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Transmission Line 

 Transfer equation:

𝑉1 = 𝑉2 cosh(𝛾ℓ) + 𝑍𝑐𝐼2 sinh(𝛾ℓ)

𝐼1 = 𝐼2 cosh(𝛾ℓ) +
𝑉2

𝑍𝑐
sinh(𝛾ℓ)

 Propagation constant:

𝛾 = √𝑦𝑧 

 Characteristic impedance:

𝑍𝑐 = √
𝑧

𝑦
=

𝑧

𝛾
=

𝛾

𝑦

 Transmission matrix for Π equivalent circuit:
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Per Unit System 

 Impedance base conversion

𝑍𝑛𝑒𝑤,𝑝.𝑢. = 𝑍𝑜𝑙𝑑,𝑝.𝑢. (
𝑉𝐵,𝑜𝑙𝑑

𝑙
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𝑙 )
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3𝜙
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Problem 1 [40] 

1. A 60Hz 50MVA 138kV three-phase transmission line is 300 km-long. The distributed line parameters

are

𝑟 = 0.2Ω/𝑘𝑚, 𝑙 = 2 𝑚𝐻/𝑘𝑚, 𝑐 = 0.01𝜇𝐹/𝑘𝑚, 𝑔 = 0 

The transmission line delivers its rated power at its rated voltage and at power factor 0.9 lagging. 

 Treat the line as “long” transmission line.

a. [15] What is the sending-end current?

 Treat the line in question 1 as “medium-length” line.

b. [10] What is the sending-end voltage and current?

c. [5] What is the transmission line efficiency?

 Consider it is Surge Impedance Loaded (SIL) (i.e. the line is loaded with its characteristic

impedance)

d. [6] What are the voltage gain |𝑉2|/|𝑉1| and current gain |𝐼2|/|𝐼1|?

e. [4] What is the driving point impedance |𝑉1|/|𝐼1| of the transmission line?
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Problem 2 [35] 

Consider a power system shown in the figure has the following parameters 

Generator: 30𝑀𝑉𝐴, 13.8𝑘𝑉, 𝑋𝑠 =  0.1𝑝. 𝑢.

Load: 𝑍𝑙𝑜𝑎𝑑 = 40 + 𝑗30Ω at each leg of wye connected load

𝑇1: 30𝑀𝑉𝐴, 13.2/132𝑘𝑉, 𝑋𝑙 = 0.1 𝑝. 𝑢.

𝑇2: 20𝑀𝑉𝐴, 138 13.8𝑘𝑉⁄ , 𝑋𝑙 = 0.08𝑝. 𝑢.

Line: 𝑗100Ω 

a. [15] The power base for the system is chosen as 30𝑀𝑉𝐴, and voltage base of the transmission

line is 132𝑘𝑉. Using the chosen power and voltage base, define other basis as needed and find

the impedance diagram of the power system.

 If the generator’s terminal voltage is 13.2𝑘𝑉, find the actual values of

b. [5] current on transmission line

c. [5] voltage at load

d. [6] real power delivered to the load and its power factor

e. [4] power delivery efficiency of this power system




