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Balanced Three-phase Systems

•Balanced Three-Phase Voltages
• Three-Phase Voltage Sources
•Analysis of the Wye-Wye Circuit
•Analysis of the Wye-Delta Circuit
•Power Calculations in Balanced Three-Phase Circuits
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Balanced Three-Phase Circuits

• Generating, transmitting, distributing, and using large blocks of
electrical power is accomplished with three-phase circuits.

• Three-phase system was independently invented by Galileo Ferraris,
Mikhail Dolivo-Dobrovolsky, and Nikola Tesla in the late 1880s.

• Three-phase systems are used to deliver power to large motors and
heavy loads. Because three-phase currents naturally produce rotating
magnetic fields.

• A three-phase system is more economical than an equivalent single-
phase or two-phase system at the same voltage. Because it uses less
conductor to transmit the same amount of electrical power.
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• The basic structure of a three-phase system consists of voltage sources
connected to loads by means of transformers and transmission lines.

• To analyze a three-phase circuit, we can reduce it to a three-phase
voltage source connected to a three-phase load via a three-phase line,
as shown below:

Balanced Three-Phase Circuits
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Three-phase 
power
source

Three-phase 
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Three-phase line

Main components of a 
three-phase power system

Dam

Wind Turbine

Solar 
PV

Three-phase load
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Balanced Three-Phase Voltages

• A set of balanced three-phase voltages consists of three sinusoidal
voltages that have identical amplitudes and frequencies but are out of
phase with each other by exactly 120°.

• Standard practice is to refer to the three phases as a, b, and c, and to
use the a-phase as the reference phase. The three voltages are
referred to as the a-phase voltage, the b-phase voltage, and the c-
phase voltage.
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Balanced Three-phase Voltages

• They have equal amplitudes.

• They have same frequency (50 or 60 Hz).

• They are out of phase with each other by exactly 120°

• Phase sequence is important for paralell operation of three-phase
circuits.

Vm* wt*180/π

variation of instantaneous three-phase voltages wrt time (positive sequence) 7



abc phase sequence or
positive phase sequence

ABC Phase Sequence

Only two possible phase relationships can exist between the a-phase voltage 
and the b- and c-phase voltages. 
One possibility is for the b-phase voltage to lag the a-phase voltage by 120°,
in which case the c-phase voltage must lead the a-phase voltage by 120 °. 
This phase relationship is known as the abc (or positive) phase sequence
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The only other possibility is for the b-phase voltage to lead the a-phase 
voltage by 120°, in which case the c-phase voltage must lag the a-phase 
voltage by 120°. This phase relationship is known as the acb (or negative) 
phase sequence

acb phase sequence or
negative phase sequence

ACB Phase Sequence
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Example: What is the sequence of each of the following set of voltages?

a) Va(t) = 208cos(wt+76°) V

Vb(t) = 208cos(wt+316°) V

Vc(t) = 208cos(wt-164°) V

b) Va(t) = 120cos(wt-49°) V

Vb(t) = 120cos(wt-289°) V

Vc(t) = 120cos(wt+191°) V

Va(t) = 208cos(wt+76°-76°) 
Vb(t) = 208cos(wt+316-76°°)
Vc(t) = 208cos(wt-164°-76°)

Va(t) = 120cos(wt-49°+49°)
Vb(t) = 120cos(wt-289°+49°)
Vc(t) = 120cos(wt+191°+49°) 

Va(t) = 208cos(wt+0°) V
Vb(t) = 208cos(wt+240°) V
Vc(t) = 208cos(wt-240°) V

Va(t) = 120cos(wt+0°) V
Vb(t) = 120cos(wt-240°) V
Vc(t) = 120cos(wt+240°) V

positive sequence

negative sequence
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Another important characteristic of a set of balanced three-phase
voltages is that the sum of the voltages is zero.

the sum of the instantaneous voltages also is zero

Balanced Three-Phase Voltages
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• A three-phase voltage source is a generator with three separate
windings distributed around the periphery of the stator.

• Each winding comprises one phase of the generator. The rotor of the
generator is an electromagnet driven at synchronous speed by a
prime mover, such as a steam or gas turbine.

• Rotation of the electromagnet induces a sinusoidal voltage in each
winding. The phase windings are designed so that the sinusoidal
voltages induced in them are equal in amplitude and out of phase
with each other by 120 degree.

• The phase windings are stationary with respect to the rotating
electromagnet, so the frequency of the voltage induced in each
winding is the same.

Three-Phase Voltage Sources
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Y-connected Source

∆-connected Source

Neutral terminal

Three-Phase Voltage Sources
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A model of a three-phase source with winding impedance
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Types of three-phase loads

Wye (Y)-connected load Delta (Δ)-connected load

If Z1 = Z2 = Z3 => balanced load
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Three-phase sources and loads can be either Y-connected or Δ-connected, 
the basic circuit in Fig. represents four different configurations:

Possible Connections of Three-Phase Systems
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Using the source neutral as the reference node and letting 𝐕N denote the node voltage between the nodes N and n

Analysis of the Wye-Wye Circuit
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Analysis of the Wye-Wye Circuit
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Analysis of the Wye-Wye Circuit
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A single-phase equivalent circuit
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line-to-line voltages 

line-to-neutral voltages
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The voltages of Wye-connected load
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1. The magnitude of the line-to-line voltage is 3 times the magnitude of the line-to-neutral voltage. 

2. The line-to-line voltages form a balanced three-phase set of voltages. 

3. The set of line-to-line voltages leads the set of line-to-neutral voltages by 30° for ABC phase sequence

The voltages of Wye-connected load for positive phase sequence
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1. The magnitude of the line-to-line voltage is 3 times the magnitude of the line-to-neutral voltage. 

2. The line-to-line voltages form a balanced three-phase set of voltages. 

3. The set of line-to-line voltages lags the set of line-to-neutral voltages by 30° for ACB phase sequence

The voltages of Wye-connected load for negative phase sequence



• Line voltage refers to the voltage across any pair of lines.

• phase voltage refers to the voltage across a single phase. 

• Line current refers to the current in a single line.

• phase current refers to current in a single phase. 

Summary
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Example

25



Example
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Example
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• If the load in a three-phase circuit is connected in a delta, it can be transformed into a wye by 
using the delta-to-wye transformation.

• After the ∆ load has been replaced by its Y equivalent, the a-phase can be modeled by the single 
phase equivalent circuit.

• We use this circuit to calculate the line currents, and we then use the line currents to find the 
currents in each leg of the original ∆ load.

Analysis of the Wye-Delta Circuit
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Delta-Wye conversion

 Delta-Wye conversion is very useful when analyzing three-phase systems

 The advantage of wye connection is that it has a neutral point which greatly simplifies per-phase analysis 
of three-phase systems

 Delta-Wye conversion is valid for any impedance type as well as resistances

1

2

3
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Impedances

Za, Zb, and Zc are Delta-connected

Impedances

Z1, Z2, and Z3 are Wye-connected
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Delta-Wye conversion for equal impedances

Za = Zb = Zc = ZD

DY ZZ
3

1
=

Z1 = Z2 = Z3 = ZY
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Analysis of the Wye-Delta Circuit
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Analysis of the Wye-Delta Circuit
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Example
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Example
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Example

35



Example
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Example
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Example
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Power Calculations - Average Power in a Balanced Wye Load

39



If we let VL and IL and represent the rms magnitudes of 

the line voltage and current, respectively

Total real power in a 

balanced

three-phase load 

Power Calculations - Average Power in a Balanced Wye Load
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Power Calculations - Complex Power in a Balanced Wye Load
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Power Calculations - Average Power in a Balanced Delta Load
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Power Calculations - Average Power in a Balanced Delta Load
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Power Calculations - Complex Power in a Balanced Delta Load
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Example

45



Example
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Example
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Example
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Example
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Example
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END OF THE LECTURE

Any questions ?
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