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DRI LLI NG AG TATI ON SYSTEM

CRCSS- REFERENCE TO RELATED APPLI CATI ON

[0001] This application clainms priority to Korean Patent
Application No. 10-2020-0099125, filed on August 7, 2020
the disclosure of which is incorporated herein by reference

inits entirety.

BACKGROUND
1. Technical Field
[0002] The present disclosure relates to a drilling
agitation system and nore particularly, to a drilling
agitation system that, when drilling and excavating the

conposite ground wth deep soil-cenment mxing (DCM,
i npl enents both convenient novenent and adjustment of a
drilling agitation nmachine required for excavati on,
together wth efficient excavation wusing the drilling

agi tati on machi ne.

2. Related Art

[0003] A drilling agitator is typically used to drill and
excavate the conposite ground with deep soil-cenment m xing
(DCM . The drilling agitator is configured by conbining

only conponents such as an auger machine, a support shaft,
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an auger shaft, an agitating blade, a screw, and a dril
bit. Hence, the rotational |oad of the auger shaft is
i ncreased during the excavation of excavation sites, which
may lead to an increase in torque |oss of the auger shaft
and thus a decrease in penetration capacity of the screw
[0004] In particular, the drilling agitator nust be noved to
any point on the site to be excavated. |In the novenent of
the drilling agitator, there is a need to perform the
following series of operations: Jloading the drilling
agitator onto a separate vehicle; fixing the drilling

agitator |oaded on the vehicle so as not to shake; and

unl oading the drilling agitator from the vehicle arriving
at the excavation site and installing the drilling agitator
on the excavation site. For this reason, it is quite
i nconveni ent and cunbersone to install and set the drilling
agitator.

[0005] Moreover, the auger shaft and the drill bit my be

reduced in rotational speed due to the increase in |oad
thereof in the process where they drill excavation sites
while rotating. Especially, since the auger shaft is
vul nerable to shear force while rotating, there is always a
possibility of the auger shaft being bent or damaged.

[0006] Meanwhile, the followng patent docunent in the
related art relates to a drilling-related technology for

r ef er ence.
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[0007] [ Patent Docunent 0001] Korean Patent Application No.

10- 2007- 0006370 (filed on January 20, 2007)

SUMVARY
[0008] Various enbodinents are directed to a drilling

agitation system that inplenments adjustnment of an angle of

excavation of a drilling agitator, convenient novenment of
the drilling agitator, and efficient excavation with the
drilling agitator.

[0009] In an enbodinent, there is provided a drilling
agitation systemthat includes a drilling agitation nmachine
configured to drill and excavate the conposite ground wth

deep soil-cenment mxing (DCM while rotating, a franme
structure connected to an adjacent one side of the drilling
agitation nmachine to support the drilling agitation machi ne,
and a transport operation machine axially coupled to a
| ower end of the frame structure to easily nove the
drilling agitation machine, together wth the frame

structure, to an excavation site and to induce an operation

required for adjustnment of the drilling agitation machine
during the excavation by means of the drilling agitation
machi ne.

[0010] The drilling agitation nmachine may include a triple-

pi pe swivel installed between an auger machi ne and at | east

one auger shaft so that the triple-pipe swvel allows
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inputs to be selectively supplied, according to the
excavation situation on the excavation site, in an inward
direction of the auger shaft, which is wvertically and
rotatably arranged fromthe auger machine and is rotated to
i nduce the excavation of the excavation site, at |east one
hi gh- speed coupler installed at each predeterm ned point in
a longitudinal direction of the auger shaft so that the
hi gh- speed coupl er reduce wear of a bushing while reducing
a rotational |oad of the auger shaft and strengthening a
shear force thereof by reducing friction shock generated
during the rotation of the auger shaft, and a drilling
agitator connected to a |lower end of a | owernost one of the
auger shafts connected through the high-speed coupler to
drill the excavation site by agitating and rotating the
i nputs on the excavation site.

[0011] The triple-pipe swivel nmay include an inner ring
connected to the auger shaft of the drilling agitation
machi ne, used to excavate the seabed ground, to rotate
together wth the auger shaft, and an outer ring
surrounding the inner ring and fixedly coupled to upper and
| oner covers. The inner ring may have a main through-hole
formed vertically fromthe top to the bottom at the center
t her eof . The outer ring my have a first horizontal
t hrough-hol e, formed horizontally from an upper portion on

one side of an outer peripheral surface toward an inner
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peri pher al surface thereof, and a second horizontal
t hrough-hole fornmed horizontally from a |ower portion on
one side of the outer peripheral surface toward the inner
peri pheral surface thereof or from a |ower portion on the
ot her side of the outer peripheral surface toward the inner
peri pheral surface thereof.

[0012] Each of the main through-hole, the first horizonta
t hrough- hol e, and the second horizontal through-hole may be
selectively supplied with slurry, high-pressure water, and
hi gh-pressure air as the inputs.

[0013] The high-speed coupler my include a housing
integrated with a coupling nenber coupled to a support
shaft functioning as a central shaft between the auger
shafts, covers coupled to or decoupled from both ends of
the housing, and a rotor rotatably inserted into the
housi ng and used to connect the auger shafts therebetween
while rotating together with the auger shafts.

[0014] The hi gh-speed coupler may further include a bushing
I ntegrated on an outer peripheral surface of the rotor with
a predetermned gap therebetween, or a dual bushing
i nt erposed between the rotor and the housi ng.

[0015] The transport operation nmachine may be a crane. The
transport operation machine may include an adjustnent
connecting rod hinged, at one end thereof, to an upper

portion of the frame structure and hinged, at the other end
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thereof, to the rear of the crane, to operate forward and
backward by power provided thereto, thereby adjusting the
operation required for the excavation adjustnent of the
drilling agitation machine. The transport operation
machine may further include a cylinder connected to the
adj ustment connecting rod to provide the power to the
adj ustnment connecting rod for the forward and backward
operation thereof.

[0016] The transport operation machine may further include a
tension cable hinged, at one end thereof, to the upper
portion of the frame structure, and connected, at the other
end thereof, to first and second rollers for adjusting
tensi on of the tension cable by unwi nding or wwnding a wire,
a first auxiliary adjustment connecting rod connected, at
one end thereof, to one of the first and second rollers and
hi nged, at the other end thereof, to the cylinder providing
the power for forward and backward novenent in front of the
transport operation mnmachine so as to tilt, thereby
adjusting and inducing the tension of the tension cable

and a second auxiliary adjustnment connecting rod hinged, at
one end thereof, to the first auxiliary adjustnent
connecting rod and hinged, at the other end thereof, to the
transport operation nachine, thereby conplenenting the
tilting of the first auxiliary adjustnment connecting rod

and i nducing auxiliary tilting.
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[0017] The drilling agitator nmay include rhonbic blades
horizontally coupled to a rotary shaft and spaced apart
from each other by a predeterm ned distance along the
|l ength of the rotary shaft to evenly agitate the inputs and
to reduce a torque loss of the auger shaft, an agitating
bl ade horizontally coupled to a | ower portion of the rotary
shaft to sinultaneously perform excavation and agitation,
and a spiral screw formed at a lower end of the rotary
shaft to supply the inputs introduced thereinto along with

the excavation to the excavation site.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[0018] FIG 1 is a view illustrating an entire drilling
agitation system when viewed from one direction, according
to an enbodi nent of the present disclosure.
[0019] FIG 2 is a front view illustrating an external
structure of the triple-pipe swivel of FIG 1.
[0020] FIG 3 is a top view illustrating an upper structure
of the triple-pipe swvel of FIG 1.
[0021] FIG 4 is a cutaway view for hel pi ng understandi ng an
internal structure of the triple-pipe swivel of FIG 1.
[0022] FIG 5 is an enlarged view illustrating portion A of
the triple-pipe swivel of FIG 4.
[0023] FIG 6 is a front view illustrating any portion of

first and second housings 161 and 162 constituting a
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housi ng of the hi gh-speed coupler of FIG 1

[0024] FIG 7 is a top view illustrating the first housing
161 positioned at the upper portion of the housing of the
hi gh- speed coupler of FIG 1

[0025] FIG 8 is a cross-sectional view, illustrating the
hi gh- speed coupl er, taken along line A-A of FIG 7.

[0026] FIG 9 is a cross-sectional view, illustrating the
hi gh- speed coupl er, taken along line B-B of FIG 8.

[0027] FIG 10 is a l|longitudinal cross-sectional view of the
hi gh-speed coupler including a rotor 1600 inserted and
installed into the housing (first and second housings 161
and 162) thereof, in order to help understanding an
i nternal structure of the high-speed coupler.

[0028] FIG 11 is a longitudinal cross-sectional view and a
side view illustrating the rotor 1600 of FIG 10 for
hel pi ng understandi ng an internal structure thereof.

[0029] FIG 12 is a detailed longitudinal cross-sectiona
view of one 165 of coverings 165 and 165" coupled to both
ends of the housing (first and second housings 161 and 162)
of FIG 10.

[0030] FIG 13 is a detailed conceptual |ongitudinal cross-
sectional view of an exenplary bushing 166 interposed and
install ed between the housing (first and second housings
161 and 162) and the rotor 1600.

[0031] FIG 14 is a detailed conceptual |ongitudinal cross-
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sectional view of another exenplary bushing 167 interposed
and installed between the housing (first and second
housi ngs 161 and 162) and the rotor 1600.

[0032] FIG 15 is a detailed enlarged view of portion “A” of
anot her exenpl ary bushing 167 illustrated in FIG 14.

[0033] FIG 16 is a longitudinal cross-sectional view of a
first friction shock reducing unit 168, which nmay be
applied and installed into a gap G formed between anot her
exenpl ary bushing 167 of FIG 15 and an inner bushing 167a
thereof, in order to help wunderstanding an interna
structure of the first friction shock reducing unit 168.
[0034] FIG 17 is a longitudinal cross-sectional view of a
second friction shock reducing unit 169, which my be
applied and installed into the gap G fornmed between anot her
exenpl ary bushing 167 of FIG 15 and the inner bushing 167a
thereof, in order to help wunderstanding an interna

structure of the second friction shock reducing unit 169.

[0035] FIG 18 is a front view illustrating a configuration
of the drilling agitator 170 of FIG 1, when viewed from
one si de.

[0036] FIG 19 is a top view illustrating the drilling

agitator 170 of FIG 18.

DETAI LED DESCRI PTI ON

[0037] It is noted that the drawings attached to the
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specification of the present disclosure are exaggerated for
clarity and convenience of description. Since the
enbodi nents described herein are nothing but one preferred
enbodi nrent of the present disclosure and it does not cover
all the technical ideas of the disclosure, it should be
understood that various equivalents and nodifications may
be made at the tinme of filing the present application. In
addition, the scope of +the present disclosure is not
limted to the following enbodinent, but should be
interpreted based on the technical sprit throughout the
specification in consideration of various nodifications.

[0038] As illustrated in FIG 1, a drilling agitation system
according to an enbodi nent of the present disclosure my
include a drilling agitation machine 100 vertically forned
for excavation of the conposite ground with deep soil-
cenent mxing (DCM, a franme structure 200 connected to an
adjacent one side of the drilling agitation machine to
support the drilling agitation nachine, and a transport
operation machine 300 axially coupled to the |ower end of
the frame structure to easily nove the drilling agitation
machi ne, including the franme structure, to an excavation
site on the conposite ground wth deep soil-cenent m xing
(DCM and to induce an operation required for adjustnent of
the drilling agitation machine 100 during excavation by

means of the drilling agitation machi ne 100.

10
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[0039] The drilling agitation nmachine 100 nay include a
triple-pipe swivel 120 installed between an auger nachine
110 and a plurality of auger shafts 140 and 150 so that the
triple-pipe swivel 120 may allow inputs (slurry, high-
pressure water, and high-pressure air) to be selectively
supplied, according to the excavation situation on the
excavation site, in the inward direction of the auger
shafts 140 and 150 which are vertically and rotatably
arranged, e.g., in tw rows fromthe auger nmachine 110, and
are rotated to induce the excavation of the excavation site.
[0040] In addition, the drilling agitation nachine 100 may
include a high-speed <coupler 160 installed at each
predetermned point in the longitudinal direction of the
auger shafts 140 and 150, for exanple, which are arranged
vertically in two rows, so that the high-speed coupler 160
can reduce the rotational |oads of the auger shafts 140 and
150 by reducing the friction shock generated during the
rotation of the auger shafts 140 and 150. The high-speed
coupler 160 can be strongly resistant to the shear force
generated during the rotation of the auger shafts 140 and
150 and can reduce the wear of a bushing.

[0041] Furthernore, the drilling agitation machine 100 may
include a drilling agitator 170 connected to the |ower end
of the |owernost one(s) of the plurality of auger shafts

140 and 150 connected through the high-speed couplers 160

11
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to drill an excavation site by agitating and rotating
i nputs (slurry, high-pressure air, and high-pressure water)
on the excavation site.

[0042] Al though the auger shafts 140 and 150 are arranged,
for exanple, in tw rows in the drawing, they nay be
arranged in two or nore rows or two or less rows so as to
be suitable for the conditions of design and the
envi ronnent for excavation work. The auger shafts 140 and
150 may be rotated about a support shaft 130 which is
vertically installed at the center therebetween. Since the
plurality of auger shafts 140 and 150 need to have a | ong-
connected structure, they nay be connected to each other
through the hi gh- speed coupl ers 160 I nstall ed at
predet er mi ned points.

[0043] As illustrated in FIGS. 1 and 2 to 4, the triple-pipe
swivel 120 may include an inner ring 122 connected to the
auger shafts 140 and 150 of the drilling agitation machine
100 to rotate together with the auger shafts 140 and 150
for use in the excavation of the conposite ground with deep
soil-cement mxing (DCM, and an outer ring 123 surroundi ng
the inner ring 122 and fixedly coupled to upper and | ower
covers 123 and 124.

[0044] In the triple-pipe swivel 120, the inner ring 122 nmay
include a nmain through-hole 120H1 formed vertically from

the top to the bottom at the center thereof. |In addition,

12
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the outer ring 121 may include a first horizontal through-
hole 120H2, which is forned horizontally from an upper
point on one side of the outer peripheral surface toward
the inner peripheral surface thereof, and a second
hori zontal through-hole 120H3 which is forned horizontally
from a lower portion on one side of the outer peripheral

surface toward the inner peripheral surface thereof or from
a |lower portion on the other side of the outer periphera

surface toward the inner peripheral surface thereof.

[0045] The individual main through-hole 120H1L and first and
second hori zont al t hrough-holes 120H2 and 120H3 nmay
function to supply selective one(s) or all of the inputs,

such as slurry, high-pressure water, and high-pressure air,

to the excavation site through the auger shafts 140 and 150
and through the drilling agitator 170 to be described in
detail later.

[0046] As illustrated in FIG 1, the high-speed coupler 160
connects the auger shafts 140 and 150 therebetween. As
illustrated in FIGS. 6 to 11, the high-speed coupler 160
may include first and second housings 161 and 162
constituting a housing integrated with coupling nenbers 164
and 163, covers 165 and 165" coupled to or decoupled from
both ends of the first and second housings 161 and 162, and
a rotor 1600, as illustrated in FIG 10, rotatably inserted

into the first and second housings 161 and 162 and used to

13
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connect the auger shafts 140 and 150 therebetween while
rotating together with the auger shafts.

[0047] O course, the high-speed coupler 160 may further
include a bushing 166, as illustrated in FIG 13,
integrated on the outer peripheral surface of the rotor
1600 with a predetermined gap therebetween, or a dual
bushing 167, as illustrated in FIGS. 14 and 15, interposed
between the rotor 1600 and the housing (first and second
housi ngs 161 and 162).

[0048] As illustrated in FIGS. 1, 18, and 19, the drilling
agitator 170 may include, for exanple, a plurality of
bl ades 172 and agitating blades 173, and a screw 174 on a
rotary shaft 171 forned vertically.

[0049] The blades 172 are coupled to the rotary shaft 171
and are spaced apart from each other by a predeterm ned
di stance along the length of the rotary shaft 171. Each of
the bl ades 172 extends horizontally and has a rhonbi c shape
as a whol e.

[0050] That is, since the blade 172 extends horizontally in
a rhombi ¢ shape, it may help to reduce the torque | osses of
the above-nentioned auger shafts, by virtue of the
reduction in friction area in contact with the excavation
site during the rotation thereof, while functioning to
evenly agitate inputs.

[0051] The agitating blades 173 are coupled to the |ower

14
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portion of the rotary shaft 171. Each of the agitating
bl ades 173 extends horizontally and has individual drill
bits 173a coupled thereto. Thus, the agitating blade 173
may perform excavation while agitating inputs.

[0052] The screw 174 is coupled to the lower end of the
rotary shaft 171 and has a spiral shape. |In addition, the
screw 174 may have individual drill bits (not shown)
coupled thereto to perform excavation while selectively
supplying inputs to the excavation site through discharge
passages fornmed in the drill bits. Accordingly, it may be
expected that the screw 174 wll have an increased
penetration capacity through a conbination of t he
i ndividual drill bits and the discharge passages therein in
t he excavation process of the excavation site.

[0053] Moreover, since the blades 172 and the agitating
bl ades 173 are coupled to the rotary shaft 171 through
round flanges thereof, they can contribute to reducing the
rotational |oad of the rotary shaft 171 and at the sane
time to mnimzing the torque | osses of the auger shafts.
[0054] As such, according to the conbination of the rhonbic
bl ades 172, the agitating blades 173, and the screw 174, it
IS possible to increase a penetration capacity for the
excavation site as a whole and construct inproved DCM
products with high quality through even m xing of inputs.

[0055] Meanwhile, the triple-pipe swivel 120 and the high-

15
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speed coupler 160 will be described in nore detail |ater

and the transport operation machine 300 wll first be
descri bed.
[0056] As illustrated in FIG 1, the transport operation

machine 300 may be, for exanple, a forklift, which is a
type of crane, and may be axially coupled to the | ower end
of the frame structure 200 connected to the adjacent one
side of the drilling agitation machi ne 100.

[0057] That is, the crane as the transport operation machine
300 may be axially coupled to the |lower end of the franme
structure 200 so that the frame structure 200 is nmounted to
the front of the crane. Due to the nounting of the frane
structure 200 in the crane as the transport operation
machi ne 300, the crane can conveniently nove the drilling
agitation nmachine 100, including the frame structure 200,
to a selected excavation site. O course, it is also
possible to ~conveniently nove the drilling agitation
machi ne 100 as well as the frame structure 200 to a changed
excavation site even if there is an unexpected sudden
change in excavation site at the site for excavati on work.
[0058] The crane as the transport operation nachine 300 may
i nclude an adjustnent connecting rod 310 configured to
adj ust the operation required for the excavation adjustnent
of the drilling agitation machine 100, a tension cable 325

for tension, and first and second auxiliary adjustnent

16
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connecting rods 320 and 321 configured to adjust the
tension of the tension cable and to accessorily adjust the
operation of the drilling agitation nachine 100.

[0059] As illustrated in FIG 1, the adjustnent connecting
rod 310 may be hinged, at one end thereof, to the upper
portion of the frame structure 200 and rmay be hinged, at
the other end thereof, to the rear of the crane, to operate
forward and backward by power provided thereto, thereby
adjusting the operation required for the excavation
adjustnent of the drilling agitation machi ne 100.

[0060] Here, the operation required for the excavation

adjustnment of the drilling agitation machine 100 refers to
a series of overall notions of the drilling agitation
machi ne 100 such that the drilling agitation machine 100 is

accurately positioned on the excavation site, and the
series of overall notions my also include an angular
not i on.

[0061] In order to provide power to the adjustnent
connecting rod 310 for forward and backward operation
thereof, a cylinder 311 nay be further connected to the
adj ust ment connecting rod 310. Preferably, the rod end of
the cylinder 311 is hinged to the rear of the crane so that
the angle of rotation of the frame structure 200 is
adjustable, with the consequence that it is possible to

adjust the operation of the drilling agitation machine 100

17
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connected to the frame structure 200.

[0062] As illustrated in FIG 1, the tension cable 325 is
hi nged, at one end thereof, to the upper portion of the
frame structure 200, and is connected, at the other end
thereof, to first and second rollers 330 and 331 for
adjusting the tension of the tension cable 325 by unw ndi ng
or winding a wire 340.

[0063] The first auxiliary adjustnent connecting rod 320,
whi ch is connected, at one end thereof, to one of the first
and second rollers 330 and 331, preferably, to the second
roller 331 in the drawing, nmay be hinged, at the other end
thereof, to the front of the crane. At the sane tine, one
end of a separate cylinder that is able to rotate and tilt
the first auxiliary adjustnment connecting rod 320 may be
hinged to the first auxiliary adjustnment connecting rod 320
and the other end thereof may be hinged to the crane.

[0064] The second auxiliary adjustment connecting rod 321
may be hinged, at one end thereof, to the first auxiliary
adj ustment connecting rod 320 and may be hinged, at the
other end thereof, to the crane as the transport operation
machi ne, thereby conplenenting the tilting of the first
auxi | iary adjustnment connecting rod 320 and stably inducing
auxiliary tilting.

[0065] The first and second auxiliary adjustnent connecting

rods 320 and 321 my perform auxiliary adjustnment by

18
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conpl enenting the angle of rotation of the frame structure
200 whil e adjusting the tension of the tension cable 325.
[0066] In the triple-pipe swivel 120 included in the
drilling agitation machine 100, a socket adapter 125 is
coupled to any portion of the outer periphery of the outer
ring 121. The socket adapter 125 may be used to couple the
triple-pipe swivel 120, which is connected to the support
shaft and the auger shafts, to a stabilizer or a multi-
auger machi ne.

[0067] As illustrated in FIGS. 4 and 5, intervening O rings
126 may be interposed at regular intervals in a vertical
direction between the outer ring 121 and the inner ring 122.
Bearings 127 may be interposed between the outer and inner
rings 121 and 122 and the upper cover 123 and between the
outer and inner rings 121 and 122 and the |ower cover 124,
respectively.

[0068] In addition, bearing Orings 127a may be interposed
between the inner ring 122 and the upper cover 123 and
between the inner ring 122 and the |ower cover 124,
respectively, thereby sealing the gaps therebetween in an
ai rtight manner.

[0069] Since the intervening Orings 126 are configured to
airtightly seal the gap between the outer ring 121 and the
inner ring 122, the inflow of seawater therebetween can be

bl ocked. Since the bearing Orings 127a seal the gap
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bet ween the upper side end of the inner ring 122 and the
upper cover 123 and the gap between the |ower side end of
the inner ring 122 and the |ower cover 124 in an airtight
manner, the inflow of seawater toward the bearing Orings
127a can be bl ocked.

[0070] The lower end of the triple-pipe swivel 120 is a
portion that is connected to the upper end of the uppernost
one(s) of the plurality of auger shafts 140 and 150.
Accordingly, a lower Oring 128 and a connecting Oring 129
may be arranged at a predeterm ned distance on the |ower
end of the inner ring 122. Since the lower Oring 128 and
the connecting Oring 129 seal the connection portion with
the auger shaft in an airtight manner, the inflow of
seawat er can be fundanmentally bl ocked. A long bolt 122a
may be inserted into and fastened to the inner ring 122 as
illustrated in FIG 4.

[0071] As illustrated in FIGS. 3 to 5, the outer ring 121 is
configured to surround the inner ring 122, and the
respective upper and |ower covers 123 and 124 nmay be, for
exanple, bolted to the upper and |ower ends of the outer
ring 121.

[0072] Thus, the outer ring 121 may be fixedly fastened to
the upper and |ower covers 123 and 124, while the inner
ring 122 positioned inside the outer ring 121 my be

r ot at ed.
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[0073] In particular, the inner ring 122 may have the nain
t hrough- hol e 120H1 vertically forned at the center thereof.
The outer ring 121 surrounding the inner ring 122 may have
the first horizontal through-hole 120H2, which is forned
horizontally from the upper point on one side of the outer
peri pheral surface toward the inner peripheral surface
thereof, and the second horizontal through-hole 120HS,
which is formed horizontally from the lower point on the
ot her side of the outer peripheral surface toward the inner
peri pheral surface thereof.

[0074] O course, the first horizontal through-hole 120H2
may be forned at a position above the second horizonta
t hrough-hol e 120H3, and the first horizontal through-hole
120H2 and the second horizontal through-hole 120H3 nay be
spaced vertically from each other on the outer periphera
surface of the outer ring 121. However, depending on the
conditions of design, the first horizontal through-hole
120H2 and the second horizontal through-hole 120H3 are
spaced vertically from each other on the outer peripheral
surface of the outer ring 121, and for exanple, when the
first horizontal through-hole 120H2 is fornmed at the upper
point on one side of the outer peripheral surface of the
outer ring 121, the second horizontal through-hole 120H3
may be fornmed at the |ower point on the other side of the

outer peripheral surface of the outer ring 121.
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[0075] On the other hand, at predeterm ned portions spaced
outward of the inner ring 122 from the main through-hole
120H1 formed at the center of the inner ring 122, a first
auxiliary through-hole 120H2a and a second auxiliary
t hrough-hol e 120H3a may be forned vertically from the top
to the bottom of the inner ring 122, simlarly to the main
t hr ough- hol e 120HL.

[0076] The respective first and second auxiliary through-
hol es 120H2a and 120H3a forned in the inner ring 122 nay
mat ch and communicate with the first and second horizontal
t hrough- hol es 120H2 and 120H3 of the outer ring 121 fixed
during the rotation of the inner ring 122. Such a
communi cation structure nakes it possible to selectively
supply inputs (e.g., slurry, high-pressure water, and high-
pressure air) and further to prevent twi sting of cables
connected for the supply of the inputs (slurry, high-
pressure water, and hi gh-pressure air).

[0077] That is, the twisting of the cables connected to the
first and second horizontal through-holes 120H2 and 120H3
formed in the outer ring 121 is prevented since the first
and second auxiliary through-holes 120H2a and 120H3a for ned
in the inner ring 122, rotated within the fixed outer ring
121, match and conmmunicate with the first and second
hori zontal through-holes 120H2 and 120H3 for supply of

i nputs (slurry, high-pressure water, and high-pressure air).
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[0078] Furthernore, the triple-pipe swivel 120 allows inputs
(slurry, high-pressure water, high-pressure air) to be
individually supplied according to the condition of
excavation of the seabed ground, thereby preventing the
i nputs from being supplied at one tinme through a single
supply line fornmed in an existing swivel. Therefore, the
durability of lines for inputs can be inproved, and the
quality of inproved products to be constructed in the
future can be enhanced as it is possible to individually or
sel ectively supply these inputs.

[0079] In other words, in sonme cases, only slurry may be
required to be supplied to the excavation site of the
excavation work due to the variable excavation situations.
In this case, if high-pressure water and high-pressure air
as well as slurry are supplied to the excavation site
through the single supply line of the existing swvel, the
portions of the inproved products to be constructed in the
future, which do not require high-pressure water and high-
pressure air, my be decreased in hardness or nmay be
defective such as non-uniformty due to the high-pressure
wat er and hi gh-pressure air already supplied thereto, which
in turn results in a deterioration in quality of the
i nproved products. However, the triple-pipe swivel of the
present disclosure can achieve selective or individua

supply of inputs so as to actively cope wth the variable
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excavation situations, so that the quality of the inproved
DCM products to be constructed can be enhanced.

[0080] The coupling nmenbers 163 and 164 may be coupl ed, at
the bottons thereof, to the bed or support shaft 130 of the
drilling agitation nachine 100. The coupling nenber 164
may have a plate shape. The coupling nenber 163 may be
integrated with the coupling nenber 164 while protruding
therefrom and may be integrated with the first and second
housings 161 and 162 «constituting the housing while
supporting the first and second housings 161 and 162.

[0081] The first and second housings 161 and 162 may each
have a semcircular shape, and may be conmbined with each
other to form a cylindrical structure for insertion and
installation of the rotor 1600 as illustrated in FIG 10.
[0082] As illustrated in FIG 10, the respective coverings
165 and 165" nmmy be fastened to both ends of the first and
second housings 161 and 162 with fasteners 165aa according
to the conbination of the first and second housi ngs 161 and
162. The fasteners 1l65aa may be, for exanple, bolts.

[0083] The rotor 1600, which is rotatably inserted and
installed into the first and second housings 161 and 162,
may have a plurality of through-holes forned therein to
partition the inside of the rotor 1600. For exanple, as
illustrated in FIGS. 10 and 11, the rotor 1600 may i ncl ude

a first through-hole 1610 fornmed at the center thereof, a
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second t hrough-hole 1620 forned at one side thereof, nanely,
at the upper portion thereof in the drawing and spaced
apart from the first through-hole by a predeterm ned
di stance, and a third through-hole 1630 forned at the other

side thereof, nanely, at the lower portion thereof in the
drawi ng and spaced apart from the first through-hole by a
predet erm ned di st ance.

[0084] The first to third through-holes 1610 to 1630 of the
rotor 1600 may function as supply/ nmovenent passages for

inputs including slurry, high-pressure water (water jet),

and high-pressure air. The inputs may be selectively
supplied through the through-holes to excavation sites
during the construction of the conposite ground with deep
soi |l -cenment m xing (DCM .

[0085] Meanwhil e, since the coverings 165 and 165 nay have
the sane configuration, only the configuration of the
covering 165 will be described as an exanple. The covering
165 may have a plurality of first and second bearing
grooves 165a and 165b forned along the inner dianeter

thereof at a predeterm ned distance as illustrated in FIGS.

10 and 12. The covering 165 may have fastening holes 165c
formed above the first and second bearing grooves 165a and
165b.

[0086] OF course, the above-nentioned first and second

bearing grooves 165a and 165b and fastening holes 165c may
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be formed in the sane manner in the covering 165'. The
fastening holes 165c are holes required for insertion and
fastening of the above-nentioned fasteners 165aa, and the
coverings 165 and 165 may be firmy coupled to both ends
of the housing (first and second housings 161 and 162)
through the insertion and fastening of the fasteners 165aa.

[0087] The plurality of first and second bearing grooves
165a and 165b are grooves, for exanple, required for
insertion and installation of respective ball bearings.
The insertion and installation of the ball bearings
provides a flexible rotational force for the rod, nanely,
the rotor 1600, rotated toward any excavation site, thereby
hel ping to inprove the rotational speed of the rotor 1600
by reducing the rotational friction thereof.

[0088] The exenplary bushing 166 applied to the high-speed
coupler 160, as illustrated in FIGS 10 and 13, is
integrated with the outer dianeter of the rotor 1600 and is
engaged, nanely, |atched between the coverings 165 and 165

coupled to both ends of the first and second housings 161
and 162. Therefore, in spite of an increase in the anount
of rotation of the rotor 1600, which is the rod rotated
toward the excavation site, the bushing 166 can be slightly
Wwor n.

[0089] Furthernore, the bushing 166 may have friction

di spersion holes 166a forned along the peripheral Iength
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thereof at a predeterm ned distance and penetrating from
the inner dianeter to the outer dianmeter thereof. I'n
particul ar, each of the friction dispersion holes 166a has
a large-small hole structure in which it has a |Ilarger
di aneter at the inner dianmeter of the bushing 166 than at
the outer dianeter of the bushing 166.

[0090] In other words, the friction dispersion hole 166a is
a large-small hole formed to have a dianeter that gradually
decreases fromthe inner dianmeter toward the outer dianeter
of the bushing 166.

[0091] The friction dispersion holes 166a can disperse
frictional resistance generated during the rotation of the
rotor (rod) 1600. To this end, the friction dispersion
hol es 166a nay each have a l|large-small hole structure in
which the dianeter thereof decreases from the inner
di ameter toward the outer dianeter of the bushing 166,
thereby increasing the dispersion of frictional resistance
and thus reducing the rotational |oad of the rotor 1600.
[0092] Since the bushing 166 is integrated with the outer
peri pheral surface of the rotor 1600, the bushing 166
serving to guide the rotor (rod) can be slightly worn. In
addition, since there is no rotational clearance between
the bushing 166 and the rotor (rod) 1600 despite the
increase in the anount of rotation of the rotor 1600, it is

possible to prevent the rotor 1600 from being bent or
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damaged due to the decrease in the shear force that nmay be
applied thereto. Furthernore, the threshold of the anount
of rotation of the rotor (rod) 1600 can reach a value of 50
to 60 RPM which is nuch higher than the threshold of 30
RPM that may be inplenented in a rotor applied to an
exi sting coupl er.

[0093] Meanwhil e, another exenplary bushing 167 applied to
the high-speed coupler of the present disclosure, as
illustrated in FIGS. 14 and 15, nmay be configured as a dua
bushi ng, which is coupled to the fasteners 165aa coupled to
bot h ends of the housing (first and second housi ngs 161 and
162) and includes an inner bushing 167a therein.

[0094] This another exenplary bushing 167 nmay further
include a gap G as illustrated in FIG 15, from the inner
bushing 167a, and reinforcenment tips 167b integrated at
both ends of the inner bushing 167a.

[0095] Moreover, a first friction shock reducing unit 168 as
an exanple nmay be inserted into the gap G as illustrated in
FIG 16. On the other hand, as illustrated in FIG 17, a
second friction shock reducing unit 169 may be further
inserted into the gap G according to the conditions of
desi gn and the environnent for use.

[0096] The first friction shock reducing unit 168 my be
conposed of a tapered roller bearing 168A inserted into the

gap G as illustrated in FIG 16. The tapered roller
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bearing 168A has a structure that is suitable for maxinmum
reduction of |oads generated during the rotation of the
rotor (rod) 1600.

[0097] That is, the loads may include all of a radial |oad,

an axial |oad, a conposite |oad, and other | oads considered
in the process of rotating the rotor (rod) 1600, and these
| oads can be reduced to the maxi num through the tapered
roller bearing 168A during the rotation of the rotor (rod)

1600. As such, through the reduction in the rotational

| oad of the rotor 1600, it is possible to reduce the | oads
of the auger shafts 140 and 150 directly connected to the
rotor 1600 and to reduce the damage to the auger shafts 140
and 150 due to the shear force occurring in the auger

shafts 140 and 150.

[0098] The tapered roller bearing 168A may include a
spherical bearing 168c installed at the center of the gap G
and roller bearings 168a and 168b installed on the |eft and
right sides of the spherical bearing. The roller bearings
168a and 168b may have curved contact surfaces 168al and
168b1l formed on the respective portions thereof in contact

with the Ieft and right sides of the spherical bearing 168c,
and the curved contact surfaces 168al and 168bl are
suitable to surround and enclose portions of the left and
right sides of the spherical bearing 168c.

[0099] As such, the tapered roller bearing 168A including
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the spherical bearing 168c, the roller bearings 168a and
168b, and the curved contact surfaces 168al and 168bl may
be suitable to actively cope with various |oads (radial

| oad, axi al | oad, conposite | oad, and other | oads)
generated during the rotation of the rotor 1600, thereby
reducing the loads to the naxinmm Consequently, the
bushing 167 can be slightly worn, the rotational speeds of
the rotor 1600 and auger shafts 140 and 150 can be
i ncreased, and the shear forces of the rotor 1600 and auger
shafts 140 and 150 can be strengthened.

[00100] On the other hand, as illustrated in FIG 17, the
second friction shock reducing unit 169 may be further
inserted into the gap G according to the conditions of
desi gn and the environnment for use.

[00101] The second friction shock reducing unit 169 may be
conposed of a banded ball bearing 169A inserted into the
gap G as illustrated in FIG 17. The banded ball bearing
169A also has a structure that is suitable for maximum
reduction of |oads generated during the rotation of the
rotor (rod) 1600.

[00102] That is, the |oads may include all of a radial |oad,
an axial |oad, a conposite |oad, and other |oads considered
in the process of rotating the rotor (rod) 1600, and these
| oads can be reduced to the maxi mum t hrough the banded bal

bearing 169A during the rotation of the rotor (rod) 1600.
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[00103] The banded ball bearing 169A may include a band 169c
inserted and installed into the gap G and a zigzag | eaf
spring 169a formed inside the band 169c. The banded ball
bearing 169A nmay further include ball bearings 169b
rotat ably instal | ed at regul ar i nterval s in t he
| ongi tudinal direction of the leaf spring 169a. The band
169c may have a hollow 169cl therein, which is suitable to
install the zigzag |eaf spring 169a and to nmake it easy to
absorb the friction shock transnmitted to the ball bearings
169b while enabling the rotation of the ball bearings 169b.

[00104] As such, the banded ball bearing 169A including the
| eaf spring 169a, the ball bearings 169b, and the band 169c
in the formof the hollow 169cl may be suitable to actively
cope with various |oads (radial |oad, axial |oad, conposite
| oad, and other |oads) generated during the rotation of the
rotor 1600, thereby reducing the |oads by absorbing the
| oads to the maxi num Consequently, the bushing 167 can be
slightly worn, the rotational speeds of the rotor 1600 and
auger shafts 140 and 150 can be increased, and the shear
forces of the rotor 1600 and auger shafts 140 and 150 can
be strengt hened.

[00105] Meanwhile, the drilling agitator 170, which is
coupled to the I ower ends of the |owernost auger shafts 140
and 150 of the plurality of auger shafts 140 and 150 as

illustrated in FIG 1, excavates the conposite ground with
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deep soil-cenent mxing (DCM while rotating as illustrated
in FIGS. 18 and 19. The drilling agitator 170 may include
the rhonbic blades 172 horizontally coupled to the rotary
shaft 171 and spaced apart from each other by a
predet erm ned di stance along the length of the rotary shaft
171 to evenly mx slurry during excavation, the agitating
bl ades 173 coupled to the |ower portion of the rotary shaft
171, and the screw 174 including the individual drill bits
to effectively excavate the conposite ground while
di scharging inputs such as slurry, high-pressure water, and
hi gh-pressure air.

[00106]In the process where the drilling agitator 170
excavates the conposite ground with deep soil-cenment m xing
(DCM, the operation of the frame structure 200 is
controlled by the transport operation machine 300, the
hi gh- speed coupl er 160 rotates at hi gh speed, t he
frictional resistance is reduced, and the input (high-
pressure water, hi gh-pressure air and slurry) are
sel ectively supplied through the triple-pipe swvel 120.
Therefore, it is possible to effectively excavate the
conposite ground and to increase a penetration capacity.
[00107] In particular, the anpbunt of cenent used for deep
soil-cement mxing (DCM can be significantly reduced. For
exanpl e, the anmpunt of cenment in the input can be reduced

by nore than 30% to 150 kg/ n® conpared to the existing 250
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kg/ né.

[00108] The efficiency of excavation of the conposite ground
can be achieved when conprehensively satisfying all the
points that the operation of the drilling agitation machine
needs to be adjusted such that the drilling agitation
machine is accurately positioned at the excavation site,
the load of the rotating auger shaft needs to be reduced,
the shear force needs to be reinforced, the inputs need to
be selectively supplied according to the topography of the
excavation site, and the Iike. The efficiency of
excavation of the conposite ground refers to the
i nprovenent of the overall progress of excavation that can
be performed well w thout any abnormalities from the start
of excavation to the progress and conpletion of the
excavation, and also inplies the effect of constructing
I nproved DCM products with high quality.

[00109] As apparent from the above description, the drilling
agitation system according to the present disclosure
includes the drilling agitation machine including the
triple-pipe swivel and the high-speed coupler, the frane
structure configured to support the drilling agitation
machine, and the transport operation machine axially
coupled to the lower end of the frame structure. In
particular, it is possible to mnimze the torque | osses of

the auger shafts through the rhonbic blades to reduce the
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rotational |oads of the auger shafts and to increase a
penetration capacity through the spiral screw bits.

[00110]In addition, the transport operation machine of the
drilling agitation system according to the present
di scl osure can ensure that the drilling agitation machine
is conveniently noved to a changed excavation site even if
there is an unexpected sudden change in excavation site on
the conposite ground with deep soil-cenment mxing (DCM at
the site for excavation work. Thus, it is possible to
actively cope wth the unexpected sudden change in
excavation site.

[00111] Furthernore, the drilling agitation system according
to the present disclosure may adjust the drilling agitation
machi ne about the franme structure by nmeans of the transport
operation machine in the process of excavating the
conposite ground wth deep soil-cenent mxing (DCM.
Therefore, it is possible to easily and accurately adjust
the excavation point of the drilling agitator for the
excavation site.

[00112] Moreover, the drilling agitation system according to
the present disclosure <can increase the nunber of
revolutions per mnute through the conbination of the
triple-pipe swvel, the high-sped coupler, and the drilling
agitator, and can achieve a reduction in construction tine,

a reducti on in mai nt enance cost, a reducti on in
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construction cost, and a significant reduction in the
amount of cenent used for deep soil-cenment mxing (DCM by
simultaneously utilizing high-pressure air and high-
pressure water (water jet).

[00113] Whi | e various enbodi nents have been described above,
it will be understood to those skilled in the art that the
enbodi nrents described are by way of exanple only.
Accordi ngly, the disclosure described herein should not be

limted based on the descri bed enbodi nents.
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WHAT IS CLAIMED IS:

1. A drilling agitation system comprising:

a drilling agitation machine configured to drill and
excavate the composite ground with deep soil-cement mixing
(DCM) while rotating, the drilling agitation machine
comprises:

a plurality of auger shafts and a support shaft
installed between the plurality of auger shafts;

a triple-pipe swivel installed between an auger
machine and the plurality of auger shafts, the triple-
pipe swivel adapted to allow inputs to be selectively
supplied, according to the excavation situation on the
excavation site, in an inward direction of the auger
shaft, which is vertically and rotatably arranged from
the auger machine and 1is rotated to induce the
excavation of the excavation site;

a plurality of high-speed couplers installed at
predetermined points in a longitudinal direction of
the auger shafts such that the high-speed couplers
reduce wear of a bushing while reducing a rotational
load of the auger shafts and strengthening a shear
force thereof by reducing friction shock generated

during the rotation of the auger shafts; and
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a drilling agitator connected to a lower end of

a lowermost one of the auger shafts connected through

a lowermost high-speed coupler to drill the

excavation site by agitating and rotating the inputs

on the excavation site;

a frame structure connected to an adjacent one side of
the drilling agitation machine to support the drilling
agitation machine; and

a transport operation machine axially coupled to a
lower end of the frame structure to easily move the
drilling agitation machine, together with the frame
structure, to an excavation site on the composite ground
with deep soil-cement mixing (DCM) and to 1nduce an
operation required for adjustment of the drilling agitation
machine during the excavation by means of the drilling

agitation machine.

2. The drilling agitation system according to claim
1, wherein:

the triple-pipe swivel comprises an inner ring
connected to the auger shafts of the drilling agitation
machine, used to excavate the seabed ground, to rotate

together with the auger shafts, and an outer ring
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surrounding the inner ring and fixedly coupled to upper and
lower covers;

the inner ring has a main through-hole formed
vertically from the top to the bottom at the center
thereof; and

the outer ring has a first horizontal through-hole,
formed horizontally from an upper portion on one side of an
outer peripheral surface toward an inner peripheral surface
thereof, and a second horizontal through-hole formed
horizontally from a lower portion on one side of the outer
peripheral surface toward the 1inner peripheral surface
thereof or from a lower portion on the other side of the
outer peripheral surface toward the 1inner ©peripheral

surface thereof.

3. The drilling agitation system according to claim
2, wherein each of the main through-hole, the first
horizontal through-hole, and the second horizontal through-
hole 1is selectively supplied with slurry, high-pressure

water, and high-pressure air as the inputs.

4. The drilling agitation system according to claim

1, wherein the high-speed coupler comprises:

a housing integrated with a coupling member coupled to
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the support shaft;

covers coupled to or decoupled from both ends of the
housing; and

a rotor rotatably inserted into the housing and used
to connect the auger shafts therebetween while rotating

together with the auger shafts.

5. The drilling agitation system according to claim
4, wherein the high-speed coupler further comprises a
bushing integrated on an outer peripheral surface of the
rotor with a predetermined gap therebetween, or a dual

bushing interposed between the rotor and the housing.

6. The drilling agitation system according to claim
1, wherein:

the transport operation machine is a crane;

the transport operation machine comprises an
adjustment connecting rod hinged, at one end thereof, to an
upper portion of the frame structure and hinged, at the
other end thereof, to the rear of the crane, to operate
forward and backward by power provided thereto, thereby
adjusting the operation required for the excavation
adjustment of the drilling agitation machine; and

the transport operation machine further comprises a
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cylinder connected to the adjustment connecting rod to
provide the power to the adjustment connecting rod for the

forward and backward operation thereof.

7. The drilling agitation system according to claim
6, wherein the transport operation machine further
comprises:

a tension cable hinged, at one end thereof, to the
upper portion of the frame structure, and connected, at the
other end thereof, to first and second rollers for
adjusting tension of the tension cable by unwinding or
winding a wire;

a first auxiliary adjustment connecting rod connected,
at one end thereof, to one of the first and second rollers
and hinged, at the other end thereof, to the cylinder
providing the power for forward and backward movement in
front of the transport operation machine so as to tilt,
thereby adjusting and inducing the tension of the tension
cable; and

a second auxiliary adjustment connecting rod hinged,
at one end thereof, to the first auxiliary adjustment
connecting rod and hinged, at the other end thereof, to the
transport operation machine, thereby complementing the

tilting of the first auxiliary adjustment connecting rod
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and inducing auxiliary tilting.

8. The drilling agitation system according to claim
1, wherein the drilling agitator comprises:

rhombic blades horizontally coupled to a rotary shaft
and spaced apart from each other by a predetermined
distance along the length of the rotary shaft to evenly
agitate the inputs and to reduce a torque loss of the auger
shafts;

an agitating blade horizontally coupled to a lower
portion of the rotary shaft to simultaneously perform
excavation and agitation; and

a spiral screw formed at a lower end of the rotary
shaft to supply the inputs introduced thereinto along with

the excavation to the excavation site.
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