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Typical Short-Circuit Type
Distribution

Single-Phase-Ground: 70-80%
Phase-Phase-Ground: 17-10%
Phase-Phase: 10-8%
Three-Phase: 3—2%
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e(r) py + Ri(1)
Vi
i(t)= max I:sin(cuf +a—¢)—sin(« —¢)e-(R,fL)rj|

Z=\/(R2 +w?L?) c;b=tan'1(mL/R)
a =the closing angle
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Peak short-circuit current T 1 o | .
(Maximal instantaneous value) r.m.s. value Short-circuit bre;z'nkn'!g “_’"TEM
/ (r.m.s. value at switching instant 7 ;,,
24 4
9. ﬂ Further aspects
q « Touch and step volt:
14 4 \ DIN VDE 0141
i P ﬂ « Interference
PR DIN VDE 0228
e [\ [\ /‘\ /\ m « Surge arresters
IEC 60099-4

14 ‘ « Overvoltages
| U U \/ V H H \ IEC 60071-1
—06 L [min IEC 60071-2

11 - / « Neutral point earthi
< » DIN "JF)E 0141 |
—163 Total time duration [nsulation co-ordina

IEC 60071-1
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, ) 1 One of the most widespread constructions of a high-voltage CT
[e] y B . . 3 . . e 1. (a
AT | E (160 kV), with oil 1mpregnated paper insulation. 1 ‘011, 2 — copper
' Z A = 10 plates for connecting to the controlled current circuit; 3 — volumes
Nominmy : filled with nitrogen; 4 — air; 5 — jumper strap linking one of the
8 f 1 § m 8 outlets with the metal case of the upper reservoir;, 6 — porcelain
y | ¥ - insulator; 7 — insulated primary conductor (primary turn); 8 — four

independent secondary windings, each with its own magnetic core; 9 —
insulator on the outer wall of the tank, with the outlet connected to the

tank; 10 — terminal box with outlets of secondary windings.
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Hall Effect Current Transformer

vIn this case the sensing element is a semiconducting wafer that is
placed in the gap of a magnetic concentrating ring.

v'This allows very accurate current measurements in both dc and high-
frequency applications.

f

Figure 6.27. Conceptual design of a Hall-effect current sensing
element fitted in a field-shaping gap
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Rogowski Coils

The Rogowski coil i1s based on the principle of an air-cored
current transformer with a very high load impedance. The
secondary winding is wound on a toroid of insulation material.

- —ANpgdI
V= l dt

1
Vous (I) - _R_C.[ Vi (I)dt
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I, x (4.0 + j15.0)x (0.01 + jO.1)
" (4.01 + j15.1)
E =1,x1.922/9.62°
E = I,x1.922/962°

—_— i

E

: ZHE (4'O+ ¢]15'O)
[ =1,%x0.1238 £65.45°
e = 1n _0.1238 £ — 65 .45°

Il
|

- (1.0-0.1238 / — 65.45°)
R=1.0468/-6.79°

Z,=1.0%= R=1.025,-3.44°
Z, = j20%= R=1.13,1.73°
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Secondary exciting current amps (rms)
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A Knee-Point Voltage Definition

IEEE CT standards prefer to use log- log
scales, defining the Knee point as the
excitation voltage at which the gradient of
the curve is 45°. The voltage found by this
definition is typically 5 to 10% different to
the point on the excitation curve found by
the IEC definition.

Exciting Voltage (V)

Exciting Current (I,)
IEC 60044-1
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J = 384 .1 4 EEZImZm :F(Im)
" Z,]%(0.5+ j0.866 )+ (9.0 + 72.0)]

o 0 384.1

100 3.61 361.0

10 21.82 218.2

In=1TAE2=260V. . .. ... .

Im =174 —29.96° s Eq = 334_1412_536{j A= 41.66/0°

I, =282421751° ¢ _ 0.408Z/ — 29.96°
R=147/-1751°

U el HISD 10308 Ang (&s)




M ‘5)‘.9’ oj/uti/‘slb)y"lo;}éd/f" bl 9 )
B,

&/U’ itss)

J(IEEE L ANSD s CT s /dile] g IS

sdAe ¥ J.aL.Z .L.‘:'ﬁ-\f.':__g.i‘_;.aa:b Jat.a.bl1.1§s5_§ic]_ﬁy;j£t.a1;ﬁbé
A I L

o p i (o S ) Jslaae N Cotee WY Ty Jle )b o
a9 3de sl =y :'5;-:& LS ol (Ao s > )1 CT ;.ic..n
s CT =105 &8 o oo CT 51 Wb 0k 22 7 22 Sl s
5x20 =100 . » ob= u! Lyls 0 b sl 0L > ealin) 55
NPt ol 81 e s e 0l Ve Ctee Jlae e 5y dales

ceols B TNy xSl 134007 of 51

RS Oelie )35 10U dng (24)



M ‘sxfojldlﬁlbjy"lo)}éd/)f:wléaj 4
o "Aé/}:
&{J/n’u)/

:Jle

CTonl . b 2 a1y 1 eCee LS 5N vi0 5 s L CT

e S -
A

R DA R

-

. v
SRR B

400/(0.1%100)= L A, L& Sxs2 blbie Sldel o3100 10 das s
b o edd lime 0L k3L 5000% Jyl oL S ail . 407
| s dale 5000%5/600=41.66% 4

-

el SN e e WS

Sl sl Wy s e 4160 sl Sa,s blae L~
LS e slowl w56 3 167V w8 s p dldeal jSlae sl = 4.16%40=167"
SAis eSS g 05 pled 2l amdl el 167/(41.66-4.16)=4.457 L L .

5 | . v f . . - = 11 .
o v .Lﬂhj..f"- (A __;I_-,--o-- s

RS Oelie )35 10U dng (2s)



by

o/ C‘%Q:
7
&/U’ itss)

Class “P”
Specified in terms of :-

i) Rated burden
ii) Class (5P or 10P)
iii) Accuracy limit factor (A.L.F.)
Example :-
15 VA 10P 20
To convert VA and A.L.F. into useful volts
Vuseful ~ %X ALF
IN

RS Oelie )35 10U dng (26)
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IEC 60044-1 s lusteal ulul o2 Cdy (WIS

Accuracy Limit Factor - A.L.F.
(or Saturation Factor)

Ratio of :-

IprivMary ¢ IraTED

up to which the C.T. rated accuracy is maintained.

e.g. 200 /1A C.T. with an A.L.F. = 5 will
maintain its accuracy for

IPRIMARY <5 x 200 = 1000 Amps
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[EC 600441 »t ey e
Classes:- 5P, 10P. ‘X’ C 600 Sl ol 3 3 s

Designation (Classes 5P, 10P)

(Rated VA) (Clalss) (ALF)

—— Multiple of rated current (I) up to which declared
accuracy will be maintained with rated burden
connected.

—— 5P or 10P.

Value of burden in VA on which accuracy claims
are based.
(Preferred values :- 2.5, 5, 7.5, 10, 15, 30 VA)

Ly

= rated burden in ohms
= Rated VA
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IEC 60044-1 5 ikl olul , Cds WIS

Limits of Error for Accuracy Class 5P and 10P

Accuracy| Current Error | Phase Displacement Composite
Class at rated at rated primary Error (%) at
primary current rated accuracy
current (%) [Minutes |Centiradians limit primary
current
5P +1 +60 +1.8 >
10P +3 10

iy Q»b.c PR BTNV g Vi (s)
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i1(t) = Inax[cos(wt —0) — e~/ T cos@] fort >0
= for ¢ «<.0

. . 9 5 F 7 - )
(&) = Ei €08 52+w2+ {457 + Lpax SIN PRI

v2(s) = Rele = sLyniy = ip(Rp + sLy)
b Wl 2% iy =iy — A —d¢}

R:Ry, | R.Ry, 1 ,
Ty = 11 P — 8]
R.+Rys+1/t R.+Rys+1/t
__ Relw+ RoLyy
N RbRC
A = Ipax COSH il is_”r [— L4 + T(sing cos g tan & — cos? (P)}
max Rc i Rb T —T

2 Ccos
g7 HE + 728 sos(t — 8 — @)
T—T cos #
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e
g P
it/
1 d
° R, dt
= Ipax COS 6 o ko e L. + (sin g cos g tan & — cos? )
ReE R.+ Ry =T

¥ T cos ¢
—g W — ) — @y sin(wt — 8 —
(r—T) cost ( @)}

fan ¢ = wrt S
(Sl
i1 = 141 4% €7 1% _141.4 cos(wt)
0 =, Re =100, R, =05, 7 =0.1s

(100 + 0.5) x 0.005 |
e 100 < 0.5 = RIS

@t = 377 x 0.01005 = 3.789

@ = tan"'(3.789) = 75.21° = 1.3127 rad
A = —0.7399e 7" 4 0.786¢ 1% — 0.1804 cos(w? — 1.3127)
iy = 147.24e =7 — 157267 + 136.02 sin(wt — 1.3127)
LS elie 5D 0308 duyg (52)
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iy flux linkages

saturation level
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; 17

EU type oil immersed cascade VT {(General Electric Co.,). 1 — HV terminal; 2 — dome-shaped cover;
3 — liquid-level gage; 4 — porcelain shell; 5 — clamping ring; 6 — cylinder assembly; 7 — formed core;
8 — insulation barriers; 9 — coupling winding; 10 — primary winding; 11 — secondary and tertiary winding;
12 — base tank; 13 — secondary and tertiary terminals; 14 — terminal housing; 15— drain valve; 16 — eye-bar
for lifting a complete VT; 17 — bolter base plate; 18 — nameplate; 19 — neutral (ground) bushing. (General
Electric Instruction GEH-1629H.)
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(a) TG
VTs of the 33kV (a) and (b) and 145kV (¢) class.
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Coupling Capacitor Voltage Transformers (CCVT)

High-voltage VTs of capacitor type of the 345, 362, and 800 kV class.
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0.1 +-0.1 +-5

0.2 +/-0.2 +-10

0.5 +/- 0.5 +/- 20

1.0 +/-1.0 +- 40

30 +/-3.0 not specified

Table 6.1: Measuring Voltage Transformer error limits

+-3.0

+/-120

6P

+/- 6.0

+/- 240

Table 6.2: Additional limits for protection Voltage Transformers
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400 kV

| 3
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C,=95nF
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Figure 3.20 CCVT response for a complete model circuit: (a) fault at voltage maximum; (b) fault at voltage
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e(t) = Epax cos{wt +8) fort<0; ande(t) =0 fort >0
;le-ﬁb 1.,_:!:. _;Il-g Lo _}L‘J_g |..1.l'- n..l.l'la.l.-i- ,I.'.‘._..J:i;:(ﬂ J,.ali",.e h.gl_,?'f (: 9 L ‘-'I'_,?':’-

T per 3wl J- iy aals 150l + B cos(af +0)

- .= wl 2o
2 C P e = - & el |

Loesysl —Xt—FE__ cos(ot +0) = < s+ E_ cos(arf +0) =

<
=S e A
il

' (t) = —Epax cos(wt +60) fort >0;and €'(t) =0 fort <0
s —wtané

s2 + w?
Ly 52

TLs3+s2(L+Lp)/TL +sw+ w?/T

¢ (s) = —Epax COS 0

er(s) = €' (s)e5(s) = ey(s)

Lm (Rc =T Rb)
RcRb
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e5(t) = —Enax[cos(wt + 8)

— COS 9\/1 + (cot @ + cosec gtanf)2 x &~ 5Y s sin(wt sing + ¥)]

= arctan|— sin CcOS tan &
4 | @/(cosp + )] Sl
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s

- Q : . . :
Db Cwglae g Ve T ans Slal S glae (a3 40 wl)) Sy e s s

N s sy O
' =0.002, cose =1/2 wr' =0.6613, singcp = (0.7485
¢ = 48.46° = 0.8458 rad
=0 =0,
eb (1) = Enax[cos(wt 4 m/2) — 1.336 x &P x 5in(282.2¢)]
fe ol Wass 5l S Sy e 5 L
ey(t) = Emax cos(wt + m/2) fort <0
es(1) = 1.336Eqax % € 2" x sin(282.2¢) fort > 0
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Ferro-Resonance

The exciting impedance Z, of the auxiliary transformer T and the capacitance of
the potential divider together form a resonant circuit that usually oscillates at a
sub-normal frequency.
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Figure 6.9: Typical secondary voltage waveform with third sub-
harmonic oscillation
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