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Under the action of extreme wind load, the overhead transmission line will lead to the fracture of the traditional V-type insulator
string, which greatly afects the safety of the power system. Compared with the V-type insulator string, the Y-type insulator string
has better stability under the wind load.Terefore, the overhead lines in the mountainous areas of Anhui Province are taken as the
research object, considering the combined efect of wind load and conductor dead weight, and through theoretical derivation, the
calculation formula of insulator string wind defection angle is obtained. Using numerical simulation software, the nonlinear
mechanical analysis of Y-type insulator strings is conducted, and under the action of diferent wind speeds, the windage yaw angle
and unloading angle of the Y-type insulator string are obtained. Compared with the calculation results of the V-type insulator
string, the stability of the Y-type insulator string in the structure is better than that of the V-type insulator string, and the Y-type
insulator string can make full use of the distance between layers and the gap margin of the tower head, reduce the length of the
cross arm, and reduce the weight of the tower, which has obvious advantages. Combined with the results of theoretical analysis
and numerical simulation, the optimal design method of the Y-type insulator string is given. Under the condition of ensuring the
safety and stability of insulators, the distance of the cross arm is shortened as much as possible and the weight of the transmission
line tower is reduced. Te research results will provide a theoretical reference for engineering design and improvement.

1. Introduction

In recent years, with the steady improvement of China’s
economic level, the demand for power in industrial production
and construction is increasing day by day. A sufcient and
sustained energy supply is an important condition for the
development of the national economy. However, due to the
uneven distribution of power resources, it is necessary to build
a reasonable power network to reasonably allocate power re-
sources [1–3]. When the transmission line system is subjected
to the transverse wind load perpendicular to the conductor, the
conductor swings under the wind load, which reduces the
electrical gap between it and the tower structure. When the
electrical gap is less than the safe distance allowed by the

transmission line specifcations, breakdown and discharge may
occur, whichmay lead to tripping accidents.Tis phenomenon
is called wind bias discharge tripping [4]. Wind bias discharge
tripping is one of the main causes of transmission line faults,
which has a great impact on the safety of the power system and
has brought huge economic losses to people’s production and
lives [5–9]. Te insulator string of the transmission tower is
composed of two ormore insulator units.Te insulator string is
a protective device required for fxation and operation, which
can insulate the conductor from the transmission tower. Due to
diferences in transmission tower structure, the conductor
model, number of subconductors per phase, and voltage grade,
the assembly type of insulator string is also diferent, which can
be divided into two categories: suspension insulator string and
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tension insulator string. Te number of insulator units in the
insulator string is related to the voltage level, e.g., in China, the
minimum number of insulator units under diferent voltage
levels is 7 units for 110 kV, 13 units for 220 kV, 17 units for
330 kV, 25 units for 500 kV, and 32 units for 750kV, which can
be determined according to the actual situation in the actual
project. With the development and application of UHV
transmission line system, the design and optimization of in-
sulator string’s antiwindage yaw need to be revised urgently. In
most existing transmission line systems, insulator strings are
mostly I-type or V-type. Only a few transmission line projects
use Y-type insulator strings, and the research on Y-type in-
sulator strings is relatively lacking [10–12]. Terefore, it is of
great engineering signifcance to analyze the mechanical
characteristics and windage yaw angle of the Y-type insulator
string under wind load.

Te safe distance between the transmission conductor
and the tower structure is afected by the tower structure,
insulator string form, wind load, vertical load, and sur-
rounding environment. An et al. [13] propose a systematic
method to analyze windage yaw fashovers of transmission
lines. El-Refaie et al. [14] studied the efect of pollution
layer thickness and conductivity on the electric feld
distribution. Scholars at home and abroad have studied
the windage yaw characteristics of various types of in-
sulator strings under wind load, mainly focusing on the
research of I-type and V-type insulator strings, while the
research of Y-type insulator strings is relatively less. Feng
et al. [15] combined with the calculation results of the fne
numerical simulation of multispan transmission lines,
ftted the calculation formula of the swing angle of I-type
insulator strings, and found that the swing angle decreased
with the increase in ice thickness. Yan et al. [16] corrected
the normative calculation formula of the windage yaw
angle of I-type insulator string by introducing the dy-
namic wind load coefcient, and combined with the
calculation results of numerical simulation, gave the
corresponding coefcients in diferent cases. Li et al. [17]
studied the infuence of complex wind farms on the
windage yaw characteristics of insulator strings and
compared the theoretical calculation with the simulation
results. Yan et al. [18] proposed the dynamic wind load
coefcient in the formula for determining the swing angle
of I-type insulator string through numerical simulation.
Jia et al. [19] studied the windage yaw characteristics of I-
type insulator strings through numerical simulation and
found that the span has a certain impact on the windage
yaw angle and wind load adjustment coefcient of sus-
pension insulator strings and provided the corresponding
wind load adjustment coefcient for diferent spans. Wang
et al. [20] established a fnite element coupling model ofV-
type insulator strings of transmission lines and calculated
the stress distribution of insulator strings under fuctu-
ating wind excitation. Li et al. [21] considered the com-
posite material parameters of the insulator string and
analyzed the buckling characteristics of the composite
insulator string and the deformation characteristics of the
V-type composite insulator string based on the fnite el-
ement method. Xie et al. [22] analyzed the failure

mechanism of V-type insulator strings from the aspects of
manufacturing process, structural characteristics, exper-
imental research, and numerical simulation. Fu and Gong
[23] studied the dynamic tensile and compressive loads of
V-type insulator strings under dynamic operating con-
ditions through numerical simulation and obtained the
amplifcation ratio of the dynamic peak load to the cor-
responding static load. A large number of studies have
shown that both I-type and V-type insulator strings have
their own application advantages, and Y-type insulator
strings combine the advantages of both I-type and V-type
insulator strings and have better mechanical, windage
yaw, and pollution fashover characteristics [24]. How-
ever, the research on Y-type insulator strings is relatively
scarce, and the stress characteristics are complex, so it is
difcult to establish accurate calculation methods.

A large number of studies have shown that when the
wind speed is large, the included angle of the V-type in-
sulator string is large, which will lead to the corresponding
increase in the length of the insulator and cross arm and the
interlayer spacing, which is not controlled by the gap.Te Y-
type insulator string combines the advantages of I-type and
V-type insulator string structures, can fully reduce the length
of the insulator string and cross arm, reduce the length of
line corridor to a certain extent, and have good economic
benefts. At home and abroad, the research on I-type and V-
type insulator strings is relatively complete. As a new type of
structure, Y-type insulator string has a good prospect in
engineering application. However, the research on the
mechanical properties of Y-type insulator strings at home
and abroad is not perfect, and the research on Y-type in-
sulator strings is relatively lacking. Terefore, through
theoretical analysis and numerical simulation, this article
calculates the displacement of V-type and Y-type insulator
strings under wind load, gives the optimization design
method of Y-type insulator strings, and compares the
nonlinear buckling performance of V-type and Y-type in-
sulator strings. Te research results will provide a theoretical
reference for the optimization design of Y-type insulator
strings and their promotion and application in
transmission lines.

2. The Windage Yaw Theory of the Composite
Insulator String

Tewindage yaw angle is the included angle formed by the
deviation of the conductor insulator string from the
vertical position under the action of wind load, which can
be determined according to the vertical load and wind
load as shown in Figure 1. Generally, if the wind defection
angle is too large, the air gap between the electrifed body
at the lower end of the insulator string and the iron tower
will be reduced, and the line is prone to wind defection
tripping accident and discharge. Terefore, we frst cal-
culate the wind load of the conductor in this section.
Under the action of the wind load, we obtain the theo-
retical calculation expression of the wind defection angle
of the new Y-shaped insulator string through theoretical
analysis.
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2.1. Te Calculation of Wind Load

2.1.1. Te Wind Load Calculation of the Composite Insulator
String. Te wind load of the single insulator of the sus-
pension insulator string is [25–30]

Pj � 9.81A
V

2

16
, (1)

where Pj is the load on the single insulator, V is the average
wind speed within ten minutes adopted in the design, and A

is the wind receiving area of single insulator, when the
diameter of single disc of insulator is less than 254mm, the
area is taken as 0.02 m2, and the area of large disc diameter
and double diameter is taken as 0.03 m2.

2.1.2. Te Calculation of Wind Load on the Conductor.
Te wind load on the conductor with horizontal span Lh is
[25–30]

Wx � 0.625αμscdLhv
2 sin2 θ, (2)

where Wx is the wind load on the conductor, α is the uneven
coefcient of wind pressure, as shown in Table 1, μsc is the
shape coefcient of the conductor, as shown in Table 2, d is
the diameter of the conductor, Lh is the horizontal span of
the conductor, and θ is the windage yaw angle of the
conductor.

2.1.3. Te Calculation of the Conductor Vertical Load.
Te theoretical calculation expression of the vertical load of
the conductor is

Wg � Lvqn, (3)

where Wg is the vertical load of the conductor, Lv is the
vertical span of the conductor, q is the gravity per unit length
of the conductor, and n is the number of bundled conductors.

2.2. Te Teoretical Derivation of the Composite Insulator
String. Te windage yaw angle of the composite insulator
string is mainly afected by the horizontal wind load.
Trough mechanical analysis, when ϕ< θ/2, both limbs of
the V-type insulator string are under tension. When ϕ � θ/2,
the windward side is under tension and the leeward side is
not under stress. When ϕ> θ/2, the windward side is under
tension and the leeward side is under compression, as shown
in Figure 2. When the wind speed is large enough, the
structure is unstable, and unloading angle will occur α (i.e.,
the diference between the maximumwindage yaw angle and
half of the included angle between the two limbs). According
to relevant data, the unloading angle should not exceed 10°.
In 1989, Guangdong Electric Power Design Institute carried
out relevant experiments on V-type composite insulator
strings. Te results showed that the unloading angle of
composite insulator strings should not exceed 15°. Tat is,
reasonable control of the unloading angle can ensure the
safety of the line. Since the gravity of the insulator string is
diferent from the dead weight of the conductor by an order
of magnitude, the load of the insulator string itself is ignored.

In Figure 2, Gv is the conductor gravity, PH is the
horizontal wind load, F is the resultant force, ϕ is the
windage yaw angle, θ is the angle between two limbs, and α is
the unloading angle.

wind load

vertical load

(a)

Te windage yaw angle

Wind load

Vertical load

(b)

Figure 1: (a) Te windage yaw model of the transmission tower insulator string. (b) Te simplifed calculation model of the windage
yaw angle.
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Assuming the coordinate origin is pointA and the length
of the insulator string is L, the motion trajectory of point C is

x
2
C + y

2
C � L

2
. (4)

By geometric relationship

BC �

���������������������

L
2

+ 4L
2
sin

2θ
2

− 4Lsin
θ
2
xC



. (5)

Temechanical analysis of tension limb pointC is shown
in Figure 3(a), by analysis

PH1 � GV tanϕ. (6)

Assuming the axial deformation of the compression limb
is ∆L, then

BC + ∆L � L. (7)

Simultaneous (5) and (7)

xC �
4L

2 sin2 (θ/2) − ∆L
2

+ 2L∆L

4L sin (θ/2)
, (8)

where PH1 is the horizontal wind load component of the
windward limb, F1 is the tension on the windward limb, and
F2 is the force from the windward limb to the leeward limb.

Te mechanical analysis of compression limb point C is
shown in Figure 3(b).

By geometric similarity
PH2

AB
�

F3

BC
. (9)

Ten,

PH2 �
2L sin (θ/2)

�����������������������������

L
2

+ 4L
2 sin2 (θ/2) − 4L sin (θ/2)xc

 , (10)

where PH2 is the horizontal wind load component of the
leeward limb and F3 is the pressure on the leeward limb.

For the I-type section of the lower half of the Y-type
insulator string, the displacement is mainly considered to
ensure sufcient safety clearance. Its analysis method is
similar to that of the I-type insulator string.Te rigid straight
rod method [31] and the chord polygon method [32] can be
used. In order to ensure sufcient accuracy, the chord
polygon method is selected to refect the true deformation
state of the insulator string.

As shown in Figure 4, we assume the length of each rigid
body part in the insulator string is λ1, λ2, · · ·, λn, each vertical
load is gV1, gV2, · · ·, gVn, and each transverse wind load is gh1
, gh2, · · ·, ghn. Tese forces act on the center of the com-
ponent. According to the balance condition after windage
yaw, the horizontal displacement λh and vertical displace-
ment λv of the I-type section are

λh � 

n

i�1
λi sinφi � 

n

i�1

λi Wh + 0.5ghi + 
i−1
1 gh 

�������������������������������������������

WV + 0.5gVi + 
i− 1
1 gv 

2
+ Wh + 0.5ghi + 

i− 1
1 gh 

2
 , (11)

λV � 
n

i�1
λi cosφi � 

n

i�1

λi WV + 0.5gVi + 
i−1
1 gv 

�������������������������������������������

WV + 0.5gVi + 
i− 1
1 gv 

2
+ Wh + 0.5ghi + 

i− 1
1 gh 

2
 , (12)

Table 1: Te value of α under diferent wind speeds.

Wind speed v (m/s) v< 20 20≤ v< 30 30≤ v< 35 v≥ 30
Te uneven coefcient of wind pressure α 1.0 0.85 0.75 0.70

Table 2: Te shape coefcient values of conductors with diferent
diameters.

Surface condition of
the conductor No ice Ice

Te conductor diameter d (mm) d< 17 d≥ 17 —
Te conductor shape coefcient μsc 1.2 1.1 1.2

wind
direction A

α

C

ϕ

θ

Gv F

PH

B

y

x

Figure 2: Te windage yaw of the V-type insulator string.

4 Advances in Civil Engineering



By equations (11) and (12), combined with the me-
chanical analysis of the leeward limb and the displacement of
the lower half, the insulator string type can be optimized to
obtain the most appropriate string type.Te design length of
the cross arm can be shortened under the condition of
ensuring safety, which provides the foundation for fnite
element numerical simulation.

3. The Buckling Analysis of the Insulator String

When the wind speed is large enough, due to structural and
other factors, the insulators on the leeward side will be
subjected to diferent degrees of pressure, and the composite
insulator string will buckle under the pressure. Te insulator
string still has a certain bearing capacity after buckling
[33–35]. Terefore, it is necessary to conduct buckling
analysis on the rod core. Composite mandrels are shown in
Figure 5. Table 3 shows the material parameters of mandrels.

3.1. Te Eigenvalue Buckling Analysis of the Insulator String.
According to the connection mode of the composite in-
sulator, one end is hinged and the other end is sliding, as
shown in Figure 6.

Te length L of the insulator string is 10m, and the
section diameter d is 0.04m. According to the theoretical
analysis [36, 37], the critical force Pcr of the composite core
rod buckling in compression is

Pcr �
π2EI

(μl)
2 �

π2
× 40 × 109 × π × 0.044/64 

(1 × 10)
2 � 496.10 N. (13)

We use ANSYS fnite element software to conduct ei-
genvalue buckling analysis. Before eigenvalue buckling
analysis, we conduct a static calculation and turn on the
prestress efect switch. Te static solution EMAT and ESAV
fles obtained will be used for eigenvalue buckling analysis.
We use the 189 beam element for numerical simulation and
assume that both ends are hinged. Trough buckling
analysis, the frst-order buckling load is 496.91N, which is
basically consistent with the theoretical calculation results.
Te frst-order mode is shown in Figure 7.

3.2. Te Nonlinear Buckling Analysis of the Insulator String.
On the basis of eigenvalue buckling analysis, the nonlinear
buckling analysis of composite mandrel is carried out to
study the stress and deformation after buckling. Te non-
linear buckling analysis adopts the arc length method
[28, 38–42], which is controlled by the ARCLEN and
ARCTRM commands. Te large deformation options are
turned on, and the analysis substep is set to 20 steps. At the
same time, the nonlinear buckling analysis needs to in-
troduce initial defects. We use the UPGEOM command to
update the model, and on applying 800N force at point B for
analysis and solution, we obtain the displacement-load curve
of the mandrel as shown in Figure 8.

According to the displacement-load curve shown in
Figure 8, the maximum critical force of the composite core
rod is 496.91N, and the displacement-load curve maintains

A

C

F1

F2Gv

PH1

(a)

C

F3

F2

PH2

B

(b)

Figure 3: (a) Te mechanical analysis of the tension limb. (b) Te mechanical analysis of the compression limb.

ghn

gVn

ghi

gh1
gVi

gV1

λAB λV

λh
WV

Wh

Figure 4: Te mechanical analysis of the compression limb.

Composite
insulator

Figure 5: Te FXPW-1000/300 composite insulator.
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a linear relationship before the component is unstable. As
the load increases beyond the critical load, the core rod will
buckle and become unstable, and there will still be a certain
bearing capacity after buckling and instability.

Te overall analysis of the insulator string can be con-
trolled and compared according to the displacement of the
insulator on the leeward side, providing a basis for the
optimal design of the composite insulator string.

4. The Numerical Simulation Analysis of the
Composite Insulator String

4.1. Te Comparison and Analysis of V-type and Y-type In-
sulator String Structures. Te fnite element numerical
models of V-type and Y-type insulator strings are estab-
lished, and the wind-induced defection characteristics of
diferent structural strings are compared through mechan-
ical analysis. Te model of conductor is JL/GIA-630/45, the
span of the conductor is 400m, and the basic parameters of
materials are shown in Table 4. Te Fxpw-1000/300 com-
posite insulator is selected as the insulator, and the basic
parameters are shown in Table 3.Te numerical model of the
Y-type insulator string is established by using ANSYS.
According to the characteristics of the insulator string, the
Beam 189 element is used for simulation. Hinged joints are
used at the connection between two legs of the insulator
string and tower structure. In the numerical model, artic-
ulated joints are used at the connection between section I
andV, and vertical load and horizontal wind load are applied
to the bottom node of the Y-type insulator string.

We select V-type and Y-type insulator strings for nu-
merical analysis. Te length of I-type section of the Y-type
insulator string is 1m. Te vertical height of the two in-
sulator string types is 6m.Te vertical load of the conductor
remains unchanged. Te included angle of the insulator
string and the length of the cross arm are changed. Com-
parative analysis is carried out through numerical simula-
tion.Te structural parameters are shown in Table 5, and the
insulator string model is shown in Figure 9.

Considering the infuence of insulator string gravity, the
V-type section of the insulator strings forms catenary shape,
as shown in Figure 10.

In the state of gravity shape fnding, fxed constraints are
imposed on the top of the V-type section of the insulator
strings. Te gravity load of the conductor is 33264N. Te
horizontal loadmainly considers the role of wind load. In the

design, the included angle of the two limbs of the Y-type
insulator string structure can be optimized. Te larger the
included angle of the two limbs, the stronger the wind re-
sistance of the Y-type insulator string. Hence, when the
included angle of the two limbs is large, the low wind speed
has little impact on it, and the structure is in a stable state, so
its calculation is meaningless. When the angle between the
two limbs is large, the larger wind speed is selected to make
the unloading angle or displacement of the Y-type insulator
string occur, so the wind speed ranges from 20m/s to 45m/s.
Tey are converted into horizontal wind loads and applied to
the string-conductor connection of the insulator string
structure. When the wind speed is small, the structure is
relatively stable with small deformation, as shown in
Figure 11.

When the wind speed is 45m/s, the leeward limb is
compressed and deformed by buckling, and the overall
structure is greatly deformed, as shown in Figure 12.

Trough fnite element numerical analysis, the
unloading angle is compared with the maximum displace-
ment of the leeward leg, and the analysis results are shown in
Tables 6–8.

Trough numerical simulation analysis, when the wind
speed is small, there is little diference between the stability
of V-type and Y-type insulator string structures, and there
is no unloading angle and displacement. Under the same
wind speed, the unloading angle of V-type and Y-type
insulator strings with the same included angle has little
diference. Te Y-type insulator string is about 5% smaller
than the V-type insulator string, but the displacement
control of the leeward leg of the Y-type insulator string is
20% smaller than the V-type insulator string. For V-type
and Y-type insulator strings with the same cross arm, Y-
type insulator strings have greater included angle advan-
tages, the unloading angle can be reduced by 30%–60%, and
the maximum displacement of the leeward leg can be re-
duced by 30%–60%. Te analysis results show that Y-type
insulator strings are obviously better in structure than V-
type insulator strings.

4.2. Te Structural Optimization Analysis of the Y-type In-
sulator String. Te optimization plan is mainly to optimize
the structural size of the Y-type insulator string, check the
structural strength after structural optimization, and shorten
the distance of the cross arm hanging point on the premise of
ensuring the structural strength and electrical clearance
displacement. Under diferent working conditions, the
theoretical optimal point can be obtained by using this
optimization scheme, which will be further determined
according to the actual situation in the project. Te opti-
mization design process of the Y-type insulator string is
shown in Figure 13.

Table 3: Te parameters of the FXPW-1000/300 composite insulator.

Elastic
modulus E (MPa)

Poisson’s ratio μ Monolithic quality (kg) Monolithic height (m)
Monolithic

windward area (m2)

40000 0.3 13 0.195 0.03

A O B P

Figure 6: Te buckling analysis model of composite mandrel.
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In order to reduce the cross arm length of the insulator
string, the current project needs to carry out structural
optimization design [43–45]. Combined with the com-
parative analysis in Section 4.1, structural optimization
design is carried out for the Y-type insulator string. Under
the condition of ensuring the safety clearance and
structural stability, the cross arm length is reduced to
achieve the optimal design scheme of the cross arm
structure. Under the condition that the total height of the
insulator string remains unchanged, the length of the

cross arm of the transmission tower can be reduced by
changing the length of the I-type section and reducing the
angle between the two legs. Under the condition of en-
suring the safety clearance distance, we control the length
of I-type section, optimize the angle between the two legs
under the condition of ensuring the stability of the
unloading angle and leeward leg compression, conduct the
fnite element numerical simulation, and obtain a set of
practical structural optimization design scheme, as shown
in Figure 14. Te dotted line represents the optimization
design mode.

4.3. Examples of Optimization Design of the Y-type Insulator
String. Te size of the calculation example model is shown
in Figure 15.Te material is composite, and the conductor is
the JL/GIA-630/45 quad bundled conductor. Te span is
400m, the height diference is 7m, the conductor gap is not
more than 2m, and the windage yaw angle generated under
the action of wind load is 45°.

Optimization scheme 1: the horizontal displacement
value of I-type section is not more than 2m. According to
Section 2.2, the optimal length of I-type section is 2.82m,
and the hanging point distance of the cross arm is shortened
to 8.36m, with a reduction of 16.4%, as shown in Figure 16.
Trough mechanical analysis, the leeward leg of the Y-type
insulator string is not stressed, and the tension is borne by
the windward leg, so the structure is safe.

Optimization scheme 2: according to the results of
optimization scheme 1, through theoretical calculation, we
obtain the critical force Pcr � 1420N for the buckling and
instability of the leeward limb of the insulator string.
According to Section 2.2, the included angle between the two
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Figure 7: Te frst mode of composite mandrel.
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Table 4: Te conductor parameters of JL/GIA-630/45.

Conductor
diameter d (mm)

Sectional area A (mm2)
Elastic

modulus E (MPa)
Unit mass M (kg/m)

Rated breaking force F

(kN)

33.8 674 63000 2.079 150.45

Table 5: Te conductor parameters of JL/GIA-630/45.

Group no Type
of insulator string

Angle between two limbs
(°)

Length of cross arm
(m)

Total height (m)

1 V-type 90.00 12.00 6.00
Y-type 90.00 10.00 6.00

2 V-type 90.00 12.00 6.00
Y-type 100.39 12.00 6.00

3 V-type 100.00 14.30 6.00
Y-type 100.00 11.92 6.00

4 V-type 100.00 14.30 6.00
Y-type 110.07 14.30 6.00

5 V-type 120.00 20.78 6.00
Y-type 120.00 17.32 6.00

6 V-type 120.00 20.78 6.00
Y-type 128.60 20.78 6.00

12 m

90°

6 
m

(a)

10 m

90°5 
m

1 
m

(b)

12 m

100.39°
5 

m

1 
m

(c)

100°6 
m

14.3 m

(d)

100°

5 
m

1 
m

11.92 m

(e)

110.07°

5 
m

1 
m

14.3 m

(f )

120°6 
m

20.78 m

(g)

120°

5 
m

1 
m

17.32 m

(h)

128.6°

5 
m

1 
m

20.78 m

(i)

Figure 9: (a) Te V-type insulator string with a cross arm width of 12m. (b) Te Y-type insulator string with a cross arm width of 10m. (c)
Te Y-type insulator string with a cross arm width of 12m. (d) Te V-type insulator string with a cross arm width of 14.3m. (e) Te Y-type
insulator string with a cross arm width of 11.92m. (f ) Te Y-type insulator string with a cross arm width of 14.3m. (g)Te V-type insulator
string with a cross arm width of 20.78m. (h) Te Y-type insulator string with a cross arm width of 17.32m. (i) Te Y-type insulator string
with a cross arm width of 20.78m.
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legs is reduced to 43.3° through calculation, and the hanging
point distance of the cross arm is shortened to 7.878m by
5.76%, as shown in Figure 17. At this time, the unloading
angle is 1.7°, and the pressure borne by the leeward leg is
1400N, which is less than the calculated buckling critical
force, and the structure is safe.

Trough two times of optimization design, for example,
the total length of the cross arm is shortened from 10m to
7.878m by 21.22%, as shown in Table 9, and the safety and
stability meet the safety requirements.

4.4. Discussion. Trough theoretical analysis and numer-
ical simulation, we found that the wind defection char-
acteristics of Y-type insulator strings are obviously better
than those of V-type and I-type insulator strings.
According to the results of theoretical analysis and nu-
merical simulation, the optimization scheme of Y-type
insulator strings was formulated. Te feasibility of the
optimization scheme of the Y-type insulator string is
verifed by an optimization example. After optimization
design, the length of the cross arm can be greatly
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Figure 10: (a) Te gravity form-fnding of the V-type insulator string. (b) Te gravity form-fnding of the Y-type insulator string.
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Figure 11: (a) Te deformation of the V-type insulator string with wind speed 20m/s. (b) Te deformation of the Y-type insulator string
with wind speed 20m/s.
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Table 6: Te comparison of analysis results between the no. 1 and no. 2 insulator strings.

Wind speed
(m/s)

Unloading angle (°) Maximum displacement (m)

V-type Y-type Y-type V-type Y-type Y-type
20 0 0 0 0 0 0
25 0.17 0.13 0 0.22 0.117 0
30 6.35 6.03 0 1.467 1.172 0.137
35 12.75 12.29 7.47 2.632 1.986 1.63

Table 7: Te comparison of analysis results between the no. 3 and no. 4 insulator strings.

Wind speed
(m/s)

Unloading angle (°) Maximum displacement (m)

V-type Y-type Y-type V-type Y-type Y-type
25 0 0 0 0 0.03 0
30 0.2 0.14 0 0.278 0.157 0
35 7.93 7.71 2.93 1.996 1.643 1.12
40 14.49 14.02 9.66 2.471 2.048 1.824

Table 8: Te comparison of analysis results between the no. 5 and no. 6 insulator strings.

Wind speed
(m/s)

Unloading angle (°) Maximum displacement (m)

V-type Y-type Y-type V-type Y-type Y-type
30 0 0 0 0 0 0
35 0.08 0 0 0.152 0 0
40 4.64 4.40 0.52 1.72 1.42 0.597
45 9.75 9.19 5.03 2.162 1.785 1.542
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Figure 12: (a) Te deformation of the V-type insulator string with wind speed 45m/s. (b) Te deformation of the Y-type insulator string
with wind speed 45m/s.
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Figure 14: (a) Te structure optimization scheme 1 of the Y-type insulator string. (b) Te structure optimization scheme 2 of the Y-type
insulator string.
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Figure 15: (a) Te dimension of the Y-type insulator string. (b) Te windage yaw model of the Y-type insulator string.
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shortened, and the economic benefts of project con-
struction can be improved on the premise of meeting the
requirements of structure and power safety.

5. Conclusion

In this article, through theoretical analysis and fnite element
numerical simulation under the action of wind load, the
mechanical characteristics of V-type and Y-type insulator
strings were studied. Trough comparative analysis, the
advantages of Y-type insulator strings in the application of
transmission tower structures were explained. Combined
with the research results, the optimal design scheme of Y-
type insulator strings was proposed.

(1) Trough nonlinear buckling analysis, the non-
linear ultimate bearing capacity of the composite
insulator string can be obtained. Combined with
the maximum deformation of the insulator string,
the optimization design limit of the insulator
string can be obtained, which provides a theoret-
ical basis for the optimization design of the Y-type
insulator string.

(2) Under the same load, the Y-type insulator string is
obviously better than the V-type insulator string in
unloading angle andmaximum displacement control
of the leeward leg, which is mainly determined by the
included angle of two legs. Te larger the included
angle is, the more stable the structure will be, and the

90°

7 
m

2.
82

 m

8.36 m

Figure 16: Te I-type section optimization of the Y-type insulator string.

86.6°

7 
m

2.
82

 m

8.36 m

Figure 17: Te optimization of the included angle of the Y-type insulator string.

Table 9: Optimization results of the insulator string.

Optimization no Angle between two limbs
(°)

Cross arm hanging
point distance (m)

Length
of I-section (m)

Unloading angle (°)

Before optimization 90.0 10.00 2.00 0.0
Optimization 1 90.0 8.360 2.82 0.0
Optimization 2 86.6 7.878 2.82 1.7
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length of the cross arms will increase. Te included
angle of the two legs can be determined through
calculation, which can guide the structural optimi-
zation design of V-type and Y-type insulator strings.

(3) Combining the results of theoretical calculation and
numerical simulation analysis, the structure of the Y-
type insulator string was optimized through two
examples, which can greatly reduce the length of
short cross arms and ensure the safety and stability of
the structure.

In this article, the structural optimization design scheme
of the Y-type insulator string is proposed, which provides
theoretical and numerical simulation reference for the
promotion and application of the Y-type insulator string,
and it has certain engineering application value. However,
this article only analyzed the individual insulator string, and
the string-line coupling model can be established for the
overall coupling analysis, which will improve the authen-
ticity of the simulation calculation. In addition, the insulator
string model was simplifed during theoretical and nu-
merical simulation calculation in this article. Subsequent
research can improve the model and add hardware fttings,
coupling plates, and other components so as to obtain more
real mechanical properties.

6. Scope for Future Work

Under the action of wind load, the windage yaw angle of the
transmission conductor insulator string will directly afect
the safety of the transmission line system. As a new type of
string, there are still many defciencies in the research of Y-
type insulator strings at home and abroad. Te in-depth
research of Y-type insulator strings will promote its popu-
larization and application in the project.

(1) Tis article studied the Y-type insulator string.
However, the role of Y-type insulator strings in the
whole transmission line system is very important.
Terefore, it is very necessary to carry out the
coupling analysis of Y-type insulator strings and the
transmission line system in the next step.

(2) In this article, the mechanical properties of Y-type
insulator strings are studied from the aspects of
theoretical analysis and numerical simulation, and
the advantages of Y-type insulator strings are found.
Next, through the experimental study of Y-type
insulator strings, we will fnd its shortcomings in
practical engineering applications and further
correct the theoretical and numerical simulation
results.
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