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'e capacitive voltage transformer (CVT) is a special measuring and protecting device, which is commonly applied in high-
voltage power systems. Its measurement accuracy is affected seriously by the stray capacitances of the capacitance voltage divider
(CVD) to ground and other charged parts. In this study, based on the boundary element method, a mathematical model was
established firstly to calculate the stray capacitance. 'en, the voltage distribution of the CVD was obtained by the CVD’s
equivalent circuit model. Next, the effect of stray capacitance on the voltage distribution and the voltage difference ratio (VDR) of
CVD was analysed in detail. We finally designed three types of shield and optimized their structure parameters to reduce VDR.
'e results indicated that the average deviation rate between calculated and experimental measured voltages is only 0.015%; that is
to say, the method has high calculation precision.'e stray capacitance of the CVD to ground is far larger than that of the CVD to
the high-voltage terminal. It results in the inhomogeneous distribution of voltage and the increase of VDR. For the test CVT, its
VDR exceeds the requirement of class 0.2. Among all of the three types of shield, the C type reduced the VDR of the test CVT the
most. After optimizing the structure parameters of C-type shield, the VDR is further reduced to 0.08%. It is not only in accord with
the requirement of class 0.2 but also has an adequate margin.

1. Introduction

'e Capacitor Voltage Transformer (CVT) has high di-
electric strength, fast transient response, wide dynamic
range, low power consumption, and nonferromagnetic
resonance with power systems. It also can reduce the head
steepness of lightning shock and be used as a coupling
capacitor for the power carrier communication [1–4].
'us, it is widely applied in power systems from 35 to
1000 kV. Especially, in the high voltage of 110 kV and
above, its market share is over 90%. 'e measurement
accuracy of CVT is one of the key parameters for ensuring
the safe and stable operation of the power system. 'e
IEC-60044-5:2004 standard defines the measurement
accuracy classes of a single-phase CVTare 0.2, 0.5, 1.0, and
3.0 [5]. It means that, for the highest class 0.2, the
measurement accuracy of CVT, which is generally

equivalent to the voltage difference ratio (VDR), must be
below 0.2%. Stray capacitance affects the performance of
high-voltage devices seriously, such as voltage dividers,
insulator strings, modular power supplies, and measuring
instruments [6]. 'us, it must be considered in the design
of high-voltage devices. 'e stray capacitances of the CVT
to ground and other charged parts play an important role
in causing the VDR of the CVT [7]. Especially for the CVT
applied in the ultra-high-voltage level, the effect of stray
capacitance on its VDR is more serious [8]. For instance,
the VDR of CVT which applied in the 750 kV power
system caused by the stray capacitor is larger than 0.2%
[9]. It exceeds the requirement of class 0.2. 'erefore, it is
urgent to study the influence of stray capacitance on the
VDR of CVT and explore solutions to reduce the adverse
effect of stray capacitance, so as to ensure the safe and
stable operation of the power system.
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In recent years, various works have already been carried
out for studying the effect of stray capacitance on the electric
performance of a high-voltage device. 'e stray capacitor and
the impulse voltage distributions of the HVDC converter
valve are calculated by the field-circuit coupling method [10].
'e difference between the calculated and experimental
voltages is less than 0.1%. Some researchers study the in-
fluence of stray capacitance on the voltage distribution of the
insulator string [11–13]. 'e results show that stray capaci-
tance caused the inhomogenous distribution of insulator
string voltage. 'e electric stress on the insulator close to the
power line is obviously higher than that close to the tower. A
grading ring [14] and metal electrodes [15] can homogenize
the voltage distribution effectively. 'e stray capacitance can
also affect the voltage distribution of breaks for themultibreak
vacuum circuit breaker [16, 17]. For a three-break circuit
breaker, the partial voltage of high-voltage break exceeds 60%
due to the effect of stray capacitance of the low-voltage break
to ground. It may result in the breaking failure for the short
current. Paralleling capacitances across breaks can improve
the uniformity of break voltage distribution effectively. 'e
effects of the stray capacitor on the performance of a high-
voltage arrestor are studied in [18–20]. JLi et al. [18] calculated
the stray capacitance, total leakage current, resistive leakage
current, and phase angle difference of arresters by the finite-
element method. 'e interphase interference from stray ca-
pacitance can be eliminated by the iterative algorithm based
on the resistance-capacitance network model. He et al. [20]
analysed the electric potential distribution of the 1000 kV
MOV based on an idea of field-circuit combination, i.e., the
3D finite-element method and circuit-analytic method. 'e
nonuniform coefficient of potential distribution can be re-
duced to within ±5% by installing the grading ring and
parallel capacitors.

But, up to now, there are few studies about the effect of
stray capacitance on the CVT. For the CVT applied in the
750 kV voltage level and above, the stray capacitance of the
CVT to the high-voltage terminal increases the VDR of the
CVTmore than 0.1% [21]. Installation of a grading ring for a
new UHV equipotential shielding CVT can improve the
voltage distribution and compensate for the adverse effect
caused by stray capacitance [3]. Furthermore, the rated bulk
capacitances of this UHV CVT are derived under the inter-
ference of stray capacitances [7].'ey are much less than those
of the traditional CVT without a grading ring for the same
accuracy class. 'e research results can reduce the
manufacturing difficulty and cost. 'e measurement precision
of the CVT is affected by stray capacitance and temperature
[22]. It can be reduced to 0.1% by choosing large bulk ca-
pacitances and resistances with low temperature coefficient.
'e influence of stray capacitance on the VDR of the CVT is
analysed by the field-circuit coupling method with the as-
sumption of the homogenous distribution of stray capacitance
[2, 23]. However, the distribution of stray capacitance is
inhomogenous in fact.'e abovementioned analysis results are
not accurate. Reference [24] reviews the calculationmethods of
the stray capacitance of the CVT, but due to the complex
structure of the CVT, it is a failure to solve the stray capacitance
by the surface charge method.

Although great progress has been made for the research
of the CVT, it is still hard to analyse the effect of stray
capacitance on the VDR of the CVT accurately and quan-
titatively due to the complex configuration of the CVT [25],
the difficulty in the experimental measurement of stray
capacitance directly [26], and the variation of stray capac-
itance with the installation location of the CVT [27].

'e purpose of this paper is to present a new calculation
method of stray capacitance and further analyse the effect of
stray capacitance on the VDR of the CVT. In this context, a
model based on the boundary element method (BEM) is
established to calculate the stray capacitance of the capac-
itance voltage divider (CVD).'e voltage distribution of the
CVD is obtained by the equivalent circuit model of the CVD.
'e reliability of the method is confirmed by comparing the
calculated voltage with experimental measured results.'en,
the effect of stray capacitance on the VDR of the CVT is
analysed. Finally, the structure and parameters of the shield
are optimized to further reduce the VDR of the CVT. 'e
research results can contribute to design the high-precision
CVT more efficiently.

2. Structure andOperationPrinciple of theCVT

Currently, the most widely applied of CVT in the power
system has a column structure as shown in Figure 1. It
consists of two parts: a capacitance voltage divider (CVD)
and electromagnetic unit (EMU).

'e CVD is mainly composed of a high-voltage ca-
pacitor, a medium-voltage capacitor, an external metal ex-
pander, and a porcelain insulator. Both of the high- and
medium-voltage capacitors consist of dozens or hundreds of
capacitance units in series. Each capacitance unit is made of
aluminum foil and insulating film which are stacked to-
gether and immersed in insulating oil [28–32]. 'e CVD
converts a primary high voltage into a medium voltage
ranging from 10∼25 kV as the input voltage of the EMU.'e
EMU is made up of a compensation reactor, a medium-
voltage transformer, and a damper. It is used to convert the
medium voltage, i.e., the output voltage of the CVD, into a
standard secondary voltage as the inputs of power meters
and relay protection devices.

In general, the total VDR of the CVT depends on the
CVD, EMU, the temperature shift, power frequency vari-
ation, and proximity effects. Among them, it is believed that
the CVD and EMU are the main factors [7]. 'e EMU is
poured in an aluminum alloy box as a whole, so it is hardly
affected by the external electromagnetic interference (EMI).
However, the CVD does not have any electromagnetic
shield. It is easily affected by EMI. 'erefore, in this paper, it
is reasonable to ignore the EMU and only take the effect of
the CVD on the VDR of the CVT into account. 'e VDR of
the CVD is assumed to be approximately equal to that of the
CVT. Besides, the VDR of the CVD depends mainly on the
bulk capacitance, the stray capacitance of the CVD to
ground and the high-voltage terminal [33–36]. 'us, in
order to analyze of the effect of stray capacitance on the VDR
of the CVD, it is necessary to calculate the stray capacitance
of the CVD accurately first.
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3. Calculation of Stray Capacitance and
Voltage Distribution

3.1. Calculation of Stray Capacitance Based on the BEM.
Firstly, the CVD is divided into n capacitance units. 'en,
the electric potential and the quantity of surface charges on
unit i are set as φi and Qi, i� 1, 2, 3, . . ., n, respectively. 'e
low-voltage terminal of the CVD is usually connected to
ground directly or via a drain coil with negligible impedance
at rated frequency. So, it is assumed as the reference ground

with 0V electric potential. 'e surface charge, electric po-
tential, and capacitance of all units satisfied the following
relationship:
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. (1)

'e abbreviation of equation (1) is Q�CΦ, where Q and
Φ are the column vectors of surface charge and electric
potential of all units, respectively. C is the capacitance co-
efficient matrix of the CVD. 'e off-diagonal element Cij or
Cji (i, j� 1, . . .n, and i≠ j) is the mutual capacitance of unit i
to unit j.

'e diagonal element Cii is the sum of the stray ca-
pacitance of unit i to ground Cig and the mutual capacitances
of unit i to other units. Hence,

Cig � Cii − 
n

j−1
Cij(i≠ j). (2)

'e absolute value of the element in the first column of
matrix C, i.e., Ci1 (i� 2, 3, . . ., n, i≠ 1), is the stray capac-
itance of unit i to the high-voltage terminal.

'e main calculation methods of electrostatic field are
the finite-element method (FEM) and the BEM. 'e BEM
describes the mathematical and physical problems with
boundary integral equations and solves them by the discrete
technique of the FEM. It has higher accuracy than the FEM
[37, 38]. Hence, this article adopted the BEM to calculate the
stray capacitance of the CVD.

Firstly, the electric potentials of unit i and other units
were assumed to be 1V and 0V, respectively. From equation
(1), if the total quantity of surface charges on each unit was
known, the elements in column i of C can be obtained. In
this case,

Cji � Qj, j � 1, 2, . . . , n. (3)

Secondly, the lateral surface of all capacitance units were
divided into m patches. 'e total charges on each unit were
assumed to be scattered homogeneously on its patches.
Hence, the electric potential φk at the center position xk of
patch k (k� 1, 2, . . ., m) is as follows:

φk � φkl + φk0, (4)

where φk0 and φkl are the electric potentials at point xk
generated by the charges on patch k and patch l (l� 1, 2, . . .,
m and l≠ k), respectively.

φko �
0.2821σk

ε0

���
Ak


�
0.2821
ε0

���
Ak

 qk, (5)

where ε0 is the vacuum permittivity, Ak is the area of patch k,
and σk and qk are the density and quantity of charges on
patch k, respectively.
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Figure 1: Column CVT structure. 1- CVD, 2- EMU, 3- high-
voltage terminal, 4- metal expander, 5- porcelain insulator, 6- high-
voltage capacitor, 7- medium-voltage capacitor, 8- medium-voltage
tap, 9- low-voltage terminal, 10- EMU box, 11- secondary terminal
box, 12- compensation reactor, 13- damper, and 14- medium-
voltage transformer.
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where rkl is the distance between the center positions of
patch l and patch k, Al is the area of patch l, and σl is the
density of charges on patch l.

For all patches, equation (6) can be rewritten in the
following matrix form:

pq � φ, (7)

where p is a parameter matrix (m×m), q is the column
vector (m× 1) of the quantity of charges on all patches, and φ
is the column vector (m× 1) of the electric potential of all
patches.

'en, the electric potential of all patches of unit i and
that of other units was set to be 1V and 0V, respectively.
Referring to equation (7), the charges on each patch qk can
be obtained. Next, substituting qk into equation (3), the
elements in column i of C were obtained as follows:

Cji � Qj � 
k∈j

qk, j � 1, 2, . . . n.
(8)

By repeating the abovementioned processes, the ca-
pacitance coefficient matrix C can be solved. 'en, the stray
capacitances of units to ground and the high-voltage ter-
minal were obtained correspondingly.

3.2. Calculation of Voltage Distribution of the CVD. After
obtaining the stray capacitance, the voltage distribution of
the CVD was calculated in this part. Each capacitance unit
was regarded as a voltage node. 'e electric potential of the
node at the high-voltage terminal was assumed to beU1, and
the low-voltage terminal was grounded directly. Taking the
stray capacitance of units to ground and the high-voltage
terminal into account, the equivalent circuit of the CVD was
obtained, as shown in Figure 2. Here, Ci is the capacitance of
unit i, Cig is the stray capacitance of unit i to ground, and Cih
is the stray capacitance of unit i to the high-voltage terminal,
and it replaced the parameter Ci1 in Section 3.

'e node voltage equation of the CVD is as follows:

YBU � I, (9)

where _U is the node voltage column vector,
_U � [ _U1, _U2, . . . , _Un]T. _I is the current column vector,
_I � [ _I1,

_I2, . . . , _In]T.
From Figure 2, any element _Ii of _I can be derived:

Ii �
Ii, i � 1,
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Also, the node admittance matrix YB can also be derived:
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, (11)

where yn is the self-admittance of unit n, yn � jωCn, ω� 100π.
ynh is the admittance of unit n to the high-voltage terminal,
ynh � jωCnh. yng is the admittance of unit n to ground,
yng � jωCng.

Substituting equations (10) and (11) into equation (9),
the column vector of node voltage _U was solved, and then,
the voltage distribution of the CVD was obtained
correspondingly.

3.3. Method Verification. 'e previous two sections pre-
sented the calculation method for the stray capacitance and
the voltage distribution of the CVD. Next, we verify the
proposed method by comparing the calculated result with
the experimentally measured result.

'e experimental schematic diagram of CVT voltage
measurement is shown in Figure 3. U1, the high-power-
frequency input voltage of the CVT, is generated by using a
frequency series resonance device, Ui is the power grid
voltage, T1 is the excitation transformer, U is the output

voltage of T1, R is the current limiting resistor, and L1 is the
adjustable reactor. 'e output voltage of the CVD is mea-
sured by using the voltage transformer calibrator.

'e test platform of the CVT is shown in Figure 4. 'e
voltage transformer calibrator model is PT101 with the
following parameters: the measuring accuracy is up to
0.002%, and the measuring range is 0∼60 kV. 'e frequency
series resonance device model is MEXB-108. Its main
structure and electrical parameters are as follows: the input
voltage of the excitation transformer is 400V, the output
voltage is 6 kV, and L1 is an adjustable reactor with an
adjustable range of 0∼110H. Cf is a series resonant capac-
itance with 1000 pF. 'e test CVTmodel is TYD110/0.01H.
Its main structure and electrical parameters are as follows:
the height of the CVD is 1.15m, the output voltage of the
CVD must be within the range of 15 kV to 25 kV to prevent
damage to the insulation of the EMU, thus the adjustable
position of the medium-voltage tap from ground is 0.162m
to 0.253m (default position is 0.24m), the average radius of
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the CVD is 0.30m, the CVD is made up of 50 capacitance
units in series (i.e., n� 50), and its total capacitance value is
10000 pF (where the high-voltage capacitor C1 � 12574 pF
and medium-voltage capacitor C2 � 48853 pF).

When U1 � 110 kV and the total number of patches of all
units m� 1000, the voltage distribution of the test CVD is
calculated and shown in Figure 5. Adjusting the position of
the middle-voltage tap, the measured voltages at four dif-
ferent positions are also illustrated in Figure 5.

'e comparison of calculated voltages, measured volt-
ages, and their maximum deviation rates at four different
positions is shown in Table 1. 'e measured voltage is the
average value of six measurements. When the measurement
number is six and the confidence probability is 0.95, the
measurement uncertainty is 1.5×10−3 kV. As can be seen
from Table 1, at the default position of the medium-voltage
tap, the calculated and measured voltages are 22.459 kV and
22.461± 1.5×10−3 kV, respectively. 'e maximum voltage
difference is 0.0034 kV, and the deviation rate of voltage is as
low as 0.0015%. For the four selected measurement posi-
tions, the maximum deviation rate of voltage is only 0.021%,
and the average deviation rate of voltage is as low as 0.015%.
'erefore, the method proposed in this paper had high
accuracy, and it is suitable for calculating the stray capac-
itance and the voltage distribution of the CVD.

4. Results and Discussion

4.1. Effect of Stray Capacitance on Voltage Distribution and
VDR of the CVD. Figure 6 presents the stray capacitances of
each unit to ground and the high-voltage terminal. As we
can see from this, from the high-voltage terminal to ground,
Cg increases rapidly from 28 pF to 123 pF and Ch decreases
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Figure 2: Equivalent circuit of the CVD.

T1
U1

Ui

L1
Cf

C1

2a

1a

1n

2n
da

dn

C2

U

Frequency series resonance device

Voltage transformer
calibrator

CVD EMU

L z

T

Figure 3: Schematic diagram of voltage measurement of the CVT.
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120

100

80

60

40

20

0
0 0.2 0.4 0.6

Distance from calculation position to ground (m)

Distance from calculation
position to ground (m)

Measured voltage

V
ol

ta
ge

 d
ist

rib
ut

io
n 

(k
v)

27
25
23
21
19
17
15

0.18 0.2 0.22 0.24 0.26 0.28

V
ol

ta
ge

 (k
v)

0.8 1.21

Figure 5: Voltage distribution of the test CVD.

Complexity 5



slowly from 56 pF to 8 pF. Near the low-voltage terminal,
Cg is much larger than Ch. But, near the high-voltage ter-
minal, the difference between Cg and Ch is not obvious. 'is
may result in the inhomogeneous distribution of CVD voltage.

'e voltage drop on each capacitance unit of the test
CVD is illustrated in Figure 7.

As shown in Figure 7, the voltage drop on the capaci-
tance unit of the test CVD is not uniform. From the high-
voltage terminal to the low-voltage terminal, it decreases
rapidly from 2.36 kV to 2.12 kV. 'is is mainly attributed to
the large Cg near the low-voltage terminal.

'e expression of VDR is as follows [2]:

VDR �
KNUout − U1

U1
× 100%, (12)

where Uout is the output voltage of the CVD and kN is the
ideal partial voltage ratio of the CVD.

Uout can be changed by adjusting the position of the
medium-voltage tap. Within the adjustable range of the
medium-voltage tap (0.162m to 0.253m from ground), the
VDR of the CVD is shown in Figure 8. As we can see, the
VDR reduces linearly from 0.292% to 0.273% with the in-
crease of the medium-voltage tap position. At the default
position of the medium-voltage tap, the VDR is 0.276%.
Although the VDR of the CVD can be reduced by adjusting
the position of the medium-voltage tap, it is still higher than
the requirement of class 0.2 which specified in the IEC-
60044-5:2004 standard.

4.2. Effect of the Shield on the VDR of the CVD. As stated
above, due to the effect of stray capacitance, the VDR of the
test CVD exceeded the requirement of class 0.2 even
adjusting the position of the medium-voltage tap. Some
studies indicate that the metal shield and grading ring can
compensate for the effect of stray capacitance, improve the
distribution of electric field, and boost the voltage endurance
and insulation strength of the high-voltage apparatus ac-
cordingly [14,15,39]. In this section, we analyze the effect of
the shield on the VDR of the test CVD and optimize the
structure parameters of the shield to reduce VDR further.

'ree types of shield are designed for the test CVT in this
study.'ey are A type (only one shield installed on the high-
voltage terminal), B type (only one shield installed on the
low-voltage terminal), and C type (two shields installed on
both of the high- and low-voltage terminals), as shown in
Figure 9. L and l are the lengths of the shield on the high- and
low-voltage terminal, respectively. D and d are the distances
from the shield on the high- and low-voltage terminal to the
axis of the CVD, respectively. 'e default parameters of the
shield are L� 230mm, D� 75mm, l� 430mm, and
d� 100mm. 'e shields are metallic cylindrical layers made
of copper, and their thickness is 2mm.

Figure 10 illustrates the effects of the shield with default
parameters on the voltage distribution and VDR of the CVD.
It is shown that, for all of the CVDs with the shield, the
voltage distributions are more uniform and VDR is smaller
than the CVD without shield. Among the three types of

Table 1: Comparison of calculated and measured voltages at four different medium-voltage tap positions.

Position (m) Measured voltage (kV) Calculated voltage (kV) Maximum deviation rate of voltage (%)
0.18 16.840± 1.5×10−3 16.842 0.021
0.20 18.706± 1.5×10−3 18.707 0.013
0.22 20.582± 1.5×10−3 20.581 0.012
0.24 22.461± 1.5×10−3 22.459 0.015
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shield, the C-type shield is the best choice. As shown in
Figure 10(a), the voltage drop on the capacitance unit of the
CVDwith the C-type shield is themost uniform. Specifically,
the maximum voltage drop reduces from 2.31 kV (A type) to
2.24 kV (C type) while the minimum voltage drop increases
from 2.12 kV (A type) to 2.16 kV (C type). In addition,
Figure 10(b) shows that, for the CVDwith a C-type shield, its
VDR is the smallest. For instance, the VDR decreases from
0.261% (A type) to 0.192% (C type) at the default position
of the medium-voltage tap. As we can also see from
Figure 10(b), the VDR of the CVD with a C-type shield
varies from 0.204% to 0.191% within the adjusting range of
the medium-voltage tap position. Moreover, the VDR is less
than 0.2% within the range of 0.20m to 0.25m from ground.
It satisfies the requirement of class 0.2. But, it does not have
an adequate margin.

To reduce the VDR of the CVD further, the optimization
of structure parameters of the C-type shield is performed.
Due to the internal insulation requirement and technology
limitations of the CVT, the adjustable ranges of L and l are
limited within 100∼500mm, D and d are limited within
50∼200mm.

'e minimum VDR is the optimization goal. 'e op-
timization strategy is to optimize one of the parameters L, D,
l, and d in turn. During each optimization, the previous
optimization results are used as default parameters, and the
unoptimized parameters are defaults. 'e optimization re-
sults of parameters are shown in Figure 11.

As can be seen from Figure 11, all parameters L, D, l, and
d affect the VDR of the CVD. But, compared with D and L,
the effects of l and d are more obvious. Specifically, from
Figure 11(a), when L varies from 100mm to 500mm, other
parameters are defaults, the minimum VDR� 0.18%, and
here, L� 240mm. As shown in Figure 11(b), when D varies
from 50mm to 200mm, L� 240mm; meanwhile, other
parameters are defaults, the minimum VDR� 0.165%, and
here, D� 100mm. As illustrated in Figure 11(c), when l
varies from 100mm to 500mm, L� 240mm and
D� 100mm; while other parameters are defaults, the min-
imum VDR� 0.12%, and here, l� 320mm. As shown in
Figure 11(d), when d varies from 50mm to 200mm,
L� 240mm, D� 100mm, and l� 320mm, the minimum
VDR� 0.08%, and here, d� 150mm.

According to the analysis mentioned above, the opti-
mization of parameters for the C-type shield improves VDR
greatly. 'e VDR of the CVD was reduced from about 0.2%
before optimization to only 0.08% after optimization.
Compared with the requirement of class 0.2 (0.2%), it has an
adequate margin.

5. Conclusions and Future Work

'is paper proposed a method based on the boundary el-
ement method and the equivalent circuit of the CVD to
calculate the stray capacitance and voltage distribution of the
CVD.'en the effect of stray capacitance on the VDR of the
CVD was studied. At last, the structure and parameters of
the shield were optimized to reduce the VDR of the CVT
further. 'e following conclusions can be drawn:

(1) 'e proposed method has high precision. 'e av-
erage deviation rate between calculated voltage and
experimental measured voltage was only 0.015%. It is
a useful and reliable tool for the calculation of stray
capacitance and the voltage distribution of the CVD.

(2) For the test CVT, although its VDR was reduced
from 0.292% to 0.273% by adjusting the position of
the medium-voltage tap, it still did not satisfy the
requirement of class 0.2.

(3) All of the three types of shield reduced the VDR of
the CVD effectively, in particular the C-type shield.
After the optimization of structure parameters for
the C-type shield, the VDR was reduced from about
0.2% to only 0.08%. 'e optimization results of
shield parameters were L� 240mm, D� 100mm,
l� 320mm, and d� 150mm.

'e research work in this paper can be used as a ref-
erence for studying the effect of stray capacitance on the
performance of the CVD and is helpful to the optimal design
of a high-precision CVT. However, the measurement ac-
curacy of the CVT is affected by numerous and complex
factors, and only the key factor of stray capacitance was
considered in this paper. In future, we will focus on the
effects of other factors on the measurement accuracy of the
CVT, such as the phase-to-phase interference, the dielectric
loss of the capacitor unit, the temperature shift, and the
variation of power frequency.
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