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Abstract. Conductor galloping is a serious threat to transmission line integrity, inducing excessive
conductor tension that may lead to catastrophic failures including conductor breakage and tower
collapse. This study proposes a novel self-adaptive anti-galloping device (SAGD) to mitigate
galloping amplitudes and reduce associated risks. In this paper a novel self-adaptive anti-galloping
device (SAGD) to mitigate galloping amplitudes and reduce associated risks was proposed. The
structural design scheme of the device is provided, and its operation sequence was verified through
static loading experiments. Conductor free-falling experiments validated the SAGD's vibration
control performance, with test results demonstrating its practical applicability for transmission
line protection. A finite element model for the conductor-SAGD system was developed, enabling
numerical simulation of galloping displacement time history and analysis of endpoint support
reaction dynamics. The device's galloping suppression effectiveness is systematically evaluated
under varying stroke lengths and threshold conditions.

Keywords: transmission lines, conductor galloping, adaptive anti-galloping, protection device.
1. Introduction

The rapid expansion of power grid infrastructure and the increased frequency of severe weather
events since the 21st century have led to a significant rise in conductor galloping incidents on
overhead lines, along with heightened damage severity [1-3]. Conductor galloping occurs annually
on a large scale, causing substantial social and economic impacts. This phenomenon poses risks
to power networks, potentially leading to flashovers, tripping, and loosening of tower bolts. In
extreme cases, it can result in insulator failures, line breakages, and structural collapses [4-6].

In order to mitigate the secondary disasters caused by conductor galloping, a variety of devices
are utilized in engineering projects. These include interphase spacer bars, line clamp rotary spacer
bars, double swing anti-galloping devices, detuned pendulums, and eccentric weights [7-9]. Yan
et al. developed a method to prevent transmission line galloping by applying shock loads,
demonstrating the viability of this technique [10]. Similarly, Huang et al. introduced a strategy to
reduce vibration energy by installing a damper near the conductor on the tower, effectively
curtailing galloping [11]. In a simulation study concerning 500 kV transmission lines, Lu et al.
explored anti-galloping interventions using horizontally arranged ground spacers [12].

Current anti-galloping strategies primarily consist of deploying various devices that are
customized based on local meteorological conditions, structural characteristics of the lines, and
their orientation [13-15]. However, most existing anti-galloping devices are directly attached to
the conductor, potentially leading to fatigue damage [16-18]. Moreover, the performance of these
devices can vary due to local weather conditions and they generally lack adaptive capabilities to
dynamically counteract galloping.

To enhance the efficiency and applicability of galloping suppression, a new self-adaptive anti-
galloping device (SAGD) that dynamically responds to changes in support reactions to improve
the suppression of conductor galloping was introduced in this paper. The device activates
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automatically when the support reaction surpasses a predefined threshold, dissipating vibrational
energy and altering the system's natural frequency, thus restraining the amplitude of conductor
galloping and reducing conductor tension. As the tension in the conductor decreases, the device
automatically resets, allowing for multiple interventions to effectively achieve adaptive galloping
prevention.

2. Construction and working principle of the SAGD

When a transmission line experiences galloping, the tension in the conductor significantly
increases and displays periodic fluctuations. Studies have demonstrated that modifying the
conductor’s natural frequency and dissipating the galloping energy can effectively mitigate the
galloping phenomenon and decrease the tension at the conductor's suspension points on tension
towers [19-21].

2.1. Structural diagram

As shown in Fig. 1(a), Fig. 1(b) and Fig. 1(c), the structural diagram of the self-adaptive
anti-galloping device (SAGD) is proposed. The SAGD consists of three main components: the
start-up assembly, reset assembly, and installation assembly. The start-up assembly sets the
device's activation threshold. The reset assembly establishes the reset spring preload to enable
device reset. The installation assembly mounts the device on the grid.

The start-up assembly includes latch 4, latch reset spring 5, and fixed cap 6. The reset assembly
consists of reset spring 2, upper sleeve 3, lower sleeve 7, and piston 8. Device control is primarily
achieved through the preload of reset springs 2 and 5.
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c¢) Three-dimensional diagram d) Schematic diagram of SAGD actuation principle
Fig. 1. Structural diagram of a self-adaptive anti-galloping device (SAGD): 1 — upper hanging ring;
2 —reset spring; 3 — upper sleeve; 4 — latch; 5 — latch’s reset spring; 6 — fixed cap;
7 — lower sleeve; 8 — piston; 9 — lower hanging ring
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Prior to assembly, the activation threshold is coarsely set by adjusting the preload of reset
spring 2. Once assembled, reset spring 2 becomes non-adjustable. During operation, precise
threshold tuning is accomplished by adjusting fixed cap 6. The activation threshold is accurately
determined by measuring the thread engagement depth of fixed cap 6.

The installation assembly includes hanging rings 1 and 9. The device is securely mounted on
a bracket using a high-strength bolt connected to the strain tower’s cross arm. The upper hanging
ring attaches to the insulator string end.

The operational threshold of SAGD depends on the vertical component of contact force
between latch 4 and piston 8’s inclined plane. When tension at the strain tower's hanging point
exceeds this threshold, piston 8’s bevel forces latch 4 back into fixed cap 6. Subsequently, piston
8 moves within the sleeve toward upper sleeve 3’s brake bevel, causing SAGD extension. This
extension dissipates energy and alters the system’s natural frequency, reducing both conductor
galloping amplitude and conductor tension. These effects enhance transmission line protection,
significantly lower conductor breakage risk, and minimize grid-related accident losses. The
picture of SAGD before the test is shown in Fig. 2.

As can be seen in Fig. 1(d), the SAGD is mounted on the cross-arm of a strain tower and
functions as a power line fitting by connecting in series between the conductor and the tower
structure. Unlike conventional anti-galloping devices, which are predominantly connected in
parallel within power systems and may exacerbate conductor fatigue damage, the SAGD offers
two significant advancements: first, the activation threshold can be precisely calibrated on-site by
adjusting the fixed cap 6 to accommodate specific line conditions; second, the device provides
real-time modulation of conductor tension, effectively suppressing energy accumulation during
galloping.

a) Front view 7 b) Back view
Fig. 2. Picture of SAGD

2.2. Action sequence and experimental verification

To demonstrate the SAGD actuation sequence, the static experimental setup and device are
shown in Fig. 3(a) and Fig. 3(b). The elongation of the SAGD is tested using a Stem-type
displacement sensor, and the force from the manual chain hoist is tested with a force sensor.
Fig. 3(c) presents the action sequence diagram and the experimental results of the SAGD, where
the black solid line denotes the relationship between tension and displacement.

As shown in Fig. 3(c), Point A characterizes the state under initial tension T}, at the hanging
point. Segment A-B depicts the tension increase in the SAGD while displacement at the
suspension point remains zero. Segment B-C illustrates the latch being pushed back to the fixed
cap by the contact slope, T; representing the threshold for latch actuation initiation. Point C
denotes the maximum pulling force T, during device operation. Segment C-D is the device
extension phase, where the load on the SAGD decreases and the hanging point extends to
maximum stroke Ly. Segment D-E represents the force decrease. Following the extension of the
SAGD, the tension at the hanging point decreases but may remain above the reset tension of the
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reset spring. The section E-B marks the reset stage of the SAGD, where the reset force T; is
provided by the reset spring upon reaching the maximum stroke. Finally, the segment B-A
indicates the gradual stabilization of the system.

o e S
— 1 1 SAGD
f L

Displacement
Sensor

Force
Sensor

a) Experimental setup b) Experimental site

Experimental Results
— Theoretical Results

Displacement

¢) Experimental results
Fig. 3. Time sequence diagram of SAGD

2.3. Dynamic process test verification

In order to validate the effectiveness of the SAGD under dynamic load, the conductor
free-falling experiments were conducted in the laboratory. As shown in Fig. 4 and Fig. 5, the
SAGD is installed at the suspension point of a 50 m isolated single-conductor span in the
laboratory, and the trigger load is set at 26 kN. A draw-wire displacement sensor (DS) is mounted
on the SAGD to monitor its elongation. On the opposite suspension point, a hydraulic cylinder
and a tensile force sensor (TFS) are connected in series, enabling real-time tension adjustment and
monitoring. A lifting device is positioned at the midpoint of the span, using a winch to hoist the
conductor secured by a U-bolt. The conductor is released by removing the U-bolt. Since the
free-falling conductor vibrates perpendicular to its axial direction, two draw-wire displacement
sensors are installed 2 meters from the midpoint (ground-fixed, aligned perpendicular to the
conductor) to cancel out measurement interferences.

In this experiment, the conductor midpoint is raised to a predetermined height and released to
simulate large-amplitude vibrations. Energy input is controlled by adjusting lift height. The effects
with/without SAGD are determined by locking or releasing the start-up assembly, enabling
comparison of test results to quantify SAGD influence.

Fig. 6 compares the vertical displacement responses of the conductor elevated to heights of
1.5 m and 1.2 m above the sensor with and without the SAGD respectively. Fig. 7 shows the
corresponding time-history diagrams of support reaction forces at the span’s termination. Fig. 8
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shows the elongation of SAGD during the free-falling of the conductor.

Draw-Wire Displacement
Sensor

SAGD Lifting Device Draw-Wire Displacement  Tepsile Force Sensor ~ Tension Control Device
Sensor

Fig. 4. Schematic diagram of the experimental setup
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Displacement
Sensor

Lifting
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c) Lifting device d) Draw-wire displacement sensor
Fig. 5. Test site layout diagram

As can be seen in Fig. 6(a) and Fig. 6(b), when the conductor is released from 1.5 m elevation
with SAGD installed, the device activation was triggered (see Fig. 8(a)). The peak support reaction
force at the suspension point measured 27.7kN (see Fig. 7(a)), with both reaction forces and
vibration displacements stabilizing after 31.3s. In the control configuration (without SAGD), the
peak reaction force reached 30.6 kN (see Fig.7(b)) at the suspension point, requiring 70.9 s for
stabilization. Comparative analysis shows SAGD implementation achieved a 9.5 % peak force
reduction and a 55.9 % attenuation duration decrease.

When the conductor was elevated to 1.2 m, the SAGD did not reach its trigger load of 26 kN.
As shown in Fig. 8(c) and Fig. 8(d), the device exhibited limited reciprocating motion within the
0 to L, range during operation. Support reaction forces remained below the activation threshold,
resulting in no significant peak force suppression. Despite this, vibration attenuation duration
decreased from 35.6 s to 25.9 s, representing a 27.3 % reduction compared to baseline conditions.

Therefore, it can be concluded during conductor galloping, as amplitude increases the tension
at the hanging point rises correspondingly. When tension reaches the SAGD's threshold, the
trigger mechanism automatically activates. This alters conductor tension, reduces its natural
frequency, and dissipates galloping energy, thereby effectively suppressing galloping and
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ensuring transmission line safety.
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Fig. 8. Elongation of SAGD

2.4. Modeling of the conductor-SAGD system

The simulation of the anti-galloping process for the conductor-SAGD system involves
calculating aerodynamic loads, optimizing wire shape, and simulating device motion dynamics.
Given that ANSYS supports the use of APDL for determining wire shape and calculating
aerodynamic loads, this study utilizes ANSYS to simulate the anti-galloping process [22-24].

Table 1. Conductor-SAGD system model parameters

Item Parameter
Conductor type LGJ-240/30
Cross-sectional area (mm?) 275.96
Outside diameter (mm) 21.6
Weight (kg/km) 922.2
Rated tensile strength (N) 75620
Elastic coefficient (MPa) 73000
Horizontal tension (N) 17100
Linear expansion coefficient (1/°C) 19.6x107°
Span (m) 420
Wind speed (m/s) 15
Initial angle of attack (°) 70
Ice thickness (mm) 10
Ice shape Crescent-shape

This study focuses on the section from pole No. 122 to tower No. 123 of the 220 kV
transmission line, extending from Yuzhuang Station to Lugiao Station in Hebei Province, to serve
as the test conditions for the SAGD simulation. The model parameters for the conductor-SAGD
system are detailed in Table 1.
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2.5. Aerodynamic model of ice-covered conductor

Cangzhou, located in Hebei Province, is situated near the sea and experiences strong winds
and high humidity. Consequently, power lines in this region are susceptible to ice accumulation
and galloping. Notably, wires situated within the secondary galloping zone face heightened risks
of ice formation and galloping, making this area an optimal observation point for conductor
galloping. In this region, the ice-covered wires typically take on a crescent shape. This paper
presents the calculation and analysis of aerodynamic loads on crescent-shaped ice-covered wires.
As illustrated in Fig. 9, the resistance (fp) acts in the direction of the relative wind speed, while
the lift (f;) is oriented perpendicular to this direction [25]. a, represents the initial value of the
wind attack angle of the conductor, and A denotes the additional influence of transverse wind
vibration and torsional vibration on the wind attack angle. U and U,. correspond to wind speed and
relative wind speed [26-27]. Additionally, y, z and 8 denote the vibration velocities of the wire in
the transverse, downwind, and torsional directions. R represents the radius of the wire.

As illustrated in Fig. 9, the expression for the additional influence of wire movement on the
wind attack angle is as follows:

y + RO
/1=tan‘1y 0 (1

The wind attack angle of the ice-covered wire can be expressed as follows:
a=a,+6—1, 2)

where 6 is the torsion angle of the ice-covered wire in Eq. (2).

Since the drag coefficient (Cp), lift coefficient (C;), and torque coefficient (Cy;) are all
functions of the wind attack angle, a cubic polynomial is typically employed to model the
aerodynamic coefficients [28]:

C; = ciza® + cipa? + cia + ¢y, 3)

where C; includes the drag coefficient, lift coefficient and torque coefficient in Eq. (3).
Based on the aerodynamic coefficients, the aerodynamic drag (f}), aerodynamic lift (f;), and
torque (fj,) of the wire per unit length can be calculated as follows:

1,

[ fo =5 PU*DCy,
1

fi= EPUZDCL' “4)
1

fM = EPUZDZCM

Transform the lift (f;), drag (fp), and torque (fy,) illustrated in Fig. 9 to align with the axis
direction as follows [29]:

F, = f,cosa — fpsina,
F, = fysina + fp cosa, 5)
Fy = fu-

3. Initial shape of conductor

The overhead line represents a typical suspension cable structure. Due to external loads, the
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significant displacements of the relaxed wire make accurate calculations and analyses based just
on relaxed wire’s loading impractical. The initial shape finding of the overhead line can establish
the self-equilibrium state under the influence of self-weight and prestress, providing the stress and
displacement parameters in the initial state [30]. Once the initial configuration of the conductor is
determined, various accurate static and dynamic analyses can be performed on the wire.

Faa
Fig. 9. Schematic diagram of aerodynamic model of ice-covered traverse section

Since the horizontal component of the axial tension at each point along the overhead line is
uniform, it corresponds to the horizontal tension at the lowest point of the line [31]. Therefore, the
lowest axial tension of the sag is utilized as the convergence condition to determine the initial
shape of the conductor. A geometric model was developed to represent the wire connecting the
two supports, actual material properties and constants were incorporated. Additionally, the initial
strain and gravitational acceleration were applied to the wire, while geometric nonlinearity and
stress stiffness options were enabled. The Newton-Raphson method was employed to iterate the
process until the configuration and stress of the wire satisfied the convergence conditions [32].

The theoretical values and simulation results of some parameters for the overhead conductor
are listed in Table 2. It can be seen from the data in the table that the theoretical calculations of
the mid-span sag and maximum tension parameters exhibit minimal discrepancies compared with
the software analysis results, with a maximum error of only 0.89 % [33].

Table 2. Comparison between simulation results and theoretical results

Simulation results | Theoretical results | Error value (%)
Mid-span sag (m) 3.33 3.36 0.89

Maximum tension (kN) 16.99 17.10 0.64

4. Galloping simulation

As illustrated in Fig. 9, the ice-covered wire of the transmission line primarily experiences
three aerodynamic forces in the wind field: drag, lift, and torque. Due to the low flexural stiffness
of the conductor, the Beam188 element, which allows for the release of bending freedom, is
employed to model the overhead line in this paper. The bending freedom around the y and z axes
of the Beam188 element is released, allowing the wire unit to move along the x, y, z directions
and twist around the x axis. Following the completion of shape finding, the overhead line is
subjected to loading to facilitate static and dynamic analysis.

Fig. 10 illustrates the flow chart of aerodynamic load loading process for the conductor. Prior
to conducting the conductor galloping simulation, it is essential to consider ice loading. A
secondary shape-finding process is performed for the system, followed by the conductor galloping
simulation. Due to the large deformations inherent in conductor galloping, the full transient
dynamic analysis method was employed during the simulation [34]. The load step is set to
0.1 seconds in this study, during which the coordinates of each node of the wire, the displacement
velocities in the y and z directions, as well as the torsion angle and torsion velocity of the wire
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around the x axis, are recorded at intervals of 0.1 seconds. The wire parameters obtained from the
preceding load step are substituted into Eq. (2) to calculate the wind attack angle for the current
load step. The wind attack angle is then used in Eq. (5) to determine the equivalent wind load on
each node. Finally, each node is reloaded, completing the cyclic loading calculations within the
designated time frame.

Begin
(Time step r=i/10)

Set initial wind speed and initial wind attack angle

]

The equivalent wind load is applied to each node to
conduct a transient dynamic analysis.

l

Read and record the wire angle. rotational speed.
and movement speeds in the y and z directions.

l

Update the wind attack angle and the equivalent wind load

i=i+1

1 s
o= EPU Dc,

i 2
fi =5 pUDC,

1 7212,
fu=3PUD'C,,

Ending

Fig. 10. Flow chart of aerodynamic load loading process for the conductor

The conductor-SAGD system is simulated to validate SAGD effectiveness. The finite element
model is shown in Fig. 11, where a SAGD is installed in the AC section. Point A of the device is
fixed to the strain tower's crossarm, while Point C is fixed to the conductor. A horizontal
COMBIN39 unit simulates the return spring and motion stop card slot in the AC-section SAGD,
whereas an MPC184 unit simulates the motion trigger. When horizontal tension at the strain
tower’s hanging point exceeds the threshold, the MPC184 unit is deactivated, and the COMBIN39
unit engages with the system to undergo extension.

4.1. Analysis of parameter influence and results

This paper investigates the influence of the motion stroke and trigger threshold of the SAGD
on conductor galloping. The horizontal reaction force at the span-end conductor suspension point
is employed as the criterion for detecting galloping. The test span conductor, LGJ-240/30, has a
calculated breaking strength of 75,620 N, while the initial tensile force of the ice-covered
conductor is 32,080 N. In this study, the safety factor for the operational tension of the conductor
is set at 1.5. If the activation threshold is set too low, galloping cannot be reliably detected;
conversely, if set too high, the conductor may not be sufficiently protected from dynamic overload.
Three thresholds (40 kN, 45 kN, and 50 kN) are systematically evaluated in galloping simulation
analyses to balance detection sensitivity and protection effectiveness. Considering the
load-bearing capacity of the cross arm, it is necessary to minimize the weight of the SAGD. When
the SAGD is at its maximum stroke, it is imperative to prevent the wire hanging point from
exceeding the original hanging point by too great a margin, as this would increase the sag of the
line and pose safety risks. This study sets the SAGD stroke at 0.25 m and 0.3 m to balance the
need for equipment lightweight design and safety, while ensuring effective suppression of
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galloping. This study examines the displacement response and stopping end support reaction of
the conductor under motion strokes of 0.25 m and 0.3 m, as well as trigger thresholds of 40 kN,
45 kN, and 50 kN.

COMBIN39

| |
| horizontal extension l
: A N
|
|

T MPC184 |
motion trigger |

Fig. 11. Finite element model of conductor-SAGD system
5. Influence of the stroke

When the trigger threshold of the SAGD is set at 45 kN, Fig. 12 illustrates the conductor
galloping trajectory of the center of the span under three working conditions: no SAGD action,
motion strokes of 0.25 m and 0.3 m. The figure indicates that the peak-to-peak values of vertical
displacement under the three working conditions are 11.54 m, 10.15 m, and 6.47 m, respectively,
while the peak-to-peak values of horizontal displacement are 11.09 m, 4.12 m, and 1.72 m,
respectively. With a motion stroke of 0.25 m, the amplitudes of vertical and horizontal motion
decrease by 12.05 % and 62.85 %, respectively. When the motion stroke is increased to 0.3 m, the
amplitudes of galloping decrease by 43.93 % and 84.49 %, respectively. These results demonstrate
that the horizontal and vertical displacements associated with conductor galloping are effectively
suppressed after SAGD action, and that the anti-galloping effect is significantly enhanced with
increasing motion stroke.

8 8
41 41
E E
>0
50 =0
-4 -4
4 0 4 8 4 0 4 8 40 4 8
UZ(m) UZ(m) UZ(m)
a) Device inactive b) Motion stroke 0.25 m ¢) Motion stroke 0.3 m

Fig. 12. Conductor galloping trajectory of the center of the span

Fig. 13 illustrates the vertical displacement response from the center of the span when the
device is inactive, as well as during operation with stroke lengths of 0.25 m and 0.3 m, under a
trigger threshold of 50 kN for the SAGD. Fig. 14 presents the time history curve of the end support
reaction. According to these figures, in the absence of SAGD, the conductor galloping amplitude
stabilizes after 96 seconds of loading, achieving a maximum amplitude of 6.15 m and a maximum
support reaction force of 67.69 kN. When the SAGD, with a threshold of 50 kN, is installed and
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operated with stroke lengths of 0.25 m and 0.3 m, the vertical displacement amplitudes at the
center of the span decrease by 53.11 % and 57.51 %, respectively, within 5 seconds after
activation. The end support reactions decrease by 23.22 % and 25.22 %, respectively. These results
demonstrate that the installation of the SAGD significantly reduces both the amplitude of
conductor galloping at the center of the span and the support reactions at the strain tower.
However, due to the continuous influence of wind load, the conductor galloping remains disturbed
but does not cease.

——UY — UY
81-- =upper envelope 81-- =upper envelope
= = —=lower envelope

—~ 4
g
>
= ke
-4
0 100 200 300
time(s) time(s)
a) Device inactive b) Motion stroke 0.25m
—UY inactive 0.25m
8t - =upper envelope 8
= = =lower envelope 0.3m
g 4
>
= 0
0 100 200 300 0 100 200 300
time(s) time(s)
¢) Motion stroke 0.3 m d) Comparison of different strokes

Fig. 13. Response of vertical displacement of conductor midpoint of different motion strokes

Due to the nonlinear characteristics of the transmission line, the suppression effect on
conductor galloping is also nonlinear. The SAGD dissipates energy and inhibits galloping through
multiple movements. To further evaluate the anti-galloping performance of the SAGD, the time
interval of these movements is proposed as a performance evaluation index. A short operational
interval may cause excessive heating of the device, affecting its service life. Therefore, it is
essential to maximize the operational interval while maintaining a limited operation stroke. In
simulating the initial action of the device, this study identifies the time node when the tension at
the system’s hanging point reaches the threshold for the second time as the second action time.
The two identified time nodes are then compared to determine the first and second action intervals
for different stroke lengths, as illustrated in Fig. 15.

As shown in the figure, when the motion stroke is 0.2 m, the interval time between the first
and second movements of the system is 43.3 s. When the stroke length is increased to 0.25 m, the
interval time rises to 120.0 s, representing an increase of 177.14 % compared to the 0.2 m stroke.
Furthermore, with a stroke length of 0.3 m, the interval time increases to 146.6 s, which is 22.17 %
greater than the interval for a 0.25 m stroke. This indicates that when the motion stroke is less than
0.2 m, the device’s motion suppression effect is weak, resulting in negligible improvements in
interval time. Conversely, when the motion stroke exceeds 0.2 m, the motion suppression effect
of the device shows significant enhancement. Given the challenges in increasing the travel of the
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reset spring during the device’s design and manufacturing processes, a stroke length of 0.25 m is

optimal for suppressing galloping.
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Fig. 14. Time history curve of end reaction for different motion strokes
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Fig. 15. The interval between the first and second movements of the device

6. Influence of the threshold

The trigger threshold of the SAGD plays a crucial role in suppressing conductor galloping.
Fig. 16 illustrates the vertical displacement response from the center of the span when the SAGD’s
stroke is set at 0.25 m and the thresholds are 40 kN, 45 kN, and 50 kN, respectively. Fig. 17
presents the time-history curve of the end-support reaction of the system for device thresholds of
40 kN, 45 kN, and 50 kN. As shown in the figures, when using the SAGD with a stroke of 0.25 m
and threshold values of 40 kN, 45 kN, and 50 kN, the interval times for the first and second
operations of the system are 30.3 s, 37.8 s, and 120.0 s, respectively. Among these, the device
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with a threshold of 50 kN demonstrates the most effective galloping inhibition. Considering that
the static tension of the ice-covered wire reaches 32.40 kN, the galloping amplitude of the test
wire stabilizes when the horizontal tension is approximately 50 kN. It becomes challenging to
distinguish the galloping state of the conductor when selecting SAGD with a lower threshold.
Concurrently, the rated tensile strength (RTS) of LGJ-240/30 is 75,620 N, and the 50 kN threshold
accounts for 66.12 % of the RTS, which ensures safe operation of the system. When the threshold
exceeds 50 kN and continues to rise, the line’s factor of safety will be markedly reduced.
Therefore, setting the trigger threshold of the device at 50 kN is justified in this paper.

— UY — UY — UY
8f--- upper envelope 81 --- upper envelope 81--- upper envelope
|- = = = lower envelope |- = = = lower envelope - = == lower envelope

0 100 200 300 0 100 200 300 0 100 200 300
time(s) time(s) time(s)
a) 40 kN b) 45 kN ¢) 50 kN
Fig. 16. The vertical displacement response of conductor midpoint at different operating thresholds
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Fig. 17. The system end support reaction of different action thresholds

7. Conclusions

This paper introduces a novel self-adaptive anti-galloping device (SAGD) for mitigating
overhead transmission line galloping. A finite element model simulates galloping dynamics over
time. Device efficacy was evaluated through oscillation amplitudes and strain tower reaction
forces. The following conclusions are listed:

1) The SAGD reduces the galloping displacements, significantly lowering end-support
reaction forces, and greatly decreases attenuation duration

2) Anti-galloping performance improves with increasing motion stroke. Strokes below 0.2 m
produce minimal effect, while those exceeding 0.2 m markedly enhance performance.

3) Optimal suppression requires precise SAGD threshold calibration. A 50 kN threshold
effectively suppresses galloping while accurately detecting conductor galloping states, avoiding
insufficient protection (threshold too high) or missed detection (threshold too low).
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