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Mathematical model for evaluation
of overhead transmission lines temperatures

N. N. egDEL nzlzl
.)

H. I,I. SALAFIA' t.l . rl . FODA-

ABS RACT

The problem of deterrnining the temperatrrre tlistr-iL'tion in radialdirection of cornposite overhead transmission lineE in steady state isforrnurlated. A mathematical fiodel has been derzt lr-:l;erLl . i.ilren t_he heat
st-tppl iecl to the transmission I ine is balancecl by Llie trgat rlisEipated.to obtain the temperature of each layer of the 1irre.

Ts obtain the change of the transmission linE tL-mpel'at,-(re with timethe lirre can be treated as a lurnped Lrody. srtb_lc-t:ted tu (:{rnvectivE andradiative boundary conditions.
A t:eEt rig was constructed tB sLlpply and corrlr ol a [t.,-FenL to thetest section of a transnission lirre. in adtJition to measlrre the

ternperatt.rr-e of each layer of this section. f.lilrng,ar isorr t,retween theresults obtained by the e;<perirnental worll arrd Ly' ilie mathematicalanal.ysiE shows satisfactory agreeflrent.
The maximum current capacity of eaclr stand-1rd tranEmi.ssion linesl-rould be decreased by a factor, which can be called tlie deratingfartor. to obtain an actual cur-r-ent capacity ln ar-cler- to that the

temg:er-atrlre of the transmission l ine does not exceed tlie maxirnumpermis:ible temperature.

rNl'RODUCTTON

The m.er:i.mrrm load current that can be car rietl lry a corrdrrctor- is
de=iqnated as the conductor arnpacity and is nclnall), deterrnined from a
sirrgle set of weathEr conditiong in addition t-.o an assumed ma>limum
ternperature tfl. A steady-state thermal rati.ng procedure, which
includes forced convection heat transfer equations taking into account
the effect of l.rind turbulence, wind directi.on, conductor he,ight above
ground, the proxinity of conductors in a bundle. ancl concluctr:r pitch.
has been investigated before [2].

Ttre Lransierrt current capacity of thicl'r alrrnilrLrnr-c1arJ As 5'trands
used as overhead ground wires for e>rtra-high voltage transmiggion
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lines r.ras discugsed previousfy t:11
l-aboratory results indicate tlrat the tested r line har-d-war-e can

operate with conductor temperatrrres lrp to !o(l 3c t4l. In another
inryesLig:tion sn on-line method for tr-ansmission ampacity evaluation
r'ras stLrdied t5l. The thermar rating of overhead line conductors can be
deter-mined by either deterministic or a grrobabilistic nrethods. The se-
cond method is the preferred one, although it is more tromplicated [6].

The main object of this work ig, therefore, to investigate the
temperature distribution in the radial direction oF a composite
oveFhead transmission line at steady-state conclition, to calculate the
difference between temperatures of different layers at steady state,
Also a transient study to calculate the transmission line temperature
at each time interval is presented.

2. EXPERIMENTAL I{ORK

The test rig is constructed to supply and contl'ol the current to
test section of the transmission line and i.n addition to measurGr
ternperatureE of different layers of the I ine I l(:,].
The m;in parts of the test rig. as Ehown in FiS.(t). are:-
1. TEEI section :- A section of consi.derabre lergt.h frorn an overhead
transmission Iine (Cardinal line) is suspeiicled in the labor.atory. It
consists of 7 steel strands surroL(nded hy s4 aluminum strands, ag
shown in FiS. (?). Thermocouples are inserterl at_ var-ious distances from
the center line of the transmission Iine to .neasure the tenper-ature
distribution in the radial direction.

to data logger aluminum layer

FiS. (t ) Experimental set up. FiS. (2) Transnission line
cross-sect i on .

the
the

Thermocoup I es
secti on

ctrrrent iniector
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2'CLtrrenf-injector:-Theconstantcurrentut=edisslrppliedfroma
current- injector and it can be controllecl by trsr.rtg i variac'

tr. f,onnections :- Ttre test section is conrtected t'6 the current

in'jector ltads by two ciamps, one at each EEction end'

The instrutnents uged are i-
I . C I arnp arnrneter' , to measure the energi zed current '
?- Thet-mocoLrples' to meagure the temperatur-e as a voltage difference

-rt their terminals.
f,. I)ata loqger, to translate the vt:ltage differerrres at the terrninals

of the thernocouples to corresponding temperatures'
After the test rig is Frepared, the current can be injected to the

test section and the corresponding te'nPerature oF eaclr l3yer can be

r-ecordetl at each tirne interval.

3. STEADY-STATE I{ATHEII{ATTCAL I'IODEL

The thermal state of a transmission line will depend Dn the load

current, ttre electrical characteristics of the condltctor and the

atmospheric paraneters, which include the solar radiation' the rnean

wind velocity (direction and turbulence) and amtrient temperature'

trlhen the heat =upplied to the transmission line is balanced by the

heat di=sipated, the thermal state of the line is defined as steady

gtate. The heat balance equation can be given by ' [6]'

qj *Qr *Qi *Qr =Q.or, +Qrad *Q"tr.

t^llrere q. , e, r qi and qs arEr joule, magnetic, col-ona and golar

heating. wlrile Q-or., , Qr"d ..d Q*r" are corrver:t'i';e' r adiative and

evafrorative cool ing, respectively.
The heating of the conductcr due to the load curt-ent in'ludes the

joule and magnetic heating. The magnetic h€eting is due to cyclic

rnagnetic flux which causes heating by eddy cut-rents' hysteresis and

magnetic viEcosity- Corona heating is only significarrt with hieh

gtrr-face voltage gradients and can be calculated frorn an empirical

formltla.The=olarheatingrrsingglobalsolarradiationcanber4ritten
as, [6. 9J1

o=d 5D (?)

(1)
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where d_ is the absorptivity of transmission lirre Eurface. ( e.Z7 <
< O.95 or as : O.5C) ), 5 is the global solar. r rclthtiorr and D
the outer diameter of the trans,nission line. "i

;[he heat transmitted by convection from ilre tr-ansmission line
surface e.o^ i= given by. [6 to 9],

d
5

is

q___=nNuti-(T -T )'con f 's

l{here Nu is the Nusselt numberr Nu = 1., g ,z l:g r K, is the air
condlrctivity (watt/rn "k), T, is the transdlission I ine
temper.rtlrre. T- is the ambient tenperatrrre and h is the lreat.a
coeffi cient (watt /nZ " k, .

Slrbstitute Nu in eqn.(S), q___ can be rewritten as folcon be rewritten as +ottows

Q.o.=hAs(Ts-Ta)

Where A is the transmission. line surface 
"re" 

(m21.
Nusselt number is given by, [7],

(5)

therrna I
5ur"Face

tr ansfer

(41

(6)

the coefficient
u and a are the

l*2 /sl .

given by

4)
a

depends on

). and o

l[ 
.." .

0.387 R l/6a
Nu= (5)

t 1 + 1 o.5s9 ,/ pr , 9/lb ,a/?t

l,lhere Fr is Prarndtl numberr pr = ca u / Kf , ." is the specif ic heit
of air at constant preEsure (J ./ kg 'k), ,, is the dynarolc viscoslty of
air (kg / n sl r and R" is Rayligh number,

R" = tsB(Tr-T.)D3l/ro

lrlhere g is the gravitational acceleration (m,rs?). E is
of thermal e:<pansion of air, B = I / t(l .S (Ts + Ta) I t
kinematic viscosity and the thermal diffuslvity oF air

The heat radiated fron the conductor surface e,."d i=
fol lowi ng eqrration, [6 to g] ,

Qrad=eoA={T=4-T

tlhere c is the transrnission it.r. surface emissivity, it
conductorsur-face, (O.27< e < O.gS or 6 = 0.6

the

(7t

the
is
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Stefan-[roltrmann constantt 9, = 8.6/:-. lO-B watt,,.m2 "l:4.
fhe radiation logs is usually a smalI fract.lon o{, i:lre

Iogs. e=pecially with forced convection tgl. The ev-:porat
ef{:ects can be generally neglected. As En appra;:irn:tion.
heating of the conductor due to its resiEtance wili be
only. Therefore, the heat balance equation, in eqn, (
modified to

total heat
ive cooling

the joule
cEns i dered

l)' can be

(e)

qj =o 'co n + Qrad

the cornposite transmission line can be considered as tuJo concentric
layers' The joule heating Q, in the transmission rine equtars the power
de1 ivered in the steel layer plus that clel ivered in the
aluminum layer. The power in each rayer can be obtained tly calcurating
the current in each layer and the layer rEsiEt-arrce, urtier-e the two
r-esistances ar-e connected in paral lel . Ear:h r_e.:ist_ence can be
calculated from the rength of the transrni=gion line. the crosg
sectionar area of each rayer and from the corresponding resrstivity of
each rnat'erial ' The cross sectional ar-ea of eacli layer Elrlrals tO the
ct'os= sectionar ar-ea of one strand murtipried by the total number Df
str-ands in the layer.

tleat g€]rer-'f ted from the f low of tlre erect.r'r t. fL' r-c-iit t-hrough
resistive condlrctor is transferred by coflrtl'inEd convEftion and
rariiation to trre snrroundin{ environment. 6erier.al l y. Ltre, tempErat.-lre
digtribr-rtion through the conductor rnaterial is given by the general
conduction equation, t7l, as fol lor,rs

a I T <rT

-(K -)+i 
=pc.-.dr dr (tt

l'Jhere l'i is the material thermal conductivity. T is the temperature and
fr is the rate of heat generated per- unit voluine (wattzmf,;, p is the
conclLri:t.or rnaterial density (kq/n3r, c is the sp;eci Fic treat of conduc_
tor rrr;tr. i;1, t is the time and r is the racrial tri:tance measllrerj fl-om
tl-re gecmetr-ic center of the conductor (rn). _

The ternperaturre distribution wilr be in the racri.ar direction
considering infinite conductsr length and no variation in the a::ial
direction' If the thermo-physical propel-ties oF the, conductor- .nater-ial
is cr:nstant and with appro>limation to one*din;err;ionol sl:eady_state

(8)
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conductionr egn. (9) can be simplifiEd to

1 d dT E
{r--1a=(:,

r dr dr ti
( 10)

l'lhen a transrnission I ine is comg;oaed of strarrd-. of two rjif ferent
materials. trvo layers of unifor-m sections can be assumecJ to ovel-co{De
ttre di.sconLinr-rity oF eqn. (lo). Then the tr-an=rni:=ion line tran be
considered as two-concenLric cylinders closerl tc, Each ottrer or-
:eparated lry an air gap. rhe ternperature distrihirtion thr-ough both the
steel Iayer- and the alurninum layer oi: Lhe tr;r,:nigsicn line can be
obtainecl iry integrating egn. (1(l) taLing ini:l consideratit:n the
appr-opr-iate bor.rndary conditions fcr each layer-. l-lre fol lowing equation
can tre obtair':ed for the steel layer :

T=t =' , - irt r? / 4lr:st ) + Ct ln r- + C: tlr)

Wh=re T_- is the
5L

< r.). d is thet
the integration
Atr=O.T =' 5t
then

.2
'l = {- Qst r-1

Thereforet eqn. (12) gives
transmission line T-'' --.'- 'ot

Substituting the
distribution in
as fol lowg

temperature of the =teel layer-
rate of heat generated per unit
constants.
To r C, = O then To = Cf anrl

,!

/4[ist)+C2 ror- Cr=Tr

at a r-adius r, {a) < r
voltrrne and Cl r C, are

atr=,-1 ,Tst=T1

- (- i=t tr? ,, 4 Kra)

the

( r2,

the ternperaturre at geoir'etr ic center of

To=Tl*(8=trr2,r4Kra)

values of C, and

the steel layer of

T=t=Tt*(i=t

trZ in eqn. {11), the temperature
the transmission line is obtaineid

n5(r'.- - r'-) ,/ 4 l:: )I 5t
( 13)

Integrating eqn. (lO), the ternperature distributir:n
alurninum layer af the trarrsmissicn line is i:]btaiiied as

tn the

r' {rl ral / d rl - ,- i"t ,} / 2 tltal ) {.tr- ( l4)



Then at ,' = 11 7

(d Tal / d rl = (- i 
^t 

r't / 2 5"t) r .{t= ., rt) (rS)

The'rflow oF ireat era between the steer layer sriri.rlurairrii;rr layer resul-
ts rii a direction opposite to the temperature qr'-rcjierrt, This hegt flow
can br. obtained from the rate of heat generated per nrrit volume, ist,
as fol lcws

dT_al-
QsL=Qstzrr-l /?ftrI1

then (dT"r/dr

From eqns.(15) and (16), C= can

c3=-t'2{

Integrating eqn, (14) to ohtain
alurninum layer, we get

T"I=(-8"t 4 ti_, ) +

i-, ) .z :" ti
dl dl

teniper-ature ,Ji st:r i br-rt i on

=Qrarr/r

) = - i=a r, ,/

be obt.ained a=

i.,. r q.*
dl

t "'a I

clr

( 16)

Scrt:stitutinq the boundary condition, r - r-?

ternperature), in eqn.(18) the tenperature of
Eurface is obtained ag

q_- -

ttre

2
f/

+

( 17)

in the

( 1BlC- lrr

,T
the

al = T= (surface
transmission I ine

.?r= =(-Qalrr-/4 lial )+C-inF?+C4

Frori ec1ns. ( 17) and (19) , C4 can be wri tten as .Fol lows

c4 = T= * (i"t rr2/+ K^r) + (rt?/: Kat) (i-t i"r) In r-

( re)

(?o)

The temperature digtribution in the transmission line corresponding
to a certain current can be evaluated from the mathematical model as
foI IDw= : -
1. Iiead the inpurt data (transmission line qeornetry, atmospheric
par.rrieters! ambient .temperatuire. electri.i:.el chat-actt-tistics, the
crrrrent f:l.ovl= in the tranErnis=ion line...).
?. f,alrnl.rte the heat generated in the transnisEion Iine.
f,, A==rrme in i ni tial value of the surface teirrper*ture of the
It-ansmis=ion I ine T=.



pt-ocedll re
6, Calcrilate Cg , from eqn' (17), and (14' l:rom eqn' (2O) 

' then

glttrgtituteLl.reirvaltresineqn.(18)toobtailrthetemperature
distriburtion in the aluminurn layer of the transmission line'

7. Substitute r = rl into eqn. (18) to obtain Tt.

B. SubEtitute T, inio eqn' (13) to obtain the terrngrerature distribution

4. [alcLtlate the heat convected

tlre st.tr Face of the transmission
5. Sub=titute frorn steps (?) and

tibn (eqn.(1) for exact golution

final carrected value of T= carr

I
q--- and the heat lactiated Qrad from
'co n

I i. ne , eqns. (I ) tt-: C7) .

(4) sbove in tl-re *reat balance equa-

or eqn, ( B) {:or c1[:'p]-uii i mate one ) ' The

be obtained hrY using an iterative

the

wi th tnean

in the steel layet- of the transrnis=itln I ine'

9. Stlbstitute Tl in eqn. (12) to obtain the temperatttre at

qeonetric center of the trangmission litrer To'

10.6o to step (?)r if a new operating condition is occurred'

i

4. TRANSIET.T XATHEXATTCAL }{ODEL

The change of the temperature with time is the main objective of this

secti(]n- ThE hPat conduction equation' eqn' t9) , shows that the

temperature of the transmission Iine is a -Function of both radial

distance r and tirne t, i.e. T = T ( r, t) ' The fol lor'ring simpl ifying

assurmptions are considered to solve eqn' (?) :

I . The tranEmission I ine is cornposed of uni Fot'in material

properties between that of steel and aluminum'

2. The transmission line can be treated as a ltrmped body' T =T(t)'

3. ThiE body is subjected to convective boundary conditions'

4. A correction due to radiation effect from the transrnission line

Enrface is considered t7l. '

Front eqn. (9) the stored heat 9sd within tlre lurnped body' which

represents the transmission line material' is qiven by

Hhere v is the vslurne of
Thi= stored heat ig the

the convitrted heat qcon

i.e-.

erd=Pcv(r?T/at-)

the transmission line'

difference between the genEl

Q-6=qgen-Q.o.,

a

(21)

ated heat Qg". ".d

("2t
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l.llrer-e g___ was qiven in eqn. (4) and q = 6 v.'co n
Substituting qsd , qgen ,-.d e.o' in eqn. t::?ltttfre {nI Iowing €rqua-

tion is obtained ' 
"j,

( dT / d t ) = t 8 --h (T - Ta) / D ) .r,. a (?f)

Assuming that g = T - Ta, then eqn.(2f,) can he rer.l-itten as

( dS / dt ) = ( h i rrc ) - ( h :.pcD ) g

The solution of this equation leads to, [7],

.c=cl"-ht/PcD + {D,ztr

To obtain the integration constant cg r the i'itiaI valr.ri:E. t
T = 1i and Oi = Ti - T, , are substituted in eqn,(:5). -Ihus

Cr=si-(AD,/h)

T=T" + t ( Ti -T" ) "- 
h t / P trD 

1

+tqD(t-e-ts.t./P.D),rnl

A correction to eqn. (?71 due to radiation effect must be carried
to get mo.e accurate value of the tenperature. Trre cot-responding
balance equation is given by

i Qs"l, = Q.or, + Qsd * Qrad !

Substituting cl and g in eqn.{25), to obtain ther gLrr-face temperature
of the transmission line T, we get

(2s)

o,

(?6)

(27',,

out
heat

(2sl ii

l,lhere e,-"O was given in eqn. (7).
The correction. was done by replacing Q in eqn. (37) by a net value o#
the rate of the heat generated per unit volurne i.,"t . wher-e

6n"t=E-(qrad/v)

To obtain the tenperature of the transmission lirre at a
t ime, the previous mathernati cal model can be Ll=L:d ss f o I I owg :

(29)

certain
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1. tiead input datat ras mentioned before in section 3'

2. Calculate the heat generated in the' transmiggiin iline'

i. Specify the initial value of the temperature [ 
' 

to calculate the

trenEmission line ternperature T from eqn' (!7) '
4. Calculate Qrad , from eqn. (7). and ir,et , Frnnr eqn' (39) '

5. If | & - in*t I is greater than the sFrecified tolerance value'

replace i bV ir=a "r,d 
go to step (f,) to obtain a corrected value of T'

6. IF I i - 6n"t I is equal to or legs Lhan the tolerance value'

increase the time by a time step and go to =tep (f,) to obtain a new

temperature value corresponding to the specified time'

5. RESUT-TS

The er:perj.rnent v{as carried out in a rlosed rsont ariri t'lr'-' results give

theteinpet'atrrre,-tinerelationfor.thea]umil]ttnt!ayet-atldForthesteel
layer of a transinigsion I ine, as sltc'wn in Fig' (l') ' Tlre t'emperature was

t'ecorded every 5 rninuteg for in.jected cur-rent of ?{:){-} A' The tempet-atu-

re oF eaclr layer- j.ncreases each tinre interval till it: reactreg a steady

state value Hhen the cooling rate is eqltal to thL' qenErsting rate of

heat in the transmission line. Also in Fiq'{f,)' the difference between

the temperatttre of the EteeI layer and the temperatltre oF the aluminum

layer is calculated and plotted each time intet-l':1'

FiS, (4) shows the steaciy-state temperatutreE cf the core Tor of the

sLrrface of the steel layer T, in adLiition to the temFerature of the

inner gltt-face of the aluminum layer T- and of tlre =urFace of the line

T ai diffErent values of transmission I ine ctlrrent' Ttre difference

tJt***., the ternperature of the core and the terngrer-atrrre of the surface

of tlie tr"ansmission line inct-eases witlr ttre it'crea=e oF tht current

valuer aE shoHn also in Fig. (4)

Fic.(5) shows the steady-state tempet'aturee ot' the core and of the

sur-face ,rf tlre line at different valuss uf curr*trt.5 ft:r vat-iouE types

of sLandard transmission lines ( t'l'r:lwir-rg' Cat'riirr;l anrl Bluebird ) '
Fie.(6)shov.lsthedifferencebett.teenthe.cl.Et'eriperatureandthe

sltrFace ternperature of each Iine of the=e' trrti=nission Iines versus

cltrrer-rl..FiC],(7)ghow=theterrrperatltreoFthct]ardinaltr-anEnission
line.whichwa=calculatedfrointhetransientr-'athernaticalmodel'at
different valueg of the transmission line currentt versus time' hlhen

the current inct-eases' the teinpei'etr-tt-e of the I ine increaseg and when
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the current decreases, the temperature decreases but still higher than

the correspondinq values at the first part'

Fr-omthesteady-statecalculatiansit-isrroticedthatthe
tgmperature gradient in the radial direction of a tt'angmigsion line

ra=ults in a ternperatr-tre diFference beLHeen t'fie Eot'e arirl tlie surface

oftheline.ThistemperaturedifFerenceshouldbEt-1!':enasabasefor
deterrnining the actual cut'rent capacity which r:arr be cai-ried by the

tr:nsrnission line.
A nrodif ied analysis ig carr ierl out to obtai n & n.:lr Fartot- to reduce

the tna:iilnum cuFrent capacity of a transrnisEitrrl i ine tr: air actual one'

Tlti:.t fitd)iitnr,lm current capacity oF a I ine iE cc)t-f-EsFLirrilil!J t:o tlle {nsilitiLlill

per-mi==it:le gurface temperatltre. bltt tle ha"a =ei:tt th:L ii= t+mpet-atttt"e

oi bhe cO''E t]f the line ig higher t'han tlre =.'lt. l:-ii:c 1:eilperattrre.

thereFore the maximum curF'=nt i:apacity r:f tlie : ine ::iirLild bE reduced

unti I tlre rore temperature wi I I tle equal to ur i's= t-l';itr Llle "aIue of

the nrax imum peroissible temper-ature'

Tlreratedcurrentforeachtrangmis=ionlitregi:ec;'nbafor-lnd-Frorr
standartl tables. The core and sur-face temperatut-es can be calculated

asrnenLionedbeforeinthetlreoreticalmodel':-i{:thesteady-state
ronrJition. The difference bEtweEn t-hese tiri'i i'-+iite= eguaIE AT'

[qn. (f,,,')) gives a new sur-face temperature T= ,'ou, ' "t vi]ticlr the cor-e

tempet.atut'eoftheline.loesncrte:<ceedtlref-rl,l'lriig=iblEtemperature
T.

=I (30)
5 ner4

I he csnvective and radiative tre:rt cci'respotrJi iiE tl T=n** can be

tr.1ltrLlI:ted frcrn eqns- (4) and (l) and b:"' =[b='ri l]'irLinq the5e values in

tlu hs,at tlalance equation the corresFcndinql valtrE oF the actual

cut.rentcap3cityofthett.ansmissionlin..u-.rirbt.'Dbtai.nEdbyu:ingan
iterative procedure'

Tlre transmissisn line shsuld ncJt be laaded n'ure tliart this actual

valuetopreventtheincreaseinthecoretem;let.att-rr*tobemorethan
thepermis=ibletemperatureoft]ielinear,iiltUii.c't.t:.r:.:t-helifetime
of the line.

The ratio between the calculated current capacity and the ina>limurr

cnr-t-ent capaci ty can be cal led the Jerati ng f ;*l:tar '
The ssme procedure is repeated for differenl: gizeE of transotissior

line5 and the Eorresponding derating factc'r foi each line can be cal-
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culaLed' 35 given in Table ( 1) , f rcin whi ch an average valtre -For this

fsctnr can be talien as O.9 . There-lat-e' fcir each standerd trangmission
'iirre the ma:limurm curre^t capacity ehotrld be inult-ii1ie,l by tlre averag€l

derrat:i nil f actor to obtain an atrtlrel cur-r'ent \'alue' whi ch wi I I not

causethetemperatureofthecoreofthe'linetobecotnehigherthan
the maxirnnm permissible temperature'

Table ( I )

cofle
wor- d

stand.
cur- rent

(A)

col- e
temp.
("c)

qur face
tF*P '( c)

actua I
crrr- rent

(A)

gi:ii E
tErTlp. temp.

( c)

der ati. nE
f actor-

Waxw i ng
Linnet
Cardinal
Bluabit-d

730
900
970

t 116(l

I 14. 05

Ito.5s
111. 16

105
lo1
100
101

o9
91
49
o9

b7c'
Eto
a75

1O().45
9$,85
9A.68
28..-t7

91.69
91.f,9
90.49
9(}. 89

o.89333
o.90000
o.90206
(] - 9(){f94

Arerage deratinq f;ctot- (:) .90

Steel laYer

Fie. (f,) Temperature
of =teeI layer and

aluminum laYer of a

transrnission I ine
versus tirne.

.tO.O

0)

j so.o
oL
oo
E zo.o
o)F

10.0

Alurninum laYer

give the temPet-ature
transmission I ines.
c;lt:itla{:ed ft'onr the

i i -iii:l tlte i-eEul tE

Ternpet-atltt-e di f Ference

Tirne min.)

6. C()NCLt'SI ONS

Tlie Fropu:Fd nrodel at steady-state conditiqns can

distr-ibr-rtion in each layer of coriposite overhead

ThE I ilre tetnperature at each time iriterval carr llE

nro,lel oli tlre transient condition'
Tli= i:.tti,tl.irrlln betr'ieen the e:rpet-ilnEIr'i=i1 i ;:'(l

U
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20.o

0.o
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i nrret'

of the
temper

"i

and sur'fac* teinperatures
Eteel 16yer
and 5uFf:;-c* ternper-atures
alLr,ni nLl'T laysr
ature di FfeFentre

Current A

Fig. (4) Temperature distribution in a transrnission line
(Cardinal) at different values of current.

1, -1 and 5 are the cere ternper-ature
Haxwing, Cardinal and Flurebird,

Bf

Jm.o

0)
L
5
(f
I aoo.o
o,
E
(u
F

1m.o

Current

Fiq.'(5) Steady state temperature
types of standard lines

and 6 erE tlre snrFace temp. of
Llaxwing, Car-dinal and Bluebird,
respectively.

distr i frrrtion f ot' var
versus cLtrrent-

I Ou5



FiS. (6) Difference
for various

between the core and the
types of standard lines

Waxw i ng

Cardi nal
Bluebird

surface temperatures
versug cur-rent.

ig for
ig for
ig for

U

40.0

OJ
oc
I ro.o
q)

=-o
. 20.0o

E
ot-

10.0

at

Tlne (rIn' I

FiS. (7) Temperature of Cardinal transraission line
dif ferent currrents ver-sus tinrE.

,tOO.0
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obtai nEd From the cnat-hernati cal nroclel s shous sat i =l a.. i:c;r.r, -rgr-c-ements,
Tlie difference between the obtained teinperatLtr:es inay..tie attributed to'ih* instruments er-rors and to the tal:enr a==rrnrption= in the
mabfienratical rnodels (the difference is about 7.': 1:).

'flie cor-e ternperature is higher t-han the srrr-f.ece ternper-ature of the
transmissi.on I ine. The dif Feren;e beti,reen ttre=,* tr.,lo temper-ature
valLres incr-eages with time until it reaches a coilstsnt valus at steady
=iata. Therefore, the csre temperature siroutd he i:crii:irJer ={J iis a trage
fot'calculating the maxinum current carryinq cap;(rltrr,cnr-r-esponcling to
the rna:<imum permissible te,nperature of the r r':.r.1=,ris=ron line. The
mairirrium cetrrent capacity for each standard iin=:l;cirliJ be rnurltiplied
by d clerat i ng Factor, about o.9 , to obtai n the .rt:tr.ial cur-rent
capacity. This actual value will not cause th; ier;,pe;-;itnt-e oF the core
of the transmigsion line to r-ise over the m:;riirrr.im per',,risEible tem-
peratut-e. to limit danage in the transmission line anrl to qive rninimurn
disrupLi.on of electric service.
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