ECE 526

PROTECTION OF
POWER SYSTEMS II

SESSION no. 16
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Determine internal source voltages:

magSyre := 8OMVA Plpre == 0.8 lagging Opre := acos(0.85) Opre = 31.788-deg

magSpre
wwﬂo = e

..@
g Spre = (0.68 + 0.4211)-pu  [Spre| = 0.8-pu
MWmmo

Assume bus 3 voltage is 1.0 pu at and angle of 0 degrees.

Vi3 :=1.0

S
pre
Vs Tjoad = 0.68 — 0.421i |Tioad| = 0.8-pu e,m?oav = —31.788-deg

ioad =

Internal voltage on the motor (since we don't know steady-state synchronous reactance, use X1):

Ey :=V3— ﬁomm.;uﬂﬁ + vm:Smowv _mm_ = 0.902 by = WHWAMNV by = —12.182-deg

e

Generator internal voltage:

mH = <w +roma.ﬁ.vmﬁ~ +.H..VAH +.ﬁ..vm:<~mosv _m;_ = H.Nﬁﬂ.ﬁﬁ n_uH = NﬂmAmHv my = HwaA.Qom

Check result by calculating power transfer between sources and current:
[E1|- [E2|-sin(o1 - ¢2)
Ptrans =
2-X1Mach + 2- X1+ X1
E1-Ey

I = Lissnie— Tigag = 0
trans H.AN.N_ZE% +2- X7+ NEV trans load

Ptrans — Woﬁm?av =0
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Positive sequence equivalent circuit (with phase open point indicated).

j0.08pu F F  j0.15pu j0.20pu
o nmm
j0.20pu
2P +E A . j0.20pu
- -\ — <
E e - Oﬁﬁ.c
1 E - E2
+Qz
N1
e Negative sequence equivalent circuit:
_.0.0WUC F =4 _.O.‘_mUC _.O.NOUC
i YL Yy
j0.20pu m 0.20pu
N2

e Zero sequence equivalent:

Find total impedance counterclockwise around loop from F to F'

Zitotar = j+(X1Mach + X1+ XL1 + X1+ X 1 Mach)
Zitotal = 0.711-pu

Z1rp = Litotal

Vequiv := E1 — B2

Find total impedance counterclockwise around loop from F to F'

Zototal = j(XoMach + X1 + Xr2 + X7 + X)Mach)

Zotota] = 0.711-pu

Zyrr = Lototal
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j0.08pu F F'  j0.50pu j0.20pu
Find total impedance counterclockwise around loop from F to F'
j0.04pu j0.04pu
Zototat = j+(2-XoMach + 2-XT + XLo + 2-3-XnMach)
3*j0.05pu 3+0.05pu
. Zototal = 1.041-pu
q Zorr' = Zototal
0

Now solve for the single phase open circuit currents and voltages:

. _ FO'

NO

PE

F1 F1'

N1

L w_,«\

NW:IE F2'
/ N2

< .
I = o — I; = (0.427 — 0.264i)-pu
1 1
ZiFp+ | o—+o—
Zyrp Zopp _HH_ = 0.502-pu mwmﬁrv = —31.788-deg
ZorF
HN = |HH. 1 HN = A.IONMW + OHM‘NCHUG.
2FF' + LQFF'
2| = 0.298-pu am?v = 148.212-deg
ZoFF'
Rl Ip = (=0.173 + 0.107i)-pu
2FF' + LOFF'
Io| =0204pu  arg(Iy) = 148.212-de
P g
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Io 0
—
Taso = Az B Tabe| = | 0.757 |-pu am?ﬁv = —145.575.deg
L 0.757
ﬁm?ﬁv = 81.998-deg
Using the right have the sequence equivalent circuits:
Vinew! = Ep + I1j+(X1pach + Xr1) _<w%§_ = 0.959-pu ﬁm?&%@& = —4.246-deg
Vinew2 = 0+ Hm;..ﬁummgmor +vmﬂv _/\wsoéw- = 0.083-pu mHmA/\wuoéNv — 4~N~.ﬁmw.awm
Vanewo = 0+ Io-j+(Xomach + X1 + 3-Xnntacn) |Vanewo| = 0.055-pu arg(Vanewo) = ~121.788-deg
V3newo 0.903 -12.06
VinewaBC = Ao12:| Vanew |[Vanewasc| = | 0.971 |-pu arg(VanewaBc) = | ~119.947 |-deg
V3news | 1.014 118.579
///.E\\,\\
1 0.222
NS 58012
AVape = L0 o | = Vinewanc [AVagc| = [ 0.029 arg( AV apc) = | ~121.788 |-deg
a Ll ~121.788

ATP simulation results:  Currents Voltages
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-1
N , Zi11 . 1 L] . Z113
lequiv = B
! 2 Z1s+Zi1r  Zino
+ /.\/\(\ E
Z1equiv = 0.409i-pu
quiv .MVQ,.\Q(/
N
Nmo@ﬁ? = Z1equiv
N

J1.5

/
jo6 =0 @u j0.6

1 1 \7!
Zoequiv = ZoL1 + Zos + Zon + Zoia

Zpequiv = 1.5751-pu

e Using the sequence diagrams above calculate the positive-, negative-, and zero-sequence currents on Line
2 with VR = 1pu @ 20 degrees.
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Equivalent voltage source for phase A open analysis:
Fo| Fo
Ve == Vg— Vg Vse = (0.06 — 0.342i)-pu
NO
. Ve .
Norton Equivalent Current: I = ——— Lse = (—2.28 — 0.402i)-pu
ZirR+Z1s
F1| Fr
-1
i : 1 1
- Equivalent Parallel Impedance: Zog = + Zeg = 0.109ipu
Zit2  Zi1s+Z1r
Convert back to Thevenin Equivalent Voltage
F2| F2
Vi = Zog L, |Ve| = 0.253-pu arg(Ve) = —80-deg
N2
Positive Sequence current in line 1:
Ve
H:LIoﬁac = 1 . _H:LHISU@L = 0.344-pu
1 1 2
Ziequiv + + :
. Zoequiv  Zoequiv mﬁmAHHHHlowmdv = —170-deg

Negative sequence current in line 1 (current divider on the line 1 current)

HNHLI%@S = !H:LHIOHV@D.

Noo@ﬂ?

Nwo@:? + Noo@c?

|2L1_open| = 0-273-pu

mHmAHwhHIOﬁonv = 10-deg

Zero sequence current in line 1 (current divider on the line 1 current)
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I I Nwo@d?
OL1 open -= —11L1 _open" — ) —10.
L Zoequiv + Zoequiv _Hozlo@g_ 0.071-pu mwmAHoElowgv 10-deg
Hohglowg 0
— s .
IABC Linel = Ao12-| l1L1_open . B
- - Lapc_Line1| = | 0545 |-pu arg(IABC Linet, ) = 88.74-deg
DL1_open 0.545

NHWAH%OIH\E@HNV = —68.74-deg

Note that the magnitude on phase A is 0 and a little smaller on the unfaulted phases. Ther
also a phase shift compared to prefault

e —

Now to fine theline 2 currentywe need to do another current divider on each of the sequence currents from line 1, since the sequnce
currents could either pass through the sources or line to to return to line 1.

Positive sequence load Vs—Vgr
. . . Ii; b= I1; = 0.631
current in line two ignoring  -1N¢A2 Zis+Ziia+Z1R _ HLaﬁym_
open line mwm?g:mﬁv = —170-deg
Z1s+Z1r
Lo = =111 open’ + ILineA2 Ijzo| = 0.538-py mﬂm?sv = —170-deg
— Zis+Zir+ Z112
Zis+Z1r
HMHLM = IHMHL : Hwhm = 0.0ﬂm.ﬁ arg HMHLN = —170-de
P Zis+ Zir + Z11o Q A v m_

-
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