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Abstract: Accumulated ice on power transmission lines may cause
mechanical and electrical problems to power lines and towers,
which means that the successful de-icing of power lines plays a
key role for the guarantee of safety of power transmission. The
purpose of this paper is two-fold. First, the state of the art of the
de-icing devices has been reviewed and the current mechanical
devices have been classified through three criteria which are the
function position, the de-icing principle, and the mechanical
structure, respectively. Second, the prospect on the de-icing of
power transmission lines using mechanical devices has been
discussed with the aim of providing insight into the innovation
design of de-icing mechanical devices for power transmission
lines.

1. INTRODUCTION

De-icing of overhead power lines using mechanical devices
require much less energy compared to the thermal methods.
Moreover, it is more suitable to be utilized for the de-icing
of ground wires since the insulation from the tower is
necessary when making use of Joule-Effect method to melt
ice. Consequently, this paper will focus on the current state
of the mechanical de-icing devices.

2. RESULTS AND DISCUSSION

The mechanical de-icing devices are classified by three
criteria which are the function position, the de-icing
principle, and the mechanical structures, respectively.
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Figure 1: Sketch of the CEPRI-DI1

For instance, the function position of the CEPRI-DI1
depicted in Fig. 1 is fixed; the de-icing principle is
vibrating and shocking; and the mechanical structure is
planar four bar mechanism.

Some typical characteristics of the mechanical de-icing
devices are listed in Table 1.

Table 1: Characteristics of mechanical de-icing devices

Criteria Characteristics

How to put the de-icers into the function position should
be taken into account, since normally it is impossible for
linemen to reach the tower due to the accumulated ice.
On the other hand, in case of the fixed function position,
the de-icers can be started remotely without the need of
reaching towers.

Function
position

For twisting principle, it is difficult to be employed for
bundles of cables due to the existence of spacers. In case
of cutting principle, the cutter should be designed
carefully without damaging the power lines. If the mixed
principle is employed, the system complexity should be
taken into account.

Breaking
ice
principle

For the mechanical structures utilizing the effect of
spring, the whole system will be more compact
compared to the system employing planar four bar
mechanism. However, when the amplitude and
frequency of the generated vibration to power lines is not
fixed, the planar four bar mechanism may be necessary.

Mechanical
structures

3. CONCLUSION

The current state of the mechanical de-icing devices for
overhead power transmission lines is discussed and the
mechanical devices are classified by three criteria. For
solve the challenges ahead in terms of the de-icing issue
using mechanical devices, appropriate criteria should be
established for the evaluation of de-icing devices, such as
energy consumption, speed, maintenance, cost, difficulty of
operation. Moreover, some mathematical tools can be
utilized for the novel design of mechanical de-icing devices.
The authors believe that through analyzing the existing
devices used for de-icing of power transmission lines and
utilizing the proposed synthesizing methodologies, novel
concepts of mechanical devices may be proposed for the
de-icing operation with better performance. The goal of
improving customer service, benefiting power companies
and maintenance companies may be realized in the future.
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l. INTRODUCTION

Accumulated ice on overhead transmission lines may
exist in many countries, such as United States, Canada,
Russian, France, Finland, Sweden, Japan, and China [1],
which can cause huge disasters. For instance, the snow and
ice disaster happened in Southern China during Jan. to Feb.
2008 resulted in galloping of power transmission lines and
collapsing of transmission towers [2], from which we can
see that the technique regarding de-icing devices is very
important. The cost of repairs of the power grid is very high,
and the cut-off of power supply is a serious problem for
customers, power companies, and line companies.

Normally, there are mainly four methodologies
employed for de-icing of power transmission lines,
including thermal, passive, mechanical, and miscellaneous,
respectively. In particular, thermal methods refer to shed the
ice on transmission lines by melting, which has been applied
in field lines. Some recent thermal methods for the de-icing
issues are introduced in [3-6]. It is worth to note that when
applying Joule-Effect method to de-ice the ground wires, the
ground wires should be insulated from the tower, which will
increase the complexity of the de-icing system and the cost
of de-icing. Moreover, passive methods are those making
use of natural forces, such as wind, gravity, and temperature
variations to shed ice. However, the de-icing effects of
passive methods are limited and the reliability of the passive
methods can not be guaranteed. On the other hand,
mechanical methods for de-icing of overhead transmission

lines denote to those using force to cause the shedding of ice
from power lines. Compared to the thermal methods,
mechanical methods require much less energy due to the
brittle characteristics of the deposit ice on power lines [7, 8].
Moreover, from the mechanical properties of ice and snow,
we can see that the mechanical method will not damage the
conductors and ground wires, as well as insulator strings and
other fittings [8], given the fact that the mechanical de-icing
devices are designed carefully.

There have already been several papers dealing with the
state of the art of de-icing and anti-icing of power
transmission lines [9-13]. However, few papers have
focused on the state of the art of the de-icing devices form
the mechanical engineering point of view. Consequently, we
will discuss the state of the art and prospect of de-icing of
power transmission lines using mechanical devices, which is
belonging to the mechanical method of de-icing. There are
about 100 patents™ have been analyzed. Several
mechanical devices have been illustrated to show the idea of
de-icing operation using mechanical devices.

Il.  CURRENT STATE

As long as the customers, power companies, and line
companies suffered a lot from the accumulated ice on power
lines, more and more researchers have paid due attention to
the de-icing issue by means of mechanical devices. Several
prototypes have been developed and tested in test lines or
field lines, as well as many conceptual designs. For instance,
around 100 patents related to the de-icing issue on power
lines have been published [14], coming from US, Japan,
Germany, Russian, and China, etc. Due to space limitation,
only some typical patents have been included in the
reference list of this paper.

In order to make it easier to understand the mechanical
de-icing devices and achieve deeper insight into the
innovation design of de-icing mechanisms, we will classify
the mechanical devices through three criteria which are the
function position, the de-icing principle, and the mechanical
structure, respectively.

A. Classification via function position

Generally speaking, the function position of the de-icing
devices plays a key role in determining the operation



complexity of the de-icing process due to the fact that the
power lines are not easy to be reached when accumulated
with ice. As can be seen from Fig. 1, the function positions
of the de-icing devices can be categorized into movable
position and fixed position. Furthermore, the movable
positions can be further classified into three kinds, which are
transmitted by robots, shooting, and dragging by ropes,
respectively.

Figure 1. Different de-icing mechanisms classified via function position

Some mechanical de-icing devices are mounted in
maintenance robots to remove the accumulated ice. As a
result, the de-icing devices are moved by the robots. For the
development of maintenance robots, interested readers are
suggested to refer to the review paper in terms of
transmission line maintenance robots [15]. On the other
hand, some de-icing devices are integrated into a special
designed robot, such as the Remotely Operated Vehicle
(RQV for short) de-icer introduced in [16, 17]. In Fig. 2, we
can see that the ROV de-icer is shedding the accumulated
ice on power lines.

Figure 2. Prototype of the ROV de-icer

It is not difficult to know that the accreted ice can be
forced to shed by shocking. Based on this idea, a specially
designed bow has been proposed [18], which is able to shoot

Movable

objects such as columniform icicles, crabsticks to generate
shocks onto the accumulated ice. In this case, there is no
need for the lineman to reach the power lines, which will
reduce the risk of de-icing.

In Fig. 3, the De-icer Actuated by Cartridge (DAC for
short) [19] prototype is held in place by a rope. After firing
the DAC, vibration will be generated onto the power lines,
which will force the deposited ice to shed from the power
lines. However, it is difficult to employ the DAC for river
Crossings.

Figure 3. DAC roto@r@ggpﬂgbbs@f@.p@gl ready to be
red

Unlike the aforementioned devices whose function

. sitions are movable, some de-icing devices are fixed on
Fixdg J

tower or the power lines. For instance, an operatively
controllable electromechanical vibrator is attached on a line
section between towers [20]. When the accumulated ice is
sensed, the vibrator will be actuated to force the ice to shed
from power lines. Furthermore, the CEPRI-DI1 is illustrated
in Fig. 4, which is mounted on the tower. The CEPRI-DI1
contains a crank-slide mechanism which is able to generate
shock to the power lines. Note that the slide of the CEPRI-
DI1 can be actuated by either pneumatic or hydraulic
cylinder. The amplitude and frequency of the vibration to
the power lines generated by the end-effector can be
adjusted by suitable controller which is not shown in Fig. 4.
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Figure 4. Sketch of the CEPRI-DI1

B. Classification via de-icing priciple

In Fig. 5, we can see that different de-icing principle
may be applied for power lines using mechanical devices,
including cutting, vibrating and shocking, twisting, and
mixed with cutting, vibrating, shocking, and twisting.
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Figure 5. Different de-icing mechanisms classified via breaking ice
principle

Currently, most of the mechanical devices make use of
vibrating and shocking to shed the accumulated ice [21-23].

In [24], a de-icing mechanism consists of three milling
cutter which are mounted on a power line robot. The milling
cutters are mounted around the power line so that all the
deposited ice around the power lines can be cut successfully.
Along with the movement of the robot, the ice on the whole
line section can be shed. It is not difficult to see that the
ROV illustrated in Fig. 2 also shed the ice by cutting. The
cutter should be designed carefully, since it is possible to
damage the power lines if the cutter is close to the lines. On
the other hand, if the cutter functions far away from the
power lines, not all of the accumulated ice can be shed from
power lines. Other examples using cutting principle are
introduced in [25, 26].

Through twisting the cable for a predetermined number
of turns within the elastic domain of the deformation of the
cable, mechanical elastic energy can be accumulated in the
cable. Then the cable is released and untwisted under the
spring back effect, leading to the breaks of the deposited ice
on the cable [27].

To achieve better de-icing effect, it is straightforward to
employ multi de-icing principle to shed the accumulated ice
[28, 29]. For instance, a de-icing robot is introduced in [29],
where the ice deposited on the cables is shed through cutting
and shocking. It is necessary to point out that integrating
multi de-icing principles in a single unit will increase the
complexity of the whole system, which may raise the cost
and difficulty of maintenance and operation.

C. Classification via mechanical structures
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Figure 6. Different de-icing mechanisms classified via mechanical
structures

Various mechanical structures have already been
proposed to generate vibration and shock to the power lines
and some of them are illustrated in Fig. 6. In particular, we
can see that the CEPRI-DI1 depicted in Fig. 4 employs a
slider-crank mechanism which belongs to planar four bar
mechanism. On the other hand, many de-icing mechanisms
are actuated by the effect of spring so that the end-effector
of the de-icer can be shifted toward to power lines to
generate vibration. However, the main difference lies in the
mechanisms that make the end-effector move far away from
power lines. For instance, in [30, 31], the de-icing
mechanisms utilize gear and rack system to move the end-
effector of the de-icer far away from power lines. In stead of
using gear and rack system, cam can also be used to change
the position of the end-effector of the de-icer [32]. Note that
both the Cam and the planar four bar mechanism can be
integrated together to force the ice shed from power lines
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Il.  PROSPECT

One of the main objectives of designing the mechanical
de-icing devices is to decrease the risk to customers, power
companies, and line companies, which is caused by the
accumulated ice on power lines. So the development of the

mechanical de-icing devices should consider the
characteristics of the current devices, which are listed in Tab.
1.
TABLE I. CHARACTERISTICS OF MECHANICAL DE-ICING DEVICES
Criteria Characteristics
How to put the de-icers into the function position should
be taken into account, since normally it is impossible for
Function linemen to reach the tower due to the accumulated ice.
position On the other hand, in case of the fixed function position,
the de-icers can be started remotely without the need of
reaching towers.
For twisting principle, it is difficult to be employed for
Breaking bundles_ of cab_les _due to the existence of spacers. In_ case
- of cutting principle, the cutter should be designed
ice . - - .
principle ca_refl_JIIy \_Nlthout damaging the power Ilnes._ If the mixed
principle is employed, the system complexity should be
taken into account.
For the mechanical structures utilizing the effect of
spring, the whole system will be more compact
Mechanical | compared to the system employing planar four bar
structures mechanism. However, when the amplitude and
frequency of the generated vibration to power lines is not
fixed, the planar four bar mechanism may be necessary.

Even there are many mechanical devices introduced in
this paper, many of them are not tested in field lines and
most of them are only conceptual designs. Consequently,
the challenges ahead in terms of de-icing of power lines
using mechanical devices are more efficient design and
reliable experiments and tests in the field lines. The possible
developments may be as follows.

e Appropriate criteria should be established for the
evaluation of de-icing devices, such as energy
consumption, speed, maintenance, cost, difficulty of
operation.

e Systematic synthesizing methodology should be
utilized for the novel design of mechanical de-icing
devices from the mechanical point of view, such as
screw theory [34], graph theory [35], Gr set theory
[36, 37], Lie group theory [38, 39].

e The TRIZ [40] may be employed with the aim of
innovative design and performance optimization of
the mechanical de-icing devices.

IV. CONCLUSIONS

The current development of mechanical de-icing devices
has greatly contributed to the enhancement of customer
service, cost reduction, the work environment, and worker
welfare. However, novel mechanical devices with better
performance are still necessary to be developed.

The authors believe that through analyzing the existing
devices used for de-icing of power transmission lines and

utilizing the proposed synthesizing methodologies, novel
concepts of mechanical devices may be proposed for the de-
icing operation with better performance. The goal of
improving customer service, benefiting power companies
and maintenance companies may be realized in the future.
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