DERIVING KIMBARK'S EQUATIONS (with a)

3-PHASE RECTIFIER V.

: e Voe =V, - L2+0- v,
Consider the 3-phase rectifier driving a constant current an 2L n
source.

l ! Ve =V 1 V.-V,

TRANSFORMER Dl;& D3J§ DSJS DC an 2 ac bn
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- Add zero: +8- Evan 2VCn - EVbn -
D4 D6A D224 8
__ 3.
Ve =- =V, | (time dependent)
Consider the commutation interval between D5 and D1, when 2
D1 has come on and D5 has not yet gone off. At this time D1, Explain about the 30°:
D5, and D6 are on and the other diodes are off. So the circuit P ’
looks like this:
TRANSFORMER L D DSZL
Ag _~a ) ) _ _ .
S Line-to-line voltage: V. =V, SIN (Wt)
Bo| _ | Lv o di, v, _Vi,sin(w)
_ dc - - -
¥ { dt 2L 2L
Co JZ? : B VLLp COS(Wt)
RS Integrated: Iy (t) =————+const.
D6,
Boundary condition at the beginning of the commutation
interval when D1 begins to conduct:
DERIVING THE 15T EQUATION i(wt=a)=0
Constant current output: | . =1, +Ii -V, cosa
P (;IC ! g 5 i — — +const.=0
| |
Take the derivative: d—sc = d_tl +d—t5 =0 vV
; ; const. =— cosa
di, _ di L
Therefore: —=-—
dt ot _ (1) = -V, cos(wt) Vi cosa
di, | dig ! 2wl 2wl
Kirchoff's voltage law: -V tL—-L—>=>=
dt dt Y,
- - . — |_|_p e ~
-vaC+L%+L%: |l(t)—2WLgosa-cos(wt)H, afwt£(a+u)
dt dt
di Boundary condition at the end of the commutation interval:
"V t2L— = ip(Wwt=a+u)=I
dt 1 DC
diy _ Ve 1 _ Vi, )
d 2L 1% Kimbark Eq_.: loc = i geosa - COS(a +U)H
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: V,.=v -L-t+L=2-vV
DC an dt dt bn
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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 Vg and we
already have the time-dependent expression:

3
Ve =- =V,
DC 2 bn
The formula for average DC voltage is:
Bo+T
v(t)dt
q (t)
The DC voltage waveform
is periodic over 60° or p/3 60°
radians. It is discontinuous \/ } ‘*-—4‘
at the beginning and end of T r=<—"7
the commutation interval. By oI\
The DC voltage waveform 2 LLpT . T
is sinusoidal and the } }
intervals of integration have |
been chosen so that the aur
cosine function may be ‘
used.
1 é a+ \/5 a+ u
— + 6 7
Vi = p/SgQ - Vi, COsq dg Q VLLp cosq dqg
V3 3 u
3V, 975m(a+u)-7sma U
® 8 U
P&t a+— -sna%+—p+u0l3
g g & 6 o
Identity: sm(a b) = smacosbi cosasinb
€3 J3 u
é-—sinfa+u) - —sna U
3V, 0
e . u
=27 &) Snac6st +cosasin -
& sin(a+ucos? +cos(a+u)sinE@
§ 6 6y
u
3 3VLLp

2" Kimbark Eq.: Vg = g;osa +COS(a +U)H

2p

THE THEVENIN EQUIVALENT

Vry is the open circuit voltage. When 4. =0thenu=0.
Although we are taking |4 to be constant, | suppose if the
commutation interval

was zero that would R I,
mean there could be VAVAVAEA" — .
no current flow at +
commutation because o
there is no initial H T \Y
current flow in the _
supply inductor o
connected to a newly
opened diode.
Thévenin voltage: Vi =Vg (U = 0)
3V,
Vi, = 2|LoLp (cosa +cosa)

3V,
V,, =—=2cosa
p

Average voltage: V. =V, - 1ocRm

Vi

2p

“Vip

gcosa +cos(a +u)g= cosa

2\;;" gcosa - cos(a+u)E|F\’,rH

3, .6
Bgosa +cos(a +u)H—Bcosa

1, N
- éeosa- cos(a +u)gRy,
3gcosa +cos(a +u)g=6cosa

- ﬁgcosa - cos(a +Uu)gRy,

iLgcosa - cos(a +u)gRy, =6cosa
Wi
- 3gcosa +cos(a +u)jy

. N 3wL é2cosa - cosal
gcosa - cos(a +Uu)gRy, = 5 & cos(a+u) E

gcosa - cos(a +Uu)fRy, =%§cosa - cos(a +u)g

p
3wL
Ry ==
" p
DERIVING THE 3R° EQUATION
Power: Pe =Vl &
3V V
P.= 2;” gcosa + cos(a +u)|g|2\;;p gcosa - cos(a+u)y
VLLp

3" Kimbark Eq.: [P = gcosza COSZ(a +U)H
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