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Snow and Ice Accretion Fall Accident Prevention using Laser Technology

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

CiiiE e MIF T EHIDFES

BN B KEBRFRERINDOREFEZITOCLE T,

Recently, road accidents have been occurring in cold, snowy regions due to accreted snow falling from road
infrastructure such as road guide signs, information signs, and bridges. Snow accretions grow and fall, causing
damage to vehicles passing on the road beneath. The removal of accretions has been done mainly by road
maintenance personnel, requiring time and hard work. To improve the situation, we have been developing
technologies for the prevention and effective removal of snow accretion from road infrastructure.
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An example of snow accretion on
a road structure
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Classification of measures against

snow accretion and the

prevention of falling snow blocks
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Prevention of snow accretion by using laser technology that creates a water repellent surface

57 EHR, (EEREDED

Snow accretion refers the phenomenon of snow accumulating on structures, or to the snow
blocks that are attached to objects. Snow accretion occurs on various structures, including
transmission lines, antennas, aircrafts, railway cars, sign boards, and signal lights.

Measures for preventing or removing snow accretion are used by the administrators of such

facilities. Snow accretion 1s classified into wet snow accretion and dry snow accretion:

WS 0)A Wet snow accretion occurs when a block of snow with high moisture content attaches to an object. Wet snow accretion starts
to occur when the air temperature is around 0°C, the density of accretion becoming higher with an increase in the wind speed.

|V LVl Dry snow accretion occurs when snow with a low moisture content attaches to an object. Dry snow accretion occurs when

the air temperature is -2°C or lower and the wind speed 1s low. The density and adhesion of accreted dry snow 1s small.

B Classification of measures against snow accretion and the prevention of falling snow blocks

- Accretion retardation methods: methods to
prevent snow from attaching to structures

Changing the shape: Utilizing structures on
which snow accretion do not easily occur

Changing the properties: Utilizing materials

on which snow accretion does not easily occur

- Snow removal methods: methods to remove snow
accretion from structures

Mechanical removal: Removal of snow
accretion by force

Melting removal: Removal of snow accretion
by melting with heat

- Fall-prevention methods: Preventing accreted snow from falling off structures
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We have been developing a surface processing technology that uses ultrashort laser pulses. By using this
technique, water repellent (superhydrophobic) properties are produced on the surface of structures. Therefore we

Treating accreted snow by using laser irradiation from a distance
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expect that snow will not easily attach to the surface, or that snow accretion will not easily grow on the surface.
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In nature, the surface of a lotus leaf has micro or even nano-ripples, several microns in scale. Using this “lotus structure” model,
it 1s possible to create artificial superhydrophobic properties on the surface of structures. R&D for creating such structures has

been promoted worldwide.
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Mechanism behind the creation of water repellance
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The following equation

expresses this condition based on
the balance in the surface tension.
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Solid-gas interfacial tension

Vo [ER R HE5R
l &iiﬂ%ui interfacial tension
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Contact angle
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When /: is assumed as air, the following equation is results.

as-ﬁﬁ%acﬁjjmerfacial tension

cos@, = f,(cosb,) —1
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Contact angle: 145°

34T
Material 1
32
Material 2
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Liquid drop

EARESE Surface of a solid composite
material
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The following equation expresses this

condition for a surface of composite
materials (Material 1 and Material 2).
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cosd, = f,cos B, + f,cosb,

hit /=1
fi: MA 1 DEREL

Area ratio of Material 1

f: M2 DEELL

Area ratio of Material 2

0,: MR 1 DEAE .
Contact angle of Material 1

0,: M8 2 DEALE .
Contact angle of Material 2

Or: RDNT DIEARE

Apparent contact angle

It 1s known that, by making the surface area /i
as small as possible, the apparent contact angle
Or changes, and superhydrophobicity appears
(6r approaches 180°) in some cases.
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The amount of light passing through ice differs
by the light wavelength. Ice readily absorbs light

with a wavelength of 10.6pum.
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When ultrashort laser pulses are
emitted to a galvanized sheet, it
creates micro or even nano-ripples,
resembling the structures on the
surface of a lotus leaf, and give the
metal surface superhydrophobicity.
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We have been examining a method for effectively melting snow and ice on road
structures by irradiating them with a laser beam from a distance.
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Direction of laser irradiation
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When a laser beam is used to irradiate ice, the
propagation distance of the light in the ice
differs by wavelength. The light that does not

pass through the ice is absorbed by the ice,

changing into heat and melting the ice.
A water drop placed on the metal

surface after laser irradiation rolls

on the surface.
A layer of air on the surface of the indentation

of the minute uneven surface provides the
superhydrophobic surface.
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Safe, pleasant driving on Northern Roads

Propagation distance (cm)
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Light propagation distance in ice
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These photos show ice being

irradiated by laser light with a
wavelength of 10.6pum (43W).

FLF

Civil Engineering Research Institute for Cold Region



