
RECTIFIERS

THREE-PHASE RECTIFIERS

• Three-phase diode rectifiers.

• Three-phase thyristor rectifiers.
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Diode vs thyristor rectifiers

These rectifiers provide “either” small ΔUDC “or” small ΔIDC.

Types of three-phase rectifiers:

Uncontrolled vs Controlled (vs Half/semi-controlled)

Half-wave vs Full-wave
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Three-phase diode (uncontrolled) rectifier

iC = iD – iLD ,

𝑈𝐿𝐷𝑚𝑎𝑥 = 2 ∙ 𝑈𝐿

iC = - iLD

iR = 0A

𝑢𝐿𝐷 ≈ 𝑈𝐿𝐷𝑚𝑎𝑥 ∙ 𝑒
−
𝜔𝑡−

𝜋
2

𝜔∙𝜏𝐿𝐷 , 𝜏𝐿𝐷= 𝐶 ∙ 𝑅

uLD = u+N – u-N ≈ uRS

iR = iLD , iS= -iLD

u+N ≈ uSu-N ≈ uR,

iC = 

uLD =

iR =           iS= 

u+N ≈u-N ≈

iC = 

uLD =

iR =           iS= 

u+N ≈u-N ≈

iC = 

uLD =

iR =           iS= 

u+N ≈u-N ≈
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Three-phase diode (uncontrolled) rectifier
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Three-phase diode (uncontrolled) rectifier

Direct start with a discharged capacitor: Capacitor sizing:

Assumption - ∆𝑈𝐿𝐷 ≪ 𝑈𝐿𝐷 (∆𝑈𝐿𝐷 ≈ 0)

=> 𝑖𝐿𝐷 ≈ 𝐼𝐿𝐷 and the discharge time is (whole) 10/3 ms.

=> ∆𝑈𝐿𝐷𝑚𝑎𝑥=
𝑄

𝐶
=

𝐼𝐷𝐶 ∙
10

3
𝑚𝑠

𝐶
or  𝐶 =

𝐼𝐷𝐶 ∙
10

3
𝑚𝑠

∆𝑈𝐿𝐷

Example:

𝑈𝐴𝐶𝐿 = 400𝑉 50𝐻𝑧 , 𝑃𝐿𝐷 = 5𝑘𝑊,∆𝑈𝐿𝐷𝑚𝑎𝑥≤ 10%∙𝑈𝐿𝐷

𝑈𝐿𝐷 ≈ 𝑈𝐿𝐷𝑚𝑎𝑥 = 2 ∙ 𝑈𝐿 = 2 ∙ 400 = 566𝑉

𝐼𝐿𝐷 =
5𝑘𝑊

566𝑉
= 8.84𝐴 , ∆𝑈𝐷𝐶= 57𝑉

𝐶 =
8.84 ∙ 3.33𝑚𝑠

57
= 516𝜇𝐹
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Three-phase thyristor (controlled) rectifier

uLD = u+N – u-N ≈ uRS

L >> LAC    =>  uLAC <<

iR = iLD , iS= -iLD

u+N ≈ uR

u-N ≈ uS

uLD =

iR =

u+N ≈

u-N ≈

uLD =

iR =

u+N ≈

u-N ≈

uLD =

iR =

u+N ≈

u-N ≈

uLD = uRS + uST /2

iR = iLD

u+N ≈ uR

u-N ≈ uS - uST/2

π/6+α < ωt < π/2+α

π/2+α+µ < t < 5π/6+α

π/2+α < t < π/2+α+µ
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Three-phase thyristor (controlled) rectifier
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Three-phase thyristor (controlled) rectifier

Direct start: Discontinuous iLD: Synchronization:
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Three-phase thyristor (controlled) rectifier

Continuous conduction mode 

(continuous iLD):

Average load voltage (ULD):

Average load current (ILD):
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Three-phase thyristor (controlled) rectifier

Continuous conduction mode 

(continuous iLD):

Average load voltage - example:

Average load current – example:

𝑈𝐴𝐶 = 3𝑥400𝑉 (50𝐻𝑧), 𝑅 = 1Ω, 𝐿 = 30𝑚𝐻, 𝐸 = 417,8V,

𝐿𝑎𝑐 = 100𝜇𝐻, α =
𝜋

6

𝑈𝐿𝐷 =
3 2

𝜋
∙ 𝑈𝐿 ∙ 𝑐𝑜𝑠𝛼 =

3 2

𝜋
∙ 400 ∙ cos

𝜋

6
= 467,8𝑉

𝐼𝐿𝐷 =
𝑈𝐿𝐷 − 𝐸

𝑅
=
467,8 − 417,8

1
= 50𝐴

Choose thyristors:
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Single-phase thyristor (controlled) rectifier

Discontinuous conduction mode 

(discontinuous iLD):

𝑈𝐿𝐷 =
1

𝜋/3
න
𝜋
6
+𝛼

𝜋
6
+𝛽

2 ∙ 𝑈𝐿 ∙ sin 𝜔𝑡 +
𝜋

6
∙ 𝑑 𝜔𝑡 + + න

𝜋
6
+𝛽

𝜋
2
+𝛼

𝐸 ∙ 𝑑 𝜔𝑡 = ⋯

Average load voltage (ULD):

Average load current (ILD):

𝐼𝐿𝐷 =
𝑈𝐿𝐷 − 𝐸

𝑅
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Three-phase rectifiers - important notes

- Three-phase rectifiers are used in higher power applications,

- There are controlled and uncontrolled rectifiers,

- Filtering is extensively used,

- Filters influence the semiconductor devices conduction times,

- Diode bridge secures output voltage with small ripple,

- Thyristor bridge secures output current with small ripple,

- They drive different types of load,

- Load current can be discontinuous in thyristor bridges,

- Thyristor bridges necessitate synchronization unit,

- Commutation is process of importance for thyristor bridges,

- For continuous load current, the thyristor bridge can behave

both as a rectifier and as an inverter (depending on firing angle).


