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CURRENT TRANSFORMERS
An Analysis of Ratio and Phase Angle Error

Current transformers (C.T.’s) are basically of two general types - those that are used for overcurrent, relay
protection applications and those that are used for metering applications. In protection applications oneis
concerned about the performance and errors of the C.T. when fault currents occur and under normal
conditions the C.T. errors are of no concern. On the other hand metering applications errors are of
concern under normal conditions and not of concern when faulted or abnormal conditions occur. Inthe
first case, the C.T. is usually operating in magnetic saturation. The equivalent circuit for aC.T. for either
application however isthe same. The parameters of the circuits however, are different by design.

Thisis an approach to determine error involved when C.T.’s are to be used for metering applications. The

error of particular concern is the phase shift which occurs across the C.T. under steady state conditions.
The equivalent circuit is shown below

R2 jx[2

E2 Zb=Rb+]Xb

to external load
Figure 1

where Ry, Ry, and Ry, are the resistances of the primary, secondary and the total burden on the transformer
(i.e. lead resistance plus metering load) respectively. It isnot necessary to be concerned about R; and
leakage inductance Xi, since |, is determined by the external lineload. With this omission the circuit

simplifiesto
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+

In the above circuits Xip X1, and X, are the inductive leakage reactances of the primary, secondary, and

burden reactances respectively. Zy isthe magnetizing impedance the barred variables are indicative of
phasor quantities. It isconvenient to express primary quantities in secondary terms. Therefore current

T, =L and the magnetizing Zy b i dary terms 7, =22 and 1, =1L, where a =22
1=% an € magnetiZzing £y DECOMES IN Ssecondary terms =2 an IM— 7 wnere CZ—NS.

It may be helpful to draw the phasor diagram of the secondary circuit as it now appears by taking Ez
asreference and noting I, =1, + 1,

Iy 2,
where: Z, = R, + jxl2

The angle between 7 and 7, isthe C.T. current phase shift.

E,=1,2,+E, =1, (Rz +jxx12j + 1, (R + jxy)
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aso E, =1;,7},

Note: Current phase shift between 71’ and Tb results because of the magnetizing current }1(4- Normally
the angle by which 7;, lags the voltage acrossit (E, ) islarge.

Example Calculation

Assume a250:5 C.T. ratio with a primary current of 7, =150/0°

| hen:
I, 1504 ioo f 5

1= 50 250

By neglecting the primary leakage impedance as previously discussed and assuming the value of the
secondary impedance as 0.03+j0.05 ohms, atotal burden of 0.06 ohms and a magnetizing impedance
2y, =7+ j10 referred to the secondary the secondary voltage F, isthen

= [Rz +Jxy + Rb][Rz'u +/Xy]  1[0.03+0.05+0.06][7 + j10]
) =1 , ——— = : .

~1{[0.09 +,0.05][7 +,j10] _ 1/[0.13 + j1.25]
- 7.09 + j10.05 - 12.66/56°

= I [0.099/31°]
E, =3,0°[0.099/31°]= 0.297/31°

from which:

i 0.297 /31°

= =0.024 /—24°
M 7+ /10 /=24

[_b =1/ -1, =3/0°-0.024 /~24°=2.995 /0.03°

© 2001 CR Magnetics, Inc., All Rights Reserved Page 3



C R
MAGNETICS |,

CURRENT TRANSFORMERS
An Analysis of Ratio and Phase Angle Error

The phase shift between 1 and 7b iS 0.03°. The phase shift is determined by the magnetizing current
jr
M-

If assume a new burden of 0.12 ohms for the same primary current of ;1 =150,0°

— - 193/73.5° -
E, = I} =242 _ [10.15/18.9°
2711233 ,/54.6° i( )

E, =0.45/18.9°

0.45/18.9°
I, = —%==_0.037 /-36.1°
M= 12.2/55°

Ly =3-1,,=2.971+,0.022 =2.97,/0.424°

Note phase shift in current has moved to 0.424°.

In practical cases Z), does not remain constant because of magnetic saturation. Usually available are
saturation characteristics as aplot of E, asafunction of the excitation current 1;,. It is apparent from
these non-linear curvesthat 7, = ]—2 is not constant as Zj,, isrelated to the slope of the excitation curve

M
which is not constant and also afunction of the C.T. ratio. For thisreason one must include in the C.T.
current phase shift cal culations the non-linear saturation characteristic. To account for the non-linearity of
Z) itisnecessary to know the value of the secondary voltage £, and /;, for the particular value of the

C.T. ratio taken off the excitation characteristic. The procedure here would be to plot the non-linear
relationship on the excitation characteristic similar to what is done in non-linear electronic circuits the
intersection of a“load line” defined by the non-linear characteristic is the operating point of the C.T. An
example probably will be the best way to describe a solution to determine the phase shift which occurs.

Example calculation:
Assume a250:5 C.T. ratio with 7, = 2004 then I, = 44 for a = 5—10. Assume a constant burden

Zy, =Rp+ jXp=3+;0Q. Let'sassume |Z]’W| is non-linear but the impedance angle of Z), remains

constant at 70° that is tan—lﬁM =70°. Theequivalent circuit isthe same as before but 7)), is non-linear
M
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and not a constant magnitude. By assuming that the secondary |eakage inductance is small compared to
the burden impedance the calculations are easier with small error. however, if desired it can be included.
By neglecting Z, we then have 7}, in parallel with the constant burden Z, . The equivalent circuit can be

considered to be driven by an ideal current source equal to the transformed primary current fl’ inthis case
4A. The circuit now can be rearranged as follows with 71’ as a phasor reference.

!

oF

> @

The Thevenin equivalent circuit for terminalsa- bis:

E_Th = ]_I[Rb +‘]Xb]=4&o[3 +J0]=12&)
(Thisisthe Thevenin equivalent voltage)

a
—> NN ® _,
I ¢IM
_ P, . Z, =3+ jo
The Thevenin impedanceis “»
Eq, 12/0° ’
Zyu
@
b
12 £0° 1220°

=z "z T3 syl
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These two equations describe I, and E, which are the variables on the excitation characteristic. By
now assuming magnitudes for |Zz'u| we can plot the “load line” to obtain magnitudes of E, and I},

Tiy [7:4 22|
0 4 ,0° 0
o0 0 12
20 0.566 11.32
M M M

Let's assume the magnetizing characteristic is of typical form given and the load line intersection the
250:5 characteristicat £, =11.32 and Ij; = 0.566.

12 300:5
250:5
200:5
nRR———-=
E2
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Then we have
I =4/0°
E
v/ 1132 _
Zis|= é— %566 =20

12/0°
I, = = 0.566 /- 62.3°
M= 34684+ /18.79

I, =T-1;,=4-(0.566/-623°)
=4-(0.263-0.5)
=3.74+ j0.5
=3.77/1.61°

Therefore the phase shift between 7; and I, is 7.61°. This, of course, considers the saturation which
occurs in the transformer.
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