
EEE270
Introduction to Electrical Energy

Systems
Chapter 7 – Voltage Drop and Power Loss Calculations

Prof. Dr. A. Mete VURAL

mvural@gantep.edu.tr

Assist. Prof. Dr. Ali Osman ARSLAN

aoarslan@gantep.edu.tr

mailto:mvural@gantep.edu.tr
mailto:aoarslan@gantep.edu.tr


2

CABLE SIZE SELECTION

The proper cable size is found for a given load by the following analysis:

➢ The current rating (ampacity) of the cable should be sufficient to carry the required amount of current safely under the
installation conditions

➢ There appears a voltage drop on the conductor due to the resistance and inductive reactance. The conductor size should
satisfy the voltage drop criteria as follows for LV systems in general

➢ If voltage drop criteria is not clear or not given, then the choice of cable size is done according to the magnitude of load 
current. This is known as “Isı Tahkiki (thermal investigation)” in electrical projects.
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Voltage Drop Calculation in DC Distribution Systems

rLR =

Aσ

L
R =

where 
R is DC resistance of the overhead-line or cable (single-way)
r is the per meter DC resistance of the overhead-line or cable (Ω/m)
L is the distance between source and load (m)
σ is the conductivity of the conductor (m/Ω.mm2)
(Conductivity is generally represented with letter “k” in Turkish sources)
A is the cross-sectional area of the conductor (mm2)
ρ is the resistivity of the conductor (Ω.mm2/m)
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From KVL:
Vs - RI - Vload - RI = 0
Vs - 2RI - Vload = 0
ΔV = Vs – Vload
ΔV = 2RI (voltage drop on the line, 2-way)
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RIV 2=Δ (voltage drop) 

(percentage voltage drop) 

where 
Vn is the nominal system voltage

✓ Vn can be equal to Vs or
✓ Vn can be equal to Vload or
✓ Vn can be equal to a voltage, close to Vs or Vload
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Let’s find a useful equation for percentage voltage drop; 

(percentage voltage drop) 
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Since I = Pload / Vload
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Example: Single-line diagram of a DC distribution line is shown in the figure. If copper conductor is used, 
load power is 50 kW, and load voltage is 600 V (DC), answer the following questions:
a) Find the cross-section of the copper conductor so that maximum percentage voltage drop becomes 5 %  
(e ≤ 5%)
b) Find the voltage drop on the line
c) Find the voltage of the DC source
d) Find the power loss and the efficiency of this distribution line
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Example: A 300 meter DC underground feeder has two sections feeding two loads, as shown in the figure. 
Answer the following questions:
a) For a maximum of 10 % power loss in the feeder, what should be the value of the cross-sectional area of the copper 
underground conductor ?
b) Is the cross-section found in (a) suitable for this condition, %e ≤ 5% ? If not then choose a suitable one.

DC 

Source
PB=100 kW

200 m

k=56 m/Ω.mm
2

100 m

A
B

PA=50 kW

Vn=700 VSection-1 Section-2

VA=VB=Vn=700 V
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Voltage Drop Calculation in Single-phase Systems

rLR =

Aσ

L
R =

where 
R is AC resistance of the overhead-line or cable (single-way)
X is the reactance of the overhead-line or cable (single-way) 
r is the per meter AC resistance of the overhead-line or cable (Ω/m)
x is the per meter reactance of the overhead-line or cable (Ω/m)
Z is the impedance of the overhead-line or cable (single-way)  
L is the distance between source and load (m)
σ is the conductivity of the conductor (m/Ω.mm2)
A is the cross-sectional area of the conductor (mm2)
ρ is the resistivity of the conductor (Ω.mm2/m)

1=.ρσ
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In distribution systems, we generally ignore the 
capacitive effect of the lines

For underground cables capacitive effect may not be 
ignored
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From KVL:
Vs/_θs – (I/_ θi)(R+jX) - (Vload/_δ) - (I/_ θi)(R+jX) = 0
Vs /_θs - 2(I/_ θi)(R+jX) - (Vload/_δ) = 0
ΔV = Vs/_θs - Vload/_δ 
ΔV = 2(I/_ θi)(R+jX) (voltage drop on the line, 2-way)
ΔV = 2(I/_ θi)Z (voltage drop on the line, 2-way)
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Approximate Voltage Drop Equations

Case1: Lagging Load (θi <0)

Case2: Leading Load (θi >0)

Case3: Unity PF Load (θi=0)

ΔV ≃ 2RIcosθi+2XIsinθi

ΔV ≃ 2RIcosθi-2XIsinθi

ΔV ≃ 2RIcosθi = 2RI (for R>>X)

%100
Δ

=% x
V

V
e

n

(percentage voltage drop) 

where 
Vn is the nominal (rated) rms system voltage

✓ Vn can be equal to Vs or
✓ Vn can be equal to Vload or
✓ Vn can be equal to a voltage, close to Vs or Vload
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Let’s find a useful equation for percentage voltage drop in single-phase systems; 

(percentage voltage drop) 
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Since I = Pload / (Vload x cos(δ-θi)),  (assuming δ=0)
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Let 

Or

)tan±1(=)( iθR

X
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Capacitive (leading PF)

%𝑒 =
2. 𝑅. 𝑃𝑙𝑜𝑎𝑑

𝑉𝑙𝑜𝑎𝑑2
. 𝑓(𝜑)𝑥100%

Since ➔
Aσ

L
R =

%𝑒 =
2. 𝑃𝑙𝑜𝑎𝑑. 𝐿

𝑉𝑙𝑜𝑎𝑑2. 𝜎. 𝐴
𝑥𝑓(𝜑)𝑥100%

%100
cos.

)sin±cos(2
=%

2
x

θVload

PloadθXθR
e

i

ii

%100

..2).tan±1(

=%
2

x
Vload

PloadRθ
R

X

e
i

%100
)tan±.(2

=%
2

x
Vload

PloadθXR
e

i

Or



13

22= RIPloss

(input active power, W) )-cos(..= is θθIVsPin

)-cos(..== iθδIVloadPloadPout
(output active power, W) 
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(input reactive power, VAR) 
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22= XIQloss
(reactive power loss, VAR) 

(X is one-way reactance) 

QlossQoutQin +=
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Example: A 100 meter single-phase line feeds a load as shown in the figure. Answer the following questions:
a) For a maximum of 3 % voltage drop on the line, is given value for A=120 mm2 suitable or not ?
b) Find the voltage drop on the line.
c) Find the value of the AC voltage source, active-reactive power loss, and input active power.

Load voltage and current waveforms

V=220*sqrt(2)

I=100*sqrt(2)

~
AC voltage

source

Single-

phase 

load

Distance, L=100 m

σ =56 m/Ω.mm
2

A=120 mm
2

x=0.13 Ω/km 

Copper line

36.87°

Important Note: Since X is not ignored, we can not use 
percentage voltage drop equation as the given form
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Example: For the given single-phase radial distribution line, answer the following questions:
a) Find the current in each section.
b) Find the voltage drop on each section and on overall line (A-C).
c) Find the percentage voltage drop on each section and on overall line (A-C).
d) Find the voltage of the AC voltage source.

~
AC voltage

source

Vn=220 V

A
CB

IB=100 A

0.707 PF lag
IC=200 A

0.8 PF lag

z=(0.1+j0.05) Ω/km 

200 m 100 m

Section-1 Section-2
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Voltage Drop Calculation in Three-phase Systems

rLR =

Aσ

L
R =

where 
R is the per-phase AC resistance of the overhead-line or cable
X is the per-phase reactance of the overhead-line or cable
r is the per-phase per meter AC resistance of the overhead-line or cable (Ω/m)
x is the per-phase per meter reactance of the overhead-line or cable (Ω/m)
Z is the per-phase impedance of the overhead-line or cable  
L is the distance between source and load (m)
σ is the conductivity of the conductor (m/Ω.mm2)
A is the cross-sectional area of the conductor (mm2)
ρ is the resistivity of the conductor (Ω.mm2/m)

1=.ρσ

xLX = jXRZ +=
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R
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jX

(Per-phase equivalent circuit)

N n

(Assuming system is Y-connected)



17

From KVL:
Vs(L-N)/_θs – (I/_ θi)(R+jX) - (Vload(L-N)/_δ) = 0
ΔV = Vs(L-N)/_θs – Vload(L-N)/_δ 
ΔV = (I/_ θi)(R+jX) (per phase voltage drop on the line)
ΔV = (I/_ θi)Z (per phase voltage drop on the line)

Case1: Lagging Load (θi <0)

Case2: Leading Load (θi >0)

Case3: Unity PF Load (θi=0)
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Vload(L-N)Vs(L-N) θs
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(rms) (rms)
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nN
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(Assuming δ=0) 
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I
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.

θs

Vs(L-N)
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ΔV
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θi

I
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.

θs

XI

ΔVVs(L-N)

Vload(L-N)

(Assuming δ=0) 

I RI

θs

XI
ΔV

Vs(L-N)

Vload(L-N)

Since for balanced three-phase systems, neutral current is zero, 
multiplication factor 2 disappears from voltage drop equation 
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Approximate Voltage Drop Equations

Case1: Lagging Load (θi <0)

Case2: Leading Load (θi >0)

Case3: Unity PF Load (θi=0)

ΔV ≃ RIcosθi+XIsinθi

ΔV ≃ RIcosθi-XIsinθi

ΔV ≃ RIcosθi = RI (for R>>X)

%100
Δ

=% x
V

V
e

n

(per phase percentage voltage drop) 

where 
Vn is the nominal (rated) rms (L-N) system voltage

✓ Vn can be equal to Vs(L-N) or
✓ Vn can be equal to Vload(L-N) or
✓ Vn can be equal to a voltage, close to Vs(L-N) or Vload(L-N)
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I
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.
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ΔV 
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θi

I

RI

.θs

Vs(L-N)

XI

ΔV XIsinθi

θi

θi

ΔV

(Assuming δ=0) Vload(L-N)I RI
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Vs(L-N)
XIΔV

ΔV 
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Let’s find a useful equation for percentage per-phase voltage drop in three-phase systems; 

(per-phase percentage voltage drop) 

%100
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θXIθRI
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V

V
e

n

ii

n

Since➔

%100
cos).(..3
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θLNVloadV
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e
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If we assume Vn = Vload(LN)

%100
cos.)(.3

)sin±cos(
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θLNVload

PloadθXθR
e

i

ii

)-cos().(.3
=

iθδLNVload

Pload
I (assuming δ=0)

For Y-connection
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Let 

%100
cos.)(.3

)sin±cos(
=%

2
x

θLNVload
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%100
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R
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X
φf

Inductive (lagging PF)

Capacitive (leading PF)

%𝑒 =
𝑅. 𝑃𝑙𝑜𝑎𝑑

3. 𝑉𝑙𝑜𝑎𝑑(𝐿𝑁)2
. 𝑓(𝜑)𝑥100%
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Aσ

L
R =

%𝑒 =
𝑃𝑙𝑜𝑎𝑑. 𝐿. 𝑓(𝜑)

3. 𝑉𝑙𝑜𝑎𝑑(𝐿𝑁)2. 𝜎. 𝐴
𝑥100%

Since ➔ 3
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=)(

LLVLoad
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𝑃𝑙𝑜𝑎𝑑. 𝐿. 𝑓(𝜑)

𝑉𝑙𝑜𝑎𝑑(𝐿𝐿)2. 𝜎. 𝐴
𝑥100%
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23RIPloss =

(input active power, W) )-cos(.).(.3 isILNVsPin =

)-cos(.).(.3 iILNVloadPloadPout ==

(output active power, W) 

PlossPoutPin +=

(active power loss, W) 

(R is per-phase resistance) 

)-sin(.).(.3 isILNVsQin =

%100= x
Pin

Pout
η (percentage efficiency) 

%100
3

%
2

x
Pload

RI
Ploss =

(percentage (active) power loss) 

)-sin(.).(.3 iILNVloadQloadQout ==

(input reactive power, VAR) 

(output reactive power, VAR) 

23XIQloss =
(reactive power loss, VAR) 

(X is per phase reactance) 

QlossQoutQin +=

+
AC

Source

LO
A

D

R

I

R

jX

jX

+

-

Vload(L-N)Vs(L-N) θs
θi

(rms) (rms)
δ 

nN
Ineutral=0

For Y-connected load

)-cos(.).(.3 isILLVsPin =

)-cos(.).(.3 iILLVloadPloadPout ==

)-sin(.).(.3 isILLVsQin =

)-sin(.).(.3 iILLVloadQloadQout ==
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23RIPloss =

(input active power, W) 

)-cos(.
3

).(.3 is

I
LLVsPin =

)-cos(.
3

).(.3 i
I

LLVloadPloadPout ==

PlossPoutPin +=

(active power loss, W) 
(R is per-phase resistance) 

%100= x
Pin

Pout
η (percentage efficiency) 

%100
3

%
2

x
Pload

RI
Ploss =

(percentage (active) power loss) 

)-sin(.
3

).(.3 i
I

LLVloadQloadQout ==

(input reactive power, VAR) 

(output reactive power, VAR) 

23XIQloss =
(reactive power loss, VAR) 

(X is per-phase reactance) 

QlossQoutQin +=

For Δ-connected load

)-cos(.).(.3 isILLVsPin =

)-cos(.).(.3 iILLVloadPloadPout ==

)-sin(.
3

).(.3 is

I
LLVsQin =

)-sin(.).(.3 isILLVsQin =

)-sin(.).(.3 iILLVloadQloadQout ==

(output active power, W) 
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Example: For %e ≤ 5, calculate the maximum length of the Rose conductor when it carries its maximum apparent 
power in a three-phase system. Take power factor as 0.8 lagging, Vn = 220 V (L-N), and σ = 35 m/Ω.mm2

Solution: Smax = 72.6 kVA (using table data)
Pmax = Smax.cosθ = (72.6)(0.8) = 58.08 kW

%100)(.
..)(.3

.
=%

2
xφf

AσLNVload

LPload
e

%100)191.1.(
)14.21.(35.220.3

).1008.58(
=5

2

3

x
Lx

L(max)=77.655 m 

Substituting the parameters into the equation:
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Example: For the given three-phase underground distribution, answer the following questions:
a) For a maximum of 6 % Ploss, what should be the value for cross-section of the conductor, A=?
b) Find the real and the imaginary parts of the line current.
c) Find the per-phase voltage drop on the cable.
d) Find the percentage per-phase voltage drop on the cable.
e) Find L-L voltage, input active power, and power factor of the three-phase voltage source.

~
AC voltage

source

S=2.6 MVA

PF=0.6 LAG

Vn=10 kV (L-L)

Distance, L= 4 km

σ =56 m/Ω.mm
2
 

Underground cable

x =0.25 Ω/km/phase 

P.S1: For medium voltage distribution,there is no neutral line
P.S2: All voltages in medium voltage systems (>1kV) are Line-to-Line (L-L) voltages if otherwise is not specified
P.S3: For medium voltage distribution, conductor cross-sections are starting from 50 mm2

P.S4: If there is more than one condition to choose a cross-section, always choose the biggest one who satisfies all conditions 



25

Example: For the given low-voltage three-phase radial distribution line, find the current in each section and choose 
suitable conductors from the given table according to the current carrying capacities.
Note that required percentage voltage drop and the distances are not given.

~

O
A B

40 A

0.6 LAG

100 A

0.8 LAG

IOA
IAB
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Example: For the three-phase low voltage distribution, answer the following questions:
a) Find the current distributions on the line.
b) Find the rms (L-L) voltage of the points A and C, if Vn=400 V (L-L) at point B.
c) Does the available cross-section satisfy the condition: %e ≤ 5 ?
d) Does the available cross-section satisfy the condition: %Ploss ≤ 6 ?

~

Three-phase 

source

Vn=400 V (L-L)

z = (1+j0.5) Ω/km/ph

A
C B

5 A

0.8 LAG

14.08 A

0.85 LAG

600 m 400 m



END OF THE LECTURE

Any questions ?
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