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5. Line-frequency diode rectifiers

» Conversion: line frequency ac — uncontrolled dc (control often in

next converter stage)
» Applications: power supplies, ac/dc/ac drives, dc servo drives, ...

©Low cost, popular

®Large capacitor needed for ripple-free dc voltage — distorted line

current
@Filters required to comply with standards on allowable line-current
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Single-phase diode rectifiers

» Basic rectifier, single diode, purely resistive load
e Large ripple in v,
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Single-phase diode rectifiers

» Basic rectifier, single diode, inductive load
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Single-phase diode rectifiers

» Single diode, load with internal dc voltage, load with large C
. u ﬂ\ “ /N
N — \/ —

[ 11 N L [

|

+ + |

i

Ug vq — E; :
- _ |

- |

|

|

|

(b)

o

3
TUDelft Line-Frequency Diode Rectifiers 5



Single-phase bridge rectifier
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Diode with highest anode potential is conducting)
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Diode with lowest cathode potential is conducting

6

3
TUDelft Line-Frequency Diode Rectifiers



S
E o
-

Line-Frequency Diode Rectifiers

Single-phase bridge rectifier
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Single-phase bridge rectifier
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e Output voltage
T/2

Vo = —— (N2, sinaxdi == 20, =09,
T/2 T

e For inductive load

/\% Fourier analysis of i:
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Single-phase bridge rectifier

 Large inductive load - Effect of Ls on current commutation
e j. (inductor current) can not change from I, to —I, instantaneously
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Dzl Vg = Vg CDI,,

: di
vL=\/§ V. smwt=L, af; 0<wt<u

: y L=+ [N2 V. sinax diy
N i,(0)=0 i (u/®)=1,

~ a)LS]d=\/§ V. (1-cosu)
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cosu=1———94 4 = \/EV sin wt d(wt
Lv JO ; (1)

u - commutation angle
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Voltage drop due to current commutation

For L. = O: Vd=i ("2 V. sinor d(a)t)=2\/§VS =0.45V.
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Every cycle the area A, is lost once

_area A, Y\ ——— = apparent resistor (no losses)
AV, = T 1, Static model of dc-side of rectifier
Vd
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1. describe problem as superposition of
I, and commutation current i,

2. identify commutation meshes and
driving voltages

3. note that I, is constant
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Current i (t) goes from -1, to I, in interval (0,u) X o, @ Ny
MR by =
i (ax)=1i (0)+—J \/EV sin ax d( ax) (4 ~— +(v"/_ 'B va=0 IdCD
L Dy . X\ Dy Y1a

o LA, =[N2V sinatd(ey with i, =21,

or 2a)LSId=x/§VS(1—cosu) > cosu=1—\/_—s

Shaded area forces the current from -I;to I :

4,=['N2 v, sinar d(ay ﬁ’ . A .
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Output V=097 — 2A4rea A, _ 2L,

voltage: d T 2T T

Every cycle the area A, is lost twice
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Single-phase bridge rectifier

» Constant dc-side voltage
(Approximation of RC-load with RC>> 10 ms)
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V, :\/EVS sin @,

* iy has maximum when v,
crosses V4 again W
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* high peak line current
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Practical bridge rectifier
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Practical bridge rectifier
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Line voltage distortion
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Fundamental component of v,
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Three phase full-bridge rectifiers
T L

L L L

(a) (b)

Assume: i, constant and equal to I,and L.=0

How many diodes are conducting?
Which diodes are conducting?

Diode with highest anode potential is conducting (+rail)
Diode with lowest cathode potential is conducting (-rail)

Fig. (b): vV, =V, — Vy,

5

+I, when diode 1 is conducting
- I, when diode 4 is conducting

-
Ei
Il

0 when neither diode 1 or 4 is conducting *v Piode Rectifiers 20




For: 5 5
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Three phase full-bridge rectifiers
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Commutation I S
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Commutation starts when v,. = v,

Driving voltage in @ mesh: V= Van = Ven (@

3
TUDelft Line-Frequency Diode Rectifiers 23




di
= — SO. = u
Veomm = VYan ™ Ven™ Via ™ Vie Veomm 2LS dt

. . 1 tv —v u -
LW=0,0)+ J “ (Y > WL Ai, = j*/}VLL S
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W2l 1, = J2 V,, (I—cosu) > cosu—]—\/_Z—V;
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During commutation: Vop = V,, — L, i

Shaded area forces the current from 0 to I, in one inductor:

A = %j:\/? v, sinard(ar)  or: A =wLlI,

Every period the area A is lost six times

Voltage drop: AV, = é'age; A _ SQ;LS I, Ve=V, — AV, =135V, — 3((7)st 1,
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Image credits

* All uncredited diagrams are from the book “Power Electronics:
Converters, Applications, and Design” by N. Mohan, T.M.
Undeland and W.P. Robbins.

» All other uncredited images are from research done at the EWI
faculty.
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