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Lab sessions

Doodle and groups
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Doodle and groups

https://doodle.com/poll/u2i2bqsdam537wyy?utm_source=poll&utm_medium=link

Make groups of 4 students and choose at least 6 slots available in the doodle:

Complete this doodle by indicating the names of all participants:

𝐹𝑖𝑟𝑠𝑡𝑛𝑎𝑚𝑒1 𝐿𝐴𝑆𝑇𝑁𝐴𝑀𝐸1 −⋯− 𝐹𝑖𝑟𝑠𝑡𝑛𝑎𝑚𝑒4 𝐿𝐴𝑆𝑇𝑁𝐴𝑀𝐸4

In case your group is not complete, send me a mail: florent.purnode@uliege.be
and Do Not fill the doodle alone.

Deadline for answering the doodle is Monday March 7.
If the deadline is not met, groups will be made randomly. 

Reminder:

https://doodle.com/poll/u2i2bqsdam537wyy?utm_source=poll&utm_medium=link
mailto:florent.purnode@uliege.be


Reminders

Three-phase systems
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Three-phase systems

The network is balanced ➔ The loads Z are identical. 
ത𝑉𝑎, ത𝑉𝑏 and ത𝑉𝑐 have the same amplitude and are dephased by 120°.
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Three-phase systems

ҧ𝐼 ҧ𝐽

• 𝑉: Phase voltage = voltage across one load / source
• 𝑈: Line voltage = voltage measured between two different phases
• 𝐽: Phase current = current flowing through one load / source
• 𝐼: Line current = current flowing through one line



7

Star and triangle connections

Three-phase loads can be arranged either in star (Y) or in triangle (Δ)

Y ➔ line current ҧ𝐼 = phase current ҧ𝐽 Δ ➔ phase voltage ത𝑉 = line voltage ഥ𝑈



Reminders

The transformer
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The ideal transformer

𝑛1 ∶ 𝑛2

𝑛1 ҧ𝐼1 = 𝑛2 ҧ𝐼2 𝑛2 ഥ𝑈1 = 𝑛1 ഥ𝑈2
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The transformer ratio n

1  ∶ 𝑛 n ∶ 1

𝑛 ≔ 𝑛2 / 𝑛1

ҧ𝐼1 = 𝑛 ҧ𝐼2

ഥ𝑈2 = 𝑛 ഥ𝑈1

𝑛 ≔ 𝑛1 / 𝑛2

ҧ𝐼2 = 𝑛 ҧ𝐼1

ഥ𝑈1 = 𝑛 ഥ𝑈2
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Shifting impedances

ҧ𝐼1 = 𝑛 ҧ𝐼2 & ഥ𝑈2 = 𝑛 ഥ𝑈1

1  ∶ 𝑛

𝑍

The impedance can be shifted from the secondary to the primary:

Seen from the secondary, the impedance is 𝑍 =
ഥ𝑈2
ҧ𝐼2

Seen from the primary, the impedance is 𝑍′ =
ഥ𝑈1
ҧ𝐼1
=

ഥ𝑈2/𝑛

𝑛 ҧ𝐼2
=

1

𝑛2

ഥ𝑈2
ҧ𝐼2
=

𝑍

𝑛2

𝑍′ =
𝑍

𝑛2
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Practical transformer

ഥ𝑈1 ഥ𝑈2

ҧ𝐼1
ҧ𝐼2
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Joule losses in the 
primary winding

𝑅1 𝑋1

Leakage flux 
of the primary

𝑋2

Leakage flux of 
the secondary

𝑅2

Joule losses in the 
secondary winding

𝑅𝐻+𝐹

Magnetic losses in the core
• Eddy currents (𝛼𝑓2)
• Hysteresis (𝛼𝑓)

𝑋𝜇

Magnetizing 
reactance
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Simplified model

Under the approximations 𝑅2
′ ≪ 𝑅𝐻+𝐹 and 𝑋2

′ ≪ 𝑋𝜇, the primary and secondary 
components can be gathered together.

 Gathered to the primary

Gathered to the secondary ➔
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Measuring components  

➔ How to measure 𝑅1, 𝑋1, etc. ?
• Open circuit test
• Short circuit test 

Note that, in practice, transformers are build in order to minimize the losses. Thus:

𝑅1, 𝑅2
′ ≪ 𝑅𝐻+𝐹 & 𝑋1, 𝑋2

′ ≪ 𝑋𝜇
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Open circuit test

= 0

• First simplification: ҧ𝐼2
′ = 0 ➔ No current in 𝑅2

′ and in 𝑋2
′ .

• Second simplification: 𝑅1 ≪ 𝑅𝐻+𝐹 & 𝑋1 ≪ 𝑋𝜇 ➔ 𝑅1 and 𝑋1 can be ignored.

Only 𝑅𝐻+𝐹 and 𝑋𝜇 remain.
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Open circuit test

0

0

0

ҧ𝐼1𝑜

ഥ𝑈1𝑜

𝑍 =
1

𝑅𝐻+𝐹
+

1

𝑗 𝑋𝜇

−1

ഥ𝑈1𝑜 = 𝑍 ҧ𝐼1𝑜 ⇒ ҧ𝐼1𝑜 =
ഥ𝑈1𝑜
𝑍

=
1

𝑅𝐻+𝐹
+

1

𝑗 𝑋𝜇
ഥ𝑈1𝑜

𝑆1𝑜 = ഥ𝑈1𝑜 ҧ𝐼1𝑜
∗ = ഥ𝑈1𝑜

1

𝑅𝐻+𝐹
+

1

−𝑗 𝑋𝜇
ഥ𝑈1𝑜
∗ =

𝑈1𝑜
2

𝑅𝐻+𝐹
+ 𝑗

𝑈1𝑜
2

𝑋𝜇

𝑃1𝑜 =
𝑈1𝑜
2

𝑅𝐻+𝐹
& 𝑄1𝑜 =

𝑈1𝑜
2

𝑋𝜇
𝑅𝐻+𝐹 =

𝑈1𝑜
2

𝑃1𝑜
& X𝜇 =

𝑈1𝑜
2

𝑄1𝑜

Where 𝑃1𝑜 and 𝑄1𝑜 are the active and reactive powers consumed 
during the open circuit test. 
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Short circuit test

Simplification: 𝑅1, 𝑅2
′ ≪ 𝑅𝐻+𝐹 & 𝑋1, 𝑋2

′ ≪ 𝑋𝜇 ➔ 𝑅𝐻+𝐹 and 𝑋𝜇 can be ignored.

Only 𝑅1, 𝑅2
′ , 𝑋1 and 𝑋2

′ remain.
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Short circuit test

ҧ𝐼1𝑠

ഥ𝑈1𝑠

𝑍 = 𝑅1 + 𝑗 𝑋1 + 𝑅2
′ + 𝑗 𝑋2

′

= 𝑅1 + 𝑅2
′ + 𝑗 𝑋1 + 𝑋2

′

ഥ𝑈1𝑠 = 𝑍 ҧ𝐼1𝑠

𝑆 = ഥ𝑈1𝑠 ҧ𝐼1𝑠
∗ = 𝑅1 + 𝑅2

′ 𝐼1𝑠
2

+𝑗 𝑋1 + 𝑋2
′ 𝐼1𝑠

2

𝑃1𝑠 = 𝑅1 + 𝑅2
′ 𝐼1𝑠

2 & 𝑄1𝑠 = 𝑋1 + 𝑋2
′ 𝐼1𝑠

2

𝑅1 + 𝑅2
′ =

𝑃1𝑠

𝐼1𝑠
2 & 𝑋1 + 𝑋2

′ =
𝑄1𝑠

𝐼1𝑠
2

Where 𝑃1𝑠 and 𝑄1𝑠 are the active and reactive powers consumed 
during the short circuit test. 



Exercises

Exercise 9: Three phase transformer
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Exercise 9: Three phase transformer
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Exercise 9: Three phase transformer
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Exercise 9: Three phase transformer

1. Calculate the transformer ratio n so that it is greater than 1.

In the statement: 
• Composed primary winding RMS voltages 𝑈1𝑛 = 5,2 𝑘𝑉
• Output RMS voltage in open circuit 𝑈2𝑜 = 400 𝑉

2. For the first test condition (open secondary windings), draw a Fresnel 
diagram including the primary composed voltages 𝑢𝐴𝐵, 𝑢𝐵𝐶, 𝑢𝐶𝐴, the direct 
secondary voltage 𝑣𝑎, 𝑣𝑏, 𝑣𝑐 and the secondary composed voltages 𝑢𝑎𝑏, 𝑢𝑏𝑐, 𝑢𝑐𝑎.

3. Express and compute the column ratio 𝑛𝑐 =
𝑁1

𝑁2
according to 𝑛.
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Exercise 9: Three phase transformer

4. Given that the transformer is composed of three cores of section 𝐴𝑐 = 5 𝑑𝑚2, 
and that the magnetic field amplitude is 𝐵𝑚 = 1.2 𝑇, compute the number of 
turns 𝑁1 of each primary winding and deduce the value of the number of turns 
of each winding 𝑁2.

In the statement: 
• Composed primary winding RMS voltages 𝑈1𝑛 = 5,2 𝑘𝑉
• Nominal frequency 𝑓𝑛 = 50 𝐻𝑧
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Exercise 9: Three phase transformer

5. Using a simple single-phase equivalent model (leak resistance and inductance 
moved to the secondary windings), provide the Thevenin's model seen from a 

secondary winding and calculate the resistance 𝑅𝑒𝑞(𝑅′) and the reactance 

𝑋𝑒𝑞 𝑋′ of this model.

In the statement: 
• Short-circuit input voltages 𝑈1𝑠 = 600 𝑉
• Short-circuit total primary power 𝑃 = 7,35 𝑘𝑊
• Short-circuit secondary line current 𝐼2𝑠 = 350 𝐴
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Exercise 9: Three phase transformer
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Exercise 9: Three phase transformer

6. Calculate the power factor cos(𝜑2) of this load.

In the statement: 𝑅∗ = 554 𝑚Ω and 𝐿∗ = 3.05 𝑚𝐻

7. Draw the Fresnel diagram corresponding to the balanced single-phase 
equivalent model. Deduce the RMS values of the current intensities 𝐼2 and the 
composed voltages 𝑈2.

In the statement: Composed primary winding RMS voltages 𝑈1𝑛 = 5,2 𝑘𝑉

8. Compute the power 𝑃2 flowing from the transformer to the load.

9. Calculate the transformer efficiency 𝜂.
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Exercise 9: Three phase transformer

10. Another load is used. Compute the value of 
the resistance 𝑅° and of the inductance 𝐿° such 
that this load is equivalent to the previous one.


