
WO 2006/025713 PCT/122005/002918  ADRILLINGAPPARATUS
HAVINGIN -LINEEXI'ENDING WINGS AND DRIVING
METTiODTHEREOF  Technical Field 5 The present invention relates to a
borehole drilling apparatus having in-line extending wings  and
drivingmetllodthereoo inparticularto aborehole drilling apparatus having in
line extending wings,  which comprises a guide device operated by high
pressure air; extending wings and a pilot bit, the  extending wings being
configured to advance and retract in an in-line manner so as to extend the
diameter of a borehole so that sludge can be prevented from being
accumulated in the space to which  10 the extending wings return, and a
driving method thereof. Background Art In general, hammer bit equipment
used in drilling a borehole includes a rotation apparatus, a  striking
apparatus and a drilling apparatus. The present invention is directed to the
drilling apparatus  15 located at the lowest portion of the hammer bit
equipments. The drilling apparatus can be divided into an eccentric type,
an extending type and a blade extending type depending on means for
extending the  diameter of the borehole, for instance, the structure of a
reamer, extending blades or arms. As disclosed in US Patent No. 4, 770,
259 (Published on Sep. 13, 1988), the eccentric type  drilling apparatus
includes a drill string and a cutting device connected. to a lower end
portion of the drill  20 string. Further, the cutting device consists of an
intermediate portion rotating within the drill skiing, and an outer surface.
Also, a reamer is installed in the intermediate portion so that it is offset
with regard to  the center axis. Accordingly, the reamer extends the
diameter of the borehole by eccentric rotation in the  eccentric type drilling
apparatus. In addition, as shown in Japanese Patent Laid-Open
Publication No. 2710192(published on  25 Nov 29, 1994), the extending
type drilling apparatus comprises a device driven by means of an air WO
2006/025713 PCT/KR2005/002918  



pump, a bit device installed at a distal end of the device, and an extending
blade installed between the  device and the bit device. The extending
blade is secured at an upper end to the device by means of a  pin so that
it can move angularly in the vertical direction, and the upper end portion of
the bit device is  formed to have an inclined surface. Therefore, the lower
end portion of the extending blade is 5 configured to diverge along the
inclined surface of the bit device when the device and the bit device  come
close to each other. Further, as shown in U.S. Patent No. 5,
787,999(issued on Aug. 4, 1998), the blade extending  type drilling
apparatus includes a driver, under-reamer anus, and a pilot bit, in which a
plurality of arms  are constricted to project and retract while rotating from
the center of the pilot bit to the inclined  10 direction by means of a
rotation force of the driver. However, withregardto the eccentric type
drilling apparatus, itis impossibleto carry out rapid  drilling work as the
reamer rotates eccentrically, and there is a problem in that connection
portion of the  intennediate portion is liable to be damaged easily under
high load. Also, with regard to the extending  type drilling apparatus, it is
impossible to use it under high load as the extending blade is extended
with 15 its angular movement to the longitudinal direction, and the fixing
pin is apt to be damaged easily.  Further, in contrast to the eccentric or
extending type drilling apparatus, although the blade  extending type
drilling apparatus can be used for high load drilling apparatus, there is a
problem in that  the contact portion between the amts and the pilot bit is
susceptible to serious abrasion because the  rotation force of the driver
should spread the anus forcibly and rotate even the pilot bit via the arms
at 20 the same time, and the securing pin for fixing the arms are damaged
frequently. Additionally, when the  amts return to their original positions
after the completion of the drilling work, sludge is liable to be  jammed in
the space where the arms return to thereby hinder the anns'retunto their
original positions,  so that it becomes somewhat difficult to retract the
drilling apparatus from the casing to fit into the  borehole. 2 



Disclosure of Invention  Technical Problem Embodiments of the present
invention solve the above-mentioned problems occurring in  the
conventional striking type borehole drilling apparatus. Embodiments of the
present invention  provide a borehole drilling apparatus of an improved
structure, in which it is possible to perform  a drilling work under a high
load and at a high speed, it is easy to spread and return the extending
wings, the working efficiency is excellent as the sludge is not accumulated
in the space where the  extending wings return, and it is possible to
significantly reduce the maintenance and repair costs.  Technical Solution
In a first aspect of the invention, there is provided a borehole drilling
apparatus with in- line extending wings, comprising a guide device, wings
for extending a borehole, and a pilot bit,  wherein the guide device is
configured to be a cylindrical structure through which an air hole is
passed along a center axis thereof, and includes an upper shaft portion, a
piston portion and a  lower shaft portion, wherein the piston portion is
formed on the outer circumferential surface  thereof with a plurality of
sludge discharging grooves; and the lower shaft portion is formed at the
lower surface thereof with spiral projections, the spiral projections each
having a curved surface  whose radius increases from the center, and
formed at a side thereof with a retaining protrusion  and pin engaging
means; wherein the extending wing is wholly configured to be a
rectangular  structure, and is formed at a side thereof with a guide groove
for engaging slidably with the  curved surface of the spiral projection
below the guide device; and wherein the pilot bit is  configured to have a
concave structure in which the lower shaft portion of the guide device and
the extending wings are received, the pilot bit being formed at a side
thereof with an advancing  and retracting window for the extending wing,
formed at the inner circumferential surface thereof  with a retaining step
and pin engagement means for restricting the rotation of the guide device
by  the retaining protrusion, formed at the lower surface thereof with an air
hole, and formed at the  



outer circumferential surface thereof with a plurality of sludge discharging
grooves. 3 In a second aspect of the invention, there is provided a driving
method of a borehole  drilling apparatus comprising a guide device, wings
for extending a borehole and a pilot bit, the  driving method comprises the
steps of. suppressing the rotation of the pilot bit by the frictional  force
produced when the extending wings rotate and descend integrally with the
guide device in a  state where the extending wings are received in the
pilot bit, and then a bottom surface of the  pilot bit begins to strike a botorn
surface of the borehole; spreading the extending wings  outwardly from a
wing advancing and retracting window formed at a side of the pilot bit by
the  movement of the spiral projections formed at a lower surface of the
guide device along guide  grooves formed at a side of the extending wings
in the direction increasing radii of the spiral  projections by the rotation
force of the guide device, when the guide device continues to rotate in  a
state where the rotation of the pilot bit is suppressed; drilling the borehole
with the integral  rotation of the guide device, the extending wings and the
pilot bit, after the stop of the spread of  the extending wings when an
retaining protrusion formed on the outer circumference of the guide
device is caught by a retaining step formed at the inner circumferential
surface of the pilot bit;  suppressing the rotation of the extending wings by
the frictional force produced when upper  surfaces of the extending wings
comes into contact with a show of the casing to fit into the  borehole, after
the guide device rotates reversely and ascends at the state of spread of
the  extending wings; returning the extending wings into the wing
advancing and extracting window  of the pilot bit by the movement of the
spiral projections of the guide device along the guide  grooves of the
extending wings in the direction decreasing radii of the spiral projections
by the  rotation force of the guide device, when the guide device continues
to rotate reversely in a state  where the rotation of the extending wings are
suppressed; and retracting the guide device, the  extending wings and the
pilot bit from the casing while integrally rotating them after the stopping  



of the return of the extending wings, when the retaining protrusion formed
on the outer  circumference of the guide device contacts with the retaining
step formed at the inner  circumferential surface of the pilot bit. In
embodiments of the present invention, as described above, the term of
"In-line"  driving manner refers to a manner in which the extending wings
spread from each other linearly  from the center of the pilot bit, and they
return to come close to each other linearly. Brief Description of Drawings
3a WO 2006/025713 PCT/KR2005/002918  Further objects and
advantages of the present invention can be more frilly understood from
the following detailed description taken in conjunction with the
accompanying drawings in which: FIG 1 is across-sectional view showing
structure of aborehole drilling apparatus according to  the present
invention, 5 FIG 2 is aview showing structure ofa guide device 100 shown
in FIG. 1,  FIG 3 is astructural view showing extending wings 200 shown
in FIG 1, FIG 4A is a planar view showing the extending wings 200, and
FIG 4B is a cross-sectional  view of the extending wings taken along the
line S-S, FIG 5 is ashuctural view showing apilot bit300 shown inFig.1, 10
FIG 6A is a planar view of the pilot bit 300, FIG 6B is a cross-sectional
view of the pilot bit  taken along the line S-S, FIG 6C is across-sectional
vim ofthe pilot bit taken along the line S'-S',  FIG 7 is a view showing
structure of a ring-type pin according to an embodiment of the  present
invention, FIGs. 8 and 9 are views showing installing structure of the
securing pin 400 according to  15 another embodiment of the present
invention, FIGs.10 and 11 areviews explaining an in-line driving method of
the present invention.  



Best Mode for Carrying Out the Invention The present invention will
hereinafter be described in further detail with reference to the  20
preferred embodiments. FIG 1 is a cross-sectional view showing structure
of a borehole drilling apparatus according to  the present invention, FIG 2
is a view showing structure of a guide device 100 shown in FIG 1, FIG 3
is a structural view showing extending wings 200 shown in FIG 1, FIG 4A
is a planar view showing  the extending wings 200, and FIG 4B is a
cross-sectional view of the extending wings taken along the  4 WO
2006/025713 PCT/KR2005/002918  line S-S, FIG 5 is aperspective view
showing apilotbit 300 shown in Fig. 1, and FICx6Aisaplanar  view of the
pilot bit 300, FIG 6B is across-sectional view of the pilot bit taken along
the line S - S, FICx 6C is across-sectional view ofthepilot bittaken along
the line S'-S'. As shown in FIG 1, the borehole drilling apparatus
comprises a guide device 100 engaged  5 with astrildng device (not
shown), extending wings 200 installed at a lower portion of the guide
device  100 to extend the diameter of the borehole, and a pilot bit 300 for
drilling the ground while supporting  the extending wings 200. In an
embodiment of the present invention, a ring-type pin 400 is constructed
as pinengaging means for engaging the guide device 100
withthepilotbit300. At fast, as shown in FIG 2, the guide device 100
includes an upper shaft portion 120, a lower  10 shaft portion 130 which
have a smaller diameter, and a piston portion 110 having a relatively
larger  diameter than the upper and lower shaft portions. As shown in FIG
1, the piston portion 110 is installed  witlrinacasing 10 while maintaining a
small gap there-between so that it operates to strike an upper end  of the
a shoe 12 installed at a lower end of the casing 10 to thereby progress the
casing 10 into the  borehole. A plurality of sludge discharging grooves 30
are formed on the outer circumferential surface 15 of the piston portion
110 for discharging the sludge such as soils, pebbles, and the like
produced during  the drilling process from the borehole. As shown in FIG
1, an air hole 20 is formed along a center was  



of the piston portion 110 while passing through the piston portion 110, the
upper shaft portion 120, and  the lower shaft portion 130 for supplying
high pressure air along the longitudinal direction from the  outside. 20 The
upper shaft portion 120 is provided with shaft engaging grooves 121
formed on the outer  circumferential surface thereof for engaging with the
striking device (not shown), which is an upper  structure of the drilling
apparatus. Spiral projections 131 with curved surface are formed at the
bottom  of the lower shaft portion 130, in which the diameter of the curved
surface increases progressively from  the center, and a retaining
protrusion 132 is formed on the outer circumference of the lower shaft  5
WO 2006/025713 PCT/KR2005/002918  portion 130. Also, a pin groove
133 is formed with which the ring-type pin 400 is engaged, along the
outecirnumLereutial surface at just below the piston portion 110, that is,
an upper side of the lower shaft  portion 130. The extending wings 200 are
configured as shown in FIGs. 3 and 4, a guide groove 210 is  5 formed at
the inside of the extending wings for engaging with the spiral projection
131 of the guide  device 100. Also, a stepped surface 220 is formed on
the outside upper surface of the extending wing  200, and an inclined
surface 230 is formed at alower comer of the extending wings. Further,
aplurality  of button tips 40 made of special steel are driven into the
inclined surface 230 to facilitate the drilling  work 10 Meanwhile, as.
shown inFIGs. 5 and 6, thepilot bit 300 is configured to be a cylindrical
vessel  shape, and the lower shaft portion 130 of the guide device 100
and the extending wings 200 are  received in the pilot bit 300. the
extending wing 200 is  A zcctangnlar-shaped window 310 for advancing
and retraction formed at a s i d e o f t h e p i l o t b i t 300, a r e t a i n i n g
s t e p 3 2 0 is f o r m e d rowan lly from an inner  



15 circumferential surface of the pilot bit to correspond to the retaining
protmsion 132 of the guide device  100, and apin groove 330 isformed at
apositionofthe inner circunnferential surface corresponding to a  pin
groove 133 of the lower shaft portion 130. The pin groove 330 is
communicatively connected with  the outside by apin insertion hole 331.
Also, an air hole 20 is formed at a lower surface of the pilot bit  300, and a
plurality of sludge discharge grooves 30 are formed on the outer
circumferential surface of  20 the pilot bit, and button tips 40 are driven
into the lower surface of the pilot bit FIG 7 shows structure of a ring-type
pin 400 used in an embodiment of the present invention,  in w h i c h a p 1
m a l i t y of arc-shaped Plus are c o m b i n e d forma circle. The ringtype
pin 400 is fit into a  pin groove 133 formed at the outer circumferential
surface of the lower shaft portion 130 of the guide  device 100, and
apinhole is formed bythe pin groove 330 defined at the inner
circumferential surface  6 WO 2006/025713 PC77KR2005/002918  of the
pilot bit 300 to clamp the guide device 100 and the pilot bit 300. In this
instance, each ofthe aro- shaped pins 410 are inserted into the pin hole
respectively via the pin insertion hole 331 formed at the  pin groove 330 of
the pilot bit 300. Apin support element 332 is inserted into the pin insertion
hole 331  so that the aro-shaped pins 410 cannot be separated from the
pin holes, and a bolt (not shown) is  5 engaged with a bolt hole 333
thereby to finish the clamping of the ring-type pin Meanwhile, FIG 8 and
FIG 9 show different embodiments of the present invention, in which  the
pin engagement means for clamping the guide device 100 and the pilot bit
300 includes a securing  pin 450 and a pin support rod 460 instead of the
ring-type pin 400. FIG 8 shows longitudinal cross- section of the extending
wing 200 and the pilot bit 300, and FIG 9 shows cross-section taken along
the -10 line S-S-of FIG 8. As shown in the drawings, apin insertionhole
350 is formedobliquely at a side of  the pilot bit 300, and a pin retaining
groove 360 is formed on the inner circumferential surface of the  pilot bit
Also, apin insertion hole 135 extending from the pin insertion hole 350 is
formed obliquely at  the upper end of the lower shaft portion 130 ofthe
guide device 100, and a pin receiving groove 136 is  



formed withinthepininsertion hole 135 to conespondto thepinretaining
groove 360. 15 In order to assemble the borehole drilling apparatus
according to the embodiment of the  present invention, the securing pin
450 is inserted into the pin receiving groove 136 ofthe guide device  100
at first, the guide device 100 is inserted into and engaged with the pilot bit
300, and then the pin  support rod 460 is forcibly pushed into the insertion
hole 135 via the pin insertion hole 350. In this  instance, the pin support
rod 460 pushes out the securing pin 450 so that it can be engaged with
the pin 20 ruining groove 360 of the pilot bit 300 to thereby clamp the
guide device 100 and the pilot bit 300 to  each other. The in-line driving
method of the borehole drilling apparatus of the present invention will now
be described below. FIG 10 and FIG 11 are views for explaining the
driving principle of the drilling  apparatus in which two extending wings
200 are arranged linearly side by side according to an  7 WO
2006/025713 PCT/1122005/002918  embodiment ofthe present invention.
A t first, as s h o w n in F l d z 10, t h e g u i d e device 100 (n presence .
by thick solid line) rotates  clockwise to descend with the pilot bit 300 in a
state where the extending wings 200 (represented by  dotted thick line)
are received within the pilot bit 300 (represented by thin solid line). When
the lower 5 surface of the pilot bit 300 begins to strike a bottom surface of
the borehole, rotation of the pilot bit 300  will be suppressed by the
frictional force, and if the guide device 100 continues to rotate at this state,
the  spiraiprojections 131 (represented by a dotted portion) rotates along
the guide groove 210 (represented  by reverse inclined lines) of the
extending wing 200 in the direction enlarging radius to spread and  extend
the extending wings 200 to the outside of the wing advancing
andretraeting window 310. In this --10 instance, the extending wing 200 is
spread and extended linearly away from the center of the pilot bit  300 via
the advancing and retracting window 310. Then, as shown in FIG 11,
when the retaining protrusion 132 of the guide device 100 contacts  



the retaining step 320 (shown by inclined Imes), spreading of the
extending wings 200 is stopped, and  rotation force of the guide device
100 is transmitted to the pilot bit 300 itself to rotate the guide device 15
100, the extending wing 200 and the pilot bit 300 integrally to carry out the
drilling work. Sludge such  as pebbles, sands and so on produced during
the drilling work can be discharged via the sludge  discharge hole 30 by
means of the compressed air supplied finmthe air hole 20. Meanwhile, the
return process of the extending wing 200 for the borehole begins with
reverse  rotation and ascending of the guide device 100. In other words,
as shown in FIG 11, when the guide  20 device 100 rotates
counter-clockwise to ascend in a state where the extending wings 200 are
spread, the stepped surface 220 of the extending wings 200 contacts with
the lower end of a shoe 12 in the casing  10, and the rotation of the
extending wing 200 for the borehole is suppressed by the frictional force.
At  this state, if the guide device continues to rotate reversely, the spiral
projections 131 (represented by a  dotted portion) move along the guide
groove 210 of the extending wing 200 in the direction decreasing  8 WO
2006/025713 PCT/KR2005/002918  the radius to thereby retum the
extending wings 200 into the window 310 of the pilot bit 300. h1 this
instance, the extending wings 200 return linearly to come close each other
to the center of the Pilot bit 300 via the advancing andretraclingwindow
310 for the wings. When the guide device 100 rotates reversely to contact
with the retaining step 320 (shown by  5 inclined solid lines), as shown
inFIG 11, the md"dingwings 200 finish returning, and the guide device
100, the extending wings 200 and the pilot bit 300 concurrently rotate to
retract firnnthe casing 10. In the present invention, although it is preferable
that two extending wings 200 are installed at  both side as described in
the above embodiment, three extending wings may be installed, if desired.
In  case of installing three extending wings 200, the driving principle is
basically the same as that of -10 installing two extending wings. However,
the spiral projections 131 of the guide device 100 and the  wing advancing
and retracting window 310 of the pilot bit 300 should be installed to be
three so that  



they can cope with three extending wings 200. While the present invention
has been described with reference to the preferred embodiments,  t h e p r
e s e n t i n v e n t i o n i s n o t r e s t r i c t e d b y t h e e m b o d i m e n t
I t is t o be a p p r e c i a t e d t h a t sIdUedinthe  15 art can change or
modify the embodiments without departing from the scope and spirit of the
present invention. However, such variations and modifications are all
pertained to the scope of the present  invention. Industrial Applicability 20
As described above, according to the borehole drilling apparatus of the
present invention, it is  possible to carry out high load and high speed
drilling work because the extending wings advance and  retract in an in
line manner, and in particular, the sludge is not accumulated at the
position where the  extending wings advance and refract. Also, it is
possible to significantly reduce aworldng period required to finish the
drilling ofthe  9 WO 2006/025713 PCT/KR2005/002915  borehole,
considering that the conventional drilling apparatus has fluently stop
operation and has  been susceptible to disorder due to accumulation of
the sludge. In particular, when the sludge is accumulated between the
extending wings to thereby block  smooth retuning of the extending wings,
the whole drilling apparatus cannot be retracted from the  5 borehole and
it should be discarded, therefore, according to the present invention, it is
possible to expect  a reduction of the costs caused bythe lost ofthe
equipments. 10 WO 2006/025713 PCT/B112005/002915  Whatis
Claimedls: 1. A borehole drilling apparatus with in-line extending wings,
comprising a guide device,  wings for extending a borehole, and a pilot bit,



5 wherein the guide device is configured to be a cylindrical
strvctunethroughwhich an air hole is  passed along a center arils thereog
and includes an upper shaft portion, a piston portion and a lower  shaft
portion, wherein the piston portion is formed on the outer circumferential
surface thereof with a  plurality of sludge discharging grooves; and the
lower shaft portion is formed at the lower surface  _.10 thereof with spiral
projections, the spiral projections each having a curved surface whose
radius increases from the center, and formed at a side thereof with a
retaining protrusion and pin engaging  means; wherein the extending wing
is wholly configured to be arectangular structure, and is formed at  a side
thereof with a guide groove for engaging slidably with the curved surface
of the spiral projection  15 below the guide device; and wherein the pilot
bit is configured to have a concave structure in which the lower shaft
portion  of the guide device and the extending wings are received, the pilot
bit being fonned at a side thereof  with an advancing and retracting
window for the extending w ng, formed at the inner circumferential
surface thereof with a retaining step and pin engagement means for
restricting the rotation of the guide 20 device by the retaining protrusion,
formed at the lower surface thereof with an air hole, and formed at  the
outer circumferential surface thereof with apluralityof sludge discharging
grooves. 2. The drilling apparatus of claim 1, wherein the pin engagement
means comprise pin  grooves, each of which is formed at positions
corresponding to each other along the outer  11 WO 2006/025713
PCT/KR2005/002918  circumferential surface of the lower shaft portion in
the guide device and the inner eirerunferential  surface of the pilot bit, and
a ring-type pin consisting of a plurality of are-shaped pins inserted into the
pin grooves. 5 3. The drilling apparatus of claim 1, wherein the pin
engagement means comprise insertion  



holes formed obliquely at side of the pilot bit, pin retaining grooves formed
at the inner circumferential  surface of the pilot bit, insertion holes formed
at the upper end of the lower shaft portion in the guide  device to extend
from the insertion holes of the pilot bit, pin receiving grooves formed at the
inside of  the insertion holes to correspond to the pin retaining grooves,
securing pins engaged with the pin -10 receiving grooves of the guide
device and the pin retaining grooves of the pilot bit, and pin support rods
inserted into the insertion holes. 4. The drilling apparatus of claim 1,
wherein the extending wings installed are two or three in  number. 15 5. A
driving method of a borehole drilling apparatus comprising a guide device,
wings for  extending a borehole and a pilot bit, the driving method
comprises the steps of suppressing the rotation of the pilot bit by the
frictional force produced when the extending  wings rotate and descend
integrally with the guide device in a state where the extending wings are
20 received in the pilot bit, and then abottom surface ofthepilot bitbegiinsto
strike abotom surface of the  borehole; spreading the extending wings
outwardly from a wing advancing and retracting window  formed at a side
of the pilot bit by the movement of the spiral projections formed at a lower
surface of  the guide device along guide grooves formed at a side of the
extending wings in the direction increasing  12 WO 2006/02571.3
PCT/KR2005/002918  radii of the spiral projections by the rotation force of
the guide device, when the guide device continues to rotate in a state
where the rotation of the pilot bit is suppressed; drilling the borehole with
the integral rotation of the guide device, the extending wings and the  pilot
bit, after the stop of the spread of the extending wings when an retaining
protrusion funned on the  5 outer circumference ofthe guide device is
caugbtby aretaaining step formed atthe inner circumferential  



surface of the pilot bit suppressing the rotation of the extending wings by
the frictional force produced when upper  surfaces of the extending wings
comes into contact with a shoe of the casing to fit into the borehole,  after
the guide device rotates reversely and ascends at the state of spread of
the octending wings; 10 .. returning the extending wings into the wing
advancing and extracting window of the pilot bit  by the movement of the
spiral projections of the guide device along the guide grooves of the
extending  wings in the direction decreasing radii of the spiral projections
by the rotation force of the guide device,  when the guide device continues
to rotate reversely in a state where the rotation of the extending wings  are
suppressed; and 15 retracting the guide device, the extending wings and
the pilot bit from the casing while  integrally rotating them after the
stopping of the return of the extending wings, when the retaining
protrusion formed on the outer circa mmference of the guide device
contacts with the retaining step  formed at the inner circumferential
surface of the pilot bit. 20 13 


