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Chapter 3 - 1

Chapter 3 - 2

Publication of this lecture presentation notes
on any platform by others is subject to
permission.
Remember, Stealing is not sharing.
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Chapter 3 - 3

VOLTAGE DROP CALCULATIONS
UNDER BULK LOAD Voltage drop calculation is done for just one conductor whether the

distribution line is single-phase or three-phase.
The other phase conductors will have the same size.
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Chapter 3 - 4

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

If the reactance X is ignored;
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Chapter 3 - 5

VOLTAGE DROP IN ONE-PHASE AC

Since

and
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VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 6

VOLTAGE DROP IN THREE-PHASE AC

Since, in three-phase system:

Absolute Percentage

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 7

VOLTAGE DROP IN DC
If the reactance X is ignored and cosj is taken as Cosj=1 in equations written for one phase AC
systems, then the equations are obtained for DC voltage drop.
Besides DC resistance should be used instead of AC resistance.

Since
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VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 8

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 9

EQUATIONS FOR
VOLTAGE DROP
CALCULATIONS

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 10

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

EQUATIONS
FOR THE

CALCULATIONS
OF CONDUCTOR
CROSS-SECTIONS
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Chapter 3 - 11

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 12

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

CONCIDERING BOTH
RESISTANCE AND REACTANCE

OF THE LINES
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Chapter 3 - 13

N=UIcosj [kW],
l [km]

For one phase systems:

R’ [W/km],
X’ [W/km],

R=R’ l
X=X’ l

N=S3 UIcosj [kW],

l [km]

For three phase systems:

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Both R and X are considered.

Chapter 3 - 14

Absolute voltage drop Percentage of  voltage drop

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

ONE PHASE SYSTEMS Both R and X are considered.



2/26/2023

8

Chapter 3 - 15

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

THREE PHASE SYSTEMS Both R and X are considered.

Chapter 3 - 16

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

THREE PHASE SYSTEMS Both R and X are considered.
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Chapter 3 - 17

CALCULATION OF LV VOLTAGE DROP COEFFICIENTS, k

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

In one-pase AC

In three-pase AC

Used in the calculation
of voltage drop
coefficients

These coefficients are calculated for overhead lines and undergrounda cables, and listed Tables 10 to
18.

R’ and X’ data for cables and overhead lines are also given in tables.

Since the highest voltage drop occurs under highest loading of the power lines, the value of R’ is taken
under the highest operating temperature in cables and at the value at 40 oC in overhead lines because
the loading current limit has never reached in overhead lines.

From now on, the subscripts 1 and 3 will not be used in the voltage drop coefficiens. We
will just select thecoefficient from the tables depending of the problem whether it is one-
pase or three-phase. The supercript ‘ will not be used, neither.

Chapter 3 - 18

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 19

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 20

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 21

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 22

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 23

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 24

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 25

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 27

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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VOLTAGE DROP CALCULATIONS UNDER BULK LOAD
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Chapter 3 - 29

VOLTAGE DROP CALCULATIONS UNDER BULK LOAD

Chapter 3 - 30

VOLTAGE DROP CALCULATIONS

Voltage Drop
Under

Uniformly Distributed Load
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Chapter 3 - 31

GERİLİM DÜŞÜMÜ HESAPLARI DÜZGÜN YAYILI YÜK

The voltage drop along the line is calculated by

P=jl olduğundan

Chapter 3 - 32

GERİLİM DÜŞÜMÜ HESAPLARI DÜZGÜN YAYILI YÜK

jl yükü hattın ortasından çekilen toplu bir yük olarak değerlendirilebilir.

Hattın ortasından çekilen bu toplu
yükün yarısı hat sonundan, diğer
yarısı da hat başından çekilen iki
bileşene ayrılabilir.

P=jl
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Chapter 3 - 33

GERİLİM DÜŞÜMÜ HESAPLARI DÜZGÜN YAYILI YÜK

Chapter 3 - 34

GERİLİM DÜŞÜMÜ HESAPLARI I2R GÜÇ KAYBI

BİR FAZLI AA SİSTEMLERİNDE

Mutlak güç kaybı Yüzde güç kaybı

yazılırsa
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Chapter 3 - 35

GERİLİM DÜŞÜMÜ HESAPLARI I2R GÜÇ KAYBI

3 - FAZLI AA SİSTEMLERİNDE

Mutlak güç kaybı Yüzde güç kaybı

yazılırsa

Chapter 3 - 36

GERİLİM DÜŞÜMÜ HESAPLARI I2R GÜÇ KAYBI

GÜÇ KAYBI
BAĞINTILARI
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Chapter 3 - 37

GERİLİM DÜŞÜMÜ HESAPLARI I2R GÜÇ KAYBI

GÜÇ KAYBINA
GÖRE

KESİT BAĞINTILARI

Chapter 3 - 38

GERİLİM DÜŞÜMÜ HESAPLARI I2R GÜÇ KAYBI

DA SİSTEMLERİNDE
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Chapter 3 - 39

GERİLİM DÜŞÜMÜ HESAPLARI I2R GÜÇ KAYBI

Chapter 3 - 40

VOLTAGE DROP CALCULATIONS I2R POWER LOSS

It would be better to use the resistance of the line, which is given for unity length by manufactureres as
R’ [Ohm/km].

For One-phase AC Where Power is known

Absolute Percentage

For Three-phase AC Where Power is known

Absolute Percentage
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Chapter 3 - 41

m, LV POWER LOSS COEFFICIENTS For One-Phase AC

VOLTAGE DROP CALCULATIONS I2R POWER LOSS

Chapter 3 - 42

VOLTAGE DROP CALCULATIONS I2R POWER LOSS

m, LV POWER LOSS COEFFICIENTS For Three-Phase AC
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Chapter 3 - 43

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.19.
Power loss coefficients
m1’  and m1’’ for
0.6/1 kV YVV(NYY) cables

Chapter 3 - 44

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.20.
Power loss coefficients
m3’  and m3’’ for
0.6/1 kV YVV(NYY) and
YVM (NYCY) cables
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Chapter 3 - 45

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.21.
Power loss
coefficients m3’
and m3’’ for
0.6/1 kV YVV(NYY)
cables.

Chapter 3 - 46

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.22.
Power loss
coefficients m3’
and m3’’ for
0.6/1 kV YVV(NYY)
cables.
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Chapter 3 - 47

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.23.
Power loss coefficients
m3’  and m3’’ for
0.6/1 kV YVV(NYY)
cables.

Chapter 3 - 48

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.24. Power loss coefficients m1’  and m1’’ for Cooper wired LV One phase U=220 V
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Chapter 3 - 49

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.25. Power loss coefficients m3’  and m3’’ for Cooper wired LV Three phase U=380 V

Chapter 3 - 50

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.24. Power loss coefficients  m1’ and m1’’ for Aluminium wired LV One phase U=220 V
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Chapter 3 - 51

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

Table 5.25. Power loss coefficients  m3’ and m3’’ for Aluminium wired LV Three phase U=380 V

Chapter 3 - 52

VOLTAGE DROP CALCULATIONS LV POWER LOSS COEFFICIENTS

The values of R’ are taken from Table 3.56 for cables and from Table 3.66 to 69 for overhead lines.

The highest voltage drop occurs when the line has the highest loading. Therefore R’ is taken at highest
temperature for cables and at 40oC for overhead lines since the loading in overhead lines never come
closer to loading current limit.

The difference between the results of
Example 1 and 2 comes from using
manufacturer data for R.
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Chapter 3 - 53

VOLTAGE DROP CALCULATIONS
ECONOMIC CROSS-SECTION

(1)

The sum of the annual repayment of the payment for the cable and the annual payment for the energy losses varies
depending on the cross-section of the cable.
The section that gives the smallest total cost among the different sections is the economic section. In the economic
section calculation, since the laying costs for different sections are approximately the same, only the cable costs are
taken into account.

Since the cable value varies approximately linearly with the cross-
section, the cable value for cross-section A can be written from the
figure.

Chapter 3 - 54

(2)

(3)

VOLTAGE DROP CALCULATIONS ECONOMIC CROSS-SECTION

Coefficient for reducing the payment for the cable to annual payments

T=Annual payback rate (Table 5.28)

In the annual payback calculation, the cycle can be taken as approximately 25
years for LV cables and approximately 35 years for MV cables. 1% should be
added to the annual payback for the cable maintenance and repair.

Since the annual payment for energy losses varies inversely with the cross
section;
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Chapter 3 - 55

VOLTAGE DROP CALCULATIONS ECONOMIC CROSS-SECTION

Chapter 3 - 56

VOLTAGE DROP CALCULATIONS ECONOMIC CROSS-SECTION
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Chapter 3 - 57

VOLTAGE DROP CALCULATIONS ECONOMIC CROSS-SECTION

Chapter 3 - 58

EXAMPLE

VOLTAGE DROP CALCULATIONS ECONOMIC CROSS-SECTION
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Chapter 3 - 59

VOLTAGE DROP CALCULATIONS ECONOMIC CROSS-SECTION

In this example, if the selected cross section is increased
from 70 mm2 to 120 mm2, it is seen that for 1 km of cable
(4.545.296 - 3.986.784).103=558.512.000 TL will be saved
per year.
However, if the interest rate charged on repayment of the
cable in this example is unrealistic for the investor, realistic
interest rates are charged. For example, if the interest rate
is taken as zero, it is not economical to choose the cable
section larger than normal.

Chapter 3 - 60

Voltage Drop Calculations
End of the Chapter
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Chapter 3 - 61

Chapter 3 - 62

DISTRIBUTION NETWORKS


