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(57) Abstract: In the drill tip of the present invention, the 
tip body of the drill tip has a cylindrical or disc-shaped rear 
end part, an intermediate part having a smaller outside dia
meter than that of the rear end part, and a leading end part 
in which the outer diameter gradually decreases from the 

C centerline of the tip toward the leading end. The tip body is 
covered by a hard layer from the surface of the leading end 
part of the tip body to the outer periphery of the intermedi
ate part. The outside diameter of the hard layer at the inter

3 mediate part is equal to the outside diameter of the rear end 
part.  
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DRILL BIT INSERT AND DRILL BIT 

TECHNICAL FIELD 

[0001] 

5 The present invention relates to a drill bit insert attached to an end portion of a 

drill bit to perform a drilling, and to the drill bit in which such drill bit inserts are attached 

to the end portion.  

Priorities are claimed on Japanese Patent Application No. 2015-005175, filed on 

January 14, 2015, and Japanese Patent Application No. 2016-004695, filed on January 13, 

10 2016, the contents of which are incorporated herein by reference.  

BACKGROUND ART 

[0002] 

As such a drill bit insert, a drill bit insert is known, in which a hard surface layer 

15 made of a sintered material of polycrystalline diamond which is harder than an insert 

body is coated on the end portion of the insert body made of a cemented carbide. Here, 

PTL 1 proposes: a drill bit insert in which such a hard surface layer coated on an end 

portion of the insert body having a columnar rear end portion and the hemispherical end 

portion with an outer diameter decreasing toward a tip side; and a drill bit to which the 

20 drill bit insert is attached such that the rear end portion of the insert body is buried in a 

fitting hole formed in the end portion of the bit body. In addition, PTL 2 discloses a 

method for producing such a polycrystalline diamond sintered material, and in PTLs 3 

and 4 disclose a manufacturing apparatus.  

25 CITATION LIST 

PATENT LITERATURE
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[0003] 

[PTL 1] United States Patent No. 5575342 

[PTL 2] United States Patent No. 3141746 

[PTL 3] United States Patent No. 3913280 

5 [PTL 4] United States Patent No. 3745623 

[0004] 

As shown in PTL 1, in a drill bit insert coated with a hard surface layer made of a 

polycrystalline diamond sintered material as described above, it is normal in a 

10 manufacturing method of such a drill bit insert that the thickness of the hard surface layer 

is thick at a tip of an end portion located on a center line of a column forming a rear end 

portion of the insert body, and decreases from the tip toward an outer periphery side of the 

end portion. On the other hand, however, when attaching such a drill bit insert to a drill 

bit, in a case where an outer diameter of the rear end portion of the insert body is formed 

15 larger than an inner diameter of the fitting hole, it is normal to polish the outer periphery 

of the drill bit insert in order to bury the rear end portion in the fitting hole.  

[0005] 

However, in such a polished drill bit insert, there is a concern that up to a portion 

with a small thickness of the hard surface layer is also polished and the hard surface layer 

20 is removed on the outer periphery of the end portion of the insert body, and thereby the 

surface of the insert body made of cemented carbide is uncovered. When such a drill bit 

insert is attached to a bit body of the drill bit such that the rear end portion of the insert 

body is buried in the fitting hole, not only the portion coated with the hard surface layer 

but also the outer periphery of the end portion where the surface of the insert body is 

25 uncovered as described above is exposed from a tip surface of the bit body.  

[0006]
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Therefore, when drilling is performed with the drill bit having such a drill bit 

insert attached thereto, the uncovered surface of the outer periphery of the end portion of 

the insert body exposed from the tip surface of the bit body wears away and is hollowed 

earlier than the hard surface layer due to contact with drill cuttings generated during 

5 drilling. In some cases, the end portion of the drill bit insert is broken while the hard 

surface layer remains on the surface of the end portion on an inner peripheral side.  

Therefore, the drill bit insert reaches the end of tool life in a short period of time, while 

being unable to sufficiently exhibit the high wear resistance of the hard surface layer 

made of the high hardness and expensive polycrystalline diamond sintered material.  

10 [0007] 

Any discussion of documents, acts, materials, devices, articles or the like which 

has been included in the present specification is not to be taken as an admission that any 

or all of these matters form part of the prior art base or were common general knowledge 

in the field relevant to the present disclosure as it existed before the priority date of each 

15 of the appended claims.  

[0007A] 

Throughout this specification the word "comprise", or variations such as 

"comprises" or "comprising", will be understood to imply the inclusion of a stated 

element, integer or step, or group of elements, integers or steps, but not the exclusion of 

20 any other element, integer or step, or group of elements, integers or steps.  

SUMMARY 

[0008] 

According to the present disclosure, there is provided a drill bit insert attached to 

25 an end portion of a drill bit to perform drilling. The drill bit insert includes: an insert 

body; and a hard surface layer coated on the insert body and made of a polycrystalline
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diamond, which is harder than the insert body. The insert body includes: a rear end 

portion forming a columnar shape or a disk-like shape centered on a center line of the 

insert; an intermediate portion arranged at a tip side of the rear end portion in a direction 

of the center line of the insert, and having an outer diameter smaller than that of the rear 

5 end portion; and an end portion arranged at a tip side of the intermediate portion in the 

direction of the center line of the insert, and having an outer diameter from the center line 

of the insert gradually decreasing toward the tip side. The hard surface layer is coated 

on the insert body from a surface of the end portion of the insert body to an outer 

periphery of the intermediate portion, and an outer diameter of the hard surface layer on 

10 the intermediate portion is equal to that of the rear end portion of the insert body. The 

intermediate portion forms a columnar shape or a disk-like shape, centered on the center 

line of the insert and having the outer diameter smaller than that of the rear end portion.  

The thickness of the hard surface layer of the intermediate portion in a radial direction 

perpendicular to the center line of the insert is entirely constant in a direction over the 

15 center line of the insert.he thickness of the hard surface layer is thick at the tip of the end 

portion on the center line of the insert, and the thickness decreases from a tip toward the 

outer peripheral side of the end portion,.  

[0009] 

In addition, the present disclosure provides a drill bit including: a bit body; and a 

20 drill bit insert as described above attached to an end portion of the bit body. A fitting 

hole is formed on the end portion of the bit body, and the drill bit insert is attached such 

that the rear end portion of the insert body and at least a portion of the intermediate 

portion coated with the hard surface layer are buried in the fitting hole.  

[0010] 

25 In the drill bit insert, between the rear end portion of the insert body having a 

columnar shape or a disk-like shape and the end portion having an outer diameter



5 

decreasing toward the tip side, the intermediate portion having a smaller outer diameter 

than that of the rear end portion is arranged, and the outer diameter of the end portion 

gradually decreases from the intermediate portion to the tip side. The hard surface layer 

is coated on the insert body from the end portion to the outer periphery of the 

5 intermediate portion, and an outer diameter of the hard surface layer on the intermediate 

portion is equal to that of the rear end portion of the insert body. Therefore, according to 

an embodiment, in a case where the outer diameter of the rear end portion of the insert 

body is larger than an inner diameter of the fitting hole, even when the outer periphery of 

the drill bit insert is polished, the hard surface layer having the thickness equal to the 

10 difference of the outer diameters between the rear end portion and the intermediate 

portion remains coated on the outer periphery of the intermediate portion.  

[0011] 

Accordingly, as the drill bit of the present disclosure, such a drill bit insert is 

attached such that the rear end portion of the insert body and at least a portion of the 

15 intermediate portion coated with the hard surface layer are buried in the fitting hole, and 

thus it is possible to prevent the surface of the insert body having a lower hardness than 

the hard surface layer from being uncovered and exposed from the tip surface of the bit 

body, and to prevent such a situation that wear progresses from the uncovered surface of 

the insert body due to contact with drill cuttings and the end portion of the drill bit insert 

20 is broken. Therefore, it is possible to provide a drill bit insert and a drill bit having a 

long tool life by sufficiently exerting the wear resistance of the hard surface layer made of 

a polycrystalline diamond and to efficiently perform drilling.  

[0012] 

Here, as long as the outer diameter of the intermediate portion is smaller than 

25 that of the rear end portion, the intermediate portion may have the outer diameter 

decreasing toward the tip side, for example, a truncated conical shape, or in a case where
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the end portion is hemispherical, an outer circumferential surface of the intermediate 

portion smoothly continuing to the end portion may have a curved surface shape. On the 

other hand, similar to the rear end portion, the intermediate portion forms a columnar 

shape or a disk-like shape centered on the center line of the insert, and thereby, in a state 

5 where the hard surface layer is coated on the intermediate portion, the thickness of the 

hard surface layer in a radial direction perpendicular to the center line of the insert can be 

constant in a direction over the center line of the insert. Therefore, in the drill bit, no 

matter how far the portion coated with the hard surface layer of the intermediate portion is 

buried in the fitting hole, wear resistance in the portion exposed from the tip surface of 

10 the bit body can be ensured sufficiently for the drill bit insert. Accordingly, it is 

preferable that the intermediate portion forms a columnar shape or a disk-like shape, 

centered on the center line of the insert and having the outer diameter smaller than that of 

the rear end portion.  

[0013] 

15 It is desirable that the width of the hard surface layer coated on the outer 

periphery of the intermediate portion is within a range of 1 mm to 5 mm in the direction 

of the center line of the insert. If the width is less than 1 mm, there is a concern that the 

surface of the insert body is uncovered in a case where the drill bit insert is attached in a 

state of being buried shallowly in the fitting hole or in a case where an opening of the 

20 fitting hole wears during the drilling. On the other hand, when the width of the hard 

surface layer exceeds 5 mm, in a case where the outer diameter of the drill bit insert is 

larger than the inner diameter of the fitting hole, much time and labor are required to 

polish the drill bit insert to the predetermined outer diameter. Furthermore, it is 

desirable that the thickness of the hard surface layer coated on the outer periphery of the 

25 intermediate portion is within the range of 300 m to 1200 m.
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[0014] 

In addition, it is preferable that the width of a portion of the hard surface layer 

coated on the intermediate portion, which is buried in the fitting hole, is 0.5 mm to 4.5 

mm in the direction of the center line of the insert. Furthermore, it is preferable that in 

5 the drill bit, the width of a portion of the hard surface layer coated on the intermediate 

portion, which is not buried in the fitting hole, is 0.5 mm to 1.0 mm in the direction of the 

center line of the insert.  

[0015] 

As described above, according to the present disclosure, when the drill bit insert 

10 is attached to the tip surface of the drill bit, it is possible to prevent the surface of the 

insert body of low hardness from being uncovered in the portion exposed from the tip 

surface of the drill bit. As a result, it is possible to extend the tool life of the drill bit 

insert and the drill bit by a hard surface layer with high wear resistance and to perform an 

efficient drilling.  

15 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] 

FIG. 1 is a cross-sectional view showing an embodiment of a drill bit insert of the 

present invention (dashed line is a boundary between an end portion and an intermediate 

20 portion of an insert body).  

FIG. 2 is a cross-sectional view showing an embodiment of a drill bit of the 

present invention to which the drill bit insert of the embodiment shown in FIG. 1 is 

attached to the end portion.
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FIG. 3 is an enlarged cross-sectional view showing a portion to which the drill 

bit insert is attached in the embodiment shown in FIG. 2 (dashed line is a boundary 

between the end portion and the intermediate portion of the insert body).  

5 DESCRIPTION OF EMBODIMENTS 

[0017] 

FIG. 1 is a cross-sectional view showing an embodiment of a drill bit insert 1 of 

the present invention. FIG. 2 is a cross-sectional view showing an embodiment of the 

drill bit of the present invention to which the drill bit insert 1 of the embodiment is 

10 attached. FIG. 3 is an enlarged cross-sectional view showing a portion where the drill 

bit insert 1 is attached to the drill bit of the embodiment. The drill bit insert 1 of the 

present embodiment is provided with an insert body 2 made of a hard material such as 

cemented carbide, and a hard surface layer 3 coated on a surface of the insert body 2 and 

made of a polycrystalline diamond harder than the insert body 2.  

15 [0018] 

In the insert body 2, a rear end portion (lower portion in FIGS. 1 and 3) 2A 

thereof forms a columnar shape or a disk-like shape centered on a center line of the insert 

C. In the present embodiment, an end portion (upper portion in FIGS. 1 and 3) 2B 

forms a hemispherical shape centered on the center line of the insert C with a radius 

20 slightly smaller than that of a column or a disk forming the rear end portion 2A, and is 

formed such that the outer diameter from the center line of the insert C gradually 

decreases toward a tip side. That is, the drill bit insert 1 of the present embodiment is a 

button insert. It is preferable that the radius of the rear end of the end portion 2B in the 

direction of the center line of the insert C is smaller than that of the rear end portion 2A 

25 by a layer thickness T or more, which will be described later.
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[0019] 

An intermediate portion 2C having an outer diameter slightly smaller than that 

of the column or the disk forming the rear end portion 2A is formed between the rear end 

portion 2A and the end portion 2B. In the insert body 2, the rear end portion 2A, the 

5 end portion 2B, and the intermediate portion 2C are integrally formed from a hard 

material such as cemented carbide described above. In addition, a cross-section of the 

insert body 2 perpendicular to the center line of the insert C has a circular shape centered 

on the center line of the insert C in any of the rear end portion 2A, the end portion 2B, 

and the intermediate portion 2C.  

10 [0020] 

Here, in the present embodiment, the intermediate portion 2C forms a columnar 

shape or a disk-like shape centered on the center line of the insert C, similar to the rear 

end portion 2A, and is formed to be coaxial with the rear end portion 2A and have the 

outer diameter smaller than that of the rear end portion 2A. In the upper end portion of 

15 the rear end portion 2A corresponding to the boundary position between the rear end 

portion 2A and the intermediate portion 2C, a table surface 2D that is an annular flat 

surface facing the tip side of the center line of the insert C (upper side in FIGS. 1 and 3) 

is formed. By providing such a table surface 2D, the hard surface layer 3 with a 

sufficient thickness can be formed over the entire intermediate portion 2C. The table 

20 surface need not be a plane perpendicular to the center line of the insert C, and may be 

inclined at 0° to 450 (preferably 0° to 30) with respect to the radial direction, for 

example. In addition, the table surface 2D and an outer circumferential surface of the 

intermediate portion 2C may be connected by a curved surface or an inclined surface.  

In other words, in the cross-section passing through the center line of the insert C of the 

25 insert body 2, the inner circumferential end of the table surface 2D and the rear end of the
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outer circumferential surface of the intermediate portion 2C are not necessarily connected 

at right angles, and may be connected by a circular arc, a straight line, or the like.  

Furthermore, in the cross-section passing through the center line of the insert C of the 

insert body 2, the tip end of the outer circumferential surface of the rear end portion 2A 

5 and the rear end of the outer circumferential surface of the intermediate portion may be 

connected by a recessed curved line. That is, the table surface 2D may be an annular 

curved surface.  

[0021] 

Furthermore, in the present embodiment, the radius of a hemisphere forming the 

10 end portion 2B is equal to that of the column or the disk forming the intermediate portion 

2C, and the hemispherical surface forming the surface of the end portion 2B is formed to 

be smoothly connected to a cylindrical surface forming the outer circumferential surface 

of the intermediate portion 2C.  

[0022] 

15 On the surface of such an insert body 2, the hard surface layer 3 is coated on 

only the hemispherical surface forming the surface of the end portion 2B and the 

cylindrical surface forming the outer circumferential surface of the intermediate portion 

2C, from the end portion 2B to the outer periphery of the intermediate portion 2C, and is 

not coated on the outer circumferential surface of the rear end portion 2A and the rear 

20 end surface of the insert body 2. In the present embodiment, the hard surface layer 3 is 

coated on the entire outer circumferential surface of the intermediate portion 2C. In the 

hard surface layer 3, the radius from the center line of the insert C of the surface of the 

hard surface layer 3 coated on the outer circumferential surface of the intermediate 

portion 2C is equal to that from the center line of the insert C of the outer circumferential 

25 surface of the rear end portion 2A. That is, the outer diameter of the hard surface layer
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3 in the intermediate portion 2C is equal to that of the rear end portion 2A of the insert 

body 2.  

[0023] 

The hard surface layer 3 may be a hard surface layer of a monolayer in which 

5 the grain size of the diamond grain constituting the polycrystalline diamond and the 

content per grain size, the composition and amount of the binder metal, or the 

composition and amount of added grains other than the diamond grains is one type, or 

may be a hard surface layer with two layers as shown in FIGS. 1 and 3 or a hard surface 

layer with a multilayer structure of three or more layers in which these elements are 

10 different. In a case where the hard surface layer 3 is composed of a plurality of layers, 

it is preferable that the outermost layer coated on the end portion 2B and the outermost 

layer coated on the intermediate portion are formed from one layer as shown in FIGS. 1 

and 3. The sintering of the drill bit insert 1 with such a hard surface layer 3 coated on 

the insert body 2 is basically performed in a diamond stable region, and can be performed 

15 using a known sintering method as disclosed in PTL 2 and a known apparatus as 

disclosed in PTLs 3 and 4.  

[0024] 

However, in order to achieve high wear resistance by the hard surface layer 3 

and relaxation of stress of the polycrystalline diamond, it is desirable that the outermost 

20 layer of the hard surface layer 3 has higher hardness than the layer adjacent to the inside 

thereof, that is, the layer adjacent to the inner side thereof has lower hardness than the 

outermost layer. In addition, as described above, the thickness of such a hard surface 

layer 3 is thick at the tip of the end portion 2B on the center line of the insert C, and the 

thickness decreases from this tip toward the outer peripheral side of the end portion 2B.  

25 [0025]
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The drill bit in which the drill bit insert 1 is attached to the end portion thereof 

has a bit body 11 made of steel or the like and having a substantially bottomed cylindrical 

shape centered on an axis 0 as shown in FIG. 2, and the bottomed portion thereof is the 

end portion (upper portion in FIG. 2) to which the drill bit insert 1 is attached.  

5 In addition, a female threaded portion 12 is formed on an inner periphery of the 

cylindrical rear end portion (lower portion in FIG. 2). A drill rod connected to a drilling 

apparatus is screwed into the female threaded portion 12, and by transmitting a striking 

force and an impelling force toward the tip side in the direction of the axis 0 and a 

rotating force around the axis 0 thereto, the drill bit insert 1 crushes a bedrock to form a 

10 borehole.  

[0026] 

The end portion of the bit body 11 has a slightly larger outer diameter than the 

rear end portion, a plurality of discharge grooves 13 extending in parallel with the axis 0 

are formed on the outer periphery of the end portion with an interval in the 

15 circumferential direction. The drill cuttings generated from the bedrock crushed by the 

drill bit insert 1 are discharged to a rear end side through the discharge groove 13. In 

addition, a blow hole 14 is formed along the axis 0 from the bottom surface of the 

female threaded portion 12 of the bit body 11 having a bottom. The blow hole 14 

branches obliquely at the end portion of the bit body 11, opens to a tip surface of the bit 

20 body 11, and ejects a fluid such as compressed air supplied via the drill rod to promote 

discharge of drill cuttings.  

[0027] 

Furthermore, the tip surface of the bit body 11 is provided with a circular face 

surface 15 centered on the axis 0 perpendicular to the axis 0 on the inner periphery side, 

25 and a truncated conical gauge surface 16 located on the outer periphery of the face
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surface 15 and extending toward the rear end side to be closer to the outer peripheral side.  

The blow hole 14 opens to the face surface 15 and the tip end of the discharge groove 13 

opens to the gauge surface 16. Furthermore, on the face surface 15 and the gauge 

surface 16, a plurality of fitting holes 17 having a circular cross-section are formed 

5 perpendicularly to the face surface 15 or the gauge surface 16 in a manner that the holes 

avoid opening portions of the blow hole 14 and the discharge groove 13, respectively.  

[0028] 

In such a fitting hole 17, in a state where the rear end portion 2A of the insert 

body 2 and at least a portion of the intermediate portion 2C coated with the hard surface 

10 layer 3 on the rear end portion 2A side are buried in the fitting hole 17 as shown in FIG. 3, 

they are interference-fitted by press fitting, shrink fitting or the like or brazed, thereby 

fixing the drill bit insert 1 to the fitting hole 17. That is, the drill bit insert 1 is buried in 

the fitting hole 17 and attached thereto.  

[0029] 

15 Therefore, the remaining portion of the intermediate portion 2C on the end 

portion 2B side and the end portion 2B are respectively protruded from the tip surface of 

the bit body 11, that is, the face surface 15 or the gauge surface 16, and the center line of 

the insert C is perpendicular to the face surface 15 or the gauge surface 16. Here, 

although a portion of the intermediate portion 2C is buried in the fitting hole 17 in FIG. 3, 

20 the entire of the intermediate portion 2C may be buried.  

[0030] 

As described above, in the drill bit insert 1 having the above-described 

configuration and the drill bit having the drill bit insert 1 attached to the end portion 

thereof, the intermediate portion 2C with a diameter smaller than that of the rear end 

25 portion 2A is arranged at the tip side of the rear end portion 2A with the large diameter of
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the insert body 2 of the drill bit insert 1. The end portion 2B for drilling, in which the 

outer diameter from the center line of the insert C is smaller, is arranged at the further tip 

side of the intermediate portion 2C. The hard surface layer 3 is coated on the surfaces 

of the end portion 2B and the intermediate portion 2C, and the outer diameter of the hard 

5 surface layer 3 on the outer periphery of the intermediate portion 2C is equal to that of 

the rear end portion 2A.  

[0031] 

Therefore, in a case where the outer diameter of the drill bit insert 1 is larger 

than the inner diameter of the fitting hole 17, even if the outer circumferential surface of 

10 the rear end portion 2A of the insert body 2 of the drill bit insert 1 and the surface of the 

hard surface layer 3 on the outer periphery of the intermediate portion 2C are polished, 

the hard surface layer 3 remains on the outer periphery of the intermediate portion 2C as 

long as the polishing margin is within the range of the outer diameter difference between 

the rear end portion 2A and the intermediate portion 2C, that is, the thickness of the hard 

15 surface layer 3 on the outer periphery of the intermediate portion 2C. This is the same 

in a case where the outer diameter of the sintered drill bit insert 1 can be buried in the 

fitting hole 17 as it is and the polishing is not performed.  

[0032] 

Accordingly, even if the outer periphery of the drill bit insert 1 is polished, in a 

20 state where the rear end portion 2A and at least a portion of the intermediate portion 2C 

of the insert body 2 are buried in the fitting hole 17 of the bit body 11, as shown in FIG. 3, 

only the portion coated with the hard surface layer 3 of the drill bit insert 1 is exposed 

from the face surface 15 or the gauge surface 16 as the tip surface of the bit body 11 and 

the surface of the insert body 2 made of cemented carbide or the like having a hardness 

25 lower than that of the hard surface layer 3 is not exposed.
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[0033] 

Therefore, the rear end side portion of the end portion 2B of the insert body 2 

and the tip side portion of the intermediate portion 2C are prevented from wearing and 

being hollowed due to direct contact with the drill cuttings during the drilling, and it is 

5 possible to prevent such a situation that the drill bit insert 1 is broken while remaining the 

hard surface layer. Accordingly, according to the drill bit insert 1 and the drill bit of the 

above-described configuration, it is possible to sufficiently exhibit the wear resistance of 

the hard surface layer 3 and thereby to perform long-term drilling and efficient and 

economical drilling tasks.  

10 [0034] 

It is preferable that the width S in the direction of the center line of the insert C 

of the portion of the hard surface layer 3 coated on the intermediate portion 2C, which is 

buried in the fitting hole 17, is 0.5 mm to 4.5 mm. By setting the width S to 0.5 mm or 

more, even if the periphery of the opening of the fitting hole 17 of the face surface 15 or 

15 the gauge surface 16 wears by drilling chips or the like during the drilling and the buried 

portion of the drill bit insert 1 is exposed, the surface of the insert body 2 is not exposed 

since the hard surface layer 3 is exposed. Therefore, since the drill bit insert 1 can be 

prevented from breakage, it is possible to sufficiently exhibit the wear resistance of the 

hard surface layer 3 coated on the end portion 2B, and thereby to perform long-term 

20 drilling. On the other hand, if the width S exceeds 4.5 mm, the range of the hard 

surface layer 3 increases, which is not preferable because much time and labor are 

required for polishing the outer periphery of the drill bit insert 1.  

[0035] 

In addition, it is preferable that the width L of the portion of the hard surface 

25 layer 3 coated on the intermediate portion 2C not buried in the fitting hole 17 (protrusion
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length of the hard surface layer 3 from the face surface 15 and the gauge surface 16 to the 

boundary between the end portion 2B and the intermediate portion 2C) , is 0.5 mm to 1.0 

mm in the direction of the center line of the insert. By setting the width L to 0.5 mm or 

more, in the drill bit insert 1, only the portion coated with the hard surface layer 3 is 

5 exposed from the face surface 15 or the gauge surface 16 as the tip surface of the bit 

body 11, and the surface of the insert body 2 made of cemented carbide or the like having 

a hardness lower than that of the hard surface layer 3 is not exposed. Therefore, since 

the drill bit insert 1 can be prevented from breakage, it is possible to sufficiently exhibit 

the wear resistance of the hard surface layer 3 coated on the end portion 2B, and thereby 

10 to perform long-term drilling. On the other hand, when the width L exceeds 1.0 mm, 

the area of the hard surface layer 3 increases, which is not preferable because much time 

and labor are required for polishing the outer periphery of the drill bit insert 1.  

[0036] 

In addition, in the drill bit insert 1 of the present embodiment, the intermediate 

15 portion 2C of the insert body 2 forms the columnar shape or the disk-like shape centered 

on the center line of the insert C which is also the center line of the column or the disk 

forming the rear end portion 2A, and the rear end portion 2A and the intermediate portion 

2C are coaxial with each other and have a multistage columnar shape or a multistage 

disk-like shape in which the diameter decreases by one step toward the tip side of the 

20 insert body 2. Therefore, since the thickness of the hard surface layer 3 on the outer 

periphery of the intermediate portion 2C can be made constant in the direction of the 

center line of the insert C, even if the drill bit insert 1 is buried to any position in the 

fitting hole 17, the thickness of the hard surface layer 3 on the outer periphery thereof can 

be made constant in the portion where the intermediate portion 2C of the insert body 2 

25 protrudes from the face surface 15 or the gauge surface 16, and it is possible to
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sufficiently ensure the wear resistance in this portion.  

[0037] 

Instead of forming the intermediate portion 2C in the columnar shape or the 

disk-like shape as described above, for example, the intermediate portion 2C may be 

5 formed in a truncated conical shape centered on the center line of the insert C having the 

outer diameter gradually decreasing toward the tip side, or the intermediate portion 2C 

may have a shape in which the cross-section of the outer circumferential surface along 

the center line of the insert C is in a protruded curved line shape or a recessed curved line 

shape, similarly, having the outer diameter gradually decreases toward the tip side.  

10 Even in these cases, since the thickness of the hard surface layer 3 increases toward the 

tip side, it is possible to sufficiently ensure the wear resistance of the hard surface layer 3 

in a portion where the intermediate portion 2C of the insert body 2 protrudes from the 

face surface 15 or the gauge surface 16.  

[0038] 

15 If the width (in the present embodiment, the width in the direction of the center 

line of the insert C of the intermediate portion 2C between the boundary between the end 

portion 2B and the intermediate portion 2C indicated by the dashed line in FIGS. 1 and 3, 

and the boundary between the rear end portion 2A and the intermediate portion 2C) of the 

hard surface layer 3 coated on the outer periphery of the intermediate portion 2C in the 

20 direction of the center line of the insert C indicated by a reference sign W in FIG. 1 is too 

small, in a case where the drill bit insert 1 is shallowly buried in and attached to the 

fitting hole 17, or where the periphery of the opening of the fitting hole 17 in the bit body 

11 wears during the drilling, there is a concern that the surface of the insert body 2 may 

be uncovered (there is a possibility that the width S cannot be sufficiently ensured). On 

25 the other hand, if the width W of the hard surface layer 3 is too large, much time and
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labor are required to polish the outer periphery of the drill bit insert 1. Therefore, the 

width W is desirably in the range of 1 mm to 5 mm, and more desirably in the range of 

2.0 mm to 4.0 mm.  

[0039] 

5 In addition, similarly, the thickness of the hard surface layer 3 on the outer 

periphery of the intermediate portion 2C indicated by a reference sign T in FIG. 1 is 

desirably in the range of 300 m to 1200 [m, and more desirably in the range of 500 [m 

to 1000 [m. If the layer thickness T is thin enough to be less than 300 m, there is a 

concern that a sufficient tool life cannot be impart to the drill bit insert 1 even if the hard 

10 surface layer 3 is coated on the drill bit insert 1. On the other hand, if the layer 

thickness T of the hard surface layer 3 is too thick to exceed 1200 [m, the volume of the 

hard surface layer 3 occupying the portion which is buried in the fitting hole 17 and does 

not contribute to prevention of wear or the drilling gets large, that is uneconomical. It is 

preferable that the layer thickness T of the entire hard surface layer 3 formed on the 

15 intermediate portion 2C is within the above preferable range.  

[0040] 

Here, the position of the rear end of the intermediate portion 2C which is the 

boundary between the intermediate portion 2C and the rear end portion 2A in the 

direction of the center line of the insert C, and the position of the tip of the intermediate 

20 portion 2C which is the boundary between the intermediate portion 2C and the end 

portion 2B are defined as follows. In a case where the diameter of the lower end 

surface of the rear end portion 2A is referred to as gthe rearmost end of the por tion 

having a diameter smaller than 93.3% of ds regarded as the boundary between the 

intermediate portion 2C and the rear end portion 2A (rear end of the intermediate portion 

25 2C). In a case where the diameter of the rear end of the intermediate portion 2C is
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referred to asp(p a x 0.933), the portion where the diameter is 91.1% of P is regarded 

as the boundary between the intermediate portion 2C and the end portion 2B (tip of the 

intermediate portion 2C). That is, the diameter y of the rear end of the end portion 2B 

satisfies y- P x 0.911.  

5 [0041] 

In addition, the ratio h/H of the length h from the tip of the end portion 2B to the 

rear end of the intermediate portion 2C with respect to the total length H of the insert 

body 2 in the direction of the center line of the insert C is preferably 0.45 to 0.80, and 

more preferably 0.50 to 0.75. By setting h/H in this range, the above-described effect 

10 can be more reliably achieved.  

[0042] 

In the drill bit insert 1 of the present embodiment, the case where the present 

invention is applied to a button type drill bit insert in which the end portion 2B of the 

insert body 2 has a hemispherical shape as described above, is described. However, it is 

15 possible to apply the present invention to a so-called ballistic type drill bit insert in which 

the end portion of the insert body forms a bullet-shape, and to a so-called spike type drill 

bit insert in which the rear end side of the end portion has a conical surface shape and 

decreases in diameter toward the tip side, and of which a tip end has a spherical shape 

with a smaller radius than that of the cylindrical rear end portion of the insert body.  

20 

EXAMPLES 

[0043] 

Next, in the drill bit insert and the drill bit of the present invention, the 

difference in effect due to the difference in the width W of the hard surface layer 3 in the 

25 above-described embodiment will be demonstrated with reference to examples. In the
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present example, six types of the drill bit inserts 1 having the width W of the hard surface 

layer 3 (corresponding to the width of the intermediate portion 2C), the thickness T of the 

hard surface layer, and the protrusion length (protrusion length of the intermediate 

portion 2C) L from the face surface 15 and the gauge surface 16 to the boundary between 

5 the end portion 2B and the intermediate portion 2C in the above embodiment shown in 

Table 1, were manufactured. Six drill bits to which these drill bit inserts 1 were 

attached by burying the rear end portion 2A and the intermediate portion 2C of the insert 

body 2 in the fitting hole 17 formed in the end portion of the bit body 11, respectively, 

were manufactured. These are referred to as Examples 1 to 6. In addition, as 

10 comparative examples with respect to these Examples 1 to 6, the drill bit having a width 

W of 0 mm, that is, the drill bit in which the insert body did not have the intermediate 

portion with a smaller diameter than the rear end portion and a hemispherical end portion 

with the same radius as that of the rear end portion is directly formed on the tip side of 

the rear end portion, and the drill bit with a width W of 0.5 mm, were manufactured.  

15 These are referred to as Comparative Examples 1 and 2. Furthermore, two types of the 

drill bits were manufactured, which were the same as Example 1 except that the thickness 

T of the hard surface layer 3 on the outer periphery of the intermediate portion 2C was 

changed. These are referred to as Comparative Examples 3 and 4. In addition, two 

types of the drill bits were manufactured, which were the same as Example 2 except that 

20 the protrusion length L of the intermediate portion 2C was changed. These are referred 

to as Comparative Examples 5 and 6.  

[0044] 

Each drill bit insert attached to the drill bits of Examples 1 to 6 and Comparative 

Examples 1 to 6 was a button type drill bit insert of which the end portion 2B formed a 

25 hemispherical shape where the outer diameter of the hard surface layer 3 coated on the
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end portion 2B was equal to that of the column or the disk forming the rear end portion 

2A of the insert body 2, and this outer diameter was 11 mm. The thickness T of the hard 

surface layer 3 on the outer periphery of the intermediate portion 2C of the insert body 2 

was 400 m in Examples I to 3 and Comparative Examples 1, 2, 5, and 6, 350 m in 

5 Example 4, 1100 m in Example 5, 600 m in Example 6, 150 m in Comparative 

Example 3, and 1500 m in Comparative Example 4. The thickness of the hard surface 

layer at the tip of the end portion 2B in the direction of the center line of the insert C 

indicated by a reference sign P in Fig. 1 was 1200 m in Examples 1 to 3 and 

Comparative Examples 1, 2, 5, and 6, 800 m in Example 4, 1150 m in Example 5, 

10 1000 m in Example 6, 600 m in Comparative Example 3, and 1800 m in Comparative 

Example 4. Therefore, in each Example and Comparative Example, the outer diameter 

(diameter) of the rear end portion 2A of the insert body 2 was 11 mm, and the outer 

diameter of the intermediate portion 2C except for Comparative Example 1 was 10.2 mm 

(diameter of the hemisphere constituting the end portion 2B was 10.2 mm). In addition, 

15 the length of the rear end portion 2A in the direction of the center line of the insert C was 

7.5 mm.  

[0045] 

In addition, the hard surface layer 3 had a two-layer structure as shown in FIG. 1.  

The outer layer of the hard surface layer 3 contained 30 vol% of diamond grains with a 

20 grain size of 2 to 4 m, and 70 vol% of diamond grains with a grain size of 20 to 40 m, 

did not contain additive grains, and was a high hardness layer formed using 15 vol% 

(content ratio with respect to the entire layer containing grains) of a metal binder 

containing Ni: 100 wt%. The average thickness of the outer layer of the hard surface 

layer 3 was 800 m in Examples I to 3 and Comparative Examples 1, 2, 5 and 6, 500 m 

25 in Example 4, 900 m in Example 5, 800 m in Example 6, 300 m in Comparative
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Example 3, and 1600 m in Comparative Example 4. The inner layer of the hard 

surface layer 3 contained 60 vol% of diamond grains with a grain size of 4 to 6 m and 

40 vol% of TaC grains with a grain size of 0.5 to 2 m as additive grains, and was a low 

hardness layer formed using 10 vol% of a metal binder containing Co: 100 wt%. The 

5 average thickness of the inner layer of the hard surface layer 3 was 200 m in Examples 

I to 3 and Comparative Examples 1, 2, 5 and 6, 350 m in Example 4, 200 m in 

Example 5, 300 m in Example 6, and 120 m in Comparative Examples 3 and 4. The 

average thickness of the outer layer of the hard surface layer 3 was defined as the average 

value of the layer thickness in the direction of the center line of the insert C in the 

10 cross-section along the center line of the insert C as shown in FIG. 1, and the layer 

thicknesses on the two straight lines passing through the center of the hemisphere 

forming the end portion of the drill bit insert (point of intersection of the dotted line 

indicating the boundary between the intermediate portion 2C and the end portion 2B with 

the center line of the insert C in FIG. 1) and intersecting with the center line of the insert 

15 C at an angle of 30° and 60. In addition, the average thickness of the inner layer of the 

hard surface layer 3 was defined as the average value of the layer thickness in the 

direction of the center line of the insert and the layer thicknesses on the two straight lines 

passing through the center of the hemisphere forming the end portion of the drill bit 

insert and intersecting with the center line of the insert C at an angle of 30 and 60°.  

20 [0046] 

Furthermore, in the drill bits of Examples 1 to 6 and Comparative Examples 1 to 

6, two such drill bit inserts were attached to the face surface 15 and five to the gauge 

surface 16, seven in total, in each the bit body 11 with a bit diameter of 45 mm. The 

protrusion length from the face surface 15 and the gauge surface 16 to the boundary 

25 between the end portion 2B and the intermediate portion 2C of the insert body 2,
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indicated by a reference sign L in FIG. 3 was 1 mm in Examples 1 to 3, 5 and 

Comparative Examples 2 to 4, 0.5 mm in Example 4, 0.8 mm in Example 6, 3 mm in 

Comparative Example 5, and 0 mm in Comparative Example 6. In Comparative 

Example 1, the drill bit insert was attached to the bit body 11 so that the rear end portion 

5 2A was exposed only by 1 mm in the direction of the center line of the insert C from the 

boundary between the rear end portion 2A and the end portion 2B (so that the distance 

from the face surface 15 and the gauge surface 16 to the boundary between the rear end 

portion 2A and the end portion 2B is 1 mm).  

[0047] 

10 The drilling tasks were performed using these drill bits to drill the borehole with 

a drilling length of 4 m in a copper mine with an average uniaxial compression strength 

of 150 MPa made of medium-hard rock. The total drilling distance (m) until the drill 

bit insert reaches the end of the tool life was measured, and the damaged form of the drill 

bit insert and the drill bit at the end of the drilling was confirmed. Drilling conditions 

15 were as follows: a drilling apparatus was model No. H205D manufactured by 

TAMROCK Co., Ltd., striking pressure was 160 bar (16 MPa), feed pressure was 80 bar 

(8 MPa), rotational pressure was 55 bar (5.5 MPa), and water with pressure of 18 bar (1.8 

MPa) was supplied from the blow hole. The results are shown in Table 1.
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[0048] 

[Table 1] 

Width of hard Thickness of hard Protrusion length Total drilling 
surface layer W surface layer T of intermediate distance Damaged form of insert and bit 

(mm) ([Im) portion L (mm) 

Example 1 1.5 400 1 544 m Insert normally wore, and a portion thereof was 
broken at base 

Example 2 3 400 1 912 m Insert normally wore 
Example 3 4 400 1 1056 m Insert normally wore 
Example 4 2 350 0.5 456 m Insert normally wore 
Example 5 4 1100 1 1128 m Insert p normally wore 
Example 6 3 600 0.8 872 m Insert normally wore 

Comparative 0 (400) (1) 236 m Insert was broken at base 
Comprlie 0.5I400_1_392_mInsertwasbrokenatbase 
Comparative 0.5 400 1 392 m Insert was broken at base 
Example_2 _______ 

Comparative 1.5 150 1 408 m Insert was broken at base 

Comparative 1.5 1500 1 288 m Insert was broken at base 
Example_4 _______ 

Comparative 3 400 3 256 m Insert was broken at base 

Comparative 3 400 0 160 m Bit body wore in advance, and buried insert was 
Example 6 detached
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[0049] 

From these results, in the drill bit to which the drill bit inserts of Comparative 

Examples 1 and 2 were attached, in which the width W of the hard surface layer 3 was 

short or zero, even in Comparative Example 2 resulting in a long drilling distance, wear 

5 occurred at the base of the drill bit insert (surface side of a part of the bit body protruding 

from the surface of the bit body), and the insert body 2 was hollowed. The total drilling 

distance was less than 400 m, that is, 100 holes cannot be drilled and the end of tool life 

was reached. Even in the drill bit to which the drill bit insert of Comparative Example 3 

in which the thickness T of the hard surface layer 3 was small was attached, wear 

10 occurred from the base of the drill bit insert, and the total drilling distance was short as 

compared with Examples 1 to 6. In Comparative Example 4 in which the thickness T of 

the hard surface layer 3 was large, the total drilling distance was short as compared with 

Examples 1 to 6. In Comparative Example 5 in which the protrusion length L of the 

intermediate portion 2C was long, the length (S in FIG. 3) of the portion buried in the bit 

15 body 11 of the intermediate portion 2C was short and the drill bit insert was broken at the 

base thereof. In addition, in Comparative Example 6 in which the protrusion length L 

of the intermediate portion 2C was 0 mm, that is, only the end portion 2B was protruded 

from the face surface 15 and the gauge surface 16, the bit body 11 wore in advance and 

the drill bit insert was detached from the bit body 11.  

20 On the other hand, in the drill bits to which the drill bit inserts of Examples 1 to 

6 were attached, breakage occurred in a portion of the drill bit insert in Example 1, 

whereas others were able to drill 100 holes or more until the end of tool life was reached 

with normal wear. In Examples 2 and 3, the thickness T of the hard surface layer 3 and 

the protrusion length L of the intermediate portion 2C are the same as each other, and it 

25 was possible to extend the tool life by 2 to 3 times or more as long as Comparative
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Example 2 in which the width W of the hard surface layer 3 is small.  

INDUSTRIAL APPLICABILITY 

[0050] 

5 As described above, according to the present invention, it is possible to prevent 

the surface of the insert body of low hardness from being uncovered in the portion 

exposed from the tip surface of the drill bit. It is possible to extend the tool life of the 

drill bit insert and the drill bit by a hard surface layer having high wear resistance and to 

perform an efficient drilling.  

10 

REFERENCE SIGNS LIST 

[0051] 

1 DRILL BIT INSERT 

2 INSERT BODY 

15 2A REAR END PORTION OF INSERT BODY 2 

2B END PORTION OF INSERT BODY 2 

2C INTERMEDIATE PORTION OF INSERT BODY 2 

2D ANNULAR TABLE SURFACE 

3 HARD SURFACE LAYER 

20 11 BIT BODY 

15 FACE SURFACE (TIP SURFACE) OF BIT BODY 11 

16 GAUGE SURFACE (TIP SURFACE) OF BIT BODY 11 

17 FITTING HOLE 

C CENTER LINE OF INSERT 

25 0 AXIS OF BIT BODY 11
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W WIDTH OF HARD SURFACE LAYER 3 IN DIRECTION OF 

CENTER LINE OF INSERT C ON OUTER PERIPHERY OF INTERMEDIATE 

PORTION 2C 

L WIDTH OF PORTION OF HARD SURFACE LAYER NOT BURIED 

5 IN FITTING HOLE 17 IN DIRECTION OF CENTER LINE OF INSERT C ON OUTER 

PERIPHERY OF INTERMEDIATE PORTION 2C 

S WIDTH OF PORTION OF HARD SURFACE LAYER BURIED IN 

FITTING HOLE 17 IN DIRECTION OF CENTER LINE OF INSERT C ON OUTER 

PERIPHERY OF THE INTERMEDIATE PORTION 2C 

10
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A drill bit insert attached to an end portion of a drill bit to perform drilling, the drill 

bit insert comprising: 

5 an insert body; and 

a hard surface layer coated on the insert body and made of a polycrystalline 

diamond, which is harder than the insert body, wherein 

the insert body comprises: a rear end portion forming a columnar shape or a 

disk-like shape centered on a center line of the insert; an intermediate portion arranged at 

10 a tip side of the rear end portion in a direction of the center line of the insert, and having 

an outer diameter smaller than that of the rear end portion; and an end portion arranged at 

a tip side of the intermediate portion in the direction of the center line of the insert, and 

having an outer diameter from the center line of the insert gradually decreasing toward 

the tip side, 

15 wherein the hard surface layer is coated on the insert body from a surface of the 

end portion of the insert body to an outer periphery of the intermediate portion, 

an outer diameter of the hard surface layer on the intermediate portion is equal 

to that of the rear end portion of the insert body, 

the intermediate portion forms a columnar shape or a disk-like shape, centered 

20 on the center line of the insert and having the outer diameter smaller than that of the rear 

end portion, 

the thickness of the hard surface layer of the intermediate portion in a radial 

direction perpendicular to the center line of the insert is entirely constant in a direction 

over the center line of the insert, and 

25 the thickness of the hard surface layer is greatest at a tip of the end portion on 

the center line of the insert, and the thickness decreases from the tip toward the outer 

peripheral side of the end portion.  

2. The drill bit insert according to Claim 1, wherein 

30 a width of the hard surface layer coated on the outer periphery of the 

intermediate portion is within a range of 1 mm to 5 mm in the direction of the center line 

of the insert.
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3. The drill bit insert according to Claim 1 or 2, wherein 

a thickness of the hard surface layer coated on the outer periphery of the 

intermediate portion is within a range of 300 m to 1200 [m.  

5 4. A drill bit, comprising: 

a bit body; and 

the drill bit insert according to any one of Claims 1 to 3 that is attached to an end 

portion of the bit body, wherein 

a fitting hole is formed on the end portion of the bit body, and 

10 the drill bit insert is attached such that the rear end portion of the insert body and 

at least a portion of the intermediate portion coated with the hard surface layer are buried 

in the fitting hole.  

5. The drill bit according to Claim 4, wherein 

15 the width of the portion of the hard surface layer coated on the intermediate 

portion, which is buried in the fitting hole, is 0.5 mm to 4.5 mm in the direction of the 

center line of the insert.  

6. The drill bit according to Claim 4 or 5, wherein 

20 the width of the portion of the hard surface layer coated on the intermediate 

portion, which is not buried in the fitting hole, is 0.5 mm to 1.0 mm in the direction of 

the center line of the insert.
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