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1. INTRODUCTION

Transient stability assessment plays a very importale in the planning and operation of electric
power systems. It is well known that the standargbidomain simulation or step-by-step (SBS) nunadric
integration method is the most reliable and aceumathod for assessing transient stability sinternttethod
can accommodate any degree of power system moddlingthe main drawback of the standard SBS
method is its heavy computational burden. This make method slow and hence unsuitable for online
applications even with classical representatiopafer systems. Therefore, a number of methods begn
proposed in the literature for online transientsity assessment. Direct methods such as the igans
energy function method [1] and extended equal amiterion [2]-[6] have been suggested for online
applications. To reduce the computational burderSBS method, the use of truncated Taylor's series
expansion has been suggested in [7] and largessepmtegration has been suggested in [8]. Als¢he
methods use the classical representation of poy&ems and hence assess first swing stability. &'hes
methods are faster than the standard SBS methbdy dan be made even faster by coupling with theam t
coherency-based reduction techniques [9]-[20]. fe@ed up the computation of SBS method using clalssic
representation, a dynamic equivalent power sys@EPS) model for the post-fault system has also been
suggested in [21]. However, the equivalent generfiip the less disturbed generators in this metlsod
simply a mathematical model having no physical posystem structure. Very recently, a coherency-thase
dynamic equivalent modeling using structure prasgrtechnique has been reported in [22]. According
the author, the procedure is suitable for onlinglists. Some very new developments in transientligyab
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assessment are reported in [23]-[25]. There aeralsearch efforts in using parallel processing-[28] to
speed-up the time-domain simulations.

In online transient stability assessment, a saletité of contingencies for the current operating
condition needs to be evaluated as fast as poskiflere a fault or disturbance occurs in the system
Therefore, the computation time is very criticak iddicated earlier, the time domain simulatiothis most
accurate and reliable method for the assessmdrdridient stability since it can accommodate argreke of
modeling. Therefore, to avoid any uncertainty indeling that may provide inaccurate results, timendin
simulation with detailed modeling of power systesntiie only choice. However, the transient stability
assessment by the full scale time domain simulatlone for one pass (all the contingencies in #lecsed
list which may be very long) with respect to thereat operating condition cannot be done fast ehaat-
effectively. On the other hand, all the fast transistability assessment methods (transient erfergstion
method, extended equal area criterion, etc.) asedan classical representation of power system$ance
they are limited to short-term assessment i.et $insng stability assessment [7]-[8], [29]. If assym is first
swing stable, the system damping, governor, etceapected to damp out the subsequent swings. fohere
first swing stable system is considered as stajdtes. However, to avoid any inaccuracy in the ltesiue
to the modeling uncertainties arising from the akelassical representation of power systems, thétul
or critical contingencies need to be evaluated H®y full scale time domain simulation. Thereforestfa
transient stability methods based on classical esgpitation of power systems, combined with simple
dynamic equivalent reduction techniques like the proposed in this paper can be used to evaluateafa
the contingencies in the selected list and iderkig/critical or doubtful ones which can then baleated by
the full scale time domain simulation. This proces® reduce the total computation time for one pass
substantially since the fast assessment methodbeanade even faster by coupling with them the Emp
dynamic reductions. Therefore, even with the insegapower of computers, the use of simple dynamic
reductions is very important in reducing the tatamputation time cost-effectively. Further reduatia the
total computation time can be achieved by paraltetessing. There has been a study [30] on therdift
capabilities (including the computation time) ok sommercial online transient stability packagesur-of
these transient stability assessment tools usedalk time domain simulation along with either titasient
energy function method or the extended equal aiigzxrion, one tool uses full scale time domain dation
alone, and one tool uses the single machine eguivahethod. Five tools have pre-filters to detemgrtime
critical contingencies for analysis by the full lecime domain simulation, and they have the cdjiisi to
represent the dynamics of the external equivalEatr tools use multiprocessor architecture to eialu
multiple contingencies for the same operating cionli Each of the tools provides all modeling calikds.
However, the one tool that uses the full scale tiltomain simulation alone and does not have prerfdnd
capabilities to represent the dynamics of the esezquivalent, and does not use multiprocessditaature
was not implemented at any utility company. Furithetails can be found in [30].

The coherency-based reductions are based on thglesiprinciple that a group of coherent
generators (generators which swing together) catlutpgped together to obtain an equivalent generaor.
number of methods [14]-[20], [31]-[34] have beeggested in the literature for the identificationcoherent
generators. To apply a reduction technique, thegpmystem is divided into two areas: an internahar a
study area that is retained in the original forng an external area containing a group of coheyenérators
that is reduced. The reduction of the external greaduces a dynamic equivalent which is a reducedem
consisting of an equivalent generator and a network

For online applications, it is desirable to hav@raple reduction method in which the parameters of
the dynamic equivalent can be determined with Ipassible measurement data taken from the extarnal
Between the two important coherency-based aggmgaéchniques: New Inertial Aggregation and Slow
Coherency Aggregation [12], the former is the sisplaggregation method and requires less computatio
compared to the latter. However, both the methedsire measurement data taken at the original gtorer
of the external area to determine the parametetieo&quivalent generator. To overcome the drawlofck
the necessity of measurement data at the origiaabmators, a coherency-based simple single-gemerato
dynamic equivalent was introduced in [35]. Thisigglent is based on a new concept of decomposifon
generators and a two-level aggregation of genexaldre preliminary results on its performance imte of
accuracy were reported in [35]. With the knowledd®nly the passive network model of the extermaba
and the total inertia constant of the original gat@'s in this area, the parameters of this dynagigvalent
can be determined from a set of real-time measunenega taken solely at a set of boundary buseshwhi
separates the external area from the internal Measurement data at the generators of the extaraalis
not at all needed. This is an important featuréhisf equivalent. Another important feature issisiplicity
that is essential for online applications. The dyitaequivalent has a power system structure andehén
can be represented physically. The use of this micaquivalent for coherent generators can greatiyuce
the power system model and hence the assessmentRimther reduction of the system model and hémee
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computation time can be achieved by extending #eeai this equivalent to less disturbed generaibms.
results on a preliminary investigation on the degoé reduction that can be accomplished by usimg th
proposed equivalent for less disturbed generaéma,on the critical clearing time of the resultieguced or
aggregated system are very encouraging as hagéeerted in [36]. Very recently, an alternative andre
justified formulation has been proposed in [37] floe first-level aggregation of the dynamic equevelof
[35]. Further, a thorough investigation was conddcto evaluate the accuracy of the proposed dynamic
equivalent when applied to coherent generatorsed tifferent test systems were considered in this
investigation. These are the New England 39-bugekterator system, the IEEE 162-bus 17-generator
system and the IEEE 145-bus 50-generator systertail®& performance results of this equivalent are
presented in [37]. The results clearly indicateedienit quality of the proposed equivalent. In therbugh
investigation that was conducted, the performarfdbe proposed dynamic equivalent aggregation h&s a
been compared with the new inertial aggregatiotenms of accuracy. In this paper, these comparative
results are presented.

2. FORMATION OF THE PROPOSED DYNAMIC EQUIVALENT AND THE NEW INERTIAL
AGGREGATION
The formation of the proposed dynamic equivalend @me new inertial aggregated dynamic
equivalent is described here briefly. A power systef n generators is considered. Further, the classical
representation of power system is used.

A. Proposed Dynamic Equivalent Aggregation

The detail mathematical formulation of the propodggdamic equivalent for a power system area
containing a group of coherent generators is desdrin [37]. Here, its formation and the determoraiof
different parameters are described briefly. Theppsed equivalent is based on a new concept of
decomposition of generators and a two-level agdi@yaf generators. To form this equivalent, thevpo
system is partitioned into two areas: an intern@har a study areRthat is retained in its original form, and
an external are&€ containing the coherent group of generators. Tyrahic equivalent is formed for the
external are& on the assumption that the passive network mddéi®area and the total inertia constant of
all the generators in this area are known. Thetmaning of the system is done in such a way that two
areas are connected to each other only at a sstnafnon buses, called boundary buses. This paititiois
shown in Figure 1. For convenience, the boundasebware considered as parts of the externalGré&ar
the dynamic equivalent to be valid for all the theystem configurations (pre-fault, fault-on, andtgfault),
the fault is placed in the internal af®@aAny line between the boundary buses and any dédldese buses are
considered as parts of the internal &Red@he mathematical formulation of this equivalestisfies the swing
equations of the coherent group of generators dsasethe nodal equations at the boundary buses. Th
following sets of indices are defined for the ertdrareaC.

Co={12, ng}

C ={(ng +D,(ng +2),---,(ng +n,)}
whereC; are indices of all theg boundary buses ar@, are indices of alh, internal generator buses. To
form the dynamic equivalent, external area netwsrkeduced to its generator internal buses and the
boundary buses. The decomposition of the cohermmrgtors into smaller generators and then thieldivsl
aggregation of these smaller generators result imulii-generator dynamic equivalent with one sefara
equivalent generator connected to each individwaindary bus. So, the number of first-level equintle
generators is equal to the number of boundary buygsas shown in Figure 2. In this figurg,is the phasor
current injected into the external area at bountasj, V; andy; are respectively the phasor voltage and shunt
admittance at boundary bys/m, is the admittance between two different boundasebm andn, andyy; is the
admittance between boundary fjuend the corresponding first-level equivalent gatwerinternal bus. Further,
My;, Py, Eyj, 4y are respectively the inertia constant, input meidia power, internal bus voltage magnitude,
and rotor angle of the first-level equivalent getar at boundary bys The second level aggregation of the first
level equivalent generators results in the singleegator dynamic equivalent of Figure 3. In thgufe, M+,
Pr, Er, &r are respectively the inertia constant, input meiad power, internal bus voltage magnitude, artdrro
angle of the equivalent generator. The parameterti® dynamic equivalent are found as follows. The
admittance between any two boundary buselk is given by

Yik ==Y, (2Kk)UCq (1)
and the shunt admittance at any boundaryj limgiven by
Yy, =Y+ T Y. +3XY, jOC 2)
(k# j)OCg idC,
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where Y, , =G, * jB,,are the elements of the admittance matrix of esfeanea reduced to the boundary

buses and the generator internal buses.
The admittance between boundary pud the corresponding first level equivalent gatagrinternal bus is
given by

Yy = (ng + JbU]) = __E% Y jOCs (3

The internal bus voltage magnitudgy and the initial rotor angléy; of the first-level equivalent
generator corresponding to boundary pase obtained from
Ey =Ey09,

Syt 2 (Vi V)Y 4)

= (k#j)OCy +V
Yy
using the boundary bus quantities referring to phe-fault system condition. The internal bus vadtag
magnitudeEr and initial rotor anglejr of the second-level single equivalent generater then obtained
respectively as simple average of the first-levqligalent generator internal bus voltage magnituaied
initial rotor angles. They are given by
ETz(zEUj)/nB’ dr:(ZJUJ)/nB (5)
jocs i0Cs

The mechanical input powé¥ of this equivalent generator is obtained as

j
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R=2Rj=X [Ejjguj
j0Cg jOCs
- E,Vi{gy cos@ —6)) +hy sin(@y - &)} (6)
with all the bus quantities referring to the prefaystem condition. The inertia constdht is obtained as
Mr =D My =X M, (7)
j0C, iCC,
where M; is the inertia constant of an external generatofhe complex ratios of the ideal phase shift
transformers are given by

o, =E;/E; jOC, (8)

B. New Inertial Aggregated Dynamic Equivalent

The details on this dynamic equivalent are ava@labl[12]. Here, its formation is described briefly
In this method, the dynamic equivalent for a cohegroup of generators is formed at the internalesuof
these coherent generators. To form this equivdtemi group of coherent generators, the power Byste
network is partitioned into two areas: an interm@aR and an external ar&a This is shown in Figure 4. As
can be seen in this figure, the internal busehefcbherent generator group are the boundary wisies
separate the internal area from the external &eathe external buses of the coherent generadopgare in
the internal area. To form this dynamic equivafentthe external area, the internal buses of a&ldbherent
generators are connected to a fictitious bus thradgal phase shift transformers. Since the creaifawo
additional buses in [12] is just to preserve thevemtional power network representation and doésiffiect
the computation, these buses are not considered heran be seen in [12] that the phasor voltagthe
fictitious bus is same as the phasor voltage ofthévalent generator internal bus that is cretttealigh the
inclusion of these additional buses. Thereforethis presentation, the fictitious bus is consideasdthe
internal bus of the equivalent generator. This dyicaequivalent is shown in Figure 5. In this figulké, Pr,
Er, Oy are respectively the inertia constant, input meidah power, internal bus voltage magnitude, ardrro
angle of the equivalent generator. The internaMaltage magnitude and the initial rotor anglehi§ equivalent
generator are given by

Er = £08 =(XMEIIMY) ©

wheren; is the number of coherent generatddgjs the inertia constant of a coherent generatat R is the
phasor voltage at the internal bus of a coherenemggor in the pre-fault system condition. The ealgint
generator mechanical input poweyis given by
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n n
I:?I' = Z Pmk ZZ Pek (10)
k=1 k=1

where P, and P are respectively the mechanical input power anerimal bus pre-fault steady-state real
power of a coherent generator. The equivalent gémeinertia constaritl; is obtained as

Mr = 2 M, (11)

The complex ratios of the ideal phase shift tramséys are given by
a, =E. /E, k=12---,n, (12)

3. INVESTIGATIVE RESULTSON THE COMPARATIVE STUDY OF PERFORMANCE

To compare the performance of the proposed dynamuévalent with the new inertial aggregation
equivalent in terms of accuracy, both the methodsevtested and evaluated on the New England 39:®us
generator system, and the IEEE 162-bus 17-geneaatbd45-bus 50-generator systems. A number ofthre
phase short circuit fault cases on each of thestegbms were considered in this investigatioredoh fault
case, the coherent generator groups were identiady the corresponding critically unstable trajees of
the full system as obtained by the SBS transiatiility simulation method up to a time when theteys
exhibited instability. These trajectories were mssed by the clustering algorithm of [14] to obttie
coherent generator groups. Since a good-qualitgaym equivalent provides approximately the fulligaral
or unreduced) system trajectories, a single measfutes performance of any dynamic equivalent imteof
its accuracy is the difference (error) betweenttagctories of the aggregated (reduced) systenttzndull
system. Therefore, the performance of each of te¢hods in terms of its accuracy was evaluated by
comparing the trajectories of the retained genesatothe aggregated system with those in thesfigtem in
terms of errors (differences). To obtain the aggted system corresponding to a particular aggm@gati
method for a fault case, each of the coherent gémregroups identified in that fault case was repthby its
respective dynamic equivalent. All the transiemtbgity simulations in this investigation were ded out
using a time step-size of 0.01 s. The results efcttmparative study on the accuracy that was cdedusn
the three test systems are presented here. Tallevis the results on the New England 39-bus 10rgtare
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system, Table 2 shows the results on the IEEE 1682tF-generator system, and Table 3 shows thesesul
the IEEE 145-bus 50-generator system.
Table 1. Average absolute errors: New England 39-BlitGenerator System

Line No. of No. of Fault clearing time (FCT) and average Fault clearing time (FCT) and average
tripped generators along generators absolute error (AAE) absolute error (AAE)
between with the retained  FCT AAE (degrees) FCT AAE (degrees)

buses coherency (s) (min — max) (s) (min — max)

*Faulty bus tolerance in L o
different Proposed New inertial Proposed New inertial
coherent groups aggregation aggregation aggregation  aggregation
*29 - 26 4(2.9),3(3.79) 3 0.08 0.057- 0.732 0.048-0.707 0.10 0.06P35 0.057-0.916
*29 - 26 8(9.47) 2 0.08 0.248-1514 0.112-1.133 0.10 0.32H28 0.168-0.476
*25-2 2(3.19, 0.14 0.054-0.284 0.045-0.304 0.17 0.046650.50.033-0.514
4(3.47)
*20! 2(3.19), 4 0.21 0.026-0.169 0.014-0.242 0.26 0.037+10.2 0.023 - 0.292
4(4.37)
*31? 2(2.97), 4 0.24 0.026-0.226 0.010-0.178 0.29 0.02357.2 0.007 — 0.206
4(3.19)
*311 7(7.79) 3 0.24 0.131-0.271 0.094-0.363 0.29 0.04623 0.104-0.428
*10 - 13 5(8.36) 5 0.23 0.054-1645 0.025-1.260 0.28 0.23228 0.127-2.279
*2-1 3(3.99) 7 0.17 0.043-1.104 0.097-1202 0.21 0.012911 0.061-1.282
*27-17 2(2.09), 5 0.19 0.017-0.444 0.006-0.415 0.23 0.018140.50.004 — 0.466
3(5.62)

*4 - 14 2(5.28), 5 0.25 0.161-1.421 0.180-1.469 0.30 0.083391.30.075-1.340
3(7.97)

*6—11 4(8.68) 6 0.22 0.169-1.342 0.178-1.097 0.27 0.134%71 0.140-1.081

INo line removed

Table 2. Average absolute errors: IEEE 162-Bus &ridgator System

Line No. of generators  No. of Fault clearing time (FCT) and average Fault clearing time (FCT) and average
tripped along with the  generators absolute error (AAE) absolute error (AAE)
between coherency retained  FCT AAE (degrees) FCT AAE (degrees)

buses tolerance in (s) (min — max) (s) (min — max)

*Faulty bus different coherent L L
groups Proposgd New merqal Proposgd New merqal
aggregation  aggregation aggregation  aggregation
*5-129 4(5.29), 9 0.23 0.009-0.116 0.013-0.105 0.28 0.04039.1 0.037 -0.128
2(2.30), 2(4.73)
*124! 5(5.32), 8 040 0.074-0.267 0.093-0.483 0.48 0.037320.5 0.035-0.650
2(2.86), 2(5.18)
*6! 6(5.08), 2 0.23 0.251-0.281 0.250-0.265 0.28 0.294%30.2 0.239-0.311
3(4.39),
3(4.69), 3(5.50)
*42 — 109 10(5.09, 5 035 0445-1418 0.492-1.432 0.42 0.304691.6 0.404 —1.693
2(4.96)
*130" 6(5.07), 2 0.32 0.085-0.809 0.087-0.778 0.39 0.126550.2 0.133-0.229
4(3.84),
3(2.99), 2(4.86)
*26 — 149 5(5.09, 5 0.21 0.024-0.681 0.011-0.640 0.26 0.004%10.7 0.022 — 0.669
3(4.86),
2(0.90), 2(1.76)
*95 - 97 14(3.89 3 0.31 0.350-0.920 0.383-1.033 0.38 0.2444 0.266 —0.598
*52 — 116 5(3.5%, 4 0.36 0.041-0.134 0.078—0.145 0.44 0.00845.1 0.023 —0.146
2(0.89),
2(1.63),
2(1.69), 2(3.96)
*27-125  6(3.29, 3(3.47) 0.18 0.084-1.786 0.084-1776 0.22 0.1578® 0.146-0.782
*112 - 120 5(7.79, 5 0.21 0.046-0.410 0.034-0.390 0.26 0.069660.4 0.014 —0.447
3(7.59),
2(5.69), 2(7.94)
*110 — 141 3(1.1%, 8 0.27 0.002-0.107 0.003-0.078 0.33 0.002%20.1 0.006 —0.080
2(1.49),
2(4.27), 2(4.37)
*126 — 37 4(3.49), 7 0.16 0.056-0.363 0.067-0.372 0.20 0.053%50.5 0.055-0.519
2(2.16),

2(2.50), 2(2.64)

INo line removed
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In these results, the difference between an agtgdgaystem trajectory and the full system
trajectory of a retained generator is providedeinms of an average absolute error (AAE) betweertwioe
trajectories [12] as obtained by

3,(t) -5, (t)| dt (13)

1T
o==
T(jJ

whereo is the average absolute errég,andd; are respectively the rotor angles in the aggrelate
system and the full system in synchronous framd,Tais the period of study. This average absolutererro
was computed over a study period equal to or le ifteater than the length of time taken by thdcedly
unstable full system to actually exhibit instalyiliEurther, this error was computed for two differéault
clearing times with the lower one referring to tirétically unstable condition of the full systemhd other
fault clearing time was at least 20% higher thanldwer one. In all the tables, column 2 showsrilmmber
of generators in each coherent group along with dbleerency tolerance chosen. Further, the average
absolute errors in the tables are shown in termhe@fminimum and maximum values among the average
absolute errors of all the retained generatorswinfault cases of the New England System, theltsesune
also shown with varying coherency tolerances. H®wmethe results on the accuracy of the proposed
aggregation method as shown in the tables are mexbén [37]. They are repeated here for the puerpfs
comparison of the two aggregation methods. It carséen from the tables that the errors and hermce th
accuracy of the two methods are similar.

Table 3. Average absolute errors: IEEE 145-Bus B@dator System

Line No. of generators  No. of Fault clearing time (FCT) and average Fault clearing time (FCT) and average
tripped along with the  generators absolute error (AAE) absolute error (AAE)
between coherency retained ~FCT AAE (degrees) FCT AAE (degrees)

buses tolerance in (s) (min — max) (s) (min — max)

*Faulty bus different coherent _ _
groups Proposed New inertial Proposed New inertial
aggregation  aggregation aggregation  aggregation
*59 - 72 18(3.2%,7(3.56), 11 0.23 0.007-0.429 0.008-0.426 0.28 0.024420. 0.023-0.438
6(3.64),4(3.39),
2(1.39),2(2.24)
*104 21(2.79), 3 0.19 0.055-0.159 0.044-0.149 0.23 0.043%10.1 0.031-0.101
10(3.4%),9(3.40),
7(3.28)
*76 - 77 20(3.29, 3 0.16 0.810-0.979 0.815-0.840 0.20 0.686491.1 0.648—1.146
16(3.87),3(2.19),
3(2.62), 3 (3.18),
2 (0.19)
*135" 42(1.60),3(3.47) 5 0.15 0.011-0.666 0.011-0.671 0.18 0.023+0 0.023-0.922
*58 — 98 13(3.99,5(3.00), 12 0.23 0.049-1.360 0.027-1.309 0.28 0.046191. 0.035-1.668
4(3.47),4(3.5D),
3(3.32),3(3.39),
2(0.57),2(0.87),
2(1.59)
*80 — 92 44(3.19,2(3.29), 2 0.22 0.073-0.077 0.072-0.078 0.27 0.028%7.0 0.028 — 0.078
2(3.69)
*108 - 75 24(3.89, 8 0.23 0.073-1.076 0.073-1.076 0.28 0.014481.10.013-1.148
16(3.14),2(0.09)
*74-106  14(3.89,4(3.46), 13 0.21 0.029-0.923 0.011-0.852 0.26 0.08896l. 0.028 —1.321
4(3.99),3(1.63),
3(1.68),3(2.89),
2(0.84),2(2.27),
2(2.97)
*94 — 60 42(3.6‘.’!),26(%.0f), 4 0.07 0.543-2.168 0533-2.164 0.09 0.66822.10.655-2.115
2(1.7
*132! 36(3.98),7(2.859), 2 0.23 0.218-0.336 0.218-0.336 0.28 0.148300.2 0.148 - 0.230
3(3.99),2(1.58)
*101 - 69 26(3.99, 3 0.25 0.126-0.872 0.123-0.871 0.30 0.110790.8 0.107 —0.879
13(3.6%),8(2.23)
*115 43(3.13),3(0.859), 2 0.30 0.127-0.217 0.128-0.217 0.36 0.037410.2 0.037 — 0.241

2(1.42)

INo line removed

In addition, each of the two aggregation methods weestigated by comparing its respective
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aggregated system with the full system in termtheffollowing aspects: (a) critical clearing tinange, (b)
the generator that looses synchronism first coomdipg to a fault clearing time for which the falystem
exhibits critically unstable condition, and (c) thenerator that has the highest maximum absolsgesfiving
corresponding to a fault clearing time for whicle thull system exhibits critically stable conditiofill these
results were obtained using COA frame of refereliceach of the fault cases presented here, thééges the
mentioned aspects obtained by both the aggregamidinods were found to be same as those of theytiém.
However, it is important to note that the errordween aggregated system trajectories and full syste
trajectories of the retained generators are alssunes of the results on the mentioned aspects nfdans that
if the errors are high, then the results on thecaidd aspects obtained by an aggregation metHbblendifferent
from those of the full system. Regarding the comaporh speed, the author believes that the computtithe by
both the aggregation methods will be similar. S® déispect has not been considered in the investigat

4. CONCLUSION

The performance of a proposed coherency-based esichpiamic equivalent aggregation method
has been compared with the new inertial aggregatiethod in terms of accuracy. Three test systeits th
were considered in this study are the New Engle8wh8 10-generator system, and the IEEE 162-bus 17-
generator and 145-bus 50-generator systems. Theparative performance results obtained in this
investigation have been presented here. The resldtgly indicate that the accuracy of the proposed
dynamic equivalent aggregation method is similathet of the new inertial aggregation method. Hosvev
like any other dynamic equivalent aggregation, dbeuracy of results by the proposed dynamic eqenval
depends on the coherency tolerance. The proposeaitdy equivalent is expected to be useful in online
applications.
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