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Abstract—Destruction of transmission lines due to Aeolian
vibration is more and more serious recently with wide
applications of the Ultra High Voltage Technology, so it is
necessary to study the response of Aeolian vibration of
conductor. This paper uses the finite particle method which
is different from the energy balance method to research the
transmission line’s response under Aeolian vibration. Base
on vector mechanics of structures, the finite particle method
divides a structure into particles which are linked by
elements. The movement of the particles is followed by the
Newton’s second law. By establishing the relationship
between the Stockbridge-type damper’s force and particle’s
displacement, the responses of Aeolian vibrations of
conductors with different type dampers and that with
different locations of dampers are calculated. Because the
finite particle method can consider the damper’s dynamic
characteristics, the mass and geometric nonlinearity of a
conductor, this method can produce a more accurate
analysis result than the energy balance method. At last, the
three-dimensional response of Aeolian vibration of
conductor is calculated which shows the damping will
weaken the lateral movement of a conductor.

Index Terms—Aeolian vibration, finite particle method,
description of particle positions, Stockbridge-type damper,
transverse wind

I.  INTRODUCTION

With the rapid development of China's social and
economic, it’s particularly urgent that high efficiency,
long-distance, large-capacity Ultra High Voltage
transmission lines are constructed to ease the growing
tension of electricity supply and the transmission network
pressure brought by the inconvenience of coal
transportation. It also optimizes the layout of China's
energy production and consumption and meets the
requirements of energy and economic development. All
along, problems about fatigue failure of conductors
caused by the Aeolian vibration are more concerned by
domestic and foreign researchers. With the increase of
transmission lines’ span and tension, the Aeolian
vibration is more likely to happen. As a result, the
abrasion of fittings and the conductor breakage caused by
fatigue occur frequently [1]-[4]. Therefore, the response
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calculation of Aeolian vibration of conductor has great
practical significance.

Aeolian vibrations on conductors occur when
transverse wind with speed between 0.5m/s and 10.0m/s
blows the wire. The vertical alternating force acting on
wire leads to vertical vibration of wire. The frequency of
vibration is generally between 3 and 150Hz, the
maximum amplitude is often no more than 1 to 2 times of
the wire diameter. At present, there is a lot of literature
researching on Aeolian vibration of a conductor at home
and abroad. J. Vecchiarelli [5] used the finite difference
method to study response of Aeolian vibration of the
transmission line - damper coupling system. Oumar Barry
[6] established finite element dynamic equation about
Aeolian vibration of wire-damper coupling system by the
Hamilton variational principle and analyzed the
conductor vibration modes and the influence that
Stockbridge-type dampers have on conductor modes. Li
Li, Kong Deyi et al. [7], [8] used the improved energy
balance method and the finite difference method to
calculate responses of Aeolian vibrations of conductors
with Stockbridge-type dampers.

The above scholars did more intensive studies on the
calculation of response of Aeolian vibration of a
conductor with the Stockbridge-type dampers and got
more accurate results, but there are still some factors that
cannot be considered. The dynamic characteristics of the
damper and conductor and the coupling effect of
conductor-damper system cannot be considered by
energy balance method based on the assumption of a
standing wave. Finite difference method usually needs to
assume Aeolian vibration modes of a conductor (usually
assumed to be sinusoidal). However, the existence of
damper would lead to concentrated force on a conductor
and the changes of conductor vibration modes. In
addition, the above method in the calculation of the wire—
damper coupling system was unable to consider
geometric nonlinearity of a conductor.

Ying Yu et al. [9], [10] of Zhejiang University using
the finite particle method for nonlinear dynamic analysis
of structures, made more accurate results. On the basis of
its proposed method, the author established the coupling
relationship between impedance force of damper and
displacement of conductor particle and deduced the
center differential equations of Aeolian vibration of
conductor—damper coupling system by using the finite
particle method. In the paper, firstly, the excitation force
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that initiate Aeolian conductor vibration is introduced;
secondly, the damping coefficient of a conductor is
derived by using the self-damping power and the
dynamic characteristics of a Stockbridge-type damper is
analyzed by using MATLAB programming; thirdly , the
responses of Aeolian vibrations of conductors are
calculated by considering different types of dampers and
different installation methods of dampers; finally, the
three-dimensional response of Aeolian vibration of a
conductor are simulated by using three-dimensional rod
elements to establish a conductor model.

Il. BREEZE EXCITATION FORCE

Practice shows that the periodic vortex-induced
vibration of a conductor would occur at lower wind
speeds. Motion of conductor makes interaction between
conductor and wind into fluid-structure coupling range
(usually called the "lock™ effect). The analytical solution
is very difficult to obtain, so some semi-empirical models
such as harmonic force model, lift oscillator model,
empirical linear model, empirical nonlinear models and
generalized empirical nonlinear model etc. [11] are
usually used. In this paper, the non-empirical vortex-
induced vibration model that Scanlan gave based on
negative damping is adopted to simulate breeze excitation
force.

Model of eddy excitation is divided into three parts:
the resonance item of vibration at a Strouhal frequency
caused by Vortex shedding, the aerodynamic negative
damping term and linear stiffness term, which is
expressed as shown in the following equation:
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where, p is the density of air; U represents the average
wind speed; Y; is self-excited linear damping term; Y, is
linear pneumatic stiffness term; ¢ is self-limited nonlinear
damping term; C_ represents a lift coefficient of resonant
term; ¢ is the phase difference; v is displacement
perpendicular to wind speed direction; wg = 27S,U/D is
the Strouhal circular frequency; S; is the Strouhal number;
K = wDIU is the reduced frequency. Generally, Y; (K)
and C_ (K) are negligible when Aeolian vibration of
conductor becomes steady.

I1l. CONDUCTOR SELF-DAMPING

The power dissipation due to conductor self-damping
represents the capacity of consuming or absorbing
vibration energy during Aeolian vibration process. It is
also a major source of energy dissipation during Aeolian
vibration. There are many factors affecting the power
dissipation due to conductor self-damping, such as
Aeolian vibration amplitude and frequency, conductor
tension, environment temperature and conductor material
etc. Conductor self-damping primarily consists of
structural deformation damping and material deformation
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damping. Because of the difference of production process,
dispersion of the power dissipation due to conductor self-
damping is large. Currently, the power is generally
determined by experiment all around world and it takes
the form of expression:

P = % H, y02 £ 4T L5 mLs )

where, P.is the power dissipation due to conductor self-
damping; H. is a constant of proportionality; f is
vibration frequency; Y, is the double vibration amplitude;
D is the conductor diameter; T is the conductor tension; m
is linear density of conductor.

The energy dissipation of Aeolian vibration of
conductor, including sliding friction energy dissipation in
the strands and hysteresis damping energy dissipation of
material, is different from general viscous damping
system. Its damping mechanism is very complex, and it is
often equivalent to the classical viscous damping.

By the knowledge of structural dynamics, in a period,
the energy dissipation due to damping force of single
freedom degree system containing viscous damping
under harmonic loads is:

T T
W= .[0 f,ydt = cA’w’ jo cos’ (at —g)dt = 7cA’w (3)

In a period, the energy dissipation due to self-damping
of per unit length of the wire is equal to the energy
dissipation of single freedom degree system. The
equation is given by:

W =PTAl=PAl/ f (4)

The solution is:

Coq = He 2T °*m*°Al x107 (5)
4z
The self-damping coefficient in (5) is usually estimated
by the energy balance method. In the finite particle
method, resistance effect on structure is usually
considered by adding virtual damping force on particle,
which was expressed as the following equation:

—emd]X
fy==¢ mdt{y} (6)

where, £=c/m.

IV. BREEZE EXCITATION FORCE

A Stockbridge-type damper transforms vibration
energy it absorbs into thermal energy and acoustic energy
and they are dissipated, reducing the steady-state
amplitude of Aeolian vibration of a conductor-damper
system. The larger value of power dissipation, the
stronger inhibitory effect that a Stockbridge-type damper
has on Aeolian vibration of conductor is.

Performance of a Stockbridge-type damper is
represented by its curve of power characteristics [12].
Since the damper itself is strongly nonlinear, coupled
with the impact of manufacturing processes, its dynamic
characteristics have a certain degree of dispersion. The
power characteristics are generally measured by the
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experiment. Because of the limited experiment conditions,
the theoretical method is adopted to analyze the dynamic
characteristics of a Stockbridge-type damper in this paper.
Core of the theoretical method is obtaining the dynamic
differential equation of a Stockbridge-type damper by
establishing its mathematical model. There are several
assumptions:

(1) Damper clamp and hammer are rigid.

(2) Bounded by lamping point, a Stockbridge-type
damper is composed of two separate subsystems.

(3) Ignore the quality of strand and consider only its
flexibility.

The mathematical model of Damper is shown in Fig. 1.
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Figure 1. Theoretic calculation model of a Stockbridge-type damper

where, O is the hammer centroid; O" is the inside
clamping point of hammer and strand; the L is the
distance between damper clamping point and the inside
clamping point of hammer and strand; G is the distance
between hammer centroid and the inside clamping points
of hammer and strand; y(t) is the displacement of the
inside clamping point of hammer and strand with damper
clamp as a reference system; ¢(t) is the angle of hammer

rotation; u(t) is the displacement of damper clamp.

Based on the above assumptions, the equation of
motion about dynamic characteristics of the independent
subsystem can be expressed as follows:

MX +CX +KX =F 7

where, M, C and K are mass matrix, damping matrix and
stiffness matrix of Damper independent subsystem, X is
displacement array; F is external force array;

here,
M :|:M11 M12:| C :|:C11 C12:|
M21 M22 CZl CZZ

e
Ky Ky 4 0
where,

My,=m; M,=—mG; M, =0; M,, =7J;
K, =12E1/L°; K, =—6EI /L?;
K,, =—6El / * +12EIG/ L°;

K,, =4El / L-6EIG/ L*;

here, m is the hammer mass; J is the rotational inertia of
hammer; El is the strand bending stiffness. The damping
matrix C can be derived from the stiffness matrix K as
follows:

2D

c=2K ®)
(4]
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where, D is the damping ratio of system; @ is the
circular frequency of vibration.

Considering the steady vibration, X can be solved as
follows:

X =(-Ma® +K + joC) " F )
here, j is the imaginary unit.

Acceleration of damper clamp vibration a=1U in
vibration, so the solution can be derived as follows:

{;} =(-Me? +K + joC) {_rga}

In the above formula, the acceleration of conductor
particle can be obtained by the central difference method.
After y and ¢ solved, the relationship of damper

resistance and displacement is F =K, y+ K, . In this

paper, simulation program using MATLAB language is
used to analyze the relationship between damper
resistance and particle acceleration.

(10)

V. ANALYSIS OF AEOLIAN VIBRATION OF A
CONDUCTOR WITH A STOCKBRIDGE-TYPE
DAMPER ATTACHED

The finite particle method is a structure analysis
method combining vector structural mechanics with solid
mechanics. The method is mainly based on basic
concepts which are “description of particle position” and
“path element”. It models the analyzed domain to be
composed by finite particles instead of mathematical
functions and continuous bodies in traditional mechanics.
The structure mass is assumed to be represented by each
particle. Particles in the structure are connected by
elements, which are massless. A group of particle
positions on discrete time points, which is called “path
element”, is used to describe the trajectory of particle
motion. Newton’s second law is adopted to describe the
motions of all particles. Pure deformation of an element
can be obtained by virtual ‘“reverse movement”.
Obtaining the pure deformation of an element, it is easy
to solve the internal forces of an element.

A. Description of Conductor Particles Position and
Calculation Model

Vectored mechanics believe that the geometric shape
and the spatial position of the structure can be described
by the positions of a finite number of particle groups,
which is called the description of particle position. The
number and configuration of particles can be selected
according to the properties of problem and the
requirements of accuracy, as shown in Fig. 2.

Figure 2. Description of particle position
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The properties of a particle consist of particle mass,
coordinates, forces, generalized movement and motion
constraints. These properties are used to indicate the
position of structure, quality, forces, shape, deformation
and boundary conditions, the specific concept is given as
follows:

(1) There is only concentrated force acting on a
particle. All internal forces (forces acting on the particle
which is provided by the elements connected to the
particle) and external forces are equivalent to the
concentration force acting on the particle, and the particle
is in dynamic equilibrium state at any moment.

(2) Particles in the structure are connected by elements
and the elements have no mass. The mutual restraint
relationship between two particles is represented by the
internal forces of an element. Elements under the external
force remain static equilibrium.

(3) Nodal displacements of an element are determined
by the motion of particles. Particles in the structure are
connected by elements. The deformation of the element is
associated with the motion of particles. Thus, the forces
due to deformation of elements work on the particles
connected to it in opponent direction.

Based on the above analysis, when using the finite
particle method to calculate the response of Aeolian
vibration of conductor, the first step is to divide the
conductor into a finite number of particles. Since the
amplitude of a conductor is quite to conductor diameter,
it is necessary to consider the impact of conductor
geometry nonlinearity. The calculation model is shown in
Fig. 3.

\ L |

Figure 3. Calculation model of a conducor

B. Description of Path Element

In finite particle method, the track of particle is
described by a group of particle positions on discrete time
points. When the external force acts on structure, the
position vector of particle is a time-related function called
path. Assume that the starting and ending position vectors
of a particle are x, and x, and the two time point are t, and
tr, a set of time points ty, t, ty, ..., ta, ty, ..., t; are used to
disperse the time course of whole analysis. The period t,-
t, represents a path element, as shown in Fig. 4.

<
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Figure 4. Path element
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The internal forces and deformation in a path element
meet the following assumptions:

(1) Calculating the displacement, deformation and
stress of the structure are based on its original form

(2) The deformation of component is small and the
rotation can be regarded as moderately large rotation;

(3) The effect that geometric transformation has on the
calculation of the deformation and internal forces of
component can be ignored;

(4) Composition and constraints of structure and the
properties of component do not change. The element is
independent of each other and its internal forces and
deformation can be calculated independently instead of
integrating all elements.

The internal forces and deformation in a path element
meet the following assumptions:

(1) Calculating the displacement, deformation and
stress of the structure are based on its original form

(2) The deformation of component is small and the
rotation can be regarded as moderately large rotation;

(3) The effect that geometric transformation has on the
calculation of the deformation and internal forces of
component can be ignored;

(4) Composition and constraints of structure and the
properties of component do not change. The element is
independent of each other and its internal forces and
deformation can be calculated independently instead of
integrating all elements.

After setting the path elements, it is access to analyze
the time histories of particle position and velocity during
Aeolian vibration of conductor. For large deformation
and large rotation structure, a set of path elements that
continue to increase can be used to handle it. The
assumptions of a path element can ensure the internal
forces and deformation of structure to meet the
requirements of the material mechanics.

C. Description of the Deformation of an Element

Mutual restraint in particles is determined by the pure
deformation of an element. Beam and bar elements are
common connecting elements. Beam elements can
provide axial, bending and torsional deformation, and bar
elements can only provide axial deformation. In this
paper, the bar elements are used to model a conductor.

In the process of particle motion, the relative positions
among particles are changed. It will cause the
deformation of an element, resulting in the change of
internal forces. In return, internal force change of an
element will restraint the next movement of particles.
Therefore, it is very important to solve the internal forces.
In the finite particle method, the pure deformation of an
element is obtained by “reverse movement” of an element,
and then the knowledge of material mechanics is used to
solve the internal forces.

D. Differential Equation of Particle Motion

A conductor is described by a set of discrete particles
and elements. The external loads and internal forces of an
element act directly on the particle. The motion of the
arbitrary particle & follows Newton’s second law:
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M,d, =F +F (11)
where M is the mass value, d, is the displacement

vector, d, is the acceleration vector, F® and F™

are the external force and internal force of particle «,
respectively.

If the damping force is taken into consideration, the
motion equation can be expressed as:

M,d, =F> +FM" —F™™ (12)

where the damping force F™ =uM_ d, , u is the
damping factor, which is the same as the definition in the
dynamic relaxation method.

The external force includes breeze excitation force
and damper force acting on the conductor, and the
internal forces are obtained by the pure deformation of
element. Therefore, the external force can be written as:

Faext — faext +Z fiext (13)
i=1

where, ™ is the external force vector acting on

particle  , ™ is the internal force vector exerted by

element i connecting with the particle « , n represents the
number of elements connected to the particle. Because
this study involves only two kinds of load which are
concentrated load acting on the conductor and uniform
load in the direction perpendicular to axial direction of
element, only the equivalent forces of the two loads are
elaborated in this section. The concentrated external load
acting on the conductor is divided into two equivalent
forces which are related to distances between the acting
point and the two particles, as shown in Fig. 5. Where, fc
is the concentrated external load acting on point C; Iacis
the distance between point C and particle A; lgc is the
distance between point C and particle A; the equivalent

force f* acting on particle A and the equivalent force
f5* acting on particle B are:

I
= i (14)
IAC +IBC
I
fot = 1 (15)
IAC +IBC
al l al
4 e e B
c

| L {zc ‘

Figure 5. Equivalent force of concentrated load

The breeze excitation force acting on a conductor is
uniform. The equivalent force is solved by using integral
method. The uniform force is dispensed onto the two
particles at both ends of the element according to range
and distribution of the uniform force, as shown in Fig. 6:
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Figure 6. Equivalent force of uniform load

The two equivalent forces of the uniform force are
calculated by using static balance principle, as follows:

1 AB
f :—j; q(x)- xdx (16)
B

IA

1 lAB
£ == [ a(3): (1 —x)dx (17)
AB

The description in Section 4.3 indicates that the
internal forces are only related the pure deformation of an
element, and the pure deformation is regardless of rigid
displacement and rigid body rotation of an element. In
order to obtain the pure deformation, the rigid
displacement and rigid body rotation must be removed
from the relative displacement. There are three steps to
obtain real internal forces of an element in the finite
particle method. Firstly, making the element go through a
virtual reverse movement, the pure deformation and
internal forces of the element are obtained in the initial
position as reference. Secondly, making the element go
through a virtual forward movement, the element returns
to its true position after deformation. Finally, the real
internal forces are calculated by transformation of
coordinates. The above processes are shown in Fig. 7 and

Fig. 8.

Br

A (A n) f,d.B €4B

Figure 8. Forward movement of an element

When the state of element changes from state AB into
state 4’B’, the internal forces are given by:
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EA,

IAB

f;?‘:—fj\?‘:{aaAﬁ (IA,B,—IAB)}éA,B, (18)

If a simple central difference is adopted, the velocity
and acceleration can be approximated as:

o1
d =——(d_, —d

n ZAt( n+l n—l)

dn :F(dn+l_2dn+dn—l) (19)

d,,, = A (FZ+F")/M, +2d, -d, ,

where, d..,, d, and d, , are the displacements of an

arbitrary particle at steps n+1, n and n-1, respectively;
At is the constant time increment. Substituting (19) into
(12) yields.

2
s =| 5o [ (4 F) ¢
2+ uAt JM

(e
2+ At 2+ uAt

VI. NUMERICAL EXAMPLES

(20)

Three examples are presented in this section. The first
one is dealt with a conductor without a Stockbridge-type
damper. The second one refers to a conductor with
Stockbridge-type dampers. The other one is about three-
dimensional response of Aeolian vibration. The research
object in the three examples is the LGJ-500/450
conductor. The tension T is the force acting on ends of
the conductor, the span L is 300m, the main physical
parameters of the LGJ-500/450 conductor are shown in
Table I.

A. Example 1: The Response of Aeolian Vibration of a
Conductor without a Stockbridge-Type Damper

The finite particle method is used to calculate the
response of Aeolian vibration of conductor without a
Stockbridge-type damper in this section. The tension is
18% of the rated tensile strength. Calculation diagram is
shown in Fig. 9.

Using MATLAB programming, the responses of
Aeolian vibrations are obtained under six conditions in
Table Il. Taking 1m conductor as an element and the time
step h as 0.0001s, the calculation time for each condition
is 100s. Before exerting the breeze excitation, initial
disturbance need acting on a conductor. An initial load
100N is applied on each particle in order to make an
initial velocity and displacement of the conductor.

Under the breeze excitation, there may be a stable
vibration of the conductor. Responses of Aeolian
conductor vibration for each condition are listed in Table
Il.

Fig. 10 to Fig. 12 are displacement-time curves of the
mid-span particle at the wind speed v=2m/s, 3 m/s and 4
m/s.

According to the displacement-time curves of the mid-
span particle, after the initial load is exerted, the
conductor will experience a transition period while
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vibration of the conductor is unstable. Ultimately, the
vibration reaches a steady state in about 60s.

Bl b ity
4

\ L

Figure 9. Calculation diagram of a conductor

TABLEI. CONDUCTOR PARAMETERS
Parameters Value
conductor type LGJ-500/45
diameter (mm) 25
Elastic Modulus (N/ m?) 6.3x10"°
Sectional area (mm?) 531.68
Mass per unit length ( kg/m) 1.688
Rated Tensile Strength (N) 128100

TABLE Il. CONDITIONS OF AEOLIAN VIBRATION OF CONDUCTOR
Condition Number | Wind Speed (m/s) Frequency(Hz)
Condition 1 2 16
Condition 2 2.5 20
Condition 3 3 24
Condition 4 3.5 28
Condition 5 4 32
Condition 6 4.5 36

TABLE Ill. AMPLITUDE OF AEOLIAN VIBRATION OF CONDUCTOR

Condition Number | Wind Speed (m/s) Amplitude (mm)
Condition 1 2 8.5
Condition 2 25 9.3
Condition 3 3 10.8
Condition 4 3.5 13.5
Condition 5 4 18.5
Condition 6 4.5 22.6

0.010
— 0.0054
g 0.000
& -0.005

-0.010-

0 10 20 30 40 50 60 70 80 90 100 110
Time (s)

Figure 10. Displacement-time curve at the wind speed v=2m/s
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Figure 11. Displacement-time curve at the wind speed v=3m/s



International Journal of Electrical Energy, Vol. 4, No. 3, September 2016

0.02

0.01

0.00

Displacement (m)

-0.01

-0.02

0 10 20 30 40 50 60 70 80 90 100 110
Time (s)

Figure 12. Displacement-time curve at the wind speed v=4m/s
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Figure 13. Velocity-time curve at the wind speed v=4m/s
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Figure 14. Acceleration-time curve at the wind speed v=4m/s

Fig. 13 to Fig. 14 are velocity-time curve and
acceleration-time curve of the mid-span particle at the
wind speed v=4 m/s.

The calculation speed of the finite particle method is
much faster than the finite element method, because there
is no a complex nonlinear stiffness matrix which need to
be solved by repeated iteration.

B. Example 2: The Response of Aeolian Vibration of a
Conductor with Stockbridge-Type Dampers

This section is based on example 1. Take different
types and different locations of Stockbridge-type dampers
into consideration, the response of Aeolian vibration of
conductor is calculated at wind speed v=2 m/s. The
Stockbridge-type dampers are symmetrically arranged
with midpoint as a symmetry center. Specific conditions
and appropriate results are shown in Table V.

The results in the above table show that the type and
position of dampers have a greater impact on the response
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of Aeolian vibration of conductor. The vibration damping
effect of FR3 type damper is better than FR4 type damper.
The damper installed at x4 = 2.0m has a better damping
effect than that installed at x4 = 1.0m, because it is closer
to the antinode. Reasonable installation Damper and the
best installation location of dampers have yet to be
studied. The displacement-time curve of the mid-span
particle corresponding to the 4™ condition in Table 1V is
shown in Fig. 15.

TABLE IV. CONDITIONS AND ANALYSIS RESULTS OF AEOLIAN
VIBRATION OF A CONDUCTOR WITH DAMPERS

Condition Stockbridge- Darmper Maximum
type Damper P Amplitude
Number Location
Type (mm)
Condition 1 FR3 X¢=1.0m 3.9
Condition 2 FR3 X¢=2.0m 3.2
Condition 3 FR4 X¢=1.0m 6.5
Condition 4 FR4 X¢=2.0m 4.8
0.008
0.004{
£ 00024
% 0.000
E“fo.ooz-
-0.004
-0.006

0 10 20 30 40 50 60 70 80 90 100 110
Time (s)

Figure 15. Displace-time curve for 4" condition in Table IV

C. Example 3: The Three-Dimensional Desponse of
Aeolian Vibration of a Conductor

The Aeolian vibrations of the conductor in section A
and section B are regarded as a plane problem. Actually,
there is transverse displacement of the conductor due to
transverse uniform wind.

In this section, considering transverse displacement of
the conductor, three-dimensional rod elements are used to
model the conductor in order to research the three-
dimensional response of Aeolian vibration. Still with the
example of conductor as research object, the
displacement of the mid-span particle with damping and
that without damping are calculated at wind speed
v=4m/s. The force acting on the conductor due to the
transverse uniform wind is given as follows:

F, = PUDC, 21)

where Cp represents resistance coefficient. At wind speed
v=4m/s, the three-dimensional vibration curve of the mid-
span particle with damping and that without damping are
shown in Fig. 16 and Fig. 17, respectively.

Fig. 16 and Fig. 17 can indicate that the lateral motion
of conductor due to lateral wind does exist. Without
considering damping, the stable vibration locus of
conductor particle is a closed curve. Considering
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damping, amplitude of the lateral motion decreases
rapidly, so the process can be considered as an unstable
stage of Aeolian vibration of a conductor. As a result of
the relatively short duration, the process can be ignored
and the Aeolian vibration of a conductor is considered as
a two-dimensional vibration.
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Figure 16. Three-dimensional vibration curve with damping
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Figure 17. Three-dimensional vibration curve without damping

VII.

1. By using the finite particle method to calculate the
response of Aeolian vibration of conductor, the conductor
nonlinearity is taken into consideration. This method can
produce a more accurate analysis result than the energy
balance method.

2. The mathematical model of a Stockbridge-type
damper is established and used to calculate the response
of Aeolian vibration of conductor with Stockbridge-type
dampers. The results show that the type and installation
location of Stockbridge-type dampers have a significant
impact on the response. Reasonable arrangement of
Stockbridge-type damper has yet to be studied

3. The three-dimensional response of Aeolian vibration
of conductor is obtained by using three-dimensional rod
elements to model the conductor. The results show that
the amplitude of the lateral motion with damping
decreases rapidly and the Aeolian vibration of conductor
can be considered as a two-dimensional vibration.

CONCLUSIONS

ACKNOWLEDGMENT

The authors are grateful to Lin Li of Huazhong

University of Science & Technology for his valuable data.

©2016 International Journal of Electrical Energy

[1]
[2]
31
(4]

(5]

(6]

[71

(8]

[

[10]

[11]

[12]

REFERENCES

Y. Zheng, Aeolian Vibration of Transmission Line, Beijing: Water
Conservancy and Hydropower Press, 1987.

T. Shao, Wires Mechanics of Transmission Line, Beijing, 2003.

S. P. Wang and D. Chen, “Analysis of transmission lines vibration
under well-distributed breeze loads,” Journal of Wuhan
Automotive Polytechnic University, vol. 19, no. 3, pp. 70-74, 1997.
Q. Xie, Y. Zhang, and J. Li, “Investigation on tower collapses of
500kV Renshang 5237 transmission lines caused by downburst,”
Power System Technology, vol. 30, no. 10, pp. 60-64, 2006.

J. Vecchiarelli, I. G. Currie, and D. G. Havard, “Computational
analysis of Aeolian conductor vibration with a Stockbridge-type
damper,” Journal of Fluids and Structure, vol. 14, pp. 489-509,
2000.

O. Barry, J. W. Zu, and D. C. D. Oguamanam, “Forced vibration
of overhead transmission line: Analytical and experimental
investigation,” Journal of Vibration and Acoustics, Accepted for
publication, 2014.

L. Li, et al., “Improvement of energy balance method and analysis
of Aeolian vibration on UHV transmission lines,” Engineering
Mechanics, vol. 26, no. 1, pp. 176-180, 2009.

D. Y. Kong, et al., “Analysis of Aeolian vibration of UHV
transmission conductor by finite element method,” Journal of
Vibration and Shock, vol. 26, no. 8, pp. 64-68, 2007.

Y. Yu, X. Xu, and Y. Z. Luo, “Dynamic nonlinear analysis of
structures based on the finite particle method,” Engineering
Mechanics, vol. 29, no. 6, pp. 63-69, 2012.

Y. Yuand Y. Z. Luo, “Structural collapse analysis based on finite
particle method I: Basic approach,” Journal of Building Structures,
vol. 32, no. 11, pp. 17-26, 2011.

T. Zhou, L. L. Zhu, and Z. S. Guo, “Parameters identification of
nonlinear empirical model for vortex-induced vibration,” Journal
of Vibration and Shock, vol. 30, no. 3, pp. 115-118, 2011.

M. L. Lu, “Computer simulation of dampers' power character,”
Northeast Electric Power Technology, vol. 10, no. 2, pp. 1-4, 1994.

Wenping Xie was born in China in 1986,
received the B.Sc. degree in Huazhong
University of Science & Technology, Wuhan,
China, in 2009 and the M.Sc. degree in
Huazhong  University of Science &
Technology, Wuhan, China, in 2012. He is
currently an engineer in Electric Power
Science Research Institute, Grid Corporation
Company of Guang Dong, Guangzhou, China.
His research interests include power system

=i
protection and Vibration Control of Transmission Lines.

Zuyan Zhang was born in China in 1992,
received the B.Sc. degree in Huazhong
University of Science & Technology, Wuhan,
China, in 2015. He is currently working
toward the M.Sc. degree in structure
engineering at Huazhong University of
Science & Technology, Wuhan, China. His
research interests include power system
protection and Control of Structure Vibration.

Ningbo Xu was born in China in 1991,
received the B.Sc. degree in Huazhong
University of Science & Technology, Wuhan,
China, in 2014. He is currently toward the
M.Sc. degree in structure engineering at
Huazhong  University of Science &
Technology, Wuhan, China. His research
interests include power system protection and
Control of Structure Vibration.



International Journal of Electrical Energy, Vol. 4, No. 3, September 2016

Li Li was born in China in 1956, received the
B.Sc. degree in Tongji University, Shanghai,
China, in 1982. She is currently a Full
professor with School of Civil Engineering &
Mechanics, Huazhong University of Science
& Technology, Wuhan, China. Her research

areas are in Control of Structure Vibration and.

Earthquake resistance of buildings.

Zheng Wang was born in China in 1992,
received the B.Sc. degree in Huazhong
University of Science & Technology, Wuhan,
China, in 2014. He is currently toward the
M.Sc. degree in structure engineering at
Huazhong  University of Science &
Technology, Wuhan, China. His research
interests include power system protection and
Control of Structure Vibration.

©2016 International Journal of Electrical Energy

151

Xiaoyu Luo was born in China in 1986,
received the Ph.D. degree in Huazhong
University of Science & Technology, Wuhan,
China, in 2015. He is currently an engineer in
Electric Power Science Research Institute,
Grid Corporation Company of Guang Dong,
Guangzhou, China. His research interests
include power system protection and
Vibration Control of Transmission Lines.





