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Abstract. The dynamic bending rigidity of aluminium cable steel reinforced (ACSR) is a key
parameter for analyzing the breeze vibration, galloping and de-icing vibration response of
overhead transmission lines. In this paper, the calculation formula of the dynamic bending rigidity
under axial force is derived based on the theory of Bernoulli-Euler beam. The dynamic response
of one typical ACSR with different spans and different axial forces are studied by white-noise
excitation and hammer excitation. The variation rules of dynamic bending rigidity of ACSR are
presented. The comparison between the experimental results of the static and dynamic bending
rigidity shows that the dynamic bending rigidity of the ACSR is much larger than the static
bending rigidity.

Keywords: aluminium cable steel reinforced (ACSR), Bernoulli-Euler beam, dynamic bending
rigidity, experimental study.

1. Introduction

Overhead transmission lines adopt the form of aluminium cable steel reinforced (ACSR),
which are exposed to the atmosphere and are easily affected by changes in the natural
environment. Overhead transmission lines are subjected to various loads, which may cause
vibration phenomena such as breeze vibration, galloping, and de-icing vibration of the
transmission lines. These dynamic loads will have an important impact on the dynamic response
of the transmission lines [1]-[4].

ACSR is a multi-stranded wire structure formed by concentric stranding of steel wires and
aluminum wires, as shown in Fig. 1. During the operation of the transmission lines, ACSR can
maintain a certain spatial shape after being pulled at the end along the axial direction [5].
Therefore, it has a certain bending rigidity, and the bending rigidity is closely related to the
magnitude of the axial force [6]. Li et al. [7] researched the mechanical characteristics of the
ACSR under axial load, and used the equivalent rigidity to solve the parameters such as the elastic
modulus and Poisson’s ratio of the ACSR. However, there is not only squeezing between adjacent
strands of ACSR, but also the transition between part of the strands from the adhesion state to the
slip state [8]. As a result, the interaction between the internal strands of the ACSR is very
complicated. The bending rigidity of the ACSR will not only depend on the axial force, but also
on the contact state between the strands [9]. Wu et al. [10] and Dastous et al. [11] used the finite
element method to analyze and calculate the internal contact problem of the stranded wire, which
explained the change law of the static bending rigidity of the ACSR [12]. McConnell et al. [13]
simplified the ACSR into an axial tension beam, established a calculation formula through
theoretical derivation, and calculated the static bending rigidity of the ACSR based on the
experimentally measured parameters such as axial force and vertical displacement.

The contact state between strands is complex under the action of dynamic load, which will
directly affect the deformation state of ACSR. Therefore, the dynamic bending rigidity of ACSR
becomes a problem that cannot be ignored. F. Lévesque et al. [14]-[15] presented experiments for
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the deformed shape of two types of ACSR undergoing vibrations, and gave the dynamic bending
rigidity at different positions of the ACSR. S. Langlois et al. [16] modeled the deformed shape of
the ACSR during aeolian vibrations using available bending rigidity models with a nonlinear time
history finite element analysis. These studies on the dynamic load of ACSR point out the
difference between the dynamic bending rigidity and the static bending rigidity of ACSR, which
provides some reference for the research of this paper.

Steel wires

Steel strand

{
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/s /)/
Aluminum wires "7

Y

Aluminum strand
Fig. 1. Structure diagram of ACSR

At present, most researches on the bending rigidity of ACSR focus on the static bending
rigidity. Due to the complexity of the internal steel wires and aluminum wires of the ACSR under
dynamic load, there is still a lack of relevant research on the calculation of the dynamic bending
rigidity. Therefore, this paper designs a set of dynamic bending rigidity experiment device for
ACSR, and taking one typical ACSR with different spans and different axial forces as object to
study the variation rules of dynamic bending rigidity of ACSR. Finally, a comparative analysis of
the dynamic bending rigidity and static bending rigidity of ACSR is given.

2. Theory of dynamic bending rigidity of ACSR

For a transmission line with rigidity and no damping, assume its rigidity as EJ, horizontal
tension as Ty, and the mass of per unit length is m. The bending moment on the micro-element
dx, as shown in Fig. 2.

l' PR
AN
o [
dr .

Fig. 2. Vibration micro-element of ACSR

Based on the balance condition on the micro-element dx, the balance equations ignored the
high-order quantity can be derived as following:
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02 d
(Z F =0, T,sina, — Tgsinag + ma—t};dx + %dx =0,
Z E, =0, T,cosa, = Tgcosag = Ty, (D)

oM
kZMA =0, S-dr—0Qdx=0,

where T, and Ty are the tension of the ACSR at points A and B, respectively. a, and ay are the
angles between the ACSR at points A and B and the horizontal direction (x-axis), respectively. Q
is the vertical force (y-axis) of the ACSR at point A.

The balance equations can be obtained from simplifying Eq. (1) as:

0%y 9%y 0Q

oy _ oy ¢ 2
Z‘I"fxz Moz ok @
M _o=o 3
P Q=0 (3)

Due to the effects of shear rigidity and rotational inertia are negligible when compared with
the effects of bending rigidity [17], it can be known from the bending theory of Bernoulli-Euler
beam theory that:

2%y
M =E]—. 4
J O0x? @

Substituting Eq. (4) into Eq. (2-3), the following can be get:

oM 3y
—_— — — 5
26x Eg dx3 . ©)
0%y 0%y 0%y
AN AN ) A 6
Ty a2 m 3c2 Fpn 0. (6)

Solve this partial differential equation with the method of separating variables, set
y(x,t) = U(x) - V(t), substituting Eq. (6) can get:

1 d* T, d? 1d2%V
pj—LY_ ofV_

= —— (7)
mUdx* mU dx? V dt?

Eq. (7) is the function of x on the left and the function of t on the right. The left and right sides
must be equal to the same constant. Suppose this constant is w?, and two ordinary differential
equations can be obtained:

- _0 " _ 2 2
2mU dx* mU dx? mUw?, ®
a=v
L = _Vw? 9
ai2 Vw?. )

The solution of Eq. (8) is:
V(t) = Asinwt + Bcoswt. (10)

Assuming that the two ends of the ACSR are hinged, the boundary conditions are:
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v=0 LIO_,
200 (11)
U(l) = 01 dxz = 0,

where [ is the span of the ACSR.
According to Eq. (11), the form of U(x) can be set as:

nmx
Ulx) = USil’lT, n=123-). (12)

Substituting Eq. (12) into Eq. (8), the following can be get:

nm\* = nmx nm\2 = nmx nmx
Y gip =2 2T cin/—= — 2gipy "
E]( ] ) sin ] + 20( ] ) sin ] mw*-sin T (13)

Therefore, the natural frequency of the hinged beam at both ends with the axial force is:

nm\2 |EJ Tol?
=(— ’— —— 14
Wy ( I ) " 1 +n21t2E]' (14)

When T, = 0, the first natural frequency of the hinged beam at both ends with the axial force
from Eq. (14) is:

-Gy [2 E

For the hinged beam at both ends, the axial force influence coefficient of the first natural
frequency is:

Wy To
aq Zw—fz 1+F, (16)

where Ty "is the first-order Euler critical force.

When —0.5Tf" < T, < 0.5Tf7, for a constant-section beam with stable support, the maximum
relative error of the axial force influence coefficient obtained by Eq. (16) does not exceed 2 %
[18].

Timoshenko gave the first-order Euler critical force of a fixed beam at both ends as [19]:

AT2E]

p a7)

cr
" =

Substituting Eq. (15) and Eq. (17) into Eq. (16), the bending rigidity of the beams fixed at both
ends can be expressed as:

w?l*m _To_l2 (18)

B = m* 42’

It can be seen from Eq. (18) that under the conditions of fixed axial load and pitch, the dynamic
bending rigidity of ACSR can be measured by the natural frequency of the structure. Therefore,
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the solution of the dynamic bending rigidity of ACSR is transformed into the measurement of its
natural frequency.

3. Experiment on dynamic bending rigidity of ACSR

In this study, the white noise excitation and hammer excitation methods are used to study the
dynamic response of ACSR. The dynamic bending rigidity of the ACSR under different spans and
different axial forces is obtained, and the changing rules of the dynamic bending rigidity is given.

3.1. Specimens details

In this experiment, the typical JL/G1A-300/25-48/7 ACSR [20] was selected as the
experimental specimens, and the parameters of JL/G1A-300/25-48/7 ACSR are shown in Fig. 3
and Table 1. The twisting pitch of the outer stranded wire of JL/G1A-300/25-48/7 is 330 mm. In
order to avoid the ACSR is too short, the span of the experimental ACSR is not less than 2 times
the pitch. Therefore, the experimental span selected in the experiment process of this article are
870 mm, 1020 mm, 1170 mm, 1320 mm, 1470 mm and 1620 mm respectively.

Aluminum wire/
¢ 2.85 VW 4 ¢ 2.22

a) JL/G1A-300/25-48/7 ACSR b) Section A-A
Fig. 3. Diagram of experimental ACSR

Table 1. Parameters of ACSR JL/G1A-300/25-48/7

Cross-sectional Number/Diameter Calcu}ated Outer | Breaking | Allowable Linear
area of cross-sectional area . mass
Aluminum/Steel (mm) A (mm?) diameter | force stress m
T; (N
(mm?) Aluminum | Steel | Aluminum | Steel | Total d (mm) | T;(N) | 8o (MPa) (kg/km)
300/25 48/2.85 |7/2.22 306 27.1 | 333 23.8 83760 95.1 1057.9

3.2. Experimental setup, instrumentation, and loading protocol

The experimental device is composed of axial load application device, ACSR clamping force
application device, cable section and excitation device, as shown in Fig. 4(a) and Fig. 4(b). The
left end of the experimental ACSR is a fixed end, and the right end is movable, which can move
along the slide rail equipped with the fixed platform. In order to limit the movement of the ACSR,
a ACSR clamping device with upper and lower clamping blocks was designed as shown in Fig. 5.
The upper and lower surfaces of the clamps are milled with circular grooves that match the shape
of the ACSR, and the clamps are connected by bolts.

In the experiment, it is necessary to simulate the tensile force of the ACSR in service, which
made the strands of the intercepted wire have close contact without separation. Therefore, the
cable section in Fig. 5 are used to fix both ends of the wire. The axial force application device of
ACSR is shown in Fig. 6, which is composed of a force transducer and a stretching device rotated
by a hand wheel. The axial force applied to the end of the ACSR is controlled by rotating the
handle. With reference to the actual axial load of the ACSR in service, this study takes the
maximum axial tension as 15 kN and the minimum axial tension as 3 kN. The value of the axial
tension in the experiment starts from 3 kN, and a set of data is recorded every 2 kN.

ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460 1239



EXPERIMENTAL STUDY ON DYNAMIC BENDING RIGIDITY OF ALUMINIUM CABLE STEEL REINFORCED.
KEMING HAO, ZE Mo, SIYAO LU
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Experimental ACSR

Force transducer

Axia.l{oad

Fixed end Fixed platform Movable end application device

a) Schematic diagram of experimental device

ACSR clamping 7.;,
P

device

Fixed
transducer platform

b) Layout of the experimental device

Fig. 4. Experimental device
o~ device

Upper block

Force transducer

e

[ Axial load

£ = - .
. application device

¥
Lower block A

Fig. 5. Cable section and clamping device Fig. 6. Axial load application device

3.3. Excitation system for dynamic bending rigidity experiment

According to the theory of dynamic bending rigidity of ACSR, it is necessary to obtain the
natural frequency to get the dynamic bending rigidity of ACSR. In the experiment, both ends of
the ACSR are set as fixed constraints, and the axial load is applied to the ACSR. Two methods of
white noise excitation and force hammer excitation are used to obtain the natural frequency of the
ACSR, and then the dynamic bending rigidity of the ACSR is obtained.

3.3.1. White noise excitation

Fig. 7 shows a white noise excitation system, in which the exciter is connected to the
experimental ACSR through the ejector rod to provide an excitation force. The frequency sweep
signal generator can generate random signals, which can be used as the signal source of the
vibration exciter. The power amplifier can amplify the random signal generated by the sweep
signal generator and use it as the input signal of the vibration exciter to complete the vibration
excitation of the test. There are three acceleration sensors are set at /4, [/2 and 31/4 on the ACSR
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to collect vibration response signals. A multi-channel signal adjuster is used with the acceleration
sensor to filter and amplify the measured acceleration signal. The data acquisition card can digitize
and discretize the obtained analog signal, which can then be analyzed and processed by subsequent
software.

In this experiment, the excitation position is the middle position of the ACSR and the different
pitches and axial force of ACSR are selected. The vibration signal is collected through the data
acquisition card and connected to the computer data processing software. The collected vibration
of time domain signal is transformed into frequency domain signal by Fast Fourier Transform
(FFT), which is used for self-cross spectrum analysis to obtain the natural frequency of the ACSR.

| Analytical data software |

Data acquisition card

|Multi-channel signal adjusterl

Cable Wire clamping

section device
‘ /4
s C

=

Fixedend  Fixed platform | White noise excitation | Axial load

Movable end application device
Power amplifier

| Frequency sweep signal generator |

Wire clamping Cable

II 304 11
3

Force transducer

Excitation position

Fig. 7. Schematic diagram of white noise excitation system
3.3.2. Hammer excitation

Fig. 8 shows the hammer excitation system. The charge amplifier cooperates with the
piezoelectric sensor on the force hammer to measure mechanical vibration or shock pressure. The
filter of the charge amplifier can filter out the folding distortion and unwanted high-frequency
components in the vibration response of the ACSR after being hammered, and accurately
determine the strength of the hammer signal. The data acquisition and processing also use the
multi-channel signal conditioning instrument and the change of frequency domain signal by FFT
in the white noise excitation.

| Analytical data software |
I
| Frequency sweep signal generator |
I

|Multi-channel signal adjusterl
Cable Wire clamping Wire clamping Cable

section s device Acceleration sensor| device, section

Force transducer

Excitation position

SRR RN

Fixedend  Fixed platform | Hammer excitation system | Axial load

Movable end application device
Charge amplifier

| Analytical data software |

Fig. 8. Schematic diagram of hammer excitation system
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In the hammer excitation experiment, the acceleration sensor is located at /2 of the ACSR and
the different pitches and axial force are applied. The excitation position is the middle position of
the ACSR. The time-domain and frequency-domain diagrams of the hammer can judge whether
the method and strength of the percussion are reasonable. The collected vibration time-domain
signal is transformed into frequency-domain signal by FFT, and the natural frequency of ACSR
is obtained by the traditional peak method.

4. Experimental results

The vibration response signal can be analyzed by self-power spectrum and cross-power
spectrum analysis with mean value treatment to obtain the natural frequency of the ACSR. Take
the vibration signal of the ACSR with a span of 1320 mm and an axial tension of 11 kN as an
example, the self-power spectrum diagram of channels one to three get from acceleration sensor I
to III by FFT are shown in Fig. 9. Fig. 10 shows the cross-power spectrum diagram of the second
channel and other channels according to the method of self-cross spectrum power. It can be found
from the self-power spectrum of each channel and the cross-power spectrum diagram that the first
natural frequency of the ACSR with a span of 1320 mm and an axial tension of 11 kN is about
49.95 Hz.

0.0004
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0.0002

0.0001 1
0

0 50 100 150 200 250 300 350 400 450 500

Frequency (Hz)
a) Channel one

Amplitude

0.00004

0.00003

0.00002

Amplitude

0.00001

0 JI = ]
0 50 100 150 200 250 300 350 400 450 500
Frequency (Hz)

b) Channel two

0.005

0.004

0.003

Amplitude

0.002

0.001 L
|

0 50 100 150 200 250 300 350 400 450 500
Frequency (Hz)
¢) Channel three
Fig. 9. Self-power spectrum of channels
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Fig. 10. Cross-power spectrum of reference channel and other channels

The force hammer excitation recognizes the dynamic parameters by collecting the time domain
signal and the frequency response function obtained by the output response. Fig. 11 shows the
natural frequency analysis diagram of the ACSR obtained by the traditional Peak-Picking method
with a span of 1320 mm and an axial tension of 11 kN.

A5 - [

\
I
|

0.00 5469

Fig. 11. Signals and frequency spectrum of exciting cantilever beam (I = 1320 mm, T, = 11

12500

250.00 375.00

w
500.00 &

In Fig. 11, after the vibration signal is transformed by FFT, the frequency at the peak is the
natural frequency of the ACSR, and the analyzed frequency is about 51.76 Hz. It can be found
that the natural frequency of the ACSR obtained by white noise and hammer excitation are
49.95 Hz and 51.76 Hz, respectively, and the relative error is less than 4 %. In this study, the
frequency obtained by the force hammer excitation is used to substitute the Eq. (18) to calculate
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the dynamic bending rigidity of ACSR. Fig. 12 shows the change law of the dynamic bending
rigidity of the ACSR with the axial force under the six experimental spans. It can be found that
the dynamic bending rigidity of the ACSR is greatly affected by the axial force. The greater the
axial force, the greater the dynamic bending rigidity. Table 2 shows the dynamic bending rigidity
and the first natural frequency of the ACSR with different spans and different axial force.

5000 - :
Span (mm)
—=—13870 : ‘ ‘
£¢ —1170
g *53000 | =—=—1320 | WA
2 — 1470
== —— 1620
=T
5y 2000 | A
& =
1000 |-, """" :mae;atlin seis'g”' 'F'ar'c'aﬁaasa;e%r """
] Left . Excntatlon posltlon ‘ nght "
O 1

1 3 5 7 9 11 17
Axial force (N)

Fig. 12. Dynamic bending rigidity of ACSR

13 15

Table 2. Dynamic bending rigidity and the first natural frequency of ACSR

! 870 1020 1170 1320 1470 1620
(mm)
To W, EJ w4 EJ W, EJ W, EJ w4 EJ W, EJ
(kN) | (Hz) |(Nm?) | (Hz) | (N'm?) | (Hz) | (N'm?) | (Hz) | (N'm?) | (Hz) | (N'm?) | (Hz) | (N'm?)
3 60.55 | 844.4 |50.78 | 1119.4 |41.02 | 1138.0 | 32.25 | 1250.2 | 27.34 | 1332.1 | 23.44 | 1423.5
5 75.20 | 1295.4 | 58.59 | 1464.3 | 47.85 | 1571.6 | 37.11 | 1670.0 | 33.20 | 1993.4 | 28.32 | 2037.5
7 84.96 | 1641.8 | 65.43 | 1806.4 | 52.73 | 1996.5 | 42.97 | 2094.3 | 37.11 | 2375.3 | 32.23 | 2604.9
9 91.80 | 1901.3 | 71.29 | 2126.6 | 57.62 | 2362.1 | 47.85 | 2583.2 | 41.02 | 2878.2 | 35.16 | 3056.4
11 | 96.68 | 2089.9 | 76.17 | 2409.2 | 62.50 | 2765.6 | 51.76 | 3002.8 | 43.95 | 3268.8 | 38.09 | 3559.3
13 1102.54 | 2339.1 | 80.08 | 2641.1 | 66.41 | 3102.6 | 54.69 | 3321.3 | 46.88 | 3693.2 | 41.02 | 4112.0
15 ]1107.42 | 2553.2 | 83.98 | 2886.5 | 69.34 | 3354.3 | 57.62 | 3662.0 | 49.80 | 4149.8 | 43.95 | 4715.3
Note: [ is the span of the experimental ACSR, Ty is the axial force applied to the experimental ACSR, w,
is the first natural frequency of the experimental ACSR and EJ is the dynamic bending rigidity of the
experimental ACSR.

5. Comparison and discussion
5.1. The influence of axial force and span on dynamic bending rigidity

It can be concluded that the dynamic bending rigidity of the ACSR is affected by the axial
force and span from the experimental results in the previous section. Table 3 shows the rigidity
ratio of the same span relative to axial force is 3 kN and the rigidity ratio of the same axial force
relative to span is 870 mm. It can be found that with the same span, the dynamic bending rigidity
ratio of the ACSR increases from 1.0 to 3.0 as the axial increases, and the value in each level of
axial force is almost the same. The possible reason is the increase in axial force makes the strands
inside the ACSR more closely contact each other, which leads to an increase in the overall rigidity.
On the other aspect, the dynamic bending rigidity of the ACSR increases significantly with the
increase of the span. With the same axial force, the dynamic bending rigidity ratio of the ACSR
increases from 1.0 to 1.6 as the span increases, and the value in each level of span is also almost
the same. This may be caused by the weight of the ACSR increases as the span becomes larger,
and therefore the vibration amplitude becomes smaller under the output power of the exciter
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remains unchanged. Hence, the resulting dynamic bending rigidity is relatively increased.
Table 3. Rigidity ratio of the same span relative to Ty = 3 kN

and the same axial force relative to [ = 8§70 mm
T, (kN) | Rigidity ratio of the same span / Rigidity ratio of the same axial force

3 1.0/1.0 1.0/1.3 1.0/1.3 1.0/1.5 1.0/1.6 1.0/1.7
5 1.5/1.0 1.3/1.1 1.4/1.2 1.3/1.3 1.5/1.5 1.4/1.6
7 1.9/1.0 1.6/1.1 1.8/1.2 1.71.3 1.8/1.4 1.8/1.6
9 2.3/1.0 1.9/1.1 2.1/1.2 2.1/1.4 2.2/1.5 2.1/1.6

11 2.5/1.0 2.2/1.2 24/13 2.4/1.4 2.5/1.6 2.5/1.7
13 2.8/1.0 2.4/1.1 2.7/1.3 2.7/1.4 2.8/1.6 2.9/1.8
15 3.0/1.0 2.6/1.1 2.9/1.3 2.9/1.4 3.1/1.6 3.3/1.8

5.2. Comparison with the static bending rigidity

The static bending rigidity of the ACSR is the ability to resist bending deformation under static
load. The schematic diagram of the test device for measuring the static bending rigidity of the
ACSR is shown in Fig. 13 [2]. Similar to the dynamic bending rigidity experimental device, a
transverse load is applied after the ACSR is clamped, and a vertical load is applied to the middle
of the ACSR. The calculation equation of the static bending rigidity of ACSR is [2]:

xlz
_! 19
El = (19)

where E1 is the static bending rigidity of the ACSR, F, is the axial force of ACSR, [ is the span of
ACSR, and the equation that A needs to satisfy is:

4FA + 2(1 — coshl)
Eyl B AsinhA

(20)

where F, is the vertical force applied on the middle of the ACSR, and A is the displacement in the
mid-span of the ACSR.

Cable ACSR clamping errtif:al 103‘1.
application device

section device

ACSR clamping  Cable

: m device section
I \ M
M
i

Force transducer

Experimental ACSR

Axial {oad

Fixed end Fixed platform Movable end application device

Fig. 13. Schematic diagram of the experimental device for the static bending rigidity of the ACSR

It can be found that the static bending rigidity of the ACSR is related to the vertical force from
Egs. (19-20). The static bending rigidity of the ACSR in the literature is also obtained under
different vertical loads [2]. Table 4 and Table 5 show the static bending rigidity of the ACSR and
the ratio of dynamic bending rigidity to the static bending rigidity when the span is 870 mm and
1020 mm with five axial and vertical force. The dynamic bending rigidity is calculated by getting
or interpolating the value at the corresponding position according to the results of the previous
section.

It can be concluded from Table 4 and Table 5 that under the same vertical load, the change law
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of the static bending rigidity and dynamic bending rigidity of the ACSR is basically the same, that
is, the greater the axial force, the greater the bending rigidity. When the axial force is constant, the
static bending rigidity of the ACSR increases with the decrease of the vertical load. This is because
the smaller vertical load makes the bending deformation of the ACSR smaller, and the viscous
effect between the strands is enhanced, which caused the static bending rigidity is larger. However,
even when the static bending rigidity is maximum, the dynamic bending rigidity is more than 7
times the static bending rigidity, which also means that the dynamic bending rigidity of the ACSR
is closer to the value by assuming a “solid body” (welded strand to strand) behavior in literature
[13]. In addition, when the axial force was increased from 3 kN to 15 kN, the ratio of dynamic
bending rigidity to static bending rigidity of the ACSR at two spans decreased by 50 % and 70 %,
respectively. It indicates that the increase of the axial force has a greater effect on the static
bending rigidity of the ACSR than the dynamic bending rigidity, and the increase of the span will
aggravate this effect.

Table 4. The static bending rigidity and the ratio at the span of 870 mm

F, (kN) 3 6 9 12 15
E El . El . El F El . El .
(kI{I) (N-m) Ratio (N-) Ratio (N-) (kI{I) (N-m?) Ratio (N-m) Ratio
0.1 40 21 86 17 176 11 194 11 261 10
0.2 22 38 48 31 107 18 135 16 198 13
0.3 18 47 33 45 70 27 89 25 170 15
0.4 13 65 27 54 53 36 73 30 133 19
0.5 11 77 20 73 38 50 56 40 110 23
Table 5. The static bending rigidity and the ratio at the span of 1020 mm
F, (kN) 3 6 9 12 15
(lfI{T) (I\II; inz) Ratio (Nﬁiﬁ) Ratio (Nﬁiﬁ) Ratio (Ni:ﬂ) Ratio (NEI;Z) Ratio
0.1 37 23 84 17 171 11 201 11 358 7
0.2 20 42 42 35 87 22 127 17 226 11
0.3 16 53 27 54 51 37 93 24 156 16
0.4 13 65 18 62 31 61 63 35 130 20
0.5 10 84 14 80 24 79 46 48 107 24

6. Conclusions

The dynamic bending rigidity of ACSR is a key parameter for dynamic response analysis of
overhead transmission lines. This paper derives the calculation formula for the dynamic bending
rigidity of the ACSR, and designs a set of experimental equipment for the dynamic bending
rigidity of the ACSR. The principle of the experimental device is simple and clear, and the
vibration frequency of the ACSR can be obtained more accurately. Through the analysis of the
experimental results of the dynamic bending rigidity of ACSR with different spans and different
axial forces, the following conclusions can be drawn:

1) Similar to the static bending rigidity, the dynamic bending rigidity of the ACSR will
increase with the increase of the axial force and the span, and the growth rate is almost the same.

2) The dynamic bending rigidity is more than 7 times the static bending rigidity, that is, the
dynamic bending rigidity of the ACSR is much greater than the static bending rigidity. Therefore,
when conducting dynamic analysis of the ACSR, the change of its rigidity should be considered.

3) The increase of the axial force has a greater effect on the static bending rigidity of the ACSR
than the dynamic bending rigidity, and the increase of the span will aggravate this effect.
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