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* Rectifiers

— Current commutation
* Rectifiers, cont.

— Three phase
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Effect of L, on current commutation

e Current commutation =
current path changed from
one diode to another

— Commutation not
Instantaneous when L,
nonzero

— Magnetic energy change
o Use simplified example

— Output represented by
constant dc current source
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Effect of L, on current commutation

e Current commutation =
current path changed from
one diode to another

— Commutation not
Instantaneous when L,
nonzero

— Magnetic energy change

o Use simplified example
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constant dc current source
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Source inductance effects, cont

e Waveform if L=0

v.l' Ud ‘g

e Prior to ot =0, v, is negative, current flow through D2

- Vv4=0,i,=0
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Current commutation

During commutatio

n (ot > 0)

— V, positive, D1 turns on

Ip1 = Is

D2 = lg— 1

| +|D2 Iy

when iy, =0

D2 stops conducting

UG 1”-6
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Commutation current
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Figure 5-12 (o) Cirount during the commutation. (&) Circuit after the current

—_— Te m p O ra ry commutation is completed.

current /\ v A

contribution | N
related to e TR I,
energy transfer

el 1L

ol T

| ]

| I

| ]

: P\

| I ;

(]

DGu

Figure 5-13 Waveforms in the basic circuit of Fig. 5-11. Note
that a large value of L, is used 1 ¢learly show the commutation
interval.
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Current commutation waveforms

e Large L  used
to clearly show
effect

 Time for
commutation
depend on
L size and
current change
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Current commutation time §" el 9o

ip2 1 -

« i  through inductor starts at zero, end at I, when wt=u

dl ol dig
sdt M d(wt)
V2Vsinwtd(wt) = wLgdi

v, =V2V,sinwt = O<wt<u

« Integrate both sides, left is area A, (voltage * angle)

u Id
= [V2V;sinwtd(wt) = V2V,(1 — cosu) = wL,[ dis = wLl,
0 0
« Commutation angle can be calculated

(J)led

V2V,

cosu =1 —
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Half-wave rectifier output voltage

* V4, = ldeal average voltage of half-wave rectified voltage
(effect of the commutation inductance L neglected)

e Vi = %fon V2V, sin(wt) dwt = g‘f [—cos(a)t)]gzzﬁvs

e Vi = 0451 . |
BV
AFAREANEREELS |

15 |
0 30 60 90 120 150 180 210 240 270 300 330 360

LINKOPING
I..u UNIVERSITY



TSTE19/Tomas Jonsson 2015-11-09 11

Output voltage incl commutation voltage drop

* Vg=Vgo- AVy = Vyo- 22 =045V, - 221,

« Commutation voltage drop appears as a resistance to the dc-

wL
side current. R,y = —
2T
vd
/ o.i=0 //(
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Commutation conclusions

e Conduction;

— Magnetic energy is
stored related to the

inductance of the e N —
Conductlon path ”«F%"wi_#)il:: Li_,:f"}.l (‘{%1}1 ”s-(r\%lv“ DEI Ddfﬁa C'})f.i

e Commutation
{a) ey

—_— TranSfer Of CU rre nt Figure 5-?2 .I:-u} Circmit during the commuiation. (b) Circuit after the current
between tWO paths commutation is completed.

— =>Stored magnetic
energy needs to be
transfered!

— Output voltage
reduction proportional
to Iy and L
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Exercise 5-5

Consider the basic commutation circuit of Fig. 5-11a with 1, =10 A.

a) WithV.=120V at 60 Hz and L, = O, calculate V  and the
average power P

b) With V=120 V at 60 Hz and L, = 5 mH, calculate u, V4, and P
c) With data asi b) calculate u, V4, and Py with 1;,=20 A

+ _ '
— D N
AR J/ 5 J7‘
v,@ Dy N vy Iy 0 > ot
$— - Us
(a) (b)

Figure 5-11 Basic circuit to illustrate current commutation. Waveforms assume L, = 0.
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Current commutation in full-bridge
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« Same principle for area A, due to L, J; '
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Rectifier during current commutation

V. hegative before t=0
— D3 and D4 conducting

s 'Id
V, positive
— D1 and D2 starts
conducting

(Short circuit path
through D3 and D4)

e I, are commutation
currents

e V4= 0 during commutation

a—
O )
(A= 0 O
| 0o, @ X b, 1,
- —

Valid for -14 <ig <y
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Current commutation angle

e I, change is double that of previous example (from -1 to 1)

ZU)LSId
V2V,

cosu =1 —
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Full-bridge rectifier output voltage

* V4, = average voltage of full wave rectified voltage
(effect of the commutation inductance L neglected)

— Vgo = %fon V2V, sin(wt) dwt = ﬁVS [—cos(a)t)]gzzﬁvs
= Vao ~ 09V BRI N —
o // ............ \\ ............ // ............ \\ Wﬁ\v/s I
0s. / \ / \

U sU U YU 12U 150 IoU Z1U Z24U Z/0 SU0U s5U sbU
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Exercise 5-8

In the single-phase rectifier circuit shown in Fig. 5-14a, V, = 120 V
at 60 Hz, L,=1mH, and I, =10 A.

1. Calculate u, V,, and P
2. What is the percentage voltage drop in V4 due to L.?
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3-phase full-bridge rectifier, general view

e Less ripple on output
 Handles higher power
« No current in neutral wire '

n

- + b
nd—@—-o—fYY\ I\ » Cq 7 Vd §Rload
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3-phase full bridge rectifiers, L=0

* One diode in each group is conducting at any time

D,
2 4 > {>l
P + Dy P -———:—Id
&b, Ay Abs ,. ———
- + a - + a D
==l =1, o
UPn
-t K ; -
n0—® 45 Qb vd G} Id no—@ M -0 b n: Vd
|_—®+ N N dc _-@+ P A 3 "GDZ UNn
c pe| + -
AD, KDs KD < v —
N - Dy I
4 0 +3
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Diode rectifier

U; - Uy

A

e
N

v

N\

v

u +
Up
\:\

D4 D6 D2

0, = o

=P 10 |0ad

<= rom |oad

6-pulse Graetz
rectifier bridge

LINKOPING
Il.u UNIVERSITY



Diode rectifier
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Diode rectifier
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Diode rectifier
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Diode rectifier
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Diode rectifier
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3-phase full bridge rectifier waveforms

« Every diode conducts 1/3
of the cycle

* Output waveform
contains 6 segments

Vg = Vp, — Un,
e |nstantaneous
current commutation
duetoL=0

Vdpax = V2VLL
1 /6
Vio = 73 f V2V, coswtd(wt)

-1t/6
— 135VLL

Pn

0 4 = @t

je— Dy —> pe— Dy —>f

wt

i DA
._‘_600_._"—120 —

fe— Dg—= pe— Dg—=
(e)4 O wt
je—D3—>] pe—D3—>
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Principles of AC/DC conversion, 6-pulse bridge
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Exercise 3-100

* In the ideal three-phase rectifier circuit, construct the wave
forms of diode D1 and D2 voltages and currents.

. 4 L e O

P +
 IND, D3 XX Dg
i
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Input line current
3ph rectifier

e NoO 3rd harmonic

 Compare with single phase
PF=0.9
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2
RMS current: I; = \/; -1y

1
Fundamental current: Iy = E\/Eld = 0.781,

DPF =cosp; = 1.0

P VlsC08¢; g 3
PF =—== = —co0sp; = —=10.955
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Single phase rectifier, input current

= Fourier analysis gives additional harmonic components

= Remember calculation uses RMS of I, I; and I

Is]_ — %\/Eld — Ogld Ish — IOfOT even haT‘mOniCS
1.0 Iy = %for odd harmonics

21
// Isl
> 0t 1
3
02 1
7 5 1
IR
0 S
1 3 5 7 9 11 13
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Source Inductance effects, DC current load

e Source L notO
* Only one current commutation at a time

— 6 commutations during one

line-frequency cycle -®+ B
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Transfer of current from valve 1 to valve 3
U,=0.5 (U, +U, )

Ua
(=~
/
Up Xe
=~ S 9 @ @ NN
/
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Current commutation f&==""—

5
. - + ¢ - 5 *
e Current commutation n QoD o
phase ¢ ->phase a (D5 ->D1) | — — .
- - N —— 0
« A, indicates the current TR N
commutation voltage drop @
i +i, =14 e i
Id Id
« A, only half of area | o
0 > )
between v, and v, = " “
because of two
Inductances
Iq uv _y
Ay, = oL di, = [ — d(wt)="
0 0
u .
:f \/EULLSZIII(O)t) d(wt):\/ivu,(l;cos(u)) on
0

(c)

Figure 5-35 Current commutation process.
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Effect of commutation inductance

Iq
A, = wls[ diy, = wL;=
0

u u
_ [ Van—VYen _ ¢ V2vprsin(wt) 2y (1—cos(u))
—{ - d(wt)—{ ” d(wt)= >

_ (L)LSId _ 3

AV, =—2 =1
/3 T
Va = Vao - AVq = 1.35V,;, — = wllq

(L)LSId
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Exercise 3-101
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A 3-ph rectifier feeding a constant current load has the following data:

V, =400V at50 Hz, L, =7 mH.

The maximum ac-side rms current I, = 10 A.

_ + a 2
: —_—

Calculate
a) Max dc-side current

b) Average dc-side voltage
at max current

c) Max active power
d) Diode average current
e) Diode rms current

la

D, IAD3

no—_®+—gw‘ /

L.

: ,

+

va (4)1a
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Exercise 3-102

Using results from exercise 3-101, calculate

 Diode conduction losses (pp;=/ Up;5iD;)

using the diode BYW29E with
Vp=0.79V, R, = 0.013 ohm (T;=25C)

« Use the diode on-state model below
where i can be expressed with its
average and rms current as calculated

above

Iav: Irms -+

I
| R
Vo

Diode on-state model
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003aaj509

(A) [ 1/
» n 1/
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| /
I/
/][
N/
0 ZZd

VE (V)

(1) T, =150 °C: typical values;
(2) T;=150 °C; maximum values;

(3) Tj=25 °C; maximum values;
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Inrush current

o LC-circuit fed by voltage step
— Worst case when input voltage at maximum when applied

vg = 2\2V, (single phase)
vq = 2N2V,, (three phase)

— Peek voltage twice the input voltage step

o DC circuit needs to support twice the peak input voltage!

o Alternative: limit current, using resistor. Short resistor after
start using thyristor
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