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A drill including a cylindrical main body and a Shank. The 
cylindrical main body has: (a) flutes providing cutting edges 
at an axially distal end of the cylindrical main body; (b) 
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(21) Appl. No.: 10/462,754 which joins the lands and extends in an axial direction of the 
cylindrical main body. The web includes a back-tapered 

(22) Filed: Jun. 17, 2003 portion which is provided by at least an axially distal end 
portion of the web, such that a thickness of the web in the 

(30) Foreign Application Priority Data back-tapered portion is gradually or continuously reduced as 
viewed in a direction away from the axially distal end of the 
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DEEP-HOLE DRILL HAVING BACK-TAPERED 
WEB 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates in general to a drill for 
drilling a deep hole, and more particularly to Such a drill 
having a long tool life without Suffering from its breakage 
due to chip packing or poor chip removal in a deep-hole 
drilling operation at a high drilling Speed. 

0003 2. Discussion of the Related Art 
0004. There is widely known a deep-hole drill having a 
chip evacuation flute or flutes whose axial length is at least 
five times or at least ten times as large as a diameter of the 
drill, for drilling a deep hole having a large depth that is at 
least five times or at least ten times as large as a diameter of 
the hole. As one example of the deep-hole drill, JP-U-H5 
60715 (publication of unexamined Japanese Utility Appli 
cation laid open in 1993) discloses a drill in which each chip 
evacuation flute has a width larger in an axially proximal end 
portion of the main body (i.e., a portion of the main body 
adjacent to the Shank) than in an axially distal end portion of 
the main body, in the interest of preventing chip packing. AS 
another example of the deep-hole drill, JP-A-H5-261612 
(publication of unexamined Japanese Patent Application laid 
open in 1993) discloses a drill in which the web thickness is 
Smaller in an axially proximal end portion of the main body 
than in an axially distal end portion of the main body. AS Still 
another example of the deep-hole drill, JP-A-S63-89210 
(publication of unexamined Japanese Patent Application laid 
open in 1988) discloses a drill in which the surface of each 
chip evacuation flute is finished by a polishing operation and 
has a Surface roughness RZ of not larger than 3 um. 
0005. However, in a drilling operation with the drill 
disclosed by JP-A-H5-261612 in which the web thickness is 
changed in Steps rather than continuously, Smooth evacua 
tion or removal of cutting chips from the hole is impeded 
due to the Stepped change of the web thickness, Suffering 
from a risk of the breakage. For example, where this 
conventional drill is adapted to have a diameter D of not 
larger than 8 mm for drilling a deep hole having a depth that 
is at least ten times as large as the diameter D of the drill, the 
drill is not capable of always drilling the deep hole in a 
high-Speed drilling condition in which the drill is fed at a 
feed rate f of at least 0.10 mm/rev while being rotated at a 
peripheral velocity V of at least 80 m/min. In such a 
high-Speed drilling condition, the drill Sometimes Suffers 
from its breakage due to chip packing or poor chip removal 
from the drilled hole. Therefore, the deep-hole drilling 
operation can not be Satisfactorily achieved by the conven 
tional drill, without reducing the feed rate f and/or the 
peripheral Velocity V, or without adopting a So-called “step 
drilling” (i.e., feeding the drill in an intermittent manner). 

SUMMARY OF THE INVENTION 

0006 The present invention was made in view of the 
background prior art discussed above. It is therefore a first 
object of the present invention to provide a drill having a 
long tool life without Suffering from its breakage due to chip 
packing or poor chip removal in a deep-hole drilling opera 
tion at a high drilling Speed. This first object may be 
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achieved according to any one of first through thirteenth 
aspects of the invention which are described below. 
0007. It is a second object of the invention to provide a 
process of drilling a hole in a workpiece by using the drill 
having the technical advantage as described above. This 
Second object may be achieved according to a fourteenth 
aspect of the invention which is described below. 
0008. The first aspect of this invention provides a drill 
which comprises a cylindrical main body and a Shank 
contiguous to each other, and which is to be rotated about an 
axis of the cylindrical main body in a predetermined rotating 
direction, for drilling a hole in a workpiece, wherein the 
cylindrical main body has: (a) at least one flute each of 
which is formed in the cylindrical main body and extends 
from an axially distal end of the cylindrical main body to an 
axially proximal end of the cylindrical main body, So as to 
provide a cutting lip or edge at the axially distal end of the 
cylindrical main body; (b) at least one land each of which is 
provided by a peripheral portion of the cylindrical main 
body not cut away by the above-described at least one flute; 
and (c) a web provided by a central portion of the cylindrical 
main body which extends in an axial direction of the 
cylindrical main body; wherein the web includes a back 
tapered portion which is provided by at least an axially distal 
end portion of the web, such that a thickness of the web in 
the back-tapered portion is gradually or continuously 
reduced as viewed in a direction away from the axially distal 
end of the cylindrical main body toward the shank. 
0009. According to the second aspect of the invention, in 
the drill defined in the first aspect of the invention, the 
thickness of the web in the back-tapered portion is reduced 
at a constant rate as viewed in the direction away from the 
axially distal end of the cylindrical main body toward the 
Shank. 

0010. According to the third aspect of the invention, in 
the drill defined in the first or second aspect of the invention, 
the back-tapered portion of the web is provided by not only 
the axially distal end portion but also axially proximal end 
and intermediate portions of the web. 
0011. According to the fourth aspect of the invention, in 
the drill defined in the first or second aspect of the invention, 
the back-tapered portion of the web is provided by only the 
axially distal end portion of the web which has a predeter 
mined axial length not Smaller than a diameter of the drill, 
wherein the web further includes a non-back-tapered portion 
which is provided by axially proximal end and intermediate 
portions of the web, such that the thickness of the web in the 
non-back-tapered portion is constant. 
0012. According to the fifth aspect of the invention, in the 
drill defined in the first or second aspect of the invention, the 
back-tapered portion of the web is provided by only the 
axially distal end portion of the web which has a predeter 
mined axial length not Smaller than a diameter of the drill, 
wherein the web further includes a non-back-tapered portion 
which is provided by axially proximal end and intermediate 
portions of the web, such that the thickness of the web in the 
non-back-tapered portion is increased as viewed in the 
direction away firm the axially distal end of the cylindrical 
main body toward the shank. 
0013. According to the sixth aspect of the invention, in 
the drill defined in any one of the first through fifth aspects 
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of the invention, a relationship between a diameter of the 
drill and a maximum value of the thickness of the web and 
a relationship between the diameter of the drill and a 
minimum value of the thickness of the web are represented 
by the following expressions: 

0.15Ds W.s0.33D; 

0014 where D represents the diameter of the drill; 

0015 W, represent the maximum value of the 
thickness of the web; and 

0016 W represent the minimum value of the 
thickness of the web. 

0.017. According to the seventh aspect of the invention, in 
the drill defined in any one of the first through sixth aspects 
of the invention, a flute-width ratio of a width of each of the 
above-described at least one flute to a width of each of the 
above-described at least one land is 0.6-1.5 in a web 
thickness maximized portion of the cylindrical main body in 
which the thickness of the web is maximized while the 
flute-width ratio is 0.8-1.7 in a web-thickness minimized 
portion of the cylindrical main body in which the thickness 
of the web is minimized. It is noted that the width of each 
of the above-described at least one flute and the width of 
each of the above-described at least one land may be defined 
by a central angle 0 of each flute and a central angle 0 of 
each land, respectively. 

0.018. According to the eighth aspect of the invention, in 
the drill defined in any one of the first through seventh 
aspects of the invention, a Surface of each of the above 
described at least one flute has a roughness curve whose 
maximum height Ry of not larger than 3 um. 

0.019 According to the ninth aspect of the invention, in 
the drill defined in the eighth aspect of the invention, the 
cylindrical main body is coated with a hard coating, and the 
Surface of each of the above-described at least one flute 
coated with the hard coating is polished So as to have the 
roughness curve whose maximum height Ry of not larger 
than 3 um. 
0020. According to the tenth aspect of the invention, in 
the drill defined in any one of the first through ninth aspects 
of the invention, the above-described at least one flute 
consists of two flutes which are Symmetrical with respect to 
the axis of the cylindrical main body, wherein the above 
described at least one land consists of two lands which are 
joined by the web and each of which is located between the 
two flutes, and wherein a front-side wall of each of the two 
flutes (as viewed in the predetermined rotating direction) is 
concaved in a direction away from a leading edge which is 
provided by a rear-Side one of widthwise opposite edges of 
each of the two flutes (as viewed in the predetermined 
rotating direction), Such that a most concaved portion of the 
front-Side wall is distant from a Straight line which passes 
through the axis and a heel or rear end of a corresponding 
one of the two lands (as viewed in the predetermined 
rotating direction), by a predetermined distance that is equal 
to a half of value represented by the following expression: 

0.15Dsts 0.35D; 
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0021 where D represents a diameter of the drill; and 
0022 t represents the value that is twice as large 
as the predetermined distance. 

0023. It is noted that the above-described rear end of the 
land corresponds to an interSection of the front-Side wall of 
each flute and the outer circumferential Surface of the 
corresponding one of the two lands. Where a beveled face is 
formed in the rear end of each land or at the interSection of 
the front-side wall of each flute and the outer circumferential 
Surface of the corresponding land, the rear end or interSec 
tion is an imaginary rear end or interSection. 
0024. According to the eleventh aspect of the invention, 
in the drill defined in any one of the first through tenth 
aspects of the invention, the above-described at least one 
flute has an axial length of at least ten times as large as a 
diameter of the drill which is not larger than 8 mm. The axial 
length of the flute corresponds to a so-called “flute length” 
which is a length, as measured in a direction parallel with the 
axis of the cylindrical main body, from an outer corner of the 
cutting lip to an extreme back end of the flute. An increase 
in the axial length of the flute leads to an increase in a 
maximum distance over which the drill can be continuously 
fed in a depth direction for drilling a hole without necessity 
of adopting a step drilling cycle. 
0025. According to the twelfth aspect of the invention, in 
the drill defined in any one of the first through eleventh 
aspects of the invention, the drill further comprises an oil 
hole which is formed through the cylindrical main body and 
the Shank and which opens in an end flank face located on 
a rear Side of the cutting edge as viewed in the above 
described predetermined rotating direction. 
0026. According to the thirteenth aspect of the invention, 
in the drill defined in any one of the first through twelfth 
aspects of the invention, the cylindrical main body has a 
large diameter portion provided by an axially distal end 
portion thereof, and a Small diameter portion provided by a 
portion thereof adjacent to the Shank, the large diameter 
portion having a diameter which is reduced as viewed in the 
direction away from the axially distal end of the cylindrical 
main body toward the Shank, the Small diameter portion 
having a diameter which is Smaller than the diameter of the 
large diameter portion and which is constant over an entire 
length of the Small diameter portion. 
0027. The fourteenth aspect of the invention provides a 
process of drilling a hole in a workpiece by using the drill 
defined in any one of the first through thirteenth aspects of 
the invention, the process comprising a step of feeding the 
drill and the workpiece relative to each other at a feed rate 
of at least 0.10 mm/rev while rotating the drill and the 
Workpiece relative to each other at a peripheral Velocity of 
at least 80 m/min. 

0028. In the drill defined in any one of the first through 
thirteenth aspects of the invention, the web includes the 
back-tapered portion provided by at least the axially distal 
end portion of the web, such that the thickness of the web in 
the back-tapered portion is gradually or continuously 
reduced as viewed in the direction away from the axially 
distal end of the cylindrical main body toward the shank. 
This arrangement facilitates a Smooth evacuation of chips 
from the drilled hole, thereby preventing a breakage of the 
drill which would be caused in the event of chip packing in 
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the hole. The Smooth evacuation of chip leads to an increase 
in the tool life, and makes it possible to achieve a deep-hole 
drilling operation with a high efficiency. For example, where 
the present drill has a diameter D (i.e., a diameter over the 
margins of the drill as measured at the point) of not larger 
than 8 mm for drilling a deep hole having a depth that is at 
least ten times as large as the drill diameter D, the drill is 
capable of Satisfactorily drilling the deep hole in a high 
speed drilling condition in which the drill is fed at a feed rate 
f of at least 0.10 mm/rev while being rotated at a peripheral 
velocity V of at least 80 m/min. That is, even in such a 
high-Speed drilling condition, the drill is capable of drilling 
a Sufficiently large number of deep holes Successively with 
out Suffering from its breakage due to chip packing. 
0029. In the drill defined in the third aspect of the 
invention, the back-tapered portion is provided by not only 
the axially distal end portion of the web but also the axially 
proximal end and intermediate portions of the web, namely, 
the back-tapered portion extends throughout Substantially 
the entire axial length of the flute except an extreme back 
end portion of the flute in which the flute runs out. In this 
arrangement, the chips are further Smoothly evacuated from 
the drilled hole through the flute. 
0030. In the drill defined in the fourth or fifth aspect of 
the invention, the web includes the non-back-tapered portion 
in addition to the back-tapered portion provided by only the 
axially distal end portion of the web. Owing to the non 
back-tapered portion, the web thickneSS is prevented from 
being excessively reduced, for thereby avoiding an easy 
breakage of the main body which would be caused by a 
considerable reduction in the Strength of the main body. 
0031. In the drill defined in the sixth aspect of the 
invention, the relationship between the maximum value W. 
of the web thickness and the drill diameter D and the 
relationship between the minimum value W of the web 
thickness and the drill diameter D are represented by the 
expressions 0.2Ds Wis 0.4D, 0.15Ds Was 0.33D. These 
dimensional relationships are effective to obtain a Suffi 
ciently large croSS Sectional area of the flute for permitting 
a Smooth evacuation of the chips, while preventing an 
excessive reduction in the web thickneSS which would cause 
an excessive reduction in the Strength of the main body of 
the drill. Namely, owing to the dimensional relationships, 
the chips are Smoothly evacuated through the flute while an 
easy breakage of the drill is prevented. 
0032. In the drill defined in the seventh aspect of the 
invention, the above-described flute-width ratio is 0.6-1.5 in 
the web-thickness maximized portion of the cylindrical main 
body, and is 0.8-1.7 in the web-thickness minimized portion 
of the cylindrical main body. In the drill of this seventh 
aspect of the invention, it is possible to obtain a Sufficiently 
large croSS Sectional area of the flute for permitting a Smooth 
evacuation of the chips, while preventing an excessive 
reduction in the width of each land which would cause an 
excessive reduction in the Strength of the main body of the 
drill. 

0033. In the drill defined in the eighth aspect of the 
invention in which the Surface roughness (maximum height 
Ry) of the flute is not larger than 3 um, the Surface Smooth 
neSS of the flute facilitates displacement of the chips through 
the flute, thereby permitting a further Smooth evacuation of 
the chips and further reliably preventing a breakage of the 
drill which would be caused in the event of chip packing. 
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0034. In the drill defined in the ninth aspect of the 
invention, the cylindrical main body having the flute formed 
in its outer circumferential Surface is coated with a hard 
coating, and the Surface of the flute is polished, lapped or 
otherwise finished So as to have a desired degree of Smooth 
neSS. In the drill of this ninth aspect of the invention, a wear 
of the flute Surface is protected by the hard coating, So that 
a Smooth evacuation of the chips is assured during a long 
period of time, whereby the tool life is further extended. 

0035) In the drill defined in the tenth aspect of the 
invention, the front-side wall of each of the two flutes is 
concaved in the direction away from the leading edge, i.e., 
the rear-Side edge of the flute, Such that the most concaved 
portion of the front-side wall is distant from the straight line 
which passes through the axis and the rear end of the 
corresponding land, by a predetermined distance t/2 that is 
equal to a half of value t Satisfying the expression 
0.15Dsts 0.35D (where D represents the drill diameter). 
Owing to the Satisfaction of this expression as to the 
dimensional relationship between the value t and the drill 
diameter D, it is possible to obtain a Sufficiently large croSS 
Sectional area of each flute for permitting a Smooth evacu 
ation of the chips, without Suffering from the excessive 
reduction in the strength of the main body of the drill. 
Further, the drill of this tenth aspect of the invention is likely 
to produce Short curly chips, So that the produced chips are 
easily broken into Small pieces. Thus, the chips are further 
smoothly evacuated from the drilled hole. 
0036) The principle of the invention is advantageously 
applicable to a drill, as defined in the above-described 
eleventh aspect of the invention, having the drill diameter of 
not larger than 8 mm and the flute length of at least ten times 
as large as the drill diameter. However, the principle of the 
invention is further advantageously applicable to a drill 
having the drill diameter of not larger than 6 mm and the 
flute length of at least 15 times as large as the drill diameter. 
Further, the principle of the invention is applicable to also a 
drill having the drill diameter larger than 8 mm and the flute 
length of at least 4-5 times as large as the drill diameter. 

0037. The drill constructed according to this invention 
can be advantageously used in a deep-hole drilling operation 
in which a deep hole is drilled in a workpiece by feeding the 
drill and the workpiece relative to each other at a feed rate 
f of at least 0.10 mm/rev while rotating the drill and the 
Workpiece relative to each other at a peripheral Velocity V of 
at least 80 m/min. However, the drill can be further advan 
tageously used in an operation in a higher-speed drilling 
condition, for example, with a feed rate f of at least 0.20 
mm/rev and a peripheral velocity V of at least 90 mm/rev. 
Further, the drill can be used in an operation in a relatively 
low-speed drilling condition, for example, with a feed rate f 
lower than 0.10 mm/rev and a peripheral velocity V lower 
than 80 m/min. 

0038. It is preferable that each of the above-described at 
least one flute is formed to extend in a helical direction of the 
cylindrical main body So that the chips accommodated in the 
flutes are displaced toward the Shank as the drill is rotated in 
the predetermined rotating direction. However, an entirety 
or part of each flute may be formed to extend in parallel with 
the axis of the cylindrical main body. Further, it is preferable 
that the above-described at least one flute consists of two 
flutes which are arranged Symmetrically with respect to the 
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axis of the cylindrical main body. However, the number of 
the flutes does not have to be necessarily two, but may be 
three or more. Further, the above-described at least one flute 
may consist of a single flute. 
0039. It is preferable that the thickness of the web in the 
back-tapered portion is reduced linearly, i.e., at a constant 
rate as viewed in the direction away from the axially distal 
end of the cylindrical main body toward the Shank, as in the 
above-described Second aspect of the invention. However, 
the rate of the reduction in the web thickness does not have 
to be necessarily constant, but may be gradually increased or 
reduced So that the web thickness in the back-tapered 
portion is reduced nonlinearly. Where the web-thickness 
reduction rate is increased, the back-tapered portion is 
radially outwardly convexed. Where the web-thickness 
reduction rate is reduced, the back-tapered portion is radially 
inwardly concaved. 
0040. The outside diameter of the cylindrical main body 
may be constant over its entire axial length So that the 
diameter of the cylindrical main body over its entire axial 
length is substantially equal to the drill diameter D. How 
ever, it is preferable that the cylindrical main body is slightly 
back-tapered for reducing a friction between the land Surface 
of the main body and the inner surface of the drilled hole. 
Further, the cylindrical main body may have a large diameter 
portion provided by its axially distal end portion, and a 
Small-diameter portion provided by its portion adjacent to 
the Shank, as in the above-described thirteenth aspect of the 
invention. In this arrangement, a difference in the diameters 
of the large and Small diameter portions may be not Smaller 
than 0.1 mm. 

0041. The drill of this invention is preferably formed of 
a hard tool material Such as cemented carbide, cermet and 
CBN (cubic boron nitrides) sintered body. However, the drill 
may be formed of a Steel material Such as Sintered high 
Speed Steel, high Speed tool Steel and alloy tool Steel. 
Further, the cylindrical main body and the shank may be 
formed of respective materials different from each other, for 
example, So that the main body is formed of a hard tool 
material while the Shank is formed of a Steel material. 

0042. It is preferable that the cylindrical main body is 
coated with a hard coating which is formed of, for example, 
TiAlN, TiCN and diamond material. The hard coating may 
be either of a multilayer coating and a single layer coating. 
The hard coating covering the cylindrical main body may be 
Subjected to a Surface finishing operation Such as a lapping 
and a magnetic polishing. 

0.043 Further, it is preferable that an oil hole is formed 
through the cylindrical main body and the Shank So as to 
open in the end flank face, as in the above-described twelfth 
aspect of the invention, So that a cutting fluid or a com 
pressed air is Supplied to the cutting point through the oil 
hole as needed in a drilling operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044) The above and other objects, features, advantages 
and technical and industrial Significance of this invention 
will be better understood by reading the following detailed 
description of the presently preferred embodiments of the 
invention, when considered in connection with the accom 
panying drawings, in which: 
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004.5 FIG. 1A is a side view of a deep-hole drill con 
Structed according to an embodiment of the invention; 
0046 FIG. 1B is a view showing a continuous reduction 
of the web thickness in the drill of FIG. 1A; 
0047 FIG. 1C is a transverse cross sectional view of the 
drill of FIG. 1A: 
0048 FIG. 1D is an end view of the drill of FIG. 1A; 
0049 FIG. 2A is a table indicating drilling conditions 
under which deep holes each having a depth of 90 mm are 
drilled by the drill of the invention and conventional drills in 
a test for measuring a durability of each drill, 
0050 FIG. 2B is a graph indicating a result of the test of 
FIG. 2A; 
0051 FIG. 3A is a table indicating drilling conditions 
under which deep holes each having a depth of 120 mm are 
drilled by the drill of the invention and conventional drills in 
another test for measuring a durability of each drill; 
0052 FIG. 3B is a graph indicating a result of the test of 
FIG. 3A, and 
0053 FIG. 4 is a view corresponding to that of FIG. 1B, 
showing a deep-hole drill constructed according to another 
embodiment of this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0054 FIGS. 1A-1D show a deep-hole drill 10 which is 
constructed according to an embodiment of this invention. 
FIG. 1A is a side view of the drill 10 as seen in a direction 
perpendicular to an axis O of the drill 10. FIGS. 1B and 1C 
are longitudinal and transverse croSS Sectional views of the 
drill 10. FIG. 1D is an end view of the drill 10, showing an 
axially distal end portion of the drill 10 in which a pair of 
cutting lipS or edges 16 are formed Symmetrically with 
respect to the axis O. This drill 10 is of a two-fluted twist 
drill, and is formed of a cemented carbide. The drill 10 
includes a cylindrical Shank 12 and a cylindrical main body 
14 which are coaxial with each other and which are formed 
integrally with each other. The integrally formed cylindrical 
Shank and main body 12, 14 cooperate with each other to 
constitute a body of the drill 10, which is referred to as a drill 
body. The cylindrical main body 14 is coated at its surface 
with a hard multilayer coating formed of TialN. The main 
body 14 has a pair of chip evacuation flutes 18 formed 
Symmetrically with respect to the axis O and extend over 
substantially the entire axial length of the main body 14. 
Each of the flutes 18 is twisted in a clockwise direction by 
a predetermined helix angle with respect to the axis O. Each 
of the cutting edges 16 is provided by an axially distal open 
end of the corresponding flute 18. The cylindrical main body 
14 further has a pair of lands 21 which correspond to 
peripheral portions of the main body 14 not cut away by the 
flutes 18. The lands 21 have respective outer circumferential 
Surfaces in the form of land Surfaces which have a clearance 
diameter. 

0055. In a drilling operation with this drill 10, the drill 10 
is held at the shank 12 through a suitable drill chuck or end 
mill holder by a Spindle of a machine tool Such as a drilling 
machine, a milling machine and a lathe. The drill 10 is then 
rotated relative to a workpiece in a predetermined rotating 
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direction, i.e., in a clockwise direction as Seen in a direction 
away from the shank 12 toward the axially distal end of the 
cylindrical main body 14, while being axially moved toward 
the workpiece, So that the workpiece is cut by the cutting 
edges 16 whereby a hole is formed in the workpiece, while 
chips produced as a result of the cutting of the workpiece are 
evacuated from the drilled hole toward the shank 12 via the 
chip evacuation flutes 18. Although the drill 10 is of a twist 
drill (i.e., helical fluted drill), the drill 10 is illustrated in 
FIG. 1B as if it were of a straight fluted drill, for clarifying 
a gradual change in a thickness (diameter) W of a web 20 as 
viewed in the axial direction. It is also noted that the 
configuration of the cylindrical main body 14 shown in 
FIGS. 1A and B is defined by a rotary trajectory of a leading 
edge which is provided by a rear-Side one of widthwise 
opposite edges of each flute 18 as viewed in the predeter 
mined rotating direction. 
0056. The cylindrical main body 14 has a large diameter 
portion 14a provided by its axially distal end portion, and a 
Small diameter portion 14b provided by its portion adjacent 
to the shank 12. The large diameter portion 14a has a drill 
diameter D (i.e., the diameter of the cutting edges 16) at its 
extreme distal end, and is back-tapered at a predetermined 
rate. The small diameter portion 14b has a diameter d which 
is smaller than the drill diameter D by about 0.2 mm and 
which is constant over its entire axial length. The large and 
Small diameter portions 14a, 14b are contiguous to each 
other, with a step having a predetermined height between 
outer circumferential surfaces of the two portions 14a, 14b. 
An axial length of each flute 18 (i.e., flute length), which is 
Substantially equal to an axial length of the cylindrical main 
body 14, is at least 15 times as large as the drill diameter D. 
In the present embodiment, the drill diameter D is about 6 
mm while the flute length is about 134 mm. An axial length 
of the large diameter portion 14a, which is at least five times 
as large as the drill diameter D, is about 40 mm. It is noted 
that the drill diameter D and other diametrical dimensions of 
the drill 10 are measurements made after the cylindrical 
main body 14 is coated with the hard coating. In other 
words, the thickness of the hard coating is included in the 
diametrical dimensions of the dill 10. It is also noted that 
FIGS. 1A-1D are merely schematic views in which elements 
are not necessarily accurately illustrated, particularly, in 
their relative dimensions. 

0057 The web 20 is provided by a central portion of the 
cylindrical main body 14 which joins the lands 21. The web 
20, extending in the axial direction of the cylindrical main 
body 14, includes a back-tapered portion in which the 
thickness W of the web 20 is gradually or continuously 
reduced at a constant rate as viewed in a direction away from 
the axially distal end of the cylindrical main body 14 toward 
the Shank 12. In the present embodiment, the back-tapered 
portion is provided by not only the axially distal end portion 
of the web 20 but also the axially proximal end and 
intermediate portions of the web 20, namely, the back 
tapered portion extends over Substantially the entire axial 
length of each flute 18 except its extreme back end portion 
19 in which the flute 18 runs out. The web thickness W is 
maximized in the distal end of the web 20 or the drill body, 
and is minimized in the proximal end of the web 20 which 
is adjacent to the extreme back end portion 19 of each flute 
18. The maximum value W of the web thickness W is 
0.2D-0.4D, while the minimum value W of the web thick 
ness W is 0.15D-0.33D (where D represents the drill diam 
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eter). In the present embodiment, the maximum value W. 
and the minimum value W of the web thickness Ware about 
0.33D (about 1.98 mm) and about 0.27D (about 1.62 mm), 
respectively, so that a taper ratio of the web 20 is -0.36/130 
mm. The continuous reduction in the web thickness W can 
be obtained in a process of forming each flute 18 in the 
cylindrical main body 14. That is, in the flute forming 
process, a grinding wheel is continuously moved toward the 
drill body in a radial direction of the drill body, while being 
moved in a direction away from the axially distal end of the 
cylindrical main body 14 toward the shank 12, such that the 
desired taper ratio is established. 
0.058 A flute-width ratio 02/0 is minimized in the distal 
end of the drill body in which the web thickness W is 
maximized, and is maximized in the proximal end of the 
web 20. The minimum value of the flute-width ratio 0/0 is 
0.6-1.5, while the maximum value of the flute-width ratio 
0/0, is 0.8-17. In the present embodiment, the minimum 
value and the maximum value of the flute-width ratio 0/0 
are about 0.9 and 1.0, respectively. It is noted that the 
flute-width ratio 0/0 is a ratio of a width of each flute 18 
to a width of each land 21, wherein the width of each flute 
18 and the width of each land 21 may be defined by a central 
angle 0 of each flute 18 and a central angle 0 of each land 
21, respectively. 

0059 A cross sectional shape of each flute 18 corre 
sponds to that of a peripheral portion of the grinding wheel 
used to from each flute 18. A front-side wall of each flute 18 
as viewed in the drill rotating direction is concaved in a 
direction away from a leading edge provided by a rear-side 
one of widthwise opposite edges of the flute 18 as viewed in 
the drill rotating direction. The most concaved portion of the 
front-Side wall is distant from a Straight line which passes 
through the axis O and a rear end of the corresponding land 
21 as viewed in the drill rotating direction, by a predeter 
mined distance t/2 whose double value t is represented by 
the following expression: 

0.15Dsts 0.35D, 

0060 where D represents the drill diameter. 

0061. It is noted that the above-described double value t 
may be referred to as a flute front-side wall concaved 
amount. In the present embodiment, this flute front-side wall 
concaved amount t is 0.22D which corresponds to about 1.3 
mm. It is also noted that the above-described rear end of 
each land 21 is an imaginary rear end Since a beveled face 
22 is formed in the rear end of each land 21. 

0062) The surface of each flute 18, which is coated with 
the hard coating, is lapped So as to have the roughness curve 
whose maximum height Ry is not larger than 3 um. A pair 
of oil holes 24 are formed throughout the entire axial length 
of the drill body, So as to extend in the helical direction, i.e., 
in parallel with each flute 18 which also extends in the 
helical direction. Each of the oil holes 18 is open at its an end 
in an end flank face 23, and is open at its another end in an 
end face of the Shank 12, So that a cutting fluid or a 
compressed air is Supplied to the cutting point through the 
oil holes 18 as needed when a hole is being drilled. 
0063. In the drill 10 constructed according to the present 
embodiment of the invention, the thickness W of the web 20 
is gradually or continuously reduced as viewed in the 
direction away from the axially distal end of the cylindrical 
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main body 14 toward the shank 12. This arrangement 
facilitates a Smooth evacuation of chips from the drilled 
hole, thereby preventing a breakage of the drill 10 which 
would be caused in the event of chip packing in the hole. The 
Smooth evacuation of chip leads to an increase in the tool 
life, and makes it possible to achieve a deep-hole drilling 
operation with a high efficiency. The drill 10 is capable of 
Satisfactorily drilling a deep hole having a depth that is at 
least 15 times as large as the drill diameter D in a high-speed 
drilling condition, for example, in which the drill 10 is fed 
at a feed rate f of at least 0.10 mm/rev while being rotated 
at a peripheral velocity V of at least 80 m/min. That is, even 
in such a high-speed drilling condition, the drill 10 is 
capable of drilling a Sufficiently large number of deep holes 
Successively without Suffering from its breakage due to chip 
packing. 

0064. In the drill 10 of the present embodiment of the 
invention, the back-tapered portion is provided by not only 
the axially distal end portion of the web 20 but also the 
axially proximal end and intermediate portions of the web 
20, namely, the back-tapered portion extends throughout 
substantially the entire axial length of each flute 18 except 
an extreme back end portion of each flute 18 in which the 
flute 18 runs out. In this arrangement, the chips are further 
smoothly evacuated from the drilled hole through the flutes 
18. 

0065. Further, the relationship between the maximum 
value W of the web thickness and the drill diameter D and 
the relationship between the minimum value W of the web 
thickness and the drill diameter D are represented by the 
expressions 0.2Ds W.s0.4D, 0.15Ds Was 0.33D. These 
dimensional relationships are effective to obtain a Suffi 
ciently large croSS Sectional area of each flute 18 for per 
mitting a Smooth evacuation of the chips, while preventing 
an excessive reduction in the web thickness W which would 
cause an excessive reduction in the Strength of the main 
body 14 of the drill 10. Namely, owing to the dimensional 
relationships, the chips are Smoothly evacuated through the 
flutes 18 while an easy breakage of the drill 10 is prevented. 
0.066 Further, in the drill 10 of the present embodiment 
of the invention in which the flute-width ratio is 0.6-1.5 in 
the web-thickness maximized portion of the cylindrical main 
body 14, and is 0.8-1.7 in the web-thickness minimized 
portion of the cylindrical main body 14, it is possible to 
obtain a Sufficiently large croSS Sectional area of each flute 
18 for permitting a Smooth evacuation of the chips, while 
preventing an excessive reduction in the width of each land 
21 which would cause an excessive reduction in the Strength 
of the main body 14 of the drill 10. 
0067 Further, in the drill 10 of the present embodiment 
of the invention in which the Surface roughness (maximum 
height Ry) of the flutes 18 is not larger than 3 um, the surface 
smoothness of the flutes 18 facilitates displacement of the 
chips through the flutes 18, thereby permitting a further 
Smooth evacuation of the chipS and further reliably prevent 
ing a breakage of the drill 10 which would be caused in the 
event of chip packing or poor chip removal. 
0068. Further, in the drill 10 of the present embodiment 
of the invention, the cylindrical main body 14 having the 
flutes 18 formed in its outer circumferential Surface is coated 
with the hard coating, and the surface of each flute 18 is 
lapped, polished or otherwise finished So as to have a desired 
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degree of Smoothness. A wear of the flute Surface is pro 
tected by the hard coating, So that a Smooth evacuation of the 
chips is assured during a long period of time, whereby the 
tool life is further extended. 

0069. Further, in the drill 10 of the present embodiment 
of the invention in which the front-side wall of each flute 18 
is concaved such that the above-described flute front-side 
wall concaved amount t is held within the range of 0.15D 
0.35D (where D represents the drill diameter), it is possible 
to obtain a Sufficiently large croSS Sectional area of each flute 
18 for permitting a Smooth evacuation of the chips, without 
Suffering from the excessive reduction in the Strength of the 
main body 14 of the drill 10. Further, the drill 10 is likely to 
produce short curly chips, So that the produced chips are 
easily broken into Small pieces. Thus, the chips are further 
smoothly evacuated from the drilled hole. 
0070 A drilling test was conducted by using a drill 
constructed according to the present invention and also a 
conventional drill (in which the web does not include a 
back-tapered portion). In the test, deep holes each having a 
depth of 90 mm (about 15 times as large as a diameter of the 
hole) were Successively formed in a workpiece made of 
S50C (carbon steel for machine structural use) under four 
different conditions, for checking durability of each drill by 
Seeing the number of the holes formed Successively without 
breakage of the drill. FIG. 2A is a table for indicating a 
peripheral velocity V (m/min) (rotation speed of the drill), a 
feed rate f(mm/rev) and a Surface roughness Ry of each flute 
of the drill in each of the four conditions. FIG. 2B is a graph 
indicating the number of the holes formed withoutbreakage 
of the drill, namely, the durability of the drill. In the 
condition No. 1 in which the drill of the present invention 
was used, 666 holes were successively formed without 
breakage of the drill. When the formation of 666 holes was 
completed in the condition No. 1, an amount of wear on a 
peripheral corner part of the drill was as Small as about 0.3 
mm, So that the drill appeared to be still capable of forming 
further holes. On the other hand, in the conditions Nos. 2-4 
in each of which the conventional drill was used, the 
conventional drill Suffered from its breakage after a Small 
number of holes were formed, although a cutting Speed 
(peripheral velocity V, feed rate f) was lower in the condi 
tions Nos. 2-4 than in the condition No. 1. The numbers of 
the holes formed without breakage of the drill in the con 
ditions Nos. 2-4 were 3, 257 and 1, respectively. In the test, 
the drill of the present invention thus exhibited a remarkably 
improved durability. 

0071 Another drilling test was conducted by using the 
drill constructed according to the present invention and also 
the conventional drill. In this test, deep holes each having a 
depth of 120 mm (about 20 times as large as a diameter of 
the hole) were Successively formed in a workpiece made of 
S50C under three different conditions. FIG. 3A is a table for 
indicating a peripheral Velocity V (m/min), a feed rate f 
(mm/rev) and a Surface roughness Ry of each flute of the 
drill, like the table of FIG. 2A. FIG. 3B is a graph indicating 
the durability of the drill, like the graph of FIG. 2B. In the 
condition No. 1 in which the drill of the present invention 
was used, 666 holes were successively formed without 
breakage of the drill. When the formation of 666 holes was 
completed in the condition No. 1, an amount of wear on a 
peripheral corner part of the drill was as Small as about 0.5 
mm, So that the drill appeared to be still capable of forming 
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further holes. On the other hand, in the conditions Nos. 2 and 
3 in each of which the conventional drill was used, the 
conventional drill Suffered from its breakage after a Small 
number of holes were formed, although a cutting Speed was 
lower in the conditions Nos. 2 and 3 than in the condition 
No. 1. The numbers of the holes formed withoutbreakage of 
the drill in the conditions Nos. 2 and 3 were 1 and 28, 
respectively. Also in this test, the drill of the present inven 
tion thus exhibited a remarkably improved durability. 
0072 FIG. 4 is a view corresponding to that of FIG. 1B, 
showing a deep-hole drill 30 constructed according to 
another embodiment of this invention. This drill 30 is 
different from the drill 10 of the above-described embodi 
ment in that the back-tapered portion of a web 32 is provided 
by only the axially distal end portion of the web 32 which 
has a predetermined axial length L not Smaller than the drill 
diameter D. The web 32 includes, in addition to the back 
tapered portion, a non-back-tapered portion which is pro 
Vided by the axially proximal end and intermediate portions 
of the web 32. The thickness of the web 32 in the back 
tapered portion is reduced linearly, i.e., at a constant rate as 
viewed in the direction away from the axially distal end of 
the main body 14 toward the shank 12. The thickness of the 
Web 32 in the non-back-tapered portion may be constant, or 
alternatively, may be gradually increased as viewed in the 
direction away from the axially distal end of the main body 
14 toward the shank 12. In the former case, the non-back 
tapered portion may be referred to as a constant-thickneSS 
portion. The axial length L of the back-tapered portion is 
about 30 mm that is about five times as large as the drill 
diameter D. The web thickness W is maximized in the distal 
end of the web 32 or the drill body, and is minimized in the 
non-back-tapered portion. The maximum value W of the 
web thickness W is 0.2D-0.4D, while the minimum value 
W, of the web thickness W is 0.15D-0.33D (where D 
represents the drill diameter). In the present embodiment, 
the maximum value W and the minimum value W of the 
web thickness W are about 0.30D (about 1.80 mm) and 
about 0.27D (about 1.62 mm), respectively, so that a taper 
ratio of the web 32 in the back-tapered portion is -0.18/30 

. 

0073. The drill 30 of this embodiment provides substan 
tially the same technical advantages as the drill 10 of the 
above-described embodiment. Further, owing to the pres 
ence of the non-back-tapered portion in which the web 
thickneSS W is constant or gradually increased as viewed in 
the backward direction, the web thickness W is prevented 
from being excessively reduced, for thereby avoiding an 
easy breakage of the main body 14 which would be caused 
by a considerable reduction in the Strength of the main body 
14. 

0074) While the presently preferred embodiments of the 
present invention have been illustrated above, it is to be 
understood that the invention is not limited to the details of 
the illustrated embodiments, but may be embodied with 
various other changes, modifications and improvements, 
which may occur to those skilled in the art, without depart 
ing from the Spirit and Scope of the invention defined in the 
following claims. 

What is claimed is: 
1. A drill which comprises a cylindrical main body and a 

Shank contiguous to each other, and which is to be rotated 

Apr. 8, 2004 

about an axis of Said cylindrical main body in a predeter 
mined rotating direction, for drilling a hole in a workpiece, 
wherein Said cylindrical main body has: 

at least one flute each of which is formed in Said cylin 
drical main body and extends from an axially distal end 
of Said cylindrical main body to an axially proximal 
end of Said cylindrical main body, So as to provide a 
cutting edge at Said axially distal end of Said cylindrical 
main body; 

at least one land each of which is provided by a peripheral 
portion of Said cylindrical main body not cut away by 
Said at least one flute; and 

a web provided by a central portion of Said cylindrical 
main body which extends in an axial direction of Said 
cylindrical main body; 

wherein Said web includes a back-tapered portion which 
is provided by at least an axially distal end portion of 
Said web, Such that a thickness of Said web in Said 
back-tapered portion is continuously reduced as viewed 
in a direction away from Said axially distal end of Said 
cylindrical main body toward Said Shank. 

2. A drill according to claim 1, wherein the thickness of 
Said web in Said back-tapered portion is reduced at a 
constant rate as viewed in the direction away from Said 
axially distal end of Said cylindrical main body toward Said 
Shank. 

3. A drill according to claim 1, wherein Said back-tapered 
portion of said web is provided by not only said axially distal 
end portion but also axially proximal end and intermediate 
portions of Said web. 

4. A drill according to claim 1, 
wherein Said back-tapered portion of Said web is provided 
by only said axially distal end portion of said web 
which has a predetermined axial length not Smaller than 
a diameter of Said drill, 

and wherein Said web further includes a non-back-tapered 
portion which is provided by axially proximal end and 
intermediate portions of Said web, Such that the thick 
neSS of Said web in Said non-back-tapered portion is 
COnStant. 

5. A drill according to claim 1, 
wherein Said back-tapered portion of Said web is provided 
by only said axially distal end portion of said web 
which has a predetermined axial length not Smaller than 
a diameter of Said drill, 

and wherein Said web further includes a non-back-tapered 
portion which is provided by axially proximal end and 
intermediate portions of Said web, Such that the thick 
neSS of Said web in Said non-back-tapered portion is 
increased as viewed in the direction away from Said 
axially distal end of said cylindrical main body toward 
Said Shank. 

6. A drill according to claim 1, wherein a relationship 
between a diameter of Said drill and a maximum value of the 
thickness of Said web and a relationship between the diam 
eter of Said drill and a minimum value of the thickness of 
Said web are represented by the following expressions: 

0.2Ds W.s0.4D: 

0.15Ds Wis 0.33D; 
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where D represents the diameter of said drill; 
W represent the maximum value of the thickness of 

Said web; and 
W represent the minimum value of the thickness of 

said web. 
7. A drill according to claim 1, wherein a flute-width ratio 

of a width of each of said at least one flute to a width of each 
of said at least one land is 0.6-1.5 in a web-thickness 
maximized portion of Said cylindrical main body in which 
the thickness of Said web is maximized while said flute 
width ratio is 0.8-1.7 in a web-thickness minimized portion 
of said cylindrical main body in which the thickness of said 
web is minimized. 

8. A drill according to claim 1, wherein a Surface of each 
of Said at least one flute has a roughness curve whose 
maximum height Ry is not larger than 3 lim. 

9. A drill according to claim 8, 
wherein Said cylindrical main body is coated with a hard 

coating; 
and wherein Said Surface of each of Said at least one flute 

coated with Said hard coating is polished So as to have 
Said roughness curve whose maximum height Ry is not 
larger than 3 um. 

10. A drill according to claim 1, 
wherein said at least one flute consists of two flutes which 

are symmetrical with respect to Said axis of Said 
cylindrical main body, 

wherein said at least one land consists of two lands which 
are joined by Said web and each of which is located 
between said two flutes, 

and wherein a front-side wall of each of said two flutes as 
Viewed in the predetermined rotating direction is con 
caved in a direction away from a leading edge which is 
provided by a rear-Side one of widthwise opposite 
edges of each of Said two flutes as viewed in the 
predetermined rotating direction, Such that a most 
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concaved portion of Said front-Side wall is distant from 
a Straight line which passes through Said axis and a rear 
end of a corresponding one of Said two lands as viewed 
in the predetermined rotating direction, by a predeter 
mined distance that is equal to a half of value repre 
Sented by the following expression: 
0.15Dsts 0.35D; 

where D represents a diameter of Said drill; and 
t represents the value that is twice as large as Said 

predetermined distance. 
11. A drill according to claim 1, wherein Said at least one 

flute has an axial length of at least ten times as large as a 
diameter of said drill which is not larger than 8 mm. 

12. A drill according to claim 1, further comprising an oil 
hole which is formed through said cylindrical main body and 
Said Shank and which opens in an end flank face each located 
on a rear Side of Said cutting edge as viewed in the 
predetermined rotating direction. 

13. A drill according to claim 1, wherein Said cylindrical 
main body has a large diameter portion provided by an 
axially distal end portion thereof, and a Small diameter 
portion provided by a portion thereof adjacent to Said Shank, 
Said large diameter portion having a diameter which is 
reduced as viewed in the direction away from Said axially 
distal end of Said cylindrical main body toward Said Shank, 
Said Small diameter portion having a diameter which is 
Smaller than Said diameter of Said large diameter portion and 
which is constant over an entire length of Said Small diam 
eter portion. 

14. A process of drilling a hole in a workpiece by using 
the drill defined in claim 1, Said process comprising: 

a step of feeding Said drill and Said workpiece relative to 
each other at a feed rate of at least 0.10 mm/rev while 
rotating Said drill and Said workpiece relative to each 
other at a peripheral velocity of at least 80 m/min. 

k k k k k 


