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Pillar electrical equipment is an important part of substations. *e application of composite materials in pillar equipment can
facilitate the improvement of the seismic performance of electrical equipment. In this paper, the test of elastic modulus and
bending rigidity was conducted for individual composite elements in insulators and arresters, and the calculation formula for
bending rigidity at the composite flange cementing connections was put forward. *e numerical simulation model for the
earthquake simulation shaking table test of ±1,100 kV composite pillar insulators was established, in which the bending rigidity
value for the flange cementing part was obtained by the test or calculation formula. *e numerical simulation results were
compared with the earthquake simulation shaking table test results, the dynamic characteristics and seismic response of the model
were compared, respectively, the validity of the proposed calculation formula for flange bending rigidity of composite cementing
parts was verified, and a convenient and effective means was provided for calculating the seismic performance of composite
electrical equipment.

1. Introduction

Pillar electrical equipment, such as pillar insulators and
arresters, is an important part of electrical equipment in
substations. *e insulators are the electrical equipment
components in the substations used to support the live wires
or tubular busbars, accommodate the electrical elements,
and provide the insulation distance. *e traditional pillar
electrical equipment is made of porcelain materials. How-
ever, since the porcelain materials are prone to brittle
damage or fracture during the earthquakes because of their
brittleness, the seismic performance of the equipment is
rather low, and the seismic capacity of electrical equipment
in substations faces bigger challenges [1–4].

*e pillar electrical equipment is generally assembled by
individual elements connected by flanges. *e bending rigidity
of flange cementing points is essential for the seismic analysis of
electrical equipment. In the analysis ofmechanical properties of
electrical equipment, the members such as components and
flanges of connecting components shall be considered.

For porcelain bushing components, the most widely
used flange connection method is cementing. Domestic and
foreign scholars have conducted rather systematic study on
the rigidity of cementing between the porcelain bushing and
the flange [5–11].*e standards in China and Japan treat the
flange connections as elastic connections and provide the
calculation formula of flange bending rigidity [5, 6]. Zhu
et al. [7] conducted the bending rigidity test of UHV por-
celain bushing components, corrected the bending rigidity
coefficient formulas proposed in the standards in China and
Japan, and provided the calculation formula for flange
bending rigidity suitable to UHV porcelain electrical
equipment. Zhang et al. [8] studied the bending rigidity of
the connections between the UHV porcelain bushing and
the flange, corrected the bending rigidity calculation coef-
ficient, and compared it with the test results. Chen et al. [9]
studied the bending rigidity of 500 kV arrester flange points
by the finite element method and proposed a modeling
method suitable for flange cementing points of HV electrical
equipment.
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With the development of materials science, new glass
fiber-reinforced plastics (hereinafter referred to as the
“composite”), thanks to their good insulation properties and
mechanical properties, have gradually become a substitute
material to solve the problem of weak seismic performance
of porcelain electrical equipment. In recent years, domestic
and foreign scholars have carried out corresponding re-
search on the mechanical properties and seismic perfor-
mance of composite electrical equipment [11–24]. *e
representative research is the research on the seismic per-
formance of ±800 kV composite insulators conducted by
Cheng et al. [12] through the earthquake simulation shaking
table test, during which the displacement, strain, and ac-
celeration responses of key parts of the equipment are ob-
tained, and the comparative analysis was conducted for
seismic response of the pillar insulators with and without the
brackets. Schiff et al. [13] conducted a shaking table test of
composite insulators and studied the nonlinear seismic
response of composite insulators under seismic loads.
Hirwani et al. [15] investigated the effect of delamination on
the free vibration behaviour of the laminated composite
curved panels of different geometries (cylindrical, spherical,
elliptical, hyperboloid, and flat). *e effect of different
materials and geometrical parameters including the size,
location, and position of the delamination on the free vi-
bration behaviour of the laminated composite shell panel has
been analysed numerically and discussed in detail. Kulmani
et al. [16] studied the vibration frequencies of the multi-
walled carbon nanotube-reinforced polymer composite
structure.*e specific conclusions were drawn by examining
different numerical examples for various structural pa-
rameters using the experimental properties. Kumosa [22, 23]
conducted the test and numerical simulation research on the
cementing points between the composite material and the
flange in the insulators and analysed the impact of bonding
surface properties and adhesive strength on the cementing
capacity. Sheng et al. [24] tested the dynamic characteristics
of composite insulators and the bending rigidity of flange
connections and pointed out that, since the cementing
structure of composite insulators is quite different from that
of porcelain insulators, the calculation formula for flange
bending rigidity proposed in the standards in China and
Japan is no longer applicable to composite equipment.

In conclusion, because of the difference between the
cementing structure of flanges in composite equipment and
that in porcelain equipment, the calculation formula for
bending rigidity at flange connections of porcelain equip-
ment is no longer applicable to the composite equipment.
With the wide application of composite equipment, the
seismic performance verification of the equipment requires
the accurate establishment of the calculation model for
bending rigidity at flange connections. At present, there is no
in-depth study on the bending rigidity at composite flange
connections. In this paper, the test of elastic modulus and
bending rigidity was conducted for individual elements in
composite insulators and composite arresters, and the cal-
culation formula for bending rigidity at flange connections
was obtained by the analysis and research of test data. *e
methods of numerical simulation and earthquake simulation

shaking table test were used to conduct the comparative
study on the seismic performance of ±1,100 kV pillar in-
sulators, and the validity of the proposed calculation formula
for flange bending rigidity was verified.

2. Test of Elastic Modulus and Bending
Rigidity for Individual Composite Elements

2.1. Test Pieces. *e test pieces are individual elements of the
±1,100 kV pillar insulator and ±800 kV arrester equipment.
*e ±1,100 kV pillar insulator has a total length of 15.66m
and a total weight of 3.7 tons. Figure 1(a) illustrates the
corresponding assembly diagram. *e pillar insulator is
assembled from six individual insulators (labeledA1,A2,A3,
A4, A5, and A6 from top to bottom), each of which consists
of a solid composite insulator pillar with a diameter of
300mm. Both ends of the insulator pillar are cemented to the
flange by adhesive. *e ±800 kV arrester has a total length of
6.26m and a total weight of 1.23 tons. Figure 1(b) illustrates
the corresponding assembly diagram. *e arrester is as-
sembled by two composite bushings (labeled A7 and A8
from top to bottom), of which A7 has a length of 3.10m, an
outer diameter of 320mm, and a wall thickness of 10mm
and A8 has a length of 3.16m, an outer diameter of 400mm,
and a wall thickness of 21mm. Both ends of the bushing are
cemented to the flange by adhesive. *e parameters of the
insulators are shown in Table 1. Figure 1(c) illustrates the
parameters of the cementing between the bushing and the
flange, where d is the outer diameter for flange cementing
and h is the flange height. *e unit of length is mm, and the
unit of mass is kg.

2.2. Test Scheme. *e test principle and scheme for the
elastic modulus of individual insulators and the bending
rigidity at the insulator flange connections have been in-
troduced in detail in reference [21], so they will not be
described in detail here.

Regarding the test of elastic modulus, the stress at the
root of the pillar insulator can be calculated by the following
formula:

σ �
32FH

πD3 , (1)

where F is the tensile force applied on the top end of the
pillar insulator by the actuator,H is the height of the top end
of the pillar insulator relative to the strain gauge pasting
location, and D is the diameter of the pillar insulator.

*e bending rigidity of the flange is defined as follows:

Kc �
M

θ
�

FL

θ
, (2)

where M is the moment of force applied on the cementing
part, F is the tensile force applied on the top end of the
insulator, L is the length of the pillar insulator, and θ is the
rotation angle of the cementing part.

2.3. Test Results. Figure 2 illustrates the curves of change of
the force applied on the top end of insulators A1 and A6 with
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Figure 1: Schematic diagram of the test piece assembly. (a) ±1,100 kV insulator assembly drawing, (b) ±800 kV arrester assembly drawing,
(c) flange connection parameters.

Table 1: Parameters of individual insulators.

No. Length Mass Diameter of the section Flange height Outer diameter of the flange
A1 3225 710 300 150 340
A2 2425 585 300 150 340
A3 2465 590 300 180 340
A4 2495 595 300 180 340
A5 2495 595 300 200 360
A6 2555 630 300 220 360
A7 3100 372 320 105 330
A8 3160 853 400 108 410
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Figure 2: Curves of change of force applied on the top end of individual insulators A1 (a) and A6 (b) with the displacement of the top end.
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the displacement of the top end. As can be seen from the
curves in the figure, the change law of the “load-displace-
ment” relationship of individual insulator elements is ba-
sically the same.

Let us take insulator A6 as an example. *e elastic
modulus on the tension side is about 40.7GPa, and the
elastic modulus on the compression side is about 41.2GPa.
*e linear fitting is performed for the stress data on the
tension side and those on the compression side, and the
slope of the fitted curve is taken as the average elastic
modulus of insulator A6, as illustrated in Figure 3. Table 2
shows the elastic moduli of the remaining seven insulators.

Figure 4 illustrates the curves of the relationship be-
tween the bending moment at the root of the insulator and
the rotation angle of the flange in insulator A6. *e slope of
the curve is the bending rigidity of the insulator flange
connection. *e tensile and compressive bending rigidities
are averaged to obtain the bending rigidity of individual
insulators. For example, the tensile bending rigidity at the
flange cementing part of insulatorA6 is about 54,391 kN·m/
rad and the compressive bending rigidity is about
38,394 kN·m/rad. *e linear fitting is uniformly performed
for the test data at the tension side and the compression
side, and the slope of the curve is taken as the average
bending rigidity of insulator A6. As a result, the average
bending rigidity of the flange cementing part of insulator
A6 is about 41,377 kN·m/rad. *e bending rigidities of
flange cementing parts of remaining insulators are shown
in Table 3, in which the unit of bending rigidity is kN·m/
rad.

3. Study on Calculation Formula of Flange
Bending Rigidity

For the bending rigidity at flange connections of the
porcelain material, the calculation formulas for flange
bending rigidity specified in the standards in China and
Japan [5, 6] are obtained by regression fitting of test data,
and they are consistent when they are expressed in in-
ternational units. *e specific calculation formula is as
follows:

Kc �
βdch

2
c

te

, (3)

where Kc is the bending rigidity at the connection between
flange and equipment, the unit of which is N·m/rad; dc is the
outer diameter of the porcelain bushing at the cementing
part, the unit of which is m; hc is the flange cementing height,
the unit of which is m; te is the cementing clearance between
the porcelain bushing and the flange, the unit of which is m;
and β is the bending rigidity coefficient, the value of which is
6.54×107.

*e connection between the porcelain bushing and the
flange is generally filled with cement mortar, and the
cementing thickness is between 5mm and 15mm. However,
the connection between the composite insulator bushing
and the flange is generally realized by synthetic adhesive.*e
cementing thickness is rather small, generally smaller than

1mm. *ere is a rather large difference between the
cementing structure and the porcelain insulator, as illus-
trated in Figure 5. *erefore, the empirical calculation
formula (3) for bending rigidity at flange connections of
porcelain material insulators is no longer applicable to
composite insulators.

As can be known from the flange height, the outer di-
ameter of the flange and the relation between insulator
elastic modulus and bending rigidity at the flange cementing
part in individual insulators A1 and A2 have the same
geometrical parameter of flanges, and their bending rigidity
decreases with the increase of the insulator elastic modulus;
A3 has the same outer diameter of the flange and similar
insulator elastic modulus as A1 and A2, and its bending
rigidity increases with the increase of the flange height;
although A5 and A6 have larger flange heights and smaller
insulator elastic modulus, the bending rigidity at the flange
cementing part is smaller than that of A3 and A4 because
they have larger outer diameters of flanges, so the bending
rigidity decreases with the increase of the outer diameter of
the flange. Assume that the relations between flange bending
rigidity (Kc), cementing height (hc), outer diameter of
cementing (dc), and insulator elastic modulus (E) are as
follows:
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Figure 3: Elastic modulus of insulator A6.

Table 2: Elastic moduli of individual insulators.

Elastic modulus (GPa) Tensile Compressive Average
A1 71.4 66.6 68.7
A2 66.6 64.4 65.5
A3 75.1 62.8 67.8
A4 67.1 92.8 75.9
A5 49.7 47.6 48.5
A6 40.7 41.2 40.9
A7 20.5 20.9 20.7
A8 14.6 12.3 13.3
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Kc � λc

hc

dcE
, (4)

where λc is the bending rigidity coefficient.
Taking the flange bending rigidity test data of the
±1,100 kV composite pillar insulator and ±800 kV arrester as
an example, the relations between various parameters and
flange bending rigidity are shown in Table 4.

As can be known from the above data analysis, when the
change of height and outer diameter of flange cementing is
not large, the change ranges of the bending rigidity

coefficient and flange bending rigidity are rather large.
Assuming that the flange bending rigidity is a relation re-
lated to flange bending rigidity, the fitting study is further
conducted for the test data. *e results show that there is a
linear relation between bending rigidity coefficient and
insulator elastic modulus, as illustrated in Figure 6.

As can be seen from Figure 6, the flange bending rigidity
coefficient λc and the insulator elastic modulus E can be
expressed as follows:

λc � 9.01 × 107E − 5.09 × 1017. (5)

After substituting the bending rigidity coefficient for-
mula (5) into formula (4), we can obtain the relation between
the bending rigidity at the flange cementing part in the
composite insulator and the flange cementing parameters
and insulator elastic modulus, as follows:

Kc � 9.01 × 107E − 5.09 × 1017 
hc

dcE
, (6)

where Kc is the bending rigidity at the connection between
flange and equipment, the unit of which is N·m/rad; dc is the
outer diameter of the cementing part of the composite in-
sulator, the unit of which is m; hc is the flange cementing
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Figure 4: Change of bending moment with the rotation angle in individual insulator A6 at the (a) tension side and (b) compression side.

Table 3: Bending rigidities of individual insulators.

Bending rigidity Tensile Compressive Average
A1 37429 43845 37373
A2 36913 48242 38179
A3 48023 51218 49244
A4 42137 47482 43613
A5 37430 27716 30437
A6 54391 38394 41377
A7 16876 17136 17005
A8 28231 34961 29899

Figure 5: Cementing connection of the composite insulator flange.

Table 4: Test parameters for flange bending rigidity of composite
pillar insulators.

S/N hc (m) dc (m) E (GPa) Kc (N.m/rad) λc
A1 0.15 0.34 68.7 3.7373×107 5.8213×1018

A2 0.15 0.34 65.5 3.8179×107 5.6645×1018

A3 0.18 0.34 67.8 4.9244×107 6.3052×1018

A4 0.18 0.34 75.9 4.3613×107 6.2482×1018

A5 0.20 0.36 48.5 3.0437×107 2.6467×1018

A6 0.22 0.36 40.9 4.1377×107 2.7769×1018

A7 0.105 0.33 20.7 1.7005×107 1.1062×1018

A8 0.108 0.41 13.3 2.9899×107 1.5096×1018
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height, the unit of which is m; and E is the elastic modulus of
the composite insulator, the unit of which is Pa.

4. Verification of Calculation Formula for
Flange Bending Rigidity

*e finite element structural analysis software ABAQUS
was used to establish a numerical model of ±1,100 kV
composite pillar insulators. *e insulator bushings and the
flanges are simulated by beam elements. *e sectional
dimensions of beam elements at the flange sections are
obtained by bending rigidity to establish the numerical
simulation model, and the boundary of the simulation
model is that the bottom of the composite pillar insulator is
fixed. *e calculation model for bending rigidity at flange
connections obtained by the test is called Model-1, while
the model obtained by calculation formula (6) is called
Model-2. *e results of such two models are, respectively,
compared with the results of the earthquake simulation
shaking table test of ±1,100 kV composite pillar insulators
to verify the validity of the calculation formula for com-
posite flange bending rigidity.

Reference [22] provides the detailed introduction of the
earthquake simulation shaking table test of ±1,100 kV
composite pillar insulators, so the test process is not descried
here, and only the corresponding test results are listed in this
paper.

4.1. Analysis of Dynamic Characteristics’ Results. A numer-
ical model of ±1,100 kV composite pillar insulators was
established by using the common finite element structural
analysis software ABAQUS.*e structural dimensions of the
insulator bushing are consistent with those used in the test.
*e elastic modulus values are the average values in Table 2.
*e diameters of sections (in mm) of beam elements in
various flanges in Model-1 and Model-2 are shown in
Table 5.

*e modal analysis of Model-1 and Model-2 is carried
out, respectively, and the vibration modes and natural vi-
bration frequencies of the models are obtained, respectively,
as illustrated in Figure 7. *e comparison between the
natural vibration frequencies obtained in the two models
and the test results is shown in Table 6.

As can be seen from Table 6, the relative errors of the 1st,
2nd, and 3rd order frequencies of Model-1 are 6.3%, 1.5%,
and 0%, respectively, while those of the 1st, 2nd, and 3rd order
frequencies of Model-2 are 3.2%, 1.8%, and 0.8%, respec-
tively. It can be seen from this that Model-2 can better reflect
the natural vibration frequency of the true model.

4.2. Analysis of Seismic Response Results. In order to check
the seismic performance of ±1,100 kV composite pillar in-
sulators, it is necessary to carry out the shaking table test or
numerical simulation research. *e reasonable simplifica-
tion of flange connections in the numerical simulation
model is very important. In order to further verify the
validity of calculation formula (6) for flange bending rigidity,
the time-history analysis is conducted for Model-1 and
Model-2, respectively, and the numerical simulation results
are compared with the shaking table test results.

*e test results of ±1,100 kV composite pillar insulators
under artificial waves can be obtained from reference [21].
*e shaking table test is illustrated in Figure 8. *e relative
displacement of the top end of the insulator, the relative
acceleration of the top end of the insulator, and the maxi-
mum stress at the root of the insulator are obtained by the
shaking table test, as shown in Table 7:

*e input seismic waves for numerical simulation and
test models were determined by China Electric Power Re-
search Institute and China Earthquake Disaster Prevention
Center according to the particularity of UHV projects, and
the corresponding seismic design response spectrum curve
was developed. *e characteristic cycle of the curve is 0.9 s,
and the dynamic amplification factor is 3.17 (2% damping
ratio) [23–25].*e artificial waves at the peak acceleration of
1.0 g are illustrated in Figure 9. When the test input is the
seismic wave excitations under different intensity levels, the
seismic waves in Figure 9 are zoomed in or out according to
the ratio.

*e artificial waves at 0.1 g, 0.2 g, 0.3 g, and 0.4 g were
selected, respectively, and the X-direction unidirectional
loading was carried out on the numerical simulation model.
*e time-history curves of the stress at the root of the
bushing and those of relative displacement at the top end of
the bushing were obtained, as illustrated in Figures 10 and
11, respectively.

As can be seen from Figure 10, for the artificial waves at
0.1 g input into the numerical simulation model, the max-
imum stresses at the root of the insulator in Model-1 and
Model-2 are 9.48MPa and 9.39MPa, respectively; for the
artificial waves at 0.2 g, the maximum stresses at the root of

Table 5: Model material parameters.

Insulator Model-1 Model-2
A1 201.9 200.7
A2 205.4 202.9
A3 227.2 220.5
A4 214.2 214.9
A5 224.8 246.9
A6 259.5 268.5
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Figure 6: Relation between bending rigidity coefficient and elastic
modulus.
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the insulator in Model-1 and Model-2 are 15.48MPa and
15.72MPa, respectively; for the artificial waves at 0.3 g, the
maximum stresses at the root of the insulator in Model-1

and Model-2 are 9.48MPa and 9.39MPa, respectively; and
for the artificial waves at 0.4 g, the maximum stresses at the
root of the insulator in Model-1 and Model-2 are 31.63MPa
and 32.16MPa, respectively. *e results of maximum
stresses at the root of the insulator obtained by Model-1 and
Model-2 are rather consistent, so the results of bending
rigidity for flange cementing parts of insulators in the nu-
merical simulation model obtained by calculation formula

Simulation
model

(a)

Simulation
model

(b)

Simulation
model

(c)

Simulation
model

(d)

Figure 7: Vibration mode of the numerical simulation model. (a) Model-1, 1st order vibration mode f� 0.59Hz. (b) Model-1, 2nd order
vibration mode f� 3.96Hz. (c) Model-1, 1st order vibration mode f� 0.61Hz. (d) Model-2, 2nd order vibration mode f� 3.97Hz.

Table 6: Comparison of natural vibration frequencies of models.

Vibration mode 1 2 3
Test value (Hz) 0.63 3.90 10.75
Model-1 (Hz) 0.59 3.96 10.75
Model-2 (Hz) 0.61 3.97 10.84

Figure 8: Shaking table test of ±1,100 kV composite pillar
insulators.

Table 7: Shaking table test results of ±1,100 kV composite pillar
insulators.

Artificial wave
(g)

Relative displacement of the top
end (mm)

Root stress
(MPa)

0.1 187.9 11.40
0.2 371.8 17.84
0.3 532.2 24.51
0.4 682.3 29.37
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Figure 9: Input seismic waves.
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(6) and the results obtained by the bending rigidity test
match well with each other.

Next, the relative displacement of the top end of the
insulator is further evaluated. As can be seen from Figure 11
and Table 9, for the artificial waves at 0.1 g, the maximum
relative displacements of the top end of the insulator in
Model-1 and Model-2 are 170.6mm and 171.0mm, re-
spectively; for the artificial waves at 0.2 g, the maximum
relative displacements of the top end of the insulator in
Model-1 and Model-2 are 341.2mm and 342.0mm, re-
spectively; for the artificial waves at 0.3 g, the maximum
relative displacements of the top end of the insulator in
Model-1 and Model-2 are 518.3mm and 520.0mm, re-
spectively; and for the artificial waves at 0.4 g, the maximum
relative displacements of the top end of the insulator in
Model-1 and Model-2 are 713.8mm and 717.6mm, re-
spectively. *e results of the maximum relative displace-
ments of the top end of the insulator in Model-1 and Model-
2 are rather consistent, further indicating that the difference

between the results of bending rigidity for flange cementing
parts of insulators obtained by calculation formula (6) and
the results obtained by the bending rigidity test can be
ignored.

Next, the shaking table test results of ±1,100 kV com-
posite pillar insulators are compared with the numerical
simulation results. Table 8 shows the peak stress at the root
of the insulator, in which the unit is MPa. Table 9 shows the
peak relative displacement of the top end of the insulator, in
which the unit is mm.

As can be seen from Tables 8 and 9, the range of error
between the maximum stress at the root of the insulator in
Model-1 and the test results is 4.5%–14.2% and the range of
error in maximum relative displacement at the top end is
2.6%–9.2%; the range of error between the maximum stress
at the root of the insulator in Model-2 and the test results is
4.4%–15.0%, and the range of error in maximum relative
displacement at the top end is 2.3%–8.9%. *erefore, the
numerical simulation model established by using the rigidity
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Figure 10: Time-history curves of stresses at the root of the insulator. Maximum stress at the root of insulator at (a) 0.1 g, (b) 0.2 g, (c) 0.3 g,
and (d) 0.4 g.
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of the flange cementing part of the insulator obtained by
calculation formula (6) is accurate and valid. Since the test of
bending rigidity of the flange cementing parts in the indi-
vidual insulator is omitted, a convenient and effective means
is provided for calculating the seismic performance of
composite insulators.

5. Conclusions

(1) As can be seen from the test of elastic modulus and
flange bending rigidity of individual composite pillar
insulators, the elastic modulus distribution of indi-
vidual insulators is relatively discrete, and the av-
erage elastic modulus of the selected 8 insulators is
13.3GPa–75.9GPa. *erefore, it is advisable to de-
fine the elastic modulus of each insulator separately
when establishing the numerical model of the
±1,100 kV pillar insulators. *e bending rigidities of
flange cementing parts of individual insulators are
quite different. *e bending rigidity of the flange in

insulator A5 in the ±1,100 kV pillar insulator is the
smallest, while the bending rigidity of the flange in
insulator A7 in the ±800 kV arrester is the smallest.
Such two flange parts are the weak parts of the pillar
insulator.

(2) According to the test of elastic modulus and flange
bending rigidity of individual composite pillar in-
sulators, and based on the obtained elastic modulus
and flange bending rigidity of individual insulators,
the calculation formula for bending rigidity at flange
cementing parts of composite insulators is obtained.
*e formula is related to the elastic modulus of each
insulator, the cementing height of the flange
cementing part, and the cementing radius.

(3) *e numerical simulation models are established,
respectively. *e calculation model for bending ri-
gidity at flange connections obtained by the test is
called Model-1, while the model obtained by cal-
culation formula (6) is called Model-2. *e results of
such twomodels are, respectively, compared with the
results of the earthquake simulation shaking table
test of ±1,100 kV composite pillar insulators. As can
be seen from the comparison of dynamic charac-
teristics’ results and seismic response results, the
calculation formula of composite flange bending
rigidity proposed in this paper is accurate and ef-
fective. A convenient and effective means is provided
for calculating the seismic performance of composite
insulators.
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