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Abttrad 

In thiJ paper the .et of submodulea which form the ell!(­
h'ical network .imulation module of .. diJpueher trai.nin( ..un­
wator an deteribed_ The .imulation of the network rtqUires 
tht efficient eolutiou of .. aet of non-linear eqU&tionJ (load flow 
rubmodule) built upcn lb. data pnmded by lb. topol~,aI 
analysia rubmodule . Othtr auD.li:vy rubmodulea intertonned 
this module with the maD-machine in~ria.te of the simwa.tor. 

KeywordJ: P""er Sy.lem Simulation. Conlrol Centen, Load Flo ... 

1 Introduction 
Tbe Spanisb power control ct.lel'll are organised in Ib"", hierar· 
clticallevela. Tbe ctnlen belonging 10 Ih. 10 .. '" level conlrol Ihe 
.ub-I,..".mi<eion portion embraced by • provinct. Wlille each ulil· 
ity haa only one cenlra.! diJp.lching ctnler. many provincia.! conlrol 
cen:'l'II ... cumnlly being inJla.lled. Tb. operalors in charge of 
Ib ... cenlel'll monilor Ihe lelomelered 1i.1e of Ibe nel .. ork and lake 
Ibe rigbl aclio .. !lO Ih.1 Ibe .. rvic. is mainlained. Ii is very impor· 
lanl for lhis largo number of people 10 be properly lrained bee .... 
a wrong decloion during an emergency could lead 10 a b1acl:oul. A 
diJp.lcher lraining aimulalor bas proved 10 be an efficienl 1001 in 
improving lhis penonnel'. okills {[II. 121. 131. I ~IJ. 

ilaoica.lly. Ibe aimulalor compn.e. Iw major modul .. : 

I. Dal. base generalion and upd.ling (olf-Iine). 

2. Man-machine inlen"",. 

3. Network aimulalion. 

This paper is concerned .. ilb Ibe lhird module .. hich. referring 
10 figure I . lak .. aa an inpul Ibe fixed lopological and eleclrica.! 
w o"""lion coming from lb. d.l. b .... as w.ll aa Ibe commando 
proceooed by Ibe Man-Machine inlerface (described in 151J. 

Moreover, an exte .. "a.! equivaJenl compul.lion IlUbmodule. which 
is part of Ihe firIi olf-Iin. module bul is closely reliled to Ihe n.lwork 
aimulalion. will b. included. 

This aimul.lor bas been designed under severa.! conolrainl •. On 
lb. one band il &bould ..... mbl. Ihe aclual conlrol c.nler .. c100ety 
at pouible. This baa alfecled the man-machin. inlenac. and lOme 
other imporbllt ;upecLa . For i.n.eiance, oely minor generak1n lie, 
in certain CadeS, within the range of provincial control cenLers. No 
information or control is available at these cent~ coDce:ni.ng the 
loa.d-frequency mechan.iem. So, it i. wutetul, and probably UM:lee&, 
to develop a dyna.mk simulator. On the cor.trary, tbe effect tb01t 
the e:nernaJ b.igh-vol\a.ge system produces aD. the simulated ndworx 

mUJI be cort'eClly modelled. 
On the other hand, computational efficiency ha.e been 80metimee 

sacrificed 10 reIi.bility. This baa been Ibe C>lt of Ih. load How 
rouline ... bere Ihe well-known Ne .. lon Rapb80n m.tbod h .. been 
adopled. 

Finally. Ibe computer UJed (I'VAX-II). and Ih. need 10 g.1 a 
tuJlicienily l!Jla.ll refreshmenl cycle baa diJcouraged oophistic.led 
proleclive devices from being implemenled. However. part of Ibeir 
aclio .. m.y be .imul.led by m .... of programmed eveni& 151. 

Tb. next oeclio .. are devoled 10 • diacwaion of Ihe lubmodulea 
&bown in figure I. 
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2 Operator's Command Processing 

All Ihe command. coming from Ihe \niner, Ihe lrainee, or from 
Ihe module lhal manag .. Ihe prolectioDl, are fillered by Ihe man­
machine inlerface, fonnall<od .. d oenl 10 Ihe ne",ork simulalion 
aubrydem vi& a queue. 

The module being described aequ .. lially analy_lhe commandJ 
lIacied in Ihe queue during Ihe !all cycle, ""d updaleo Ihe dala 
baoeo acoording 10 Ihe logical model of Ihe elemenl being modified. 
The,.. ia • logical model for each one of Ih. follo .. ing compon.nll: 
IWikh, circuit breaker, generator, nriable trantformer hp, nri.:t.ble 
&bUllI capacilor .. d load. Iu .. example Ih. model for Ih. circuil 
breaker (CB) ia shown in 5gun 2. 

Th. wlrudor may forc. Ihe CB 10 behave as defecliv •. In lhia 
caae .. y command .. ill be ignored ""d Ih. CB .. ill remain in ill 
preeeni .1.1 •. OIhenriae, • dOling command .. ill be mad •• ffecli .. 
provided Ih. aynchronoocope allo ... ii, .. bil. an opening command 
coming from Ih. lrainee ia only pooaibl. if Ihe CB ia remolely con· 
lrolled. Th. wlrudor m.y .imulal. any local command on Ih. 
CB. 

In Ih. sam ... ay, Ih. olh.r logical models are inlended 10 re­
sembi. Ih. adual beh.vior of Ih. simul.1<od elemenl as clooely as 
poaeibl •. For inn ""c., Ih. nominal value of .ac.h inclividualload ia 
periodically upd.1<od according 10 • pall= d.fined by Ih. Dler in 
Ih. dal. b .... 
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Figuro 2: Circuil breaker logical mod.l 

3 Topological Analysis 
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Th. objecliv. of lhia module ia 10 supply Ih. dab required by Ih. 
Load Flo .. modul.. Iu .. inpul il .... Ih. variable d.I. coming 
from Ih. preoent IIaius of pitching el.m.nl ....... ll as Ih. fixed 
.Irudural d.la lak.n from Ih. n.lwork d.la b .... III main funclio .. 
.. ill be deocribed below following Ih. oam. ord.r in wlUch Ihey are 
executed (l6D. 

3.1 Physical to electrical nodes assignment 

From Ih. poinl of vi ... of Ih. Iopological analysi ... ach robol.lion 
within a network ia composed of bUlb ... -s, hallmormen, circuH break­
.... and .w ilcb ... Po ... r ia dra"n from the .ubol,t ion by local load! 
.. d lin .. , .. d ia fed by gen.ralo ... ""d lin ... Th. bUlb .... and Ih. 
edg .. of the olh.r e1.ment. are polenlial e1eclrical nod .. which will 
be d.noled .. "physical nod... . In fig>.lte 3 .ncircled numbe" 
represent pbYIie.al nodes. 

Depending on the present status of the ", ikhing elemenu one, 
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F~ 3: Part of • subll.lion showing .... ra1 nod .. 

hoc or more phy.ical nod .. are m.rged by thia aubmodul. inlo OIl 

.Ieclrical nod.. The Ihree squared numbe,. in Ih.I figure are Ih. 
eleclricalnod ... For inslance, Ih •• eI of .od .. 3, ... d 5 co .. lilut .. 
Ih •• leclrical nod. 1 bocau .. Ih •• lem .. I. joining th.m are c101ed. 

3.2 hlanda detection 
The network mod.l ia now compooed of .Ieclrical nod .. , lin .. an~ 
lraDJlorme", joining Ihem, and .hUllI d.vi"" ( •. g. , generalon, loads 
and capacilo ... ). A common probl.m ia Ih.I Ihe nelwork m.y be splil 
inlo oeveral CODDecl<od compon.nll called "WandJ' . II ia neceaary 
10 p.rform Ihia lI.p, .inee Ih. Load Flow a1gorilhm requireo • alack 
nod. 10 be ... igned 10 each ialand. Typically, moo of Ih. ialand& 
fOUlld, like Ih. nod. 3 in figure 3 ,mak. no ....... OIh.r 1 ... trivial 
eaMO where Ih. load clearly exceedo the gen.ralion, mUll aIao be 
diJcarded .inee the Load Flow would Dol properly work if Ihey w.re 
nol. Th ... ill-c<>nclilioned componenll .. ilI be called "dead ialandJ". 

3.3 Optimal node ordering 

Th. load 80w calculation 181 ia an ileraliv. proc ... th.t requires 
Ih •• Ilici.nl IOlulion of Ih. lin.ar equ.lion 'Y.I.m arising from .ac.h 
ileration. Due 10 the n.lure of Ih. problem in h .. d, lhia sy.lem of 
equ.lion. ia v.ry 'parae, bul lend. 10 become full during Ih. gau .. ian 
eliminalion proceoa. A gre.I deal of operalio .... d memory m.y be 
Bavea:J if 'b.is fill-in remains a.I low aa pcaible, which i.a an importa.nt 
iaau. for real-lim. cod •. AJJ. appropriate choic. of Ihe order in wlUch 
Ih. equ.lio .. are e1imin.1<od ia .nough 10 .void lhia problem. Th. 
w.ll-known minimum degne ordering .Iralogy 171 haa been adopled 
in lhia project. II rep~nll a comproma. belween complexity .. d 
oplimallty .. d haa prov.n 10 be near oplimal in praclice. 

3.4 Other auxiliary functions 
Besid .. Ih. form.r fUll clio .. , Ih. topological ""a1y.ia module carri .. 
oul Ih. following on .. 100: 

• Compubtion of the Dode ad.miUance ma.trix. 

• Computalion of Ihe pow.r injecl<od inlo .ac.h node. 

• lniUaliJaUon of node voltages. 

• Coherenc. analysi. of regulaling . I.m •• ," ( • . g. 10 make sure 
Ih.I Ihe regulaling and reguI.led nod .. are nol in cliff.renl 
ialand&, .tc.) . 

4 Load Flow 
10 tbe actual control center, tbe dispatcher acu on the network and 
Inow. of ita res:pon~ after the refreshme:ot cycle haa ebpeed .'~nd the 



Ie,...... have been updated. In the .imul.ted control center, however, 
tbe ilatic behavior o( Ihe ne;work in Ihe (ace of a perturbaiion mtal 

'be computed wilh the help of Ihe Load Flow tool. Given Ibe nodal 
pewer injecliolli lhis routine calcuJaiea the nodal vollag ... and the 
active and reaclive power How. Ihrough the lin ... 

The basic equatiou (or this rouline .... : 

j-

P; = E V;V;(G;jCOl9;j + B;j sin 8;j) (1) 
1=' 
j-

Q; = EV;Vj(G;j.in9;j-B;jcoo9;j) (2) 
1=1 

where P;, Q; are th nol adive and reaclive power injected .1 node 
i; V;, 8; are Ihe pelar coordina\es of ilo vollage, and G;j, B;j Ihe real 
and imaginary componenlo of Ihe admitlance matrix elemenl Y;j. 

The Ne"'on-Raph.son (N-R) algorilhm [S[ it the riandard adopt. 
ed by Ihe power indUltry for solving Ihe nonlinear equaliolli 1 and 
2. Other fa.ler veraiou, like the ~ed ra.t Decou pled Load 
<Flow [gl, have not proven to be so reliable, especiaJJy for the kind of 
networn thi. liIIluJaior it inlended. 

The N-R method it baeed on the iterative solution of Ihe equa. 
lion: 

( ~~ ) = -J. Ut ) (3) 
.. here J it the jacobian of exp ..... iolli 1 and 2. Eac!: lime equ.lion 
3 ia solved, beller valu ... of V and 9 are obtaIned. EvenluaJJy, the 
valu .. of /)"P and /),.Q will be.maJJ enough and the iterative procetll 
ia dopped. An exira iieralion may be required 10 refille Ihe voll. 
val ... once the IranJformen I.po .. d the output of cerlaIn reactive 
compe ... lon are defulitively fixed ,I Iheir cl.,...,1 diKrete val ..... 
(oee figure 4). 

Beoides the UJUal PQ and local PV nod .. , olher iypeI have been 
co .. idered which inlroduce addilional programming complexity and 
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Figure 5: Jacobian muclure of a repreeenialive problem. 

convergence problems, like Ihe (ollowing: 

• Remote PV nod... The voll •• 1 •• pecitied node ia 'Uj>­

perted by. readive source (a generator or a c.pacilor) located 
al olher node . 

• Tap-regulated PV nodes. A lransformer .hif\. ila under-load 
lap 10 keep collJlanllhe vollage al a opecific node, which may 
be one of the transformer sides or a remote node. 

The druc:lure of equalion 3 musl be modified accordingly "hen 
Ihooe nodes are p ..... nl. FnrIhermore, &ince bolh Ih. lape and Ihe 
readive lOurces may reaclliheir phyaicallimilo, lhil .Iruclure may 
change during Ihe iteralive process, leading 10 ralh.,. complex .il.· 
alio .. which challenge Ihe robUlln ... of Ih. N-R melhod. 

Figure 5 .howl Ihe resullanl druclure o( eqUaliOD 3 for a ,maJJ 
rep ...... nlaliv. proble!Il. In lhis example, node 0 ia Ih •• I~ or ref· 
.ren~ node, node 1 it • local PV node, node 2 conlro'" Ihe vollage 
.1 node 3, Ihe lranaformer regulalea Ihe voll. at node ~ and nod. 
5 ia a coDvenlional PQ node. 

Slale--oHhe-ari lechniq ... bve been IlIed when dealing " ilh 
Ihe oolulion of Ihe spane linear equ.lion 3. SpecificaJJy, a c .... 
10miJed .parae malrix package h .. been developed eapecially for 
lhil project. 

5 Inverse Topological Assignment 
This module Iat.. .. an inpul Ihe dale vector compuled by Ihe 
load Bow modul., .. "ell .. Ihe equivalence lable belween eleclri· 

eaI and phy.ieal nodes generated. by the topologiul an~y.i • . A. ::l!l. 

immediate reeull il oupplieolhe vollage oi Ihe physical Dod .. "here 
lhis me31urem.nt it adually tel.melered. Siraightforward compul.­
HOM .J&o give the values of currenta and a.ctive and reactive powe:a 
Bowing Ihrough any d .. ired element. 
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6 ProtectIons 
Since \he compuler adopled for lhia projecl haa gol a relalively lim· 
iled ccmpulalional power, il io nol poaible 10 perlorm areal-lime 
limulalion of complex p~, like Ihe dynamic beh.vior of Ih. 
'network or Ibe conlrol aclions of oophiolicated proleclive relays. 
This io .. hy only Ihe overeurrenl relay funclion haa been incor· 
poraled 10 Ihe model. Each compuled currenl level exceeding ila 
maximum nlue lriggers an opening colllllW!d for Ibe .ppropriate 
circuil breaker. 

'1 Magnitude ConversIon and State Up­
dating 

This auxiliary module converls all Ihe magnitudes "hich are 10 be 
repreoen:led laler on Ihe ope .... lor'. otree!:O from Ihe "per unil" 'Y&o 

' \em 10 Amperes, Kilovolla, MWI, ele. II alJo supplies Ihe presenl 
.. Iale of '''ilehing elemenla and 1nnJ!0rmer I.po 10 .e man-machine 
inlerface. 

8 External Equivalent 

The differenl networD inlo "hich a power oyslern can be divided 
are oIrongly inlerconnecled. Thut, "hen lIudying one of Ihem, Ibe 
effecl of Ihe overall OYllem haa 10 be laken inlo lCCOUD!. Thia effed 
io mnch more imporlanl for Ihe kind of networD "e are dealing 
"ilh, "hich have no inner generalion. Including Ihe "hole power 
oyllem in Ihelludy io .01 • good eolulion, beta ... it io much larger 
Ihan Ihe ..... of inleres!. II io preferable 10 model in delail Ihe 
area of inleresl, and 10 .ubililule Ibe rellllloining by eome equinle.1 
allathed .1 Ihe boWlciazy b~ 

MoOr evalu.ling Ihe moe! commonly UJod equinlenc:ing Iec.h. 
niqu", Ihe melhod implemenled in Ihio aimuialor hOI been Ihe Ward 
Equinle.1 "ilh Buffer (ilOI,llll,[12J). The buffer sone, conailling 
of • omall number of ge.eraloro wilh large reaclive cap.bility, pro­
vides e~ough reaclive power supporl 10 Ihe area of inlerell "hen· 
ever needed. Thia io particularly imporlanl for Ihe kind 01 simulaled 
networD, which usually have no general ion inoide, and have 10 be 
IUpporled from oulaide. The buffer lOne alJo provides a rea!iolic 
mck bue for Ih. network. The mck bue "ill be one of Iho ",Iained 
generalors. 

9 Conclusions 
Tho network simuialion oubmodule of a diopaleher lr.Uning simula· 
lor io p,...nled in lhia paper. The simulalor io b .. ieally intended 
for Ih. mlall provincial conlrol cenlero "hich are eurre.lly being in· 
lIaIled. The specific .alure of Ihese "".Iero h .. greally condilio.ed 
ila design. A eopru..liealed Iialio.ary load 80w model h .. been de­
veloped, including remolo vollage conlrol, lap-<:hanging 1nnJ!0rm· 
ero, ele. In addilio., several .uxiliary IUbmodul .. like lopologi· 
c:t.l analYlis, external network equivalent computa.\ioD, timUlaUOD 
of lelemelered magniludes, overeurrenl proleclion, ele., have bee. 
described. 

The limula\or can handle &eYe~ conUngencit:8, like loa of load 
and generation, line Iwikhing, ialanding, etc. Other more eevere 
diolurbanceo, e.g. , Ih. eequence of .. e.1a and alarmo after a .horl 
circuit, IJJ.ight be h~dled as programmed eYeDh &Ild/ or by m~ 
or lnmer a,diona. 
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