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DESCRI PTI ON
TI TLE OF THE | NVENTI ON: CATERPI LLAR DEVI CE

TECHNI CAL FI ELD

[01] The present invention relates to a caterpillar
device and nore particularly, to a caterpillar device which
is capable of securing s frictional force by pressing and
removing a water film which is forned between the apparatus
and an attachnment object as a ferromagnetic material, using
a magnetic force, and capable of attaching the body of the
apparatus to the attachnment object as a ferromagnetic
mat eri al using an additional nagnetic force.

BACKGROUND ART

[02] When a caterpillar device noves over a surface,
such as a surface of the bottom of a ship, forned of a
ferromagnetic material coated with materials such paints,
there occurs a problem of decrease in a coefficient of
friction due to the viscous hydropl aning effect.

[ 03] The viscous hydroplaning effect differs from the
dynam ¢ hydroplaning effect occurring in a vehicle running
at a high speed and refers to a water film having thickness
of 1/1000 inch or nore, which may be forned at a | ower speed.

[ 04] When t he Vi scous hydr opl ani ng occurs, t he
coefficient of friction can be allowed up to a |level of wet

ice (0.05to 0.1).
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[ 05] On the other hand, the viscous hydropl aning nmay be
removed when a high pressure is applied in a short tinme or
time for which a pressure is applied is |[|ong. Si nce
applying a high pressure in a short time is likely to do
damage to paints applied on the surface of the bottom of a
ship, it is preferable to lengthen tine for which a pressure
is applied.

[ 06] Under water, when a pressure between the paints on
the surface of the bottom of a ship and a wheel is higher
than an anbient water pressure, a water film can be
di schar ged.

[07] Exanpl es of a nethod of attaching a ship cleaning
apparatus to the surface of the bottom of a ship and noving
the apparatus under water in consideration of the above-
descri bed vi scous hydroplaning effect nmay include i) using a
form of wheel, (ii) using a form of caterpillar installed
with magnets, and (iii) using a form of caterpillar and
separ at e nagnets.

[08] In the method of using a form of wheel, since tine
for which a pressure is applied has to be |lengthened to
prevent a wheel frombeing slid on the surface of the bottom
of a ship, a ship cleaning apparatus has to be noved very
sl owvy.

[09] In the nethod of wusing a form of «caterpillar

installed with magnets, if a force to push or vertically
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pul | a ship cleaning apparatus occurs, the viscous
hydroplaning is not renoved since a magnetic force from
magnets of the caterpillar is not sufficient to press the
vi scous hydr opl ani ng.

[10] In the nmethod of using a form of caterpillar and
separate magnets, a force to press individual tracks with a
roller is irregular and a water film nmay be again forned in
the bottom of a caterpillar due to an external water
pressure if the roller does not press the tracks.

[11] A flow velocity in a harbour is 1 knot or |ess
while a flow velocity in an anchorage out of the harbor is
very high, for exanple, 2.5 knots or so. Most of ship
cl eaning and inspecting apparatuses using persons or robots
are being used at a flow velocity of 1 knot or |ess.

[ 12] Since anchorages out of harbor have demands for
ship cleaning and inspection, there is a need of a noving
apparatus which can be attached to the surface of the bottom
of a ship even at a high flow velocity and should satisfy
conditions of vertical attachnment force and friction
si mul t aneousl y.

[ 13] The above description is only provided as a
background to assist in understandings of the present
invention but is not intended to elucidate the technique
known in the art to which the present invention bel ongs.

[ 14] [ Rel at ed Techni cal Docunent ]
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[ 15] [ Pat ent Docunent ]

[ 16] (Patent Docunent 1) KR Patent Registration No. 10-
0811540 (owned by Daewoo Shi pbuil ding Marine Engi neering Co.
Ltd., and issued at 07/03/2008)

DI SCLOSURE

Techni cal Probl em

[17] Accordingly, it is an object of the present
invention to provide a caterpillar device which is capable
of securing s frictional force by pressing and renoving a
water film which is generated between the apparatus and an
attachnment object as a ferromagnetic material, wusing a
magnetic force, and capable of attaching the body of the
apparatus to the attachment object as a ferronmagnetic
mat eri al using an additional nmagnetic force.

TECHNI CAL SOLUTI ON

[ 18] According to an aspect of the present invention
there is provided a caterpillar device conprising: a water
filmrenoving part which is provided in a power transm ssion
menber including chains, presses and renpbves a water film
bet ween an attachnent object as a nmagnetic material and the
power transm ssion nmenber wth a mgnetic force, and
attaches the power transm ssion nmenber to the attachnent
object to secure a frictional force; and an apparatus body
magnet attachnment part which is connected to the power

transm ssion nmenber and attaches the body of the apparatus
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to the attachnment object.

[ 19] Preferably, the water filmrenoving part includes a
ferromagnetic body renovabl y coupl ed to t he power
transm ssion nmenber; a water film renoving nmagnet coupled to
the ferromagnetic body; and a friction nenber coupled to the
water filmrenoving magnet.

[ 20] Preferably, the chains are provided to interconnect
a plurality of unit chains each having an attachment nenber,
and the ferromagnetic body is renovably coupled to the
attachment nenber.

[ 21] Preferably, the water film renoving magnet includes
one of a pernmanent magnet and an el ectronagnet.

[ 22] Preferably, a water drainage groove is provided in
the friction nmenber.

[ 23] Preferably, the friction nenber is nade of one
selected from a group consisting of silicone, rubber and
ur et hane.

[ 24] Preferably, at |east one of the ferromagnetic body
and the water film renoving nmagnet is treated with nolding
or coati ng.

[ 25] Preferably, the apparatus body nmagnet attachnent
part includes a plurality of balance blocks each having a
supporting shaft; and a block sprocket which is coupled to
the supporting shaft and 1is connected to the power

transm ssion nenber in a chain-driving manner.
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[ 26] Preferably, the apparatus body mnagnet attachnent
part further includes a block magnet provided in each of the
plurality of bal ance bl ocks.

[ 27] Preferably, the apparatus body nmagnet attachnent
part further includes a magnetic shielding block which is
provided in each of the plurality of balance blocks and
shields a magnetic field generated in the bl ock magnet.

[ 28] Preferably, the block magnet includes one of a
per manent nagnet and an el ectronagnet.

[ 29] Preferably, t he caterpillar devi ce further
conprises a tension adjusting part which supports the power
transm ssion nenber of the water film renoving part to
adj ust the tension of the power transm ssion nenber.

[ 30] Preferably, the tension adjusting part includes a
tension sprocket which is connected to the power
transm ssion nenber in a chain-driving manner and supports
the power transm ssion nenber; and a tension support shaft
which is coupled to the tension sprocket and supports the
t ensi on sprocket.

[ 31] Preferably, the water film renoving part is
provided in tw rows, and the apparatus body magnet
attachnment part is interposed between the water film
removing parts arranged in two rows and has both ends
connected to the power transm ssion nenber.

[32] Preferably, the caterpillar device is used for at
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| east one of cleaning and inspection of the bottom of a ship.

ADVANTACGEQUS EFFECTS

[33] According to the enbodinents of the present
inventions, since the water film renoving part provided in
the power transm ssion nenber consistently applies a
pressure between the apparatus of this enbodinment and the
attachnment object, thereby securing tinme for which the
vi scous hydroplaning effect is renoved, a frictional force
of the apparatus of this enbodi nent against the attachnent
obj ect can be secured.

[34] In addition, the apparatus body can be attached to
the ferromagnetic attachment object by the apparatus body
magnet attachment part which is connected to the water film
renmoving part and presses the water film renoving part
toward the attachnent object.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[35] FIG 1 is a perspective view showng a caterpillar
devi ce according to one enbodi nent of the present invention.

[36] FIG 2 is a front view of FIG 1.

[37] FIG 3 is a perspective view showing a water film
removing part and a power transm ssion nmenber shown in FIG
1.

[38] FIG 4 is a front view of FIG 3.

[39] FIG 5 is a side viewof FIG 3.

[40] FIG 6 is a side sectional view of a balance bl ock
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shown in FIG 1.

[41] FIG 7 is a front sectional view of the balance
bl ock shown in FIG 1.

[42] FIGs. 8 and 9 are views showing a nagnetic wheel
system used in an apparatus body magnet attachnent part
shown in FIG 1 according to another enbodi nent.

[43] FIG 10 is a view showng the force operation of
attached magnets according to this enbodi nent.

MODE FOR | NVENTI ON

[44] In order to fully understand the present invention,
advantages of operation of the present invention, and
pur poses achi eved by enbodi nents of the present invention,
t he acconpanying drawings illustrating preferred enbodi nents
of the present invention and contents described in the
acconpanyi ng draw ngs shoul d be referenced.

[ 45] Hereinafter, preferred enbodinents of the present
invention wll be described wth reference to the
acconpanyi ng draw ngs. Throughout the drawi ngs, the sane
el enents are denoted by the sanme reference nunerals.

[46] FIG 1 is a perspective view showng a caterpillar
devi ce according to one enbodi nent of the present invention.
FIG 2 is a front view of FIG 1. FIG 3 is a perspective
view showing a water film renoving part and a power
transm ssi on menber shown in FIG 1. FIG 4 is a front view

of FIG 3. FIG 5 is a side view of FIG 3. FIG 6 is a
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side sectional view of a balance block shown in FIG 1. FIG
7 is a front sectional view of the balance block shown in
FIG 1.

[47] As shown in these figures, a caterpillar device 1
according to this enbodinent includes a water film renoving
part 100 which is provided in a power transm ssion nenber C
i ncluding chains, presses and renoves a water film between
an attachnment object 10 as a magnetic naterial and the power
transm ssion nenber C wth a nmagnetic force, and attaches
t he power transm ssion nmenber C to the attachnment object 10,
an apparatus body magnet attachnment part 200 which is
connected to the power transm ssion nmenber C and attaches an
apparatus body to the attachment object 10, and a tension
adjusting part 300 which supports the power transm ssion
menber C of the water film renoving part 100 to adjust the
tension of the power transm ssion nenber C

[48] The water film renoving part 100 secures a
frictional force by securing tinme for which a viscous
hydropl aning effect is renobved by consistently applying a
pressure between the power transm ssion nmenber C including
the chains and the attachnent object 10 (for exanple, the
surface of the bottomof a ship) wwth a magnetic force.

[49] In addition, the water fil mrenoving part 100 which
is conbined to the body of an apparatus such as a ship

cleaning and inspecting apparatus and plays a role to
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provide a frictional force to the attachnment object 10.

[50] In this enbodinent, as shown in FIG 3, the water
film removing part 100 includes a ferromagnetic body 110
removably coupled to an attachment nenber C20 of the power
transm ssion nmenber C including the chains, a water film
removi ng  magnet 120 coupled to the bottom of t he
ferromagnetic body 110, and a friction nenber 130 coupled to
the bottom of the water filmrenoving magnet 120.

[ 51] The ferromagnetic body 110 of the water film
removing part 100 serves to nove a magnetic field of the
water film renoving magnet 120 toward the attachnment object
10 and couple the water film renoving magnet 120 to the
attachnment nmenber C20 of the power transm ssion nmenber C.

[52] In this enbodinent, since the ferromagnetic body
110 is provided on the top surface of the water film
removi ng magnet 120, a magnetic force generated in the top
surface of the water film renoving nagnet 120 is nostly
bl ocked by the ferromagnetic body 110 and is concentrated
toward the surface of the bottom of the ship, thereby
strengt heni ng a magnet adsorptive force.

[53] In this enbodi nent, the ferromagnetic body 110 can
be renovably coupled to the attachnent nenber C20 by bolts.

[54] In addition, in this enbodinent, the ferromagnetic
body 110 can be treated wth nolding or coating for

prevention of corrosion, like the water film renoving part
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100, as will be described |ater.

[ 55] The water film renoving magnet 120 of the water
film renoving part 100 serves to attach the ship cleaning
and inspecting apparatus to the ship bottom as the
attachnment object 10.

[56] In this enbodinent, the water film renovi ng magnet
120 includes a pernanent magnet or an el ectronagnet.

[57] In addition, in this enbodinent, the water film
removi ng magnet 120 may be divided into several pieces to be
coupled to the ferromagnetic body 110 and nmay be provided to
have a different polarity. For exanple, an N pole or a S
pole may be selectively directed to the attachment object 10
or may be arranged at both edges.

[ 58] Further, the water film renoving nmagnet 120 may be
provided in such a manner that several poles are arranged in
a single magnet.

[ 59] The friction nenber 130 of the water film renoving
part 100 is provided to secure a frictional force between
the water filmrenoving magnet 120 and the attachnent object
10. In this enbodinent, the friction nenber 130 nay be made
of one selected from a group consisting of rubber, urethane
and silicone, used to manufacture shoes and tires.

[ 60] The apparatus body magnet attachnment part 200 is
provided in the power transm ssion nenber C between water

film renoving parts 100 arranged in two rows, as shown in
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FIG 1. The apparatus body nmagnet attachnent part 200
serves to attach the apparatus body connected to the
appar at us body nagnet attachnent part 200 to the attachnent
object 10 by applying a magnetic force to the water film
removi ng part 100 toward the attachnment object 10.

[61] In addition, in this enbodi nment, the apparatus body
magnet attachnment part 200 plays a role to add a pressure to
remove a water film by applying a magnetic force to the
water filmrenoving part 100.

[62] In this enbodinent, as shown in FIG 1, the
appar at us body magnet attachnment part 200 includes a bal ance
bl ock 210 which is nade of polynmer and is interposed between
the water film renoving parts 100 arranged in two rows, a
bl ock sprocket 220 which is coupled to both ends of a
supporting shaft 211 provided in the balance block 210 and
iIs in gear engagenent with the unit chain ClL0O of the power
transm ssion nmenber C, a block magnet 230 provided inside
the bal ance block 210, and a nagnetic shielding block 240
which is provided inside the bal ance bl ock 210, concentrates
a magnetic field generated in the block nagnet 230 toward
the attachnment object 10, and nminimzes an effect of the
magnetic field.

[ 63] The bal ance bl ock 210 of the apparatus body nagnet
attachnment part 200 may have a circular shape to be easily

rotated in accordance with wei ght bal ance between the bl ock
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magnet 230 and the magnetic shielding block 240 and may be
held in parallel to the bottom of the block magnet 230 in
all directions of the attachnent object 10.

[64] I n this enbodi nent, as shown in FIG 7, the bal ance
bl ock 210a may be provided with a pair of bearings B by
whi ch the bal ance bl ock 210 can be snoothly rotat ed.

[ 65] The block nagnet 230 of the apparatus body nagnet
attachment part 200 may include a permanent nagnet or an
el ectromagnet and may be selectively provided wth a
polarity, an N pole or an S pole, in the opposite direction
to the attachnment object 10.

[ 66] The block nagnet 230 of the apparatus body nmagnet
attachnment part 200 may include a pernmanent nagnet or an
el ectromagnet and may be selectively provided wth a
polarity, an N pole or an S pole, in the opposite direction
to the attachnment object 10.

[67] As shown in FIGs. 6 and 7, the magnetic shielding
bl ock 240 of the apparatus body magnet attachnent part 200
is provided in an edge of the bal ance block 21 and serves to
concentrate a magnetic force generated in the block magnet
230 on the attachnent object 10 and mnimze an effect of
the magnetic field on the vicinity of the balance bl ock 210.

[68] In this enbodinent, the nmagnetic shielding block
240 may be fornmed of a ferromagnetic material and may be

coupled to a groove fornmed in the bal ance bl ock 210 by neans
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of bolt/nut, fitting, welding or an adhesi ve.

[69] In this enbodiment, as shown in FIGs. 8 and 9, the
appar at us body magnet attachnment part 200 nmay be nodified in
different forns.

[ 70] As shown in FIGs. 1 and 2, the tension adjusting
part 300 serves to support one side of the unit chain of the
power transm ssion nmenber C such that the power transm ssion
menber C has tension.

[ 71] In this enbodi nent, as shown in FIG 1, the tension
adjusting part 300 includes a tension sprocket 310 which is
connected to the unit chain Cl0 of the power transm ssion
menber C in gear engagenent and supports the power
transm ssion nenber C, and a tension support shaft 320 which
is coupled to the tension sprocket 310 and supports the
tensi on sprocket 310.

[72] FIG 10 is a view showng the force operation of
attached magnets according to this enbodi nent.

[ 73] Hereinafter, a use state of the apparatus according
to this enbodinment will be described in brief wth reference
to FIG 10.

[74] In this enbodinment, the viscous hydroplaning
between the power transm ssion nenber C and the attachnent
object 10 is renoved by the water film renmoving part 100
thereby allowing an object apparatus such as the ship

cleaning and inspecting apparatus to secure a frictional
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[ 75] I n addition, since the water filmrenoving part 100
can be adhered to the attachnent object 10 by applying a
magnetic force to the water film renoving part 100 by neans
of the apparatus body nmagnet attachnent part 200, a pressure
to renove the water filmcan be added and a frictional force
can be partially increased.

[76] In this enbodinment, the apparatus body nagnet
attachnment part 200 just applies the magnetic force to the
water filmrenoving part 100 without being directly attached
to the attachnment object 10, thereby having little effect on
the rotation of tracks.

[ 77] As descri bed above, according to this enbodi nent,
since the water film renoving part provided in the power
transm ssion nmenber consistently applies a pressure between
the apparatus of this enbodi nent and the attachment object,
thereby securing time for which the viscous hydroplaning
effect is renoved, a frictional force of the apparatus of
t his enbodi nent agai nst the attachnent object can be secured.

[ 78] In addition, the apparatus body can be attached to
the ferromagnetic attachnment object by the apparatus body
magnet attachnent part which is connected to the water film
removing part and presses the water film renoving part

toward the attachnent object.
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[ 79] While the present invention has been particularly
shown and described with reference to exenplary enbodinents
thereof, it will be understood by those skilled in the art
that various changes in formand details nay be nmade therein
w thout departing from the spirit and scope of the present
invention. The exenplary enbodinents are provided for the
purpose of illustrating the invention, not in a limtative
sense. Thus, it is intended that the present invention
covers the nodifications and variations of this invention
provided they conme within the scope of the appended clains

and their equival ents.
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WHAT | S CLAI MED | S:

[Caim1] A caterpillar device conprising:

a water filmrenoving part which is provided in a power
transm ssion nenber including chains, presses and renoves a
water film between an attachnent object as a nmgnetic
material and the power transm ssion nmenber wth a magnetic
force, and attaches the power transm ssion nenber to the
attachnment object to secure a frictional force; and

an apparatus body nmagnet attachnent part which is
connected to the power transm ssion nenber and attaches the

body of the apparatus to the attachnent object.

[Caim2] The caterpillar device according to claim1,
wherein the water filmrenoving part includes:

a ferromagnetic body renovably coupled to the power
transm ssi on nmenber;

a water film renoving magnet coupled to the
ferromagneti c body; and

a friction nmenber coupled to the water film renoving

magnet .

[Caim 3] The caterpillar device according to claim 2,
wherein the chains are provided to interconnect a plurality

of unit chains each having an attachnent nenber, and



10

15

20

25

wherein the ferromagnetic body is renovably coupled to

t he attachment nenber.

[Claim 4] The caterpillar device according to claim 2,
wherein the water film renoving nmagnet includes one of a

per manent magnet and an el ectronagnet.

[Caim5] The caterpillar device according to claim 2,
wherein a water drainage groove is provided in the friction

menber .

[Caim 6] The caterpillar device according to claim 2,
wherein the friction nmenber is made of one selected from a

group consisting of silicone, rubber and urethane.

[Caim 7] The caterpillar device according to claim 2,
wherein at |east one of the ferromagnetic body and the water

filmrenoving magnet is treated with nolding or coating.

[Caim 8] The caterpillar device according to claim 2,
wherei n the apparatus body magnet attachnment part includes:

a plurality of balance bl ocks each having a supporting
shaft; and

a block sprocket which is coupled to the supporting

shaft and is connected to the power transm ssion nenber in a
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chai n-driving manner.

[Caim 9] The caterpillar device according to claim 8,
wherein the apparatus body nagnet attachnment part further
i ncludes a bl ock magnet provided in each of the plurality of

bal ance bl ocks.

[Claim 10] The caterpillar device according to claim9,
wherein the apparatus body magnet attachnent part further
includes a magnetic shielding block which is provided in
each of the plurality of balance blocks and shields a

magnetic field generated in the bl ock nmagnet.

[Claim11] The caterpillar device according to claim9,
wherein the bl ock magnet includes one of a permanent magnet

and an el ectronmagnet .

[Claim12] The caterpillar device according to claim1,
further conprising a tension adjusting part which supports
the power transm ssion nenber of the water film renoving

part to adjust the tension of the power transm ssion nenber.

[Caim 13] The caterpillar device according to claim
12, wherein the tension adjusting part includes:

a tension sprocket which is connected to the power
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transm ssion nenber in a chain-driving manner and supports
t he power transm ssion nenber; and
a tension support shaft which is coupled to the tension

sprocket and supports the tension sprocket.

[Claim 14] The caterpillar device according to claim 1,
wherein the water filmrenoving part is provided in two rows,
and

wherein the apparatus body magnet attachnent part is
i nt erposed between the water filmrenoving parts arranged in
two rows and has both ends connected to the power

transm ssi on nenber.

[Claim15] The caterpillar device according to claim 1,
wherein the caterpillar device is used for at |east one of

cl eaning and inspection of the bottom of a ship.



