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©  Drill. 

©  A  drill  includes  a  substantially  cylindrical  bit 
body  10  having  an  axis  O.  The  bit  body  10  has  a 
flange  portion  13  which  includes  a  converging  por- 
tion  13a  which  reduces  its  diameter  progressively 
towards  the  front  end  of  the  bit  body  and  a  flange 
13b  which  is  provided  with  a  rearwardly  facing  an- 
nular  surface  13c.  The  annular  end  surface  is  con- 
tactable  with  the  front  end  surface  of  a  drill  holding 
portion  of  a  machine  too.  Chip  discharging  flutes 
14A.14B,  each  having  an  inner  surface  constituted 
by  first  and  second  inner  surface  portions  14a,14b 
and  a  third  inner  surface  portion  14c  arcuately  re- 

cessed  therefrom,  are  formed  in  the  front  end  por- 
tion  of  the  tip  body  10.  An  inner  peripheral  cutting 
insert  16A  and  an  outer  peripheral  cutting  insert  16B 
are  mounted  on  the  ends  of  the  chip-discharging 
flutes  14A.14B.  The  cross-sectional  area  SA  of  the 
first-mentioned  chip-discharging  flute  14A  is  deter- 
mined  to  be  greater  than  that  SB  of  the  second- 
mentioned  chip-discharging  flute  14B.  A  plurality  of 
grooves  25  are  formed  in  the  third  inner  surface 
portion  14c  so  as  to  extend  along  each  chip-dis- 
charging  flute. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  drill  of  the 
type  having  a  bit  body  and  cutting  tips  or  inserts 
which  form  a  bottom  cutting  edge. 

DESCRIPTION  OF  THE  RELATED  ART 

Hitherto,  a  drill  as  shown  in  Fig.  20  has  been 
known  as  a  drill  of  the  kind  mentioned  above.  This 
drill  is  disclosed  in  Japanese  Utility  Model  Laid- 
Open  No.  62-201612.  The  drill  has  a  bit  body  1 
adapted  to  rotate  about  an  axis  0  and  an  inner 
peripheral  cutting  insert  2  and  an  outer  peripheral 
cutting  insert  3  which  are  mounted  on  a  front  end 
of  the  bit  body  1  . 

The  cutting  inserts  2,3  are  positive  inserts  or 
cutting  inserts  which,  when  viewed  in  plan,  have  a 
generally  regular  triangular  form  of  the  same  size. 
Each  side  ridge  of  the  triangle  forms  a  straight 
cutting  edge  portion  4.  Nose  cutting  edge  portions 
5,5  are  formed  on  both  sides  of  each  apex  of  the 
triangular  form  insert.  The  nose  cutting  edge  por- 
tion  5  has  an  angle  greater  than  the  angle  of  the 
apex.  An  inter-nose  rounded  cutting  edge  portion  6 
is  formed  between  two  adjacent  nose  cutting  edge 
portions.  An  inter-edge  cutting  edge  portion  7  is 
formed  at  each  point  where  each  end  of  each  nose 
cutting  edge  portion  5  intersects  the  adjacent 
straight  cutting  edge  portion  4.  In  Fig.  20,  reference 
numeral  8  designates  a  chip-discharging  flute 
formed  in  the  bit  body  1  . 

The  inner  cutting  insert  2  has  a  bottom  cutting 
edge  portion  which  is  constituted  by  one  of  the 
straight  cutting  edge  portions  4  and  the  nose  cut- 
ting  edge  portion  5  which  is  adjacent  to  the  radially 
inner  end  of  the  above-mentioned  straight  cutting 
edge  portion  4.  The  inner  cutting  insert  2  is  moun- 
ted  on  the  bit  body  1  such  that  the  intermediate 
rounded  cutting  edge  portion  7,  which  is  between 
the  straight  cutting  edge  portion  4  and  the  nose 
cutting  edge  portion  5  which  form  the  bottom  cut- 
ting  edge  portion,  projects  forwardly  from  the  front 
end  of  the  bit  body  1  in  the  direction  of  the  axis  0. 
In  addition,  the  inner  cutting  insert  2  is  mounted  in 
such  a  manner  that  one  of  the  inter-nose  rounded 
cutting  edge  portion  6  adjacent  to  the  nose  cutting 
edge  portion  5  of  the  bottom  cutting  edge  is  placed 
radially  across  the  axis  of  rotation  0  of  the  bit  body 
1. 

Referring  now  to  the  outer  peripheral  cutting 
insert  3,  this  cutting  insert  3  also  has  a  bottom 
cutting  edge  which  is  constituted  by  one  of  the 
straight  cutting  edge  portions  4  and  the  nose  cut- 
ting  edge  portion  5  which  is  adjacent  to  the  radially 
outer  end  of  this  straight  cutting  edge  portion  4. 
The  outer  peripheral  cutting  insert  3  is  mounted  on 
the  bit  body  such  that  the  intermediate  rounded 

cutting  edge  portion  7,  which  is  between  the 
straight  cutting  edge  portion  4  and  the  nose  cutting 
edge  portion  5  which  form  the  bottom  cutting  edge 
portion,  projects  forwardly  from  the  front  end  of  the 

5  bit  body  1  in  the  direction  of  the  axis  0.  At  the 
same  time,  the  outer  periphery  cutting  insert  3  is 
so  disposed  that  the  nose  cutting  edge  portion  5, 
which  is  connected  through  the  inter-nose  rounded 
cutting  edge  portion  6  to  the  nose  cutting  edge 

io  portion  5  of  the  bottom  cutting  edge,  extends  rear- 
ward  and  radially  inward  towards  the  axis  0. 

As  shown  in  Fig.  21,  the  inner  and  outer  pe- 
ripheral  cutting  inserts  2,3  are  so  arranged  that  the 
loci  of  rotation  of  the  straight  edges  4,4  forming  the 

75  bottom  cutting  edge  of  both  cutting  inserts  cross 
each  other  at  a  point  P  in  a  plane  containing  the 
axis  0,  and  that  the  inter-edge  rounded  cutting 
edge  portions  7,7  of  both  cutting  inserts,  which 
project  forwardly,  rotate  on  a  plane  which  is  deter- 

20  mined  by  an  imaginary  line  L  which  is  perpendicu- 
lar  to  the  axis  0. 

This  type  of  drill  provides  an  advantage  in  that, 
by  suitably  selecting  the  position  of  the  point  P  at 
which  the  loci  of  both  straight  cutting  edge  portions 

25  4,4  cross  each  other,  it  is  possible  to  use  each 
cutting  insert  both  as  the  inner  peripheral  cutting 
insert  2  and  the  outer  peripheral  cutting  insert  3. 
Thus,  each  cutting  insert  can  be  adapted  to  dif- 
ferent  uses,  which  improves  the  efficiency  of  use  of 

30  such  cutting  insert.  However,  certain  problems  are 
encountered  with  this  type  of  drill. 

In  the  above-described  known  drill,  the  cutting 
inserts  2,3  forming  the  bottom  cutting  edges  are 
disposed  with  radially  inward  and  outward  offsets 

35  with  respects  to  the  axis,  so  that  the  straight  cutting 
edge  portion  4  and  the  nose  cutting  edge  portion  5 
forming  the  bottom  cutting  edge  or  one  of  these 
two  inserts  are  asymmetrical  with  those  of  the 
other  cutting  insert  with  respect  to  the  axis  0. 

40  Consequently,  different  levels  of  cutting  forces  act 
on  different  cutting  inserts:  namely,  the  outer  pe- 
ripheral  cutting  insert  3,  which  rotates  at  a  greater 
radius  than  the  inner  peripheral  cutting  insert  2, 
receives  a  greater  resistance,  i.e.,  a  greater  cutting 

45  force,  than  the  inner  peripheral  cutting  insert  2, 
during  the  rotation  of  the  bit  body  1  .  Consequently, 
an  unbalanced  radial  force  is  exerted  on  the  bit 
body  1  ,  tending  to  cause  vibration  or  shiver  of  the 
bit  body  1  during  the  drilling,  resulting  in  degrada- 

50  tion  in  the  machining  precision  or  degradation  of 
the  state  of  the  machined  surface. 

The  problem  of  degradation  in  machining  pre- 
cision  and  machined  surface  state,  caused  by  vi- 
bration  or  shiver  of  the  tool,  is  serious  not  only  in 

55  the  drills  of  the  described  type  having  asymmet- 
rical  cutting  edges  4,5  but  also  in  boring  tools  or 
drills  having  large  values  of  L/D  ratio  for  forming 
small-diameter  bores,  regardless  of  whether  the 
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tool  or  drill  is  of  the  indexable  type. 

SUMMARY  OF  THE  INVENTION 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  side  elevational  view  of  an  embodi- 
ment  of  the  present  invention; 
Fig.  2  is  a  side  elevational  view  of  the  embodi- 
ment  shown  in  Fig.  1  as  viewed  in  the  direction 

of  art  arrow  Y; 
Fig.  3  is  a  front  elevational  view  of  the  embodi- 
ment  shown  in  Fig.  1  as  viewed  from  the  front 
side; 
Fig.  4  is  a  sectional  view  of  a  front  end  portion 
of  a  bit  body  10  incorporated  in  the  embodiment 
shown  in  Fig.  1,  taken  along  a  plane  perpendicu- 
lar  to  the  axis  0  of  the  bit  body; 
Fig.  5  is  a  rear  end  view  of  the  embodiment 
shown  in  Fig.  1  ; 
Fig.  6  is  an  illustration  of  loci  of  rotation  of  an 
inner  peripheral  cutting  insert  16A  and  an  outer 
peripheral  cutting  insert  16B  in  a  plane  per- 
pendicular  to  the  axis  0; 
Fig.  7  is  a  sectional  view  of  a  cutting  insert 
mounting  seat  15; 
Fig.  8  is  a  side  elevational  view  of  another 
embodiment  of  the  present  invention; 
Fig.  9  is  a  side  elevational  view  of  still  another 
embodiment  of  the  present  invention; 
Fig.  10  is  a  sectional  view  of  the  embodiment 
shown  in  Fig.  9  taken  along  a  plane  perpendicu- 
lar  to  the  axis  0; 
Fig.  11  is  a  side  elevational  view  of  a  further 
embodiment  of  the  present  invention; 
Fig.  12  is  a  sectional  view  of  the  embodiment 
shorn  in  Fig.  11  taken  along  a  plane  perpendicu- 
lar  to  the  axis  0; 
Fig  13  is  a  side  elevational  view  of  a  further 
embodiment  of  the  present  invention; 
Fig.  14  is  a  front  elevational  view  of  the  embodi- 
ment  shown  in  Fig.  13  as  viewed  from  the  front 
side; 
Fig.  15  is  an  enlarged  side  elevational  view  of  a 
front  end  pottion  of  the  embodiment  shown  in 
Fig.  13; 
Fig.  16  is  a  side  elevational  view  of  a  still  further 
embodiment  of  the  present  invention; 
Fig.  17  is  front  elevational  view  of  the  embodi- 
ment  shown  in  Fig.  16  as  viewed  from  the  front 
side; 
Fig.  18  is  a  side  elevational  view  of  a  still  further 
embodiment  of  the  present  invention; 
Fig.  19  is  a  side  elevational  view  of  the  front  end 
portion  of  a  still  further  embodiment  of  the 
present  invention; 
Fig.  20  is  a  side  elevational  view  of  the  front  end 
portion  of  a  known  drill;  and 
Fig.  21  is  an  illustration  of  loci  of  rotation  of 
cutting  inserts  2,3  used  in  the  known  drill  shown 
in  Fig.  20  in  a  plane  which  contains  the  axis  0. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

With  reference  to  the  drawings  wherein  like 
reference  numerals  designate  the  same  or  like 
parts  throughout,  there  is  shown  in  Figs.  1-7  a  first 

Thus,  a  primary  object  of  the  present  invention  5 
is  to  provide  a  drill  which  can  suppress  vibration  or 
shiver  of  the  bit  body,  even  when  cutting  edges 
providing  the  bottom  cutting  edge  are  arranged 
asymmetrically  or  even  when  the  L/D  ratio  is  large. 

To  achieve  this  object,  according  to  the  10 
present  invention,  there  is  provided  a  drill  compris- 
ing  a  substantially  cylindrical  bit  body,  a  pair  of 
chip-discharging  flutes  formed  in  the  outer  periph- 
eral  surface  of  the  bit  body  so  as  to  open  in  the 
front  end  surface  of  the  bit  body  and  to  extend  is 
rearward  therefrom  along  and  at  both  sides  of  the 
axis  of  the  bit  body,  and  cutting  members  having 
cutting  edge  portions  constituting  a  bottom  cutting 
edge,  wherein  the  bit  body  has  a  flange  portion 
which  includes  a  converging  portion  the  diameter  20 
of  which  progressively  decreases  along  the  axis 
towards  the  front  end  and  a  substantially  disk- 
shaped  flange  connected  to  the  converging  portion 
and  having  a  rearwardly  facing  annular  end  sur- 
face,  the  annular  end  surface  being  contactable  25 
with  the  front  end  surfaces  of  a  drill  holding  portion 
of  a  machine  which  rotatably  holds  the  bit  body 
substantially  over  the  entire  area  of  the  annular  end 
surface. 

In  the  drill  of  the  invention  having  features  30 
described  above,  the  annular  surface  of  the  flange 
formed  on  the  bit  body  is  placed  in  contact  with  the 
front  end  surface  of  the  machine  tool  over  the 
entire  area  thereof.  The  drill,  therefore,  can  be  held 
by  the  holding  portion  by  making  a  contact  there-  35 
with  over  an  increased  area  of  contact,  thus  exhibit- 
ing  a  greater  rigidity  of  mounting.  Consequently, 
the  vibration  and  shiver  of  the  bit  body  during 
drilling  can  be  greatly  suppressed. 

Furthermore,  the  converging  portion  of  the  40 
flange  portion,  in  which  the  diameter  progressively 
decreases  towards  the  front  end,  effectively  pro- 
vides  a  rigid  support  for  the  front  end  portion  of  the 
bit  body  which  receives  the  cutting  resistance 
force,  thus  contributing  to  further  reduction  in  the  45 
vibration  and  shiver. 

The  present  invention  and  the  advantages  pro- 
vided  thereby  will  be  more  fully  understood  with 
reference  to  the  following  detailed  description  of 
the  preferred  embodiments  taken  in  conjunction  so 
with  the  accompanying  drawings. 

3 
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preferred  embodiment  of  the  invention. 
This  embodiment  has  a  bit  body  10  having  a 

cylindrical  shaft-like  form  and  made  front  a  steel  or 
the  like  material.  The  rear  end  portion  of  the  bit 
body  10,  at  which  the  bit  body  10  is  mounted  on  a 
machine  tool  such  as  a  machining  center,  is  re- 
ferred  to  as  a  shank  and  is  denoted  by  1  1  .  At  least 
one  flat  surface  11a  is  formed  on  the  shank  11  so 
as  to  extend  in  the  direction  of  the  axis  0  of  the  bit 
body  10,  for  enabling  the  bit  body  10  to  be  fixed  to 
the  machine  tool  mentioned  above. 

An  oil  passage  bore  12  is  formed  in  the  shank 
11  so  as  to  extend  along  the  axis  O,  for  the 
purpose  of  supplying  a  cutting  oil  to  the  tip  end  of 
the  tool.  The  oil  passage  bore  12  opens  in  the  rear 
end  surface  1  1  b  of  the  shank  1  1  ,  as  at  1  2a. 

A  range  13  is  formed  on  the  front  end  of  the 
shank  11,  at  a  substantially  mid  portion  of  the  bit 
body  10  in  the  direction  of  the  axis  O. 

In  the  illustrated  embodiment,  the  flange  13 
has  a  frusto-conical  converging  portion  which  con- 
verges  forwardly  to  reduce  its  diameter  toward  the 
tip  end  of  the  bit  body  10,  and  a  disk-shaped 
flange  portion  13b  connected  to  the  rear  end  of  the 
converging  portion  13a.  The  rearwardly  facing  sur- 
face  of  the  flange  portion  13b  forms  an  annular 
surface  13c.  When  the  bit  body  1  is  secured  to  a 
cylindrical  holding  portion  H  of  the  machine  tool, 
e.g.,  a  spindle  of  a  lathe,  the  annular  surface  13c 
makes  contact  with  the  front  end  surface  of  such  a 
holding  portion  substantially  over  the  entire  area 
thereof. 

The  end  surface  13c  has  a  diameter  E  which  is 
suitably  determined  in  accordance  with  factors 
such  as  the  size  of  the  bit  body  10,  machining 
condition,  and  so  forth.  Preferably,  however,  the 
diameter  E  is  determined  to  fall  within  the  range 
between  1.1  X  D  and  3.0  X  D,  representing  by  D 
the  outside  diameter  of  the  bottom  cutting  edge 
which  will  be  mentioned  later. 

Radial  holes  12b  are  formed  in  the  flange  por- 
tion  13b  of  the  flange  13  so  as  to  extend  radially 
inward  of  the  bit  body  10  from  the  peripheral 
surface  of  the  flange  portion  13b  so  as  to  commu- 
nicate  with  the  above-mentioned  oil  passage  bore 
12.  The  radial  holes  12b  open  in  the  peripheral 
surface  of  the  flange  portion  as  at  12c.  The  open- 
ing  12c  in  the  flange  peripheral  surface  and  the 
opening  12a  in  the  rear  end  surface  of  the  shank 
1  1  have  female  screw  threads  of  the  same  nominal 
diameter.  When  the  cutting  oil  is  supplied  from 
either  one  of  the  openings  12a,12c,  a  plug  (not 
shown)  is  screwed  into  the  other  opening  so  as  to 
close  the  other  opening. 

A  pair  of  chip-discharging  flutes  14A.14B, 
which  open  in  the  end  surface  10a  of  the  bit  body 
10  and  which  extend  towards  the  rear  end  of  the 
bit  while  spirally  twisting  about  the  axis  O,  are 

formed  in  the  outer  peripheral  surface  of  the  front 
end  of  the  bit  body  10,  so  as  to  be  positioned  on 
diametrically  opposite  sides  of  the  axis  O.  The 
spiral  angle  S  of  each  flute  14A.14B  is  set  to  be 

5  10°  in  this  embodiment.  As  shown  in  Figs.  1  and 
2,  the  chip-discharging  flutes  14A.14B  extend  rear- 
ed  from  the  front  and  of  the  bit  body  10  to  the  front 
end  of  the  flange  13  and  further  to  the  flange 
portion  13b  past  the  converging  portion  13a  of  the 

io  flange  13,  so  as  to  merge  in  the  outer  peripheral 
surface  of  the  bit  body  10. 

As  shown  in  Fig.  3,  the  angle  a  of  twist  of  each 
hip-discharging  flute  14A.14B  about  the  axis  O 
down  to  the  front  end  of  the  flange  13  is  deter- 

15  mined  to  range  up  to  90  °  .  Therefore,  the  above- 
mentioned  spiral  angle  S  is  determined  on  the  basis 
of  the  twisting  angle  a  and  the  length  of  the  projec- 
ting  front  end  portion  of  the  bit  body  10. 

In  the  illustrated  embodiment,  each  of  the  chip- 
20  discharging  flutes  14A  and  14B  has  an  inner  sur- 

face  composed  of  a  first  inner  surface  portion  14a 
which  is  directed  in  the  direction  of  rotation  of  the 
bit  body  10  (counterclockwise  as  indicated  by  ar- 
row  T  in  Fig.  4),  a  second  inner  surface  portion  14b 

25  which  is  formed  to  cross  the  first  inner  surface 
portion  and  directed  counter  to  the  direction  of 
rotation,  and  a  third  inner  surface  portion  14c  which 
interconnects  the  first  and  second  inner  surface 
portions  14a,14b  and  which  is  disposed  at  the 

30  radially  inner  side  of  the  first  and  second  inner 
surface  portions. 

The  first  inner  surface  portions  14a,14a  of  both 
chip-discharging  flutes  14A.14B  are  substantially 
parallel  to  each  other,  when  viewed  in  a  cross- 

35  sectional  plane  perpendicular  to  the  axis  of  the  axis 
O.  Similarly,  the  second  inner  surface  portions 
14b,  14b  of  both  chip-discharging  flutes  14A.14B 
are  substantially  parallel  to  each  other,  when  view- 
ed  in  a  cross-sectional  plane  perpendicular  to  the 

40  axis  of  the  axis  O.  Therefore,  in  the  cross-sectional 
plane  perpendicular  to  the  axis  0,  the  angle  <f> 
formed  between  the  extensions  of  the  first  and 
second  inner  surface  portions  14a,14b  of  one  of  the 
chip-discharging  flutes  14A  is  equal  to  that  of  the 

45  other  chip-discharging  flutes  14B.  These  chip-dis- 
charging  flutes  14A.14B  also  are  configured  such 
that  the  flute  width  WA  of  one  of  the  flutes  14A,  in 
terms  of  circumferential  distance  between  the  first 
and  second  inner  surface  portions  14a,14b,  is 

50  greater  than  that  WB  of  the  other  flute  14B. 
In  the  illustrated  embodiment,  the  third  inner 

surface  portion  14C  interconnecting  the  first  and 
second  inner  surface  portions  14a,14b  does  not 
extend  over  the  entire  length  of  each  chip-dis- 

55  charging  flute.  More  specifically,  the  third  inner 
surface  portion  14c  extends  from  a  point  which  is 
slightly  spaced  rearward  from  the  front  end  of  the 
chip-discharging  flute  14A.14B  as  shown  in  Fig.  1 

4 



7 EP  0  589  333  A1 8 

to  the  front  end  13a  of  the  flange  13  as  shown  in 
Fig.  2. 

As  shown  in  Fig.  4,  the  third  inner  surface 
portion  14c  forms  a  recess  of  a  substantially  ar- 
cuate  cross-section  when  taken  along  a  plane  per- 
pendicular  to  the  axis  0.  In  the  illustrated  embodi- 
ment,  the  radius  R  of  the  arcuate  cross-section  of 
the  third  inner  surface  portion  14c  in  one  14A  of 
the  pair  of  chip-discharging  flutes  is  equal  to  that  in 
the  other  14B  of  the  chip-discharging  flute.  This, 
however,  is  only  illustrative  and  the  arrangement 
may  be  such  that  the  radius  R  of  the  arcuate  cross- 
section  of  the  third  inner  surface  portion  14c  in  one 
14A  of  the  pair  of  chip-discharging  flutes  is  greater 
than  that  in  the  other  14B  of  the  chip-discharging 
flute. 

The  angles  j8A1,/3B1  of  the  corners  at  which  the 
first  and  third  inner  surface  portions  14a,14c  cross 
each  other  in  the  respective  chip-discharging  flutes 
14A.14B,  as  well  as  the  angles  j8A2,j8B2  of  the 
corners  at  which  the  second  and  third  inner  surface 
portions  14b,  14c  cross  each  other  in  the  respective 
chip-discharging  flutes  14A.14B,  are  all  obtuse  an- 
gles.  The  third  inner  surface  portion  14c  is  re- 
cessed  to  have  an  arcuate  cross-section,  as  ex- 
plained  before.  Therefore,  the  angle  /3  of  crossing 
is  defined  as  the  angle  formed  between  a  line 
tangent  to  the  arcuate  cross-section  of  the  third 
inner  surface  portion  14c  at  the  above-mentioned 
corner  and  the  plane  of  the  first  or  second  inner 
surface  portion  14a,14b. 

The  arrangement  also  is  such  that,  in  a  cross- 
sectional  plane  perpendicular  to  the  axis  0,  the 
distance  dA  between  the  axis  0  and  the  center  XA 
of  the  arcuate  cross-section  of  the  third  inner  sur- 
face  portion  14c  of  one  of  the  chip-discharging 
flutes  14A  is  smaller  than  the  distance  dB  between 
the  axis  0  and  the  center  XB  of  the  arcuate  cross- 
section  of  the  third  inner  surface  portion  14c  of  the 
other  chip-discharging  flute  14B. 

Due  to  the  above-described  geometry  and  the 
inner  surface  portions  14a,14b,  14c  of  both  chip- 
discharging  flutes  14A.14B,  the  bit  body  10  exhibits 
an  inflated  H-shaped  cross-section  when  viewed  in 
a  plane  perpendicular  to  the  axis  0,  as  shown  in 
Fig.  4.  In  addition,  the  cross-sectional  shapes  of 
both  chip-discharging  flutes  14A.14B  are  asymmet- 
rical  to  each  other.  Therefore,  the  cross-sectional 
shape  of  one  14A  of  the  chip-discharging  flutes, 
even  when  it  is  rotated  about  the  axis  0,  does  not 
exactly  overlap  the  cross-section  of  the  other  14B 
of  the  chip-discharging  flutes. 

Furthermore,  the  chip-discharging  flutes 
14A.14B  are  so  configured  that  the  area  SA  of  the 
cross-section  of  one  14A  of  the  chip-discharging 
flutes  as  viewed  in  the  plane  perpendicular  to  the 
axis  0  is  greater  than  the  area  SB  of  the  other  14B 
of  the  chip-discharging  flutes. 

As  stated  before,  the  third  inner  surface  portion 
14c  starts  from  a  point  which  is  slightly  rearwardly 
spaced  from  the  end  of  each  chip-discharging  flute 
14A.14B,  so  that  the  first  inner  surface  portion  14a 

5  and  the  second  inner  surface  portion  14b,  at  the 
front  end  of  each  chip-discharging  flute  14A.14B.  In 
each  of  the  chip-discharging  flutes  14A.14B,  the 
starting  end  of  the  first  inner  surface  portion  14a  is 
stepped  to  form  an  insert  mounting  seat  15  which 

io  is  recessed  from  the  level  of  the  first  inner  surface 
portion  14a  so  as  to  open  in  the  end  surface  of  the 
bit  body. 

Thus,  there  are  two  insert  mounting  seats  15. 
The  insert  mounting  seat  15  formed  in  the  end  of 

is  the  first  inner  surface  portion  14a  of  one  of  the 
chip-discharging  flutes  14A  is  located  on  the  inner 
peripheral  part  of  the  bit  body  10,  i.e.,  closer  to  the 
axis  0,  so  as  to  serve  as  an  inner  peripheral  insert 
mounting  seat  15A,  whereas  the  insert  mounting 

20  seat  15  formed  in  the  end  of  the  first  inner  surface 
portion  14a  of  the  other  chip-discharging  flute  14B 
is  disposed  on  the  outer  peripheral  part  of  the  bit 
body  10,  thus  serving  as  an  outer  peripheral  insert 
mounting  surface  15B. 

25  Cutting  inserts  16,  which  are  adapted  to  be 
mounted  on  the  insert  mounting  seats  15A.15B,  are 
made  of  a  hard  material  such  as  a  carbide  alloy.  As 
in  the  case  of  the  known  drills  described  before, 
each  insert  is  a  flat  tabular  member  having  a  sub- 

30  stantially  regular  triangular  form  when  viewed  in 
plan  from  the  same  side  as  a  rake  surface  17  and 
a  seating  surface  18.  A  relief  angle  is  given  to  a 
relief  surface  19  provided  on  the  periphery  of  the 
rake  surface  17  and  the  seating  surface  18.  Thus, 

35  the  insert  16  is  a  positive  insert. 
Straight  cutting  edge  portions  20  are  formed  on 

the  three  side  ridges  of  the  above-mentioned  rake 
surface  17.  A  pair  of  nose  cutting  edge  portions 
21  ,21  are  provided  at  each  apex  C  of  the  triangle. 

40  More  specifically,  these  nose  cutting  edge  portions 
21  ,21  are  symmetrical  with  each  other  with  respect 
to  the  bisector  line  of  the  apex  C  and  their  exten- 
sions  intersect  each  other  at  an  angle  which  is 
greater  than  the  angle  formed  between  two  sides  of 

45  the  triangle  on  both  sides  of  this  apex  C,  thus 
forming  a  V-like  form  of  the  apex  C.  An  inter-nose 
rounded  cutting  edge  portion  22  is  formed  between 
these  nose  cutting  edge  portions  21,21.  An  in- 
teredge  rounded  cutting  edge  portion  23  is  formed 

50  between  each  nose  cutting  edge  portion  21  and  the 
adjacent  straight  cutting  edge  portion  20. 

The  cutting  inserts  16  having  the  described 
construction  are  mounted  on  the  inner  peripheral 
insert  mounting  portion  15A  and  the  outer  periph- 

55  eral  insert  mounting  portion  15B,  respectively,  and 
are  fixed  to  the  bit  body  10  by  means  of  clamp 
screws  24,  such  that  the  rake  surface  17  of  each 
insert  is  directed  in  the  direction  of  rotation  of  the 

5 
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drill  and  such  that  one  of  the  inter-edge  rounded 
cutting  edge  portion  22  is  projected  in  the  direction 
of  the  axis  0. 

Fig.  6  shows,  similarly  to  Fig.  21,  the  loci  of 
rotation  of  the  cutting  insert  16  (referred  to  as  inner 
peripheral  cutting  insert  16A)  mounted  on  the  inner 
peripheral  insert  mounting  seat  16A  and  the  cutting 
insert  16  (referred  to  an  outer  peripheral  cutting 
insert  16B)  mounted  on  the  outer  peripheral  insert 
mounting  seat  16B,  in  a  plane  containing  the  axis 
0.  In  Fig.  6,  a  suffix  "A"  is  added  to  numerals 
which  indicate  elements  of  the  inner  peripheral 
cutting  insert  16A  and  a  suffix  "B"  is  added  to 
elements  of  the  outer  peripheral  cutting  insert  16B. 

As  shown  in  Fig.  6,  in  the  inner  peripheral 
cutting  insert  16A,  a  bottom  cutting  edge  is  con- 
stituted  by  one  of  the  straight  edges  20A  and  the 
nose  cutting  edge  portion  21  A  connected  to  the 
radially  inner  end  of  this  straight  cutting  edge  por- 
tion  20A  through  the  inter-edge  rounded  cutting 
edge  portion  23A.  In  addition,  the  inner  peripheral 
cutting  insert  16A  is  so  disposed  that  the  inter- 
edge  rounded  cutting  edge  portion  23A  mentioned 
above  projects  in  the  direction  of  the  axis  0  for- 
wardly  (leftward  as  viewed  in  Fig.  6)  beyond  the 
above-mentioned  nose  cutting  edge  portion  21  A 
and  the  straight  cutting  edge  portion  20A  which 
form  the  bottom  cutting  edge.  Furthermore,  the 
inner  peripheral  cutting  insert  16A  is  so  disposed 
that  the  inter-nose  rounded  cutting  edge  portion 
22A  adjacent  to  the  nose  cutting  edge  portion  21  A 
of  the  bottom  cutting  edge  projects  radially  inward 
beyond  the  axis  0,  thus  providing  a  so-called  over- 
center  arrangement. 

In  the  illustrated  embodiment,  the  angle  01  of 
6°  is  formed  between  the  straight  cutting  edge 
portion  20A  and  an  imaginary  line  L  perpendicular 
to  the  axis  0  and  passing  the  extreme  end  of  the 
above-mentioned  inter-edge  rounded  cutting  edge 
portion  23A. 

Referring  row  to  the  outer  peripheral  cutting 
insert  16B,  a  bottom  cutting  edge  is  constituted  by 
one  of  the  straight  edges  20B  and  the  nose  cutting 
edge  portion  21  B  connected  to  the  radially  inner 
end  of  this  straight  cutting  edge  portion  20B 
through  the  inter-edge  rounded  cutting  edge  por- 
tion  23B.  In  addition,  the  outer  peripheral  cutting 
insert  16B  is  so  disposed  that  the  inter-edge  round- 
ed  cutting  edge  portion  23B  mentioned  above  pro- 
jects  in  the  direction  of  the  axis  0  forwardly  be- 
yond  the  above-mentioned  nose  cutting  edge  por- 
tion  21  B  and  the  straight  cutting  edge  portion  20B 
which  form  the  bottom  cutting  edge.  The  locus  of 
rotation  of  the  extreme  end  of  the  inter-edge  round- 
ed  cutting  edge  portion  substantially  coincides  with 
the  above-mentioned  imaginary  line  L. 

This  outer  peripheral  cutting  insert  16B  is  so 
disposed  that  the  outermost  nose  cutting  edge 

portion  21  B,  which  is  connected  through  the  inter- 
nose  rounds  cutting  edge  portion  22B  to  the  nose 
cutting  edge  portion  21  B  of  the  bottom  cutting 
edge,  is  inclined  rearwardly  and  radially  inwardly 

5  so  as  to  progressively  approach  the  axis  0  towards 
the  read  end  (right  end  as  viewed  in  Fig.  6),  thus 
imparting  a  relief  angle  e  to  the  nose  cutting  edge 
portion  21  B.  Preferably,  the  relief  angle  e  of  the 
nose  cutting  edge  portion  21  B  is  set  to  range 

io  between  2°  and  28°.  In  this  embodiment,  the  relief 
angle  8  is  set  to  be  2  °  . 

The  arrangement  is  such  that  the  angle  02 
formed  between  the  above-mentioned  imaginary 
line  L  and  the  straight  cutting  edge  portion  20B  of 

is  the  outer  peripheral  cutting  insert  16B  is  grater 
than  the  angle  01  formed  between  the  imaginary 
line  L  and  the  straight  cutting  edge  portion  20A  of 
the  inner  peripheral  cutting  insert  16A.  In  the  illus- 
trated  embodiment,  the  angle  02  is  set  to  be  8°. 

20  Preferably,  the  angle  01  and  the  angle  02  are 
respectively  determined  to  fall  within  the  ranges  of 
between  1  °  and  19°  and  between  2°  and  20  °,  in 
such  a  manner  as  to  meet  the  condition  01  <  02.  In 
any  event,  it  is  important  that  both  inter-edge 

25  rounded  cutting  edge  portions  23A  and  23B  project 
forwardly  in  the  direction  of  axis  0  beyond  the 
straight  cutting  edge  portions  20A  and  20B,  and 
both  cutting  edge  portions  23A  and  23B  be  tangen- 
tial  to  the  line  L.  This  provides  for  stable  cutting 

30  especially  when  the  cutting  edges  first  contact  a 
workpiece. 

In  the  described  arrangement,  the  inner  periph- 
eral  cutting  insert  16A  and  the  outer  peripheral 
cutting  insert  16B  are  disposed  such  that  in  the 

35  above-mentioned  plane  containing  the  axis  0,  the 
locus  of  rotation  of  the  straight  cutting  edge  portion 
20A  constituting  the  bottom  cutting  edge  of  the 
inner  peripheral  cutting  insert  16A  and  the  locus  of 
the  straight  cutting  edge  portion  20B  constituting 

40  the  bottom  cutting  edge  of  the  outer  peripheral 
cutting  insert  16B  cross  each  other  at  a  point  P. 

Fig.  7  shows  a  section  of  the  insert  mounting 
seat  15  mounting  the  cutting  insert  16.  As  will  be 
seen  from  Fig.  7  with  the  assist  of  Fig.  1,  the  insert 

45  mounting  seat  15  has  a  mounting  bottom  surface 
15a  which  is  closely  contacted  by  the  seating  sur- 
face  18  of  the  cutting  insert  16  and  the  mounting 
seat  wall  surfaces  15b  which  are  independent  from 
the  bottom  surface  15a  and  which  are  contactable 

50  with  the  relief  surfaces  19  of  the  cutting  insert.  A 
recess  15c  is  formed  in  the  regions  where  two 
adjacent  mounting  seat  wall  surfaces  15b,  15b  cross 
each  other,  in  order  to  avoid  interference  between 
the  cutting  insert  mounting  seat  15  and  the  relief 

55  surface  portion  19  around  the  apes  C  of  the  cutting 
insert  16.  In  Fig.  7,  a  reference  numeral  15d  de- 
notes  a  threaded  hole  for  receiving  the  aforemen- 
tioned  clamping  screw  24  for  fixing  the  cutting 

6 
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insert  16.  Preferably,  a  hardening  surface  treatment 
such  as  quenching  is  effected  on  the  front  end 
portion  of  the  bit  body  10. 

Furthermore,  in  the  illustrated  embodiment,  the 
first  inner  surface  portion  14a  is  positioned  at  a 
level  higher  than  that  of  the  straight  cutting  edge 
portion  20  of  the  cutting  insert  16  when  the  latter  is 
mounted.  The  difference  "t"  in  the  level  between 
the  first  inner  surface  portion  14a  and  the  straight 
cutting  edge  portion  20  is  preferably  not  greater 
than  0.3  mm.  In  the  illustrated  embodiment,  the 
height  difference  "t"  is  set  to  0.1  mm. 

At  the  same  time,  one  end  of  the  aforemen- 
tioned  oil  passage  bore  12  opens  in  the  end  sur- 
face  10a  of  the  bit  body  10  at  positions  which  are 
on  the  trailing  sides  of  the  openings  of  the  respec- 
tive  chip-discharging  flutes  14A.14B  as  viewed  in 
the  direction  of  rotation,  so  as  to  provide  discharge 
ports  12d,12d  for  discharging  the  cutting  oil. 

The  oil  passage  bore  12  is  formed  to  extend 
from  the  rear  end  towards  the  tip  end  of  the  bit 
body  10.  More  specifically,  the  oil  passage  bore  12 
extends  from  the  opening  12a  in  the  shank  portion 
11  along  the  axis  O  into  the  flange  portion  13b 
where  the  aforementioned  radial  holes  12b  merge 
in  the  oil  passage  bore  12.  The  oil  passage  bore  12 
then  shunts  into  two  branches  12e,12e  which  lin- 
early  extend  through  lands  10b,  10b  formed  be- 
tween  two  chip-discharging  flutes  14A.14B  so  as  to 
be  twisted  relative  to  each  other  with  respect  to  the 
axis  O  in  accordance  with  the  twist  of  the  chip- 
discharging  flutes  14A.14B.  The  bore  branches 
12e,12e  finally  open  in  the  end  surface  10a  of  the 
bit  body  10,  at  the  discharge  ports  12d,12d.  Thus, 
in  the  front  portion  of  the  bit  body  10  which  ex- 
tends  forwardly  from  the  flange  13,  the  branches 
12e,12e  of  the  oil  passage  bore  do  not  pass 
through  a  core  portion  near  the  axis  O  but  extend 
through  regions  which  are  radially  spaced  from  the 
axis  O. 

In  addition,  in  the  invention  of  this  application, 
a  plurality  of  grooves  25,25.,  are  formed  in  the 
inner  surface  of  each  of  the  chip-discharging  flutes 
14A.14B,  so  as  to  extend  in  the  direction  of  the 
flute,  i.e.,  in  the  chip-discharging  direction.  In  the 
illustrated  embodiment,  the  grooves  25,25.,  are 
formed  only  in  the  third  inner  surface  portion  14c  of 
each  of  the  chip-discharging  flutes  14A.14B  in  two 
groups  each  containing  three  grooves,  one  of  the 
groups  is  disposed  on  the  portion  of  the  third  inner 
surface  portion  14c  adjacent  to  the  first  inner  sur- 
face  portion  14a  while  the  other  is  provided  on  the 
portion  of  the  third  inner  surface  portion  14c  adja- 
cent  to  the  second  inner  surface  portion  14b,  thus 
six  grooves  in  total  are  formed  in  each  flute,  as 
shown  in  Fig.  4. 

In  this  embodiment,  the  grooves  25,25  of  one 
group  are  formed  to  exhibit  a  wave-like  or  cor- 

rugated  cross-section  formed  by  consecutive  and 
alternate  semicircular  recess  and  semicircular  pro- 
trusion.  The  groove,  however,  may  have  another 
cross-sectional  shape  such  as  triangle  or  rectangle. 

5  It  is,  however,  preferred  that  the  ridge  between 
adjacent  grooves  25,25  have  a  cross-section  which 
is  rounded  at  a  sufficiently  large  radius  of  cur- 
vature. 

In  use  of  this  drill,  the  bit  body  10  is  fixed  at  its 
io  shank  1  1  to  the  end  of,  for  example,  the  spindle  of 

a  machine  tool.  The  bit  body  is  rotated  about  the 
axis  O  while  being  forwardly  fed  in  the  direction  of 
the  axis  O,  thereby  enabling  the  cutting  edge  por- 
tions  20,21  of  the  cutting  inserts  16  to  cut  into  an 

is  object  to  form  a  bore. 
The  drill  of  the  described  embodiment  has  a 

flange  13  on  the  bit  body  10,  and  the  bit  body  10  is 
held  by  a  holding  portion  H  of  the  machine  tool 
with  the  annular  end  surface  13c  of  the  flange  13 

20  contacting  the  front  end  surface  of  the  holding 
portion  H  over  the  entire  area  of  the  annular  sur- 
face  13a.  It  is  therefore  possible  to  increase  the 
area  of  contact  of  the  bit  body  10  with  the  holding 
portion  H,  thus  attaining  a  higher  rigidity  of  the 

25  mount  of  the  drill.  Consequently,  the  bit  body  10  is 
rigidly  and  firmly  held  by  the  holding  portion  H, 
thus  remarkably  suppressing  vibration  and  shiver  of 
the  drill  10  during  boring  operation. 

Therefore,  the  drilling  operation  can  be  con- 
30  ducted  with  a  high  degree  of  stability,  thus  contri- 

buting  to  improvements  in  the  machining  precision 
and  the  machined  surface  quality,  even  when  the 
drill  is  of  the  type  which  is  liable  to  generate 
vibration  or  shiver,  e.g.,  the  drills  in  which  cutting 

35  inserts  16A.16B  are  mounted  with  offsets  to  radially 
outer  and  inner  sides  to  receive  different  levels  of 
resistance  or  cutting  force  as  in  the  described 
embodiment  or  the  described  known  throw-away, 
or  the  drills  having  large  values  of  L/D  ratio. 

40  In  the  illustrated  embodiments,  the  outside  di- 
ameter  E  of  the  annular  surface  13c  of  the  flange 
13  is  determined  to  range  between  1.1.  x  D  and  3.0 
x  D,  with  D  representing  the  outside  diameter  of 
the  bottom  cutting  edge.  This  is  because  any  value 

45  of  the  diameter  E  below  1.1  x  D  does  not  provide 
sufficient  increase  in  the  area  of  contact  between 
the  bit  body  10  and  the  holding  portion  H,  failing  to 
provide  the  expected  rigidity  of  the  mount  of  the  bit 
body  10,  and  because  any  value  of  the  diameter  E 

50  exceeding  3.0  x  D  does  not  provide  increase  of  the 
contact  area  since  the  area  of  the  end  surface  of 
the  holding  portion  H  is  determined  by  the  design 
of  the  machine  tool.  Rather,  such  a  large  diameter 
hampers  the  handling  of  the  drill. 

55  Fig.  2  illustrates  a  preferred  arrangement  for 
mounting  a  drill  of  the  present  invention  to  a  ma- 
chine  tool  holding  portion.  With  reference  to  Fig.  2, 
We  shank  11  is  formed  with  a  conical  depression 
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or  cavity  11c  on  the  surface  11a  which  is  contacted 
by  a  fixing  screw  HT.  The  center  axis  As  of  the 
screw  HT  is  offset  rearwardly  of  the  center  axis  Ad 
of  the  conical  cavity  11c  so  as  to  urge  the  shank 
11  and  flange  portion  13b  rearwardly  and  increase 
a  contacting  force  Fb  between  the  end  surface  13c 
and  cylindrical  holding  portion  H  of  the  machine 
tool;  such  as,  for  example,  a  spindle  of  a  lathe. 

As  stated  before,  in  the  drill  of  the  type  in 
which  the  cutting  insert  16A.16B  forming  the  bot- 
tom  cutting  edge  are  disposed  with  radially  inward 
and  outward  offsets,  both  cutting  inserts  16A.16B 
receive  different  levels  of  resistance  or  cutting 
force,  thus  causing  a  radial  imbalance  of  the  force 
applied  to  the  bit  body  10. 

This  radial  imbalance  of  force,  however,  can  be 
eliminated  in  the  described  embodiment  by  virtue 
of  the  fact  that  the  angle  02  formed  between  the 
imaginary  line  L  perpendicular  to  the  axis  0  and 
the  straight  cutting  edge  portion  20B  of  the  outer 
peripheral  cutting  insert  16B  is  determined  to  be 
greater  than  the  angle  01  formed  between  the 
imaginary  line  L  perpendicular  to  the  axis  0  and 
the  straight  cutting  edge  portion  20A  of  the  inner 
peripheral  cutting  insert  16A. 

More  specifically,  according  to  such  an  ar- 
rangement,  the  transverse  cutting  edge  angle  given 
to  the  straight  cutting  edge  portion  20B  of  the  outer 
peripheral  cutting  insert  16B  is  greater  than  that 
given  to  the  straight  cutting  edge  portion  20A  of  the 
inner  peripheral  cutting  insert  16A.  Therefore,  vari- 
ation  in  the  cutting  force  applied  to  the  straight 
cutting  edge  portion  20A  of  the  inner  peripheral 
cutting  insert  16A,  which  inherently  receives  small- 
er  cutting  force  than  the  outer  peripheral  cutting 
insert  16B,  is  effectively  suppressed  and,  at  the 
same  time,  the  cutting  force  applied  to  the  outer 
peripheral  cutting  insert  16B,  which  is  inherently 
subjected  to  a  greater  cutting  force  than  the  inner 
peripheral  cutting  edge  16A,  can  be  effectively 
reduced. 

Thus,  the  described  embodiment  makes  it  pos- 
sible  to  obtain  a  good  balance  between  the  cutting 
force  applied  to  the  inner  peripheral  cutting  insert 
16A  and  the  cutting  force  applied  to  the  outer 
peripheral  cutting  insert  16B,  while  reducing  the 
total  cutting  force  acting  on  the  whole  bottom  cut- 
ting  edge.  Consequently,  any  radial  force  acting  on 
the  bit  body  10  during  the  drilling  can  effectively 
be  cancelled,  whereby  vibration  and  shiver  of  the 
bit  body  10  attributable  to  radial  force  imbalance 
can  be  suppressed.  This  effect,  in  combination  with 
the  enhancement  of  the  mounting  rigidity  of  the  bit 
body  10  offered  by  the  flange  13,  provides  a  higher 
degree  of  stability  of  the  machining. 

In  the  described  embodiment,  the  angle  01 
formed  between  the  straight  cutting  edge  portion 
20A  of  the  inner  peripheral  cutting  insert  16A  and 

the  imaginary  line  L  is  set  to  be  6  °  ,  while  the  angle 
02  formed  between  the  straight  cutting  edge  por- 
tion  20B  of  the  outer  peripheral  cutting  insert  16B 
and  the  imaginary  straight  line  L  is  set  to  be  8°. 

5  This,  however,  is  not  exclusive  and  the  angles  01 
and  02  are  preferably  determined  to  fall  within  the 
ranges  of  from  1  °  to  19°  and  from  2  °  to  20  °  , 
respectively,  while  meeting  the  condition  of  01  < 
02. 

io  When  the  angles  01  and  02  are  too  small,  the 
loci  of  rotation  of  the  straight  cutting  age  portions 
20A.20B  which  form  the  bottom  cutting  edge  ap- 
proaches  the  above-mentioned  straight  line  L,  with 
the  result  that  the  axial  component  of  the  cutting 

is  force  acting  on  the  straight  cutting  edge  portions 
20A.20B  is  increased  to  excessively  force  the  bit 
body  10  in  the  axial  direction.  Conversely,  too  large 
angles  01  ,02  excessively  increase  the  circumferen- 
tial  component  of  the  cutting  force  acting  on  the 

20  straight  cutting  edge  portions  20A.20B,  with  the 
result  that  the  power  for  driving  the  drill  is  in- 
creased. 

Moreover,  as  previously  mentioned,  it  is  impor- 
tant  that  both  inter-edge  rounded  cutting  edge  por- 

25  tions  23A  and  23B  project  forwardly  in  the  direction 
of  axis  O  beyond  the  straight  cutting  edge  portions 
20A  and  20B,  and  both  cutting  edge  portions  23A 
and  23B  be  tangential  to  the  line  L.  This  configura- 
tion  locates  the  cutting  edges  23A  and  23B  in 

30  positions  to  bite  into  a  designated  location  on  a 
workpiece  and  provides  for  an  accurate  and  stable 
cutting  operation  when  the  cutting  inserts  first  con- 
tact  the  workpiece 

During  machining  conducted  by  a  drill  of  the 
35  kind  described,  the  object  material  is  cut  by  the 

bottom  cutting  edges  constituted  by  the  straight 
cutting  edge  portions  20  and  the  nose  cutting  edge 
portions  21  ,  so  that  chips  of  the  material  are  con- 
tinuously  generated.  Such  chips  are  conveyed 

40  through  the  chip-discharging  flutes  14A.14B  so  as 
to  be  discharged  from  the  rear  ends  of  these  flutes. 
At  the  same  time,  a  suitable  cutting  oil  is  supplied 
as  a  coolant  into  the  cutting  region  through  the  oil 
passage  bore  12.  The  cutting  oil  supplied  to  the 

45  cutting  region  then  flows  rearward  along  through 
the  chip-discharging  flutes  14  along  the  axis  O 
towards  the  rear  end  together  with  the  chips  of  the 
cut  material.  The  cutting  oil  serves  to  forcibly  con- 
vey  the  chips  so  as  to  promote  the  discharge  of 

50  the  chips. 
In  the  described  embodiment,  each  of  the  chip- 

discharging  flutes  14A.14B  has  the  first  inner  sur- 
face  portion  14a  which  is  directed  in  the  direction 
of  rotation  of  the  drill,  the  second  inner  surface 

55  portion  14b  which  is  directed  counter  to  the  direc- 
tion  of  rotation  and  the  third  inner  surface  portion 
14c  which  is  recessed  from  the  first  and  second 
inner  surface  portions  14a,14b.  Each  of  the  dust- 

8 
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discharging  flutes  14A.14B,  therefore,  can  have  a 
sufficiently  large  cross-sectional  area  in  the  plane 
perpendicular  to  the  axis  0.  Thus,  the  discharging 
capacity  of  the  chip-discharging  flutes  14A.14B  can 
be  increased  by  the  provision  of  the  third  inner 
surface  portions  14c,  thereby  offering  a  greater  rate 
of  discharge  and  smoother  disposal  of  the  chips. 

Furthermore,  in  the  described  embodiment,  ob- 
tuse  angles  $ai  ,/3A2,/3Bi  i$B2  are  formed  between 
the  third  inner  surface  portions  14c  and  the  first 
and  second  inner  surface  portions  14a,14b  in  both 
chip-discharging  flutes  14A.14B,  so  as  to  ensure 
that  chips  can  be  smoothly  introduced  onto  the 
third  inner  surface  portion  14c  along  the  first  and 
second  inner  surface  portions  14a,14b.  Conse- 
quently,  the  chips  can  be  introduced  onto  and 
discharged  long  the  third  inner  surface  portions  14c 
in  both  chip-discharging  flutes  without  delay. 

Furthermore,  the  third  inner  surface  portion  14c 
is  curved  and  recessed  radially  inward  of  the  bit 
body  10  so  as  to  exhibit  a  substantially  arcuate 
cross-section  in  the  plane  perpendicular  to  the  axis 
0.  Consequently,  no  restriction  which  would  cause 
clog  or  stagnation  of  the  chips  exist  in  both  chip- 
discharging  flutes  14A.14B,  whereby  a  further 
smooth  discharge  of  the  chips  is  ensured. 

In  a  drill  of  the  type  which  has  bottom  cutting 
edges  mounted  at  radially  inner  and  outer  offsets 
on  the  bit  body  10,  as  in  the  described  embodi- 
ment  or  known  drills  mentioned  before,  there  is  a 
difference  between  the  rate  of  cutting  performed  by 
the  radially  inner  straight  cutting  edge  portion  20A 
and  that  performed  by  the  radially  outer  straight 
cutting  edge  portion  20B,  although  the  amount  of 
difference  depends  on  the  position  of  the  point  P 
where  the  loci  of  rotation  of  these  cutting  edge 
portions  20A  and  20B  intersect  each  other.  More 
specifically,  the  inner  peripheral  cutting  edge  por- 
tions  20A.21A  provide  a  greater  rate  of  cutting  than 
the  outer  peripheral  cutting  edge  portions  20B.21  B. 

In  view  of  this  problem,  the  width  WA  of  the 
chip-discharging  flute  14A  leading  from  the  inner 
peripheral  cutting  edge  portions  20A.21A  is  deter- 
mined  to  be  greater  than  that  WB  of  the  chip- 
discharging  flute  14B  leading  from  the  outer  pe- 
ripheral  cutting  edge  portions  20B.21B.  In  addition, 
the  distance  dA  between  the  axis  0  and  the  center 
XA  of  the  arc  of  the  third  inner  surface  portion  14c 
of  the  chip-discharging  flute  14A  in  a  cross-section 
perpendicular  to  the  axis  0  is  smaller  than  the 
distance  dB  between  the  axis  0  and  the  center  XD 
of  the  arc  of  the  third  inner  surface  portion  14c  of 
the  chip-discharging  flute  14B.  Consequently,  the 
cross-sectional  shapes  of  the  chip-discharging 
flutes  14A.14B  are  asymmetrical  with  each  other 
with  respect  to  the  axis  0,  and  the  cross-sectional 
area  SA  of  the  chip-discharging  flute  14A  leading 
from  the  radially  inner  cutting  edge  portions 

20A.21  B  is  greater  than  the  cross-sectional  area  SB 
of  the  chip-discharging  flute  14B  leading  from  the 
radially  inner  cutting  edge  portions  20A.21B  is 
greater  than  the  cross-sectional  area  SB  of  the 

5  chip-discharging  flute  14B  leading  from  the  radially 
outer  cutting  edge  portions  20B.21  B.  Consequently, 
the  chip-discharging  flute  14A  which  receives  the 
chips  at  a  greater  rate  can  have  a  greater  chip 
discharging  capacity,  thus  preventing  clog  or  stag- 

io  nation  of  the  chips  in  this  chip-discharging  flute 
14A. 

Chip-discharging  capacities  would  be  en- 
hanced  if  the  cross-sectional  areas  SA  and  SB  of 
both  chip-discharging  flutes  14A.14B  were  in- 

15  crease.  However,  such  increase  in  the  cross-sec- 
tional  areas  of  the  chip-discharging  flutes  naturally 
reduces  the  cross-sectional  area  of  the  solid  por- 
tion  of  the  bit  body  10,  which  inevitably  leads  to  a 
reduction  in  the  rigidity  of  the  bit  body,  with  the 

20  result  that  vibration  and  shiver  of  the  drill  are 
enhanced. 

In  the  described  embodiment,  however,  the 
cross-sectional  shapes  of  both  chip-discharging 
flutes  14A.14B  are  determined  to  be  asymmetrical 

25  with  each  other,  and  the  cross-sectional  area  SA  of 
one  14A  of  the  chip-discharging  flutes  which  re- 
ceives  a  greater  rate  of  chips  is  determined  to  be 
greater  than  the  cross-sectional  area  SB  of  the 
other  14B  chip-discharging  flute,  thus  minimizing 

30  the  reduction  in  the  cross-sectional  area  of  the 
solid  portion  of  the  bit  body  10. 

The  inner  surface  of  the  chip-discharging  flutes 
14A.14B  are  so  configured  that  the  third  inner 
surface  portion  14c  interconnects  the  first  and  sec- 

35  ond  inner  surface  portions  14a,14b  which  converge 
such  that  radially  inward  extensions  thereof  inter- 
sect  each  other.  This  makes  it  possible  to  preserve 
a  comparatively  large  wall  thickness  in  the  outer 
peripheral  region  of  the  land  portion  10b,  i.e.,  in  the 

40  portion  between  the  first  inner  surface  portion  14a 
of  the  chip-discharging  flute  14A  and  the  second 
inner  surface  portion  14b  of  the  chip-discharging 
flute  14B  and  the  portion  between  the  first  inner 
surface  portion  14a  of  the  chip-discharging  flute 

45  14B  and  the  second  inner  surface  portion  14b  of 
the  chip-discharging  flute  14A. 

It  is  therefore  possible  to  minimize  any  reduc- 
tion  in  the  moment  of  inertia  of  area  despite  a 
reduction  in  the  cross-sectional  area  of  said  portion 

50  of  the  bit  body  10  due  to  increase  in  the  cross- 
sectional  areas  of  the  chip-discharging  flutes 
14A.14B.  Consequently,  the  bit  body  10  can  have  a 
sufficiently  large  rigidity  which,  in  combination  with 
the  asymmetric  cross-sectional  shapes  of  the  chip- 

55  discharging  flutes  14A.14B,  effectively  promotes 
the  discharge  of  the  chips  while  suppressing  vibra- 
tion  and  shiver  of  the  bit  body  10. 

9 
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Furthermore,  in  the  described  embodiment,  a 
plurality  of  grooves  25,25  are  formed  in  the  third 
inner  surface  14c  of  each  of  the  chip-discharging 
flutes  14A.14B.  These  grooves  25,25  effectively 
reduce  the  area  of  contact  between  the  third  inner 
surface  portion  14c  and  the  chips  flowing  along  this 
surface  and,  hence,  the  friction  acting  there- 
between.  Consequently,  clog  or  stagnation  of  the 
chips  due  to  friction  can  be  avoided  to  ensure 
smoother  discharge  of  the  chips. 

In  order  to  minimize  the  friction  due  to  contact 
between  the  chips  and  the  chip-discharging  flute 
14,  it  is  desirable  that  the  grooves  25,25  are 
formed  in  all  of  the  inner  surface  portions  14a,  14b 
and  14c,  preferably  over  the  entire  widthwise  re- 
gions  of  these  surface  portions.  An  appreciable 
effect  of  reducing  friction,  however,  is  attained  even 
when  the  grooves  25,25  are  formed  only  in  the 
third  inner  surface  portion  14c  at  local  portions  of 
this  surface  portion,  as  in  the  case  of  the  described 
embodiment.  In  the  illustrated  embodiment,  the 
third  inner  surface  portion  14c  extends  only  over  a 
limited  region  of  the  chip-discharging  flute  14  be- 
tween  a  point  near  the  rear  end  of  the  insert 
mounting  seat  15  and  the  front  end  of  the  flange 
13.  This  means  that  the  grooves  25,25  do  not 
extend  over  the  entire  length  of  the  chip-discharg- 
ing  flute.  This,  however,  is  only  illustrative  and  the 
grooves  25,25  may  extend  from  the  front  end  of 
the  chip-discharging  flute  14  or  down  to  the  rear 
end  of  the  chip-discharging  flute  14  merging  in  the 
peripheral  surface  of  the  bit  body,  when  these 
grooves  25,25  are  formed  also  in  the  first  and 
second  inner  surface  portions  14a,14b. 

Furthermore,  in  the  illustrated  embodiment,  the 
first  inner  surface  portion  14a  of  the  chip-discharg- 
ing  flute  14  is  held  at  a  level  which  is  higher  than 
the  cutting  edge  portions  20,21  by  a  small  mount 
"t",  when  the  cutting  insert  is  mounted  on  the  bit 
body  10.  That  is  to  say,  the  cutting  edge  portions 
20,21  do  never  project  beyond  the  level  of  the  first 
inner  surface  portion  14a  at  the  mounting  seat 
surface  15b  of  the  insert  mounting  seat  15.  It  is 
therefore  possible  to  prevent  breakdown  of  the 
cutting  edge  portions  20,21  which  may  otherwise 
occur  when  the  chips  of  the  cut  material  move  from 
the  rake  surface  17  of  the  cutting  insert  onto  the 
first  inner  surface  portion  14a  of  the  chip-discharg- 
ing  flute.  In  addition,  since  the  relief  surface  19  of 
the  cutting  insert  never  projects  beyond  the  first 
inner  surface  portion  14a,  trapping  of  the  chips  into 
the  gap  between  the  relief  surface  19  and  the  first 
inner  surface  portion  14a  can  advantageously  be 
avoided. 

The  above-mentioned  level  difference  "t"  be- 
tween  the  cutting  edge  portion  20  and  the  first 
inner  surface  portion  14a,  however,  is  preferably 
set  to  be  0.3  mm  or  less,  because  a  too  large  value 

of  the  level  different  "t"  causes  breakage  or  wear 
of  the  step  portion  formed  between  the  cutting 
edge  portion  20  and  the  first  inner  surface  portion 
14a,  due  to  collision  with  the  chips  of  the  cut 

5  material. 
As  stated  before,  in  order  to  attain  smooth 

discharge  of  the  chips  of  the  cut  material,  it  is 
necessary  to  provide  sufficiently  large  discharging 
capacity  of  the  chip-discharging  flutes  14A.14B, 

io  while  efficiently  supplying  a  cutting  oil  so  as  to 
forcibly  convey  the  chips  which  have  been  intro- 
duced  into  the  chip-discharging  flutes  14A.14B.  In 
the  described  embodiment,  the  cutting  oil  is  sup- 
plied  through  the  oil  passage  bore  12  extending 

is  forwardly  from  the  rear  end  of  the  bit  body  10  and 
is  discharged  through  the  discharge  ports  12d,12d 
communicating  with  the  oil  passage  bore  12  and 
opening  in  the  end  of  the  drill,  so  as  to  be  effi- 
ciently  supplied  to  the  region  where  the  cutting  is 

20  being  conducted. 
In  a  drill  having  twisted  chip-discharging  flutes 

14A.14B  as  in  the  described  embodiment,  the 
lands  10b,  10b  left  between  these  chip-discharging 
flutes  14A.14B  also  are  twisted.  It  is  extremely 

25  difficult  to  form  a  twisted  oil  passage  bore  in  con- 
formity  with  the  twist  of  these  lands.  In  general, 
therefore,  an  axial  oil  passage  bore  such  as  that 
designated  12  in  the  embodiment  is  linearly  formed 
through  the  core  portion  F  of  the  bit  body  10.  The 

30  passage  bore  12  then  branches  into  two  passages 
leading  to  the  discharge  ports  12d,12d  which  open 
in  the  end  surface  10a  of  the  bit  body. 

In  the  described  embodiment,  however,  the 
thickness  of  the  core  portion  of  the  bit  body  is 

35  inevitably  reduced  because  the  chip-discharging 
flutes  14A,14b  have  third  inner  surface  portions  14c 
which  are  arcuately  recessed  from  the  first  and 
second  inner  surface  portions  14a,14b.  Therefore, 
the  oil  passage  bore  12,  when  formed  through  the 

40  core  portion  F,  is  required  to  have  a  small  diameter 
12.  This  makes  it  difficult  to  supply  the  cutting  oil 
at  a  sufficiently  large  rate. 

In  order  to  obviate  this  problem,  in  the  illus- 
trated  embodiment,  the  angle  a  of  twist  of  each 

45  chip-discharging  flute  14  from  the  front  to  the  rear 
ends  about  the  axis  O  may  range  up  to  90  °  ,  and 
linear  oil  passage  bores  12e,12e  are  formed  in  the 
lands  10b,  10b  between  both  chip-discharging  flutes 
14A.14B,  at  an  inclination  with  respect  to  the  axis  O 

50  in  accordance  with  the  twist  of  the  chip-discharging 
flutes  14A.14B,  thereby  overcoming  the  above-de- 
scribed  problem. 

In  other  words,  in  the  described  embodiment, 
when  the  angle  a  of  twist  of  the  chip-discharging 

55  flutes  14A.14B  about  the  axis  O  is  set  to  a  com- 
paratively  small  value  in  the  range  of  0  to  90  °  ,  the 
angle  of  twist  of  the  lands  10b,  10b  is  correspond- 
ingly  small.  It  is  therefore  possible  to  form  straight 

10 
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or  linear  oil  passage  bores  12e,12e  despite  the 
presence  of  the  twisted  chip-discharging  flute 
14A.14B,  by  setting  these  oil  passage  bores 
12e,12e  at  an  inclination  corresponding  to  the  twist 
of  the  lands  10b,  10b,  i.e.,  the  twist  of  the  chip- 
discharging  flutes  14A.14B.  Furthermore,  the  oil 
passage  bores  12e,12e  thus  formed  can  have  com- 
paratively  large  diameters  because  the  lands 
10b,  10b  have  a  sufficiently  large  radial  wall  thick- 
ness.  Consequently,  a  large  rate  of  supply  of  the 
cutting  oil  is  obtained  to  ensure  greater  cooling  and 
lubricating  effects,  thus  attaining  further  improve- 
ment  in  the  chip  discharging  performance. 

In  the  described  embodiment,  the  cutting  oil  is 
supplied  through  the  oil  passage  bore  12  formed  in 
the  bit  body  10.  This,  however,  is  only  illustrative. 
Namely,  by  virtue  of  the  large  cross-sectional  areas 
of  the  chip-discharging  flutes  14A.14B,  cutting  oil 
can  be  supplied  at  a  sufficiently  large  rate  exter- 
nally  along  the  chip-discharging  flutes  14A.14B, 
rather  than  along  the  internal  oil  passage  bore  12. 

It  is  therefore  possible  to  supply  the  cutting 
region  with  the  cutting  oil  with  a  sufficiently  large 
rate,  even  then  the  drill  is  used  on  a  machine  tool 
which  does  not  have  means  for  feeding  the  oil  into 
the  oil  passage  bore  12  in  the  bit  body  10,  thus 
ensuring  that  the  machining  is  conducted  stably 
under  sufficient  supply  of  the  cutting  oil.  The  drill  of 
the  described  embodiment  is  therefore  usable  also 
on  machine  tools  having  no  cutting  oil  supply  sys- 
tem  connectable  to  the  internal  oil  passage  bore, 
thus  enhancing  the  adaptability  to  a  variety  of 
types  of  machine  tools. 

As  stated  above,  the  drill  of  the  invention  is 
attached  to  the  end  of  the  spindle  of  a  machine 
tool  such  as  a  machining  center,  so  as  to  be 
rotationally  driven  about  the  axis  O,  thus  function- 
ing  as  a  so-called  "turning  tool".  In  such  uses,  the 
twisting  of  the  chip-discharging  flutes  14A.14B  ad- 
vantageously  promotes  the  discharge  of  the  chips 
of  the  cut  material. 

In  recent  years,  a  drilling  method  has  become 
popular  in  which  a  drill  is  fixed  to  a  tool  rest  or  the 
like  of  a  lathe  in  a  posture  as  shown  in  Fig.  2,  and 
the  material  to  be  drilled  is  turned  against  the 
stationary  drill.  When  such  a  machining  method  is 
adopted,  in  order  to  obtain  sufficient  rigidity  of  the 
drill,  the  chip-discharging  flutes  preferably  extend 
straight  in  parallel  with  the  axis  O. 

In  the  illustrated  embodiment,  the  angle  a  of 
twist  of  the  chip-discharging  flutes  14A.14B  about 
the  axis  0  is  set  to  a  small  value  falling  within  the 
range  specified  above.  Therefore,  the  twisted  chip- 
discharging  flutes  14A.14B  of  the  drill  in  accor- 
dance  with  the  invention  can  provide  satisfactory 
chip-discharging  performance  when  the  drill  is 
used  as  an  ordinary  turning  tool.  In  addition,  rigidity 
of  the  drill  in  accordance  with  the  invention  can 

also  be  exhibited  when  the  drill  is  used  as  the 
turning  tool.  Thus,  the  drill  of  the  described  em- 
bodiment  finds  a  further  spreading  use.  When  the 
drill  of  this  embodiment  is  used  by  being  stationari- 

5  ly  fixed  to  a  lathe  or  the  like,  the  supply  of  the 
cutting  oil  into  the  oil  passage  bore  12  is  con- 
ducted  through  the  radial  holes  12b  from  the  open- 
ings  12c  which  open  in  the  peripheral  surface  of 
the  flange  portion  13b  of  the  flange  13. 

io  In  the  described  embodiment,  the  converging 
portion  13a  of  the  flange  13  has  frusto-conical  form 
which  reduces  its  diameter  linearly  at  a  constant 
rate  along  the  length.  However,  the  converging 
portion  13a  may  have  such  a  form  that,  as  shown 

is  in  Fig.  8,  the  rate  of  decrease  in  the  radius  is 
progressively  increased  along  the  axis  0  towards 
the  tip  end  of  the  bit  body  10  so  as  to  provide  a 
convexed  or  semicircular  profile  of  the  converging 
portion  13a  when  viewed  in  side  elevation.  Such  a 

20  configuration  of  the  bit  body  further  enhances  the 
rigidity  of  the  drill  over  the  embodiment  shown  in 
Figs.  1  to  7,  thereby  effectively  reducing  the  vibra- 
tion  and  shiver  of  the  bit  body. 

In  the  described  embodiment,  the  inner  surface 
25  of  each  of  the  chip-discharging  flutes  14A.14B  is 

constituted  by  first  and  second  inner  surface  por- 
tions  14a,14b  and  the  third  inner  surface  portion 
14c  which  is  recessed  from  the  first  and  second 
inner  surface  portions  14a,14b  and  which  is  pro- 

30  vided  with  a  plurality  of  grooves  25,25.  This  ar- 
rangement,  however,  is  not  essential  and  the 
present  invention  does  not  exclude  a  drill  in  which 
the  inner  surface  of  each  chip-discharging  flute  is 
composed  only  of  the  first  and  second  inner  sur- 

35  faces  14a  and  14b  as  shown  in  Fig.  9  and  10  or  the 
flute  inner  surface  is  devoid  of  grooves  25,25  as 
shown  in  Figs.  11  and  12. 

In  the  embodiments  described  hereinbefore, 
the  chip-discharging  grooves  14A.14B  are  formed 

40  with  a  twist  about  the  axis  0.  This,  however,  is  only 
illustrative.  For  instance,  an  embodiment  shown  in 
Figs.  13  to  15  has  chip-discharging  flutes  14C.14D 
which  extend  straight  in  parallel  with  the  axis  0. 

In  this  embodiment,  recesses  26  are  formed  in 
45  the  end  surface  10a  of  the  bit  body  10  along  the 

trailing  edges  (as  viewed  in  the  direction  of  rota- 
tion)  of  the  openings  of  the  respective  chip-dis- 
charging  flutes  14,  and  the  discharge  ports  or 
openings  12d  leading  from  the  oil  passage  bore  12 

50  are  opened  in  the  bottoms  of  these  recesses  26  so 
as  to  communicate  with  the  chip-discharging  flutes 
14  through  these  recesses  26.  In  addition,  the 
bottom  of  each  recess  26  is  arcuately  recessed 
rearwardly  as  shown  in  Fig.  15  as  viewed  in  the 

55  direction  of  the  above-mentioned  edge,  thereby 
attaining  a  large  holding  capacity.  According  to  this 
arrangement,  the  cutting  oil  discharged  from  the 
discharge  opening  12d  is  effectively  spread  over 

11 
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the  entire  width  of  the  chip-discharging  flute 
through  the  recess  26  so  as  to  flow  along  the  chip- 
discharging  flute  14  in  contact  with  the  entire  inner 
surface  of  the  chip-discharging  flute  14.  Conse- 
quently,  the  chips  in  the  chip-discharging  flute  14 
can  efficiently  be  discharged  without  stagnating  in 
the  flute.  In  addition,  the  cutting  oil  which  is  widely 
spread  into  the  grooved  25,25  can  further  reduce 
the  friction  between  the  chips  and  the  inner  surface 
of  the  chip-discharging  flute. 

In  order  to  promote  the  flow  of  the  cutting  oil 
from  the  discharge  opening  12d  into  the  chip- 
discharging  flute  14,  a  recess  or  channel  27  may 
be  formed  in  the  end  surface  10a  of  the  bit  body 
10  so  as  to  provide  a  direct  communication  be- 
tween  the  discharge  opening  12d  and  the  chip- 
discharging  flute  14  as  shown  in  Figs.  16  and  17,  in 
addition  to  the  above-mentioned  recess  26.  Such  a 
recess  or  channel  27  ensures  a  stable  supply  of 
the  cutting  oil  into  the  chip-discharging  flute  14, 
while  increasing  the  rate  of  supply. 

As  illustrated,  the  recess  or  channel  27  is 
shaped  so  as  to  progressively  approach  the  center 
of  the  bit  body  10  towards  the  trailing  end  as 
viewed  in  the  direction  of  rotation,  thereby  enabling 
the  cutting  oil  to  be  supplied  to  the  region  near  the 
cutting  edge  portion  20  of  each  cutting  insert  16.  It 
is  therefore  possible  to  concentrate  the  cutting  oil 
to  the  region  where  the  cutting  is  being  conducted 
by  the  cutting  edge  portion  20,  thereby  effectively 
cooling  the  material  and  the  cutting  edge  portion  in 
the  cutting  region.  However,  it  is  not  always  neces- 
sary  that  both  the  recess  26  and  the  recess  or 
channel  27  are  formed;  namely,  one  of  the  recess 
26  and  the  recess  or  channel  27  may  be  omitted. 

The  invention  has  been  described  through  il- 
lustration  of  embodiments  which  employ  cutting 
inserts  16  which  have  substantially  regular  triangu- 
lar  shapes.  The  invention,  however,  is  not  limited  to 
such  a  type  of  throw-away  cutting  insert.  For  in- 
stance,  it  is  possible  to  use  diamond-shaped  cut- 
ting  inserts  as  an  inner  peripheral  cutting  insert 
28A  and  an  outer  peripheral  cutting  insert  28B,  as 
in  an  embodiment  shown  in  Fig.  18.  It  is  also 
possible  to  use  three  or  more  cutting  inserts. 

Furthermore,  the  present  invention  is  not  limit- 
ed  to  a  drill  of  the  type  which  employs  throw-away 
cutting  inserts  having  cutting  edge  portions  con- 
stituting  the  bottom  cutting  edge.  For  instance,  as 
shown  in  Fig.  19,  the  drill  of  the  present  invention 
may  have  a  cutting  edge  tip  30  which  has  a  cutting 
edge  portion  29  constituting  the  bottom  cutting 
edge  and  which  is  fixed  by  brazing  to  the  bit  body 
10.  It  is  also  possible  to  suitably  combine  the 
features  of  the  embodiments  described  herein- 
before. 

As  will  be  understood  from  the  foregoing  de- 
scription,  according  to  the  present  invention,  the 

annular  surface  of  the  flange  formed  on  the  bit 
body  is  contactable  with  the  front  end  surface  of 
the  machine  tool  over  the  entire  area  thereof.  The 
drill,  therefore,  can  be  stably  held  by  the  holding 

5  portion  by  making  contact  therewith  over  an  in- 
creased  area  of  contact,  thus  exhibiting  a  more 
rigid  mounting.  Consequently,  the  vibration  and 
shiver  of  the  bit  body  during  drilling  can  be  greatly 
suppressed,  so  that  high  degree  of  machining  pre- 

io  cision  and  high  quality  of  the  machined  surface  can 
be  obtained  even  when  the  drill  used  has  cutting 
inserts  which  are  offset  radially  inward  and  outward 
or  even  when  a  drill  having  a  large  value  of  the  L/D 
ratio  for  forming  a  small-diameter  long  bore  is 

is  used. 
Although  specific  embodiments  of  the  invention 

have  been  disclosed,  the  present  invention  is  not  to 
be  construed  as  limited  to  the  particular  embodi- 
ments  and  forms  disclosed  herein  since  the  fore- 

20  going  description  is  to  be  regarded  as  illustrative 
rather  than  restrictive,  and  it  should  be  understood 
that  modifications  and  variations  in  details  of  con- 
struction  may  be  made  without  departing  from  the 
spirit  and  scope  of  the  invention  as  defined  by  the 

25  claims  appended  hereto. 

Claims 

1.  A  drill  comprising  a  substantially  cylindrical  bit 
30  body,  a  pair  of  chip-discharging  flutes  formed 

in  the  outer  peripheral  surface  of  said  bit  body 
so  as  to  open  in  the  front  end  surface  of  said 
bit  body  and  to  extend  rearward  therefrom 
along  and  at  both  sides  of  an  axis  of  said  bit 

35  body,  and  cutting  members  having  cutting 
edge  portions  constituting  a  bottom  cutting 
edge,  said  bit  body  having  a  flange  portion 
which  includes  a  converging  portion  the  diam- 
eter  of  which  progressively  decreases  along 

40  said  axis  towards  the  front  end  of  said  bit  body 
and  a  substantially  disk-shaped  flange  con- 
nected  to  said  converging  portion  and  having  a 
rearwardly  facing  annular  end  surface,  said  an- 
nular  end  surface  being  formed  to  contact  a 

45  front  end  surface  of  a  drill  holding  portion  of  a 
machine  which  rotatably  holds  said  bit  body 
substantially  over  the  entire  area  of  said  an- 
nular  end  surface. 

50  2.  A  drill  according  to  claim  1  ,  wherein  said  con- 
verging  portion  is  configured  so  that  the  rate  of 
reduction  in  the  radius  is  progressively  in- 
creased  along  said  axis  toward  the  front  end  of 
said  bit  body. 

55 
3.  A  drill  according  to  claim  1  or  2,  wherein  a 

plurality  of  grooves  are  formed  in  the  inner 
surface  of  each  of  said  chip-discharging  flutes 

12 
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so  as  to  extend  along  each  of  said  chip-dis- 
charging  flutes. 

4.  A  drill  according  to  one  claim  1  or  2,  wherein 
said  chip-discharging  flutes  are  spirally  twisted 
about  said  axis. 

5.  A  drill  according  to  claim  4,  therein  the  angle 
of  twist  of  said  chip-discharging  flutes  over  the 
entire  length  of  said  chip-discharging  grooves 
is  from  0  to  90  °  . 

6.  A  drill  according  to  claim  4,  wherein  cutting  oil 
passage  bores  are  formed  in  the  lands  defined 
between  said  chip-discharging  flutes  at  a  front 
end  portion  of  said  bit  body,  said  cutting  oil 
passage  bores  extending  linearly  at  an  inclina- 
tion  with  respect  to  said  axis  in  accordance 
with  the  twist  of  said  chip-discharging  flutes. 

7.  A  drill  according  to  claim  1  or  2,  wherein  said 
chip-discharging  flutes  extend  straight  along 
and  in  parallel  with  said  axis. 

8.  A  drill  according  to  claim  1  or  2,  wherein  the 
inner  surface  of  said  chip-discharging  flute  has 
a  fast  inner  surface  portion  which  is  directed  in 
the  direction  of  rotation  of  said  drill  and  a 
second  inner  surface  portion  which  is  directed 
in  the  counter  direction  at  an  inclination  with 
respect  to  said  first  inner  surface  portion. 

9.  A  drill  according  Claim  8,  wherein  the  inner 
surface  of  said  chip-discharging  flute  has  a 
third  inner  surface  portion  interconnecting  said 
first  and  second  inner  surface  portions  and 
recessed  from  said  first  and  second  inner  sur- 
face  portions. 

10.  A  drill  according  to  claim  9,  wherein  angles  of 
intersection  between  said  first  and  third  inner 
surface  portions  and  between  said  second  and 
third  inner  surface  portions  are  obtuse. 

11.  A  drill  according  to  claim  9  wherein  said  third 
inner  surface  portion  is  arcuately  recessed  ra- 
dially  inwardly  of  said  bit  body. 

12.  A  drill  according  to  claim  11,  wherein  the  three 
inner  surface  portions  of  the  inner  surface  of 
said  chip-discharging  flute  exhibit  a  substan- 
tially  arcuate  cross-section  when  taken  along  a 
plane  perpendicular  to  said  axis. 

14.  A  drill  according  to  claim  1  to  2,  wherein  the 
cross-sectional  shapes  of  said  pair  of  chip- 
discharging  flutes  are  asymmetrical  to  each 
other  with  respect  to  said  axis  when  taken 

5  along  a  plane  perpendicular  to  said  axis. 

15.  A  drill  according  to  claim  14,  wherein  the 
cross-sectional  area  of  one  of  said  chip-dis- 
charging  flutes  is  greater  than  the  cross-sec- 

io  tional  area  of  the  other  of  said  chip-discharging 
flutes  when  taken  along  a  plane  perpendicular 
to  said  axis. 

16.  A  drill  according  to  claim  15,  wherein  at  least 
is  one  cutting  insert  is  detachably  mounted  on 

the  end  of  each  of  said  chip-discharging  flutes 
such  that  a  cutting  edge  portion  of  said  cutting 
insert  forms  a  bottom  cutting  edge,  the  cutting 
inserts  mounted  on  the  ends  of  both  chip- 

20  discharging  flutes  being  substantially  of  the 
same  shape  and  size,  the  cutting  insert  moun- 
ted  on  the  end  of  said  one  of  said  chip- 
discharging  flutes  being  radially  inwardly  offset 
relative  to  the  other  so  as  to  serve  as  an  inner 

25  peripheral  cutting  insert. 

17.  A  drill  according  to  claim  1  or  2  wherein  cut- 
ting  oil  discharge  openings  are  formed  in  a 
front  end  surface  of  said  bit  body  in  regions 

30  near  a  trailing  edge  of  the  openings  of  said 
chip-discharge  flutes  as  viewed  in  the  direction 
of  rotation  of  said  drill. 

18.  A  drill  according  to  claim  17,  wherein  recesses 
35  are  formed  in  the  front  end  surface  of  said  bit 

body  so  as  to  extend  along  said  trailing  edges 
of  said  openings  of  said  chip-discharging  flutes 
and  so  as  to  be  recessed  axially  rearwardly  in 
communication  with  said  chip-discharging 

40  flutes,  said  cutting  oil  discharge  openings  be- 
ing  opened  in  the  bottoms  of  said  recesses. 

19.  A  drill  according  to  claim  18,  wherein  said 
recess  is  curved  and  concaved  as  viewed  in 

45  the  direction  of  said  edge. 

20.  A  drill  according  to  claim  17  wherein  channels 
are  formed  in  the  front  end  surface  of  sad  bit 
body  so  as  to  extend  from  said  cutting  oil 

50  discharging  openings  towards  the  trailing  end 
as  viewed  in  the  direction  of  rotation  of  said 
drill  into  communication  with  said  chip-dis- 
charging  flutes. 

13.  A  drill  according  to  claim  9  wherein  said  third  55 
inner  surface  portion  extends  to  a  point  near 
the  front  end  of  said  flange  portion. 

13 
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