Homework # 2 Solution
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We have

. d.
Vos = fs - ips + Lis - —ios
dt

Since iy is zero (by wye-connection) it follows that vgg =0
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The negative voltage must occur when the lower diode is conducting, therefore the diode drop is 1 V
The small positive voltage must occur when the lower IGBT is conducting, therefore the switch drop is
1.5V
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From Eqn (13.3-1), we have that
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In the steady state, vbcs and vca are120 and 240 behind vabs. Thus we set
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we have:
—Vag + Vas + Vng = 0 (1)

—Vhg + Vps + Vng = 0

(2)
—Veg + Ves + Vng = 0 3)
Vo Vos Ve o

— +
Ra Rp R¢

Combining (1-4)
Vag — V Vpg — V Veg —
L bg ~ Vng L%

\
B =0 (5)
Ra Rp Re

Solving (5) for the line-to-neutral voltage

(Vag'Rb'Rc+ng'Ra'Rc+ chRaRb)
(RpRc+ Ra- R¢ + Ra- Rp)

(6)

Vng =

Substituion of (6) into (1) and solving

(Vag . Rc+ Vag' Rb - ng . Rc— ch . Rb)
(Rp-Rc+ Ra- R¢+ Ra- Rp) (7)

Vas = Ra-



Problem parameters

Ve = 100

Now lets make a function of it
vag(ec) = if(cos(ec) > O,VdC,O)

0

vbg(ec) = if(cos(ec - 2;) > 0,Vv(c,0. )

ch(ec) = |f(COS(6C + 2 Sn) > O,Vdc,o.o)

(vag(c) - Re + Vag(c) - R = Vbg(6¢c) - Re = Veg(Oc) - Ro)
(Rp-R¢+ Ra- Rg+ Ry Rp)

Vas(6c) == Ra-

N := 1000 i=0.N-1



1.05

2.09

4.19

6.28
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Vil := 5.0

Vihresh := 3.4

R := 1000

tdelay =15 10_ 6

Following a turn on, the voltage at the input node of the and gate will be described by

-t
V = vy 1—eR'C)

- tdelay\

RC
Vthresh = Vttl[1 - € )

Vthresh —tdela
In(l - \ = y

Vtﬂ ) R-C
—tdel
C = ( elay )
Vitl — Vthresh
In L "tresh o
Vitl
9

C=1316x10
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We have

Vdc =100

We want
Vqsr = 50
Vdsr = 10
Now, in the converter reference frame we have that

Vgsc = 1d v
gsc 5 dc
Vgsc = 0

From the frame to frame transformation

(Vqsr\ ) [cos(erc) —sin(erc)\ %d . Vdsc\

Vdsr ) B Sin(erc) COS(@rc) ) | o )

Thus

. _1 i0rc
Vqsr+J'Vdsr—E'd'Vdc'e



So

Vdc

Orc = arg(Vasr + ] - Vaisr) Orc = 0.197

Gr:9c—9rc



