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©  A  grinding  machine  fitted  with  a  control  unit 
suitable  to  provide  the  displacement  of  one  or 
more  grinding  wheels  (1,  2)  and  with  a  mechan- 
ism  (3,  5)  for  holding  and  feeding  the  work- 
pieces  (P),  in  which  the  grinding  wheels  (1,  2) 
are  displaced  with  a  feed  which  is  interpolated, 
according  to  a  programmable  law,  with  the 
position  of  the  said  mechanism  (3,  5)  for  hold- 
ing  and  feeding  the  workpieces.  It  is  conse- 
quently  possible  to  obtain  a  very  high  precision 
in  the  machining  of  the  workpieces,  a  lower  and 
more  regular  wear  of  the  grinding  wheels  and 
longer  intervals  between  the  wheel  dressing 
cycles. 
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The  present  invention  is  concerning  the  ma- 
chines  for  grinding  mechanical  workpieces  and  spe- 
cifically  a  grinding  machine  with  the  grinding  wheels 
at  a  distance  which  is  variable  according  to  the  posi- 
tion  of  the  workpieces. 

In  the  grinding  of  ferrous  or  ceramic  workpieces 
and  specifically  for  the  finishing  operation  a  so  called 
"fine  grinding"  of  those  surfaces  is  needed  for  which 
a  high  accuracy  is  required. 

For  that  purpose  grinding  machines  are  em- 
ployed  which  remove  from  the  workpieces  a  well  es- 
tablished  amount  of  material,  usually  called  "stock" 
and  provide  surfaces  whose  tolerances  in  flatness, 
parallelism  and  size  are  within  thousandths  of  milli- 
meters. 

There  are  several  types  of  grinding  machines, 
among  which  there  are  the  well  known  "double  head" 
or  "duplex"  grinders,  fitted  with  two  cup  wheels  of 
proper  diameter  and  width,  placed  one  against  the 
other  and  carried  by  proper  wheel  spindles.  In  these 
machines  the  wheels  are  opposite  but  not  necessarily 
coaxial,  so  that  -  in  some  cases  -  the  active  surfaces 
of  the  wheels  are  not  parallel,  rather  usually  converge 
in  the  direction  the  workpieces  are  fed  through  them 
during  the  grinding  operation.  These  grinding  ma- 
chines  are  also  fitted  with  mechanisms  to  hold  the 
workpieces  in  proper  seats  and  guide  them  in  the 
path  between  the  wheels,  such  a  path  and  the  dis- 
placement  of  the  wheels  being  properly  controlled. 

In  order  to  keep  the  wanted  tolerances  it  is  nec- 
essary  to  keep  the  geometry  of  the  active  surface  (or 
"face")  of  the  grinding  wheels  unchanged  in  spite  of 
their  unavoidable  wear,  which  is  done  by  recondition- 
ing  the  wheels  -  by  dressing  the  active  surface  -  as 
much  more  frequently  as  the  tolerance  of  the  work- 
pieces  is  small. 

Particularly  the  known  grinding  machines  are  ba- 
sically  of  two  types  and  operate  according  to  two  prin- 
ciples  known  as  "Diskus"  and  "Wendt". 

The  machines  which  operate  according  to  the 
"Diskus"  principle  have  the  wheels  in  fixed  position, 
with  the  active  surfaces  converging  in  the  feed  direc- 
tion  of  the  workpieces.  The  distance  between  the 
wheels  can  be  set  according  to  the  thickness  of  the 
workpieces,  which  are  usualy  carried  through  the 
wheels  by  a  rotary  feed  disc  with  proper  seats. 

The  workpieces  are  guided  along  a  fix  path, 
which  is  an  arc  of  a  circle,  from  the  point  of  entrance 
into  the  grinding  wheels,  usually  wider,  to  a  point  of 
exit  from  the  grinding  wheels,  usually  narrower,  the 
difference  between  the  said  two  points  usually  being 
equal  to  stock  to  be  removed. 

These  machines  can  operate  with  comparatively 
short  grinding  cycles  and  on  comparatively  large 
workpieces,  but  are  showing  large  deformations  of 
the  face  of  the  grinding  wheels,  due  to  their  conver- 
gent  positioning,  which  imposes  frequent  dressing  cy- 
cles. 

The  machines  which  operate  according  to  the 
'Wendt"  principle  on  the  opposite  have  parallel  grind- 
ing  wheels  and  the  workpieces,  placed  on  a  holding- 
feed  plate,  are  caused  to  oscillate  with  a  radial  dis- 

5  placement  within  or  slightly  outside  the  face  of  the 
grinding  wheel  whilst  one  or  both  wheels  are  fed  and 
progressively  grind  the  workpieces,  basically  at  a 
constant  feed  rate,  until  the  whole  stock  is  removed. 

These  machines  have  comparatively  long  grind- 
10  ing  cycles  and  may  claim  a  small  deformation  of  the 

face  of  the  grinding  wheels,  which  allows  longer  inter- 
vals  between  the  dressing  cycles. 

The  above  mentioned  two  types  of  grinding  ma- 
chines  may  grind  with  good  precision  thanks  to  the 

15  way  of  handling  the  displacement  of  the  grinding 
wheels  and  of  the  holding-feed  mechanism  of  the 
workpieces. 

Particularly  in  the  second  case  (Wendt)  wheels 
diplace  along  their  axis  and  workpieces  along  an  axis 

20  within  the  face  of  the  wheels  whereas  in  the  first  case 
(Diskus)  the  workpieces  move  along  the  periphery  of 
the  feed  disc  which  rotates  on  its  axis. 

The  present  invention  has  the  object  of  providing 
a  grinding  machine  capable  of  handling  high  precision 

25  workpieces  of  any  size,  with  short  working  cycles  and 
mainly  with  minimum  deformation  of  the  geometrical 
characteristics  of  the  wheels,  which  may  be  dressed 
at  significantly  long  intervals. 

The  object  is  achieved  with  a  grinding  machine 
30  provided  with  a  unit  which  controls  one  or  more  grind- 

ing  wheels  and  with  a  mechanism  for  holding  and 
feeding  the  workpieces,  in  which  the  grinding  wheels 
are  moved  into  a  feed  which  is  interpolated,  according 
to  a  predeterminable  law,  with  the  position  of  the  said 

35  mechanism  for  holding  and  feeding  the  workpieces. 
In  a  preferred  embodiment,  such  a  grinding  ma- 

chine,  fitted  with  variable-distance  wheels,  is  of  dou- 
ble  head  type  and  has  the  advantage  of  using  parallel 
wheels  to  have  a  lower  and  more  regular  wear  there- 

to  of. 
The  same  machine  offers  the  further  advantage 

of  being  able  to  feed  the  workpieces  according  to  a 
sosphisticated  trajectory,  as  resulting  from  the  inter- 
polation  of  two  linear  motions  or  of  a  linear  motion 

45  with  a  rotary  motion,  according  to  the  way  the  hold- 
and-feed  mechanism  is  activated.  This  characteristic, 
in  conjunction  with  the  variable  feed  of  the  grinding 
wheels,  allows  the  machining  by  controlling  the  action 
at  the  same  time  over  three  axes. 

so  It  is  consequently  possible  to  effect  a  complex 
and  articulated  machining  which  is  finally  more  pre- 
cise. 

These  and  additional  advantages  of  a  grinding 
machine  according  to  the  present  invention  will  clear- 

55  ly  appear  from  the  following,  detailed  description  of 
two  preferred  embodiments  made  with  reference  to 
the  attached  drawings  where: 

FIGURE  1  is  a  side  view  of  the  grinding  machine 
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according  to  the  present  invention  in  a  first  em- 
bodiment; 
FIGURE  2  is  a  top  view  of  the  machine  according 
to  Figure  1  ; 
FIGURE  3  is  a  top  view,  similar  to  Figure  2,  of  the 
machine  according  to  a  different  embodiment; 
FIGURE  4  is  a  diagram  showing  the  operative 
principle  of  the  machine  of  Figures  1  and  2;  and 
FIGURE  5  is  a  diagram  showing  the  operative 
principle  of  the  machine  in  Figures  1  and  3. 
Fig.  1  shows  that  the  grinding  machine  according 

to  the  present  invention  substantially  includes  two 
cup  wheels  1,  2  mounted  on  an  axis  A  and  driven  by 
the  respective  motors  M1  and  M2  through  a  belt 
transmission.  They  can  be  reciprocally  approached 
through  known  drives,  preferably  operated  by  an 
electronic  unit  (not  shown)  which  accomplishes  a  nu- 
merical  control. 

The  machine  moreover  includes  a  feed  disc  3  par- 
allel  to  and  partly  interposed  between  the  grinding 
wheels  1  and  2,  mounted  on  a  slide  4.  The  disc  may 
rotate  on  an  axis  B,  parallel  to  the  axis  A,  whereas  the 
slide  may  move  along  a  third  axis  C,  perpendicular  to 
the  said  axes  A,  B.  The  feed  disc  3  is  the  holding  fix- 
ture  for  the  workpieces  which  are  set  in  proper  seats 
(not  shown),  preferably  at  the  periphery  of  the  disc 
and  are  fed  between  the  wheels  1,  2  over  a  path  re- 
sulting  from  the  composition  of  the  rotary  motion  of 
the  feed  disc  3  with  the  displacement  of  the  slide  4, 
as  better  explained  later  on. 

The  rotation  of  feed  disc  3  and  the  displacement 
of  slide  4  are  controlled  through  well  known  and  not 
shown  drivers,  by  the  said  numerical  control  unit:  con- 
sequently  the  full  operation  of  the  machine  is  based 
on  the  combination  of  the  said  movements,  as  ob- 
tained  by  entering  a  well  determined  interpolation 
among  the  drive  mechanisms  of  wheels  1,  2  of  feed 
disc  3  and  of  slide  4. 

Fig.  2  is  a  top  view  of  the  same  grinding  machine 
which  is  showing  the  rim  i.e.  the  active  surface  of  the 
cup  wheel  2,  overlapping  the  periphery  of  feed  disc 
3.  It  is  clear  that  the  displacement  along  axis  C  of  the 
disc-slide  assembly  modifies  the  overlapping  of  the 
active  edge  of  the  wheels  in  respect  of  the  periphery 
of  the  feed  disc  where  the  seats  for  the  workpieces 
are  located. 

Fig.  3  is  a  top  view  of  a  different  accomplishment 
of  a  machine  according  to  the  present  invention.  In 
this  case  the  feed  part  is  a  plate  5  which  is  mounted 
on  a  slide  4',  shown  by  dotted  lines,  similar  to  the  one 
described  in  the  previous  case. 

Such  a  slide  may  translate,  driven  by  known  sys- 
tems,  along  two  orthogonal  axes  D  and  E  on  a  plane 
which  is  parallel  to  and  intermediate  between  the 
wheels  of  the  machine  or,  preferably,  it  may  translate 
along  axis  D  only  which  corresponds  to  axis  C  of  the 
former  case.  The  workpieces  are  -set  in  proper  seats 
(not  shown)  of  plate  5  in  the  overlapping  area,  feed 

being  effected  along  a  path  resulting  from  the  com- 
bination  of  two  linear  motions  or  along  just  one  axis, 
as  better  explained  later  on.  The  displacement  over 

5  one  or  two  axes  of  slide  4',  is  effected  with  known 
drivers  (not  shown)  by  the  said  numerical  control  unit 
in  which,  also  in  the  case,  a  well  determined  law  is  en- 
tered  to  effect  the  interpolation  of  the  motions  of  two 
or  three  involved  axes. 

10  With  reference  to  Fig.  4  there  is  seen  that  a  work- 
piece  P,  laying  into  a  seat  over  the  periphery  of  the 
feed  disc  3  according  to  Fig.  1,  moves  along  a  path 
which  was  pre-set  through  the  combined  movements 
of  the  feed  disc  and  is  guided  through  the  wheels  to 

15  be  finally  touched  by  them.  The  said  combined  move- 
ments  of  the  feed  disc  originate  from  the  interpolation 
of  its  rotary  motion  with  the  linear  motion  of  its  center 
over  axis  C.  In  the  particular  case  shown,  the  work- 
piece  P  follows  the  path  which  is  schematized  by 

20  twelve  subsequent  positions  corresponding  to  a  full 
swing  of  the  rotation  center  of  the  feed  disc  between 
the  given  extreme  positions  CR1,  CR2.  Obviously 
such  a  displacement  is  guided  by  the  numerical  con- 
trol  unit  and  its  amplitude  depends  upon  the  kind  of 

25  grinding  desired  for  workpiece  P,  upon  its  size  and  the 
width  of  the  active  face  of  wheels  1,  2. 

Fig.  4  also  shows  on  top  a  diagram  D1  which  is 
schematizing  (with  three  characteristics  lines  CC1, 
CC2  and  CC3)  three  possible  ways  of  feeding  the  cup 

30  wheels  1,  2  with  the  numerical  control  unit  of  the  ma- 
chine.  Actually  the  grinding  action  of  wheels  1  ,  2  takes 
place  between  a  position  X,  where  the  contact  be- 
tween  each  wheel  and  the  corresponding  side  of  the 
workpiece  P  starts,  and  an  end  position  Y,  where  the 

35  stock  removal  is  completed.  It  is  consequently  possi- 
ble  to  obtain  a  constant  action  of  the  wheels  (charac- 
teristic  line  CC2)  whereby  to  constant  displacements 
of  the  workpiece  correspond  equal  feeds  of  the  grind- 
ing  wheels  1,  2  and  consequently  constant  stock  re- 

40  movals. 
It  is  on  the  opposite  possible  to  obtain  a  greater 

feed  of  the  wheels  in  the  initial  phase  of  the  contact 
with  the  workpiece  (characteristic  line  CC1),  in  order 
to  remove  3/4  of  stock  in  the  first  half  of  the  feed  of 

45  the  wheels,  or  -  vice  versa  -  to  impose  to  the  wheels 
a  greater  feed  in  the  second  part  of  cycle  (character- 
istic  line  CC3)  in  order  to  remove  3/4  of  stock  during 
the  second  half  of  the  stroke  of  the  wheels. 

Obviously  it  is  possible  to  enter  in  the  numerical 
so  control  unit  of  the  machine  any  kind  of  law  for  the 

wheel  feed,  in  accordance  with  the  needs  of  the 
grinding  operation  to  be  performed.  This  flexibility  in 
the  action  of  the  grinding  machine  according  to  the 
present  invention  may  particularly  be  profited  to  re- 

55  move  more  stock  from  the  workpiece  with  the  outer 
rim  of  the  cup  wheels  than  with  the  inner  rim  where 
the  wear  is  higher  and  the  wheel  is  more  easily  dam- 
aged. 

With  final  reference  to  Fig.  5  it  may  be  seen  an 
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example  of  controlled  feed  on  one  axis  of  the  machine 
shown  by  Fig.  3.  Actually  a  workpiece  P  is  schemati- 
cally  shown  as  being  in  a  proper  seat  of  plate  5,  which 
is  mounted  on  the  slide  previously  described  and  is 
moving  along  axis  C  of  the  machine  from  a  position 
ES1  to  an  extreme  position  ES2  and  back  to  ES1  .  This 
kind  of  displacement  is  shown  by  seven  successives 
positions  of  the  workpiece  which,  between  the  sec- 
ond  and  the  sixth  position,  travels  between  the  grind- 
ing  wheels  1,  2. 

In  this  case  the  workpiece  P  is  fed  through  nu- 
merical  control  of  the  motion  on  axis  C  only,  whereas 
in  the  former  case  both  axes  B  and  C  were  controlled, 
such  a  feed  being  however  interpolated  with  the  feed 
of  the  grinding  wheels  1,  2. 

Clearly  it  is  also  possible  to  move  the  plate  by 
controlling  it  over  two  axes,  preferably  orthogonal, 
along  which  the  slide  can  move,  thus  obtaining  a  path 
of  the  workpiece  as  resulting  from  the  combination  of 
two  linear  displacements. 

Fig.  5  is  also  showing  diagram  D2  which  schemat- 
ically  makes  clear  again  the  main  feature  of  the  grind- 
ing  machine  according  to  the  present  invention. 

Actually  it  is  seen,  for  example,  that  the  feed  of 
the  wheels  1  ,  2  may  be  programmed  according  to  the 
characteristic  line  shown  in  the  diagram  to  obtain  that 
more  than  3/4  of  the  stock  be  removed  between  the 
second  and  the  third  positions  shown.  Thus  most  of 
the  necessary  effort  is  observed  by  the  outer  rim  of 
each  wheel. 

It  is  clear  that,  even  in  this  case,  the  interpolation 
between  the  displacement  of  plate  5  (possibly  over 
two  axes)  and  the  feed  of  grinding  wheels  1,  2  (over 
axis  A)  may  be  entered  in  the  numerical  control  unit 
according  to  the  feature  of  the  machining  to  perform 
the  operation  in  the  best  manner. 

It  is  obvious  that  a  variable  wheel  feed  connected 
with  the  position  of  the  workpieces,  no  matter  how 
they  are  fed,  can  be  employed  in  any  grinding  ma- 
chine  with  one  or  more  grinding  wheels,  particularly 
in  the  "double  head  disc  grinders"  in  which  one  wheel 
may  displace  on  its  axis  and  the  other  one  may  be  in 
fix  position. 

All  mechanical  parts  of  the  grinding  machine  ac- 
cording  to  the  present  invention  may  be  of  any  known 
type,  provided  they  are  suitable,  whereas  the  numer- 
ical  control  may  be  performed,  for  example,  by  a  mi- 
croprocessor  which  might  handle  at  the  same  time 
the  combined  displacements  along  three  axes.  It  is 
theoretically  possible  to  assume  that  the  displace- 
ments  along  three  axes  be,  wholly  or  partially,  even 
mechanically  performed. 

Claims 

1.  A  grinding  machine  fitted  with  a  unit  suitable  to 
control  the  displacement  of  one  or  more  grinding 

wheels  (1,  2)  and  of  a  mechanism  (3,  5)  for  hold- 
ing  and  feeding  workpieces  (P),  characterized  by 
the  fact  that  the  wheels  (1  ,  2)  are  moved  with  a 

5  feed  which  is  interpolated  according  to  a  preset 
law  with  the  position  of  the  said  workpiece  (P) 
hold  and  feed  mechanism  (3,  5). 

2.  A  machine  according  to  claim  1  ,  characterized  by 
10  the  fact  that  it  is  fitted  with  two  parallel  and  op- 

posite  cup  wheels  (1,  2)  rotating  on  an  axis  (A), 
at  least  one  of  which  may  also  move  along  the 
said  axis  (A). 

15  3.  A  machine  according  to  claim  2,  characterized  by 
the  fact  that  the  holding  and  feeding  mechanism 
for  the  workpieces  (P)  is  a  feed  disc  (3)  rotatable 
about  a  second  axis  (B)  parallel  to  the  said  axis 
(A)  and  capable  of  moving  along  a  third  axis  (C) 

20  between  the  wheels  (1,  2)  and  perpendicular  to 
the  said  axes  (A,  B). 

4.  A  machine  according  to  claim  2,  characterized  by 
the  fact  that  the  holding  and  feed  mechanism  for 

25  the  workpieces  (P)  is  a  plate  (5)  suitable  to  move 
along  two  perpendicular  axes  (D,  E)  in  a  plane 
which  is  parallel  to  the  wheels  (1,  2)  and  is  inter- 
fering  with  them. 

30  5.  A  machine  according  to  claim  2,  characterized  by 
the  fact  that  the  holding  and  feed  mechanism  for 
the  workpieces  (P)  is  a  plate  (5)  parallel  to  the 
wheels  (1,  2)  capable  to  move  along  an  axis  (C) 
between  the  wheels  and  perpendicular  to  the 

35  said  axis  (A). 

6.  A  machine  according  to  claim  2,  characterized  by 
the  fact  that  the  holding  and  feed  mechanism  (3, 
5)  forthe  workpieces  (P)  is  mounted  on  a  slide  (4) 

40  capable  to  move  parallel  to  the  wheels  (1,  2) 
along  one  axis  (c)  or  along  two  perpendicular 
axes  (D,  E). 

7.  A  machine  according  to  anyone  of  the  preceding 
45  claims,  characterized  by  the  fact  that  the  control 

unit  is  electronic  and  performs  an  interpolated 
numerical  control  on  the  mechanisms  driving  the 
grinding  wheels  (1,  2),  and  on  the  one  (3,  5)  for 
holding  and  feeding  the  workpieces  (P). 
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