
Surge Impedance and Loading Power

44

Remember: Surge Impedance

Lossless Line is assumed
If a load is purely 
resistive equal to the 
surge impedance
The, Load Current is given 
by (where VL is line-to-
line voltage)
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If a load is purely resistive 
equal to the surge impedance
The, Power (3-phase) delivered to 
the load:
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At SIL, 
Receiving End 
Voltage is 
the same in 
magnitude as 
Sending End 
voltage 
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Role of Transmission Line

Practical use of SIL(Surge Impedance Loading)
A permissible loading of a transmission may be expressed by a 
fraction of its SIL
SIL may provide a comparison of load carrying capability of lines
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Role of Transmission LIne
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What if your calculator does not do Hyperbolic?
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A single-circuit 60-Hz transmission line is 370 km (or 
230 mi) long.  The conductor’s outside diameter is 
0.977in.  And the flat horizontal spacing is 7.25 m (or 
23.8 ft)between conductors.  The resistance of the 
conductor is 0.1603 ohm/mile.  The load on the line is 
125 MW at 215kV with 1 unity power factor.  (a) Find the 
voltage, current, and power at the sending end.  (b)Find 
the voltage regulation of the line. (c) Determine the 
wavelength and velocity of propagation of the line.
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A single-circuit 60-Hz transmission line is 370 km (or 230 mi) long.  The conductor’s outside 
diameter is 0.977in.  And the flat horizontal spacing is 7.25 m (or 23.8 ft)between 
conductors.  The resistance of the conductor is 0.1603 ohm/mile.  The load on the line is 125 
MW at 215kV with 1 unity power factor.  (a) Find the voltage, current, and power at the 
sending end.  (b)Find the voltage regulation of the line. (c) Determine the wavelength and 
velocity of propagation of the line.
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sending end.  (b)Find the voltage regulation of the line. (c) Determine the wavelength and 
velocity of propagation of the line.



Example 5.1

57

A single-circuit 60-Hz transmission line is 370 km (or 230 mi) long.  The conductor’s outside 
diameter is 0.977in.  And the flat horizontal spacing is 7.25 m (or 23.8 ft)between 
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velocity of propagation of the line.
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A single-circuit 60-Hz transmission line is 370 km (or 230 mi) long.  The conductor’s outside 
diameter is 0.977in.  And the flat horizontal spacing is 7.25 m (or 23.8 ft)between 
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A single-circuit 60-Hz transmission line is 370 km (or 230 mi) long.  The conductor’s outside 
diameter is 0.977in.  And the flat horizontal spacing is 7.25 m (or 23.8 ft)between 
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velocity of propagation of the line.
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A single-circuit 60-Hz 
transmission line is 370 
km (or 230 mi) long.  The 
conductor’s outside 
diameter is 0.977in.  And 
the flat horizontal 
spacing is 7.25 m (or 
23.8 ft)between 
conductors.  The 
resistance of the 
conductor is 0.1603 
ohm/mile.  The load on 
the line is 125 MW at 
215kV with 1 unity power 
factor.  (a) Find the 
voltage, current, and 
power at the sending end.  
(b)Find the voltage 
regulation of the line. 
(c) Determine the 
wavelength and velocity 
of propagation of the 
line.
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Class Activity on Transmission Parameters
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Can we use Pi-circuit even for a long line?
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Can we use Pi-circuit even for a long line?
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Can we use Pi-circuit even for a long line?
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Can we use Pi-circuit even for a long line?



Nominal  to long-line 

From Nominal Pi-ckt equation ( 50 < l < 150 )

Lon-line equivalent pi-ckt equation ( l > 150 miles)
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Example 5.3
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Find the equivalent pi-circuit for the line described 
in Example 5.1 and compare it with the nominal pi.



Example 5.3

69

Find the equivalent pi-circuit for the line described 
in Example 5.1 and compare it with the nominal pi.
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Power Flow (P & Q)
Expressed by V, I, and pf
Expressed by ABCD circuit constants
⌧Focus: How VR and IR affects VS
⌧ABCD Constants: All Complex Numbers
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Observations
Point n is not dependent 
on IR
Point n will not change if 
VR is constant: (A*VR^2)/B
Distance between n and k
is constant for fixed value 
of VS and VR: (VS*VR)/B
Distance between o and k
changes with changing load 
(IR)
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Observations
Because the distance 
between n and k is 
constant, the distance 
between o and k is 
constrained to move in a 
circle whose center is at 
n.
If VR is held constant, a 
different circle can be 
drawn for different values 
of VS’s



Power Flow for Max Power
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If VR is held constant, a different circle can be drawn for 
different values of VS’s
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Power Flow: Impact of Vs and Var
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When PR has to be 
maintained, moving 
from a to b involves:

Sending end voltage 
reduces from VS4 to VS3
(To keep the VR 
intact), due to the VS 
decrease, the Var has 
to be decreased, which 
means negative reactive 
power must be supplied 
by parallel capacitors
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Reactive Compensation by:
Series Compensation: Capacitor 
placed in each conductor reduces 
the series impedance
Shunt Compensation: Placement of 
inductors between conductor and 
neutral reduces the susceptance
(admittance)

Pi-Circuit Case



Reactive Compensation of Transmission Line

81

Pi-Circuit Case
Maximum Power Equation



Reactive 
Compensation 

of 
Transmission 

Line
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EXAMPLE 5.4:  Reactive Compensation of Transmission Line
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In order to show the relative changes in the B constant 
with respect to the change of the A, C, and D constants 
of a line when series compensation is applied, find the 
constants for the line of Example 5.1 uncompensated and 
for a series compensation factor of 70%
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In order to show the relative changes in the B constant with respect 
to the change of the A, C, and D constants of a line when series 
compensation is applied, find the constants for the line of Example 
5.1 uncompensated and for a series compensation factor of 70%
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In order to show the relative changes in the B constant with respect to the change of the A, 
C, and D constants of a line when series compensation is applied, find the constants for the 
line of Example 5.1 uncompensated and for a series compensation factor of 70%
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In order to show the relative changes in the B constant with respect to the change of the A, 
C, and D constants of a line when series compensation is applied, find the constants for the 
line of Example 5.1 uncompensated and for a series compensation factor of 70%
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In order to show the relative changes in the B constant with respect to the change of the A, 
C, and D constants of a line when series compensation is applied, find the constants for the 
line of Example 5.1 uncompensated and for a series compensation factor of 70%
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Charging Current Reduction with Shunt Compensation




