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In thb p.p.t, th. t46nbtion Ane (fL) b mdelal anl d dlrz.d ia the

tu"sient sttte vlth th. dAl of Malab Sitrlak l+og,,e rh. r8ults arc @nqdEd
with the rtitwr t pee oJTL odebto dap@h the.onpru ie 

'totz drte ststfi
fith v.r! hlgh d.gr.. of@crtuc!, slhNest circult @ Jlgunti.n, Md Lost sigttlicant
mr Th. s.lected systeld ,pplication ,a Ituql Nonh. Regkna! O ORNA).
Aaoth.t paints to be e\ploire.l, th. t6,,/t$ giw th. tltlf.tunc. b.b..a lti"e th.
lllrtrlbated pM4* rL @d lMpen pdtuMb, rL @N pndi6g4rd |ottdge,
aeieirga.l voltdge, dn.l TL curunt
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6rt EJLr e dfl 4lrtt Mdtlnb ShrullrL A*i y'!,r,t.liil.6 4t t4irF
'-3 L-As e$4 aA n! 1!1.,r! .rA 1+,. u!, lbd,i. 41.4! A ,.b-r! t&r,
<14!rr L.tE . [13 d. i.'r,t q]rt .rdt- 
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lt t Hd;dfli/ffi

!:!!-s!sr4b]!
Vs = Sendjng end voltlgc.
vr: Re--iYiry e lollage,

Ii = Receiving ehd curent,

A, B. C, dd D = TL .onsrml.

Ihe nain objed ofthG paper is to
study lne TL in tlE lresienr sde by
including diffeEnt TL models. fte
eriect of Gowq C.8.. ud Tmsfomq)
imp€d&ce ( z ) is llso embodied in lhe
nodeling ofrhe $udied sysen includine

Previouslx the t@sni$joD liie
ha been ep&semed by one r s4tion or
more thln one r secliolj accoiding to
rhe line lengh. TIns rcpEseniation gives
ineaBte rcsulrs in the t@io.t
simrnadon lhat is used in the design,
conlrol, &d ana.llsh ol power systetus.
So, it is neese.y to k ow the belEvior

N = N@ber of r s€ction.

z.= ch&acterislic impedmce.

1= Prcpacarion const l = a+jP.

of TL in lrtusienr condition, lo eet hidr
accuacy in the esults, {hich is lhe

J.R.Shith ha !rcposed a nethod
lrl. to detemift the numher ofr Fctions
or lhe length per tr se;on thlt is lsed in
trtusienl studies. Anolher ne ly nade
mcihod is rhar Drcsenled by John J.

Jning€r ed Ste\rnson in which rhe
dehinario. ol Vs. md Vr in the
lrmsiem srate I:1. In rhis sorh the ns
modiffed nethod i\ adoDted bded on
merhodq 8,vs in Ret. "1. 1_his

amlysis sp*irlly for long rL N it is in
flcr one ofthe sdious prc61em in system

i rLrld! Ens Ds'. urrrqsir d Msd rhsrrko.
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nodelinc. INRG is the system uder
investigarion wilk inoludes diilmnt
lypes of TL de!6dins on its letrgtL so
thal ,oaded Mosul Dm - Baiji long TL
is cboso fo! lhie iNcstigation. In tbis
eA, a new Echnicll for reDEsnrar'on
otTL b! Mallah s,nulinl 7Ti( n..d d .

2. F.equency Cblmct€.itie ofIL
TIE eal t'Nission line {'l

shoM i! Fis.0) ha l€ngth t ed
6istane. indud @ @d capaoirance

Per uil tenglh R. L, ed C, Epedively
od has chectdislic inpedm@ Zc,
propasadon consrel L ed dre
following row-port nehrork equtionl6r:

ABlysk ,nd Mod.lin* olPdws Syslms
TMemhsioi Liic Tdsidt ty M'n'h simulint

v€re ca&da{ed, A', B', C'.D'ed
number of8 setions pqcenlage €tur.

2.1 Conpurlrion or puh.t d ud

Taki.g tlle Mosul Du- Baiji TL
pdmetes as shoM in rable (l). A(@),
C(jo) cm be obDined usins eqution
(2). If{re trmber of, *c1io!s is sive!,
the aoplilldes of A' dd C' togeth€r
with eA ed €C in t€@ of frequacy o
cm be 6nputed. SoDe oftre conAxed
@ults @ shom in Fie.(3), Fig.(4), dd
T6ble (2). iis.(t c a now chan show!
h6w thorc c6nsr,nis veE c,l.nl,ied

Frcm Fiewes (l) ed (4), it @uld be

I The dplitudes of A aad C e
vary peiodically *ith Iiequenq the
mplitudes of A ad C de vary
spPrexihdely in accordace win\ the
cosin€ ed sin€ Espdively,

2. If$e n@ber. N, ofr sections is
larce oough, tbe MDlitlldes of A' ed
C' e also vary peliodically with
lrequency in coincidene with A dd C
respectively, bul l,rrc !@gc d€cEases
with tne incrcae of fEquacy.
Consqu.nlly, the veialio, perio.ls of
A mdc difer &on inose ofA md c.

3. Tlc dff@ces bets!@ A',A ad
C',C vary di@tly with fiequflcy and
iN*ly vith lhe nmber of n sctions.
By usirs methods siven in Fis.(5) md
app€ndix (A) the rcsults for Mosul Dm
Baiji Tl,, whoe found and siv6 in lable
(2), whoe lor rmiot sinllanon dme
equ.l lo 6jms{ and the lubq of r
se.tions N=2 with emr ahout 3%.

This apooach lo ealrzes tne TL
is sinile ro thal 6ed for denling th€
steadyatale vollage ed ourent elation
fo! th€ lons line wilh dhdtuled
comtanl. To mesure the distan@ x
along ih€ line nod lhe sendioe ed to
lhe difi'eieniial eleffit of lensth .d, 6

lvsl la B) lv,1

L,,l=Lc ,l lr | (D

Ir, -lc' ollr.

I B(o)= ze sinn(r0
c(o)= sinh(rtlz" i D6o)= o,h(rt)
&d,Z- tc+joL)4oclrz l
y =t(R+jo],)jocl',
So iD Tt lirquency chsden$ics e
relariooshils of A, B. C. D 6 showd in
equation ( I ) in lm of frqu€rcy o. ft€
TL . be cprehr b) multiple
E lmped parmerer I I s shou in
Fis(2)

ObvioEly, the lin shou in
IigE (2) cm aho be epeent.d by a
rwo-lod nerkrk equ.iion:

,,,(2)

I!@ valws ofA'. B', C odD'.
which beloog io equstion (2), il coutd be
loud thll the ftqency chdeltnsics
which is used 1o compffi with equation
(1) to 6nd the ptur.ge em. which
depends on iLe nmb* of r $clioE.
Appendix (A) shoM now drose valEs
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shovn h r_ie.(3) rhe voftase , dd
comi, e function otboiha md rso
thai rhere h a need to ure ornial
dhvdra l:r. The vollage c e\pEsrd
by | = 1x Dr ),wheie D= I /

Fon the difrerotial eqlations of
fie TL [2], tre ce reptsn $e T! by
Madab Simulint d sioM in Fig,(4).

3.1 Volr.q. Prcrile!
In pEctical, poser lincs in th€

steady state ae afecred by Su€e
Impedece Loadiq (SIL) duins smau
load condniom np lo nuhipl.s of SIL.
delending on line lenglh &d Iine
@npensation, dd duing heavy load
@ndniois It 6]. Fig.(5) shows vollaec
prcfiles oflines wit! a f*ed snding-end
volioge magnitude Vs for line lengths I
up io a quader qa!ele!8n. TIis ff8w G
lor loading @ndiionsl

1. nle volilce pofile at no load,
VFvs/tush(yt), asmine rlEt ? = a+ j P.2. The voltase Drcfile at SIL is flai,

3. The vonage ponk al tulI load.

a, Ite volt!€e profile at shod

!is.(s) sumizs th6e Esufts.
showing a high E€iving{ld voiase at
no load md a low !€ceiling {d voliage
al full toad. This vollage reCdalion
problem becomes more sevft a tne tne
l6g1h inftd$, to solle thh problem
shunt c.mnenqstion methods are 6ed
Rer r 1. Ln rhet_msient lrare rhe prcfires
ofvoltage iscompler, which h lhe scope

4. Sinulliion Pe.edure
In this soik. th. ealysis of TL

proccduc ucd to pcrfom the sinulalion
by the prcpos.d modet wonld 6e
presentol lft. The sindation have
been mde wilh the u* of the step'6y-
slep solulion {idr (di=0.00051 aDd the

AndFi. ed Modeli4 orPlrc SFems
Ttusnisim Lin. Ibnsi4t by M l,b simulin*

siDulalion tine peiod is (TDd=0.04
sO. The used prcsBd is Madab
!€sion 6.0 (2000) 10 which fdl
solutions colld be obEined with the

s 0i4!b!e!-Becl$
Simukiions tele p.rlomed for a

modcl syst€m, Fis.(7),$th de given

The resull fealues oe ialen
volrage in p.u. vdsus tine in s{ond fo!
the following cases, 2rlmped
pe@eter, 4r Iumped ,anfactq, ad
lft lmped pdmeter ihose ihe caes
de given in $e sme ngure. Thre cdes
of swirchins trdsierl of tu equilalot
volhge some being suddely closed on
a long TL , 247kh 400tV, with the
rcceivine-md open de sinulated. The
i.put in eda@ G ta.ketr as !re
lesistance or pur€ indrctmce sd lhe
resulis for voltage Mle ol sadins md
re@iving ends e shoM i. Fi8.(9) to
Fig.(12). The cuftnt pronle also ha
b*n $ken. And irs given in Fic.(l l).

7 Comlu.ion
IIns paper pEsenls a new lesult

wfth the incluion (z) effeci Gource
impedmce, C.B. impedmce. md
T@sfoma inpedane), *hich ae
lmped in one inped@€ (z). Ixe
sendinc 6d volta€e md receiving dd
voftlge {aves e gilon for Z-R or
Z-iX, ihe i.fluence ol lhis chmse of
ihp€dmce m be seen ftom rhe
conpaisn ofvolEge wvs fot the lso
cdes, Faotols iniuencirg lhe
discEpancis betwen the disllibuted
md lumped p met6 nodels e
invslgaled ov€r the volage dd cu]ui
Dlofile. The n seclion le.Elhs of1!e line
models usd in dialer€nl lrmsie.t ces
de given in the resulls, NMbq of
r *clion ce be delemined sith eY



lr colld be sen lhnr inccasing
nmber oltr section grves h Cher desrce
of a(umy. Thh proposed merhod h for

AppetrdirA:
Io oder to il those valB. A,, B'. C,
ad D', there @ lwo w.ys those {el

1- By relarins Fig.{2) md cqurion (2)
lo gel equadon (Al) which giles Tabte
(AI).

Analysn ad Mod.llig ofPo*d sy$.ns
TEsmnsiotr Lim rrstmr by Malrsb simulink

e'(r,) =

c't.)=

v. (jo)

w\ertal

a.d when ey one of thc tnrce vdiables
vs'. vi, md Is' is knoM, e,& Vr' ihe
orher tm veiables @ be detemined,

It is obviou {rt tho substitution of
the dtrributed pffier.r model by th€
nulliple u nodels dsures e
i.lrodution of a sig,ificor eEor. Ihis

,,,(A)

l^llao B4lAa B4l.4o Bd lAo Bdlnl
,!flc" filc" ollc" ol lt. ol tt -*\.tr.\ ,a\ tu\l

...(AD

In c* of uiDs ole r ecrion tne
followirg expessions could be obtairedl

Ao- Do=1+0.52Y
Bo=7
Co=Y(l + O.25ZD '(-)

Vh@ z = Rt"N + joltN, Y=
jorcalN d N th€ nMbds of lhe 6ed,
seiions , The p@et s lhose given in
Tablc (Al) my derned s:

AIN=l A1=Ao,Bl =Bo, Cl =Co

AtN=2 A2=Ao,+BoCo.
B2 =2 AoBo. C2 =2 AoCo

Al N=l 43 = Aor + 3AoBoCo .

C3 = 3Aorco + corBo md Di = aT

,A4 = Ao4 + 6,{orB6co +
Bo'z , 84 = 4AorBo + 4Ao Bo:Co,
C4 =4Aorco + 4AoB.c.:

2- The nequency characre.islics aho
could b€ obrained fmn vs. v; ad Is.
*ith rh€ econd teminal oa the tine h

oa{,rr i. r}

WIeE o is llle nequacy with a
vdiation mg. ol0 <o < o.

In the pevious equtions those
coniajn A(o) sd c(o) e eiqely
depeid on o, while A'(io) md c'(jo)
e depend on o in addition n) tne
nomb€r, N, of" s*tioB. Couequently,
lhe cmr e wil be very snall in cse ol
the lree value ofN. So @ording to 0E
pEdicted lmissible emr ee ed
freque.cy rege, fie nMbd, N, of t
se.tions ould b€ obrrined.

n is n4essary 1o loint out thar
only lh. edos oI the mpliludes of A
md C' e considered bft. e lne eros
oftne phe esles of 6e Elaled A' dd
C' e shall enown md @ies in ihe
sme setue of @plitude vailtion. SEn
lhat ih€ eplitude dos muld b€
d€p@ded serly and thal ofphes @

Rel|rcnceg
LJ. R. Snitn md w, w. BeI,..

Selectio! oI T@sission
Circuit Modeh for Pou€r

^*\,t11.1 - e'ti,,jl
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an ysi5 0d Moddins ofPon* Sy3@s
Trtueirli@ Lin Tmi.nr by Mallob siruliof,

T{blt r l ) Moul Da m - Bliji rnnrmislion L'n. prrs m.r.r\

!u1i4:1i4is (Iiy):: .. Y!?! Br'](t)l r''l x,6! ttr)l
100

t,ble(!) Representrtioo ofMosul Dam - BaijiTL resluts.

J N
'i) P( Y.")

,^(%

0-150 24',7 ) l.) ll 3 t6 3 t6

0-500 )47 8 35 1 425 7 825

0 - 1000 247 l0 l0 991 99 991

0 - 1500 )47 2A 10 9l 852 9.1

0 - I500 247 t0 0 0 0 0

Tabl€ (A1) The relationship betpeetr No. of ' se.tions
aDd the aaltres oIA'. B'- Cr,nd D'-

N: iii , Ni.3 N)

A2

BI B2 4 sinh(1I )
C', C1 C2 C3 C4 sinh(Yll/2.
I)' DI D2 D3 D.4 cosh(.rl )

I



A.aNsn ad Mo'ldinr orPov0 SY$em:
r@smission L,ne tdsi.ni by M{lab simurink

h

l"'

rig,(l)The distribut.d panneter mod.t of. rr.Nnission tirc,

- ,;' 'f*l

-tI I I
:

t
Pig.(2) lhe nultipl.,lumped prr.nerrr mod.t of r rnnsnir!ion
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Analrsis strd Modeliig or Pow Syt ns
T@snissiotr Lin€ Ttusiht by Maddb sinulir*

e
3

0

0

a2

600 800 1000

FrequeDoy (IIz)

- A(o)l Al(o)l Al(o) lA4( o)l

(a)

1204 1404 1600

0

0

06

04

0
200 400 600 800 1000 1200 1400

FrequeDcy (Hz)

ns.€) frqrmr rhrmh.it.is of A(jo) , nrsniode $pmd.e sgivs tu rrbL (r)! *hcn:
(r) Nunb.B or i djoB (N =r.r,ajol
O) Numb.n orn f rion. (N =r0r0,m,

AI0( d) Afo(

(b)

(9

Irqrnr! 0, ror.b. TL rbx



Amlysis atrd Modeling ot Powd Syd.ms
T@smisio. Li.e Ttuidt 6y Marlab Sibulinr

l3

0.00

000

0 002

2m 400 600 a0! 1000

Frequercy (Hz )

1200 1!O0 1600

I - c(o)l lcl(o)l lc2(o) ca(ol
(a)

e

0.00

600 300 1000 1200 14oo 1600

Frequency (r-r2)

- c(o)t c10(o)l rc20(o)l

(b)

rip,l{) rnque.q .hrmtrnqn 0r CUer . mrFitode LIInqtrrn.) o. ror e IL

(,) Numbcn or, sron. N =rrJ.30l.
(h) NuEb.n or tr !6iio,. (N =10,20!30,

7l)

_l



,\iElFtr dModehnsorPo!{syn.m(
TnBm6! oi LDr T06.ir bv MdhbsimulLnk

rk.(s) Flor ch.rr ror Der.rm in ine N.

InputRtL,C,l,o, €p,No

co6pur. A(jo),c(jo) by Eq.(1)

Cooput. 
^'{jo), 

c'(io) by tq. (a3)
compur. €, €A, €( byDq.(Aa)N=r-+ I

Print N. €^ e., €

7l
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I

Jrr
r ----- t

ris.(6) Srh.nriic dirgmD or rn cl.ne.r krim or.lrsmnriDtr lioq voxrsc
{v, fd urEDr (, & tuncdon orbdrb /, Ed (,/. rhc dldlnE /, is E rur.d
tun rhe 6didg.nd of tb.llne.

rrushnslor Line Tmsie.t by Marlab simtrlint
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Ai! yns md Moddirsol Por*SYi6
Ttuemillion LDeTEN 6r bv MdllbSimulinl

Fig,(8) Vollu. Dtufils firh 6id rdln8+nd mtrrg. ro. tiie
l.trglh.upioqurdr'rrdedqlb.
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Aml6s ldd Modelinq or Powd Synems
rdsm;sion Lii. rn sicd by M.ilib sirulink

(a)

(b)

G)

Iis.le) scIdiIc{id {ltlAe th B.ivins<d opm (z-rr): (,) rr lrnped prlnec. M'l
nbuied pimm.rr m0d.t!r (b) i, ru[ped Dranftr md dr rib .d psuder doirer!!

{c)roa ------rDpcdDrr@ierud dili,ibu&drrrudarodel]

I

-:.

lr:

I
t_



Analyiis 3nd ModeliiC orPow$ sysbns
Tmni5sion Li.e Trmn.nr by Marlab Siiiulink

t

G)

(h)

riso0) Rdrjvibged ,axry. $iin @iling<nd opo (?:jx} (.) 2r tu
di!.ribnr.d p.reerr nodeki o) {n lunp.d prm.r.. md drdibur.(.)rk ---- -rurp.d prnnd.rnd didnburd prrmrernod.l3

, nr,,

U
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AmlysisfdModelingofPowdsysems
Tmlmnsi@ t-im TnNimr by Matlab simurinl

!o

G)

,.1
l

/

/,1 1

I

(b)

G)

rig,ot) scrdtbs{rd yoxrg. rnh rfidviis-rtrd opei (z-R): (!) ftlunDed Dfr,4rdd
dniriburcd |)r.mecr modehi (b) 4' bnDld I),rmrhr bd dnrilurd n.m.er tudet,i
(c) rft d riburd prrm.t i noldf,

it/l



Anrlv,is dd Modd trgofPovs SY*ru
r-*-;{m r re }6$mr b, M hb 5 hrriJ'r(

{a)

(b)

G)

rls.(!2) n@iri.s{trd rcr.rsc rhh @idng{nd opei (7:R): (d) } tuDDed orndd.r bd
dniribur.d prnnd.iodcti (b) .,rum0.d Dr nftrrdditribd.
G)rcI - - - - - - lunp.d prrrmdci d dinriburd prmcrcr mdelr

I l

I

t\ t,'
! ll



f-
fi

t

I

(a)

(b)

(c)

Fi&o3) rtndhs{rd .ur*d rnh .Miyins rnd oD.n (cjx): (i) h tump.d prrxmder
and dntributd p,rrmdcr nod.lr; o) rn lunllcd 0!rm.e.Td didr trGd t)rnmcrr
nodclsi (c) ron -- ---runpcd )rrunererund
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