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This  invention  relates  to  apparatus  for 
sharpening  cutting  tools  and  is  specifically 
concerned  with  the  manufacture  of  tooling  for 
gear  cutting  machinery. 

As  pointed  out  in  U.S.  Patent  3,881,889 
(commonly  owned  herewith),  dimensional  rela- 
tionships  and  closeness  of  tolerances  are 
extremely  important  in  the  design  and  manufac- 
ture  of  certain  cutting  tools,  such  as  those  used 
with  gear  cutting  machinery  capable  of  genera- 
ting  tooth  profiles  for  spiral,  bevel,  hypoid,  and 
other  types  of  gears.  The  geometry  of  cutting 
blades  for  such  machinery  has  been  relatively 
complex  in  order  to  accommodate  geometric 
changes  which  may  be  desired  or  required  in 
the  finished  gear  products.  As  a  result  of  these 
special  requirements,  for  cutting  tools  of  this 
type,  there  has  been  a  long  history  of  manufac- 
ture  and  usage  of  cutting  tools  which  are  rela- 
tively  complex  and  costly  in  terms  of  design  and 
ease  of  manufacture. 

Recently,  there  have  been  efforts  to  simplify 
the  geometry  and  design  of  cutting  blades  used 
in  gear  cutting  applications,  and  this  present  ap- 
plication  is  directed  to  a  disclosure  of  specific 
apparatus  being  designed  and  built  by  The  Glea- 
son  Works,  Rochester,  New  York  for  carrying 
out  high  production  sharpening  and  tesharpe- 
ning  of  various  forms  of  cutting  blades  and 
other  tools.  Although  this  invention  is  directed 
primarily  to  the  special  problems  of  maintaining 
critical  tolerances  and  relationships  in  cutting 
tools  designed  for  spiral,  bevel,  and  hypoid 
gears,  it  should  be  appreciated  that  the  appara- 
tus  disclosed  herein  may  be  used  to  produce 
cutting  tools  for  other  forms  of  gears  (such  as 
spur  and  helical  gears)  and  additionally  may  be 
used  for  sharpening  and  resharpening  cutting 
tools  used  for  milling  or  other  stock  removal  ap- 
plications. 

Various  forms  of  equipment  have  been  de- 
signed  for  carrying  out  specialized  grinding 
operations  for  sharpening  tooling  for  machines. 
For  example,  it  is  known  to  provide  for  a  swin- 
ging  motion  of  a  tool  relative  to  a  grinding 
wheel  so  as  to  produce  a  preferred  end  configu- 
ration  on  the  tool.  Patents  disclosing  this  ge- 
neral  concept  appear  to  be  directed  primarily  to 
methods  and  apparatus  for  sharpening  drill  bits 
in  which  a  conical  end  profile  is  required  for 
each  drill  bit,  as  exemplified  in  U.S.  Patents 
2,471,443;  3,535,831;  3,656,264;  and 
3,838,540. 

It  is  also  known  to  provide  for  batch  grinding 
of  relatively  simple  cutting  blades  designed  for 
use  in  gear  cutting  applications,  as  shown  in 
U.S.  Patents  2,367,494  and  3,487,592.  These 
types  of  grinding,  and  the  tooling  being  ground 
or  re-sharpened,  are  closely  related  to  the  speci- 
fic  subject  matter  of  the  present  invention  inas- 
much  as  the  intent  here  is  to  provide  production 
apparatus  for  precision  grinding  a  plurality  of 

gear  cutting  blades.  However,  as  far  as  known 
by  applicants  herein,  prior  art  efforts  to  re- 
sharpen  precision  cutting  blades  have  not  fully 
satisfied  the  production  requirements  of  major 
users  of  gear  cutting  machinery.  For  one  reason 
or  another  the  types  of  equipment  which  have 
been  tried  require  unacceptably  long  periods  of 
time  for  changing  blade  batches  and  do  not 
appear  to  offer  full  dimensional  control  over  a 
range  of  blade  profiles  to  be  sharpened  in  a  pre- 
cision  production  process.  Accordingly,  it  is  be- 
lieved  that  the  apparatus  and  method  described 
and  claimed  herein  represents  an  improvement 
over  prior  art  efforts  in  this  field. 

In  accordance  with  the  present  invention  all 
critical  surfaces  of  cutting  blades  are  formed 
and  established  in  what  amounts  to  a  single 
grinding  surface  of  a  grinding  wheel.  This  single 
grinding  surface  may  be  a  flat  plane  for  many  ty- 
pical  grinding  operations  contemplated  herein, 
but  we  also  include  grinding  wheel  surfaces 
which  have  been  shaped  to  produce  special  pro- 
files  on  cutting  blades.  In  contrast  to  what  will 
be  described  herein  as  a  "single  grinding 
surface",  the  grinding  equipment  illustrated  in 
U.S.  3,881,889  (commonly  owned  herewith) 
requires  the  use  of  distinct  grinding  surfaces  66 
and  68  (Figures  7  through  11  thereof)  of  a  grin- 
ding  wheel  in  order  to  carry  out  all  steps  of  re- 
sharpening  of  a  cutting  blade  of  the  type  shown. 
Grinding  wheels  which  are  designed  and  manu- 
factured  with  multiple  grinding  surfaces  are  far 
more  costly  to  purchase  and  more  difficult  to 
maintain  than  grinding  wheels  of  simpler  design 
which  include  only  a  single  grinding  surface  for 
carrying  out  all  operations.  In  order  to  take  ad- 
vantage  of  a  single  grinding  surface,  however,  it 
is  necessary  to  provide  apparatus  which  can 
orient  a  batch  of  cutting  blades  into  different 
positions  relative  to  the  surface  of  the  grinding 
wheel.  The  present  invention  does  this  with  an 
arrangement  of  tool-holding  equipment  which 
permits  set-up  of  the  machine  with  only  a  single 
reference  axis  for  determining  initial  and  all 
subsequent  positions  of  a  batch  of  tools  relative 
to  the  single  grinding  surface.  Thus,  the  basic 
approach  of  the  present  invention  is  a  signifi- 
cant  one  inasmuch  as  it  permits  the  use  of 
simpler  and  less  costly  grinding  wheels  and 
dressers  for  establishing  critical  relationships  on 
cutting  blades. 

It  is  important  that  certain  relationships  be 
established  between  individual  cutting  blades  to 
be  sharpened  and  the  single  grinding  surface  of 
a  grinding  wheel.  In  addition,  it  is  important  in 
grinding  operations  of  this  type,  which  necessa- 
rily  involve  a  series  of  steps  of  separate  grinding 
contacts  with  a  grinding  surface,  to  precisely 
locate  each  surface  being  ground  with  reference 
to  other  surfaces  which  were  previously  ground  or 
which  will  be  subsequently  ground.  Maintenance 
of  correct  relationships,  and  even  knowing  pre- 



cisely  where  a  workpiece  is  located  at  all  times 
relative  to  a  grinding  surface,  become  more  dif- 
ficult  as  more  and  more  workpieces  are  intro- 
duced  into  each  grinding  cycle.  Thus,  the 
problems  of  correctly  relating  a  single  cutting 
blade  to  a  grinding  surface  become  greatly  in- 
creased  when  a  plurality  of  cutting  blades  are 
being  handled  at  the  same  time.  The  apparatus 
of  this  invention  solves  these  problems,  and  ad- 
ditionally,  offers  higher  production  rates  than 
have  been  achieved  heretofore  for  cutting 
blades  and  other  tooling  of  this  type. 

In  its  broadest  form  the  apparatus  of  the 
present  invention  comprises  a  machine  having  a 
base  structure,  a  grinding  wheel  assembly 
mounted  at  one  end  of  the  base  structure,  and  a 
cradle  assembly  mounted  at  an  opposite  end  of 
the  base  structure.  Preferably  the  base  has  an 
inclined  upper  surface  for  supporting  essential 
components  of  the  machine,  and  this  permits 
mounting  of  the  grinding  wheel  assembly  at  a 
lower  level  of  the  surface  for  movement  to- 
wards  and  away  from  the  mounted  position  of  a 
plurality  of  cutting  blades  carried  by  the  cradle 
assembly  at  an  upper  level  of  the  base  structure. 
The  cutting  blades  are  secured  in  a  tool-holding 
means  which  permits  orientation  of  common 
selected  surfaces  of  all  of  the  cutting  blades 
toward  the  grinding  surface  of  the  grinding 
wheel.  In  its  preferred  embodiment  the  tool- 
holding  means  comprises  a  ring-shaped 
member  mounted  on  a  drive  spindle  contained 
within  the  cradle  assembly  so  that  a  plurality  of 
blades  can  be  spun  relative  to  the  grinding 

surface  of  the  grinding  wheel  for  rapidly  re- 
sharpening  a  selected  surface  of  all  of  the  blades 
in  any  given  orientation  of  the  blades  to  the 
grinding  wheel  surface. 

Considering  the  invention  in  a  specific  form 
in  which  it  will  be  initially  manufactured,  it  is  in- 
tended  that  certain  types  of  cutting  blades  be 
handled  by  applicants'  machine.  These  blades 
are  of  a  type  which  include  at  least  (a)  a  first 
side  relief  surface,  (b)  a  topland  surface,  (c)  a 
curved  surface  interconnecting  the  first  side 
relief  surface  and  the  topland  surface,  and  (d)  a 
second  side  relief  surface,  (as  disclosed  in  U.S. 
3,881,889  and  in  commonly  owned  U.S.  Patent 
4,060,881).  Certain  forms  of  these  blades  may 
additionally  include  a  curved  surface  inter- 
connecting  the  topland  surface  and  the  second 
side  relief  surface.  Cutting  blades  of  this  type 
have  protected  front  (or  chip)  faces  which  do 
not  require  resharpening.  A  preferred  machine 
for  sharpening  blades  of  this  type  includes  a 
tool-holding  ring  for  carrying  a  plurality  of 
blades  with  their  end  portions  projecting  beyond 
a  circumference  thereof,  a  driving  means  for 
spinning  the  tool-holding  ring  relative  to  a  grin- 
ding  wheel,  a  cradle  assembly  for  supporting 
the  tool-holding  ring  in  separate  positions  for 
grinding  the  cutting  blade  surfaces  (a)-(d)  on 
the  same  grinding  surface  of  the  grinding  wheel, 
and  control  means  for  moving  the  cradle  assem- 
bly  to  the  separate  positions.  One  of  the  fea- 

tures  of  the  apparatus  is  its  provision  for  turn- 
ing  a  cradle  body  portion  of  cradle  assembly 
over  to  a  position  in  which  opposite  sides  of  a 
plurality  of  cutting  blades  can  be  ground  as  the 
tool-holding  ring  spins  the  blades  in  contact 
with  the  grinding  wheel.  This  is  accomplished 
with  means  for  turning  the  cradle  body  and  its 
contained  tool-holding  ring  over  in  a  cradle  axis 
and  this  further  requires  a  drive  train  for  main- 
taining  driving  contact  between  a  drive  motor 
and  the  tool-holding  ring  for  all  positions  in 
which  the  cradle  body  may  be  turned  for  grin- 
ding  opposite  surfaces  of  the  cutting  blades.  Ad- 
ditionally,  a  separate  cradle  base  of  the  cradle 
assembly  is  provided  with  a  pivotal  mounting 
relative  to  the  base  structure  of  the  machine  so 
that  the  cradle  assembly  can  be  swung  about  a 
reference  axis  which  is  used  to  establish  correct 
positioning  of  the  cutting  blades  relative  to  the 
grinding  plane  and  to  provide  for  generation  of 
curved  surfaces  interconnecting  the  side  relief 
surfaces  and  the  top  land  surfaces  of  the  cutting 
blades.  Adjustment  features  are  included  to 
provide  for  a  full  range  of  positions  of  different 
shapes  of  cutting  tools  relative  to  the  reference 
axis  and  grinding  surface  for  the  machine. 

Thus,  the  present  invention  offers  specialized 
equipment  for  carrying  out  the  basic  method  of 
resharpening  described  in  U.S.  Patent  
3,881,889.  These  methods  can  be  carried  out 
at  high  production  rates  and  with  complete  con- 
trol  of  dimensional  and  geometric  relationships 
of  the  cutting  blades  being  sharpened.  As  a 
result,  greater  productivity  (and  therefore  lower 
cost)  of  manufacturing  can  be  achieved  with  the 
specialized  grinding  equipment  of  this  invention. 

These  and  other  features  and  advantages  of 
the  invention  will  become  apparent  in  the  more 
detailed  discussion  that  follows,  and  in  that  dis- 
cussion  reference  will  be  made  to  the  accom- 
panying  drawings  as  briefly  described  below. 

Figure  1  is  an  elevational  view  of  the  appara- 
tus  of  the  present  invention; 

Figure  2  is  a  top  plan  view  of  the  apparatus 
of  Figure  1; 

Figure  3  is  a  cross  sectional  view  of  a  tool- 
holding  means  and  its  associated  drive  train,  as 
seen  in  a  plane  bisecting  the  tool-holding  means 
and  a  drive  motor  associated  with  its  drive  train. 
The  illustrated  components  are  shown  in  a 
reversed  layout  from  the  relationships  illustrated 
in  Figures  1  and  2,  and  the  Figure  3  view  is 
greatly  enlarged  from  the  scale  of  Figures  1  and 
2; 

Figure  4  is  a  view  similar  to  that  of  Figure  3, 
showing  a  cradle  body  portion  of  the  cradle 
assembly  in  cross  section  for  purposes  of  illu- 
strating  a  means  for  turning  the  cradle  body  in 
its  axis; 

Figure  5  is  an  elevational  view,  partly  in  cross 
section,  of  the  pivotal  mounting  arrangement 
for  mounting  the  cradle  assembly  of  the 
machine  onto  the  base  structure; 

Figure  6  is  a  side  elevational  view,  partly  in 
cross  section,  of  a  grinding  wheel  and  an  asso- 



ciated  mounting  spindle  and  means  for  driving 
the  grinding  wheel. 

Figure  7  is  a  side  elevational  view,  partly  in 
cross  section,  for  illustrating  a  mechanism  for 
advancing  the  position  of  the  grinding  wheel 
toward  and  away  from  the  position  of  the  cradle 
assembly; 

Figure  8  is  a  top  plan  view,  partly  in  cross 
section,  of  certain  portions  of  Figure  7  as  seen 
on  line  8 - 8   thereof; 

Figure  9  is  an  end  elevational  view,  partly  in 
cross  section  of  a  mechanism  for  adjusting  the 
position  of  the  grinding  wheel  to  advance  the 
grinding  wheel  for  dressing  purposes,  as  seen 
generally  on  line  9 - 9   of  Figure  7; 

Figure  10  is  a  side  elevational  view,  partly  in 
cross  section,  of  a  traversing  means  for  moving 
the  grinding  wheel  assembly  between  a  position 
for  grinding  and  a  position  for  being  dressed; 

Figure  11  illustrates  a  manual  adjustment 
feature  associated  with  the  cradle  assembly. 

Figure  12  is  a  top  plan  view  of  basic  rela- 
tionships  between  a  tool-holding  means,  a 
single  cutting  blade,  and  a  grinding  wheel 
during  formation  of  topland  surfaces  on  a  plu- 
rality  of  blades  carried  by  the  tool-holding 
means; 

Figure  13  illustrates  basic  relationships  for 
forming  first  side  relief  surfaces  on  a  plurality  of 
blades  carried  by  the  tool-holding  means  as  the 
too!-holding  means  spins  relative  to  the  grinding 
wheel; 

Figure  14  illustrates  a  disengagement  of  the 
grinding  wheel  and  tool-holding  means  so  that 
the  entire  tool-holding  means  can  be  turned 
over; 

Figure  15  illustrates  a  final  step  of  forming 
second  side  relief  surfaces  on  all  blades  when 
the  tool-holding  means  is  in  its  turned  over  atti- 
tude;  and 

Figure  16  illustrates  reference  planes  and 
points  on  a  single  cutting  blade. 

Figures  1  and  2  illustrate  the  basic  layout  of 
components  of  the  machine  of  this  invention.  As 
shown  in  Figure  1,  the  machine  includes  a  base 
structure  10  having  an  inclined  upper  surface 
12  for  supporting  essential  components  of  the 
machine.  The  supported  components  include  a 
grinding  wheel  assembly  14  mounted  at  a  lower 
level  end  of  the  inclined  upper  surface  12  for 
supporting  a  grinding  wheel  16  having  a  grin- 
ding  face  which  can  be  located  in  a  grinding 
plane  17  and  directed  toward  an  upper  end  of  a 
base  structure  10.  A  cradle  assembly  18  is 
mounted  at  an  upper  level  end  of  the  inclined 
upper  surface  12  of  the  base  structure  for  sup- 
porting  and  positioning  a  plurality  of  cutting 
blades  22  relative  to  the  grinding  face  of  the 
grinding  wheel  16.  A  tool-holding  means,  com- 
prising  a  ring-shaped  holder  20,  is  mounted 
within  the  cradle  assembly  18  for  securing  the 
plurality  of  cutting  blades  22  in  serial  positions 
which  permit  orientation  of  common  selected 
surfaces  of  the  cutting  blades  toward  the  grin- 
ding  face  of  the  grinding  wheel  16.  The  inclined 

upper  surface  12  of  the  base  structure  10  pro- 
vides  for  a  more  accessible  arrangement  of  the 
tool-holding  means  and  of  control  components 
at  the  upper  level  end  of  the  machine  and  also 
provides  for  better  control  of  coolant  flow  into 
and  out  of  the  grinding  zone  of  the  machine.  Ad- 
ditionally,  the  illustrated  arrangement  provides 
for  a  rigid  and  positive  positioning  of  the  grin- 
ding  wheel  16  as  it  is  advanced  toward  the 
cradle  assembly  18.  Retraction  movements  of 
the  grinding  wheel  assembly  14  away  from  the 
cradle  assembly  18  take  advantage  of  gravita- 
tional  pull  on  the  grinding  wheel  assembly  in  its 
position  on  the  inclined  surface  12. 

The  cradle  assembly  18  is  mounted  on  a 
cradle  base  24  which  in  turn  is  mounted  on  the 
base  structure  10  so  as  to  rotate  on  a  pivot  axis 
26  which  defines  a  reference  axis  about  which 
the  cutting  blades  22  are  moved  relative  to  the 
grinding  face  of  the  grinding  wheel  16.  As  will 
be  discussed  in  greater  detail  with  reference  to 
Figure  5,  means  are  provided  for  controlling  pi- 
votal  movements  of  the  cradle  base  24  about  its 
axis  26  so  as  to  carry  the  entire  cradle  assembly 
18  and  its  contained  cutting  blades  to  selected 
orientations  relative  to  the  grinding  wheel  16 
(including  generation  of  the  curved  profile  that 
typically  connects  the  end  portion  and  side  por- 
tion  of  a  blade  profile). 

In  addition  to  the  pivotal  movement  provided 
by  the  cradle  base  24,  the  cradle  assembly  18  is 
mounted  relative  to  the  cradle  base  24  so  that 
cradle  axis  42  is  manually  adjustable  in  its  off- 
set  position  relative  to  the  pivot  axis  26.  A  rela- 
tively  simple  adjustment  means  28  (also  see 
Figure  11)  is  provided  for  this  type  of  ad- 
justment  which  has  the  effect  of  moving  the 
entire  cradle  assembly  18  transversely  relative 
to  the  cradle  base  24  and  to  the  face  of  the  grin- 
ding  wheel  16.  This  adjustment  is  made  for  set- 
up  purposes,  and  will  be  discussed  in  greater 
detail  with  reference  to  Figures  12-16,   and  is 
carried  out  when  clamping  means  30  are 
released  from  their  normally  clamped  conditions 
for  rigidly  securing  the  cradle  assembly  18  rela- 
tive  to  the  cradle  base  24. 

In  addition,  the  tool-holding  means  20  can  be 
adjusted  transversely  in  its  position  relative  to 
the  cradle  assembly  in  which  it  is  mounted.  This 
feature  will  be  discussed  in  greater  detail  with 
reference  to  Figures  3  and  16. 

Figures  3 - 5   illustrate  details  of  construction 
for  the  cradle  assembly  and  its  associated  me- 
chanisms.  Figures  3  and  4  represent  views  of 
the  cradle  assembly  18  as  it  would  appear  look- 
ing  down  upon  the  assembly  and  with  portions 
cut  away  in  a  plane  which  is  generally  parallel  to 
the  incline  of  the  surface  12  of  the  machine. 
Figure  3  illustrates  a  drive  train  for  spinning  the 
tool-holding  means  20  within  a  cradle  body  40 
of  the  cradle  assembly  18,  and  Figure  4  illu- 
strates  a  means  for  turning  the  cradle  body  40 
about  a  cradle  axis  42  within  the  cradle  assem- 
bly. 

Referring  to  Figure  3,  it  can  be  seen  that  the 



tool-holding  ring  20  comprises  a  ring-shaped 
holder  assembled  from  two  separate  disc- 
shaped  members.  One  of  the  disc-shaped 
members  comprises  a  base  plate  having  a  very 
flat  mounting  surface  against  which  reference 
surfaces  of  the  tools  are  mounted.  The  other 
disc-shaped  member  has  a  plurality  of  slots 
formed  therein  for  receiving  an  equal  number  of 
cutting  blades  in  secured  positions.  The  number 
of  slots  and  cutting  blades  to  be  carried  thereby 
may  vary  according  to  specific  needs,  but  a  pro- 
duction  model  of  the  machine  provides  for  suffi- 
cient  slots  to  carry  thirty  six  cutting  blades  in  the 
tool-holding  means.  The  angular  setting  of  the 
slots  establishes  top  relief  angles  to  be  ground 
on  the  plurality  of  blades.  Blades  are  loaded  and 
unloaded  manually  into  and  out  of  the  tool- 
holding  means,  and  it  can  be  appreciated  that 
additional  tool-holding  means  can  be  provided 
for  any  given  machine  so  that  blades  can  be 
loaded  into  a  demounted  holder while  a  plurality 
of  blades  are  being  ground  in  a  separate  holder 
mounted  on  the  machine.  This  feature  elimi- 
nates  long  set-up  times  on  the  machine  itself 
and  permits  maximum  usage  of  the  machine 
with  very  little  down  time  for  changing  holders. 
As  shown,  the  tool-holding  means  20  is  secured 
to  a  drive  spindle  46  with  a  fastening  nut  44. 
The  drive  spindle  means  46  is,  in  turn,  opera- 
tively  connected  to  a  drive  motor  48  through  a 
drive  train  which  includes:  an  output  shaft  50 
from  the  drive  motor  48,  a  connecting  shaft  52 
mounted  through  a  pair  of  bearings  54  for  dri- 
ving  spur  gears  56,  58,  and  60,  which  transmit 
their  turning  moments  to  a  pair  of  bevel  gears 
62  and  64  for  driving  a  final  spur  gear  66.  The 
final  spur  gear  66  engages  and  drives  a  ring 
gear  68  secured  to  a  flange  portion  of  the  drive 
spindle  46,  and  thus  rotary  motion  from  the 
drive  motor  48  is  carried  to  the  drive  spindle  46.  
All  of  the  drive  train  structures  just  described 
are  mounted  in  such  a  way  that  driving 
engagement  is  maintained  between  the  drive 
motor  48  and  the  tool-holding  means  20  for  all 
positions  of  the  cradle  body  40  relative  to  the 
cradle  assembly  18.  In  addition,  the  major  part 
of  the  drive  train  is  carried  by  the  cradle  body  40 
so  that  the  drive  train  follows  turning 
movements  of  the  cradle  body  40  about  its 
cradle  axis  42.  The  drive  motor  48  is  mounted 
with  its  axis  of  rotation  coincident  with  the 
cradle  axis  42  and  is  fixed  to  the  cradle  assem- 
bly  18  so  that  it  does  not  have  to  turn  with  the 
turning  movements  of  the  cradle  body  40.  Gear 
ratios  for  the  drive  train  can  be  selected  to 
provide  whatever  speed  range  may  be  desired 
for  spinning  the  tool-holding  means,  and  a  final 
speed  of  twenty  to  fifty  rotations  per  minute  is 
suggested  for  sharpening  gear  cutting  blades  of 
the  type  contemplated  herein.  Drive  motor  48 
may  comprise  any  known  form  of  motor  means, 
and  a  variable  speed  hydraulic  motor  can  be 
used  for  this  purpose. 

ln  addition  to  the  drive  train  structures  dis- 
cussed  above,  Figure  3  also  illustrates  an  ad- 

justment  means  for  transversely  shifting  the 
tool-holding  means  20  to  provide  for  different 
set-up  positions  of  the  tool  22  relative  to  the 
turning  axis  42  for  the  cradle  body.  The  ad- 
justment  means  includes  a  manually  operated 
screw  70  for  advancing  or  retracting  the  drive 
spindle  housing  73  relative  to  a  bore  72  in 
which  it  is  mounted.  A  separate,  exterior  locking 
means  is  provided.  It  can  be  seen  that  the  ring 
gear  68  is  of  a  sufficient  width  to  permit  limited 
adjustment  of  the  drive  spindle  relative  to  the 
spur  gear  66  with  which  it  meshes.  The  purpose 
in  providing  for  this  adjustment  feature  is  one  of 
establishing  the  required  position  of  the  profile 
of  each  cutting  blade  relative  to  the  cradle  axis 
42,  as  viewed  in  the  Figure  3  orientation.  This 
feature  will  be  discussed  with  reference  to  Fi- 
gures  1 2 - 1 6 .  

Figure  4  illustrates  a  separate  drive  mecha- 
nism  for  turning  the  cradle  body  40  over  within 
the  cradle  assembly  18.  As  previously  dis- 
cussed,  the  cradle  body  40  is  fitted  within  the 
cradle  assembly  18  for  being  turned  over  in 
its  axis  42,  and  this  motion  provides  for  a 
complete  turning  over  of  the  tool-holding  means 
20  carried  by  the  cradle  body  40.  A  separate 
motor  means  80  is  fixed  to  a  non-rotating  por- 
tion  of  the  cradle  assembly  18  so  that  its  output 
shaft  82  can  transmit  a  driving  moment  to  a 
spur  gear  84  carried  thereby.  The  spur  gear  84 
meshes  with  and  drives  a  larger  spur  gear  86, 
and  the  larger  spur  gear  86  is  secured  to  the 
cradle  body  40.  Thus,  the  larger  spur  gear  86 
can  rotate  the  cradle  body  40  to  a  selected  atti- 
tude  determined  by  conventional  control  de- 
vices  which  are  not  illustrated  and  which  do  not 
form  a  separate  part  of  the  present  invention. 
Use  of  this  feature  will  be  described  with 
reference  to  Figures  12-16 .   Additionally,  suffi- 
cient  control  devices  can  be  provided  for  not 
only  establishing  working  positions  for  the 
cradle  but  also  for  establishing  a  convenient 
cradle  position  for  loading  and  unloading  the 
tool-holding  means. 

Figure  5  is  an  elevational  view  of  a  pivotal 
mounting  assembly  for  the  cradle  assembly  18 
and  its  associated  cradle  base  24.  Portions  of 
the  drawings  have  been  cut  away  in  a  vertical 
plane  which  lies  on  the  pivot  axis  26.  As  pre- 
viously  discussed,  the  entire  cradle  assembly  18 
can  be  swung  about  the  pivot  axis  26  so  that 
the  cutting  blades  contained  within  the  tool- 
holding  means  20  can  be  brought  into  different 
positions  relative  to  the  grinding  plane  17.  The 
different  positions  which  result  from  this  pivotal 
movement  of  the  cradle  assembly  18  can  be 
seen  in  the  Figures  12  and  13  views.  In  order to 
provide  for  swinging  movements  of  the  entire 
cradle  assembly  18,  the  cradle  base  24  (to 
which  the  cradle  assembly  18  is  normally 
clamped)  is  provided  with  a  downwardly  exten- 
ding  spindle  assembly  having  a  drive  plate  90 
secured  to  a  lower  end  thereof.  The  cradle  base 
24  and  its  associated  spindle  assembly  struc- 
tures  are  mounted  and  supported  within  the  frame- 



work  of  the  base  structure  10  in  such  a  way  that 
the  entire  load  of  the  cradle  assembly  18  can  be 
carried  and  rotated  about  the  axis  26  when  the 
drive  plate  90  is  moved  by  a  hydraulic  ram  92  (see 
Figure  2)  interconnected  between  a  stationary 
portion  of  the  base  structure  10  and  a  drive  pin 
94  associated  with  the  drive  plate  90. 
Movements  of  the  hydraulic  ram  92  are  con- 
trolled  with  known,  conventional  devices.  Limit 
positions  for  the  pivotal  movement  of  the  cradle 
assembly  (about  the  axis  26)  are  set  by  fixed 
stops  96  and  adjustable  stops  98.  The  fixed 
stops  96  are  mounted  in  a  fixed  structure  97  se- 
cured  to  a  portion  of  the  base  structure  10  and 
include  projecting  elements  that  can  be  moved 
(by  hydraulic  means)  into  and  out  of  the  path  of 
travel  of  the  adjustable  stops  98.  In  this  way, 
more  than  two  limit  positions  can  be  provided 
for  pivoting  the  cradle  inasmuch  as  a  stop  96 
can  be  withdrawn  momentarily  while  a  stop  98 
bypasses  it,  followed  by  a  movement  of  the  stop 
96  back  into  a  position  for  intercepting  a 
different  stop  98  carried  by  one  of  the  face  cou- 
pling  members  99.  The  face  coupling  members 
99  can  be  separated  and  rotated  relative  to 
each  other  to  provide  for  very  precise  (within 
one  minute)  repositioning  of  the  stops  98  about 
the  stack  of  coupling  members  99. 

Turning  now  to  the  grinding  end  of  the 
machine,  Figures  6  through  10  illustrate  details 
of  the  various  assemblies  associated  with  the 
grinding  wheel  assembly  14.  As  shown  in 
Figure  6,  the  grinding  wheel  16  comprises 
a  cup-shaped  grinding  wheel  of  known  com- 
position  and  manufacture,  and  this  grinding 
wheel  is  rigidly  mounted  for  rotation  through  a 
portion  of  the  housing  associated  with  the  grin- 
ding  wheel  assembly  14.  The  grinding  wheel  16 
is  driven  by  a  pulley  100  interconnected  to  the 
grinding  wheel  itself,  and  the  pulley  100 
receives  its  driving  moment  from  a  reversible 
drive  motor  102  (see  Figure  2)  and  a  drive  belt 
104. 

The  grinding  wheel  assembly  14  is  mounted 
on  ways  106  (see  Figures  1  and  2)  for  being  ad- 
vanced  and  retracted  toward  and  away  from  the 
cradle  assembly  18.  This  provides  for 
engagement  and  disengagement  of  the  grinding 
wheel  16  with  the  tooling  to  be  sharpened.  Fi- 
gures  7 - 9   illustrate  details  of  a  mechanism  for 
controlling  the  advancing  and  retracting 
movements  of  the  grinding  wheel  towards  and 
away  from  the  cradle  assembly. 

As  shown  in  Figure  7  a  moveable  portion 
108  of  the  grinding  wheel  assembly  is  mounted 
on  ways  106  for  being  advanced  and  retracted 
toward  and  away  from  the  cradle  assembly  18. 
A  variable  speed  drive  motor  110  is  mounted  on 
the  moveable  portion  108  and  serves  to  drive  a 
large  pulley  112  through  a  drive  belt  114.  As 
shown  in  Figure  8,  the  large  pulley  112  is  se- 
cured  to  a  drive  shaft  116  having  a  worm  gear 
118  secured  thereto.  The  worm  118,  in  turn, 
drives  a  gear  wheel  120  for  rotating  a  spindle 
122  (Figure  7)  and  a  cam  124  carried  at  a  lower 

end  thereof.  The  cam  124  is  shaped  to  define  a 
cycle  of  advancing  and  retracting  movements 
for  the  entire  assembly  108.  The  circumferential 
profile  of  the  cam  124  bears  against  a  follower 
126  which  is  operatively  connected  to  a  fixed 
housing  128  secured  to  a  cross-slide  member 
101,  and  the  fixed  housing  128  does  not  move 
toward  and  away  from  the  position  of  the  cradle 
assembly  during  normal  cycling  of  the  machine. 
It  can  be  seen  that  the  position  of  the  follower 
126  can  be  adjusted  manually  with  a  screw  ad- 
justment  130  so  that  the  position  of  a  new  grin- 
ding  wheel  16  can  be  set  relative  to  a  dresser.  In 
addition,  provision  is  made  for  automatically 
feeding  the  position  of  the  following  126  in  a 
way  which  advances  the  grinding  wheel  16 
during  a  grinding  cycle  for  dressing  purposes. 
This  automatic  feed  is  achieved  with  a  known 
device,  illustrated  in  Figures  7  and  9,  for  impar- 
ting  incremental  turns  to  the  screw  means  130 
which  adjusts  the  position  of  the  follower  126. 

The  automatic  adjusting  device  of  Figure  9 
includes  a  ratchet  wheel  132  secured  to  the  ad- 
justment  screw  130.  A  pawl  134  periodically 
engages  successive  teeth  on  the  ratchet  wheel 
in  accordance  with  reciprocations  of  a  piston 
136  carried  within  a  cylindrical  chamber  138. 
Reciprocations  of  the  piston  136  can  be 
achieved  through  the  admission  and  venting  of 
oil  into  and  out  of  the  chamber  138  in  accor- 
dance  with  known  techniques  and  with  provi- 
sion  for  adjusting  the  number  of  reciprocations 
in  order  to  dress  a  desired  amount  of  material 
from  the  grinding  wheel  16.  A  separate  clam- 
ping  piston  133  is  provided  for  locking  the  adju- 
sting  device  between  incremental  steps  of  tur- 
ning. 

Figure  10  illustrates  a  traversing  means  for 
moving  a  cross  slide  101  along  ways  140  so 
that  the  grinding  wheel  assembly  14  can  be 
moved  from  a  position  for  grinding  workpieces 
(as  shown  in  Figure  2)  to  a  position  where  the 
grinding  wheel  can  be  dressed  by  a  dressing 
mechanism  142  (towards  the  top  of  Figure  2). 
This  position  is  also  used  for  unloading  the  work- 
holder.  Typically,  the  grinding  wheel  is  dressed 
several  times  during  each  operation  of  the  grin- 
ding  cycle,  and  it  is  possible  to  provide  for  a 
rapid  movement  of  the  grinding  wheel  16  to  a 
position  for  being  dressed  by  the  dressing 
device  142  whenever  the  tool-holding  means 
20  is  being  repositioned  to  present  different  sur- 
faces  for  being  sharpened. 

Basically,  the  traversing  means  of  Figure  10 
comprises  a  hydraulic  ram  which  includes  a  pri- 
mary  piston  150  fitted  within  a  cylinder  152 
and  a  secondary  piston  154  fitted  within  a 
cylinder  156.  The  primary  piston  150  is  ac- 
tuated  with  hydraulic  fluid  to  provide  a  major 
traverse  of  the  grinding  wheel  assembly  be- 
tween  its  grinding  and  dressing  positions. 
Movement  of  the  piston  150  is  transmitted 
through  a  piston  rod  158  to  the  moveable  cross- 
slide  101  on  which  the  grinding  wheel  assembly 
is  carried.  The  secondary  piston  154  functions 



to  provide  for  a  small  change  in  the  lateral  posi- 
tioning  of  the  grinding  wheel  assembly  between 
the  rough  grinding  and  finish  grinding se- 
quences.  In  addition,  a  screw  member  162  can 
be  manually  adjusted  for  precisely  setting  the 
lateral  position  of  the  grinding  wheel  assembly 
14  relative  to  the  pivot  axis  26. 

Having  discussed  constructional  details  of 
this  invention,  it  is  now  possible  to  appreciate 
the  type  of  precision  grinding  operation  that  can 
be  carried  out  with  such  a  machine.  Figures  12 
through  15  illustrate  a  series  of  sequential  steps 
that  can  be  carried  out  in  a  fully  automated 
cycle  of  the  machine  when  used  for  sharpening 
a  particular  form  of  cutting  blade  that  does  not 
require  a  sharpening  of  its  front  (chip)  face.  Sur= 
faces  which  are  to  be  sharpened  include  (see 
Figure  16)  a  topland  surface  180  (at  the  end  of 
each  cutting  blade),  a  first  side  relief  surface 
182,  and  a  second  side  relief  surface  184. 
These  three  surfaces  represent  critical  surfaces 
which  must  be  sharpened  within  carefully  con- 
trolled  tolerances.  In  addition,  it  is  desirable  to 
provide  for  a  blending  of  each  end  of the  top- 
land  surface  180  with  the  side  relief  surfaces 
182  and  184  so  as  to  produce  rounded  corners 
at  the  end  of  each  cutting  blade. 

Figure  12  illustrates  a  starting  position  for  a 
grinding  cycle.  At  the  beginning  of  the  cycle  the 
tool-holding  means  20  is  spinning  about  its  axis 
200  with  a  batch  of  cutting  blades  22  mounted 
therein  for  sharpening.  The  cradle  axis  42  is  po- 
sitioned  at  a  perpendicular  to  a  theoretical  grin- 
ding  plane  17,  and  the  grinding  wheel  16  is  ad- 
vanced  toward  the  cutting  blades  until  its  grin- 
ding  surface  is  in  the  grinding  plane  17.  This  ad- 
vancement  of  the  grinding  wheel  results  in  a 
formation  of  a  topland  surface  180  on  all  cut- 
ting  blades  contained  within  the  tool-holding 
means. 

A  second  step  of  the  cycle  involves  a  swin- 
ging  movement  of  the  cradle  assembly  18 
about  the  pivot  axis  26.  This  is  carried  out 
throughout  a  controlled  actuation  of  the  ram  92 
(Figure  2)  as  previously  described,  and  the 
effect  of  this  motion  is  to  provide  a  rounded 
corner  between  the  topland  surface  180 and 
the  side  relief  surface  182.  Eventually  the  rela- 
tionship  of  the  cutting  blades  and  the  grinding 
wheel  are  as  shown  in  Figure  13,  and  this  pro- 
vides  for  a  sharpening  of  the  first  side  relief 
surface  182  on  all  of  the  cutting  blades  con- 
tained  within  the  tool-holding  means. 

In  order  to  carry  out  a  correct  blending  of  the 
topland  surface  180  with  the  side  relief  surface 
182,  as  just  described,  it  is  necessary  that  the 
pivot  axis  26  pass  through  a  point  202  (see 
Figure  16)  of  each  cutting  blade  22  as  the  cut- 
ting  blade is  brought  into  full  engagement  with 
the  grinding  wheel  16.  Correct  positioning  of 
the  cradle  assembly  for  this  purpose  is  achieved 
by  a  manual  adjustment  screw  204  (see  Figures 
2  and  11)  which  is  used  for  initially  setting  the 
transverse  position  of  the  cradle  assembly  18. 
In  order  to  carry  out  this  adjustment  it  is  neces- 

sary  to  unclamp  the  cradle  assembly  18  from  its 
cradle  base  24  so  that  the  cradle  assembly  can 
be  traversed  on  ways  provided  for  this  purpose. 

Figure  14  illustrates  a  step  in  a  cycle  in  which 
the  grinding  wheel  16  is  withdrawn  from  con- 
tact  with  the  cutting  blades  being  sharpened  so 
that  the  tool-holding  means  can  be  completely 
turned  over in  its  axis  42  to  present  an  opposite 
side  of  all  cutting  blades  to  the  same  area  of the 
grinding  face  of  the  grinding  wheel  16  as  was 
used  for  grinding  the  other  surfaces  of  the 
blades.  As  shown  in  Figure  16,  the  cradle  axis 
42  is  set  to  bisect  the  width  of  the  topland  180 
(through  an  adjustment  of  position  of  the  tool- 
holding  means  20  with  the  adjustment  screw 
70  shown  in  Figure  3).  This  setting  results  in 
reference  point  206  being  positioned  exactly  on 
reference  axis  26  when  the  tool-holding  means 
is  turned  over  180°  by  motor  80  through  gea- 
ring  84,  86,  to  the  position  shown  in  Figures  14 
and  15;  upon  turning  over  of  the  tool  holding 
means  20  the  direction  of  grinding  action  is 
reversed  so  that  during  each  grinding  action 
material  is  being  moved  away  from  the  front 
surface  of  each  cutting  blade  22.  As  before,  a 
curved  provile  can  be  formed  between  the top- 
land  surface  180  and  the  second  side  relief 
surface  184  when  the  cradle  assembly  18  is 
swung  about  the  reference  axis  26  to  the  posi- 
tion  shown  in  Figure  15.  Each  of  the  curved  pro- 
files  formed  at  the  end  of  each  blade  constitutes 
a  segment  of  a  circle  having  a  radius  equal  to 
the  distance  from  the  circumference  of  the 
curved  profile  to  its  associated  reference  point 
202  or  206. 

An  important  feature  of  the  invention  is  its 
provision  for  setting  the  precise  position  of  the 
grinding  plane  17  through  a  precise  control  of 
position  of  the  dressing  mechanism  142.  This 
obviates  a  need  for  attempted  control  of  the 
grinding  plane  through  precision  adjustments 
and  movements  of  heavier  components  of  the 
machine.  Thus,  in  setting  up  the  machine,  the 
cradle  and  tool-holder  positions  are  set  as 
closely  as  possible  to  desired  positions,  and 
then,  a  final  precision  setting  of  the  dressing 
mechanism  is  made  to  achieve  desired 
tolerances  on  the  order  of  0.0002  inch. 

Of  course,  the  apparatus  can  be  used 
differently  than  described  above,  and  it  is 
contemplated  that  many  precision  sharpening 
procedures  will  involve  additional  steps  to  those 
discussed  above.  For  example,  it  may  be 
preferred  to  provide  additional  steps  of  disen- 
gagement  of  the  grinding  wheel  from  the  cut- 
ting  blades  so  that  the  grinding  wheel  can  be 
dressed  more  frequently  or  so  that  a  more 
precise  re-engagement  can  be  achieved  with  a 
minimum  of  interference  between  shoulder  por- 
tions  of  the  grinding  wheel  and  portions  of  the 
cutting  blades  being  sharpened.  Variations  in 
technique  and  operation  will  be  apparent  to 
those  skilled  in  this  art.  Other  forms  and  shapes 
of  grinding  wheels  may  be  utilized,  relative  ad- 
vancement  and  withdrawal  of  the  cutting  blades 



and  the  grinding  wheel  can  be  achieved  by 
moving  the  cutting  blades  as  well  as  by  moving 
the  grinding  wheel,  and  profile  shapes  which  are 
curved  rather  than  flat  can  be  produced  on  relief 
surfaces  of  cutting  blades,  if  desired.  Other  va- 
riations  and  modifications  will  be  apparent  to 
persons  skilled  in  this  art  and  those  variations 
and  modifications  which  are  fully  equivalent  to 
what  has  been  described  herein  are  intended  to 
be  included  in  the  scope  of  the  claims  of  this  in- 
vention. 

1.  A  machine  for  high  production,  precision 
grinding  of  critical  surfaces  of  cutting  blades 
(22)  of  a  type  which  include 

(a)  a  first  side  relief  surface  (182), 
(b)  a  topland  surface  (180), 
(c)  a  second  side  relief  surface  (184),  said 

machine  having  a  grinding  wheel  (16)  with  a 
substantially  flat  grinding  surface  (17)  for  con- 
tacting  and  grinding  said  surfaces  (a),  (b)  and  (c) 
of  said  cutting  blades,  characterized  by: 

tool-holding  means  for  securing  a  plurality  of 
said  blades  during  a  grinding  operation  which 
moves  said  plurality  of  blades  relative  to  said 
grinding  surface  (17)  of  the  grinding  wheel,  the 
tool-holding  means  including  a  ring-shaped 
member  (20)  for  carrying  the  plurality  of  blades 
(22)  with  their  end  portions  projecting  beyond  a 
circumference  thereof, 

driving  means  (48,  50,  52,  56,  58,  60,  62, 
64,  66,  68,  46)  for  spinning  said  blade-carrier 
member  (20)  and  blades  carried  by  it,  relative  to 
said  grinding  wheel  (16), 

a  cradle  assembly  (18)  for  supporting  the 
blade-carrier  member  (20)  in  separate  positions 
for  grinding  said  cutting  blade  surfaces  (a)-(c) 
on  the  same  grinding  surface  of  said  grind- 
ing  wheel  (16),  and 

control  means  (90,  92,  96,  98)  for  moving 
said  cradle  assembly  (18)  to  said  separate  posi- 
tions, 

whereby  said  machine  can  function  to  grind 
critical  surfaces  of  said  plurality  of  cutting 
blades  at  a  high  production  rate  by  spinning  said 
blade-carrier  member  (20)  and  its  contained 
blades  in  a  first  position  of  contact  with  said 
grinding  wheel  to  produce  said  first  side  relief 
surfaces  of  all  of  the  contained  blades,  and 
thereafter  turning  said  blade-carrier  member 
(20)  over  to  a  second  position  for  spinning  its 
contained  blades  in  contact  with  the  grinding 
wheel  to  produce  said  second  side  relief  sur- 
faces  for  all  of  the  contained  blades. 

2.  A  machine  according  to  Claim  1  wherein 
said  control  means  includes  means  for  pivoting 
said  cradle  assembly  around  a  reference  axis 
(26)  which  passes  through  a  tip  portion  of  each 
cutting  blade  (22)  when  the  cutting  blade  is  in 
contact  with  the  grinding  surface  (17)  of  the 
grinding  wheel  (16). 

3.  A  machine  according  to  Claim  1  or  Claim  2 

and  including  a  cradle  body  (40)  within  said 
cradle  assembly  (18)  and  further  including  tur- 
ning  means  (80,  82,  84,  86)  for  turning  said 
cradle  body  over  in  an  axis  (42)  thereof. 

4.  A  machine  according  to  Claim  3  wherein 
said  driving  means  for  spinning  the  blade-carrier 
member  includes 

a  drive  motor  (48)  having  an  output  shaft 
(50)  mounted  to  rotate  in  said  cradle  axis,  and 

a  drive  train  (52,  56,  58,  60,  62,  64,  66,  68) 
operatively  connected  between  said  drive  motor 
(48)  and  the  blade-carrier  member  (20),  said 
drive  train  being  carried  by  the  cradle  body  (40) 
so  as  to  follow  turning  movements  of  the  cradle 
body  in  its  axis  (42). 

5.  A  machine  according  to  Claim  3  or  Claim  4 
and  including  means  (70,  73),  for  adjusting  the 
position  of  the  blade-carrier  member  (20) 
means  within  said  cradle  body  (40). 

6.  A  machine  according  to  Claim  5  and  inclu- 
ding  means  (28,  204)  for  adjusting  the  working 
position  of  the  blade-carrier  member  (20)  rela- 
tive  to  a  pivot  axis  (26)  of  the  cradle  assembly 
(18). 

7.  A  machine  according  to  Claim  1  and  inclu- 
ding  traversing  means  (150,  154,  158)  for 
moving  said  grinding  wheel  assembly  between 
positions  for  grinding  and  for  being  dressed  by  a 
dresser  (142). 

8.  A  method  for  grinding  critical  surfaces  on 
cutting  blades  of  the  type  that  require  no 
sharpening  of  their  front  cutting  faces  but  which 
do  require  sharpening  of  (a)  a  topland  surface 
(180),  (b)  a firsi side  relief  surface  (182),  and  (c) 
a  second  side  relief  surface  (184),  said  method 
characterised  by  the  steps  of 

mounting  said  cutting  blades  in  a  holder  (20) 
which  functions  to  spin  a  plurality  of  such 
blades  into  contact  with  a  single  substantially 
flat  grinding  surface  (17)  of  a  grinding  wheel 
(16)  so  that  corresponding  profile  surfaces  can 
be  ground  on  all  of  the  cutting  blades  (22)  as 
they  spin  in  contact  with  the  grinding  wheel 
during  a  single  set-up  of  the  cutting  blades  in 
the  holder, 

spinning  said  holder  and  its  contained  cutting 
blades  in  a  plane  of  rotation  containing  axis  (42) 
that  intersects  a  reference  axis  (26), 

forming  said  topland  surface  (180)  and  said 
first  side  relief  surface  (182)  of  each  cutting 
blade  while  said  holder  is  spinning  in  separate 
positions  of  orientation  relative  to  the  grinding 
wheel  (16), 

turning  the  holder  over  in  a  turning  axis  (42) 
which  intersects  said  reference  axis  (26),  and 

forming  said  second  side  relief  surface  (182) 
while  said  holder  (20)  is  spinning  relative  to  the 
grinding  wheel  (16). 

9.  A  method  according  to  Claim  8  wherein 
the  step  of  forming  said  topland  surface  and 
said  first  side  relief  surface  includes  separate 
grinding  operations  comprising 

relatively  advancing  said  holder  and  said 
grinding  wheel  in  the  plane  of  rotation  of  the 
grinding  wheel  so  that  end  portions  of  the  cut- 



ting  blades  are  brought  into  contact  with  the 
substantially  flat  grinding  surface  (17)  of  the 
grinding  wheel  (16)  to  form  said  topland  sur- 
faces  (180)  on  the  cutting  blades  (22), 

swinging  said  holder  about  said  reference 
axis  (26),  and 

forming  said  first  side  relief  surface. 
10.  The  method  of  Claim  8  or  Claim  9  and  in- 

cluding  a  step  of  reversing  the  direction  of  grin- 
ding  action  between  said  cutting  blades  (22) 
and  said  grinding  wheel  (16)  when  said  holder 
(20)  is  turned  over  in  its  turning  axis  (42)  for  for- 
ming  the  second  side  relief  surface,  to  thereby 
provide  for  a  grinding  action  that  tends  to  move 
material  away  from  the  front  side  of  each  cut- 
ting  blade  as  each  surface  is  sharpened  thereon. 

1.  Hochleistungsmaschine  zum  genauen 
Schleifen  der  kritischen  Flächen  von 
Schneidmessern  (22)  mit 

(a)  einer  ersten  Seitenrelieffläche  (182), 
(b)  einer  Kopffläche  (180)  und 
(c)  einer  zweiten  Seitenrelieffläche  (184), 

wobei  die  Maschine  eine  Schleifscheibe  (16) 
mit  einer  im  wesentlichen  ebenen  Schleiffläche 
zur  Berührung  und  zum  Schleifen  der  Flächen  (a), 
(b)  und  (c)  der  Schneidmesser  aufweist, 
gekennzeichnet  durch 

einen  Werkzeughalter  zum  Festlegen  einer 
Vielzahl  von  Schneidmessern  während  eines 
Schleifvorgangs,  der  die  Vielzahl  von  Schneid- 
messern  relativ  zu  der  Schleifebene  (17)  der 
Schleifscheibe  (16)  bewegt,  wobei  der 
Werkzeughalter  ein  ringförmiges  Teil  (20)  zum 
Tragen  der  Vielzahl  von  Schneidmessern  (22) 
aufweist,  deren  Endbereiche  über  den  Umfang 
derselben,  hinausragen, 

eine  Antriebseinrichtung  (48,  50,  52,  56,  58, 
60,  62,  64,  66,  68,  46)  zum  Verdrehen  des 
Schneidmessertragrings  (20)  und  der  von 
diesem  getragenen  Schneidmesser  relativ  zur 
Schleifscheibe  (16), 

einen  Pendelschlitten  (18)  zum  Abstützen 
des  Schneidmessertragrings  (20)  in  ver- 
schiedenen  Stellungen  zum  Schleifen  der 
Schneidmesserfiäcrien  (a)-(c)  auf  derselben 
Schleiffläche  der  Schleifscheibe  (16)  und 

eine  Steuereinrichtung  (90,  92,  96,  98)  zum 
Bewegen  des  Pendelschlittens  (18)  in  die  ver- 
schiedenen  Stellungen, 

wodurch  die  Maschine  die  kritischen  Flächen 
der  Vielzahl  von  Schneidmessern  mit  großer 
Geschwindigkeit  schleifen  kann,  indem  der 
Schneidmessertragring  (20)  und  die  darin 
enthaltenen  Schneidmesser  in  einer  ersten 
Berührungsstellung  mit  der  Schleifscheibe 
verdreht  werden,  um  die  erste  Seitenrelief- 
fläche  aller  enthaltener  Schneidmesser  zu 
erzeugen,  und  indem  der  Schneidmesser- 
tragring  (20)  in  eine  zweite  Stellung  ver- 
schwenkt  wird,  um  die  darin  enthaltenen 
Schneidmesser  in  Berührung  mit  der  Schleif- 
scheibe  zu  verdrehen,  um  dadurch  die  zweite 

Seitenrelieffläche  aller  enthaltener  Schneid- 
messer  zu  erzeugen. 

2.  Maschine  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  die  Steuereinrichtung  ein 
in  dem  Pendelschlitten  (18)  angeordnetes 
Pendelgehäuse  (40)  und  eine  Drehantriebsein- 
richtung  (80,  82,  84,  86)  zum  Verdrehen  des 
Pendelgehäuses  um  seine  Achse  (42)  umfaßt. 

3.  Maschine  nach  Anspruch  1  oder  2., 
gekennzeichnet  durch  ein  im  Pendelschlitten 
(18)  angeordnetes  Pendelgehäuse  (40)  und  eine 
Drehantriebseinrichtung  (80,  82,  84,  86)  zum 
Verdrehen  des  Pendelgehäuses  (40)  um  dessen 
Achse  (42). 

4.  Maschine  nach  Anspruch  3,  dadurch 
gekennzeichnet,  daß  die  Antriebseinrichtung 
zum  Verdrehen  des  Schneidmessertragrings 
besteht  aus 

einem  Antriebsmotor  (48)  mit  einer  zur 
Achse  (42)  des  Pendelgehäuses  koaxialen 
Ausgangswelle  (50)  und  einem  Getriebezug 
(52,  56,  58,  60,  62,  64,  66,  68),  der  den  Motor 
(48)  mit  dem  Schneidmessertragring  (20) 
verbindet,  wobei  der  Getriebezug  vom 
Pendelgehäuse  (18)  getragen  ist,  so  daß  er  den 
Drehbewegungen  des  Pendelgehäuses  um 
dessen  Achse  (42)  folgt. 

5.  Maschine  nach  Anspruch  3  oder  4, 
gekennzeichnet  durch  Einstellmittel  (70,  73) 
zum  Einstellen  der  Lage  des  Schneidmesser- 
tragrings  (20)  innerhalb  des  Pendelgehäuses 
(40). 

6.  M a s c h i n e   nach  A n s p r u c h   5 ,  
gekennzeichnet  durch  Einstellmittel  (28,  204) 
zum  Einstellen  der  Arbeitslage  des  Schneid- 
messertragrings  (20)  in  Bezug  auf  eine 
Schwenkachse  (26)  des  Pendelschlittens  (18). 

7.  M a s c h i n e   nach  A n s p r u c h   1, 
gekennzeichnet  durch  eine  Querzustellein- 
richtung  (150,  154,  158)  zum  Bewegen  der 
Schleifscheibe  zwischen  einer  Schleifstellung 
und  einer  Nachbearbeitungsstellung  zur 
Nachbearbeitung  mittels  einer  Nachbear- 
beitungseinrichtung  (142). 

8.  Vorrichtung  zum  Schleifen  der  kritischen 
Flächen  von  Schneidmessern,  die  kein  Schärfen 
der  vorderen  Schneidflächen  erfordern,  die  aber 
ein  Schärfen  (a)  einer  Kopffläche  (180),  (b)  einer 
ersten  Seitenrelieffläche  (182)  und  (c)  einer 
zweiten  Seitenrelieffläche  (184)  erfordern, 
gekennzeichnet  durch  folgende  Arbeitsschritte: 

Einsetzen  der  Schneidmesser  in  einen  Halter 
(20),  der  eine  Viezahl  solcher  Schneidmesser  in 
Berührung  mit  einer  einzigen,  im  wesentlichen 
ebenen  Schleiffläche  einer  Schleifscheibe  (16) 
verdreht,  so  daß  entsprechende  Profilflächen  an 
allen  Schneidmessern  (22)  geschliffen  werden 
können,  .wenn  sich  die  Schneidmesser  (22) 
während  einer  einzigen  Einstellung  in  dem 
Halter  in  Berührung  mit  der  Schleifscheibe 
verdrehen, 

Verdrehen  des  Halters  und  der  darin 
enthaltenen  Schneidmesser  in  einer  Ebene,  die 
eine  Achse  (42)  enthält,  die  eine  Bezugsachse 
(26)  schneidet, 



Formen  der  Kopffläche  (180)  und  der  ersten 
Seitenrelieffläche  (182)  eines  jeden  Schneid- 
messers,  während  sich  der  Halter  in 
gesonderten  Stellungen  mit  verschiedener 
Orientierung  in  Bezug  auf  die  Schleifscheibe 
(16)  dreht, 

Verdrehen  des  Halters  um  eine  die 
Bezugsachse  (16)  schneidende  Achse  (42),  und 

Formen  der  zweiten  Seitenrelieffläche  (184), 
während  sich  der  Halter  (20)  gegenüber  der 
Schleifscheibe  (16)  dreht. 

9.  Verfahren  nach  Anspruch  8,  dadurch 
gekennzeichnet,  daß  der  Arbeitsschritt  des 
Formens  der  Kopffläche  und  der  ersten  Seiten- 
relieffläche  getrennte  Schleifvorgänge  umfaßt, 
bestehend  aus 

relatives  Zustellen  des  Halters  und  der 
Schleifscheibe  in  der  Drehebene  der  
Schleifscheibe,  so  daß  die  Endbereiche  der 
Schneidmesser  mit  der  im  wesentlichen  ebenen 
Schleiffläche  der  Schleifscheibe  (16)  in 
Berührung  gebracht  werden,  um  die  Kopffläche 
(180)  an  den  Schneidmessern  (22)  zu  formen, 

Verschwenken  des  Halters  um  die 
Bezugsachse  (26),  und  Formen  der  ersten 
Seitenrelieffläche. 

10.  Verfahren  nach  Anspruch  8  oder  9, 
gekennzeichnet  durch  den  Arbeitsschritt  des 
Umkehrens  der  Richtung  der  Schleifwirkung 
zwischen  den  Schneidmessern  (22)  und  der 
Schleifscheibe  (16),  wenn  der  Halter  (20)  zum 
Formen  der  zweiten  Seitenrelieffläche  um  seine 
Drehachse  (42)  verschwenkt  wird,  um  dadurch 
eine  Schleifwirkung  hervorzurufen,  die  von  der 
Frontfläche  eines  jeden  Schneidmessers 
Material  weg  bewegt,  wenn  jede  Fläche 
geschärft  wird. 

1.  Machine  de  productivité  élevée  pour 
l'affûtage  de  précision,  de  faces  critiques  de 
lames  de  coupe  (22)  d'un  type  comportant:  (a) 
une  première  face  latérale  en  dépouille  (182), 
(b)  une  face  terminale  (180)  et  (c)  une  seconde 
face  latérale  en  dépouille  (184),  cette  machine 
comportant  une  meule  (16)  à  surface  de 
meulage  sensiblement  plate  destinée  à 
recontrer  et  meuler  lesdites  faces  (a),  (b)  et  (c) 
desdites  lames  de  coupe,  cette  machine  étant 
caractérisée  en  ce  qu'elle  comporte:  un  porte- 
outil  destiné  à  maintenir  une  pluralité  desdites 
lames  au  cours  d'une  opération  de  meulage  et 
qui  déplace  ces  lames  par  rapport  à  ladite 
surface  de  meulage  de  la  meule,  ce  porte-outil 
comportant  un  organe  annulaire  (20)  destiné  à 
porter  les  diverses  lames  (22)  de  façon  que 
leurs  tronçons  d'extrémité  dépassent  au-delà  de 
sa  circonférence;  des  moyens  moteurs  (48,  50, 
52,  56, 58, 60, 62,  64,  66,  68, 46)  destinés  à 
faire  tourner  le  porte-lame  (20)  et  les  lames  qu'il 
porte  par  rapport  à  la  meule  (16);  une  cage  à 
berceau  (18)  propre  à  supporter  le  porte-lame 
(20)  dans  des  positions  distinctes  pour  le 

meulage  desdites  faces  de  lame  de  coupe  (a)  à 
(c)  sur  la  même  surface  de  meulage  de  la  meule 
(16),  et  des  moyens  de  commande  (90, 92, 96, 
98)  pour  conférer  à  ladite  cage  à  berceau  (18) 
ces  positions  distinctes;  de  sorte  que  la  machine 
peut  fonctionner  pour  meuler  lesdites  faces 
critiques  de  ladite  pluralité  de  lames  de  coupe  à 
une  cadence  de  production  élevée  en  faisant 
tourner  ledit  porte-lame  (20)  et  les  lames  qu'il 
porte  dans  une  première  position  de  contact 
avec  la  meule,  pour  façonner  lesdites  premières 
faces  latérales  en  dépouille  de  toutes;  les  lames 
portées,  et  conférer  ensuite,  par  retournement, 
au  porte-lame  (20)  en  une  seconde  position 
pour  faire  tourner  les  lames  qu'il  porte  en 
contact  avec  la  meule  afin  de  façonner  lesdites 
secondes  faces  latérales  en  dépouille  de  toutes 
les  lames  portées. 

3.  Machine  selon  la  revendication  1,  carac- 
térisée  en  ce  que  lesdits  moyens  de  commande 
comportent  des  moyens  propres  à  faire  pivoter 
ladite  cage  à  berceau  autour  d'un  axe  de 
référence  (26)  qui  passe  par  une  partie  de 
pointe  de  chaque  lame  de  coupe  (22)  quand  la 
lame  de  coupe  est  en  contact  avec  la  surface  de 
meulage  de  la  meule  (16). 

3.  Machine  selon  la  revendication  1  ou  2, 
caractérisée  en  ce  qu'elle  comporte  un  berceau 
(40)  logé  dans  ladite  cage  (18),  ainsi  que  des 
moyens  (80, 82, 84, 86)  propres  à  retourner  le 
berceau  autour  d'un  axe  de  berceau  (42). 

4.  Machine  selon  la  revendication  3, 
caractérisée  en  ce  que  les  moyens  moteurs 
assurant  la  rotation  du  porte-lame  comportent 
un  moteur  d'entraînement  (48)  qui  présente  un 
arbre  de  sortie  (50)  monté  pour  tourner  autour 
dudit  axe  de  berceau  et  une  transmission  (52, 
56,  58,  60,  62,  64,  66,  68)  accouplée  entre 
ledit  moteur  d'entraînement  (48)  et  le  porte- 
lame  (20),  cette  transmission  étant  portée  par  le 
berceau  (40)  de  manière  à  épouser  les 
mouvements  de  retournement  décrits  par  ce 
dernier  autour  de  son  axe. 

5.  Machine  selon  la  revendication  3  ou  4, 
caractérisée  en  ce  qu'elle  comporte  des  moyens 
(70,  73)  pour  ajuster  la  position  du  porte-lame 
(20)  dans  ledit  berceau  (40). 

6. -Machine  selon  la  revendication  5, 
caractérisée  en  ce  qu'elle  comporte  des 
moyens  (28,  204)  pour  ajuster  la  position  active 
du  porte-lame  (20)  par  rapport  à  un  axe  de 
pivotement  (26)  de  la  cage  à  berceau  (18). 

7.  Machine  selon  la  revendication  1, 
caractérisée  en  ce  qu'elle  comporte  des  moyens 
charioteurs  (150,  154,  158)  pour  déplacer  la 
meule  entre  des  positions  de  meulage  et  de 
riblage  par  un  dispositif  de  riblage  (142). 

8.  Procédé  pour  le  meulage  de  faces  critiques 
de  lames  de  coupe  du  type  pour  lequel  un 
affûtage  n'est  pas  nécessaire  sur  leurs  faces  de 
coupe  avant,  mais  est  nécessaire  sur:  (a)  une 
face  terminale  (180),  (b)  une  première  face 
latérale  en  dépouille  (182)  et  (c)  une  seconde 
face  latérale  en  dépouille  (184),  cel  procédé 
étant  caractérisée  en  ce  que:  on  monte  lesdites 



lames  de  coupe  dans  un  porte-lame  (20)  qui 
entraîne  en  rotation  une  pluralité  de  telles  lames 
pour  le  mettre  en  contact  avec  une  seule 
surface  de  meulage  sensiblement  plate  d'une 
meule  (16),  ce  qui  assure  le  meulage  de  profils 
correspondants  sur  toutes  les  lames  de  coupe 
(22)  mises  par  rotation  en  contact  avec  la  meule 
pendant  un  seul  montage  des  lames  de  coupe 
dans  le  porte-lame,  on  fait  tourner  le  porte-lame 
et  les  lames  de  coupe  qu'il  porte  dans  un  plan 
de  rotation  passant  par  l'axe  (42)  qui  coupe  un 
axe  de  référence  (26),  on  façonne  ladite  face 
terminale  (180)  et  ladite  première  face  latérale 
en  dépouille  de  chaque  lame  de  coupe  pendant 
que  le  porte-lame  tourne  autour  de  son  axe  avec 
des  orientations  différentes  par  rapport  à  la 
meule  (16),  on  fait  pivoter  le  porte-lame  autour 
d'un  axe  de  pivotement  (42)  qui  coupe  ledit  axe 
de  référence  (26),  et  l'on  façonne  la  seconde 
face  latérale  en  dépouille  (182)  pendant  que  le 
porte-lame  (20)  tourne  autour  de  son  axe  par 
rapport  à  la  meule  (16). 

9.  Procédé  selon  la  revendication  8, 
caractérisée  en  ce  que  le  façonnage  de  ladite 

face  terminale  et  de  ladite  première  face  latérale 
en  dépouille  comporte  des  opérations  de 
meulage  séparées  consistant:  à  provoquer  un 
rapprochement  relatif  du  porte-lame  et  de  la 
meule  dans  le  plan  de  rotation  de  la  meule  de 
façon  que  les  parties  terminales  des  lames  de 
coupe  entrent  en  contact  avec  la  surface  de 
meulage  sensiblement  plate  de  la  meule  (16) 
pour  façonner  lesdites  faces  terminales  (180) 
sur  les  lames  de  coupe  (22),  on  fait  pivoter  le 
porte-lame  autour  dudit  axe  de  référence  (26)  et 
l'on  façonne  la  première  lace  latérale  en 
dépouille. 

10.  Procédé  selon  la  revendication  8  ou  9, 
caractérisée  en  ce  qu'on  inverse  le  sens  de 
mouvement  relatif  de  meulage  entre  les  lames 
de  coupe  (22)  et  la  meule  (16)  lorsqu'on 
retourne  le  porte-lame  (20)  autour de  son  axe 
de  retournement  (42)  pour  façonner  la  seconde 
face  latérale  en  dépouille,  afin  d'assurer  ainsi  un 
effet  de  meulage  tendant  à  évacuer  la  matière 
de  la  face  avant  de  chaque  lame  de  coupe  à" 
mesure  que  chacune  de  ces  faces  subit 
l'affûtage. 
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