DERIVING KIMBARK'S EQUATIONS (without a)

3-PHASE RECTIFIER

Consider the 3-phase rectifier driving a constant current

source. _ _
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Consider the commutation interval between D5 and D1, when
D1 has come on and D5 has not yet gone off. At this time D1,
D5, and D6 are on and the other diodes are off. So the circuit

looks like this:
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DERIVING THE 1°" EQUATION

Constant current output: |4 =1, +1
Take the derivative: % = % +% =0
da dt dt
Therefore: % =- %
dt dt
i di
Kirchoff's voltage law: -V, + Li -L==
dt dt
- Vac + L% + L% =
dt dt
di
-y, +2L—21=
* dt
G v
a 2L

Van, Vin, @Nd Vg, are the transformer output voltages with respect
to ground. Note that their sum is equal to zero.
di di
Output voltage: Vope =V, - L=2+L—2

-V
2 dt a ™

V
V.=V, - L-2+0-vV
DC an 2|_ bn

1
Ve =V - =V -

an 2 ac n
VDC =V, _(Van - Vcn) Von
VDC = Van + Vcn Vbn
el 1 1 o
Add zero: teo- =V, Ve = =Vin =
g 2™ 2 2y
3

Ve =- Evbn (time dependent)

Explain about the 30°:

Line-to-line voltage: V. =V, sin(vvt - 30°)

diy _ Ve :VLLpSin(Wt- 30°)

d 2L 2L

(1) = -V, cos(wt - 30°)
2wl

Condition at the beginning of the commutation interval when
D1 begins to conduct, I think:

Integrated: + const.

i, (wt=30°)=0
-V, cos(30°- 30°) cong.=0
2wl '

\V/
const. = —=
2wL
_ Vi cos(wt- 30°) L Vo
2wL

5(t) 2wl

: Vi o\i
i, (t) :ﬁgb cos(wt - 30°)§
for 30° £ wt £ (30° +u)

Condition at the end of the commutation interval:

i, (Wt =30°+u) =I5

V,
lpe =—€1- cos(30°+u- 30°)p
DC 2wl @1 ( )H
V,
1 Kimbark Eq.:  |loc = 2;;;)_ (1- COSU)
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DERIVING THE 2"° EQUATION

The relation between line-to-

line and line-to-neutral peak Vox
amplitudes:

VLLp = \/évLNp

3, _3

EVLLp - E\/évLNp

V3, -3,

7 LLp _E LNp Vi

We want an expression for the average DC voltage Vg4 and we
already have the time-dependent expression:
3
Ve =- =V,
DC b
2

n

The formula for average DC voltage is:

1 &7
=7 Q v(t)dt

The DC voltage waveform is periodic over 60° or p/3
radians. Itis
discontinuous at the
beginning and end of
the commutation
interval. The DC
voltage waveform is |
sinusoidal and the \
\

intervals of integration u
have been chosen so =
that the cosine function
may be used.
v, = L &u3y dq+c§,V, dat]
cosg aq cosqg aq
A = /36(.) 2 Vi Cf p T g
3V, &3 e ou
Llp X S|nu+S|nE-S|n p pal VY
52 6 " &6 g
3V, 63
:ﬂA Slnu+S|np+SlanOSU cospsmu
p a2 6 6 6
_3v e\/_ . . 3. 0
—P S|nu+smE+smEcosu- ~Zsinuy
_Vi, é p

85”'1 +S|n 6COSU'

H

2" Kimbark Eq.:

oOCNC

THE THEVENIN EQUIVALENT

Vry is the open circuit voltage. When 4. =0thenu=0.
Although we are taking I, to be constant, | suppose if the
commutation interval
was zero that would
mean there could be

no current flow at o .T.
commutation because o
there is no initial M T \Y
current flow in the _
supply inductor o
connected to a newly
opened diode.
Thévenin voltage: Vi =Vg (U 0)
\Y
Vi, =—=2(1+cos0)
2p
3V,
Vi, =—2(2
=T )
Vg = 3VLLp
p
Average voltage: Vi =V, - 1cRy
3, 3, V,
—=2 (1+cosu) =—2 - —=2(1- cosu) Ry,
2p p 2wL
i(1+cosu) -3, %(1 cosu) Ry,
p
1 3 3
——(1- cosu =—- 1+cosu
é3 3 u
1- cosu) Ry, = 54~- —(1+cosu) 2wl
( )R =g o )
5 1 L
(1- cosu) Ry, =§L- —(1+cosu)u6W
2 i
(1- cosu)R,, =§2- (1+cosu)g——
p
(1- cosu) Ry, =(1- cosu)—
3wL
Ry =0
"
DERIVING THE 3R° EQUATION
Power: Pe =Vl &
3V, V,
P, =—=(1+cosu)—"=(1- cosu)
2p L
3¢ Kimbark Eq.: | P Ty (1- cos’u)
imbark Eq.: dc ~ ApwiL
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