fi. 3

fiH
3.1
[ 1
6 (Six
Pulse Converter)
3.2 [ [2,6,7,8,18]
’ ' 3 fi
(Positive Sequence)
R (Positive,Negative or Zero Sequence )4
(Harmonic Phase Sequence) | ] [
1 A
3.3 (Network Elements

(Power System Transmission Network)
(Transmission Line), ' ,
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(Shunt Capacitor), fi - 1 (Shunt Inductor) 10
0 (Other Lumped Impedance) (Assume) fad
} d (AIl Network Component) |
" fi (Interaction) oAl fld
},oo 1 (Shunt Reactive Element),
)! f ' it id (Saturation)
4 (Hysteresis)
8 (Fixed
Resistor), fly — (Inductor) f "' (Capacitor)
f 1 d

(Transmission Line)
) ft (Power Transformer)

3.3.1 [6,7,18]

ONIVEH rc (Single Phase 71

Equivalents) (Short Line) 3.1
Zy
T -CZ>
Y. Y,
T



f

Zii = (R+jlL)d Q

30

(Leakage

(Shunt  Magnetizing

Yii = ji)Cd -1
R i
L i
C i
d =
fi
3.3.2 [6,7,17,18]
'rf
q fi 3.2 fa
Inductance) f
Term) A A (Scale)W d o'/
?! _(Off Nominal Fixed Tap Ratio)
, U d . A
7! 7! (Phase Shift) 2 3.2 7
(Wye-delta Connection) 7! 30,0, +30
R L
1 e WV — T«
____________ i
/8l 1 & =-30°, 0° or +30°

fi
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34 1GiM M filam 6M  [2,6,7,8]
fil i fi f 73 (Arc
Furnace), (DC Motor Drive), 0,
13 *) 3 6
tj &) (Lossless) fi 3.3

Er

2K AN

-
AN~
=)

C ——to o—— T — &
e ©
Ideal }E .
transformer
1fi33 10

(0C System) $ A

F, R, E

F Al

-1 (DC-side Reactor) 1
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A O} (Filter Reactor)
f (Choke)

&
(Thevenin Equivalent)

(Battery Open Circuit Voltage)
(flu ®)
fith 13 ' S (Electronic Loads)
8 (Electrolytic processes)

fil#l | Harmonic fi 2

E=0 fi (Without de Voltage
source) N (Passive Rectifier)
mtfl E*0 fi
(Active Rectifier)

tfltfl  HARMONIC
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2. 1 If E=0 R f
3. i fl filE f R |fh
4, fil E R
(AC System) ? ! fi
(Leakage Inductance) L
! (Complex Turns Ratio) fi
-30", 07, 30* L
J (Stiff System) L

(Commutating Inductance)

i (AC Line to Line

Voltage) ) ( itching Rectifier)
(Zero Sequence Components) i
(3,=1,23_)
(Equivalent DC Circuit) (Ground)
A 1A (DC Side)
(Closed Path)
A (Infinity)

(Odd Function)
fi (Even Harmonic of Voltage and
Current) Tl Ifli 6

k 61 (3.1)



To

i ) ( ) fifh

Uan(t) = £'(t) =272 Uk sinkOCkt + £ )
Ubn(t) = f'(t - y) =2 VaUksin(keb(t - y)+ Ok )
=1 2 wsingoont + ok~ ——)

Ucen(t) = f'(t - =272 Wksin(kWbt +0k + —3”)

= (Corresponding Period)

6 N f
k=1417,.
f-ll k=25 18 L
\0 k=3691. o
k =1 h

Itf

34
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Tl fl 3.4 'l (Half
Cycle) } 6 } a

(Commutation)
] (Conduction)
} (Off)

——

a a (Delay Angle) ij
| (Commutation Angle) i
(Operating Point) ¥
(Network Variables) n 60* M # } 10* 30*

(Switch  on)
(Reverse  Bias)
(Natural Commutation Time) }
(Switch off) (Forward Bias) 1
180* [
(Rectifier Mode) ( 90%)
(Inverter Mode) # $
f (Relative Phase Shift) '
(Applied Voltage) ¢ (Resultant Current)

k=1,4,7,10,
k=2,5,811,
k=3,6,9,12, ..

n udao
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ca

uba

Ybe

ac

uab

Yeb

Avlt)

A

34



" fluff

Uablt) = Ualt) - Ub(t) = XV6 ujf st + 0K) = f(1)
Ubc(t) = £V6 Uk sin(k(*t + ®k - ~T-~) = f(t - A3?)
Uca(t) = Uk sin(kWfcjt + ok + 3 ) = f(t - y 29
fl
ok = G5 +qk£]
vl = o k=147,
= 30w k=258,
3.4 6
1 ai (~Mioa +\|_
2 a +7~ i Ouot i a +2
3 a+ 3i Cibt sa + 2 + .
4 a + ™ +ijiiiGluotNa +y
271 .- 2
5 a +y i(U0t<a+y+
271
6 a +y +(£O00t £71
1" g™kt so +[

oo Ui Y Cl, ai, 2
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3.9 n "1
Lpic(t) - Lpia(t) = Uca(t) (3.1)
Lpia(t) - [R+ (L + F)pJib(t) + E = Uab(t) (3.2)
ib(t) = -ia(t) - ic(t) (3.3)
n psSA
Muu (1) 1 NN
(33)  (3.2)

[R+ (2L + F)P]ia(t) +[R + (L + F)pJic(t) = Uab(t) - E (3.4)

(3.1), (3.3), (3.4)

LS ¢ I ) R 1Y
ia(t) = K + K epifc + fa(uk,t) - (3.5)
(1) (1) @O @
ic(t) =-KI + Ko epit + fc(uk/t) (3.6)

(1) (1) (1) (1)
2K2 ex!* - fa(uk/t) - fc(uk,t) +1 (3.7)

(e
—
—
~—~—
11



e T
. '!“.—)(’L) 31'
3 A __.Jﬁ'/' F
Uep | iithe) i
E
; B 82 T
o
pjfl 3.5 fl 1
n
(1)
fa(uk,t) :k-l57 sin(kctibt+0k-ekl)
- sin(kOfet+fe+0]2-okl- 9 2”35k>
(1)
fc(ukl/t) :k-|57 sin(ko+0k-0kl )
t sin (kubt+(ht+0]t4-0kl- 2 +"yn)
% = Ml i

ZIclArg(O]Ei) = 2R+jkCub(3L+2F)
zk2Arg(0k2) = R+KOUD(L+F)

39

(3.8)

(39)
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Zk3Arg(-) = jkwbL
zk4Arg(6k4) = Rjk(db(2L+F)
Pi - s ir
(A) Arg (B) A B

) 11 36 1
¥
uab(t) - E = R+ (2L + F)plia(t) (3.10)
ifﬁ)t) -i(g)(t) (3.12)
4 o 3.12)

1 (3.10),3.10), (3.12)

(2) (2) 2)
a(t) = K ePM+fa(u*ft) - 1
(2) (2) (2)
ib(t) = Ko fa(uk,t) +f
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5 i)(t)=0
L/\.
A
" R
I1XE
A b2
240
fl 3.6 AN S A
A
(2)
fa(Ukt)= A "~ sm(kOfet+(fe-oks ) (3.15)
p2 = 4
(2) -
@ - fil - qa@) | e=a AL
Ao36? alfa i I uif R(Differential
Equation) A 6 Y A36 fu ;A 2
fi3d '’ fratf
® @ @& 0 1)

la(t) = -ib(t) - ic(t) = io(t - b tia(t - é‘:m (3.16)
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(4) (2)

iog) = ia(t - “7) (3.17)
al . (3.18)
0 (3.19)

mooh ki) m
7?2 7 (Commutation) fu !
1 77 1A #
1,3, =8

- 0

(2) 2)

(™) =0 R

(2) (2) (2)



«pt =a +5

s oo |

©Ott =a + 3

! «pti
(2) 2 :
igz()t) = KRep2t - fa( *t) -1=0
i(azet) =0 Ifi !
1) (2
I K kg ke
I| d
(3.20)
. (3.20)
4 o+ 3
1,

0 (3.22)

43
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CD (2)
il Wl (3.23)

fil (35) (3.9), (3.10), (3.11) (3.20) (3.23)

(3.20) K+k = A (3.24)
(3.21) Ktk +D6 = b (3.25)
(1)
(3.22) Kl +HKE = M- fe( kM) (3.26)
2) o)

(3.23) Kl + HK - Rk :fa(ukGA:b) - fa(ukfﬁ>) n (3.27)

f
e
- )
P
)
a fa(uk' " }
i)
. fo(UKA) %
m )



(3.24)-(3.25) 1
KL - ~ -V -DK3 (3.28)
(3.24)+(3.25)
R- AV I8 229
(3.28), (3.29),  (3.27)

D- K +EL(Lit, -G= Fi(K3~-) =0 (3.30)

(tO’ 0o
f
G=B-A-|
" 0) ” (1) ” 2) "
fl(uk/ ——) = fa(uk/——) - fc(uk/—) - fa(uk/=~) (3.31)
<K b Wh Gb
(3.26)+ (3.27) (3.28), (3.29)

(M2 + DH)Ks + f2(u &y + CH = Fo(Ks,75) = O (3.32)



c= A+B

f2(uk/~~) = fa(uk/~~) +fo(uk”™) - fa(uk,”)

(3.30)  (3.31) )
48 -

((3)  »**+1 = (M)*™»Aflt * “mnuétflk

3\ 1
| XK Fi(K3,fl)
vk = 3FF 32 FKs))  #2
3 ¥ fimTunfe

* 0«2
g - -<V*i
¥
¥ %HZKS ¥

32
3/\

46

(3.33)
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,é“ /é ) # (3.8),(3.9),(3.15),(3.31),
(3.33) K3 . fq K2 (3.25),(3.26)
M ? '1 # 21
(2)
' H# a |a(/\ Tt AL
U
I -
( [ 1 3.1, 3.2
) M iaft)
) a(t)
#G H
ro ( pu ! '
(Base Quantities) #

Wh(pu) = 1 L pu =a pu
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die
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fi 2
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2 Ifli

49

fi 3.2
N 6 ifatf
1 <1 )
cek>  E*K)(t) F(ki(t)
«<8<«*|1 Lﬁ_ ZIR V 7.0
B o fa(2)(1)
c 1t o7
«*|<o<o*|* " R 276 Qo 3co0" Fa (tstﬁ}
trc 300
g~ v— B HoePl iga
a*  <g<cary * or 1Me 1M too 300"

a* —4 ¥y <71

3.5

12

0 0 0

c(k) + EA(L) + FAL)

12

LA 6

A 3.7
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A
k = Mu -rf
q =
T ) 11 ) )X ) !
- N
f 6 & d
) iiM (3.34)
11,13, 23,25, ...
a R E L F 5
P, 0 2
RBAVERTER
+ o+
 f F L
i MY
IDEAL mmiponmm _—*'_l?
£ 7 |
Y-A 2ONVERTER

37 1) 12
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