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Solutions of voltage, current and power
conditions in the electrical network 

 Calculation goal = determination of active
parametrs, i.e. or P, Q  in nodes and 
branches

 Premise for calculation – knowledge of
substitude schema of elctrical network

 We choose the procedure for solving according to 
the complexity of the network:
 simple networks (neglected transverse paramters) 

method of gradual simplification of schema (without using
PCs, usually for LV or HV networks)

 complex networks  method Kirhoff´s (node) voltages

I,U
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 Assumption:
 the line is symmetrical or transposed

 the passive parameters are constant

 voltages and currents are sinusoidal

 Current and voltage expansion along lines can 
be described by so-called
telegraph equations:

 where: u(x, t) = U(x) ejt ,    i(x, t) = I(x) ejt
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Voltage and current conditions
on power line (1)
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 The solution of telegraph equations are wave 
equations in the form:

where:

… phasors at the beginning of the line 

… phasors at the end of the line 

… wave impedance

… spreading factor

 … damping factor

 … phase rotation factor
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Voltage and current conditions
on power line (2)
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 Wave equations can be further solved in a simpli-
fied way:

a/ using the first two members of the development 
of hyperbolic functions in a row

 Note:
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Voltage and current conditions
on power line (3)
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Voltage and current conditions
on power line (4)

 Wave equations can be further solved in a simpli-
fied way:

b/ by some parametr neglecting

Voltage level Can be omission Cogitate

400, 220 kV R, G X, B

110 kV G R, X, B

vn G, B (  ) R, X (  )

nn G, B, X R

Y Z

8

Im

Re

Voltage and current conditions
on power line – transmission HV line  (5)

 Phasor diagram,  if

G = 0, B = 0

5.

1.

4.

3.
2.

Diagram
Z=R+jX

Uf1 Uf2

I2
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Voltage and current conditions
on power line (6)

 Wave equations can be further solved in a simpli-
fied way:

c/ by using replacement two-ports (P, T, G), to which 
these matrix equations apply:

, 

where are tzv. Blondel´s konstants,
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Voltage and current conditions on power
line - replacement two-ports (7)

 P cell
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Voltage and current conditions on power
line - replacement two-ports (8)

 T cell
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Voltage and current conditions on power
line - replacement two-ports (9)

 G cell
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Voltage and current conditions on power
line - replacement two-ports (10)

 G cell
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Voltage and current conditions on power
line - replacement two-ports (11)

 G cell
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Voltage and currect conditions on line
– example 5-2  (1)

 Task: 

 Calculate volatage and current at the beginning of
transmisson line and draw phase diagram (for check
your results), if you know conditions at the end of
line. 

Transmission line 110 kV:

R = 0,096 W/km, X = 0,39 W/km, B = 2,92 . 10-6 S/km

l = 100 km, P2 = 50 MW, Q2 = 10 MVAr

16

Voltage and currect conditions on line
– example 5-2 (2)

 Solution P-cell

 It is necessary to calculate in phase values

 We put phasor U2 into real axis

17

Voltage and currect conditions on line
– example 5-2  (3)

7. dubna 2022 5. přednáška TPR 18

Blondel's constants:
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Voltage and currect conditions on line
– example 5-2 (4)

Input voltage and current:
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Voltage and currect conditions on line
– example 5-2  (5)

For phasor diagram: 

20

Voltage and currect conditions on line
– example 5-2  (6)

1.

4. 3.

2.

7.

6.

5.9.

8.

Volba měřítka:
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Determination of power output flow
in branch (1)

Derivation of relation for calculation of branch 
power outputs 

 Substitution branch by                                                             
P-cell, which pasivní 

parametrs are:

 Rik , Lik -> Xik
 Gik0 … we neglect
 Cik -> Bik0
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Determination of power output flow in 
branch (2)

Derivation of relation for calculation of branch 
power outputs 
 The same like for currents -

- 2 parts, tj. S flowing:
 into longitudinal element
 into transverse element
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Derivation of relation for calculation of branch 
power outputs 

Determination of power output flow
in branch (3)
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Derivation of relation for calculation of 
branch power outputs 

 Dividing into active and reactive
components

 We split previus link for Re and Im part:

Determination of power output flow
in branch (4)
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Determination of power output flow
in branch (5)

Simplification for VHV:

 Assumption , 

 then

 Same for Qik
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Calculation of active losses in the branch

- with the same electrical power orientation from 

node to branch as the index orientation

 Reached:

 When we calculate active power losses, we can never 
neglect the Gik member.
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Calculation of active power losses
in the branch – example 5-3  (1)

 Task:

To compare the effect of differential voltage 
nodes and angles between voltages solve an 
example for the following entries:

a) Ui = Uk = 400 kV, ik= 10o

b) Ui= 405 kV, ostatní jako v a)

c) ik= 5o, ostatní jako v a)

d) Ui = 405 kV, Uk = 400 kV, ik= 0o
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Calculation of active power losses
in the branch – example 5-3  (2)

 Calculation of passive paramters
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Calculation of active power losses
in the branch – example 5-3  (3)

 Solving of the variant a):
Ui = Uk = 400 kV, ik= 10o = rad0,1745 
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 Solving of the variant a):

Ui = Uk = 400 kV,    ik= 10o =

Calculation in a simplified form of neglecting members Gik:

7. dubna 2022 5. přednáška TPR 317. dubna 2022 5. přednáška TPR 31

Calculation of active power losses
in the branch – example 5-3  (4)
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The comparison of the results shows that a simplifying 
assumption can be used to calculate active power. We 
cannot afford simplification when calculating reactive 
power.
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For comparison :
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Calculation of active losses
in the branch – example 5-3 (5)

 Solving of the variant b):
Ui= 405 kV, Uk = 400 kV, ik= 10o
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Calculation of active losses
in the branch – example 5-3  (6)

 Solving of the variant c):
Ui = Uk = 400 kV, ik= 5o = rad0,08725 
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Calculation of active power losses
in the branch – example 5-3  (7)

 Solving of the variant d):

Ui = 405 kV, Uk = 400 kV, ik= 0o (sin 0 = 0, cos 0 = 1) 
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Calculation of active power losses in the 
branch – example 5-3  (8)

 Summary of results:

a/ b/
change U

c/
change 

d/
ik= 0o

Pik [MW] 794,30 808,60 397,28 4,60

Pik [MW]
(after simplification) 794,71 807,69 399,09 0

Qik [MVAr] -18,01 38,95 -38,41 32,89

Qik [MVAr]
after simplification) 45,49 103,61 -6,60 33,26

Pik [MW] 11,04 11,23 2,76 0,057
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Calculation of active power losses in the 
branch – example 5-3  (9)

Evaluation:

We can do these ressults from example 5-3
 Resistance can be neglected in the approximate 

calculation of active power output

 The size of the angle between the voltages in the
nodes mainly determines the size of the active power
output

 The difference in the size of voltage in the nodes 
mainly determines the size of reactive power output

 Active power losses depend only on equation
members containing Gik
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Next time

 Solution of voltage, current and power 
output conditions in the electrical 
network
 Calculation of voltage drop on line (DC, AC-1ph and 

3ph)


