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ECE 525:
Power Systems Protection and Relaying

Session 9; Page 1/5
Fall 2018

ECE 525;: Lecture 9

For the CCVT given below
Main Data:
VLL = 345kV Vsec_nominal =67V fhominal = 60Hz

Transformer Data:

= Vo = 11kV
Rp = 3000hm Lp = 5.6H
Rg := 0.0340hm Lg :=0.0253mH
Vsys
W 25 GV
Cq
7F | g oy
Ls ( Rp  Le Ls Rs(
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’ l4 I 2 R
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[ z
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a) Determine the value of C; if:

w = 2-71t-60Hz

The voltage divider is:

Rearranging:

1 1

Cy := 135nF

VLL
\/3 1
LO-C]
%

e Yt
1

+

Ve =

w-Cz

Xen

ViL

1
+ = .
wC; wCy \/E‘VC2 (w-Czj
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As a check:
1 /
V C \,Q
w.
- 2 - 11KV w
\/3 1
T ~

UJ-CI (.d'Cz

M
b) Determine the tuning inductance, Ly X,__/\‘\"’/94

Cequiv =C1+Cy

-

1
o T L1 = 43.64H
e e s B
. om
\Ggprd®

c) Given the following burden and ferro-resonance filter information calculate the magnitude
and phase error in the voltage across the burden under steady-state nominal conditions.

Burden
@} Ry = 400.9-0 Ly, == 1.84.H Ry = 785-9

Rgep Ly

Ferroresonance Filter
L -6
Rp; == 1.06-0 Rpy = 4.24-0 Cp:=13810 ~F
LFI = 0.1-H LFZ =0.394-H RF = 40-Q)

e The impedance of the ferroresonance filter is muehhigherthan-that-efthe-burden, so it can be
neglected. But if it is included, it has a 60Hz impedance of:

f:=0,0.001Hz..200Hz  w(f) := 2-7-f
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1

1 -1

Zterro(W) == Rp +

_ +
Rpj +]-w-Lp 1

j-w-Cp

|Zgerro(2-70-60Hz)| = 233.65

+Rpp +j-wlp

arg( Zferro(2-7-60Hz) ) = 44.6-deg

300

|Z ferro(w(£)| 200

100

Reset o
w = 2-t-60Hz
e Equivalent burden impedance:

1 1

-1
Burden [Rbp Ry +j-w-Lb)

e Parallel Burden with Filter:

1 1
Zpara = +
Zferro(W)  ZBurden

;

150

| ZBurden| = 457.7802

arg(ZBurden) = 29.65-de

..__‘\\

SN

|Zpara| = 155.882

arg(Zpara) = 39.56-deg

g

N




Do G

ECE 525:

Session 9; Page 4/5
Power Systems Protection and Relaying Fall 2018

e Secondary winding:

Zsec%winding = Rg+j-wlg Zsec%winding = (0.03 +0.01) 2

e Primary impedances:

1 1
Lol = oo = Zr =1-wL
cl e c2 0y T=] T
Zprim_winding = Rp +j'°-"Lp
. . 11
e Refer primary impedances to secondary: a:= 44
67V
ch . Zc2 .
L] = — 7' = —12.47iQ) Ll 1= 5 7' = -0.7310)
a a
ZT , Zprim_ winding
Zlt = "5 Z't = 0.61182 Z'prim_winding = __2—
a

a

Z'prim_winding = (001 + 0081)Q

e Equivalent impedance seen from souce, referred to secondary:

-1
1 1
Zequi =72'c1+ +
quiv_CCVT cl
Z'e (Z’T + Z'prim_winding + Zsec_winding + Zpara)

Zequiv_CCVT = (0-13.21) O

e Total current drawn by CCVT from source (secondary amps)-includes both

capacitors referred to secondary, so use sysetm voltage not Vc2

1213 Y
ket A% 1213.22V
Line sec = . l
a.\/§ - % /
e Iy
Tyotal = ————— Tiotal = (0.02 +91.9i) A
Zequiv_CCVT — j
Lz

VLine_sec =
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e Current Divider between C2 and VT:

I I Z’c2
VT = ltotal’
Z'e (Z'l Z’prim winding Zsec winding Zpara)

|[tvr] =0.43A

e Voltage across burden

Vburden = v Zpara lvburdenl = 66.98V arg(vburden) = 0.01-deg

e Error Calculations

V1L w-Cy 1

\/3 ' 1 1 ; Vrated~sec =67V
wC; wCy

Vrated_sec =

Magnitude Error:
Vrated_sec - IVburdenI =0.02V

Percent Magnitude Error:

Vl'ated;ec - IVburdenl

= 0.03-%

Vrated_sec =
e Since reference voltage is at 0 degrees
Angle error := al'g(me.den) Angle error = 0.01-deg

Define units for angle smaller than degree

d P
arcmin := — IAngle_error = 0.47-a1'cnﬂ i minutes of arc

ar(;r(l)nn l Angle_error = 28.3-31‘0@ in seconds of arc

arcsec =
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