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Electrical Engineering

3-phase

II – Power in sinusoidal regime

- A direct balanced three-phase voltage system is a set of 3 sinusoidal voltages phase-shifted by 2π/3
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Electrical Engineering

3-phase

II – Power in sinusoidal regime

- Distribution of 3-phase system: BT (low voltage) 230V / 400 V

- V is the line voltage = potential difference between a line and the neutral

- U is the phase voltage = potential difference between two phases
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- 4-wire (three phases and neutral) 

- Voltages 230 / 400 volts: internationally 
harmonized

- U = 400V / V= 230V / f = 50Hz
Transformer neutral grounded.
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II – Power in sinusoidal regime

- Distribution of 3-phase system: direct balanced 3-phase system

Tensions
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𝑉1 + 𝑉2 + 𝑉3 = 0

𝑈12 = 𝑉1 − 𝑉2

𝑈23 = 𝑉2 − 𝑉3

𝑈31 = 𝑉3 − 𝑉1 𝑈12 + 𝑈23 + 𝑈31 = 0
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II – Power in sinusoidal regime

- Distribution of 3-phase system: direct balanced 3-phase system
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- Relation between U and V

𝑼 = 𝟑𝑽

𝑈12 = 𝑉1 − 𝑉2

𝑈23 = 𝑉2 − 𝑉3

𝑈31 = 𝑉3 − 𝑉1

- Balanced: 𝑈12 = 𝑈23 = 𝑈31 = 𝑈𝑉1 = 𝑉2 = 𝑉3 = 𝑉
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- Both the 3-phase generator and the 3-phase load can be connected according to the following 
configurations:

Y connection Delta connection



Electrical Engineering

3-phase: connections
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Y connection Delta connection

- Each receptor is connected between phase 
and neutral and subjected to the line voltage 

- Each receiver is connected between two 
phases and subjected to a phase voltage
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3-phase: Y connection

II – Power in sinusoidal regime

- Each receptor is connected between phase and 
neutral.

- Each receptor is subjected to the line voltage 
“V”.

- The line current “I” flows through each 
receptor.

- If all three loads are identical, we speak of a 
balanced load.

 No current flows in the neutral wire. 
 IN = 0 A. 
 Its presence is therefore unnecessary.
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Ԧ𝐼1 + Ԧ𝐼2 + Ԧ𝐼3 = 0

𝐼𝑖 =
𝑉𝑖
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𝑍

𝑍
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𝐼1 = 𝐼2 = 𝐼3 = 𝐼
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3-phase: Delta connection
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- Each receptor is connected between two 
phases.

- It is subjected to a phase voltage “U”.

- The phase current “J” flows through the 
receptor.

- Here, the neutral cannot be wired. Its presence 
is also not necessary.

- Kirchoff’s law:

Ԧ𝐼1 = Ԧ𝐽3 − Ԧ𝐽2

Ԧ𝐼2 = Ԧ𝐽1 − Ԧ𝐽3

Ԧ𝐽3 = Ԧ𝐽2 − 𝑉1

𝑰 = 𝑱 𝟑 

1

2

3

U31

U23

U12

𝐽1 = 𝐽2 = 𝐽3 = 𝐽- Balanced load: 

𝑍

𝑍

𝑍
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- Boucherot’s theorem:

P1, Q1 P2, Q2 Pn, Qn…

V

I

The active power of a system is the sum of the active powers of each element, as are reactive power and 
complex apparent power. Note that this is not true for real apparent power.

- Active power: 𝑃𝑡𝑜𝑡 = 𝑃1 + 𝑃2 + ⋯ + 𝑃𝑛

- Reactive power: 𝑄𝑡𝑜𝑡 = 𝑄1 + 𝑄2 + ⋯ + 𝑄𝑛

- Complex apparent power: 𝑆𝑡𝑜𝑡 = 𝑆1 + 𝑆2 + ⋯ + 𝑆𝑛

- But: 𝑆𝑡𝑜𝑡 ≠ 𝑆1 + 𝑆2 + ⋯ + 𝑆𝑛

𝑆 = 𝑉. 𝐼 = 𝑃𝑡𝑜𝑡
2 + 𝑄𝑡𝑜𝑡

2
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- Boucherot’s theorem: general Y-connection load

𝑍1

𝑍2

𝑍3

𝑃 = 𝑉1𝐼1𝑐𝑜𝑠 𝜑1 + 𝑉2𝐼2𝑐𝑜𝑠 𝜑2 + 𝑉3𝐼3𝑐𝑜𝑠 𝜑3

Q = 𝑉1𝐼1𝑠𝑖𝑛 𝜑1 + 𝑉2𝐼2𝑠𝑖𝑛 𝜑2 + 𝑉3𝐼3𝑠𝑖𝑛 𝜑3

- For the balanced load:

𝑃 = 3𝑉𝐼𝑐𝑜𝑠 𝜑 = 3𝑈𝐼𝑐𝑜𝑠 𝜑

𝑄 = 3𝑉𝐼𝑠𝑖𝑛 𝜑 = 3𝑈𝐼𝑠𝑖𝑛 𝜑

𝑆 = 3𝑉𝐼 = 3𝑈𝐼

𝑆2 = 𝑃2 + 𝑄2

𝐹𝑃 =
𝑃

𝑆
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- Boucherot’s theorem: general Delta-connection load

𝑍1

𝑍2

𝑍3

𝑃 = 𝑈12𝐽2𝑐𝑜𝑠 𝜑1 + 𝑈23𝐽3𝑐𝑜𝑠 𝜑2 + 𝑈31𝐽1𝑐𝑜𝑠 𝜑3

Q = 𝑈12𝐽2𝑠𝑖𝑛 𝜑1 + 𝑈23𝐽3𝑠𝑖𝑛 𝜑2 + 𝑈31𝐽1𝑠𝑖𝑛 𝜑3

- For the balanced load:

𝑃 = 3𝑈𝐽𝑐𝑜𝑠 𝜑 = 3𝑈𝐼𝑐𝑜𝑠 𝜑

𝑄 = 3𝑈𝐽𝑠𝑖𝑛 𝜑 = 3𝑈𝐼𝑠𝑖𝑛 𝜑

𝑆 = 3𝑈𝐽 = 3𝑈𝐼

𝑆2 = 𝑃2 + 𝑄2

𝐹𝑃 =
𝑃

𝑆
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3-phase: power measurement

II – Power in sinusoidal regime

- Balanced 3-phase load

=> Wattmeter with virtual neutral

𝑷 = 𝟑. 𝑽 𝑰 𝒄𝒐𝒔 𝝋

Balanced
3-phase 

load
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3-phase: power measurement

II – Power in sinusoidal regime

- The 2-wattmeter method:

Unbalanced
3-phase

load

𝑾𝟏 + 𝑾𝟐 = < 𝒗𝟏 𝒕 − 𝒗𝟑 𝒕 𝒊𝟏 𝒕 + 𝒗𝟐 𝒕 − 𝒗𝟑 𝒕 𝒊𝟐 𝒕 >
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