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0   Apparatus  10  for  grinding  tapers  and  points  on 
elongated  needle  workpieces  having  frame  means 
12  and  needle  workpiece  transport  means  20  asso- 
ciated  with  the  frame  means  for  transporting  a  plural- 
ity  of  the  workpieces.  The  workpiece  transport 
means  has  a  predetermined  curvature  and  work- 
piece  feeder  means  120  is  mounted  adjacent  the 
frame  means  for  feeding  workpieces  to  the  work- 
piece  transport  means.  The  grinding  means  is  pref- 
erably  a  grinding  wheel  14  disposed  adjacent  the 
workpiece  transport  means  to  engage  workpieces 
while  supported  by  workpiece  supporting  means  and 
has  a  major  diameter  at  a  first  end  96  and  a  minor 
diameter  at  a  second  end  98,  the  major  diameter 
being  greater  than  the  minor  diameter.  The  diam- 
eters  are  connected  by  a  curved  grinding  surface 
the  diameter  of  which  increases  progressively  there- 
between.  The  curvature  of  the  grinding  wheel  in  the 

first  third  portion  between  the  major  and  minor  diam- 
eters  is  of  greater  mean  curvature  than  the  mean 
curvature  of  the  corresponding  opposed  portion  of 
the  workpiece  transport  means.  The  second  third 
portion  of  the  grinding  wheel  is  of  greater  mean 
curvature  than  the  mean  curvature  of  the  corre- 
sponding  opposed  portion  of  the  workpiece  transport 
means.  The  mean  curvature  difference  therebetween 
is  less  than  the  difference  of  the  first  portion  with 
respective  to  the  first  portion's  corresponding  op- 
posed  portion  of  the  workpiece  tranport  means,  and 
the  third  portion  being  of  lesser  mean  curvature  than 
the  corresponding  opposed  portion  of  the  workpiece 
transport  means  such  that  a  surface  portion  of  a 
workpiece  which  contacts  the  grinding  surface  varies 
relative  to  the  position  of  the  workpiece  with  respect 
to  the  grinding  surface.  A  method  of  grinding  needle 
workpieces  is  also  disclosed. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  relates  to  apparatus  and  method 
for  grinding  tapers  on  elongated  stock  and  more 
particularly  for  grinding  points  on  needle  stock. 

2.  Description  of  the  Related  Art 

The  production  of  quality  needles  from  raw 
stock  involves  many  different  processes  and  ma- 
chinery.  These  varying  processes  and  machinery 
become  more  critical  in  the  preparation  of  surgical 
needles  where  the  environment  of  intended  use  is 
in  humans  or  animals.  Some  of  the  processes 
involved  in  the  production  of  surgical  grade  nee- 
dles  include,  inter  alia:  straightening  spooled  wire 
stock;  cutting  needle  blanks  from  raw  stock;  provid- 
ing  a  bore  for  receiving  suture  thread  at  one  end  of 
the  blank;  tapering  or  grinding  points  at  the  other 
end  of  the  blank,  flat  pressing  a  portion  of  the 
needle  barrel  to  facilitate  easier  grasping  by  sur- 
gical  instrumentation;  and,  where  curved  needles 
are  desired,  curving  the  needle.  During  each  of 
these  several  steps,  extreme  care  must  be  taken  to 
ensure  that  only  the  intended  working  of  the  needle 
is  performed  and  that  the  other  parts  of  the  needle 
remain  undisturbed. 

Machines  for  grinding  points  of  needles  are 
known.  Such  machines  include  the  Type  NS  6,  8, 
11  and  15  automatic  point  grinding  machines  avail- 
able  from  SCHUMAG  Machinery,  Inc.  of  Norwood, 
N.J.  Those  machines  utilize,  for  example,  a  trans- 
port  wheel  and  saddle  arrangement  to  present  wire 
shafts  to  a  grinding  wheel  so  as  to  grind  points  on 
the  ends  of  the  shafts.  A  notched  wheel  is  provided 
for  spacing  apart  the  wire  shafts  and  presenting 
them  to  the  grinding  wheel  surface.  Different  sized 
notched  wheels  are  required  for  different  wire  shaft 
diameters.  Thus,  in  order  to  change  diameter 
shafts  being  ground,  the  appropriate  notched  wheel 
must  first  be  installed  before  grinding  of  the  differ- 
ing  diameter  shaft  needle  blanks  can  take  place. 
This  requires  shutting  down  production  and  fitting 
the  machine  with  the  appropriate  notched  wheel 
each  time  stock  having  a  diameter  not  appropriate 
for  the  current  wheel  is  to  be  ground. 

Additionally,  to  operate  efficiently,  these  ma- 
chines  require  that  the  minimum  wire  shaft  length 
must  be  longer  than  many  of  the  surgical  needles 
presently  in  use,  thus  necessitating  additional 
finishing  steps  to  refine  the  dimensions  of  the  nee- 
dles.  Therefore,  in  order  to  form  a  finished  needle, 
for  example,  having  a  length  of  0.875  inches,  stock 
of  at  least  1-3/4  inches  would  have  to  first  be 
ground  and  then  be  clipped  to  the  desired  length. 
By  performing  the  grinding  first  and  then  having  to 

clip  the  needle  shaft  to  the  desired  length,  chances 
are  increased  that  the  needle  point  will  become 
damaged  during  handling  and  clipping.  Moreover, 
clipping  the  end  of  needle  stock  necessitates  addi- 

5  tional  processing  and  quality  control  steps.  Specifi- 
cally,  any  burrs  or  other  irregularities  created  from 
the  clipping  must  be  removed  and  samples  in- 
spected  to  ensure  the  quality  of  the  work. 

Machines  for  grinding  point  of  needles  are 
io  known  to  utilize  workpiece  feed  hoppers  and  work- 

piece  off-load  hoppers.  Workpiece  feed  hoppers 
provide  storage  means  for  storing  the  workpieces 
and  outlet  means  for  discharging  the  workpieces  to 
a  feed  point  on  the  point  grinding  machine.  The 

75  workpiece  off-load  hoppers,  similarly,  have  inlet 
means  for  receiving  workpieces  from  an  off-load 
point  of  the  point  grinding  machine  and  storage 
means  for  storing  the  workpieces.  A  problem  en- 
countered  with  both  the  workpiece  feed  hoppers 

20  and  with  the  workpiece  off-load  hoppers  is  the 
jamming  of  workpieces  at  the  respective  feed  and 
off-load  points.  Jamming  typically  occurs  when  two 
or  more  workpieces  become  wedged  against  each 
other  at  the  feed  and  off-load  points.  In  response  to 

25  the  occurrence  of  jamming,  agitating  means  has 
been  employed  to  vibrate  the  workpieces  to  pre- 
vent  as  well  to  correct  the  jamming  of  workpieces. 
Although  the  use  of  agitating  means  provides  an 
improved  flow  of  workpieces  to  and  from  the  point- 

30  grinding  machine,  the  geometry  of  the  hoppers 
remains  such  that  a  plurality  of  workpieces  can  jam 
at  the  feed  point  and  at  the  off-load  point  resulting 
in  the  shutting  down  of  production  to  locate  the  jam 
and  remove  the  blockage. 

35  With  respect  to  the  storage  aspect  of  the  work- 
piece  feed  and  off-load  hoppers,  known  hoppers 
are  mounted  to  the  point  grinding  machine  in  a 
manner  which  does  not  facilitate  an  expedient  re- 
placement  of  hoppers.  Typically,  workpiece  feed 

40  hoppers  are  supplied  or  filled  with  a  set  amount  or 
batch  of  workpieces  to  be  machined.  When  the 
workpiece  feed  hopper  is  empty,  production 
ceases  until  a  refilling  operation  occurs.  Similarly, 
when  the  workpiece  off-load  hopper  is  full,  produc- 

45  tion  must  be  halted  until  the  hopper  can  be  un- 
loaded.  The  loading  and  unloading  of  workpiece 
feed  and  off-load  hoppers  is  time  consuming  and 
accordingly  a  significant  cost.  There  is  a  need  to 
provide  workpiece  hoppers  which  minimize  the 

50  time  required  to  load  and  unload  workpieces  from 
said  hoppers. 

Down  time  of  known  point  grinding  machines  is 
also  encountered  when  a  change  in  the  size  of 
workpieces  is  desired.  The  feeding  means  of  the 

55  point  grinding  machine  is,  like  the  workpiece  hop- 
pers,  affixed  in  a  permanent  manner  to  the  point 
grinding  machine.  The  feeder  means,  not  efficiently 
mounted  to  facilitate  a  quick  replacement  thereof, 
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must  be  adjusted  to  properly  interface  with  each 
size  of  workpiece  to  pass  therethrough.  Adjustment 
means  are  typically  provided,  but  again,  require 
production  to  cease  for  a  significant  time  while  the 
adjustment  takes  place.  A  need  therefore  exists  for 
providing  feeder  means  which  minimize  the  time 
required  to  set  up  for  a  different  sized  workpiece. 

Although,  as  mentioned  above,  adjustment 
means  are  typically  provided  on  known  point  grind- 
ing  machines,  the  adjustment  means  do  not  gen- 
erally  provide  multiple  axis  adjustment  capability 
for  varying  the  spacial  relationship  of  the  grinding 
wheel  and  the  transport  wheel.  As  a  result,  the 
adjustment  means  do  not  adequately  compensate 
for  wear  of  the  grinding  wheel.  A  need  therefore 
exists  for  providing  improved  adjustment  means 
which  provide  maximum  compensation  for  wear  of 
the  grinding  wheel  by  providing  multiple  axis  ad- 
justment  capability.  Secondly,  as  known  grinding 
wheels  experience  wear  which  cannot  be  com- 
pensated  for  by  adjustment  means,  the  wheels  are 
redressed  in  order  to  maintain  the  optimum  grind- 
ing  surface  configuration.  Redressing  methods, 
however,  are  dangerous  and  time  consuming.  Re- 
dressing  is  required  because  the  wheel  does  not 
wear  equally  along  the  wheel  surface,  and  therefore 
the  areas  of  greater  wear  need  to  be  redressed  in 
order  to  recapture  the  optimum  surface  configura- 
tion.  If  the  configuration  of  the  wheel  were  such 
that  the  wheel  would  wear  equally  along  its  surface 
thereby  maintaining  on  optimum  surface  configura- 
tion  while  experiencing  only  a  reduction  in  diam- 
eter,  then  adjustment  means  would  be  capable  of 
compensating  for  the  wear  of  the  wheel  by  simply 
restoring  the  desired  spacial  relationship  between 
the  grinding  wheel  and  the  transport  wheel.  A  need 
therefore  exists  for  a  grinding  wheel  which  has  a 
fixed  optimum  shape  which  is  configured  to  wear 
evenly,  minimizing  redressing  of  the  wheel,  and 
facilitating  wear  compensation  through  adjustment 
means. 

Finally,  grinding  wheels  employed  by  these 
known  devices  typically  have  a  first  edge,  and  a 
second  edge,  with  respective  diameters  of  the  first 
edge  and  second  edge  of  substantially  equal  value. 
An  intermediate  portion  of  the  grinding  wheel  dis- 
posed  between  the  first  edge  and  second  edge, 
generally  has  a  smaller  diameter  than  that  of  the 
first  edge  and  second  edge.  Typically,  at  a  point  on 
the  intermediate  portion  equidistant  to  the  first 
edge  and  second  edge,  the  diameter  of  the  grind- 
ing  wheel  is  less  than  that  at  any  other  point 
between  the  first  and  second  edges.  As  workpieces 
are  exposed  to  grinding  wheel  with  the  above  de- 
scribed  conventional  design,  a  surface  of  the  work- 
piece  is  first  put  into  contact  with  the  grinding 
wheel  at  the  first  edge.  As  the  workpiece  is  di- 
rected  towards  the  midpoint  of  the  grinding  wheel, 

smaller  surfaces  of  the  workpiece  are  exposed  to 
the  grinding  wheel  thereby  forming  a  taper  on  the 
workpiece.  When  the  workpiece  reaches  the  mid- 
point  of  the  grinding  wheel,  a  point  has  typically 

5  been  formed  on  the  workpiece.  As  the  workpiece  is 
further  directed  from  the  midpoint  to  the  second 
edge  of  the  grinding  wheel,  the  grinding  wheel 
does  not  provide  grinding  on  an  untreated  portion 
of  the  workpiece,  but  is  exposed  to  tapered  and 

io  point  portions  of  the  workpiece.  The  second  half  of 
these  known  grinding  wheels,  the  second  half  be- 
ing  the  portion  of  the  grinding  wheel  from  the 
midpoint  to  the  second  edge,  provides  redundant 
exposure  of  the  grinding  wheel  to  the  workpiece.  A 

is  need  therefore  exists  for  a  grinding  wheel  which  is 
capable  of  grinding  tapers  and  points  on  elongated 
stock  while  minimizing  the  time  and  cost  asso- 
ciated  with  redundant  exposure  of  the  grinding 
wheel  to  the  workpiece. 

20  When  it  is  necessary  to  grind  different  sized 
workpieces,  or  to  replace  a  worn  grinding  wheel, 
known  grinding  machines  generally  require  a  sig- 
nificant  amount  of  time  to  first  replace  the  grinding 
wheel,  and  then  adjust  other  components  of  the 

25  grinding  machine  to  accommodate  the  new  wheel. 
A  need  therefore  exists  for  a  grinding  apparatus 
having  grinding  wheel  which  are  capable  of  being 
replaced  with  minimum  down  time  and  cost  asso- 
ciated  with  the  replacement. 

30  When  performing  the  grinding  operation  using 
known  grinding  wheels,  known  methods  attempt  to 
have  the  same  grinding  wheel  perform  all  of  the 
grinding  on  the  needle  stock,  including  critical  point 
forming.  Typically,  it  is  very  difficult  to  achieve 

35  desired  point  geometry  with  the  same  grinding 
wheel  which  has  an  abrasiveness  capable  of  re- 
moving  large  amounts  of  needle  stock  material. 
Accordingly,  when  using  one  grinding  wheel  to 
perform  "roughing"  and  "polishing,"  desired  nee- 

40  die  stock  point  geometry  is  often  not  achieved.  A 
need  therefore  exists  for  a  method  of  grinding 
needle  stock  tapers  and  points  which  achieves 
desired  needle  point  geometry.  The  present  inven- 
tion  is  directed  toward  apparatus  and  method  for 

45  grinding  high  quality  surgical  needles  while  avoid- 
ing  the  disadvantages  of  known  devices. 

SUMMARY  OF  THE  INVENTION 

50  An  apparatus  is  disclosed  for  grinding  elon- 
gated  needle  workpieces,  which  comprises  frame 
means,  needle  workpiece  transport  means  asso- 
ciated  with  the  frame  means  for  transporting  a 
plurality  of  elongated  needle  workpieces  therea- 

55  long.  The  needle  workpiece  transport  means  has  a 
predetermined  curved  transport  surface.  A  needle 
workpiece  feeder  means  is  adjacent  to  the  frame 
means  and  adapted  for  feeding  needle  workpieces 
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to  the  needle  workpiece  transport  means.  Needle 
workpiece  supporting  means  is  disposed  adjacent 
said  needle  workpiece  feeder  means  for  supporting 
the  needle  workpieces  in  contact  with  the  needle 
workpiece  transport  means.  A  grinding  wheel  is 
disposed  adjacent  the  needle  workpiece  transport 
means  to  engage  the  needle  workpieces  while  sup- 
ported  by  the  needle  workpiece  supporting  means, 
the  grinding  wheel  having  a  first  end  of  a  major 
diameter  and  a  second  end  of  a  minor  diameter, 
the  major  diameter  being  greater  than  said  minor 
diameter.  The  diameters  are  connected  by  a 
curved  grinding  surface  the  diameter  of  which  in- 
creases  progressively.  The  needle  workpiece  trans- 
port  means  has  a  generally  convex  outer  working 
surface  and  the  grinding  wheel  has  a  generally 
concave  outer  working  surface  positioned  opposite 
the  surface  of  the  transport  means. 

Further,  in  a  preferred  embodiment,  the  radius 
of  curvature  of  the  grinding  surface  of  the  grinding 
wheel  in  a  first  one  third  portion  adjacent  the  first 
end  is  of  greater  mean  curvature  than  the  mean 
curvature  of  the  corresponding  opposed  portion  of 
the  needle  workpiece  transport  means.  A  second 
one  third  portion  of  the  grinding  wheel  is  of  greater 
mean  curvature  than  the  mean  curvature  of  the 
corresponding  opposed  portion  of  the  needle  work- 
piece  transport  means,  the  mean  curvature  dif- 
ference  being  less  than  the  difference  between  the 
mean  curvature  of  the  first  one  third  portion  of  the 
grinding  wheel  and  the  first  corresponding  opposed 
one  third  portion  of  the  needle  workpiece  tranport 
means.  A  third  one  third  portion,  adjacent  the  sec- 
ond  end,  is  of  lesser  mean  curvature  than  the 
corresponding  opposed  portion  of  the  needle  work- 
piece  transport  means  such  that  a  surface  portion 
of  a  workpiece  which  progressively  contacts  the 
grinding  surface  between  the  first  and  second  ends 
varies  relative  to  the  position  of  the  workpiece  with 
respect  to  the  grinding  surface.  In  one  embodiment 
the  variation  is  such  that  the  mean  curvature  dif- 
ference  between  the  third  and  second  one  third 
portions  is  less  than  the  mean  curvature  difference 
between  the  second  and  first  one  third  portions. 

In  a  preferred  embodiment,  feeder  storage 
means  is  disposed  adjacent  the  needle  workpiece 
transport  means  and  the  needle  workpiece  support- 
ing  means,  for  storing  the  workpieces  and  sup- 
plying  the  workpieces  to  a  feed  point  located  be- 
tween  the  needle  workpiece  transport  means  and 
the  needle  workpiece  supporting  means.  The  work- 
pieces  are  individually  positioned  between  the  wor- 
kpiece  transport  means  and  said  workpiece  sup- 
porting  means. 

In  another  embodiment  needle  workpiece  re- 
ception  means  is  disposed  adjacent  the  grinding 
wheel  for  reception  of  workpieces  from  an  off-load 
point  located  between  the  grinding  means  and  the 

workpiece  reception  means,  such  that  the  work- 
pieces  are  individually  received  therein.  In  addition, 
off-load  needle  workpiece  storage  means  is  dis- 
posed  adjacent  the  needle  workpiece  reception 

5  means  for  reception  of  the  workpieces  therefrom. 
In  another  preferred  embodiment,  the  feeder 

storage  means  is  detachable,  and  disposed  adja- 
cent  the  needle  workpiece  feeder  means  for  storing 
the  workpieces  and  supplying  the  workpieces  to 

io  the  needle  workpiece  feeder  means.  The  needle 
workpiece  reception  means  is  disposed  adjacent 
the  grinding  wheel  for  reception  of  the  workpieces 
from  an  off-load  point  located  between  the  grinding 
means  and  the  workpiece  reception  means,  such 

is  that  the  workpieces  are  individually  received  there- 
in.  Further,  the  off-load  workpiece  storage  means  is 
disposed  adjacent  the  off-load  means  for  reception 
of  workpieces  from  the  off-load  means. 

In  yet  another  preferred  embodiment,  the  de- 
20  tachable  feeder  storage  means  comprises  a  car- 

tridge  having  an  inlet  means  for  reception  of  the 
workpieces,  storage  means  for  storing  the  work- 
pieces  and  outlet  means  for  discharging  the  work- 
pieces  to  the  needle  workpiece  feeder  means  in  a 

25  cascading  fashion.  In  addition,  the  off-load  work- 
piece  storage  means  comprises  a  cartridge  having 
inlet  means  for  individual  reception  of  the  work- 
pieces  from  the  workpiece  reception  means  and 
storage  means  for  reception  of  said  workpieces  in 

30  a  cascading  fashion  wherein  the  workpieces  are 
stored.  Further,  the  apparatus  includes  a  means  for 
adjusting  the  position  of  the  grinding  means  rela- 
tive  to  the  needle  workpiece  supporting  means  and 
the  transport  means. 

35  The  needle  workpiece  feeder  means  preferably 
includes  adjusting  means  having  at  least  one  ad- 
justment  micrometer  operatively  connected  to  the 
needle  workpiece  feeder  means.  In  addition,  the 
needle  workpiece  feeder  means  comprises  a  feed 

40  well,  the  workpiece  feeder  means  further  compris- 
ing  left  side  adjustment  means,  and  right  side 
adjustment  means.  The  feed  well  has  an  inlet  for 
reception  of  workpieces  from  the  feeder  storage 
means,  and  a  channel  portion  disposed  between 

45  the  inlet  and  the  feed  point  configured  to  allow  the 
workpieces  from  the  inlet  to  pass  therethrough  to 
the  feed  point.  The  left  side  adjustment  means  and 
said  right  side  adjustment  means  are  configured  to 
vary  the  size  and  position  of  the  feed  point. 

50  Off-load  needle  reception  means  is  provided 
adjacent  to  the  grinding  wheel  and  adapted  for 
reception  of  ground  needle  workpieces,  the  off-load 
needle  reception  means  having  an  off-load  well,  the 
off-load  well  having  an  inlet  for  reception  of  work- 

55  pieces  from  the  off-load  point,  an  outlet,  and  a 
channel  portion  disposed  between  the  inlet  and  the 
outlet  configured  to  allow  the  workpieces  from  the 
inlet  to  pass  therethrough  and  exit  via  the  outlet  to 
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the  off-load  storage  means. 
The  grinding  wheel  is  preferably  comprised  of 

material  selected  from  the  group  consisting  of  steel 
or  aluminum,  and  at  least  a  portion  of  the  grinding 
surface  of  the  grinding  wheel  is  formed  of  an 
abrasive  grinding  material.  In  another  preferred  em- 
bodiment,  the  material  is  selected  from  the  group 
consisting  of  cubic  boron  nitrite,  diamond,  silicon 
carbide  and  aluminum  oxide.  Preferably,  the  abra- 
sive  grinding  material  is  electroplated.  When 
polishing  of  the  needle  workpieces  is  desired,  a 
grinding  wheel  with  lesser  course  material,  but 
same  shape  is  used.  Preferably,  when  polishing, 
the  grinding  wheel  is  comprised  of  resin  bonded,  or 
rubber  bonding  material. 

A  method  is  disclosed  of  grinding  and  polish- 
ing  needle  workpieces  to  form  a  pointed  needle 
working  tip  comprising  the  steps  of,  taking  at  least 
one  needle  workpiece  having  an  initial  diameter, 
pregrinding  the  at  least  one  needle  workpiece  to 
taper  one  end  portion  to  a  blunt  end  such  that  the 
resultant  diameter  of  said  blunt  end  is  between 
about  20  and  about  40  percent  of  the  initial  diam- 
eter  of  the  needle  workpiece,  and  polishing  said 
tapered  portion  of  the  at  least  one  needle  work- 
piece  to  form  a  pointed  tip. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Preferred  embodiments  of  the  invention  are 
described  hereinbelow  with  reference  to  the  draw- 
ings  wherein: 

Fide-type  cartridge  according  to  an  embodi- 
ment  of  the  grinding  machine  of  the  present  inven- 
tion; 

Fig.  3  is  a  cross-sectional  view  taken  along  line 
3-3  of  Fig.  2  illustrating  the  channel  of  the  cas- 
cade-type  cartridge; 
Fig.  4  is  cross-sectional  view  taken  along  line  4- 
4  of  Fig.  2  illustrating  the  lock  pins  of  the 
cascade-type  cartridge; 
Fig.  5  is  partial  view  of  the  grinding  machine  of 
the  present  invention  illustrating  the  right  side 
plate,  and  the  feed  and  off-load  wells; 
Fig.  6  is  a  partial  rear  view  of  the  grinding 
machine  of  the  present  invention  illustrating  the 
transport  wheel  motor; 
Fig.  7  is  a  partial  top  view  of  the  shutter  arm  of 
the  grinding  machine  of  the  present  invention; 
Fig.  8  is  a  partial  view  illustrating  the  shutter  arm 
of  the  grinding  machine  of  the  present  invention; 
Fig.  9  is  a  view  similar  to  Fig.  8  illustrating  the 
shutter  arm  of  the  feed  well  in  a  closed  position; 
Fig.  10  is  a  partial  side  view  of  a  w  being 
ground  by  a  grinding  wheel  according  to  a  pre- 
ferred  embodiment  of  the  present  invention; 
Fig.  11  is  a  partial  front  view  of  the  off-load  point 
of  the  grinding  machine  of  the  present  invention; 

Fig.  12  is  a  frontal  view  of  a  grinding  wheel  of  a 
preferred  embodiment  of  the  present  invention; 
Fig.  12a  is  a  frontal  view  of  a  known  grinding 
wheel; 

5  Fig.  13  is  a  frontal  view  of  a  grinding  wheel  of  a 
preferred  embodiment  of  the  present  invention; 
Fig.  14  is  a  frontal  view  of  a  grinding  wheel  of  a 
preferred  embodiment  of  the  present  invention; 
Fig.  15  is  a  frontal  view  of  a  grinding  wheel  of  a 

io  preferred  embodiment  of  the  present  invention; 
Fig.  15a  is  a  frontal  view  of  a  grinding  wheel  and 
needle  stock  of  a  preferred  embodiment  of  the 
present  invention; 
Fig.  15b  is  a  frontal  view  illustrating  the  grinding 

is  wheel  of  Fig.  15a; 
Fig.  15c  is  a  cross-sectional  view  of  the  grinding 
wheel  of  Fig.  15b  with  needle  stock  in  paken 
along  lines  15c-15c; 
Fig.  15d  is  a  cross-sectional  view  of  the  grinding 

20  wheel  of  Fig.  15b  with  needle  stock  in  position 
taken  along  lines  15d-15d; 
Fig.  15e  is  a  cross-sectional  view  of  the  grinding 
wheel  of  Fig.  15b  with  needle  stock  in  position 
taken  along  line  15e-15e; 

25  Fig.  16  is  a  frontal  view  of  a  cascade-type 
cartridge  according  to  a  preferred  embodiment 
of  the  present  invention; 
Fig.  17  is  partial  side  cut-away  view  of  the 
cascade-type  cartridge  of  Fig.  16; 

30  Fig.  18  is  a  rear  view  of  the  cascade-type  car- 
tridge  of  Fig.  16; 
Fig.  19  is  a  frontal  view  greatly  enlarged,  of  a 
needle  supporting  end  pusher  assembly  of  the 
present  invention  for  supporting  and  directing 

35  micro-needle  stock  to  the  feed  point  of  the 
grinding  wheel  of  the  apparatus; 
Fig.  20  is  an  enlarged  frontal  view  of  the  stripper 
assembly  of  the  present  invention  for  selective 
passage  and  blockage  of  micro-needle  stock  to 

40  the  feed  point;  and 
Fig.  21  is  and  partial  view  of  the  pusher  assem- 
bly  of  Fig.  19. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
45  EMBODIMENTS 

In  the  drawings  like  reference  numerals  identify 
similar  or  identical  elements  throughout  the  several 
views.  In  addition,  while  the  following  description  is 

50  directed  toward  an  apparatus  and  method  for  grind- 
ing  points  on  surgical  needles,  it  will  be  appre- 
ciated  to  those  having  ordinary  skill  in  the  art  that 
the  present  invention  may  be  used  to  grind  other 
objects  as  well.  For  example,  the  present  invention 

55  may  be  used  to  grind  points  on  many  different 
types  of  elongated  workpiece  stock. 

In  the  description  which  follows,  the  curved 
character  of  such  surfaces  as  the  surface  of  a 

6 
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grinding  wheel  or  needle  workpiece  transport  wheel 
is  defined  in  terms  of  its  curvature,  or  mean  cur- 
vature.  In  other  words,  as  the  curvature  of  a  surface 
increases,  the  corresponding  radius  of  that  surface 
decreases.  Furthermore,  since  the  curved  surface 
of  the  grinding  wheel  and  the  transport  wheel  con- 
templated  herein  generally  comprise  relatively 
complex  constructions  of  various  continuous  cur- 
vatures  of  different  radii,  the  curvature  of  such 
surfaces  is  referred  to  herein  as  the  "mean  cur- 
vature,"  i.e.,  a  mathematical  average  of  the  various 
radii  of  continuous  curved  portions  which  join  to 
constitute  a  larger  curved  surface. 

Referring  initially  to  Fig.  1,  apparatus  10  for 
grinding  points  on  needle  stock  is  illustrated.  The 
needle  stock  contemplated  herein  includes  all 
known  needle  stock  and  sizes  thereof  including 
micro-needle  stock.  The  apparatus  generally  in- 
cludes  frame  12;  grinding  wheel  14,  mounted  on 
mandrel  16  and  driven  by  drive  motor  18;  and 
transport  wheel  20,  driven  by  motor  22  via  drive 
belt  24  (Fig.  6).  Unless  otherwise  noted,  compo- 
nents  of  apparatus  10  are  generally  fabricated  of 
aluminum,  tool  steel  or  rubber  of  optimum  duro- 
meter  and  thickness.  Grinding  wheel  14  is  prefer- 
ably  of  the  electroplated  type,  having  a  core  made 
of  aluminum  or  other  suitable  material,  plated  with 
an  abrasive  material  such  as  Borazon.  Alternatively, 
other  known  abrasive  materials  and  bonding  meth- 
ods  therefore,  may  also  be  substituted  for  Borazon, 
for  example,  diamond,  aluminum  oxide  (AI2O3)  or 
silicon  carbide  (SiC). 

Referring  to  Figs.  10-11,  saddle  26  is  shaped 
to  conform  to  the  curvature  of  transport  wheel  20 
and  is  provided  such  that  needle  stock  28  are 
supported  in  contact  with  transport  wheel  20  as 
they  traverse  grinding  surface  30  of  grinding  wheel 
14.  Rubber  layers  32  and  34  are  provided  between 
saddle  26  and  transport  wheel  20,  respectively,  to 
provide  friction  surfaces  36  and  38  which  supply 
traction  for  needle  stock  28  traveling  between  the 
two  friction  surfaces. 

Referring  once  again  to  Fig.  1,  pre-ground  nee- 
dle  stock  workpiece  storage  is  provided  by  delivery 
feed  hopper  40  and  ground  workpiece  storage  is 
provided  by  off-load  hopper  42.  Hoppers  40  and  42 
are  provided  to  respectively  deliver  and  receive 
needle  stock  workpieces  to  feed  point  44  via  feed 
well  46  and  off-load  well  48  via  off-load  point  50 
located  between  saddle  26  and  transport  wheel  20, 
before  and  after  grinding  takes  place.  The  grinding 
of  needle  stock  28  is  accomplished  as  needle 
stock  28  are  directed  by  transport  wheel  20  into 
contact  with  grinding  wheel  14,  such  as  described 
in  copending  U.S.  patent  application  serial  no. 
07/959,054,  filed  October  9,  1992,  incorporated 
herein  by  reference. 

In  a  preferred  embodiment  as  illustrated  in 
Figs.  2-4,  feed  and  off-load  hoppers  40  and  42  are 
in  the  form  of  cascade-type  detachable  and  inter- 
changeable  cartridges,  hereinafter  referred  to  as 

5  "feed  cartridge  40"  and  "off-load  cartridge  42" 
respectively.  Cascade-type  cartridges  permit  pas- 
sage  of  the  workpieces  downwardly  through  a  gen- 
erally  serpentine  channel  in  somewhat  cascading 
fashion. 

10  Referring  again  to  Figs.  2-4,  feed  cartridge  40 
includes  left  half  section  52  and  right  half  section 
54  defining  channel  56  therebetween.  Left  half  sec- 
tion  52  and  right  half  section  54  are  affixed  to  front 
plate  58  and  rear  plate  60.  Stop  knob  62  is  con- 

15  nected  to  stop  pins  64  for  selective  movement  of 
stop  pins  64  into  and  out  of  channel  56  for  the 
purpose  of  blocking  and  unblocking  the  flow  of 
needle  stock  workpieces  into  and  out  of  channel 
56. 

20  Referring  again  to  Figs.  2-4,  feed  cartridge  40 
includes  inlet  66  for  reception  of  the  needle  stock 
workpieces  28,  and  an  outlet  68,  with  channel  56 
disposed  therebetween  and  configured  to  permit 
the  workpieces  to  pass  individually  from  inlet  66 

25  therethrough  to  outlet  68.  Channel  56  is  best  shown 
in  this  preferred  embodiment  forming  a  generally 
sinusoidal  or  serpentine  shape  having  a  plurality  of 
alternately  reversing  curves  in  order  to  promote 
uniform  passage  of  the  needle  stock  workpieces 

30  without  interference  or  jamming  with  each  other.  It 
should  be  readily  understood  by  those  skilled  in 
the  art  that  channel  56  could  be  provided  in  many 
alternative  shapes  and  configurations. 

A  workpiece  agitating  device  70  is  preferably 
35  provided  on  apparatus  10  to  introduce  vibrations 

within  feed  well  46.  For  example,  in  the  preferred 
embodiment  of  the  present  invention  as  shown  in 
Fig.  1,  vibrator  70  is  attached  to  frame  12  in  close 
adjacent  relation  to  feed  well  46  for  the  purpose  of 

40  directly  introducing  vibrations  within  feed  well  46. 
Other  devices  may  be  used,  for  example,  pneu- 
matically,  hydraulically,  or  electrically  operated  de- 
vices  can  be  mounted  on  apparatus  10  to  vibrate 
needle  stock  28  such  that  the  needle  stock  is 

45  prevented  from  jamming  at  feed  point  44.  When 
grinding  micro-needle  stock,  i.e.,  needle  stock  in 
the  order  of  about  .4  millimeters  or  less  in  diam- 
eter,  on  apparatus  10,  the  size  of  the  needle  stock 
is  sufficiently  small  as  to  present  particular  han- 

50  dling  difficulties.  Accordingly,  a  micro-needle  push- 
er  assembly  including  pushing  means  is  preferably 
provided  to  assist  gravity  and  to  selectively  posi- 
tion  the  micro-needles  at  feed  point  44  shown  in 
Fig.  1. 

55  A  micro-needle  pusher  assembly  according  to 
the  invention  shown  in  Figs.  19-21.  Pusher  assem- 
bly  120  is  provided  on  apparatus  10  of  Fig.  1  to 
feed  micro-needles  28m  to  feed  point  44.  Pusher 
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assembly  120  is  attached  to  frame  12  in  close 
adjacent  relation  to  feed  well  46  and  includes  air 
cylinder  122  configured  and  arranged  to  receive 
pressurized  air  from  a  source  (not  shown)  via  air 
hoses  124.  Air  cylinder  122  is  attached  to  linking 
element  126,  linking  element  126  configured  to  be 
reciprocally  moved  horizontally  toward  and  away 
from  air  cylinder  122.  Pusher  arm  128  is  attached 
to  linking  element  126  for  the  purpose  of  being 
reciprocally  moved  horizontally  towards  and  away 
from  feed  point  44.  Vacuum  source  130  is  dis- 
posed  within  vented  plate  132  to  assist  gravity  in 
drawing  micro-needle  shock  28m  out  of  channel  56 
of  feed  well  46.  Vented  plate  132  defines  a  plurality 
of  vent  holes  for  permitting  air  flow  from  channel 
56  therethrough  to  vacuum  source  130.  Referring 
to  Fig.  20,  stripper  assembly  134  is  disposed  on 
frame  12  adjacent  feed  well  46  for  the  purpose  of 
gating  the  access  of  micro-needle  stock  28m  to 
feed  point  44.  Stripper  assembly  134  includes 
block  member  136  attached  to  spring  138,  spring 
138  biasing  block  member  136  towards  vented 
plate  130  thereby  gating  access  to  feed  point  44. 

Referring  once  again  to  Figs.  19-21,  in  opera- 
tion  micro-needle  stock  28m  is  drawn  out  of  chan- 
nel  56  of  feed  well  46  by  a  combination  of  gravity, 
agitating  forces  from  agitator  70,  and  suction  pro- 
vided  by  vacuum  source  130.  As  micro-needle 
stock  28m  is  drawn  out  of  channel  56  it  is  posi- 
tioned  on  an  upper  surface  of  vented  plate  132. 
Pusher  arm  128  is  horizontally  moved  towards  feed 
point  44  and  into  contact  with  micro-needle  stock 
28m.  Pusher  arm  128  continues  to  move  towards 
feed  point  44  pushing  micro-needle  stock  28m 
there  along  as  well.  Micro-needle  stock  28  is  then 
directed  by  pusher  arm  128  into  contact  with  block 
member  136  of  stripper  assembly  134.  The  contact 
between  micro-needle  stock  28m  and  block  mem- 
ber  136  causes  block  member  136  to  move  verti- 
cally  towards  spring  138  compressing  spring  138  a 
sufficient  amount,  thereby  allowing  micro-needle 
stock  28m,  with  pusher  arm  128  therebehind,  to 
pass  by  block  member  136.  Pusher  arm  128  is 
further  directed  by  pusher  assembly  120  to  feed 
point  44  wherein  micro-needle  stock  28m  is  con- 
tacted  with  transport  wheel  20.  Pusher  arm  128  is 
then  redirected  away  from  feed  point  44,  past  block 
member  136,  to  a  position  on  the  distal  side  of 
channel  56. 

Referring  again  to  Fig.  1,  left  side  plate  72  is 
mounted  on  frame  12.  Adjustment  devices,  for  ex- 
ample,  adjustment  micrometers  74  and  76  are  pro- 
vided  for  adjusting  leftside  plate  horizontally  and 
vertically  respectively.  Fender  78  is  attached  to  left 
side  plate  72  as  shown,  and  is  positioned  by  ad- 
justment  micrometers  74  and  76  to  control  access 
to  feed  point  44  for  different  sized  needle  stock 
workpieces.  Similarly,  right  side  plate  80  is  moun- 

ted  to  frame  12  as  illustrated  in  Fig.  5.  Once  again, 
an  adjustment  device  in  the  form  of  adjustment 
micrometer  82  is  provided  for  adjusting  the  hori- 
zontal  position  of  right  side  plate  80.  Right  side 

5  plate  80  has  a  surface  84  positioned  opposite  that, 
and  facing,  fender  70.  By  varying  the  position  of 
right  side  plate  76  and  thus  surface  80,  access  to 
feed  point  38  can  be  adjusted  for  work  pieces  of 
differing  sizes. 

io  In  the  preferred  embodiment  of  the  present 
invention  as  shown  in  Fig.  5,  frame  portion  86 
includes  off  load  well  48,  feed  well  40,  adjustment 
micrometer  82,  and  right  side  plate  80  mounted 
thereon.  Frame  portion  86  is  mounted  to  frame  12 

is  by  bolts  (not  shown)  in  apertures  88  to  facilitate 
detaching  frame  portion  86  from  frame  12.  Accord- 
ingly,  frame  portion  86  can  be  quickly  detached 
from  frame  12  to  permit  change-over  and  attach- 
ment  of  another  frame  portion  previously  adjusted 

20  off  line  to  accomodate  different  sized  work  pieces. 
Referring  now  once  again  to  Fig.  1,  grinding 

wheel  adjustment  device,  for  example,  mandrel  16, 
is  provided  for  adjusting  the  position  of  the  rota- 
tional  axis  of  grinding  wheel  14  relative  to  transport 

25  wheel  20.  Mandrel  16,  and  thus  grinding  wheel  14, 
can  be  moved  longitudinally  (i.e.,  in  the  direction  of 
the  rotational  axis)  so  as  to  vary  the  relationship 
between  the  grinding  wheel  and  the  transport 
wheel  and  thus  provide  various  grinding  capability. 

30  Figs.  16-18  illustrate  various  alternative  em- 
bodiments  of  the  feed  and  off-load  cartridges  40 
and  42  wherein  a  fluid  inlet  90  is  provided  for  entry 
of  a  fluid  medium,  such  as  liquid  or  gas,  to  clean  or 
otherwise  treat  the  needle  stock  28.  Fluid  inlet  90 

35  communicates  with  left  half  section  52  to  permit 
the  introduction  of  fluid  into  a  space  (not  shown)  in 
the  cartridge  between  front  plate  58  and  channel 
66.  Where  cleaning  is  desired,  needle  stock  28  are 
positioned  within  the  respective  cascade  cartridge 

40  40,  42  with  needle  points  facing  toward  the  front 
plate  58  and  are  washed  as  they  pass  through  the 
cartridge.  Upper  seal  member  92  and  lower  seal 
member  94  provide  sealing  means  for  selectively 
containing  and  draining  fluid  into  and  out  of  the 

45  respective  cascade  cartridge  40,  42.  It  is  also  en- 
visioned  that  cascade  cartridge  40,  42  could  be 
provided  with  an  air  inlet  for  selective  exposure  of 
forced  air  over  the  needle  stock  workpieces  con- 
tained  therewithin. 

50  Referring  to  the  preferred  embodiments  of 
grinding  wheel  14  illustrated  in  Figs.  12-15,  the 
geometry  of  the  grinding  wheel  is  unique  in  that  it 
has  a  generally  frusto-conical  shape  with  a  concave 
outer  grinding  surface.  The  grinding  wheel  14  in- 

55  eludes  a  first  end  96  for  attachment  to  mandrel  16, 
and  a  second  end  98  as  shown.  The  diameter  of 
the  grinding  wheel  14  is  smallest  at  the  second  end 
98,  and  increases  progressively  toward  the  first 
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end  96  as  the  curvature  of  the  grinding  wheel 
surface  increases.  This  generally  frusto-conical 
shape  is  best  illustrated  in  Fig.  15  where  grinding 
surface  100  of  grinding  wheel  14  is  shown  having 
unequal  diameters  Di  and  D2  at  respectively  dif- 
ferent  locations. 

As  described,  corresponding  diameters  of  each 
grinding  wheel  at  any  given  location  differs  from 
the  remaining  diameters  of  the  wheel.  For  example, 
diameter  Di  ,  as  shown  in  Fig.  15,  is  greater  than 
diameter  D2  since  Di  is  measured  at  a  location  on 
grinding  wheel  14  which  is  spaced  from  second 
end  98  greater  than  the  distance  between  diameter 
D2  and  the  first  end  96.  Thus,  the  grinding  wheel 
which  form  part  of  the  present  invention  are  gen- 
erally  frusto-conical  "bell"  shaped  as  defined  by  a 
smaller  diameter  at  one  end  and  a  larger  diameter 
at  the  other  end,  coupled  with  the  outer  concave 
grinding  super.  Such  wheel  configuration  contrasts 
significantly  from  the  prior  art  wheel  107  shown  in 
Fig.  12a  which  includes  opposite  ends  104  and  106 
of  equal  diameters  with  the  smallest  diameter  lo- 
cated  midway  therebetween.  As  can  be  seen  from 
Fig.  12a,  the  outline  of  prior  art  wheel  107  is  similar 
in  cross-section  to  a  full  hyperbolic  curve. 

Referring  now  to  Fig.  15a,  grinding  wheel  14  is 
divided  into  approximately  one  third  sections  for 
purposes  of  the  description.  The  grinding  wheel  14 
has  a  first  one  third  portion  108a  adjacent  major 
diameter  end  96,  a  third  one  third  portion  108c 
adjacent  minor  diameter  end  98,  and  a  second  one 
third  portion  108b  disposed  between  the  first  one 
third  portion  108a  and  the  third  one  third  portion 
108c.  Major  diameter  "D"  is  located  at  first  end  96 
as  shown,  and  represents  the  largest  diameter  of 
grinding  wheel  14.  Minor  diameter  d  is  located  on 
grinding  wheel  14  at  second  end  98  and  represents 
the  smallest  diameter  of  grinding  wheel  14.  Con- 
cave  surface  curve  110  is  representative  of  the 
contour  of  grinding  wheel  14  and  extends  from 
major  diameter  "D"  to  minor  diameter  "d"  as 
shown. 

Referring  again  to  Fig.  15a,  representative  nee- 
dle  stock  28  is  also  shown  divided  into  approxi- 
mately  one  third  sections  with  a  first  one  third 
section  28a  adjacent  needle  tip  111,  a  second  one 
third  section  28b  adjacent  to  first  one  third  section 
28a,  and  a  third  one  third  section  28c  adjacent 
needle  second  one  third  section  28b.  As  shown 
graphically  in  Fig.  15a,  respective  needle  stock  one 
third  section  28a,  28b  and  28c  are  formed  substan- 
tially  by,  and  correspond  generally  to  the  respec- 
tive  grinding  wheel  one  third  portions  108a,  108b 
and  108c.  Grinding  wheel  surface  curve  110  has  its 
greatest  mean  slope  along  the  first  one  third  sec- 
tion  108a  for  forming  the  maximum  mean  taper  of 
needle  stock  28  on  first  one  third  section  28a. 
Surface  curve  110  has  an  intermediate  mean  slope, 

less  than  the  mean  slope  of  first  one  third  section 
108a,  along  second  one  third  wheel  section  108b. 
Finally,  wheel  second  one  third  section  108b  forms 
an  intermediate  mean  taper  on  needle  second  one 

5  third  section  28b.  The  mean  taper  of  needle  sec- 
ond  one  third  section  28b  is  less  than  that  of 
needle  first  one  third  section  28a.  Lastly,  the  mean 
slope  of  surface  curve  110  is  smallest  along  third 
one  third  section  108c  of  wheel  14  for  forming  the 

io  minimum  mean  taper  of  needle  third  one  third 
section  28c  of  needle  stock  28.  Accordingly,  the 
mean  taper  of  needle  third  one  third  section  28c  is 
less  than  that  of  needle  second  one  third  section 
28b. 

is  Referring  once  again  to  Fig.  15  and  15a,  in  a 
preferred  embodiment  wherein  tranport  wheel  20 
has  an  exemplary  diameter  of  four  inches,  grinding 
wheel  14  is  used  to  grind  needle  stock  28.  In  order 
to  the  obtain  desired  taper  and  point  grinding  on 

20  needle  stock  20  being  directed  by  the  four  inch 
diameter  transport  wheel  20,  grinding  wheel  14  will 
have  a  diameter  of  between  about  2.90  and  about 
3.1  inches  at  first  end  96,  a  diameter  of  between 
about  .80  and  about  1  .00  inches  at  second  end  98, 

25  a  diameter  Di  of  between  about  1  .5  and  about  1  .7 
inches,  and  a  diameter  of  D2  of  between  about  .95 
and  about  1  .15  inches. 

Referring  to  Figs.  15b-e  in  which  needle  stock 
28  is  shown  schematically  at  positions  of  progres- 

30  sively  lesser  diameter  along  the  surface  of  grinding 
wheel  14,  needle  stock  28  is  shown  initially  being 
ground  by  large  diameter  portion  118a  of  grinding 
wheel  14  for  removing  the  largest  amount  of  ma- 
terial  from  needle  stock  28.  Referring  to  Fig.  15d, 

35  needle  stock  28  is  shown  at  intermediate  diameter 
portion  118b  of  grinding  wheel  14  which  removes 
an  intermediate  amount  of  material  from  needle 
stock  28.  Finally,  Fig.  15e  illustrates  needle  stock 
28  at  a  small  diameter  portion  118c  on  grinding 

40  wheel  14  which  removes  a  small  amount  of  ma- 
terial  from  needle  stock  28. 

OPERATION 

45  Referring  once  again  to  Figs.  1-4,  6-11  and  16- 
18,  the  operation  of  grinding  apparatus  10  will  now 
be  described  according  to  a  preferred  embodiment 
of  the  present  invention.  Cascade  feed  cartridge 
40,  supplied  with  needle  stock  28  off-line,  is  at- 

50  tached  to  frame  12  by  means  of  mounting  plate 
112  which  slides  into  a  slot,  not  shown,  in  frame 
12.  Mounting  plate  112  facilitates  attachment,  de- 
tachment  and  replacement  of  cascade  cartridge  40. 
Stop  knob  62  is  then  manipulated  (i.e.,  pulled  out 

55  as  shown  by  arrows  "B"  in  Fig.  3)  to  place  asso- 
ciated  stop  pins  64  in  an  open  or  needle  stock 
pass  position.  Alternatively,  knob  62  and  associated 
pin  64  may  be  made  to  be  removed,  rotated  or 

9 
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otherwise  equivalently  manipulated  to  permit  pas- 
sage  of  needle  stock  through  the  channel  56.  Nee- 
dle  stock  28  is  channeled  through  feed  well  46  and 
into  contact  with  shutter  arm  116,  shown  in  an 
open  position  in  Fig.  8,  and  in  a  closed  position  in 
Figs.  7  and  9.  Shutter  arm  116  is  moved  by  shutter 
motor  118  into  an  open  position  thus  allowing 
spaced  needle  stock  28  to  fall  from  feed  well  46  so 
as  to  gather  at  feed  point  44. 

Grinding  wheel  14  is  rotated  counterclockwise 
by  drive  motor  18  via  mandrel  16.  The  preferred 
operating  speed  of  the  grinding  wheel  14  and 
transport  wheel  20  depends  upon  the  diameter  of 
the  needle  stock  28,  the  diameter  of  the  wheel  14, 
the  types  of  needle  stock  and  the  grinding  wheel 
materials  selected.  In  addition,  the  surface  finish 
requirements  of  the  finished  needle  stock  will  also 
influence  wheel  speed. 

As  can  be  seen  in  Fig.  1,  the  rotational  axis  of 
transport  wheel  20  is  generally  transverse  to  the 
axis  of  rotation  of  grinding  wheel  14.  Further,  trans- 
port  wheel  20  rotates  in  a  clockwise  direction  as 
indicated  by  arrow  A  in  Fig.  1.  In  addition,  the 
rotational  speed  of  transport  wheel  20,  is  signifi- 
cantly  less  than  the  rotational  speed  of  grinding 
wheel  14. 

Referring  again  to  Figs.  10-11,  needle  stock  28 
are  fed  between  transport  wheel  20  and  saddle  26 
at  feed  point  44,  and  frictionally  contacted  by  rub- 
ber  layers  38  and  36  of  transport  wheel  20  and 
saddle  26,  respectively.  A  contact  force  is  applied 
to  the  needle  stock  28  by  application  of  downward 
pressure  provided  by  transport  wheel  20.  This 
downward  force  causes  the  first  one  third  section 
28a  of  the  needle  stock  28  to  contact  grinding 
wheel  14  as  shown  in  Fig.  10.  Referring  once  again 
to  Figs.  10-11,  as  needle  stock  28  are  advanced 
along  the  surface  of  grinding  wheel  14,  the  rotation 
of  transport  20  and  frictional  contact  with  rubber 
layers  36  and  38  causes  the  needle  stock  to  rotate 
in  the  direction  of  arrow  "C"  so  that  the  ends  of 
needle  stock  28  are  evenly  exposed  to  the  grinding 
action  of  grinding  wheel  14. 

Referring  now  to  Figs.  10-15,  as  needle  stock 
28  are  moved  along  the  surface  of  grinding  wheel 
14,  a  progressively  increasing  portion  of  the  length 
of  each  needle  stock  makes  contact  with  the  grind- 
ing  wheel  14  so  that  the  desired  combination  of 
tapers  is  formed  on  the  needle  stock  workpiece 
when  the  needle  stock  reaches  the  minor  end  98  of 
grinding  wheel  14.  Other  adjustments  notwith- 
standing,  this  progressively  increasing  exposure  of 
a  longitudinal  portion  of  the  needle  stock  to  the 
grinding  surface  to  provide  predetermined  conbina- 
tions  of  selected  tapers  is  caused  by  the  unique 
configuration  and  geometry  of  grinding  wheel  14  as 
set  forth  above.  This  gradually  increasing  exposure 
of  the  needle  stock  to  the  grinding  surface  facili- 

tates  formation  of  the  unique  tapered  point  orienta- 
tion,  i.e.,  more  material  being  removed  from  the 
extreme  end  portion  of  the  stock  while  proportion- 
ately  less  material  is  removed  from  the  length  of 

5  the  needle  stock  shaft  proximal  of  the  end  portion. 
The  unique  configuration  of  grinding  wheel  14  al- 
lows  this  incremental  grinding  to  take  place  while 
the  grinding  wheel  remains  transverse  to  transport 
wheel  20  as  shown.  Appropriate  adjustments  can 

io  be  made,  as  noted  in  the  description  herein  above, 
to  adjust  the  horizontal  and  vertical  axes  of  the 
transport  and  grinding  wheel,  should  it  become 
desirable  or  necessary  to  do  so,  as  for  example,  to 
skew  these  axes  to  provide  a  particular  combina- 

15  tion  of  predetermined  tapers. 
At  the  end  of  one  pass  across  grinding  wheel 

14,  the  ground  needle  stock  28  exit  at  off-load 
point  42  and  are  deposited  into  off-load  well  44. 
Needle  stock  28g  will  then  pass  through  off-load 

20  well  48,  assuming  stop  knob  96  is  in  an  open,  or 
"pass"  position,  and  thereafter  into  off-load  car- 
tridge  42.  As  noted,  mounting  plate  112  facilitates 
the  detachment  of  off-load  cartridge  42  thereby 
permitting  changeover  and  attachment  of  an  empty 

25  off-load  cartridge  42.  Certain  point  configurations 
may  require  more  than  one  pass  over  the  grinding 
surface,  or  varying  adjustments  of  the  relative 
alignment  of  the  transport  and/or  grinding  wheel 
depending  upon  the  type  of  material  being  ground 

30  or  the  point  desired. 
Preferably,  needle  stock  28  is  ground  by  a 

grinding  wheel  having  a  surface  of  predetermined 
abrasiveness  such  that  a  blunt  or  flat  surface  re- 
mains  on  the  distal  end  of  the  ground  needle  stock 

35  28g.  The  diameter  of  the  blunt  or  flat  surface 
between  about  20  to  about  40  percent  the  diameter 
of  preground  needle  stock  28,  but  preferably  about 
one  third,  or  about  33.33  percent.  The  grinding 
machine  is  then  fitted  with  a  grinding  wheel  config- 

40  ured  for  polishing  which  has  a  surface  of  predeter- 
mined  abrasiveness  trface  curves.  Ground  needle 
stock  28g  are  then  polished  by  the  grinding  ma- 
chine  such  that  a  point  is  formed  on  the  distal  end 
of  needle  stock  28g. 

45  The  claims  which  follow  identify  embodiments 
of  the  invention  additional  to  those  described  in 
detail  above. 

Claims 
50 

1.  Apparatus  for  grinding  elongated  needle  work- 
pieces,  which  comprises: 

(a)  frame  means; 
(b)  needle  workpiece  transport  means  asso- 

55  ciated  with  said  frame  means  for  transport- 
ing  a  plurality  of  elongated  needle  work- 
pieces  therealong,  said  needle  workpiece 
transport  means  having  a  predetermined 

10 
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curved  transport  surface; 
(c)  needle  workpiece  feeder  means  adjacent 
to  said  frame  means  and  adapted  for  feed- 
ing  needle  workpieces  to  said  needle  work- 
piece  transport  means;  5 
(d)  needle  workpiece  supporting  means  dis- 
posed  adjacent  said  needle  workpiece  feed- 
er  means  for  supporting  the  needles  work- 
pieces  in  contact  with  said  needle  work- 
piece  transport  means;  and  10 
(e)  a  grinding  wheel  disposed  adjacent  said 
needle  workpiece  transport  means  to  en- 
gage  the  needle  workpieces  while  support- 
ed  by  said  needle  workpiece  supporting 
means,  said  grinding  wheel  having  a  first  is 
end  of  a  major  diameter  and  a  second  end 
of  a  minor  diameter,  said  major  diameter 
being  greater  than  said  minor  diameter,  said 
first  and  second  ends  connected  by  a 
curved  grinding  surface  the  diameter  of  20 
which  increases  progressively. 

2.  The  apparatus  of  claim  1  ,  wherein  the  radius  of 
curvature  of  said  grinding  surface  of  said 
grinding  wheel  in  a  first  one  third  portion  adja-  25 
cent  said  first  end  of  greater  mean  curvature 
than  the  mean  curvature  of  the  corresponding 
opposed  portion  of  said  needle  workpiece 
transport  means,  a  second  one  third  portion  of 
said  grinding  wheel  being  of  greater  mean  30 
curvature  than  the  mean  curvature  of  the  cor- 
responding  opposed  portion  of  said  needle 
workpiece  transport  means,  said  mean  cur- 
vature  difference  being  less  than  the  difference 
between  said  mean  curvature  of  said  first  one  35 
third  portion  of  said  grinding  wheel  and  said 
first  corresponding  opposed  one  third  portion 
of  said  needle  workpiece  tranport  means,  and 
a  third  one  third  portion  adjacent  said  second 
end  being  of  lesser  mean  curvature  than  the  40 
corresponding  opposed  portion  of  said  needle 
workpiece  transport  means  such  that  a  surface 
portion  of  a  workpiece  which  progressively 
contacts  said  grinding  surface  between  said 
first  and  second  ends  varies  relative  to  the  45 
position  of  the  workpiece  with  respect  to  said 
grinding  surface. 

3.  The  apparatus  according  to  claim  1  or  2  further 
comprising:  so 

feeder  storage  means  disposed  adjacent 
said  needle  workpiece  feeder  means  for  stor- 
ing  said  workpieces  and  supplying  said  work- 
pieces  to  needle  workpiece  feeder  means. 

55 
4.  The  apparatus  according  to  claim  1,  2  or  3 

further  comprising: 
needle  workpiece  reception  means  dispos- 

ed  adjacent  said  grinding  wheel  for  reception 
of  workpieces  from  an  off-load  point  located 
between  said  grinding  means  and  said  work- 
piece  reception  means,  such  that  the  work- 
pieces  are  individually  received  therein. 

5.  The  apparatus  according  to  claim  4  further 
comprising: 

off-load  needle  workpiece  storage  means 
disposed  adjacent  said  needle  workpiece  re- 
ception  means  for  reception  of  workpieces 
therefrom. 

6.  The  apparatus  according  to  any  one  of  the 
preceding  claims  further  comprising: 

detachable  feeder  storage  means  disposed 
adjacent  said  needle  workpiece  transport 
means  and  said  needle  workpiece  supporting 
means,  for  storing  said  workpieces  and  sup- 
plying  said  workpieces  to  a  feed  point  on  said 
apparatus  located  between  said  needle  work- 
piece  transport  means  and  said  needle  work- 
piece  supporting  means  such  that  said  work- 
pieces  are  individually  positioned  between  said 
needle  workpiece  transport  means  and  said 
needle  workpiece  supporting  means. 

7.  The  apparatus  according  to  any  one  of  the 
preceding  claims,  and  including  a  cartridge 
having  an  inlet  means  for  reception  of  said 
workpieces,  storage  means  for  storing  said 
workpieces  and  outlet  means  for  discharging 
said  workpieces  to  said  needle  workpiece 
feeder  means  in  a  cascading  fashion. 

8.  The  apparatus  according  to  claim  5  wherein 
said  off-load  workpiece  storage  means  com- 
prises  a  cartridge  having  inlet  means  for  in- 
dividual  reception  of  said  workpieces  from  said 
workpiece  reception  means  and  storage  means 
for  reception  of  said  workpieces  in  a  cascading 
fashion  wherein  the  workpieces  are  stored. 

9.  The  apparatus  according  to  any  one  of  the 
preceding  claims  further  comprising  means  for 
adjusting  the  position  of  said  grinding  means 
relative  to  said  needle  workpiece  supporting 
means  and  said  transport  means. 

10.  The  apparatus  according  to  any  one  of  the 
preceding  claims  wherein  said  needle  work- 
piece  feeder  means  includes  adjusting  means 
having  at  least  one  adjustment  micrometer  op- 
eratively  connected  to  said  needle  workpiece 
feeder  means. 

11.  The  apparatus  according  to  any  one  of  the 
preceding  claims  wherein  said  needle  work- 

11 
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piece  feeder  means  comprises  a  feed  well, 
said  workpiece  feeder  means  further  compris- 
ing  left  side  adjustment  means,  and  right  side 
adjustment  means,  said  feed  well  having  an 
inlet  for  reception  of  workpieces  from  said  5 
feeder  storage  means,  and  a  channel  portion 
disposed  between  said  inlet  and  said  feed 
point  configured  to  allow  said  workpieces  from 
said  inlet  to  pass  therethrough  to  said  feed 
point,  said  left  side  adjustment  means  and  said  10 
right  side  adjustment  means  configured  to  vary 
the  size  and  position  of  said  feed  point. 

12.  The  apparatus  according  to  any  one  of  the 
preceding  claims  wherein  said  needle  work-  is 
piece  reception  means  has  an  off-load  well, 
said  off-load  well  having  an  inlet  for  reception 
of  workpieces  from  said  off-load  point,  an  out- 
let,  and  a  channel  portion  disposed  between 
said  inlet  and  said  outlet  configured  to  allow  20 
said  workpieces  from  said  inlet  to  pass  thereth- 
rough  and  exit  via  said  outlet  to  said  detacha- 
ble  off-load  storage  means. 

13.  The  apparatus  according  to  any  one  of  the  25 
preceding  claims,  and  including  detachable 
feeder  storage  means  comprising  a  hopper, 
said  hopper  having  an  inlet  for  reception  of 
said  workpieces,  and  a  channel  portion  dis- 
posed  between  said  inlet  and  said  feed  point  30 
configured  to  allow  said  workpieces  from  said 
inlet  to  pass  therethrough  to  a  feed  point. 

14.  The  apparatus  according  to  claim  13  wherein 
said  channel  portion  has  a  generally  sinusoidal  35 
shape  having  a  plurality  of  radii  of  curvature. 

12 
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