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(54)  A  honing  tool  and  super-high  precision  finishing  method  using  said  honing  tool 

(57)  The  invention  relates  to  a  honing  tool  for  carry- 
ing  out  honing  working  of  a  work  with  high  accuracy  and 
super  precision  finishing  method  using  the  honing  tool. 
The  honing  tool  is  mainly  constituted  by  a  pilot  section 
(5),  a  rough  grinding  section  (7),  afinish  grinding  section 
(10)  and  a  correction  section  (13).  The  honing  tool  is 
sent  at  rapid  speed  while  being  reciprocated  little,  and 
the  machining  working  and  correction  finishing  of  the 
straightness  are  carried  out  thereby  the  honing  working 
is  carried  out.  According  to  the  invention,  the  machining 
working  efficiency  and  the  working  accuracy  can  be  im- 
proved,  and  the  honing  finishing  with  high  straightness 
becomes  possible. 
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Description 

Technical  Field 

The  present  invention  relates  to  a  honing  tool  for 
carrying  out  honing  working  of  a  work  with  high  precision 
and  super  precision  finishing  method  using  the  same. 

Background  Art 

In  the  prior  art,  when  honing  working  is  to  be  carried 
out,  a  tool  with  several  grindstones  attached  on  its  pe- 
riphery  is  used,  and  while  the  tool  is  supplied  with  rota- 
tional  motion,  it  is  moved  in  reciprocating  motion  by  a 
distance  corresponding  to  working  area  of  the  work 
thereby  the  grinding  working  is  carried  out. 

One  example  of  such  a  honing  tool  is  shown  in  Fig. 
1. 

The  honing  tool  61  comprises  a  hollow  mandrel  62, 
and  a  plurality  of  grindstones  66  being  provided  on  the 
outer  circumference  of  the  top  end  portion  63  of  the 
mandrel  62  and  movable  in  the  radial  direction.  The 
grindstones  66  are  rotated  while  being  pushed  to  the 
outside  through  a  bed  plate  67  by  moving  a  taper  part 
65  of  a  mandrel  shaft  64  up  and  down,  and  are  recipro- 
cated  up  and  down  repeatedly  by  the  distance  corre- 
sponding  to  the  working  area  thereby  the  grinding  work- 
ing  of  a  prescribed  diameter  is  carried  out. 

In  the  honing  working  by  such  a  honing  tool  61  ,  how- 
ever,  when  it  is  reciprocated  up  and  down  repeatedly 
along  a  circumferential  surface  of  a  hole  81  of  a  work 
80  as  shown  in  Fig.  2,  edge  of  lands  81a  is  liable  to  be 
unsharpened.  Moreover,  when  the  lands  81a  are  differ- 
ent  in  length,  there  is  a  problem  that  the  shorter  land 
81a  is  machined  more  and  the  finished  diameter  be- 
comes  larger. 

If  the  reciprocating  speed  is  made  larger  in  order  to 
raise  the  working  efficiency,  loading  or  crushing  of  the 
grindstone  66  occurs  and  the  efficiency  is  rather  de- 
creased. 

Therefore  some  honing  tool  is  provided  with  two 
sets  of  grinding  sections  in  order  to  raise  the  working 
efficiency,  and  can  perform  rough  machining  and  finish 
machining  continuously. 

Fig.  3  shows  a  honing  tool  71  in  such  constitution. 
The  honing  tool  71  is  constituted  by  a  cylindrical  body 
72,  a  main  machining  grinding  section  73  being  installed 
at  the  top  end  portion  of  the  body  72  and  comprising  a 
rough  grindstone,  and  a  finish  grinding  section  74  being 
installed  at  the  center  portion  and  comprising  a  finish 
grindstone.  A  tapered  adjusting  rod  75  is  fitted  to  the 
inside  of  the  main  machining  grinding  section  73  so  that 
the  main  machining  diameter  can  be  adjusted,  and  a  ta- 
pered  adjusting  rod  77  is  fitted  to  the  inside  of  the  finish 
grinding  section  74  so  that  the  finish  grinding  diameter 
can  be  adjusted. 

The  honing  tool  71  with  the  main  machining  diam- 
eter  and  the  finish  machining  diameter  being  adjusted 

is  rotated  and  moved  by  a  distance  corresponding  to  the 
working  area  thereby  the  grinding  finishing  of  the  pre- 
scribed  diameter  is  carried  out. 

In  such  a  honing  tool  71  ,  however,  there  is  a  prob- 
5  lem  that  the  honing  tool  71  is  liable  to  be  rolled  laterally 

with  respect  to  the  work  thereby  the  straightness  of  the 
hole  subjected  to  the  grinding  finishing  cannot  be  held. 
Also  when  the  moving  speed  of  the  tool  is  made  larger, 
there  is  a  problem  that  loading  or  crushing  of  the  main 

10  machining  grindstone  73  and  the  finish  grindstone  74 
occurs. 

Disclosure  of  Invention 

is  in  order  to  solve  the  above-mentioned  problems  in 
the  prior  art,  a  honing  tool  and  super  precision  finishing 
method  using  the  same  according  to  the  present  inven- 
tion  are  constituted  as  follows. 

The  honing  tool  according  to  the  present  invention 
20  is  one  having  a  plurality  of  grinding  sections  in  the  ver- 

tical  direction  of  the  body,  comprising  a  pilot  section  be- 
ing  installed  at  the  top  end  portion  of  the  body  and  ca- 
pable  of  being  fitted  to  a  work;  a  rough  grinding  section 
being  installed  adjacent  to  the  upper  portion  of  the  pilot 

25  section  and  capable  of  being  elastically  deformed  in  the 
radial  direction;  a  finish  grinding  section  being  installed 
adjacent  to  the  upper  portion  of  the  rough  grinding  sec- 
tion  and  capable  of  being  elastically  deformed  in  the  ra- 
dial  direction;  a  correction  section  being  installed  adja- 

30  cent  to  the  upper  portion  of  the  finish  grinding  section 
and  formed  in  diameter  slightly  less  than  the  machining 
diameter  of  the  finish  grinding  section  and  formed  longer 
than  the  overall  length  of  the  work  in  the  working  axis 
direction;  a  taper  hole  being  bored  at  least  on  the  inside 

35  of  the  rough  grinding  section  and  the  finish  grinding  sec- 
tion  and  opened  widening  towards  the  top  end  of  the 
body;  and  an  adjusting  section  being  formed  so  as  to  be 
fitted  to  the  taper  hole  and  having  at  least  two  taper  parts 
and  capable  of  adjusting  the  machining  diameter  of  the 

40  rough  grinding  section  and  the  finish  grinding  section. 
The  super  precision  finishing  method  according  to  the 
invention  uses  the  honing  tool,  and  comprises  step  of 
sending  the  honing  tool  at  rapid  speed  while  being  re- 
ciprocated  slightly  over  a  distance  corresponding  to  the 

45  working  length  of  the  work;  step  of  fitting  the  pilot  section 
to  the  work  and  supporting  the  top  end  portion  of  the 
honing  tool  rotatably;  step  of  machining  the  work  by  the 
rough  grinding  section  and  the  finish  grinding  section; 
and  step  of  pushing  the  correction  section  to  the  circum- 

so  ferential  surface  of  the  work  and  performing  the  correc- 
tion  finishing  of  the  straightness  of  the  work. 

Brief  Description  of  Drawings 

55  Fig.  1  is  a  sectional  view  showing  an  example  of  a 
honing  tool  in  the  prior  art  where  machining  is  car- 
ried  out  by  enlarging  diameter  by  a  shaft  having  a 
taper  part; 
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Fig.  2  is  a  sectional  view  showing  an  example  of  a 
work; 
Fig.  3  is  a  sectional  view  showing  an  example  of  a 
honing  tool  having  two  sets  of  grinding  sections  in 
the  prior  art; 
Fig.  4  is  an  outside  view  showing  an  embodiment 
of  a  honing  tool  of  the  invention; 
Fig.  5  is  a  longitudinal  sectional  view  of  the  honing 
tool; 
Fig.  6  is  a  sectional  view  taken  in  arrow  A  in  Fig.  5; 
Fig.  7  is  a  sectional  view  taken  in  arrow  B  in  Fig.  5; 
Fig.  8  is  a  sectional  view  taken  in  arrow  C  in  Fig.  5; 
Fig.  9  is  a  schematic  sectional  view  showing  an  ex- 
ample  of  a  honing  machine  suitable  for  super  pre- 
cision  finishing  method  of  the  invention; 
Fig.  10  is  a  plan  view  of  the  honing  machine; 
Fig.  11  is  an  enlarged  sectional  view  of  a  small  ver- 
tical  reciprocating  device  of  the  invention; 
Fig.  12  is  an  explanation  diagram  showing  eccen- 
tricity  of  an  eccentric  tire  of  the  invention;  and 
Fig.  1  3  is  a  curved  line  diagram  explaining  locus  of 
the  honing  tool  with  respect  to  the  work. 

Best  Mode  for  Carrying  Out  the  Invention 

A  honing  tool  1  shown  in  Fig.  4  and  Fig.  5  is  mainly 
constituted  by  a  body  2  provided  with  a  pilot  section  5, 
a  rough  grinding  section  7,  a  finish  grinding  section  10, 
a  correction  section  1  3  and  a  taper  hole  1  7,  a  joint  sec- 
tion  3  of  universal  joint  type  installed  on  the  upper  end 
portion  of  the  body  2,  and  an  adjustment  section  20  ca- 
pable  of  being  fitted  in  the  taper  hole  17. 

The  body  2  is  constituted  by  a  rod  member,  and  its 
outer  circumference  is  provided  with  a  plurality  of  oil 
grooves  1  5  continuing  from  the  pilot  section  5  to  the  cor- 
rection  section  1  3. 

The  pilot  section  5  is  installed  on  the  outer  circum- 
ference  at  the  top  end  portion  of  the  body,  and  is  con- 
stituted  in  the  divided  state  in  the  circumferential  direc- 
tion  by  the  oil  grooves  1  5  in  the  embodiment.  The  outer 
diameter  of  the  pilot  section  5  is  made  slightly  smaller 
than  the  hole  diameter  of  the  work  before  the  grinding 
finishing. 

The  rough  grinding  section  7  is  installed  adjacent  to 
the  upper  portion  of  the  pilot  body  5,  and  is  divided  in 
the  circumferential  direction  by  the  oil  grooves  15. 

In  the  rough  grinding  section  7,  grains  with  rough 
grading  are  electrodeposited  so  as  to  provide  large 
grinding  amount,  and  its  outer  diameter  is  formed  larger 
than  the  outer  diameter  of  the  pilot  section  5  and  slightly 
smaller  than  that  of  the  finishing  diameter  of  the  work. 
Also  the  oil  grooves  of  the  rough  grinding  section  are 
provided  with  a  plurality  of  slits  8  extending  in  the  longi- 
tudinal  direction  and  penetrating  the  taper  hole  17. 

The  finish  grinding  section  10  is  installed  adjacent 
to  the  upper  portion  of  the  rough  grinding  section  7  and 
divided  in  the  circumferential  direction  by  the  oil  grooves 
15.  In  the  final  grinding  section  10,  grains  with  fine  grad- 

ing  suitable  for  the  honing  finishing  are  equal  to  the  finish 
diameter  of  the  work. 

The  rough  grinding  section  7  and  the  finish  grinding 
section  10  may  be  formed  also  in  that  a  grindstone  of 

5  plate  shape  having  grading  suitable  for  each  grinding 
section  is  stuck  thereon. 

The  oil  grooves  15  of  the  finish  grinding  section  10 
are  provided  with  a  plurality  of  slits  11  extending  in  the 
longitudinal  direction  and  penetrating  the  taper  hole  1  7. 

10  The  slits  11  are  provided  on  oil  grooves  adjacent  to  the 
oil  grooves  1  5  having  the  slits  8  formed  thereon,  and  the 
slits  1  1  and  the  slits  8  are  formed  to  be  positioned  alter- 
nately  with  each  other  in  the  circumferential  direction  of 
the  body  2.  In  this  case,  the  slits  8  and  11  are  those  to 

is  promote  the  elastic  deformation  of  the  rough  grinding 
section  7  and  the  finish  grinding  section  10  in  the  radial 
direction  respectively. 

A  correction  section  13  is  installed  adjacent  to  the 
upper  portion  of  the  finish  grinding  section  1  0  and  divid- 

20  ed  in  the  circumferential  direction  by  the  oil  grooves  15. 
Outer  diameter  of  the  correction  section  13  is  formed 
slightly  smaller  than  the  finish  diameter  of  the  work,  and 
it  is  formed  longer  than  the  overall  length  of  the  work  in 
the  working  axis  direction. 

25  The  taper  hole  1  7  is  bored  at  the  inside  of  the  rough 
grinding  section  7  and  the  finish  grinding  section  1  0  hav- 
ing  the  axial  line  commonly,  and  it  is  opened  widening 
towards  the  top  end  of  the  body  2  (lower  side  of  Fig.  4). 

An  adjustment  section  20  is  constituted  by  a  rod 
30  member  capable  of  being  fitted  to  the  taper  hole  1  7,  and 

has  a  first  taper  portion  21  and  a  second  taper  portion 
22  projecting  in  the  radial  direction  in  the  embodiment 
and  a  thread  portion  23  is  formed  in  axial  line  shape. 

The  first  taper  portion  21  abuts  on  the  wall  surface 
35  of  the  taper  hole  17  at  the  inside  of  the  rough  grinding 

section  7,  and  the  second  taper  portion  22  abuts  on  the 
wall  surface  of  the  taper  hole  1  7  at  the  inside  of  the  finish 
grinding  section  1  0,  and  both  are  constituted  having  the 
taper  in  similar  manner  to  the  taper  hole  1  7  respectively. 

40  An  adjustment  bolt  25  is  threadedly  engaged  with 
the  thread  portion  23  of  the  adjustment  section  20,  and 
when  the  adjustment  section  20  is  strongly  pushed  into 
the  taper  hole  1  7,  each  of  the  first  and  second  taper  por- 
tions  21  ,  22  pushes  the  wall  surface  of  the  taper  hole  1  7 

45  and  the  rough  grinding  section  7  and  the  finish  grinding 
section  10  are  subjected  to  the  elastic  deformation  and 
each  machining  diameter  can  be  enlarged  and  adjusted 
simultaneously.  The  adjustment  bolt  25  is  pulled  from 
that  state,  thereby  the  adjustment  section  20  moves  the 

so  taper  hole  17  to  the  open  side.  Thereby  the  pushing 
pressure  of  the  wall  surface  of  the  taper  hole  1  7  by  the 
first  and  second  taper  portions  21  ,  22  is  decreased,  and 
the  rough  grinding  section  7  and  the  finish  grinding  sec- 
tion  10  are  restored  in  the  diameter  reducing  direction 

55  by  elasticity  of  the  body  2  itself  constituting  the  base  part 
and  each  machining  diameter  is  decreased  simultane- 
ously. 

In  the  honing  tool  1  constituted  in  this  manner,  the 
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joint  section  3  is  mounted  on  the  main  shaft  of  the  honing 
machine  thereby  the  honing  working  is  carried  out. 

In  the  embodiment,  although  the  grinding  section  is 
constituted  in  two  stages,  the  rough  grinding  section  7 
and  the  finish  grinding  section  10,  it  may  be  constituted 
in  three  or  more  stages  further  including  an  intermediate 
finish  grinding  section. 

Next,  super  precision  finishing  method  using  a  hon- 
ing  tool  of  the  present  invention  will  be  described. 

First,  an  example  of  a  honing  machine  suitable  for 
the  method  of  the  invention  will  be  described  using  Figs. 
9  to  12. 

The  honing  machine  30  comprises  a  column  31  ,  a 
headstock  32  being  supported  by  the  column  31  and 
movable  up  and  down,  a  spindle  head  33  being  support- 
ed  by  the  headstock  32  and  movable  up  and  down,  a 
main  spindle  40  being  rotatably  installed  in  the  spindle 
head  33  and  detachably  mounting  a  honing  tool  1  at  the 
bottom  end  portion,  a  driving  gear  45  for  driving  the  main 
spindle  40  and  rotating  the  honing  tool  1  ,  a  large  recip- 
rocating  device  35  for  reciprocating  the  spindle  head  33 
in  the  axial  line  direction  of  the  main  spindle  40  and  mov- 
ing  the  honing  tool  1  up  and  down  throughout  a  distance 
corresponding  to  a  working  length  L  of  a  work  W  (overall 
length  of  a  hole  Wa  in  the  axial  direction),  and  a  small 
reciprocating  device  50  for  carrying  out  up-and-down 
motion  at  rapid  speed,  the  distance  corresponding  to  the 
working  length  L  being  made  the  upper  limit  of  ampli- 
tude,  and  for  reciprocating  the  honing  tool  1  up  and 
down  a  small  amount  through  the  main  spindle  40, 
where  the  large  or  small  reciprocating  motion  is  super- 
posed  on  the  rotational  motion  of  the  honing  tool  1  . 

The  driving  gear  45  of  the  honing  machine  30  is  con- 
stituted  to  drive  a  pulley  46  being  spline-fitted  to  a  spline 
41  at  the  top  end  portion  of  the  main  spindle  40  by  a 
rotary  drive  source  47. 

The  large  reciprocating  device  35  comprises  an  arm 
34  projected  from  the  spindle  head  33  and  having  a  fe- 
male  screw  portion,  a  ball  screw  36  being  pivotally  sup- 
ported  by  the  headstock  32  and  threadedly  engaged 
with  the  female  screw  portion  of  the  arm  34,  and  a  drive 
source  37  rotating  and  driving  the  ball  screw  36.  By  the 
forward  or  reverse  rotation  of  the  ball  screw  36,  at  the 
state  that  the  spindle  head  33  pivotally  supports  the 
main  spindle  40,  it  is  reciprocated  up  and  down  at  large 
amount. 

The  small  reciprocating  device  50  comprises  a  cir- 
cular  ring  washer  51  having  a  flat  surface  orthogonal  to 
the  axial  line  of  the  main  spindle  40  and  projected  at  the 
inside  of  the  spindle  head  33,  a  pin  52  fixed  orthogonal 
to  the  main  spindle  40,  an  eccentric  tire  54  being  pivot- 
ally  supported  on  both  ends  of  the  pin  52  and  rollable 
on  the  circular  ring  washer  51  ,  and  a  spring  55  for  bias- 
ing  the  main  spindle  40  in  one  direction  through  aflange 
portion  42  of  the  main  spindle  40.  The  eccentric  tire  54 
has  cross  section  in  contraction  shape  and  is  pivotally 
supported  by  the  pin  52  through  a  ball  bearing  53. 

In  the  small  reciprocating  device  50,  the  eccentric 

tire  54  is  rolled  on  the  circular  ring  washer  51  accompa- 
nying  with  rotation  of  the  main  spindle  40.  By  this  rolling 
motion,  the  main  spindle  40  is  formed  to  be  reciprocated 
up  and  down  little  by  amplitude  being  two  times  of  the 

5  eccentricity  amount  "a"  between  the  axial  line  of  the  pin 
52  and  the  axial  line  of  the  eccentric  tire  54  with  respect 
to  the  spindle  head  33  per  one  revolution. 

The  small  reciprocating  device  50  may  be  constitut- 
ed  in  that  the  circular  ring  washer  51  is  formed  in  one 

10  cam  shape  and  the  eccentric  tire  54  is  replaced  by  a 
concentric  tire.  It  may  be  also  constituted  in  that  the  main 
spindle  40  is  reciprocated  up  and  down  little  by  a  crank 
shaft  mounted  on  the  rotational  drive  source. 

Next,  super  precision  finishing  method  by  the  hon- 
15  ing  tool  1  using  such  a  honing  machine  30  will  be  de- 

scribed. 
First,  diameter  of  the  pilot  section  5,  the  rough  grind- 

ing  section  7,  the  finish  grinding  section  10  and  the  cor- 
rection  section  1  3  of  the  honing  tool  1  is  set  correspond- 

20  ing  to  the  diameter  of  the  hole  Wa  of  the  work  W.  Par- 
ticularly,  the  machining  diameter  of  the  rough  grinding 
section  7  and  the  finish  grinding  section  10  is  adjusted 
by  the  fitting  degree  of  the  adjustment  section  20  to  the 
taper  hole  1  7.  And  then  the  honing  tool  1  is  mounted  on 

25  the  main  spindle  40  of  the  honing  machine  30.  Also  in 
the  work  W,  the  axial  line  of  the  hole  Wa  is  made  coin- 
cident  with  the  axial  line  of  the  main  spindle  40,  and  it 
is  fixed  to  a  table  chuck  57  of  the  honing  machine  30 
below  the  honing  tool  1  . 

30  |f  the  driving  gear  45  of  the  honing  machine  30  is 
driven,  the  main  spindle  40  is  rotated  and  the  honing 
tool  1  is  rotated  at  a  prescribed  rotational  speed.  At  the 
same  time,  the  small  reciprocating  device  50  operates 
and  the  main  spindle  40  is  moved  up  and  down  with  the 

35  amplitude  2a  at  period  corresponding  to  the  rotational 
speed,  and  accompanying  with  this,  the  honing  tool  1  is 
reciprocated  up  and  down  little. 

Next,  if  the  large  reciprocating  device  35  is  driven, 
the  spindle  head  33  is  moved  downward,  and  accom- 

40  panying  with  this,  the  main  spindle  40  is  moved  down- 
ward. 

The  motion  of  the  main  spindle  40  is  forward  motion 
of  the  large  reciprocating  motion,  and  while  the  honing 
tool  1  is  rotated,  the  small  reciprocating  motion  and  the 

45  large  reciprocating  motion  are  superposed,  and  the  hon- 
ing  tool  1  is  moved  downward  into  the  hole  Wa. 

Fig.  1  3  is  a  curved  line  diagram  explaining  locus  of 
the  outer  circumference  of  the  honing  tool  1  which  is 
moved  downward  while  being  reciprocated  little. 

so  As  shown  in  the  figure,  the  honing  tool  1  generates 
sine  curve  of  the  amplitude  2a  up  and  down  per  one  rev- 
olution,  and  is  moved  downward  by  the  moving  amount 
€  by  means  of  the  large  reciprocating  device  35. 

One  sine  curve  being  one  round  of  the  inner  circum- 
55  ference  of  the  hole  Wa  continues  to  next  sine  curve,  and 

the  sine  curve  is  generated  in  sequence  and  moved 
downward  in  the  arrow  Y  direction. 

By  this  downward  motion,  the  pilot  section  5  of  the 

4 
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honing  tool  1  is  first  moved  in  the  hole  Wa,  and  it  is  fitted 
to  the  hole  Wa  and  rotates  and  supports  the  honing  tool 
1.  Thereby  advance  of  the  honing  tool  1  is  guided 
straight  and  lateral  rolling  thereof  is  prevented. 

Further  if  the  downward  motion  advances,  the  s 
rough  grinding  section  7  is  moved  in  the  hole  Wa,  and 
while  the  small  reciprocating  motion  at  the  rapid  speed 
and  short  amplitude  is  repeated,  the  downward  motion 
at  slow  speed  is  continued  by  the  large  reciprocating  de- 
vice  35.  Then  the  rough  grinding  section  7  carries  out  10 
the  heavy  machining  and  forms  the  grounding  for  the 
finishing. 

Continuing  to  the  machining  by  the  rough  grinding 
section  7,  the  finish  grinding  section  10  is  moved  in  the 
hole  Wa  and  carries  out  the  finish  grinding  working  while  15 
repeating  the  small  reciprocating  motion.  Further  if  the 
downward  motion  advances,  the  correction  section  1  3 
is  moved  in  the  hole  Wa.  The  correction  section  13  is 
opposite  to  the  hole  Wa  machined  to  the  prescribed  fin- 
ish  diameter  by  the  finish  grinding  section  1  0  throughout  20 
the  overall  length  of  the  working  length  L.  When  the  hole 
Wa  is  slightly  curved  in  the  axial  direction,  the  portion  is 
pushed  by  the  correction  section  13  and  is  made  flat 
thereby  the  straight  degree  of  the  hole  Wa  is  improved. 

On  the  other  hand,  in  each  process  as  above  de-  25 
scribed,  lubricating  oil  is  supplied  through  the  oil  groove 
15  to  the  machining  section,  thereby  seizure  is  prevent- 
ed  and  the  machining  property  is  improved. 

When  the  correction  process  is  completed,  the 
large  reciprocating  device  35  is  reversely  rotated  and  30 
driven  and  the  honing  tool  1  is  raised  and  pulled  out  of 
the  hole  Wa. 

Thus  the  honing  tool  1  is  moved  throughout  the 
overall  length  of  the  working  length  L  while  repeating  the 
small  reciprocating  motion,  and  the  heavy  machining  35 
and  the  finish  machining  and  correction  of  the  straight 
degree  are  carried  out  by  the  downward  motion  of  one 
time  thereby  the  work  W  can  be  finished  with  accuracy 
of  super  precision. 

According  to  the  honing  tool  of  the  present  invention  40 
and  the  super  precision  finishing  method  using  the  hon- 
ing  tool  as  above  described,  since  the  large  reciprocat- 
ing  motion  and  the  small  reciprocating  motion  are  su- 
perposed  on  the  honing  tool,  and  the  heavy  machining 
by  the  rough  grinding  section  and  the  finish  machining  45 
by  the  finish  grinding  section  are  carried  out  continuous- 
ly,  the  honing  working  with  high  precision  can  be  carried 
out.  Moreover,  as  the  honing  finishing  can  be  carried  out 
by  only  one  passing  of  the  honing  tool  along  the  work, 
the  working  efficiency  can  be  significantly  improved.  so 

Also  as  the  honing  tool  can  be  prevented  from  being 
rolled  and  can  be  inserted  straight  by  the  fitting  between 
the  pilot  section  and  the  work,  the  working  accuracy  can 
be  improved  and  the  edge  can  be  prevented  from  being 
unsharpened.  55 

Further,  as  the  machined  work  is  pushed  by  the  cor- 
rection  section  and  the  finishing  is  carried  out,  the  hon- 
ing  finishing  can  be  carried  out  with  high  straight  degree. 

Also  as  the  moving  machining  working  is  carried  out 
while  repeating  the  small  reciprocating  motion,  loading 
or  crushing  of  each  grinding  section  can  be  prevented. 

Claims 

1.  A  honing  tool  having  a  plurality  of  grinding  sections 
in  the  vertical  direction  of  the  body,  comprising: 

a  pilot  section  being  installed  at  the  top  end  por- 
tion  of  the  body  and  capable  of  being  fitted  to  a 
work; 
a  rough  grinding  section  being  installed  adja- 
cent  to  the  upper  portion  of  said  pilot  section 
and  capable  of  being  elastically  deformed  in  the 
radial  direction; 
a  finish  grinding  section  being  installed  adja- 
cent  to  the  upper  portion  of  said  rough  grinding 
section  and  capable  of  being  elastically  de- 
formed  in  the  radial  direction; 
a  correction  section  being  installed  adjacent  to 
the  upper  portion  of  said  finish  grinding  section 
and  formed  in  diameter  slightly  less  than  the 
machining  diameter  of  said  finish  grinding  sec- 
tion  and  formed  longer  than  the  overall  length 
of  said  work  in  the  working  axis  direction; 
a  taper  hole  being  bored  at  least  on  the  inside 
of  said  grinding  section  and  said  finish  grinding 
section  and  opened  widening  towards  the  top 
end  of  said  body;  and 
an  adjusting  section  being  formed  so  as  to  be 
fitted  to  said  taper  hole  and  having  at  least  two 
taper  parts  and  capable  of  adjusting  the  ma- 
chining  diameter  of  said  rough  grinding  section 
and  said  finish  grinding  section. 

2.  A  honing  tool  as  set  forth  in  claim  1  ,  wherein  a  uni- 
versal  joint  is  installed  at  the  base  end  portion  side 
of  said  body. 

3.  A  honing  tool  as  set  forth  in  claim  1  ,  wherein  a  plu- 
rality  of  oil  grooves  extend  from  the  top  end  portion 
of  said  body  to  the  base  end  portion  thereof. 

4.  A  honing  tool  as  set  forth  in  claim  1,  wherein  said 
rough  grinding  section  and  said  finish  grinding  sec- 
tion  are  provided  with  slits  to  promote  elastic  defor- 
mation  in  each  radial  direction. 

5.  A  honing  tool  as  set  forth  in  claim  4,  wherein  slits  of 
said  rough  grinding  section  and  slits  of  said  finish 
grinding  section  are  installed  alternately  with  each 
other  in  the  circumferential  direction  of  said  body. 

6.  Super  precision  finishing  method  which  carries  out 
honing  working  of  a  work, 

5 
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wherein  a  honing  tool  having  a  pilot  section,  a 
rough  grinding  section,  a  finish  grinding  section 
and  a  correction  section  in  sequence  from  the 
top  end  portion  of  the  body  to  the  base  end  por- 

said  method  comprising: 
step  of  sending  said  honing  tool  at  rapid  speed 
while  being  reciprocated  little  over  a  distance 
corresponding  to  the  working  length  of  the 

step  of  fitting  said  pilot  section  to  said  work  and 
supporting  the  top  end  portion  of  said  honing 
tool  rotatably; 
step  of  machining  said  work  by  said  rough 
grinding  section  and  said  finish  grinding  sec-  15 
tion; 
step  of  pushing  said  correction  section  to  the 
circumferential  surface  of  said  work  and  carry- 
ing  out  the  correction  finishing  of  the  straight- 
ness  of  said  work;  and  20 
step  of  carrying  out  the  honing  finishing  by  only 
one  passing  of  said  honing  tool  along  the  cir- 
cumferential  surface  of  said  work. 

tion  thereof  is  used; 5 

work; 10 
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