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Abstract: The article elaborates on the accuracy of current transformers (CT) in interaction with
temperature and frequency using Pearson’s correlation. The first part of the analysis compares the
accuracy of the mathematical model of the current transformer and the result of the measurement on
the real CT using the Pearson correlation calculation. The mathematical model of CT is determined
by deriving the formula of the functional error with the display of the accuracy of the measured
value. The accuracy of the mathematical model is affected by the accuracy of current transformer
model parameters and the calibration characteristic of the ammeter used to measure the CT current.
Variables that cause deviation in the accuracy of CT are temperature and frequency. The calculation
shows the effects on accuracy in both cases. The second part of the analysis refers to the calculation
of the partial correlation of three quantities: (1) CT accuracy, (2) temperature, and (3) frequency on
a set of 160 measurements. First, the influence of temperature on the correlation of CT accuracy
and frequency is proven, following the proof of the influence of frequency on the correlation of CT
accuracy and temperature. In the end, the analysis is combined by comparing the measured results
of the first and second part of the analysis.

Keywords: Pearson correlation; current transformer; temperature; frequency; partial correlation

1. Introduction

This paper considers the process system identification methodology applied to the
current transformer [1]. The theory of identification of process systems uses two basic
methods: non-parametric and parametric identification procedures [2].

e  Non-parametric methods are performed in the time domain. Fourier analysis and
correlation analysis are used in that case.

e Identification using the parameter estimation procedure uses static variables. This
method is characterized by the need to evaluate the initial model, which must be
performed in order to obtain convergence towards the final solution. The process is,
finally, described by a transfer function.

The specificity of the experiment is the use of mathematical procedures of Pearson
correlation of measured and calculated values to obtain the most accurate initial model
possible. The analysis highlights anomalies detected during statistical analysis of input
and output quantities. The partial correlation calculation includes the third quantities as
functions of disturbance, namely temperature and frequency.

The accuracy of measuring transformers is defined by accuracy class, transmission
ratio, and rated power. These are numerical quantities. The error of the measuring trans-
former is a variable quantity that depends on the secondary load. The class index represents
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the maximum allowable error of the instrument when used in reference conditions. The
error limits can be expressed in percentages of the scale length, the true value, or, most
often, in percentages of the maximum value of the measuring range. The accuracy classes
of current transformers are 0.1; 0.2; 0.5; 1; 3; and 5. Some omissions and approximations
were made in the derived model. Physical phenomena such as hysteresis losses and eddy
current losses are neglected in the model due to the small estimated amount. Frequency
and temperature affect the amounts of core and winding losses. This is the reason for using
the Pearson correlation as a statistical method [3,4]. As a result of the analysis, partial corre-
lation factors are presented in the article as evidence of the interaction of three variables:
CT accuracy, frequency [5,6], and temperature. The correction amounts obtained by partial
correlation can be used as a justification for neglecting these influences, depending on the
accuracy requirements [7].

2. Methodology of CT Accuracy Analysis Using Pearson Correlation Factors and
Regression Factors

In the analysis of the measured data, we will use the regression factor “r2” and the
correlation factor “r”, terms used in statistics and error theory. There is an interrelation
between the regression factor “r?>” and the correlation “r”, and the definitions of these two
quantities should be distinguished because these values are related, but their interpretations
are different:

e The amount “r?” indicates how well the regression line approximates a certain set. It
is a percentage value (%) that determines how much of the observed set is within the
given variation. It ranges from 0 to 1, i.e., from 0 to 100%.

e  The correlation factor “r” is used when one wants to prove the relationship between
two variables and the strength of that relationship. It is used with a set of two quantities

and ranges from —1 to +1.

The analysis of the two quantities ey, and e, i.e., the functional error of the CT and the
measured error of the CT, are shown below. Those two quantities are dependent variables
that depend on the percentage (%) of CT load. If we consider them as variables that describe
the real and ideal measuring system, we can write them as dependent variables on the
ordinate axis and the abscissa axis. They are not equal, but they are similar in terms of
amounts, and we assume their connection, which we will try to prove statistically.

The goal of the analysis is to detect deviations and anomalies in the entire measurement
area of the CT and to prove it by measurement. The diagram in Figure 1 graphically
interprets data listed in Table 1:

The ideal characteristic represents the direction in which real measurements match
the calculation model, i.e., functional amounts, 100%. The closer the real measurements
are to the ideal characteristic cause the higher the quality of the computational model.
Measurements are performed at a frequency of 100 Hz.

The formula of the measured characteristic is:

J=0bg+b-x =—0373+1.292-x 1)
bgp = —0.373; by =1.292 ()

The formula of the ideal characteristics is:
y:bo+b1~x:x 3)

bp=0;b1 =1 4)

It can be seen that the ideal characteristic, b; = 1, which, considering Formula (3),
means that the correlation must be r = 1, and the standard deviations sy and sy must have
the same value. For the real characteristic, some deviation results are shown in Formula (1).
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Functional error e; and measured errors e,
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Figure 1. Ideal characteristic, measured point and regression line of CT at f = 100 Hz, T = 26.3 °C.

Table 1. Example of functional and measured error for f = 100 Hz.

1. 2. 3.
No.
I (%) em (%) es (%)
1. 10% —1.000 —1.574
2. 20% 0.000 —0.620
3. 30% 0.333 0.157
4. 40% 0.500 0.165
5. 50% 0.600 0.332
6. 60% 0.667 0.432
7. 70% 0.714 0.499
8. 80% 0.750 0.547
9. 90% 0.667 0.694
10. 100% 0.700 0.713
st. dev. s sy = 0.5126 sy = 0.6761

Trajectory Obtained Using “Spline” Interpolation

A specific curve in Figure 2 is obtained by connecting the points by “spline” type
interpolation in the order in Table 1. The independent variable is the primary CT current,
which increases linearly from 0 to 100% with a step of 10%. Two functions with dependent
variables e, and e were used to graphically display the measure of deviation from the
ideal characteristic, one on the ordinate axis and the other on the abscissa axis. This way of
displaying results was applied in the rest of the work to all experiments.

The benefit of “spline” interpolation:

visualization of the measurement characteristics of the current transformer

display of deviations on the entire measuring area

determination of the place on the curve that contributes to the deterioration of the
correlation factor

insight into the sensitivity of trajectory

insight into the slope of the trajectory
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Figure 2. Interpolation “spline” curve in statistical experiment.

Figure 3 displays the instruments used for this experiment. The parts used for the test

are personal computer, current injection device, current transformer, and high precision
measuring ammeter.

Figure 3. Setting of the experiment.

3. Pearson Correlation—Application to the Test

Correlation represents the mutual relationship between different sets of data repre-
sented by variables. Data sets can be stochastic or determined by a function. In this case,

these are the percentage amounts of two errors: complex function errors ef and measured
CT errors en,.
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The correlation coefficient is determined by the Formula (5). The value of the correla-
tion coefficient ranges from “+1” to “—17, i.e., from perfect positive correlation to perfect
negative correlation. The correlation coefficient is based on the comparison of the interac-
tion of two variables in relation to the maximum possible influence of the two variables.
This correlation coefficient is also called the Pearson correlation coefficient [3,4].

V(X - X)(Yi - Y)

= ®)
VI (X=X + 2 (i - V)

7

The use of correlation in measurement accuracy should be carried out with some
limitations. The paper considers the relationship between function points. These function
points can be declared as a set of stochastic points, so the correlation of these two sets of
declared stochastic points is calculated according to the Formula (5).

Correlation does not determine measurement accuracy and error limits, which is
shown in the following example.

Task: Calculate the Pearson correlation coefficient between two hyperbolas defined by
the equations y1(x) =a/x + b and y,(x) = ¢/x + d on a limited interval.

Excerpt:

Two following equations:

yi(x) = a-f(x) +b ©6)
y2(x) = c-f(x) + d %
are equated by using the common function f(x). It follows:
yi(x) —b _ ya(x)—d ®)
a c
B a b da
) =) £+ (0= F) ©)

A linear dependence of y;(x) and y,(x) was obtained, which represents the direction
of regression and assumes a perfect correlation of “+1” if the coefficient a/c is positive.
Otherwise, the correlation is “—1”. Accordingly, two functions with different amounts can
have a correlation coefficient of +1 i.e., perfect correlation.

The reverse is also valid: if two different functions y; (x) and y,(x) have a “+1” correla-
tion, then they can be written in the form of linear equations and have a common function
fx).

We can conclude that the correlation is perfect, i.e., equal to “+1” for the entire family
of curves:

y(x) = +b (10)

4. Functional Error Analysis of the Current Transformer Transfer Ratio

The replacement model of the current transformer is shown in Figure 4. Table 2 gives
the factory testing results of current transformer.

The variable transformation procedure can be seen in Table 3. The result is the curve
Ly = f (It) given in Figure 5 defined by Formula (11) obtained by the interpolation of
points in the transformation in Table 3. This equation will be needed to determine L, as a
function of current. It should be pointed out that CT is analyzed with external load Z; = 0.
Information about the protective current transformer is given in Table 2. The material used
for magnetic core was “Grain Oriented Silicon Steel Strips; Grade VM 97-27".
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Figure 4. Equivalent circuit of the current transformer.
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Figure 5. Dependance of the inductance L;, on the secondary current of CT.
Table 2. Results of factory test of current transformer.
Nr. Test Settings Nr. Excitation Test Nr. Ratio Test
1 I-pn 100 A 14 V-kn 27.663 V 27 Ratio 100:0.99766
2 I-sn 1A 15 V-kn 2 n.a. 28 e —0.2341%
3 Rated burden 25VA/1 16 Ls 0.0005523 H 29 ec 1.2535%
4 Operating burden 25VA/1 17 Kr 89.07% 30 Df 41.82 min
5 Applied standard ~ IEC 61869-2 18 I-kn 0.088602 31 Polarity ok
6 Core type (P/M) P 19 I-kn 2 n.a. 32 N 99
7 Class 10P 20 Lm 12104 H
8 ALF 10.0
9 f 50.0 Hz nr. Result with rated burden
10 Ts n.a. 21 ALF 11.63
11 max. Ret 0.531 W 22 Ts 0.399 s
23 ALFi 11.4
nr. Resistance test
o Result with operating
12 Rimeas (25 °C) 0.44532 W nr. burden
13 Ryef (75 °C) 0.53112 W 24 ALF 11.63
25 Ts 0.399 s
26 ALFi 11.4
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Table 3. Factory data of the saturation magnetic curve.

I (A)

0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Es (V)
Ly = ES/(I€'314) (H)
| Ret + jwLs | (QQ)
It = Es/ | Ret + jwLs | (A)

0.011 0.04 0.08 0.15 0.23 0.33 0.45 0.6 0.75 0.95
0.035 0.064 0.085 0.119 0.146 0.175 0.205 0.239 0.265 0.303
0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
0.02 0.08 0.16 0.30 0.46 0.66 0.90 1.20 1.50 1.90

Figure 6 is connected with Table 3. Variables E; and I, are manually inserted in
Table 3. Figure 6 and Table 3 were necessary to obtain Formula (11), which will be used for
calculation functional error of CT (27).

| Excitation curve data |

100 —— — .-
= [ L= =FF J = |
L 1 A PR E
10 — B AL =L BEERNN
>
s 'BE= i === =it
w = ,.i' === ———r
— / [ I— 1' | s nEn
=== // =
01 +— /,/ | __f | - el
=SS i=Ese
/ (L ‘ EL i f | '
0,01 | | | I L] | | 1 | |
0,001 0,01 0,1 1 10
le/ A

[ ——seriest  —a—qinv-in) |

Figure 6. Test result of CT magnetization.

A curve is obtained by the inclusion Ly, = f(I¢):
Following the formula obtained using the 4th degree polynomial approximation from
the data processing program:

Ly = —0.0438-I+* + 0.2079-1.:> — 0.3636-I.4> + 0.3834-I + 0.031 (11)

5. Derivation of the Current Transformer Functional Error

This part of the analysis refers to the determination of the functional fault on the
secondary current fault. The amounts of resistance Ry, and Re4qy, in Figure 1 are many times
higher than the inductive resistance X; = jwL; and can be treated as infinitely large, i.e.,
ignored. The reduced model of the current transformer for R, >> and Rey4,>> is shown in
Figure 7:
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Figure 7. Reduced model of current transformer.

Below is a derivation of the error function of an unloaded current transformer with a
short-circuited secondary circuit:

Ict - Ist
= . 12
» (12)
It follows:
lx _ Za (13)
Ict Zex
Z
Ict = Ist - Iex = Ist - Ictzid (14)
ex
Zex = j*wLy; Zet = Rt + j-wLs (15)
Zex j“JLm
I =1 = I~ 16
ct StZex+th St](CULm+CULs)+Rct ( )
1 g 0@ LnRet + @?L3, + W LyLs 17
ct — lst RZ 7 L L > ( )
%+ w?(Liy + Ls)
ct st| ] R§t+w2(Lm+Ls)2 th+w2(Lm+Ls)2
w LuR 2 W2I2, + w?Ly,Ls 1?
ICt = ISt\/|: 5 5 miNct 2:| + |: 5 m2+ m 52 :| (19)
RZ + w?(Ly + Ls) RZ, + w?(Ly + Ls)

The following is the expression for the amplitude of the functional error of the mea-
surement of a current transformer with a short-circuited secondary, i.e., for Z; = 0:

o (Icf — >-100%: Gf -1 )-100% (20)

Ist st

LR 2 212 4+ 2L, Ls 1°
oo { i w Ly Ret } +[ 2w 2+ w2LyLs } ~1!.100% 21)
R% + w2 (Ly + Ls)2 R% + w?(Ly + Ls)?

With:
e L, =secondary inductance L;,;, of the current transformer, dependence on the current
is given by (1)
w = circular frequency
Rt = ohmic resistance of the secondary
Ls = inductance of the secondary connection lines

Based on the previous formula, the display of the CT error for the frequency of 50 Hz
follows. The largest amount in Figure 8 is —1.6%. We notice that the error function is
shifted towards the negative part of the scale.
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Figure 8. CT error function diagram.

Manufacturers of current transformers raise the error diagram of CT for the desired
value by correcting the number of windings due to the requirement for better accuracy.

6. Correction of the Number of Secondary Windings

By correcting the number of secondary windings, the curve in Figure 9 is raised, the
maximum error on the interval (0-100%) of I, is reduced, and the expression for the new
corrected secondary current is obtained:

n
Igr = Ist— (22)
Ny
— I .
e— ot Tu 1500, — ( ol 1) 100% (23)
Ist nk' st

Inserting the following expression for the CT error:

o— n |: w LiyRet :|2 + |: (UZL% + szng :|2 —1!-100% (24)
ng \| L R% + w?(Ly + Ls)? R% + w?(Ly + Ls)?

With:
e L, =secondary inductance L,,,;, of the current transformer, and dependence on the
current is given by (11)
w = circular frequency
Rt = ohmic resistance of the secondary
Ls = inductance of the secondary connection lines
ng = corrected number of windings
n = number of secondary windings

Figure 9 shows the CT diagram with the number of corrected windings. The number
of windings was reduced from 100 to 99. This reduces the maximum measurement error for
nominal values to 0.74%, and the interval within which the error is located is symmetrical
around the abscissa of axis X. The comparation can be performed with a factory testing
result of CT, which is displayed in Figure 10 for three specific loads.
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Figure 9. Figure of the error function with the correction of the number of windings ny = 99.
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Figure 10. Factory testing results of ratio error.

7. Calibration of the Measuring Instrument

The measuring instrument can cause inaccuracy of the measurement result, so it is
necessary to calibrate it. The CT current measurement system consists of a certified current
source, a k = 100/1 transmission ratio current transformer, a class 10P10, and a measuring
instrument, Fluke 86. It follows that:

A; constant current source (Amp)

B=(A/k) - (1 —€1); “e1” is functional error of the current transformer, “B” is secondary

current of CT, “k” is current ratio

e C=B-(1— &) “ey” measuring instrument error, “C” is current displayed on ammeter

By including the above we obtain:
o C=(Ak) -0 —e) (1—e)=Ak)- (1 -e —e+e &) (Amp)

Follows a secondary current of CT corrected by the complex measurement error:
Cr(Ak)-(1—& —e) (25)

with the assumption ¢, &, <<, C is measured secondary current.



Sensors 2023, 23, 2704

11 of 17

0.50

0.00
0%

-2.00

-2.50

The Fluke 86 ammeter was calibrated for the specified current and frequency. The
goal was to obtain the complex error of the measuring system. This error consists of the
functional error of the current transformer and the calibration error of the measuring device.
Figure 11 shows a set of calibration curves for four frequencies 50 Hz, 100 Hz, 150 Hz, and
200 Hz measured at room temperature 26.3 °C.

~C /—4 ® ®
10%  20% /f30% Mgu”Zse—e8% /0% _ Sé% —9@k _ 100%

0,
L 4

—8—50 Hz
100 Hz
150 Hz
200 Hz

I ct (%)

Figure 11. Display of the ammeter calibration curve at a temperature of 26.3 °C.

8. Functional Dependence of CT Measurement Error on Temperature

By including the temperature in the expression for the functional error (24) of the
current transformer, the error values are obtained depending on the temperature. The
formula for the temperature coefficient of electrical resistance is:

Ret(T) =Ro - [1 +a - (T — To)] (26)

with:

« = temperature coefficient of electrical resistance, « = 0.00386 1/K

Ty = initial temperature, 20 °C

Rg = electrical resistance at temperature T, Ry = 0.445 Q)

In the formula for the CT error (27), the resistance is predicted to change in the variable
Ret, so the temperature values for currents from 0.1 A to 1 A are included. The expression
for the error is defined as follows:

2

e= |1 { @ LnRet r+ [ WL+ @ Luls 14| 000, (27
ni \| LR + w?(Ly + Lg)? R% + w?(Ly + Ls)?

9. Temperature 26.3 °C—Results

Figure 12 shows the diagrams of complex function error, measurement error, and error
difference.
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Figure 12. CT error depending on the secondary current for a temperature of 26.3 °C, f = 50 Hz.
(a) measured (red); function (blue); difference (gray). (b) “Spline” curve of function error ef and
measured error ep; R? = 0.9624.

10. Functional Dependence of CT Measurement Error on Frequency

In the formula for CT error (28), the frequency is predicted to change in the variable w,
so the frequency values are 50 Hz to 200 Hz. The current range ranges from 0.1 A to 1 A.
The expression for the error is, in this case [5,6]:

2

LnR 2 212 27, L
e= |- { ! 2} +[ O Tomts | 1].100%  (28)
Ny Rct+w (Lm+Ls) Rct+w (Lm+Ls)

By correcting the number of windings, a symmetrical distribution of the curves around
the abscissa axis X was obtained. The error ey, ranges from —0.65% to 0.74%.

Frequency 50, 100, 150, 200 Hz—Results

Follows a presentation of the obtained results for frequencies 50 Hz, 100 Hz, 150 Hz,
and 200 Hz. The values obtained from the model are compared with the measured val-
ues, and the data defining the accuracy and quality of the model parameters are shown.
Figure 13 shows the diagrams of complex function error, measurement error, and error
difference.

Figure 14 represents four curves of function error e and measured error ey,. Differ-
ences between curves can be seen depending on frequency [8,9].
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Figure 13. CT error curves depending on the secondary current for the frequency: (a) f = 50 Hz
measured (red); function (blue); difference (gray). (b) f = 100 Hz measured (red); function (blue);
difference (gray). (c) f = 150 Hz measured (red); function (blue); difference (gray). (d) f = 200 Hz
measured (red); function (blue); difference (gray).

Curves of function error e; and measured error e,

1.0

0.5

1.0

e (%)

-3.0
en (%)

Figure 14. Curve: 1. f = 50 Hz; R? = 0.9657, 2. f = 100 Hz; R? = 0.9607, 3. f = 150 Hz; R? = 0.9727, 4.
f=200Hz; R? = 0.916.
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11. Discussion about Results of Measurements

The curves from Figure 14 are divided into 9 segments shown in Table 4 using the
result of derivation (12), the analysis of the obtained results was performed. Each segment
is correlated with an ideal characteristic. The sign of the curve slope is marked with + or —.
It determines the correlation of the segment of the measured curve with the segment of the
ideal characteristic. Negative results are marked as “—1”. On these parts, the proposed
model behaves differently from the measured model, i.e., the correlation is negative. Since
the example that considers frequency dependence is taken, it is possible to refine the CT
model and cancel negative correlations on all segments. The parts marked as “—1" point
out the imperfection of the CT or measuring instrument, but also the shortcomings of the
model. The largest correlation oscillations are at 200 Hz.

Table 4. Correlation of ideal curve segments and measured curve segments.

4. 5. 6. 7.
1 2 Idi.al Curve Slope Curve Slope Slo Ceu ;‘1, en at Slo Ceu;‘i,en at
Point Segn;ent I (°}o) Curve Sign at 5.0 Hz/  Sign at 1(.)0 Hz/ fSO Hi/ 500 Hi/
. Correlation 3. Correlation 3. . .
SlopeSign Correlation 3. Correlation 3.
and 4. and 5.
and 6. and 7.
1. 10%
2. 1-2 20% + +/1 +/1 +/1 +/1
3. 2-3 30% + +/1 +/1 +/1 +/1
4. 3-4 40% + +/1 +/1 +/1 +/1
5. 4-5 50% + —/-1 +/1 +/1 +/1
6. 5-6 60% + +/1 +/1 —/-1 —-/-1
7. 6-7 70% + +/1 +/1 +/1 /-1
8. 7-8 80% + +/1 +/1 +/1 +/1
9. 8-9 90% + —/-1 —-/-1 +/1 —-/-1
10. 9-10 100% + +/1 +/1 +/1 —/-1
PEARSON CORRELATION “em A ef” 0.9827 0.98 0.9862 0.957

The quality of this analysis also depends of the number of segments. The higher the
number cause the more precise the segment determination. Moreover, the omissions that
were made at the beginning should not be ignored and can have influence on the marked
points.

12. Partial Correlation of Temperature, Frequency, and CT Measurement Error

If we calculate the connection between two phenomena, it is sometimes necessary
to exclude the importance of a third variable that can affect the amount of connection
between the first two variables. Partial correlation shows the correlation between two
variables where the influence of the third variable is excluded. It is calculated according to
the formula [4]:

12 — 713723 (29)

12/3 = > >
\/1—r13-\/1—r23

e  ryp—correlation coefficient between the 1st and 2nd variables; ry3—correlation coefficient
between the 1st i 3rd variables; ry3—correlation coefficient between the 2nd and 3rd
variables

The correlation coefficient is defined by the formula:
L DX -X)(%-Y)
i ; 2 wn 2
L(Xi— X))+ (Y- Y)

(30)
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In the analysis of the influence of temperature and frequency on the accuracy of
the current transformer, we will use the measurement results. Ten measurements were
performed for four frequencies and four temperatures, for a total of 4 x 4 x 10 = 160
measurements. In Section 8, the functional dependence of the CT error on temperature
was shown, and in Section 10, the functional dependence of the CT error on frequency was
shown.

A prerequisite for the calculation of the partial correlation is the calculation of the
matrix of all correlations, which is given in Table 5.

Table 5. Correlation matrix.

Temp.; Ry Freq.; Ry Error CT; R3
Temp.; Rq 1.0000 0.0000 —0.3137
Freq.; R; 0.0000 1.0000 —0.0137
Error CT; R3 —0.3137 —0.0137 1.0000

rip—correlation coefficient between temperature and frequency, r1 =0
ri3—correlation coefficient between temperature and CT error, 713 = —0.3137
rps—correlation coefficient between frequency and error CT-a, rp3 = —0.0137

When calculating partial correlation, we obtain the “correct” correlation between the
quantities, which, in the specific case, means:

e  The influence of frequency on the relationship between temperature and error is 713/,
= —0.3138 (Table 6), which is very close to the correlation of these two quantities,
r13 = —0.3137 (Table 5). The conclusion is that the frequency does not influence the
relationship between CT error and measurement temperature.

e  Theinfluence of temperature on the frequency and CT error is 7,3 /1 = —0.0144 (Table 6),
which is very close to the linear correlation of these two quantities, r;3 = —0.0137
(Table 5). The conclusion is that temperature has no significant influence on the
relationship between CT error and measurement frequency.

Table 6. Matrix of partial correlation-influence on connection.

Freq.; R, CT Error; R3 Temp.; Ry
Temp/CT Error; Ry3 —0.3138
Temp/Freq; R12 —0.0045
Freq./CT Error; Rp3 —0.0144

It should be noted that the partial correlation 71,3 was not considered due to the
illogicality of the results of that measurement.

r1p/3—partial correlation coefficient between temperature and frequency, 715,53 =0
r13/2—partial correlation coefficient between temperature and CT error, 113/, = —0.3137
1p3/1—partial correlation coefficient between frequency and CT error, 153,17 = —0.0137

At the end, Table 7 displays the changes after the correction of correlation and elim-
inates influences of the frequency (the change: —0.003%) and temperature (the change:
—5.1%).

Table 7. Relations of values.

Correlation Value Be_fore Value A.fter D%
Correction Correction

1. Temp./CT Error —0.3137 —0.3138 —0.003%
2. Freq./CT Error —0.0137 —0.0144 —5.1%
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13. Conclusions

As is pointed out in Section 11, the Pearson correlation can be used to improve the
model of CT. Using the proposed model, we can define the point where the deviation from
the model is significant. There are two ways to be near to the ideal characteristic: To correct
the mathematical model or to change the performance of CT. The Pearson correlation in
this work shows possible errors which are recognized as changes of slope in comparison
with the ideal characteristic.

Generally, the deviation of the measured and calculated value shown in Figures 13b
and 14a-d was the impetus for determining the partial correlation of temperature and
frequency to the measurement error. The regression factor, same as Pearson correlation, has
high values. The calculation proved that there is no significant influence of each of these
quantities on the interconnection of another quantity with measurement error, except in the
cases pointed out in Section 11.

Moreover, the influence of the digital measuring instrument is the limiting factor.
The measurement limit of three decimal places can disturb the total result and bring in a
disturbance.

At the end of experiment, the calculation of partial correlation between three factors
is performed: temperature, frequency, and function of error. This verification is useful to
estimate the influence of external variables such as temperature and frequency, to be sure
they have an influence on the mutual interference of the two monitored variables.

The whole experiment can be considered successful from the perspective of developing
a method of determining the parameters of the current transformer using a statistical
method [10,11].
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