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Class Activity XY-side

As illustrated below a single-phase transmission line 1s composed of 3 solid conductors (X side). The return circuit (Y
side) 1s also composed of 3 wires. The radius of each conductor wire 1s 0.25 cm.  Find () the inductance due to the
each side of the line (namely, Lx and Ly) and (b) the inductance of the complete circuit (namely L).
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Separation of X in to 2 parts
X = Xa + Xd
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Use of Tables for Inductance Determination

GMR (or Ds) and GMD are usually
available

Xa (inductive Reactance at 1-ft
spacing, i.e.,GMD=1) is available

Xd (inductive reactance for Ds=1, or
“spacing factor”) is also available

Xa and Xd

f
Resctancs per condustor
L 1+t spaciag, 60 Ha

LorzH ik
L b Clr-llldl-ln
GMR Industive | X,

D, Xy 0/l MO md

0.0188 0.1000
0.0217 f@ 0.1074
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Use of Tables for Inductance Determination

X

Xa + Xd

GMR

|
- Resstancn per coodustor
, 1t spasing, 60 Ha
- .;_-nu. siF
dn Cu_-n:iuﬂ
OMR Inductive | X.,
D, It XoO/ed | MO-mi
D | o.018 0.1000
| 0.0217 d 0.1074
0 | 0.4m 0.1085

»>>»> A=2.022%0.001%60
»>»> Ds=0.0217

>>> A*math.log(1l/Ds)
0.46470934699662192
>

-
%m%dﬁj,jé;cﬁfwf

48



Use of Tables for Inductance D¢ fnches At 6QHa, io 0/ml per condustor
'd-nnpﬂnhmrﬂ

X = Xa + Xd P | 0 | Ferdpepe e
. 0 svi b by
it )
. | [
> N H 3%‘?} 0.12132
T 0. 1 o
- 8 0.2523 >»> A*math.log(2)
= 21f L= 21 = o |oi2668 |0.084092615945532564
D e >>> A*math.log(15)
=%, D 12 |o3ois| 0.32854065039772012
:éfﬂ[wa Am——"—l. p-/m B |9:3%02 >>> A*math.log(20)
i lomel 0.36344223942757015
17 0.3438 >>> A*math.log(30)
=902 x5 F %u D o - 18 |03807 [ 0.4126332663432527
h“—J E% %—}}}
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ar 0.4382
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Example 3.3

EX3.>  Fnd the mductive readowe per
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Example 3.3

B3 Fiod te e b et (515 7y g L

o foHz, T Coduchrs Dy = 0.0207 47

MR () is 0-02%F ft, and #Hhe -3 A, Dfﬂ
55&;0‘?’%2““&»%1'5 %L: 203-2 X110 )C{ %
oy !ZM 20
= 2022 Alv 7‘][7‘ 00217
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3.11 Inductance of 3-phase lines with equal spacing
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3.12 Inductance of 3-phase lines with unsymmetrical spacing
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3.12 Inductance of 3-phase lines with unsymmetrical spacing
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3.12 Inductance of 3-phase lines with unsymmetrical spacing

Example 3.4 A single-circuit three-phase line operated at 60 Hz is arranged
as shown in Fig. 3.12. The conductors are ACSR Drake. Find the inductive

reactance per mile per phase.
Ws: 0.6%73 f”b

N

Figure 3.12 Arrangement of conductors for Example 3.4 G// 38 \‘S
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Inductance of 3-phase lines with unsymmetrical spacing

Example 3.4 A single-circuit three-phase line operated at 60 Hz is arranged
as shown in Fig. 3.12. The conductors are ACSR Drake. Find the inductive

reactance per mile per phase.

b
N

0 <~
Figure 3.12 Arrangement of conductors for Example 3.#.0\ (‘}/ 38 \O C

Fram Table A: ACSE Drake
g
Ds=0.0373  ft [ 71 ) _Sl".é 9
f—— |
U
3
Dedq = 20:20-386=24_7T77T712 ft ﬂ
(m
: a £
L=2-10 1 e =1.29597-10 by m \ .
| 604
j - =[2 60 lEj§=D."E‘Eé o / mile 1 mile = 1609 meter




Class Activity - 3Phase TLZ

As illustrated in a transmission system map below, the transmission line between Pickering NGS and Chemrvwood TS is
100 kam long with 230kV. The structure of the transmission line and the data for conductor data are also shown thethe

figure below. 3 pkm [ .
- Pekarng [ l"t Y widpa T
/r"’f \ ) ﬁhm:ﬂT 'I.‘.‘-J-m
-

'|'|-l.ﬂ1
Th-umLcn T4y

Vskkem \ e RXingon HGS Phase Conductor Data 795 MCM SCSR
I"_T-t-{r.\,i.'n-u-dT"i r: radius = 1.350 cm
x. r=GMR=1.073cm
Pickering NGS R = Resistance = 0,08 {¥km
Legend (
Lo P Line completely tra ﬁiﬂf@
righma
. Mok Seenratrg Fackty

(Q) Determine the line impedance (namely, Z = R X)) of the transmission line per phase between the Pickering NGS and
Cherrvwood TS.
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3.13 Bundled Conductors

2 or more conductors per phase
Increases D, (denominator part)
Reduces corona (and thus communication interference)
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3.13 Bundled Conductors (GMR --- “SELF” or (per-phase))

)
\ | . - i i
K }6{/«“@&‘ Ds: Self its own r‘aglus b Ds d’ c: Ds
- ,
| € d E :im» th—ba,bh)

A
ts-
‘l
@,"
-
W)
NN
.
\_/
U~
|
Q”
MO
S i
(\'l
S
S
=

t-,-l

W
k
@
9—.
A‘.t
o |
&/
&
o>
?i.
\\
s
-]
y U
N

-4F 1.0905077 = . 0% \ﬁ)j _43

8/2'-1.0905077 59



|

Example 35 Bich conductor of the bundled-conductor line shown in
Fi1g. 5.TeR ASSR, 1,272,000-cmil Pheasant. Find the inductive reactance in

ohms per km (and per mile) per ph gr d = 45 cm. Also find the per-unit

series. reactance of the line if its length is 160 km and base is TOOMVA,

345kv 5:0.04ééé’
543 N 3.
a- a [ c
Figure 3.14 Spacing of
conductors of a b?:dled- |- sm + 8m _—.l

conductor line. d =45 cm
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Example Fig 5T ABSR, 1,272,000-cmil Pheasant. Find the inductive reactance in

ohms per km (and per mile) per phase for d = 45 cm. Also find the per-unit
series. reactance of the, line if its length is 160 km and base is TOOMVA,™

I
Example 35 Bich conductor of the bundled-conductor line shown in -

345 kV.
e i 4
) aQ  Og' bolob' ¢O | O¢'
Figure 3.14 Spacing of L_ 8m " 8m
conductors of a bundled- '
conductor line. d =45 am
Given from Table for Pheasant conductor: Sbase=100-10
Ds=0.0460 ft Vbase=345.10 :
Ds=Ds-0.3048=0.0142 meter 2
Dm:=§ T Vbase 1190. 25
= ] = » Dase = = J. 2
d=0.45 meter Shase T
Dsb=4Ds'd=0.0799 meter Deq=3,JDm-Dm-[2-Dm =10.0794
=7 Deqg 3
XL=2'11060:-2-10 v1n = —1-10 =0.3647 2 / km
L1 F sb
[, bl
X=XL-1e0=58.350e Q
X 1
Xpu= =0.0459 pu °



Class Activity - Bundled Conductor

As illustrated below, a bundled 3-phase transmission line has 3 ACSR Rail conductors
per bundle with 45 cm between conductors pf the bundle.

The spacing between bundle centers is 9, 9, and 18 m.

Calculate the inductive reactance per km in 60 Hz.

D; of the Rail conductor is known to be 0.0386 ft.

d =45 am
aa a" bb'b" ce e
AN "4 VAN
d d d
9m 9m
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3.14 Parallel Circuit 3-Phase Lines
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3.14 Parallel Circuit 3-Phase Lines

mbf’:— l [Dl—f- Hsz
Drb= Db’
O'=The

=20
R,

c& = [9
012
%fw

GMD
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3.14 Parallel Circuit 3-Phase Lines

Ar MR da—a':W a o C
a-a’ . V@gfa;; =D , -
b-b" (D] 4,2 YT

s % [=Dsp
— m,s'dac' =5 Cc/-cf: a{a—a’ ij ) ch/
1 Dsp: mb Bs..

7 D
= [ =2x0 fopF CHin]
K = ambo |- 167 [ mil]
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Example 3.6
Example 36 A Fhree-phase double-circuit line is composed of 300,000-cmil
strich conductors arranged as shown in Fig. 3.15. Find the
60-Hz inductive reactance in ohms per mile per phase.
From Table A.1 for Ostrich D, = 0.0229 ft

‘> 18’ o< I
10
(‘3;‘ 21’ ‘@B,—-l-

‘G 18’ ok

Figure 3.15 Typical arrangement of conductors ol

a parallel-circuit three-phase line. 56



m Table A.1 for Ostri ,=-_ o
Example 3.6 CEp dasie or Ostrich D, = 0.0229 ft
For GMD ---

18’ o

ﬂ@.--
GMD l | T
q.;

distance between phases

2 =3
/ dab':=’!lﬂ +19.5 =21.9146

-21° ‘@y da'b=dab"'

da'b':=dab
10’
' dca:=20
'-'e v t l dca'=18
18
© dc'a=18
Figure 3.15 Typical arrangement ol conductors of dc'a'=dca
a parallel-circuit three-phase line.
Dabp= */dab .dab' -da'b da'b' =14.8862 ft
Dbcp:=Dab
.‘P P - .
Ds:_.‘ap: Jdca-dca'-dc'a-dc'a' =18.9737 ftr

Then The equivalent distance (which 1s GMD) between phases 1is:

Deq = 34]Dabp-Dbcp-Dcap'= 16.1401
> o’ O W = 5



Example 3.6

Now let's work on GMR -— for each phase il 7%

wil

Phase a conductors are composed of concuteor a and

a

Finally - -

=7, |De Sl |

GMR Lm2:10 +1n|—|=6.1295-10 H/ m
Dsp

XL=2-nm60'L-1609=0.3718 Q /mile per phase






