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Abstract: With the development of UHV transmission technology, large-tonnage disc-type suspension
porcelain insulators have been widely used. Insulators with cylindrical heads have the advantages
of light weight and high strength compared with traditional insulators with conical heads. Cement
is an important part of disc-type suspension porcelain insulators. The drying shrinkage of cement
can lead to sliding between cement and porcelain. It can also transform the stress distribution of
the porcelain, thus influencing the overall long-term mechanical performance of the insulators. In
this paper, the effect of the shrinkage of cement on the stress distribution of porcelain insulators was
studied by simulation. In addition, the effect of the drying shrinkage rates of cement on insulators
with cylindrical and conical heads were compared. The simulation results show that cylindrical-head
insulators can better resist the stress change caused by cement shrinkage than the conical-head
insulators, which was beneficial to the long-term performance of the insulators. Based on the tensile
stress of porcelain parts, the recommended range of the drying shrinkage rate of cement for insulators
with cylindrical heads was presented. The research results are of practical value for the selection
of cement.

Keywords: disc-type suspension porcelain insulators; drying shrinkage rate of cement; stress simulation

1. Introduction

In recent years, the rapid economic development of China has led to a rapid increase in
energy demand. UHV transmission technology capable of long-distance and large-capacity
energy transmission has been rapidly developed [1-4]. Disc-type suspension porcelain
insulators can provide mechanical and electrical support for overhead transmission lines.
Their performance is very important to the reliability of the power system [5-8]. According
to the head shape of the porcelain, insulators can be divided into two types: cylindrical
head and conical head. Compared with traditional conical-head insulators used in China,
cylindrical-head insulators have the advantages of smaller volume, lighter weight, stronger
strength, and better weather resistance, which can better meet the needs of UHV trans-
mission [9]. However, relevant production experience for cylindrical-head insulators of
porcelain insulator manufacturers is not rich enough, and there is a lack of theoretical guid-
ance for insulator production. The cement of the insulators is divided into inner cement
between a steel pin and porcelain and outer cement between an iron cap and porcelain,
which plays a crucial role in the electrical and mechanical properties of insulators. The
properties of cement have a great influence on the properties of insulators. The volume
shrinkage of cement during operation will change the long-term mechanical properties
of insulators and shorten the life of the insulators. Therefore, it is necessary to study the
volume shrinkage of cement.
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The existing research on cement insulators mainly concentrates on experimental
research. Lu et al. explored the reasons for the cracking phenomenon of cured insulator
cement [10]. The results showed that the moisture content of cement, curing temperature,
and the type of water-reducing agent would affect the cracking of the cement’s surface.
Gao et al. studied the influence of cement on the overall mechanical properties of insulators
after the freeze-thaw cycle [11,12]. The test showed that there was a gap between the
slightly loosened steel pin and the cement. The gap led to the destruction of the cement and
the decrease in the mechanical falling load after the freeze-thaw cycle, thus affecting the
long-term mechanical properties of the insulator. The volume expansion of the cement led
to the stress concentration of porcelain, which was unfavorable to the long-term mechanical
properties of the porcelain. Zhang et al. improved the performance of cement by changing
the ratio of the water-reducing agent and sand to improve the freeze-thaw-cycle resistance
of insulators [13]. Huang studied the cement defect of a large-tonnage glass insulator in the
production practice [14]. Cracks and surface shedding occurred in the cement due to the
high drying shrinkage rate of cement and poor curing. If the cement cracks developed, the
overall mechanical properties of the insulator would be reduced. Hu studied the feasibility
of replacing silicate cement with aluminate cement, established the functional relationship
between compressive strength and resistivity of cement under saturated conditions, and
compared the cement properties under different curing conditions [15]. Zhou et al. studied
the effects of aggregate, water-reducing agents, and artificial fiber on the mechanical and
electrical properties of cement [16]. The results showed that, compared with natural river
sand, synthetic sand as an aggregate could significantly improve the flexural strength and
compressive strength of cement. Artificial fiber could reduce the elastic modulus of cement
and improve its overall performance. Cheng et al. found that adding an appropriate amount
of silica fume could improve the strength of cement and inhibit drying shrinkage [17]. Kim
et al. observed the internal structure of porcelain insulators through three-dimensional
computer scanning [18]. The results showed that an increase in pores in the cement would
decrease the insulation resistance. Cement deterioration had a great impact on the electrical
performance of insulators. Jeon et al. studied the differences in the internal structure of
insulators before and after aging [19]. The results showed that the internal pores of the
insulator cement after aging increased by about 4.8 times compared with that before aging.
The remaining life of the insulator could be determined by observing the aging of the
cement at the bottom of the steel pin.

In actual production, cement will shrink and deform with the long-term operation of
insulators, resulting in a relative slip between the cement and porcelain [20-22]. The slip
will cause the stress state change in porcelain. The uneven stress distribution will accelerate
the deterioration of the insulator, which is unfavorable to the long-term performance of the
insulator. Therefore, it is necessary to stipulate the drying shrinkage rate of cement. The
standard stipulates that the drying shrinkage rate of high-strength cement should not be
more than 0.09% [23]. Compared with the cement of conical-head insulators, the cement
of cylindrical-head insulators has a more uniform thickness. Furthermore, the two sides
of the porcelain are sprayed with a layer of fine sand to increase friction. Therefore, the
deformation of the cement is smaller, and there is no relative slip between the porcelain
and cement, resulting in better long-term mechanical properties of insulators.

In this paper, the stress distribution of conical-head insulators and cylindrical-head
insulators under different cement drying shrinkage rates is compared by simulation. After
that, the influence of cement drying shrinkage on the stress distribution is studied. At last,
the recommended value of the drying shrinkage rate is provided for the two insulators.
The results can be used to guide the selection of cement for insulators.

2. Modeling and Methods
2.1. Simulation Model

Because of the axisymmetric characteristics of disc-type suspension insulators, two-
dimensional axisymmetric models were established for the conical-head insulator and
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cylindrical-head insulator. The models can effectively reduce the problems of excessive
memory consumption and slow operation speed of three-dimensional models.

The two-dimensional axisymmetric models of the insulators with a cylindrical head
and conical head are shown in Figure 1. For the conical-head insulator, the contact interfaces
among the cement, steel pin, iron cap, and porcelain are set as contact pairs, allowing them
to slide and separate relative to each other. For the cylindrical-head insulator, the interfaces
among the cement, steel pin, and iron cap are also set as contact pairs. In actual production,
the inner and outer walls of the porcelain are sprayed with uniform fine sand, which
increases the friction between the porcelain and cement. In the modeling, since the two-
dimensional axisymmetric model cannot construct spherical sand, the role of a consistent
pair was used to replace the sand. The interfaces between the cement and porcelain were
set as consistent pairs, allowing no relative sliding or separation between them.
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(a) Conical-head insulator. (b) Cylindrical-head insulator.

Figure 1. Simulation models of insulators with a conical head (a) and cylindrical head (b).

2.2. Material Parameters

The insulator mainly consists of four parts: steel pin, iron cap, porcelain, and cement.
The corresponding mechanical parameters of each part are shown in Table 1.

Table 1. Mechanical parameters of suspension porcelain insulators.

Material Parameters Iron Cap Steel Pin Porcelain Cement
Density (kg/m?) 7000 7850 3500 2155
Elastic modulus (GPa) 173 210 100 31.33
Poisson’s ratio 0.3 0.28 0.195 0.21

2.3. Boundary Conditions

In the solid mechanics simulation model, the corresponding boundary conditions
were set according to the mechanical failure load test of disc-type suspension porcelain
insulators [24]. The iron cap is fixed at the top as:

u=0, ()

where u represents the displacement of the top of the iron cap. The insulator is subjected to
axial tensile load [25], and the bottom of the steel pin is pulled vertically downward as:

F, =0, F, = 660 kN, )

where F; represents the radial tension at the bottom of the steel pin, while F, represents the
axial tension. The force is set as 1.2 times the rated mechanical load of the insulator.

The hygroscopic expansion module is used to simulate cement drying shrinkage. The
drying shrinkage rate is calculated as:

e = BM(cmo — Cr), ©)
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where ¢ represents the drying shrinkage rate of cement, which is negative and is defined by
the standard as less than 0.15%.  represents the isotropic hygroscopic expansion coefficient
and the unit is m3/ kg. M represents the molar mass of water, which is 0.018 kg/mol. ¢y,
represents the moisture concentration after drying and is set to 0. ¢, represents the initial
water concentration before drying and is set to 55.56 mol/m?>. In this way, the drying
shrinkage rate of cement can be controlled by adjusting . Then, (3) can be simplified as:

e=—p0, (4)

In the simulation, the parameter scanning method was used to change the value of
B to control the drying shrinkage of the cement. The stress distribution of the insulators
under different cement shrinkage rates was compared.

3. Results
3.1. Stress Distribution of Insulators with a Conical Head and Cylindrical Head

The stress distributions of the conical-head insulator and cylindrical-head insulator
obtained by simulation when there is no drying shrink of the cement are shown in Figure 2.
In Figure 2, the first principal stress on the vertical part of the steel pin and the outer side
of the iron cap is the greatest. For the stress of the porcelain, the first principal stress is
used to characterize the withstood tension [26]. The stress distribution of the porcelain
is shown in Figure 3, which shows that the stress of the porcelain is larger at the corner.
The stress distribution of the cement is shown in Figure 4. Figure 4a shows that, in the
conical-head insulator, the first principal stress on the inner boundary of the outer cement
is the largest. Figure 4b shows that, in the cylindrical-head insulator, the first principal
stress of the cement in contact with the round table of the steel pin is the largest.
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(a) Conical-head insulator. (b) Cylindrical-head insulator.

Figure 2. Stress distribution of whole insulators with a conical head (a) and cylindrical head (b).
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Figure 3. Stress distribution of porcelain of insulators with a conical head (a) and cylindrical head (b).
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Figure 4. Stress distribution of the cement of insulators with a conical head (a) and cylindrical

head (b).

3.2. Influence of Drying Shrinkage Rate of Cement on Stress Distribution of Insulators

3.2.1. Influence of Drying Shrinkage Rate of Cement on Stress Distribution of the
Conical-Head Insulator

The drying shrinkage rate of cement is changed to 0, 0.01%, 0.03%, 0.06%, 0.08%, 0.09%,
0.1%, 0.15%, and 0.4%. The change in the stress on the boundaries of the porcelain and the
cement of the conical-head insulator with the drying shrinkage rate of cement is displayed
in Figures 5-10. In each group of figures, the stress map (a) corresponds to the boundary
marked blue in (c), and the stress map (b) corresponds to the boundary marked green in (c).
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Figure 5. The variation in stress distribution on the boundary between the pin and inner cement of

conical-head insulators with drying shrinkage of the cement.
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Figure 6. The variation in stress distribution on the boundary between the porcelain and inner cement

of conical-head insulators with drying shrinkage of the cement.
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Figure 7. The variation in stress distribution on the boundary between the porcelain and outer cement
of conical-head insulators with drying shrinkage of the cement.
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Figure 8. The variation in stress distribution on the boundary between the cap and outer cement of
conical-head insulators with drying shrinkage of the cement.
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Figure 9. The variation in stress distribution on the inner boundary of the porcelain of conical-head
insulators with drying shrinkage of the cement.
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Figure 10. The variation in stress distribution on the outer boundary of the porcelain of conical-head
insulators with drying shrinkage of the cement.
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The simulation results show that, with the increase in the drying shrinkage rate,
the absolute value of the first principal stress on the porcelain and the cement generally
increases, but the maximum first principal stress on the outer boundary of the inner cement
decreases. The stress on the inner boundary of the porcelain is less affected by the drying
shrinkage rate, and the stress at the corner of the outer boundary is more affected. The
stress on the contact boundary between the inner cement and the round table of the steel
pin is greatly affected by the drying shrinkage rate. The stress on the contact boundary
between the inner cement and the top of the porcelain is greatly affected by the drying
shrinkage rate, where the cement thickness is relatively uneven. The outer cement as a
whole is most affected by the drying shrinkage of cement, and the stress at the straight part
of the boundaries of the outer cement is most affected. The reason is that the cement of
the straight part is the most uneven. With the increase in the drying shrinkage rate, the
deformation is the largest there and the stress changes the most.

The variation in the maximum first principal stress on the boundaries with cement
shrinkage is shown in Table 2. When the drying shrinkage rate of cement is 0.09%, the
maximum stress on the inner boundary of the porcelain increases by 36.15%, while the
maximum stress on the outer boundary of the porcelain decreases by 4.08%. The maximum
stress on the inner boundary of the inner cement increases by 8.34%, while the maximum
stress on the outer boundary of the inner cement changes little. The maximum stress on
the inner boundary of the outer cement increases by 17.96%, while the maximum stress on
the outer boundary of the outer cement increases by 21.46%. Therefore, when the drying
shrinkage rate meets the standard requirements, the maximum first principal stress of the
outer cement and the inner boundary of the porcelain increases faster, making the insulator
easier to damage.

Table 2. The maximum first principal stress (MPa) on the boundaries after cement shrinkage of the
conical-head insulator.

Drying Inner Outer Inner Outer Inner Outer
Shrinkage Rate Boundary of Boundary of Boundary of Boundary of Boundary of Boundary of
of Cement Porcelain Porcelain Inner Cement Inner Cement Outer Cement  Outer Cement

0 168.04 103.89 134.97 298.85 173.71 142.85
0.01% 179.47 103.27 137.05 298.53 177.20 145.43
0.03% 194.40 102.14 140.15 298.00 184.13 150.57
0.06% 221.78 100.62 144.54 297.02 194.53 159.39
0.08% 228.42 99.907 145.77 296.29 201.45 167.73
0.09% 228.79 99.654 146.22 295.88 204.91 173.50
0.10% 229.07 99.464 146.68 295.45 208.37 179.36
0.15% 229.05 99.674 149.53 292.83 225.70 210.99
0.40% 223.21 103.27 224.13 254.96 311.73 453.26

3.2.2. Influence of Drying Shrinkage Rate of Cement on the Stress Distribution of the
Cylindrical-Head Insulator

The drying shrinkage rate of cement is changed to 0, 0.01%, 0.03%, 0.06%, 0.08%, 0.09%,
0.1%, 0.15%, 0.3%, 0.4%, 0.5%, 0.7%, and 1%. The change in stress on the boundaries of
the porcelain and the cement of the cylindrical-head insulator with the drying shrinkage
rate of cement is illustrated in Figures 11-16. In each group of figures, the stress map (a)
corresponds to the boundary marked blue in (c), and the stress map (b) corresponds to the
boundary marked green in (c).
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Figure 11. The variation in stress distribution on the boundary between the pin and inner cement of

cylindrical-head insulators with drying shrinkage of the cement.

Stress on the outer boundary of inner cement

1100
1000+
900+
800
700r
600+
500
400F
300F
200
100
0

The first principal stress (MPa)

50 1
Arc length (mm)

00

0
0.0001
—0.0003
0.0006
0.0008
0.0009
—0.001
0.0015
0.003
0.004
0.005
—0.007
0.01

(a) Boundary marked blue.

The first principal stress (MPa)

Stress on the outer boundary of inner cement

450
400+
350 e
300
250
200t —
150

100
50|-
0

10
Arc length (mm)

0
0.0001
—0.0003
0.0006
0.0008
0.0009
—0.001
0.0015
0.003
0.004
0.005
—0.007
0.01

(b) Boundary marked green.

190

1807
1707
1607

150

1407

130

120

110

100

90

(c) Corresponding boundary.

mm

0

50

Figure 12. The variation in stress distribution on the boundary between the porcelain and inner
cement of cylindrical-head insulators with drying shrinkage of the cement.
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Figure 13. The variation in stress distribution on the boundary between the porcelain and outer

cement of cylindrical-head insulators with drying shrinkage of the cement.
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Figure 14. The variation in stress distribution on the boundary between the cap and outer cement of
cylindrical-head insulators with drying shrinkage of the cement.
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Figure 15. The variation in stress distribution on the inner boundary of porcelain of cylindrical-head
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Figure 16. The variation in stress distribution on the outer boundary of porcelain of cylindrical-head
insulators with drying shrinkage of the cement.

The simulation results show that the boundary stress of the cylindrical-head insulator
varies uniformly under the influence of cement shrinkage. With the increase in the drying
shrinkage rate of cement, the absolute value of the first principal stress of the porcelain and
the cement generally increases. The maximum first principal stress on the outer boundary
of the porcelain decreases first and then increases with the increase in the drying shrinkage
rate, and reaches the minimum value when the drying shrinkage rate is 0.09%. The stress
at the bottom of the inner boundary of the porcelain in contact with the cement is greatly
affected by the cement shrinkage. The stress at the bottom of the outer boundary of the
porcelain is greatly affected by cement shrinkage, which is caused by setting the cement
and the porcelain in consistent pairs. The stress on the contact boundary between the inner
cement and the corner of the steel pin is greatly affected by cement shrinkage because the
cement thickness there is not uniform. The stress at the bottom of the outer boundary of
the inner cement is greatly affected by cement shrinkage, and there is an extreme value.
The stress at the straight part of the outer cement is greatly affected by cement shrinkage
because the straight part of the cement is the thinnest and the thickness is the most uneven.
With the increase in the drying shrinkage rate, the deformation is the largest there and the
stress changes the most.

The variation in the maximum first principal stress on the boundaries with cement
shrinkage is shown in Table 3. When the drying shrinkage rate of cement is 0.09%, the
maximum stress on the inner boundary of the porcelain increases by 5.46%, and the
maximum stress on the outer boundary of the porcelain decreases by 36.04%. The maximum
stress on the inner boundary of the inner cement increases by 9.68%, while the maximum
stress on the outer boundary of the inner cement increases by 103.92%. The maximum
stress on the inner boundary of the outer cement increases by 67.57%, while the maximum
stress on the outer boundary of the outer cement increases by 13.83%. Therefore, when
the drying shrinkage rate meets the standard requirements, the maximum first principal
stress on both sides of the porcelain does not increase significantly. And the maximum first
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principal stress of the cement in contact with the porcelain increases significantly, which is
caused by setting the cement and the porcelain to consistent pairs. In actual production,
the displacement between the cement and porcelain caused by cement deformation can be
prevented due to the sand on the side walls of the porcelain.

Table 3. The maximum first principal stress (MPa) on the boundaries after cement shrinkage of the
cylindrical-head insulator.

Drying Inner Outer Inner Outer Inner Outer
Shrinkage Rate Boundary of Boundary of Boundary of Boundary of Boundary of Boundary of
of Cement Porcelain Porcelain Inner Cement Inner Cement Outer Cement  Outer Cement

0 102.66 38.753 942.98 46.328 25.449 180.57
0.01% 103.24 37.181 953.02 50.389 27.194 186.02
0.03% 104.43 34.035 973.17 58.675 30.816 196.98
0.06% 106.30 29.315 1003.6 71.388 36.561 205.07
0.08% 107.60 26.281 1024.0 83.656 40.582 205.18
0.09% 108.27 24.787 1034.3 94.471 42.646 205.54
0.10% 108.96 26.195 1044.6 105.29 45.751 207.42
0.15% 112.58 34.240 1096.4 159.44 62.993 278.45
0.30% 126.02 59.561 1256.1 32245 117.20 493.44
0.40% 139.16 76.588 1366.1 431.60 156.53 638.28
0.50% 154.04 93.652 1479.0 541.14 196.00 784.34
0.70% 186.88 127.95 1951.1 761.38 278.18 1080.2
1.00% 240.72 179.55 2813.4 1094.7 403.51 1533.2

4. Discussion of the Range of the Drying Shrinkage Rate of Cement for Insulators with
a Conical Head and Cylindrical Head

Generally, under the same cement drying shrinkage rate, the stress and its increase
in the porcelain and the cement of cylindrical-head insulators is smaller than that of
conical-head insulators. Therefore, cylindrical-head insulators have better cement drying
shrinkage resistance than conical-head insulators. The simulation results are consistent
with the manufacturers’ production experience.

Taking the first principal stress of porcelain as the object, the stress distribution of
cylindrical-head and conical-head insulators is compared with the variation in the drying
shrinkage rate of cement, as shown in Table 4. For the porcelain boundaries, the maximum
first principal stress on the inner and outer boundaries of the cylindrical-head insulator
is smaller than that of the conical-head insulator. When the shrinkage rate is less than
0.08%, the decrease in the maximum first principal stress on the inner boundary of the
cylindrical-head insulator relative to that of the conical-head insulator increases with the
increase in the cement shrinkage rate. When the cement shrinkage rate is 0.08%, the
maximum reduction is 52.89%. When the cement shrinkage rate is greater than 0.08%,
with the increase in the shrinkage rate, the decrease in the maximum first principal stress
on the inner boundary of the cylindrical-head insulator decreases relative to that of the
conical-head insulator. When the cement shrinkage rate is less than 0.09%, the decrease
in the maximum first principal stress of the cylindrical-head insulator relative to that of
the conical-head insulator increases with the increase in the cement shrinkage rate. When
the cement shrinkage rate is 0.09%, the maximum reduction is 75.13%. When the cement
shrinkage rate is greater than 0.09%, with the increase in the shrinkage rate, the decrease in
the maximum first principal stress on the outer boundary of the cylindrical-head insulator
decreases relative to that of the conical-head insulator. When the cement shrinkage rate is
0.09%, the maximum first principal stress on the outer boundary of the cylindrical-head
insulator reaches the minimum value. In order to control the stress of the insulators, the
drying shrinkage rate of cement should be as small as possible. Since, in an actual situation,
the drying shrinkage rate cannot be 0, controlling it within 0.09% can ensure the advantages
of the stress distribution of cylindrical-head insulators relative to conical-head insulators.
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Table 4. The maximum first principal stress (MPa) on porcelain boundaries after the cement shrinkage
of insulators.

Drying Inner Inner Cylindrical Outer Outer Cylindrical
. Boundary of Boundary of
Shrinkage Rate Boundary of P Compared to Boundary of R Compared to
. Cylindrical . . Cylindrical .
of Cement Conical Head Conical Conical Head Conical
Head Head

0 168.04 102.66 —38.91% 103.89 38.753 —62.70%
0.01% 179.47 103.24 —42.48% 103.27 37.181 —64.00%
0.03% 194.40 104.43 —46.28% 102.14 34.035 —66.68%
0.06% 221.78 106.3 —52.07% 100.62 29.315 —70.87%
0.08% 228.42 107.60 —52.89% 99.907 26.281 —73.69%
0.09% 228.79 108.27 —52.68% 99.654 24.787 —75.13%
0.10% 229.07 108.96 —52.43% 99.464 26.195 —73.66%
0.15% 229.05 112.58 —50.85% 99.674 34.240 —65.65%
0.40% 223.21 139.16 —37.66% 103.27 76.588 —25.84%

The value of the drying shrinkage rate of cement for cylindrical-head insulators is
discussed below. Researchers usually use the maximum tensile stress theory to judge the
failure of porcelain. If the tensile stress of the porcelain exceeds the tolerance value, the
porcelain is judged to be invalid [27]. The porcelain produced by the manufacturer can
withstand a tensile stress value of 160 MPa. On this basis, the drying shrinkage rate of
cement for cylindrical-head insulators should be controlled within 0.4%. The standard
stipulates that the cement shrinkage rate should not be more than 0.09%. Therefore,
according to the simulation results, the standard of the cement shrinkage rate for cylindrical-
head insulators can be appropriately lowered.

5. Conclusions

Through modeling and simulation, this paper studied the effect of the drying shrinkage
of cement on the stress distribution of disc-type suspension porcelain insulators. The stress
of cylindrical-head and conical-head insulators changes after cement shrinkage is compared.
Above all, the value of the drying shrinkage rate of cement for cylindrical-head insulators
is specified. The results are as follows:

(1) The maximum first principal stress of the porcelain and the cement of the insulators
increases with the increase in the cement shrinkage rate. And the stress of the conical-head
insulator changes more significantly.

(2) There is a significant increase in the first principal stress on the inner boundary of
the porcelain and both sides of the outer cement of the conical-head insulator. Because there
is sand on both sides of the porcelain of the cylindrical-head insulator, and the thickness
of the cement is uniform, the deformation is small, there is no relative slip between the
components, and the long-term stress distribution change is small. In the cylindrical-head
insulator, the first principal stress increases obviously on both sides of the cement and the
inner boundary of the porcelain, while the first principal stress decreases obviously on the
outer boundary of the porcelain.

(3) Compared with the conical-head insulator, the first principal stress of the porcelain
and the outer boundary of the outer cement of the cylindrical-head insulator increases less
with the increase in the drying shrinkage rate of cement. And the outer boundary of the
inner cement increases more. Therefore, the porcelain of cylindrical-head insulators has
less probability of damage due to cement drying shrinkage, and the cement strength needs
to be improved.

(4) When the cement drying shrinkage rate is not more than 0.09%, with the increase
in the cement drying shrinkage rate, the stress change in the cylindrical-head insulator is
smaller than that of the conical-head insulator. It is recommended that the cement drying
shrinkage rate of cylindrical-head insulators is not more than 0.09%.
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The simulation results provide a reference for selecting the cement drying shrinkage
rate of disc-type suspension porcelain insulators. The results are in agreement with the pro-
duction experience, while further tests are needed. Compared with conical-head insulators,
the porcelain stress of cylindrical-head insulators is less affected by the drying shrinkage
of cement and the insulators are less prone to damage. However, cement stress is more
affected by drying shrinkage, so it is necessary to pay more attention to the strength of the
cement of cylindrical-head insulators.
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