which it
consists of heating and lighting equipments. Atboee quasi static models are used
for induction motor load representation. The cominarsed representations of static
loads are either constant impedance to groundtaoinsurrent and constant real and
reactive power [1, 2]. These load models are giuethe following, whereéP,, @ and
V, are the load active power, reactive power, andvbitage, respectively (their initial
values ard® o, Q, andV,).

Constant Impedance Model (C.Z.):

o[ -l

VO 0
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Constant Current Model (C.1.):

_ v _ v (7)
P_PO(WJ :Q —QO[WJ
Constant Power Model (C.P.):

(v (v Y (8)
Poef) e el

Three models are used for induction motor load, #uedactive and reactive
power has expressed by tHeatder polynomials representation [9]:
Induction motors with constant mechanical loadguer(T=Const.):
P=0.275+8.79V-23.27%23.233\/-8.017V

Q=-16.11+92.94V-179.722#148.56\P-44.6 7V} (9)

Induction motors with mechanical load torque propogal to speed (T o):
P=-33+161.67V-286.033%233.033V-64.67\}

Q=48.83-175.67V+237.5V142.22\}+32.56\} (10)

Induction motors with mechanical load torque préipoal to square of speed (w?):
P=9.233-81.567V+309.9V598.5\}+627.967V-342\/+75.967\}

Q= 46.739-53.15V+1721.67AB25\/+3488.704V-1900V/+422.037V (11)

The interrelation of the system elements is showriigure (1). The three
systems solution is the dynamic simulation progrtm, network reduction program
and the load flow program with loads representegdiynomial models. They should
be used in sequence to solve the system equafidres. system performance is
determined by solving the machine mathematical risotbgether with the constraints
imposed by the network. The non-linear machine rwodee solved numerically using
the appropriate integration technique. For netwaaking totalN buses the calculated
voltage at any bus is described by the followinglmear equations:

R ‘QK ZYK]E (12)
YKK

]#K

With: K=1, 2, .......N andK# S, whereS means slack bud;, is voltage at nod«,
E/is E, conjugate,Y,, Self admittance at nod, Y,; The mutual admittance

between nod& and nodg, E,;Voltage at nodg, P.,Qx Scheduled real and reactive

power entering the system at bGs
Pc=Pio (B0 + a1S + @S + @S + @S +....ovvee. )

Q= Quo(bo + 1S + S + DS + bsS' +... ) (13)

Where:S=V/V,, and the active and reactive power componentseatlaick bus
are then computed as:
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N
I:)s - JQS = z PSK - jQSK
‘s
N
Ps— Qs = ZESD*(ES_EK)*YSK

K=1
KzS

(14)

Where: Py — JQgLoad at the slack busYgMutual admittance betwee8 and K
nodes, andeg Voltage at the slack bus.

L oad
Line, Transformer, l
Busdata L oad Polynomial Line, Transformer data
L oads
l | formation program l
Network
L oad Flow program » Reduction
Bus voltages, loads program
Equivalent
Hybrid
matrix
Generator Terminal A 4
Conditions V,8, Pg, Qq Dynamic
Simulation
program

Generator, Excitation,
Turbine-Governor Data

Fig. (1) Data requirements of power system simoitegirogram and its supp(

From all the dynamic models involved in this tydesonulation, the electric
alternators is the one requiring more calculatiesimce the rest of the dynamic
components are given by a block diagram, in thiglrgondition calculations are made
by simply setting to zero any term containing a\adgive term [14]. Using the phasor
diagram shown in figure (2) the initial conditioor fthe synchronous generator can be
calculated as follows: At the terminal side of gvaiternator, the known variables

given by a load-flow study, are: Terminal voltgge and Generated active power
a

and reactive powe®. Knowing these variables, it is easy to calcuthie armature
current of every unit and the corresponding powaetdr by:

-~ (P+jQ)
|a_( . j (15)

a
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Where: E is the armature current phasor, and Resd_L,veinto components
with \7 as a referencet, =1,cosg,l, =-1, sing, and the phasoEqa in figure
(2), is given by:

Eq=V, +(r+jx )Ia—V +(1, +j1,) (r+Jx ) 6/ =Xl +rl )+J(qu +rl ) (16)

Then the angleéé —,8) is given by:
o0-p=y=arctan(,r + 1 ,x,) IV, =X, +rl,) a7

where anglé is the position of the rotor.
Then, calculate the terminal voltage d-q components

V, =-V,sin(6 - B)V, =V, codd - ) (18)

Also, the armature current d-g components:

I, =-1,sin(6-B+¢)1,=1,codd-B+¢) (19)
The field voltage of the machine from the statatescan be calculated by:

E=V,+rl,=X4ly =Eg . The initial position of the rotor is calculatedy:b

0 =y+ [. Calculate the initial value of the state variabfethe alternator model

using the quantities just calculated. Repeat theleviprocess for all the electric
alternators present.

g-axis

Xalo

»
X lg

Fig. (2) Phasor diagram of alternator initial cortdin.

Once the bus admittance matrix representing theamkthas been built and its
entries organized as generator nodes, non-linead fwdes and other nodes, it is
necessary to eliminate those nodes with zero cuirgections. The procedure to
obtain the reduced network is as follows:
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Assume theYy s matrix is partitioned in the following way:

lo] Yoo Yoo Yor ||Ve

IL = YLG YLL YLR VL (20)
0 Yoo Yeu Yer][ Ve

Where: G means generator nodds,means non-linear load nodd®,means
remaining nodes. Eliminate the remaining nodesuggessive elimination procedure:

/ /
lG — YGG YGL VG 216
lL YL/G YL/L VL
Where: Y(éG = YGG _YGRYR_éYRG' Y(éL = YGL _YGRYR_F]Q.YRL'

YL/G = YLG _YLR YR_éYRG’ andYL/L = YLL _YLR YR_FleYRL

After adding the internal impedance of each gepert&d new admittance
matrix, the equation (21) becomes re-arranged | ks

{ﬂ:% Y. |[E -
| L YL/G YL/L VL

Where justY/, change t., and E; means the voltage behind the transient

reactance. The equation (22) can be re-arrangéallaws, this is because the initial
load current at load buses are known, and it isl tgedetermine the load voltage at
load buses respectively at the next step.

lo]_|Ye Kol E
V] [He Zu|1,

Where: Y., New admittance matrix,K, ,H,;Non-dimensional matrices,

312

Z, Load impedance matrix. The equivalent matrix foe tentire network is

represented by the single line diagram of powetesysoperating at the nominal
loading condition is found as:

Where:l| = % (24)

Pi=Pro(ao+aS +aS2+asS +a S  +.oooonnn. ),
QL= Quolbo + 1S + DS % + bsS° + by +..o ) (25)
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3. STUDIED SYSTEM

The power system used for digital simulation cdssisf multi-machine nine-bus
system developed by Western States Coordinatingn€lo(wSCC) in United States.
A single line impedance diagram of the system @aghin fig. (3). Where the system
is basically composed of three generating units thnee loads, load A, load B, and
load C are located at buses # 4, # 5, and # 6ectgply. Unit one is hydroelectric,
while units two and three are steam driven genesato

2 7 4 9 3
J0.0625 10,0586
‘ ; 0.0085+0.072 0.0119+0.1008 § ‘
P~ I~
‘ g B/2=j0.0745 B/2=j0.1045 §
Gen. 2 18/230 o 5 230/13. Gen. 3
18 kV 230kv 3 | Q 5|o 230kV 13.8kV
S |- =1 [
& |8 Load A o
8 |g 3| &
o =@ ol|la
5 5T = 6
[¢e]
I e T e
LoadB g | & ~| & Load C
o|lad 230 kV S| ®
8 § ©
A 8
s | s
16.5 kV 1

Gen. @

Fig. (3) Studied system single line diagram
4. RESULTS AND DUSCUSSIONS

4.1 Effect of suddenly increasing of the GVM on the duration period
for voltage instability:
Figure (4) indicate the fault duration which causttage instability when all GVM are
adjusted successively to (0.80, 0.85, 0.90, 0.9%),11.05, 1.10, 1.15, and 1.20) p.u.,
Those voltages are applied when the loads are aenesl (constant impedance load,
constant current load, constant power load) dball buses, and induction motor with
three shaft mechanical loads (I.M. load (T=con&t), load (Ta ®) and .M. load (&
®?) ) at load bus (4) while the loads at buses () @) having constant impedance
loads, respectively. The fault duration which causHage instability increases by
increasing GVM for each type of loads such as @misimpedance load, constant
current load, and constant power load at all loaseb, as shown in figure 4 (a). The
fault duration which cause voltage instability isases by increasing GVM for each
type of induction motor loads such as I.M. load ¢@nstant), I.M. load (o ), and
I.M. load (T a ®®) at load bus (4) with the load at load buses (&) @) are constant
impedance loads, as shown in figure 4 (b).
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800 OC.Z loads 800 O1.M. (T=const.)
OC.l. loads ] a1M. (Ta w)

8 C.P.loads
oM. (Ta w2)

=)
3
1S}

600

The fault duration for voltage
instability (msec.)
IS
8
The fault duration for voltage
instability (msec.)
n S
8 151
8 8

I

0.8

o

09 1 11 0.8 09 1 11 12
The terminal volatges magnitudes (p.u.) The terminal voltage magnitudes (p.u.)

12

(a) when loads are connected at all load busest{bh I.M. loads are connected at load bus (4)
Fig. (4) Effect of varying GVM on the fault duratidor voltage instability, when a 3-
phase short-circuit occurs at node (4)

4.2 Voltage stability limits due to opening the line with the GVM
varies by (0.8to 1.2) p.u.:
Figure (5) indicate the fault duration required famitage collapse when opening the
transmission line connected between two nodesr(@)n@de (7) at t=1 sec., with the
GVM varies such as (0.80, 0.85, 0.90, 0.95, 1.005,11.10, 1.15, and 1.20) p.u., these
varies are applied when the loads are (constargdance load, constant current load,
constant power load) at all load buses, and indagtiotor with three shaft mechanical
loads (I.M. load (T=const.), |.M. load {Tw) and I.M. load (& »?)) at load bus (4)
with the load at load buses (5) and (6) are cons$tamedance loads. It can be noted
that, the fault duration which cause voltage caéamcreases by increasing the GVM
for each type of loads such as (constant imped&as constant current load and
constant power load) at all load buses, as shovigune 5 (a). Also, the fault duration
which cause voltage collapse initiation increagembreasing the GVM for each type
of induction motor loads such as I.M. load (T=cans}, .M. load (Ta @) and .M.
load (T o ®°) at load bus (4) with the load at load buses (&) &) are constant
impedance loads, as shown in figure 5 (b).

350 O0C.Z. loads 300 B 1.M. (T=Const.)
O C.l. loads
QM. (Ta w)
B C.P.loads 7
300 - 250 B 1M. (Ta w2)

N
a
i<}

n

=]

S

= )
@ S
i<} 1S

collapse (sec.)

=
1=
1S

The fault duration for voltage
collapse (sec.)
The fault duration for voltage

o
i<}

o

50
0.95 1

1.05 11 115 12
The terminal voltages magnitudes (p.u.) The terminal voltages magnitudes (p.u.)

0.95 1 1.05 11 115 12

(a) Loads are connected at all load buses IMIbyads are connected at load bus # 4
Fig. (5) Effect of varying the GVM on the fault @iion for voltage collapse, when
opening the line between buses # 5 and # 7
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4.3 Time response for loads voltages with the GVM of generating
units are (0.9p.u., and 1.1p.u.):
The time response for load buses voltages at logdsowith two GVM 0.9 p.u., and
1.1 p.u., for all loads are considered as constapédance, and constant power loads.
Also at load bus (4) studied I.M. load (T=consand I.M. load (Ta ) with loads at
(5), and (6) are constant impedance loads. A thheese short-circuit is applied at node
(4) and recovered without any changing in netwankfiguration. Figure (6) indicates
that, the time response of load buses voltages th#hGVM of generating units are
(0.9 p.u., and 1.1 p.u.) with the loads at all Ibades are constant impedance loads.
With all GVM of 0.9 p.u., a fault duration of 371set. turns the system voltage to be
stable and a fault duration of 372 msec. makessyiséem to start to be unstable, as
shown in figure 6 (a, b) respectively. For GVM ol p.u. those values are 575 msec.
and 576 msec. respectively, also as shown in figuie d) respectively. Also, figure 6
(e, f, g and h) depicts the same above results atdérads are represented by constant
power loads, less fault duration periods are degidn the two cases, than those with
constant impedance loads.
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The loads voltages (p.u.)
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Time (sec.)
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0.4+
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(c) Vs=1.1pu, CZ Loads, and-F575msec (g) ¥=1.1pu, CP Loads, and:¥ 504msec



858 Youssef A. Mobarak
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(d) Vs=1.1pu, CZ Loads, and-F576msec (h) ¥1.1pu, CP Loads, and-¥505msec

Fig. (6) Time response for loads voltages, 3-plshset-circuit, and load are
considered as constant impedance, and constant ppwede 4 with the GVM of
generating units are (0.9p.u., and 1.1p.u.)

Figure (7) depicts the time response of load buskages, when the load bus
(4) is an I.M. load (T=const.), while loads busB} @nd (6) are constant impedance
loads. The GVM are taken as (0.9 p.u., and 1.7).pAjith (0.9 p.u.), voltages up to
fault duration of 322 msec., the system voltagaable, and when the fault duration of
323 msec., the system voltage starts to be unstakleshown in figure 7 (a, b)
respectively. For voltages of 1.1 p.u., when thétfduration is 495 msec., the system
voltage is stable and when the fault duration i6 #$ec., the system voltage become
unstable, as shown in figure 6 (c, d) respectivéligo, figure 7 displays the time
response of load buses voltages, when the loag¢us an I.M. load (To. ®°) while
loads buses (5), and (6) are constant impedands.ldhe GVM adjusted to (0.9 p.u.,
1.1 p.u. respectively). With GVM of (0.9 p.u.), theult duration is 348 msec., the
system voltage is stable, when the fault duratsoB49 msec. the system voltage starts
to be unstable, as shown in figure 7 (e, f) respelgt With GVM of (1.1 p.u.), the
fault duration becomes 537 msec. the system voltagiable. When the fault duration
lasts to 538 msec., the system voltage will beabist as shown in figure 7 (g, h)
respectively. Where€r, refers to Fault Duration.
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0w o 1 1.
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Tc=348msec

o
N
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(d) Vs=1.1pu, IM (T=const.) Loads, an¢g3F496msec (h) ¥1.1pu, (w?), and
Tc=538msec
Fig. (7) Time response for loads voltages, 3-plsaset-circuit, and loads are
considered as .M. load (T=const.), and |.M. lo&dc«®) at node 4 with the GVM of
generating units are 0.9p.u. and 1.1p.u.

4.4 Time response for loads voltages, with line opening, when the
GVM of all generating units such as (0.90, 1.00, and 1.10) p.u.

The time response for load buses voltages at loaeswith different values of the
GVM of all generating units such as (0.90, 1.00d anl10) p.u., with constant
impedance, and constant power loads are connettaitl laad buses, and I.M. load
(T=const.), and .M. load @ loads are connected at load bus (4) with thedasd
load buses (5), and (6) are constant impedancs |eddle the line between two buses
(5) and (7) open at t=1 sec. Figure 8 (a, b, anddirates the time response for load
buses voltages with the GVM are (0.90, 1.00, ari®)1p.u. respectively, when the
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loads connected at all load buses are constantiamge, and the GVM are 0.90 p.u.,
the fault duration required for voltage collapse&d®.26 sec., when the GVM are 1.00
p.u., the fault duration required for voltage cpa equal 52.02sec., and when the
GVM are 1.10 p.u., the fault duration requiredvoltage collapse is 213.56sec. While,
the load connected at all load buses is constamep@nd the GVM are 0.90 p.u., the
fault duration which cause voltage collapse equdd Gec., when the GVM are 1.00
p.u., the fault duration required for voltage cpfia equal 12.48 sec., and when the
GVM are 1.10 p.u., the fault duration which causiidtion of voltage collapse is
57.96 sec., as shown in figure 8 (d, e and f) retbpady.
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with constant impedance, and constant power laadsdifferent values of the GVM
(0.90, 1.00, and 1.10)p.u
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Figure 9 (a, b and c) indicates that, the time aasp for load buses voltages
when the load at load bus (4) is .M. load (T=consith the loads at load buses (5),
and (6) are constant impedance loads, with GVMIafemnerating units are (0.90, 1.00,
and 1.10) p.u. respectively. With GVM of all gerterg units are (0.9 p.u.), the fault
duration which cause voltage collapse equal 1.80 séhen GVM are 1.00 p.u., the
fault duration which cause voltage collapse eq2a2@ sec., and when GVM are 1.10
p.u., the fault duration which cause initiationvoltage collapse is 172.56 sec. While,
the load at load bus (4) is I.M. load §Tw?) with the loads at load buses (5), and (6)
are constant impedance loads. The GVM of all gdimgraunits are (0.9 p.u.). it is
found that, the fault duration which cause voltagkapse occurrence is 4.16 sec., it is
30.22 sec. with GVM of 1.00 p.u., and 205.26 sdath VM are 1.10 p.u., as shown
in figure 9 (d, e and f) respectively. Hence, fridma figures, it is noticed that the fault
duration which cause voltage collapse initiatiocr@ases by increasing the GVM of all
generating units.
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The loads voltages (p.u.)
The loads voltages (p.u.)

Lo Jd__L_d____§p_1

60 90 120 150 180 60 90 120 150
The fault duration (sec.) The fault duration (sec.)

(c) Vs=1.1pu, IM T=const. loads an@dF172.56sec (f) \¥=1.1pu IM Taw? loads and
Tc=205.26sec
Fig. (9) Time response for loads voltages, witle loetween nodes # 5 and # 7 opening
with loads are considered as I.M. load (T=conan}j .M. load (Ta ©?) at node (4),
and different values of the GVM (0.90, 1.00, antD)p.u

4.5 The polynomial Equation of Third Order:

The system is considered operating normally foc 1sefore fault is applied at nodes #
4 and # 5. The duration period which cause indgratof voltage instability in the
considered system. The polynomial equation of thinder which indicate the relation
between fault duration which cause voltage instgbilith generators voltage
magnitudes are:
(a) For Constant Impedance Loads at all load buses:
TrauE — 4.1513 + 13.1961 (GVM) — 13.5261 (GVAW) 4.9428 (GVM}
(b) For Constant Current Loads at all load buses:
Trau= — 9.1559 + 26.3536 (GVM) — 24.9359 (G\VAM) 8.1616 (GVM]
(c) For Constant Power Loads at all load buses:
Traus — 9.9981 + 26.9855 (GVM) — 24.0994 (GVAW) 7.5017 (GVM}
(d) For .M. load at node (4), nodes (5) and (@ @nstant impedance loads:
for I.M. load (T=const.): Fa= — 2.9731 + 8.9478 (GVM) — 8.6216 (GVIW
3.0505 (GVMY
for .M. load (Tow): Trau= —3.2467 + 9.8131 (GVM) — 9.4908 (GViMy
3.3401 (GVMY
for I.M. load (Tow?): Teaus — 4.9646 + 15.8790 (GVM) —16.4569 (GViW
5.9731 (GVMY
Also, the relation between fault duration which smwwoltage collapse with
generators voltage magnitudes.
(a) For Constant Impedance Loads at all load buses:
Teauw= (1.039 — 3.1003 (GVM) + 2.9936 (GVM) 0.9247 (GVM)*10*
(b) For Constant Current Loads at all load buses:
Teaui= (0.5299 — 1.4966 (GVM) + 1.3385 (GVM) 0.3674 (GVM)*10*
(c) For Constant Power Loads at all load buses:
Teaui=271.4749-205.9696 (GVM)- 616.0938 (GVMNBBE5.7239 (GVM)
(d) For I.M. load at node (4), nodes (5) and (&) @nstant impedance loads:
for .M. load (T=const.)Te.u= (0.4557 — 1.2572 (GVM) + 1.0828 (GVIW
0.2774 (GVM)*10*
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for I.M. load (Toaw): Teau= (0.8082 — 2.363 (GVM) + 2.2236 (GVi4) 0.6636

(GVM))*10*

for ILM. load (Taw?): Trau= (0.873 — 2.5506 (GVM) + 2.3989 (GVM)-

0.7158 (GVMj*10*

Where True is measured by sec., and these equations have erea
comparable with exact values Tf,.

6. CONCLUSIONS

A general formula for the allowed fault duration ielih cause initiation of voltage
instability as a function in GVM is obtained, witlifferent load types considered at
system nodes. The fault duration which cause veltagstability increases by
increasing the GVM of all generating units for edgpes of loads, when a 3-phase
short-circuit occurs. When the load is constantedgnce load connected at all load
buses, the fault duration which cause voltage hilta is greater than the fault
duration which cause voltage instability when thad is constant current load, and
both of them are greater than the fault duratioiciwvltause voltage instability when
the load is constant power load. The induction mitad is connected at load bus (4),
with the load at reminder load buses are constapedance loads, when .M. load
type is (Ta ®?), the fault duration which cause voltage inst&pils greater than the
fault duration which cause voltage instability wheW. load type is at (& ®), and
both of them are greater than the fault duratiomclvitause voltage instability when
I.M. load type is (T= const.). A general formula tbe allowed fault duration which
causes voltage collapse initiation as a functiogenerators GVM is obtained, with
different load types considered at system nodes fahit duration which cause voltage
collapse is influenced by the GVM of all generatungts for each types of loads, with
opening the transmission line between two nodearfd)(7). Wherethe fault duration
which cause voltage collapse increases by incrgdbin GVM of all generating units.
When the load is constant impedance load conneateall load buses, the fault
duration which cause voltage collapse is greaten tine fault duration which cause
initiation of voltage collapse when the load is stamt current load, and both of them
are greater than the fault duration which causeagel collapse when the load is
constant power load. Also, when the induction métad is connected at certain load
bus, with the load at reminder load buses are aahghpedance loads, when I.M. load
type is (To ®?), the fault duration which cause voltage collajssgreater than the fault
duration which cause initiation of voltage collapgleen .M. load type is at (T o),
and both of them are greater than the fault dumatibich cause voltage collapse when
I.M. load type is (T=const.).
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APPENDIX
System Differential Equations:

[9(Bd.[y])]=0 (1)
v |= [ () @

Network General Features:
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Steady-state equations solution:
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I = Ireal + JI imag andl + JI Ie_jg (7)
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