Lecture 4

Electrical Design of Tx System



Electrical Design of Overhead Tx lines
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Representation of Tx Lines
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Inductance of an inductor
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* Mognetic feld intensity nside the conductor
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Using Ampere's law,
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This indicates that magnetic fiekd intensity at a distance x inside the conductor is directly
propontional to the distance from the centre of the conductor. Following observation can be
made from above calculations:
L. Magnctic fickd inteasity at surface of the conductor is the highest.
Vi, Magnetic field intensity at the centre of the conductor Is sero.
§, 3. The presence of earth will affect the magnetic field geomelry Insignificantly,

A4. Even the volume of the conductor is small, magnetic field energy (W, = 0.5 uH?)
stored is not small,



9.6 INDUCTANCE OF A CONDUCTOR .

Inducrance of a conducror is defined as the Nux linkage per ampere. Since there are two flux
lmhga:mls@emmwnuumowkue»mmﬂm&iﬂm
comesponding to these fluxes are calculated separately. Following assumptions are made:
(2) Current density in the conductor ks uniform
(b) Relative permeability of conductor material is unity.

Inductance due to internal flux linkages. Magnetic flux density (B) can be written
esng Equanon (9.13) 25 Bg= !

Figure 9.3 Cross-section of conductat,



Let us take magnetic field density (B,) is constant for small distance of dx at x from the
centre. The fhux (d¢) passing through a small cylindrical shell of radn x and x + dr will be

de = Bd » ol dl(2xR°) Wh

where [ is the length of the wire. Since this flux links only the current enclosed in the mdivs
of x, the Mux l}nkagc will be prodict of flex and number of tums. Thus
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Thus total flux linkage will be
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Inductance due to internal flux linkage (L) will be .
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“* Inductance due to external flux linkagos. Let us calculate the flux linkage between
twopﬁwAmsu&mmd.wd,mpmlvd)fmubeceumdmcmm
flus desssity (B,) at distance x from the centre of the conductor, as shown in Figure 9.4, can

be expressed using Equation (9.10) as
B, w pull, = 2L W' (taking #, 5 1)
anx
Thes flux in the concentrie circle shell will be

 dg= B = %mm

Figure 94 Flux binkage betwoen two points.
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9.7 INDUCTANCE OF A SINGLE-PHASE (TWO-WIRE) CONDUCTOR

Figure 9.5 shows an drrangement of one-phase two-wire system in which one conducter is
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Figure 95  Single-phase two-wire sysiem. .

For conductor-1, there are twe fluxes. One is due to the internal flux and other is due 1o
external flux. The inductance due to internal Mux will be the same as in Equation (9.14). The
external flux will be from the distance R (radius of conductor) 1o D + R but it should be |

noted that the flux jinks up to a distance D ~ R (a1 the surface of the second conductor)

with a current / and between D - R god D + R, it links with varying current from / 10 zero.
For simplicity, we_can take the average distancd D up 10 centre of the second conductos, For *

distances greater than D, there is no MUk which encloses the conductor as sum of the
current is zero, ‘Therelore, Hux LKA QUS 10 SXISAI X DEtWeen L'~ K fo K will be

Med . D=R .. wall ke '
i._;- I In R Wb-T/m ; R .

-— -
'

:



Normally, the radius of conductor s Very small compared to the ditance between the
conductrs (R & D). This D = R.2 D. The i lkage e o el fu ca b wites
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Total flux linkage of conductor-l will be

A= - &_’. &i 2 .
A, + & 7 - 3 In - Wb-T/m (9.16)

Total inductance of the circuit due to thc'cmt in conductor-1 only i
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The inductance will be given by '
/
Leltl = h.th"ln%Wn / (9.18)

Equation (9.18) can also be derived with the belp of total flux linkages. The total flux
linhguducmbothlhacouducmwiUbememolmﬂulilhpmdbyh
currents flowing in both the conductors. Since the carent in both the conductors is same,

the total flux linkages will be double of Equation (9.16). The total inductance will be the total
Mux linkages divided by the current as



