Positive Sequence

/ ‘\ DBC \
I~ ‘ r = radius Used with Electric Field and Capacitance
Y ]
' Die — r'=re 4 =0.7788r Used with Magnetic Field and Inductance
/ Al
GMD =3 DapDpeDq Geometric Mean Distance between Conductor Centers
g = 8.854 x 10712 Permittivity of Free Space (air)
Uo = 41 X 10~7 Permeability of Free Space (air)
V3, ) :
Zpgse = —— Base Impedance for per-unit Analysis

SBase

Resistance

Ryc = Given by Conductor Manuf acturer

Capacitance Inductance
2T Farads _ Ho In GMD Henrys
_l GMD  meter 21 r' meter
n
r Q
- X = 2rnfL
. siemens meter
B =2nfC meter
its X no units
B. —RB7Z no uni _
pu Base —eter Xpu meter

ZBase




Zero Sequence (earth return)

GMD = 3/Dy,DpcDeq

9
GMDCO = \/DA_ADB_BDC_CDX_BDé_CDg_A

GMRyy = /1 * GMD?

GMD,, = 1.851 / ZE’;#O

GMR,, = J7' * GMD? o1

GMD;y can't be less than GMDeg

r" (if GMD¢, is greater)

GMD, , = Skin Depth of Earth

/ (very large for low frequencies)

0r GMD;y, (whichever is greater)

(if earth resistivity is near Zero)

Resistance,

R0=RAC+

Capacitance,

c 2TTE Farads
U 3] GMD, meter
n—
GMRcy
siemens
BO - 27Tf CO meter
_ no units
BOpu - BOZBase -
meter

ZBase

61f 1o

8

Inductance,

L = 3[10 In GMDLO Henrys

07 on GMR;, meter

Q
Xo = 2mf Lo meter
Xo no units

XOPU - meter



Transmission Line Ampacity and Heat Balance Equations

Bare Overhead Aluminum Conductors

Transmission line ampacity depends on many factors.
line heat generated + line heat absorbed < line heat lost to surroundings ... must be True

J] |

\ J |
|

I°R +

I = conductor current
R = conductor AC resistance

solar absorbed

Qs(4,4,0,q5)

A = projected area of conductor

A = coefficient of solar absorption

6 = ef fective angle of sunrays

qs = total solar and sky radiated heat

}

Qc +

Qs

convection loss
QC(D) ,0; V; ,u—) k; TC} Ta)

D = diameter of conductor

p = density of air

V = velocity of air

U = viscosity of air

k = thermal conductivity of air
T. = temperature of conductor
T, = ambient temperature

radiated loss
QR (D, €, TC' Ta)

D = diameter of conductor

€ = coef ficient of emissivity
T, = temperature of conductor
T, = ambient temperature




Transmission Line Ampacity and Heat Balance Equations
Bare Overhead Aluminum Conductors

Definitions of Terms

I = conductor currrent (amps at 60Hz)

Q
Ry = conductor resistance at 60Hz <—>

ft

watts
Q. = convected heat loss

ft
watts
Qr = radiated heat loss ( Ft )
watts
Qs = heat gain from Sun< L )

D = conductor diameter (inches)

T, = ambient temperature (°C)

T, = conductor temperature (°C)

T.+T,
2

0

T = air film temperature =

, , lbs
p = air density ]?

. ([t
V = air velocity .

. _ lbs
U = air viscosity L

watts
ft?

k = air thermal conductivity <

€ = coef ficient of emissivity
A = coefficient of solar absorption

, watts
qs = total solar and sky radiated heat < fr2 )
A= jected ductor = b fte

= projected area of conductor = 12 \per ft

0 = ef fective angle of sun rays (degrees)
H,. = altitude of sun (degrees)
Z. = azimuth of sun (degrees)
Z; = azimuth of line (degrees)




Transmission Line Ampacity and Heat Balance Equations
Bare Overhead Aluminum Conductors

Choose conductor related values

795 26/7 ACSR Drake

conductor loation = 35.0° N latitude

€e=0.5 (new = 0.23, black = 0.91, average = 0.5)
A=05 (new = 0.23, black = 0.95, average = 0.5)

Z;, =270° (East —West = 270° North — South = 180°)
T. =100° C (for this example)

D =1.107"
D
A =0.09225 = 12
Ry = 0.0000263 Q0 @ 75°C

Adjust R, to max conductor temperature

Q/kft

R,~ = 0.000028492 O = 0.0000263 100 + 225 @ 100°C
ac T 75 + 225
H.=78° Get sun related values qs = 95.64
Z. = 180°
SOLAR

DEGREES
Fonrr [ 1000 AM. | 1200 NOON | Z00PM. |
nrove | W, [z [ W [z [ W | 2]

ALTITUDE, CLEAR INDUSTRIAL
H., DEGREES ATMOSPHERE ATMOSPHERE

Calculate effective sun angle

0 = cos~1(0)
6 = 90°

0 = cos cos(H,) cos(Z. — Z;)]
0 = cos™![cos(78°) cos(180° — 270°)]




Transmission Line Ampacity and Heat Balance Equations
Bare Overhead Aluminum Conductors

Choose air related values

T, = 40 °C (104 °F)

t t
V=202 = 7200L%

sec hr
'T—70°C—100+40—TC+Ta
T T2 T2

Get other air related values

1 = 0.0494
p = 0.0643
k = 0.00898

THERMAL I

ABSOLUTE DENSITY, ¢,
— CONDUCTIVITY,

VISCOSITY, e -
SEA LEVEL 10,000 FT | 15,000 FT K,

0.0415 0.0807 0.0671 0.0554 0.0455 0.00739
0.0421 0.0793 0.0860 0.0545 0.0447 0.00750
0.0427 0.0779 0.0648 0.0535 0.0439 0.00762
0.0433 0.0765 0.0636 0.0526 0.0431 0.00773
0.0439 0.0752 0.0626 0.0517 0.0424 0.00784
0.0444 0.0740 0.0616 0.0508 0.0417 0.00795
0.0450 0.0728 0.0606 0.0500 0.0411 0.00807
0.0456 0.0716 0.0596 0.0492 0.0404 0.00818
0.0461 0.0704 0.0586 0.0484 0.0397 0.00830
0.0467 0.0693 0.0577 0.0476 0.0391 0.00841
0.0473 0.0683 0.0568 0.0469 0.0385 0.00852
0.0478 0.0672 0.0559 0.0462 0.0379 0.00864
0.0484 0.0661 0.0550 0.0454 0.0373

RS (L0 0.0542 0.0448 0.0367
0.0643 00535 | 0.0442 0.0363
0. 0500 0.0634 0.0527 0.0436 0.0358
0.0505 0.0627 00522 | 0.0431 0.0354
0.0510 0.0616 00513 |  0.0423 0.0347
0.0515 0.0608 00506 | 0.0418 0.0343
0.0521 0.0599 0.0498 0.0412 0.0338
0.0526 0.0591 0.0492 0.0406 0.0333




Transmission Line Ampacity and Heat Balance Equations
Bare Overhead Aluminum Conductors

Calculate conductor ampacity

12R+QS=QC+QR

- 0.52
DpV
Q. =|1.01+ 0371 (%) ] (T, = T,)

o — T, +273\" (T, +273\"
_ Doy 0.60 Qr = 0.138D¢ W — W Qs = AAg,sin6
0, = |0.1695 (%) ]k(TC _7)
whichever is greater
(1.107)(0.0643)(7200)\ "> B 373\*  /313\"
Q. =11.01+0.371 00494 0.00898(100 — 40) Qr = (0.138)(1.107)(0.5) Too) ~\Too
Q. = 25.04062 Qg = 7.45418
Zor —
1.107)(0.0643)(7200)\ "
0, = [0_1695 (( )(0 0494)( )> ]0.00898(100 _ 40) 0. = (0.09225)(0.5)(95.64) sin(90°)
' Q. = 4.41140
Q. = 23.45178

25.04062 + 7.45418 — 4.41140
I = = 9928 Amps  <---Max amps @ 100° C

0.000028492
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