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Description 

Field  of  the  Invention 

This  invention  relates  to  improvements  in  or  relating  s 
to  workpiece  grinding  method  and  apparatus. 

Background  to  the  Invention 

When  grinding  (abrasive  machining)  the  profile  of  a  to 
cam  lobe,  as  on  a  camshaft  for  an  automotive  engine,  it 
is  normal  to  use  an  abrasive  wheel.  However,  when  the 
cam  profile  has  a  re-entrant  portion,  the  size  of  the  abra- 
sive  wheel  to  grind  into  the  re-entrant  portion  may  be  so 
small  as  to  preclude  this  method  of  grinding.  The  grind-  ts 
ing  of  small  radius  re-entrant  portions  has  been  per- 
formed  by  using  an  abrasive  belt  which  passes  around 
a  guide  shoe,  the  outboard  end  of  which  has  a  small 
known  radius,  which  is  imparted  to  the  abrasive  surface 
of  the  belt,  which  can  therefore  not  only  grind  the  re-  20 
entrant  region  but  also,  if  desired  can  finish  grind  the 
cam  profile. 

Unfortunately  abrasive  belts  tend  to  wear  rapidly 
when  removing  large  amounts  of  stock. 

In  GB-A-481  722  there  is  disclosed  a  method  of  25 
grinding  such  a  cam,  in  which  the  concave  or  re-entrant 
portion  is  separately  ground  by  a  grinding  wheel  of 
small  diameter  or  by  a  wheel  having  the  required  profile, 
while  the  remaining  portion  is  ground  by  a  wheel  of 
larger  radius.  A  disadvantage  of  this  method  is  that  30 
there  may  be  formed  discontinuities  in  the  cam  profile  at 
each  side  of  the  re-entrant  portion. 

Objects  of  the  Invention 
35 

It  is  one  object  of  the  present  invention  to  provide 
an  improved  method  of  grinding  a  workpiece  which 
includes  the  step  of  belt  grinding. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  an  improved  workpiece  grinding  machine  which  40 
incorporates  belt  grinding. 

Summary  of  the  Invention 

According  to  one  aspect  of  the  present  invention  45 
there  is  provided  a  method  of  grinding  the  periphery  of 
a  workpiece  having  a  re-entrant  region  of  relatively 
small  radius,  characterised  by  the  steps  of: 

(1)  rough  grinding  the  whole  periphery  to  form  a  so 
modified  profile,  which  is  an  approximation  to  the 
final  desired  profile,  using  an  abrasive  grinding 
wheel  of  a  radius  greater  than  that  of  the  re-entrant 
region  of  the  periphery,  and 
(2)  finish  grinding  the  modified  profile  including  the  ss 
re-entrant  region  by  means  of  an  abrasive  belt, 
without  removing  the  workpiece  from  the  machine. 

By  the  term  "modified  profile"  is  meant  an  approxi- 
mation  to  the  final  profile  to  be  obtained  by  grinding,  so 
that  a  minimum  of  stock  is  left  on  non-re-entrant  parts  of 
the  profile  but  proportionately  more  stock  is  left  in 
regions  of  re-entrant  parts  of  the  profile,  since  the  large 
diameter  wheel  prevents  its  entry  into  the  re-entrant 
parts.  The  abrasive  belt  is  employed  in  accordance  with 
the  invention  to  remove  the  remaining  stock  from  the 
parts  of  the  workpiece  having  the  modified  profile 
including  the  stock  in  any  re-entrant  part  of  the  profile 
which  cannot  be  removed  by  the  large  diameter  grinding 
wheel. 

In  a  conventional  grinding  machine  for  grinding  a 
workpiece  such  as  a  camshaft  by  a  grinding  wheel,  the 
workpiece  is  mounted  between  a  headstock  and  a  foot- 
stock  which  define  a  grinding  station.  The  headstock 
and/or  footstock  also  rotate  the  workpiece  in  a  conven- 
tional  and  controlled  manner  about  an  axis  through  the 
workpiece.  The  cam  profile  therefore  does  not  describe 
a  circular  path.  A  wheelhead  mounts  the  grinding  wheel 
and  a  wheelhead  feed  therefor  produces  a  reciprocating 
motion  of  the  wheel  to  provide  an  action  which  puts  the 
grinding  wheel  in  the  correct  position  during  the  rotation 
of  each  section  of  the  workpiece  profile  being  ground,  to 
thereby  generate  the  desired  profile  therearound,  and 
finally  to  remove  the  grinding  wheel  therefrom.  By 
superimposing  a  forward  feed  onto  the  reciprocation  of 
the  wheelhead,  the  profile  is  reduced  in  size  in  a  control- 
led  manner  towards  its  finished  size. 

In  a  conventional  abrasive  belt  grinding  machine, 
the  belt  is  similarly  advanced  and  retracted  in  a  recipro- 
cal  manner,  with  an  overall  feed,  to  finish  the  workpiece 
as  required. 

In  accordance  with  another  aspect  of  the  present 
invention,  there  is  provided  apparatus  for  performing  the 
aforesaid  method  comprising  a  grinding  station  with  a 
grinding  wheel  to  grind  the  periphery  of  a  workpiece 
having  a  re-entrant  region  of  relatively  small  radius,  the 
grinding  wheel  having  a  radius  greater  than  that  of  the 
final  radius  to  be  obtained  in  the  re-entrant  region,  char- 
acterised  in  that  the  grinding  wheel  is  arranged  to  rough 
grind  the  whole  periphery  to  form  a  modified  profile 
which  is  an  approximation  to  the  final  profile,  and  in  that 
there  is  associated  with  the  grinding  wheel  an  abrasive 
belt  grinding  facility  having  a  guide  shoe  around  which 
the  belt  passes  and  the  radius  of  which  is  no  greater 
than  that  of  the  final  radius  to  be  obtained  in  the  re- 
entrant  region,  belt  drive  means  and  actuating  means  to 
move  the  belt  into  engagement  with  the  workpiece  to 
finish  grind  the  modified  profile  to  the  final  profile  whilst 
the  workpiece  is  still  within  the  grinding  station. 

The  belt  grinding  facility  may  be  mounted  for 
advance  and  retraction  to  engage  and  disengage  the 
workpiece  along  the  same  axis  as  the  grinding  wheel 
moves  to  engage  and  disengage  the  workpiece  at  the 
grinding  station.  Alternatively  it  may  move  along  a  differ- 
ent  axis  from  that  of  the  grinding  wheel,  but  which  is  lat- 
erally  spaced  from  the  wheel.  Alternatively  it  may  move 
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in  the  same  plane  as  the  wheel,  along  a  line  which 
passes  through  the  axis  of  workpiece  station  but  is 
angled  relative  to  the  axis  along  which  the  wheel  moves. 

The  headstock  and  footstock  may  be  mounted  on  a 
carriage  which  is  movable  relative  to  the  grinding  wheel 
and  belt,  to  present  different  axially  spaced  regions  of  a 
workpiece  in  succession  to  the  grinding  station,  so  that 
the  whole  workpiece  may  be  finished  by  way  of  a  suc- 
cession  of  separate  wheel  and  belt  grindings  in  the 
same  machine. 

As  applied  to  the  production  of  a  camshaft,  where 
the  belt  is  mounted  above  or  below  the  grinding  wheel, 
a  sequence  of  grinding  in  accordance  with  the  invention 
comprises  rough  grinding  consecutively  all  the  cam 
shaft  lobes  on  a  workpiece  using  the  grinding  wheel  to 
produce  modified  cam  profiles  at  each  cam  position, 
indexing  the  wheelhead  through  the  appropriate  angle 
to  present  the  abrasive  belt  to  the  workpiece,  and  finish 
grinding  consecutively  all  the  modified  profiles  along  the 
camshaft  to  the  required  size  and  shape. 

The  finished  component  can  be  unloaded  and  a 
new  workpiece  put  in  place  whilst  the  wheelhead 
indexes  so  as  to  present  the  grinding  wheel  at  the  start 
of  the  next  workpiece  grinding  sequence  as  described 
above. 

In  an  embodiment  in  which  the  abrasive  belt  is 
mounted  alongside  the  grinding  wheel,  the  belt  and 
wheel  are  separately  movable  towards  and  away  from 
the  workpiece  so  that  when  the  abrasive  belt  is  grinding, 
the  grinding  wheel  is  clear  of  the  workpiece,  and  when 
the  grinding  wheel  is  to  be  engaged,  the  abrasive  belt  is 
retracted  so  that  it  does  not  make  contact  with  the  work- 
piece. 

In  this  embodiment  the  grinding  sequence  typically 
involves  rough  grinding  a  component  using  the  grinding 
wheel,  and  then  finish  grinding  the  same  part  of  the 
component  using  the  abrasive  belt,  before  the  wheel- 
head  assembly  is  moved  to  the  next  region  of  the  com- 
ponent  to  be  ground. 

In  a  further  embodiment  in  which  belt  and  wheel  are 
axially  spaced  apart,  the  abrasive  belt  is  adapted  to 
engage  the  workpiece  to  finish  grind  a  modified  profile 
whilst  the  grinding  wheel  is  actively  rough  grinding 
another  axially  spaced  region  of  the  workpiece.  In  this 
way,  a  workpiece  can  be  finish  ground  in  virtually  the 
same  time  as  would  be  required  to  rough  grind  it  prior  to 
a  finish  grinding  sequence. 

Other  features  and  aspects  of  the  invention  are 
defined  in  the  appended  claims. 

Brief  Description  of  the  Drawings 

The  invention  will  now  be  described,  by  way  of 
example  only,  with  reference  to  the  accompanying 
drawings  in  which: 

Figure  1a  is  a  schematic  view  of  a  cam  lobe  adja- 
cent  to  a  grinding  wheel  for  rough  grinding  in 

accordance  with  the  invention,  and  Figure  1b  is  a 
cam  lobe  adjacent  to  an  abrasive  belt  for  finish 
grinding  in  accordance  with  the  invention, 
Figure  2  is  an  elevation  and  plan  of  a  combined 

5  grinding  wheel  and  abrasive  belt  machine  tool 
showing  the  grinding  wheel  presented  to  the  work- 
piece, 
Figure  3  is  an  elevation  and  plan  view  of  a  com- 
bined  grinding  wheel  and  abrasive  belt  machine 

10  tool  showing  the  abrasive  belt  presented  to  the 
workpiece, 
Figure  4  is  an  elevation  and  plan  view  of  a  com- 
bined  grinding  wheel  and  abrasive  belt  machine 
tool  showing  the  grinding  wheel  and  belt  fitted 

is  alongside  each  other,  and 
Figure  5  is  an  elevation  and  plan  view  of  a  com- 
bined  grinding  wheel  and  abrasive  belt  showing  the 
grinding  wheel  and  abrasive  belt  incorporated  in 
separate  grinding  heads. 

20 
Detailed  description  of  the  illustrated  embodiments 

Figure  1a  shows  a  section  of  a  grinding  wheel  10, 
rotating  in  the  direction  of  arrow  22  about  an  axis  of 

25  rotation  (not  shown)  and  reciprocably  in  the  direction  of 
arrows  13  to  move  wheel  10  and  its  grinding  surface 
towards  and  away  from  a  cam  lobe  1  4  to  be  ground.  The 
surface  of  wheel  1  0  engages  the  surface  of  lobe  1  4  at 
an  imaginary  plane  1  2  diametrically  passing  through  the 

30  axis  of  rotation  of  wheel  10  and  the  base  circle  axis  of 
lobe  1  4  at  a  variable  point  24  of  cam  lobe  1  4.  Lobe  1  4  is 
rotating  in  a  controlled  manner  around  an  axis  1  8  in  the 
direction  of  arrow  1  6. 

The  cam  lobe  14  has  a  modified  profile  20  which 
35  remains  after  the  rough  grinding  step.  Cam  lobe  14  is 

rotated  about  axis  18  to  facilitate  its  grinding.  The  con- 
trolled  angular  rotation  of  the  cam  lobe  14  is  comple- 
mented  by  a  controlled  reciprocal  movement  of  the 
grinding  wheel  in  the  direction  of  arrow  13  so  that  it  is  in 

40  the  correct  position  relative  to  the  angle  position  of  the 
cam  lobe. 

Figure  1b  shows  a  section  of  an  abrasive  belt  26 
moving  in  direction  of  arrow  28  over  cylindrically  curved 
shoe  face  30  of  fixed  guide  shoe  32.  Alternatively,  as 

45  indicated  in  broken  line,  the  fixed  shoe  may  be  replaced 
by  a  roller  33  driven  by  passage  of  the  abrasive  belt  over 
its  periphery.  The  belt  assembly  is  selectably  securable 
along  axis  34,  in  the  direction  of  the  arrow  36.  Belt  26 
and  its  grinding  surface  is  also  movable  in  the  direction 

so  of  arrow  36  to  move  its  grinding  surface  towards  and 
away  from  the  surface  of  the  cam  lobe  40  to  be  ground. 
When  the  grinding  surface  of  moving  belt  26  engages 
the  surface  of  cam  lobe  40  at  location  38,  along  a  dia- 
metric  plane  passing  through  the  base  circle  of  lobe  40 

55  and  the  longitudinally  extending  line  of  movement  34,  a 
finish  grinding  of  a  modified  profile  such  as  that  shown 
in  Figure  1a,  is  achievable.  The  point  of  engagement 
between  cam  lobe  40  and  the  belt  26  on  axis  34,  is 
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denoted  by  38.  The  controlled  angular  rotation  of  the 
cam  lobe  40  is  complemented  by  a  controlled  back- 
wards  and  forwards  reciprocatory  movement  of  belt  26 
along  axis  34,  so  that  the  locus  of  the  belt/lobe  engage- 
ment  at  38  accurately  facilitating  the  grinding  of  the  final  5 
shape  that  the  cam  lobe  is  to  possess. 

Figure  2  shows  an  elevation  46  and  plan  view  48  of 
a  dual  purpose  grinding  machine  wherein  a  grinding 
wheel  50  is  conventionally  mounted  on  a  spindle  (not 
shown)  which  rotates  in  the  direction  of  arrow  51  in  a  10 
wheel  housing  52  about  an  axis  54  and  is  driven  by  a 
drive  motor  56.  The  grinding  surface  of  grinding  wheel 
50  is  in  contact  with  the  surface  of  a  cam  lobe  58  of  a 
cam  shaft  60,  which  is  fixed  between  a  headstock  64 
and  a  footstock  62.  Headstock  64  rotates  cam  shaft  60  15 
in  a  conventionally  controlled  manner  about  an  axis  66 
and  is  in  turn  driven  by  an  electric  motor  (not  shown) 
housed  in  headstock  64.  An  approximate  cam  profile 
can  thus  be  produced  by  advancing  the  grinding  wheel 
surface  towards  cam  lobe  50  until  the  approximate  cam  20 
profile  is  achieved. 

Footstock  62  is  slidable  and  securable  along  axis 
66  in  the  directions  indicated  by  arrow  68. 

Adjacent  to  the  headstock  64  is  a  conventional  tru- 
ing  or  dressing  device  70  which  is  manoeuvred  by  slid-  25 
ing  headstock  64  across  the  face  of  grinding  wheel  50 
or  belt  72  with  device  70  in  contact  therewith  for  truing 
the  grinding  wheel  50  or  abrasive  belt  72  prior  to  use. 
When  truing  is  complete,  headstock  64  is  slid  back  and 
secured  so  as  to  secure  workpiece  60  in  position,  so  30 
that  truing  device  70  is  free  of  the  grinding  wheel  50  and 
belt  72. 

A  wheelhead  92  also  incorporates  the  abrasive  belt 
assembly  76  which  includes  the  belt  72.  Conventional 
rotational  indexing  of  the  wheelhead  through  1  80°  about  35 
an  axis  108  presents  abrasive  belt  72  instead  of  wheel 
50  to  workpiece  60. 

Wheelhead  92  is  mounted  on  an  underslide  106 
which  supports  and  guides  wheelhead  92  for  rotation 
about  axis  108,  so  that  wheelhead  92  can  be  rotatably  40 
indexed  and  rigidly  locked  (by  locking  means  not 
shown)  when  in  either  grinding  position. 

Wheelhead  92  is  mounted  on  underslide  106  and 
driven  backwards  and  forwards  on  slide  1  34  by  a  feed 
member  107  so  that  the  abrasive  belt  72  or  grinding  45 
wheel  50  can  be  advanced  or  withdrawn  from  the  work- 
piece  as  required  at  the  beginning  and  ending  of  a 
grinding  step  and  reciprocated  so  as  to  respond  to  the 
changing  component  profile  during  rotation  of  the  latter 
and  to  readjust  position  for  the  next  workpiece.  Slide  so 
134  is  conventionally  supported  on  the  machine  tool 
base  136. 

Figure  3  shows  the  grinding  machine  of  Figure  2 
with  the  abrasive  belt  in  contact  with  the  cam  lobe.  The 
belt  mechanism  comprises  an  abrasion  belt  tensioning  ss 
pulley  78  attached  by  means  of  arm  80  to  a  securing 
member  84.  The  arms  are  attached  to  the  securing 
member  by  means  by  pivot  bearings  81  ,  and  to  the  body 

of  the  wheelhead  92  by  means  of  a  pneumatic  cylinder 
200.  The  pneumatic  cylinder  is  retractable  allowing  the 
arm  to  swing  down  for  fitting  new  belts.  The  pneumatic 
cylinder  can  then  be  extended  at  a  controlled  rate  and 
pressure  to  correctly  tension  the  abrasive  belt  72.  The 
abrasive  belt  is  driven  around  a  larger  pulley  86  which  is 
rotated  by  a  belt  drive  90  via  drive  motor  88.  The  larger 
pulley  86  is  carried  by  the  securing  member  84  and  the 
abrasive  belt  drive  motor  88  is  secured  to  the  body  of 
the  wheelhead  92  via  a  vibration  absorbing  platform  94. 

The  abrasive  belt  72  also  passes  around  two  belt 
guide  pulleys  96  and  98  which  are  also  carried  by  secur- 
ing  member  100  so  that  they  are  equidistant  from  the 
guide  shoe  1  02  and  shoe  supporting  grooved  member 
104.  The  guide  pulleys  are  located  behind  the  guide 
shoe  1  02  so  that  the  belt  passing  over  the  guide  shoe 
protrudes  forward  of  the  guide  mechanism  enabling 
grinding  of  the  workpiece  105  by  the  abrasive  belt. 

Figure  4  shows  plan  112  and  elevation  114  of  an 
embodiment  of  the  machine  wherein  the  abrasive  belt 
mechanism  and  grinding  wheel  mechanism  are  adja- 
cent  to  each  other  and  wherein  the  abrasive  belt 
extends  forwardly  of  the  abrasive  wheel  when  the  abra- 
sive  belt  supporting  grooved  arm  1  1  6  has  been  lowered 
into  the  position  shown  in  Figure  4(a).  Alternation 
between  abrasive  mechanisms  is  by  retraction  of  the 
abrasive  belt  shoe  by  rotation  of  supporting  arm  1  1  6 
around  axis  1  1  8,  so  that  the  abrasive  belt  mechanism  is 
now  displaced  behind  the  grinding  wheel  surface  when 
viewed  from  the  side.  Thus,  rotation  of  the  arm  116 
allows  alternative  abrasive  wheel  rough  grinding  and 
abrasive  belt  finish  grinding  operations,  without  the  non 
grinding  device  interfering  with  the  workpiece  while  the 
other  is  active. 

The  other  constructional  features  are  similar  to 
those  of  the  previous  examples  shown  in  the  drawings 
except  that  there  is  no  need  for  any  rotatable  indexing 
means  as  both  mechanisms  are  functional  on  the  same 
side  of  the  wheelhead  as  each  other. 

In  Figure  5  the  abrasive  belt  1  20  and  the  abrasive 
wheel  122  are  located  on  separate  wheelheads  124  and 
126  on  either  side  of  the  machine  tool  mounting  128. 
Both  wheelheads  are  slidable  over  respective  support 
members  130  and  132  and  the  abrasion  mechanism  is 
essentially  as  hereinbefore  described  except  that  in  this 
embodiment  it  is  possible  to  grind  a  workpiece  from 
both  sides. 

After  rough  grinding,  one  part  of  the  grinding  wheel 
1  22  is  retracted  and  the  abrasive  belt  1  20  is  advanced 
and  engaged  for  finish  grinding  the  same  part,  before 
the  workpiece  is  axially  advanced,  to  present  another 
region  for  rough  grinding. 

Claims 

1.  A  method  of  grinding  the  periphery  of  a  workpiece 
(14)  having  a  re-entrant  region  of  relatively  small 
radius,  characterised  by  the  steps  of: 

4 
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the  same  machine. 

Apparatus  as  claimed  in  claim  3  wherein  the  grind- 
ing  wheel  and  abrasive  belt  assembly  are  both 
mounted  on  a  rotatable  wheelhead  (92),  such  that 
by  rotating  the  wheelhead,  either  the  grinding  wheel 
or  the  abrasive  belt  can  be  presented  to  the  work- 
piece. 

(1)  rough  grinding  the  whole  periphery  to  form 
a  modified  profile  (20),  which  is  an  approxima- 
tion  to  the  final  desired  profile,  using  an  abra-  8. 
sive  grinding  wheel  (10)  of  a  radius  greater 
than  that  of  the  re-entrant  region  of  the  periph-  5 
ery,  and 
(2)  finish  grinding  the  modified  profile  including 
the  re-entrant  region  by  means  of  an  abrasive 
belt  (26),  without  removing  the  workpiece  from 
the  machine.  10  9. 

2.  A  method  as  claimed  in  claim  1  wherein  the  grind- 
ing  wheel  (1  0)  and  the  abrasive  belt  (26)  are  com- 
monly  mounted,  and  in  which  the  intermediate  step 
of  presenting  the  abrasive  belt  to  the  workpiece 
also  moves  the  grinding  wheel  away  from  the  work- 
piece. 

3.  Apparatus  for  performing  the  method  of  claim  1  or 
claim  2,  comprising  a  grinding  station  with  a  grind- 
ing  wheel  (10)  to  grind  the  periphery  of  a  workpiece 
(14)  having  a  re-entrant  region  of  relatively  small 
radius,  the  grinding  wheel  having  a  radius  greater 
than  that  of  the  fixed  radius  to  be  obtained  in  the  re- 
entrant  region,  characterised  in  that  the  grinding 
wheel  is  arranged  to  rough  grind  the  whole  periph- 
ery  to  form  a  modified  profile  (20)  which  is  an 
approximation  to  the  final  profile,  and  in  that  there  is 
associated  with  the  grinding  wheel  an  abrasive  belt 
grinding  facility  (26)  having  a  guide  shoe  (32) 
around  which  the  belt  passes  and  the  radius  of 
which  is  no  greater  than  that  of  the  final  radius  to  be 
obtained  in  the  re-entrant  region,  belt  drive  means 
and  actuating  means  (116)  to  move  the  belt  into 
engagement  with  the  workpiece  to  finish  grind  the 
modified  profile  to  the  final  profile  whilst  the  work- 
piece  is  still  within  the  grinding  station. 

4.  Apparatus  as  claimed  in  claim  3  wherein  the  actuat- 
ing  means  comprises  a  supporting  arm  (116)  mov- 
able  to  bring  the  belt  grinding  facility  (26)  into 
engagement  with  the  workpiece  (Fig.  4). 

5.  Apparatus  as  claimed  in  claim  3  or  claim  4  wherein 
the  belt  grinding  facility  is  mounted  adjacent  the 
grinding  wheel. 

6.  Apparatus  as  claimed  in  claim  3  wherein  the  belt 
grinding  facility  (120)  is  disposed  on  the  side  of  the 
workpiece  opposite  to  the  grinding  wheel  (10). 

7.  Apparatus  as  claimed  in  claim  3  wherein  the  head- 
stock  (64)  and  footstock  (62)  are  mounted  on  a  car- 
riage  which  is  movable  relative  to  the  grinding 
wheel  and  belt,  to  present  different  regions  of  a 
workpiece  in  succession  to  the  grinding  station,  so 
that  a  whole  workpiece  may  be  finished  by  way  of  a 
succession  of  separate  wheel  and  belt  grindings  in 

10  9.  Apparatus  as  claimed  in  claim  8  wherein  the  wheel- 
head  (92)  is  rotatable  about  a  vertical  axis. 

1  0.  Apparatus  as  claimed  in  claim  9  wherein  the  wheel- 
head  (92)  is  rotatable  through  180°  about  the  said 

15  vertical  axis. 

11.  Apparatus  as  claimed  in  any  one  of  claims  3  to  10 
wherein  the  drive  means  is  electronically  and/or 
microprocessor  controlled  to  control  some  or  all  of 

20  speed,  direction  or  rotation,  acceleration  and  decel- 
eration  to  control  the  abrasive  action  of  the  wheel 
and  the  belt. 

12.  Apparatus  as  claimed  in  any  one  of  claims  3,  4,  6 
25  and  8  to  11,  wherein  the  abrasive  belt  is  mounted 

alongside  the  grinding  wheel,  and  the  belt  and 
wheel  are  separately  movable  towards  and  away 
from  the  workpiece  so  that  when  the  abrasive  belt  is 
grinding,  the  grinding  wheel  is  clear  of  the  work- 

30  piece,  and  when  the  grinding  wheel  is  to  be 
engaged,  the  abrasive  belt  is  retracted  so  that  it 
does  not  make  contact  with  the  workpiece. 

13.  Apparatus  as  claimed  in  any  one  of  claims  3  to  5 
35  and  7,  wherein  the  abrasive  belt  is  adapted  to 

engage  the  workpiece  to  finish  grind  a  modified 
profile  whilst  the  grinding  wheel  is  actively  rough 
grinding  another  axially  spaced  region  of  the  work- 
piece. 

40 
Patentanspruche 

1.  Verfahren  zum  Schleifen  der  Umfangsflache  eines 
Werkstiickes  (14)  mit  einem  einspringenden 

45  Bereich  mit  relativ  kleinem  Radius,  dadurch 
gekennzeichnet,  da  6 

(a)  die  gesamte  Umfangsflache  grob  geschlif- 
fen  wird,  urn  ein  modifiziertes  Profil  (20)  auszu- 

50  bilden,  das  eine  Annaherung  an  das 
gewunschte  Endprofil  darstellt,  wobei  eine 
Schleifscheibe  (10)  mit  einem  Radius  verwen- 
det  wird,  der  groBer  ist  als  der  des  einspringen- 
den  Bereiches  der  Umfangsflache,  und 

55  (b)  das  modifizierte  Profil  einschlieBlich  des 
einspringenden  Bereiches  mit  Hilfe  eines 
Schleifbandes  (26)  ohne  Entnahme  des  Werk- 
stiickes  aus  der  Maschine  fertig  geschliffen 

30 

35 

50 

55 
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wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  Schleifscheibe  (10)  und  das 
materialabtragende  Schleifband  (26)  gemeinsam  s 
befestigt  sind,  und  daB  durch  den  Zwischenschritt, 
mit  dem  das  Schleifband  dem  Werkstiick  zugeord- 
net  ist,  die  Schleifscheibe  von  dem  Werkstiick  weg 
bewegt  wird. 

10 
3.  Einrichtung  zur  Durchfiihrung  des  Verfahrens  nach 

Anspruch  1  oder  2,  mit  einer  Schleifstation  mit  einer 
Schleifscheibe  (10)  zum  Schleifen  der  Umfangsfla- 
che  eines  Werkstiickes  (14)  mit  einem  einspringen- 
den  Bereich  mit  relativ  keinem  Radius,  wobei  die  is 
Schleifscheibe  einen  Radius  hat,  der  groBer  ist  als 
der  teste  Radius,  der  in  dem  einspringenden 
Bereich  erhalten  wird,  dadurch  gekennzeichnet, 
daB  die  Schleifscheibe  so  ausgelegt  ist,  daB  sie 
den  gesamten  Umfang  grob  schleift,  urn  ein  modifi-  20 
ziertes  Profil  (20)  auszubilden,  das  eine  Annahe- 
rung  an  das  Endprofil  darstellt,  und  daB  der 
Schleifscheibe  eine  Bandschleifvorrichtung  (26) 
zugeordnet  ist,  die  einen  Fiihrungsschuh  (32)  auf- 
weist,  urn  den  das  Band  lauft,  und  dessen  Radius  25 
nicht  groBer  ist  als  der  Endradius,  der  in  dem  ein- 
springenden  Bereich  erhalten  wird,  wobei  Bandan- 
triebsvorrichtung  und  Betatigungsvorrichtung  (16) 
das  Band  in  Eingriff  mit  dem  Werkstiick  bewegen, 
urn  das  modifizierte  Profil  in  das  Endprofil  fertigzu-  30 
schleifen,  wahrend  das  Werkstiick  noch  in  der 
Schleifstation  ist. 

4.  Einrichtung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daB  die  Betatigungsvorrichtung  einen  35 
Auslegerarm  (116)  aufweist,  der  so  bewegbar  ist, 
daB  er  die  Bandschleifvorrichtung  (26)  in  Eingriff 
mit  dem  Werkstiick  (Fig.  4)  bringt. 

5.  Einrichtung  nach  Anspruch  3  oder  4,  dadurch  40 
gekennzeichnet,  daB  die  Bandschleifvorrichtung  in 
der  Nahe  der  Schleifscheibe  befestigt  ist. 

6.  Einrichtung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daB  die  Bandschleifvorrichtung  (120)  auf  45 
der  Seite  des  Werkstiickes  gegeniiber  der  Schleif- 
scheibe  (1  0)  angeordnet  ist. 

7.  Einrichtung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daB  der  Spindelstock  (64)  und  der  Reit-  so 
stock  (62)  auf  einem  Schiffen  befestigt  sind,  der 
relativ  zur  Schleifscheibe  und  zum  Band  beweglich 
ist,  damit  unterschiedliche  Bereiche  eines  Werk- 
stiickes  nacheinander  der  Schleifstation  ausge- 
setzt  werden  konnen,  und  ein  gesamtes  Werkstiick  ss 
aufgrund  einer  Folge  von  getrennten  Scheiben-  und 
Band-Schleifvorgangen  in  der  gleichen  Maschine 
fertigbearbeitet  werden  kann. 

8.  Einrichtung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daB  die  Schleifscheiben-und  Schleifband- 
anordnung  beide  auf  einem  drehbaren  Schleifkopf 
(92)  befestigt  sind,  derart,  daB  durch  Drehen  des 
Schleifkopfes  entweder  die  Schleifscheibe  oder  das 
Schleifband  dem  Werkstiick  dargeboten  werden 
konnen. 

9.  Einrichtung  nach  Anspruch  8,  dadurch  gekenn- 
zeichnet,  daB  der  Schleifkopf  (92)  urn  eine  vertikale 
Achse  drehbar  ist. 

10.  Einrichtung  nach  Anspruch  9,  dadurch  gekenn- 
zeichnet,  daB  der  Schleifkopf  (92)  iiber  180°  urn  die 
vertikale  Achse  drehbar  ist. 

11.  Einrichtung  nach  einem  der  Anspriiche  3 - 1 0 ,  
dadurch  gekennzeichnet,  daB  die  Antriebsvorrich- 
tung  elektronisch  und/oder  durch  Mikroprozessor 
gesteuert  ausgelegt  ist,  urn  einen  Teil  der  oder  alle 
Geschwindigkeiten,  Richtung  oder  Rotation, 
Beschleunigung  und  Verzogerung  zu  steuern  und 
damit  den  Schleifvorgang  der  Scheibe  und  des 
Schleifbandes  zu  beeinflussen. 

12.  Einrichtung  nach  einem  der  Anspriiche  3,  4,  6  und 
8-11,  dadurch  gekennzeichnet,  daB  das  Schleif- 
band  langs  der  Schleifscheibe  befestigt  ist,  und 
Band  und  Scheibe  zum  Werkzeug  hin  und  vom 
Werkzeug  weg  getrennt  so  verschiebbar  sind,  daB 
dann,  wenn  das  Schleifband  schleift,  die  Schleif- 
scheibe  von  dem  Werkstiick  abgehoben  ist,  und 
wenn  die  Schleifscheibe  in  Eingriff  gebracht  wer- 
den  soil,  das  Schleifband  zuriickgezogen  wird, 
damit  es  keinen  Kontakt  mit  dem  Werkstiick  gibt. 

13.  Einrichtung  nach  einem  der  Anspriiche  3  -  5  und  7, 
dadurch  gegenzeichnet,  daB  das  Schleifband  in  der 
Lage  ist,  das  Werkstiick  zu  beaufschlagen,  urn  ein 
modifiziertes  Profil  fertig  zu  schleifen,  wahrend  die 
Schleifscheibe  aktiv  einen  anderen,  axial  versetz- 
ten  Bereich  des  Werkstiickes  grob  schleift. 

Revendications 

1.  Un  procede  de  meulage  de  la  peripherie  d'une 
piece  a  usiner  (14)  possedant  une  portion  rentrante 
de  rayon  relativement  petit,  caracterisee  par  les 
etapes  suivantes: 

(1)  degrossissage  a  la  meule  de  la  peripherie 
entiere  pour  former  un  profil  modifie  (20),  qui 
est  une  approximation  du  profil  desire  final,  en 
utilisant  une  meule  abrasive  (10)  d'un  rayon 
plus  grand  que  celui  de  la  portion  rentrante  de 
la  peripherie,  et 
(2)  dressage  du  profil  modifie  incluant  la  por- 
tion  rentrante  a  I'aide  d'une  bande  abrasive 
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(26),  sans  retirer  la  piece  a  usiner  de  la 
machine. 

2.  Un  procede,  selon  la  revendication  1  ,  dans  lequel  la 
meule  (10)  et  la  bande  abrasive  (26)  sont  commu-  s 
nement  montees  et  dans  lequel  I'etape  interme- 
diate  de  presentation  de  la  bande  abrasive  a  la 
piece  a  usiner  permet  egalement  d'ecarter  la  meule 
de  la  piece  a  usiner. 

10 
3.  Un  appareil  pour  executer  le  procede  de  la  revendi- 

cation  1  ou  de  la  revendication  2,  comprenant  un 
poste  de  meulage  avec  une  meule  (10)  pour  le 
meulage  de  la  peripherie  d'une  piece  a  usiner  (14) 
possedant  une  portion  rentrante  de  rayon  relative-  15 
ment  petit,  la  meule  possedant  un  rayon  plus  grand 
que  le  rayon  fixe  a  obtenir  dans  la  portion  rentrante, 
caracterise  par  le  fait  que  la  meule  est  disposee  de 
fagon  a  degrossir  la  peripherie  entiere  pour  former 
un  profil  modifie  (20)  qui  est  une  approximation  du  20 
profil  final,  et  par  le  fait  qu'a  la  meule  est  associee 
un  dispositif  de  meulage  par  bande  abrasive  (26) 
equipe  d'un  patin  de  guidage  (32)  autour  duquel  la 
bande  passe  et  dont  le  rayon  n'est  pas  superieur  au 
rayon  final  a  obtenir  dans  la  portion  rentrante;  un  25 
dispositif  d'entramement  par  courroie  et  un  disposi- 
tif  de  commande  (116)  pour  engager  la  bande  avec 
la  piece  a  usiner  afin  de  dresser  le  profil  modifie  au 
profil  final  tandis  que  la  piece  a  usiner  se  trouve 
toujours  dans  le  poste  de  meulage.  30 

4.  Un  appareil,  selon  la  revendication  3,  dans  lequel  le 
dispositif  de  commande  comprend  un  bras  de  sup- 
port  (116)  mobile  pour  engager  le  dispositif  de 
meulage  par  bande  (26)  avec  la  piece  a  usiner  (Fig.  35 
4). 

a  ce  qu'en  tournant  la  poupee  porte-meule,  la 
meule  ou  la  bande  abrasive  puisse  etre  presentee 
a  la  piece  a  usiner. 

9.  Un  appareil,  selon  la  revendication  8,  dans  lequel  la 
poupee  porte-meule  (92)  peut  tourner  autour  d'un 
axe  vertical. 

10.  Un  appareil,  selon  la  revendication  9,  dans  lequel  la 
poupee  porte-meule  (92)  peut  tourner  de  180° 
autour  dudit  axe  vertical. 

11.  Un  appareil,  selon  une  des  revendications  3  a  10, 
dans  lequel  le  dispositif  d'entramement  est  com- 
mande  electroniquement  et/ou  par  microproces- 
seur  pour  contrdler  une  partie  ou  la  totalite  de  la 
vitesse,  la  direction  ou  rotation,  I'acceleration  et  la 
deceleration  pour  commander  Taction  abrasive  de 
la  roue  et  de  la  bande. 

12.  Un  appareil,  selon  une  des  revendications  3,  4,  6  et 
8  a  1  1  dans  lequel  la  bande  abrasive  est  montee  le 
long  de  la  meule,  et  la  bande  abrasive  et  la  meule 
peuvent  rapprochees  ou  ecartees  separement  de 
la  piece  a  usiner  de  sorte  que,  lorsque  la  bande 
abrasive  meule,  la  meule  est  ecartee  de  la  piece  a 
usiner,  et  lorsque  la  meule  est  engagee,  la  bande 
abrasive  est  rentree  pour  ne  plus  etre  en  contact 
avec  la  piece  a  usiner. 

13.  Un  appareil,  selon  une  des  revendications  3  a  5  et 
7,  dans  lequel  la  bande  abrasive  est  adaptee  pour 
engager  la  piece  a  usiner  afin  de  dresser  un  profil 
modifie  tandis  que  la  meule  effectue  le  degrossis- 
sage  d'une  autre  portion  axialement  espacee  de  la 
piece  a  usiner. 

5.  Un  appareil,  selon  la  revendication  3  ou  la  revendi- 
cation  4,  dans  lequel  le  dispositif  de  meulage  par 
bande  abrasive  est  monte  a  cote  de  la  meule.  40 

6.  Un  appareil,  selon  la  revendication  3,  dans  lequel  le 
dispositif  de  meulage  par  bande  abrasive  (120)  est 
dispose  sur  le  cote  de  la  piece  a  usiner  en  face  de 
la  meule  (10).  45 

7.  Un  appareil,  selon  la  revendication  3,  dans  lequel  la 
poupee  (64)  et  la  contre-poupee  (62)  sont  montees 
sur  un  chariot  qui  est  mobile  par  rapport  a  la  meule 
et  la  bande  abrasive,  pour  presenter  successive-  so 
ment  differentes  portions  d'une  piece  a  usiner  au 
poste  de  meulage,  afin  que  la  piece  a  usiner  entiere 
soit  finie  par  des  meulages  successifs  par  roue  et 
par  bande  dans  la  meme  machine. 

55 
8.  Un  appareil,  selon  la  revendication  3,  dans  lequel  la 

meule  et  la  bande  abrasive  sont  tous  deux  montes 
sur  une  poupee  porte-meule  rotative  (92),  de  fagon 
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