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©  A  slurry  dispensing  apparatus  and  a  method  of  dispensing  slurry  to  a  workpiece. 

®  A  slurry  dispensing  apparatus  for  supplying  slur- 
ry  to  a  workpiece  comprises  a  reservoir  (10)  for 
containing  a  supply  of  slurry,  a  first  conduit  (16)  in 
fluid  communication  with  the  reservoir  (10),  and  se- 
lectively  operable  pressure  means  (20,21,24,26,28) 
operable  to  force  slurry  from  the  reservoir  into  the 
first  conduit  (16).  A  needle  or  nozzle  (14)  supplies 
slurry  to  a  workpiece.  A  bypass  chamber  (18)  con- 
nects  the  first  conduit  (16)  to  the  needle  or  nozzle  to 
supply  slurry  under  pressure  from  the  first  conduit 
(16)  to  the  needle  or  nozzle  (14),  the  bypass  cham- 
ber  (18)  diverting  excess  slurry.  A  second  conduit 
(30)  is  connected  to  the  bypass  chamber  (18)  for 
receiving  the  excess  slurry  from  the  first  conduit 
(16).  A  chamber  (32)  is  positioned  at  an  elevation 
below  the  bypass  chamber  (18)  and  is  connected  to 

Sjlthe  second  conduit  (30)  to  receive  the  excess  slurry. 
" a   delivery  conduit  (34,38)  delivers  slurry  in  the 
tO  chamber  (32)  to  the  reservoir  (10).  The  delivery 
'"conduit  includes  a  normally  closed  first  valve  (38), 

so  that,  when  slurry  is  forced  from  the  reservoir  (10) 
Wto  the  needle  or  nozzle  (14),  excess  slurry  is  col- 

lected  in  the  chamber  (32)  and,  when  the  pressure £S,ected  in  the  chamber  (32)  and,  when  the  pressure 
means  (20,21  ,24,26,28)  is  operated  not  to  force  slur- 

©ry  from  the  reservoir  (10),  the  valve  (34)  is  opened  to 
^permit  slurry  in  the  chamber  (32)  to  return  to  the 
Uireservoir  (10)  and  air  is  admitted  to  clean  the  ap- 

paratus. 
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SLURRY  DISPENSING  APPARATUS  AND  A  METHOD  Or  DlSftiNSHNia  auunriT  i  w  m  vvvnivricvc 

This  invention  relates  to  slurry  dispensing  ap- 
laratus,  e.g.  for  use  in  conjunction  with  polishing  or 
ipping  apparatus  and  methods  of  dispensing  slur- 
y  to  workpieces. 

It  is  common  in  polishing  or  lapping  apparatus 
d  apply  an  abrasive  slurry  to  a  workpiece,  which 
ibrasive  slurry  is  used  in  a  polishing,  lapping  or 
inishing  process.  Most  known  slurry  supply  and 
lispensing  apparatus  employs  a  mechanism,  such 
is  a  needle  or  nozzle,  for  dispensing  the  slurry 
into  a  workpiece.  Slurry  is  pumped  to  the  needle 
>r  nozzle  from  a  reservoir,  and  a  control  mecha- 
lism  controls  the  pressure  and  flow  of  slurry.  In 
;ome  cases,  apparatus  may  be  employed  to  re- 
:over,  clean  and  return  used  slurry  to  the  reservoir, 
jut  in  most  cases  used  slurry  is  simply  discarded. 

One  problem  with  known  slurry  supply  and 
iispensing  apparatus  is  that  it  is  not  altogether 
)Ossible  to  clean  and  purge  a  discharge  orifice  of 
he  needle  or  nozzle.  When  metering  minute  quan- 
ities  of  slurry,  for  example  a  few  drops  a  minute, 
he  relatively  small  discharge  orifice  of  the  needle 
Dr  nozzle  tends  to  clog.  In  the  past,  clogged  nee- 
jles  or  nozzles  were  simply  removed  and  dis- 
:arded,  but  this  necessitated  frequent  shutdowns  of  - 
tie  polishing  or  lapping  apparatus  to  remove  and 
eplace  the  clogged  needle  or  nozzle.  The  clogged 
;ondition  of  the  needle  or  nozzle  caused  a  cessa- 
tion  in  the  delivery  of  slurry  to  the  workpiece.  If  the 
apparatus  was  not  promptly  shutdown  for  replace- 
ment  of  the  clogged  needle  or  nozzle,  damage 
Dften  occurred  to  the  workpiece  and  to  the  polishi- 
ng  or  lapping  apparatus  itself,  necessitating  costly 
repairs. 

The  present  invention  seeks  to  provide  a  slurry 
dispensing  apparatus  in  which  a  discharge  orifice 
□f  a  needle  or  nozzle  may  be  periodically  cleaned 
without  shutdown  of  the  lapping  or  polishing  ap- 
paratus  of  which  it  forms  part. 

According  to  one  aspect  of  the  present  inven- 
tion  there  is  provided  a  slurry  dispensing  apparatus 
for  supplying  a  slurry  to  a  workpiece  characterised 
by  comprising:  reservoir  means  for  containing  a 
supply  of  slurry;  first  conduit  means  in  fluid  com- 
munication  with  said  reservoir  means;  selectively 
operable  pressure  means  operable  to  force  slurry 
from  said  reservoir  means  into  said  first  conduit 
means;  needle  or  nozzle  means  for  supplying  slur- 
ry  to  a  workpiece;  bypass  means  connecting  said 
first  conduit  means  to  said  needle  or  nozzle  means 
to  supply  slurry  under  pressure  from  said  first 
conduit  means  to  said  needle  or  nozzle  means, 
said  bypass  means,  in  operation,  diverting  excess 
slurry;  second  conduit  means  connected  to  said 
bypass  means  for  receiving  said  excess  slurry  from 

said  Tirst  conaun  means;  miamuei  meaiio,  m  upoia- 
tion,  positioned  at  an  elevation  below  said  bypass 
means  and  connected  to  said  second  conduit 
means  to  receive  said  excess  slurry;  and  delivery 

5  means  for  delivery  of  slurry  in  said  chamber  means 
to  said  reservoir  means,  said  delivery  means  in- 
cluding  normally  closed  first  valve  means,  so  that, 
in  operation,  when  slurry  is  forced  from  said  reser- 
voir  means  to  said  needle  or  nozzle  means,  excess 

o  slurry  is  collected  in  said  chamber  means  and, 
when  said  pressure  means  is  operated  not  to  force 
slurry  from  said  reservoir  means,  said  first  valve 
means  is  opened  to  permit  slurry  in  said  chamber 
means  to  return  to  the  reservoir  means  and  air  is 

5  admitted  to  clean  the  apparatus. 
Preferably  said  reservoir  means  is  a  sealed 

reservoir  and  said  pressure  means  comprises  a 
gaseous  pressure  source  in  fluid  communication 
with  said  reservoir  means,  second  valve  means 

io  selectively  connecting  said  reservoir  means  to  said 
gaseous  pressure  source  or  to  atmosphere,  said 
first  valve  means  comprising  a  check  valve  for 
permitting  flow  of  slurry  through  said  delivery 

*  means  when  the  pressure  in  said  reservoir  means 
>5  is  not  greater  than  in  said  chamber  means. 

In  one  embodiment  said  chamber  means  is  a 
sealed  chamber,  check  valve  means  being  pro- 
vided  for  venting  said  chamber  means  to  atmo- 
sphere  when  the  pressure  within  said  chamber 

30  means  exceeds  atmospheric  pressure. 
Preferably  said  needle  or  nozzle  means  is,  in 

operation,  disposed  at  an  elevation  higher  than  said 
reservoir  means. 

According  to  another  aspect  of  the  present 
35  invention  there  is  provided  a  method  of  dispensing 

slurry  to  a  workpiece  through  an  orifice  of  needle 
or  nozzle  means  and  periodically  purging  said  ori- 
fice,  characterised  by  comprising  the  steps  of:  sup- 
plying  slurry  under  pressure  to  said  orifice  by 

40  transporting  slurry  to  a  bypass  chamber  with  which 
said  orifice  is  in  fluid  communication,  and  diverting 
excess  slurry  to  a  bypass  conduit;  and  periodically 
reversing  transport  of  slurry  from  said  bypass 
chamber  to  create  a  sub-atmospheric  pressure 

45  within  said  bypass  chamber  thereby  drawing  air 
into  said  bypass  chamber  through  said  orifice  to 
purge  the  same. 

A  reservoir  preferably  supplies  slurry  to  the 
bypass  chamber,  the  slurry  being  transported  to 

so  said  bypass  chamber  by  creating  a  pressure  within 
said  reservoir,  and  the  reversing  transport  of  slurry 
being  accomplished  by  reducing  the  pressure  in 
said  reservoir  to  atmospheric  pressure. 

An  intermediate  chamber  may  receive  excess 
slurry  from  said  bypass  conduit,  excess  slurry  be- 
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ing  returned  from  said  intermediate  chamber  to 
said  reservoir  when  the  pressure  in  said  reservoir 
is  reduced  to  atmospheric  pressure. 

Thus  purging  and  cleaning  of  the  slurry  dis- 
pensing  apparatus  may  require  only  a  few  seconds 
as  opposed  to  several  minutes  required  to  replace 
clogged  needles  or  nozzles  in  the  conventional 
apparatus,  so  that  cleaning  may  be  accomplished 
during  polishing,  lapping,  etc.  processes.  Moreover, 
the  needle  or  nozzle  means  can  be  cleaned  more 
often  than  in  conventional  apparatus,  lessening  the 
likelihood  of  clogging.  As  a  result,  shutdowns  are 
less  frequent  and  costly  repairs  are  less  likely. 

The  invention  is  illustrated,  merely  by  way  of 
example,  in  the  accompanying  drawing  which  is  a  - 
schematic  diagram  of  a  slurry  dispensing  appara- 
tus  according  to  the  present  invention. 

Referring  to  the  drawing,  a  reservoir  10  con- 
tains  a  slurry  12  to  be  applied  through  a  needle  or 
nozzle  14  to  a  workpiece  (not  shown).  A  supply 
conduit  16  supplies  slurry  to  a  bypass  chamber  18 
which,  in  turn,  supplies  slurry  to  the  needle  or 
nozzle  14.  Slurry  in  the  conduit  16  is  ordinarily 
under  pressure,  it  being  preferred  that  the  reservoir 
10  is  an  enclosed  reservoir  pressurised  by  com- 
pressed  gas  introduced  to  a  conduit  20  and  applied 
to  the  reservoir  10  by  way  of  a  regulator  22  and  a 
3-way  valve  24.  Preferably,  a  gauge  26  is  em- 
ployed  to  measure  the  pressure  in  the  conduit  20. 
The  valve  24  provides  communication  between  a 
conduit  21  connected  to  the  interior  of  the  reservoir 
1  0  and  either  the  conduit  20  or  to  atmosphere  via  a 
conduit  28. 

Excess  slurry  not  dispensed  through  the  nee- 
dle  or  nozzle  14  is  bypassed  through  the  chamber 
18  through  a  conduit  30  to  an  intermediate  cham- 
ber  32.  The  lower  end  of  the  chamber  32  feeds  by 
gravity  through  a  conduit  34  and  a  check  valve  38 
to  the  reservoir  10.  Preferably,  the  reservoir  10 
includes  a  magnet  40  and  a  magnetic  actuator  42 
to  agitate  the  slurry,  maintaining  abrasive  material 
in  the  slurry  uniformly  suspended  in  a  liquid  carrier 
or  lubricant.  The  reservoir  10  is  preferably  at  a 
lower  elevationai  position  than  the  intermediate 
chamber  32,  which  in  turn  is  at  a  lower  elevationai 
position  than  the  bypass  chamber  18  and  the  nee- 
dle  or  nozzle  14. 

Preferably,  the  intermediate  chamber  32  is 
opened  to  atmosphere  through  a  conduit  36.  Op- 
tionally,  a  check  valve  44  may  be  placed  in  the 
conduit  36  to  open  only  when  the  pressure  in  the 
chamber  32  exceeds  atmospheric  pressure.  Typi- 
cally,  the  needle  or  nozzle  14  is  interchangeable 
for  different  applications. 

In  operation  of  the  illustrated  slurry  dispensing 
apparatus,  gas  or  air  under  pressure  is  admitted 
through  the  conduit  20  and  the  valve  24  to  pres- 
surise  the  enclosed  chamber  of  the  reservoir  10  to 

a  suitable  pressure,  such  as  140  -  560  g/cm2  (2  -  8 
psig).  Slurry  is  forced  upwardly  through  the  conduit 
16  to  the  bypass  chamber  18  and  through  the 
needle  or  nozzle  1  4  to  the  workpiece.  The  pressure 

5  in  the  bypass  chamber  18  created  by  the  back 
pressure  within  the  conduit  30,  causes  a  small 
amount  of  slurry  to  flow  through  a  discharge  orifice 
of  the  needle  or  nozzle  14.  With  relatively  small 
conduits  16,30,  a  relatively  high  volume  of  slurry 

10  can  pass  through  the  bypass  chamber  18  from  the 
conduit  16  to  the  conduit  30  for  small  amounts  of 
slurry  metered  through  the  needle  or  nozzle  14. 
For  example,  several  millilitres  of  slurry  can  pass 
from  the  conduit  1  6  to  the  conduit  30  for  each  drop 

rs  of  slurry  metered  through  the  needle  or  nozzle  14. 
Thus,  slurry  transport  velocities  may  be  high  to 
maintain  the  abrasive  in  suspension  and  yield  a 
uniform  mixture  of  slurry  discharged  through  the 
needle  or  nozzle  14.  Excess  slurry  is  bypassed 

20  through  the  chamber  18  and  the  conduit  30  to  the 
intermediate  chamber  32,  which  is  at  a  lower  eleva- 
tion  than  the  bypass  chamber  18.  The  check  valve 
38  prevents  slurry  in  the  intermediate  chamber  32 
from  returning  to  the  reservoir  10  through  the  con- 

25  duit  34  because  the  check  valve  38  is  closed  by 
virtue  of  the  pressure  within  the  reservoir  10. 

When  it  is  desired  to  purge  the  apparatus,  the 
valve  24  is  moved  to  a  second  position  to  vent  the 
interior  of  the  reservoir  10  through  the  conduits 

30  21,28  to  atmosphere.  This  reduces  the  pressure 
within  the  reservoir  10,  removing  the  pressure  from 
the  slurry  in  the  conduit  16.  The  column  of  slurry  in 
the  conduit  30  between  the  upper  outlet  in  the 
bypass  chamber  18  and  the  lower  outlet  46,  des- 

35  ignated  by  X  in  the  drawing,  supports  a  reduced, 
sub-atmospheric  pressure  within  the  bypass  cham- 
ber  18  as  the  slurry  in  the  conduit  16  drains  by 
gravity  to  the  reservoir  10.  As  a  result,  air  is  drawn 
through  the  needle  or  nozzle  14  into  the  bypass 

40  chamber  18  thereby  to  clean  the  needle  or  nozzle 
and  purge  it  of  slurry  and  any  foreign  material. 
Also,  some  of  the  slurry  in  the.  conduit  30  will  be 
drawn  into  the  bypass  chamber  18,  due  to  the 
reduced  pressure  therein.  Hence,  the  flow  of  slurry 

45  in  the  apparatus  is  reversed,  and  the  pressure  in 
the  bypass  chamber  is  reduced  to  a  slight  vacuum 
(pressure  below  atmospheric  pressure)  for  cleaning 
and  purging  purposes.  At  the  same  time,  the  check 
valve  38  is  opened  due  to  the  weight  of  the  slurry 

so  in  the  intermediate  chamber  32  and  the  presence 
of  atmospheric  pressure  in  the  reservoir  10.  This 
permits  the  slurry  in  the  intermediate  chamber  32 
to  return  to  the  reservoir  10.  It  is  preferred  that  the 
conduits  16,30  are  relatively  small,  for  example,  3.2 

55  mm  (one-eighth  inch)  O.D.  (outside  diameter),  to 
support  a  capillary  column  of  slurry  to  create  the 
desired  reduced  pressure  during  cleaning  and 
purging  cycles.  The  conduits  34,36,20,21,28  are 
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slatively  large,  for  example,  6.4  mm  (one-quarcer 
ich)  O.D.  to  permit  quick  ventilation  and  pressure 
:hanges  and  rapid  draining  of  slurry  from  the  inter- 
nediate  chamber  32  to  the  reservoir  10. 

In  practice,  the  needle  or  nozzle  14  should  be 
it  the  highest  gravitational  elevation  of  the  appara- 
us  thereby  aiding  in  the  backflow  or  flushing  of  the 
ipparatus.  Also,  it  is  advantageous  that  the  conduit 
6  is  connected  below  the  conduit  30  to  the  by- 
>ass  chamber  18  to  aid  in  supporting  the  desired 
lows  and  pressures. 

In  practice,  the  cleaning  or  purging  of  the  ap- 
jaratus  requires  only  a  few  seconds  and  can  be 
iccomplished  without  interrupting  a  lapping  or 
jolishing  operation.  The  purging  can  be  set  to  be 
lutomatically  accomplished  at  regular  intervals, 
iuch  as  every  minute  or  two,  by  an  electronic  timer 
not  shown)  operating  the  valve  24. 

Optionally,  the  vent  conduit  36  which  vents  the 
ntermediate  chamber  32  to  atmosphere  includes 
he  check  valve  44  which  closes  as  the  slurry  in 
he  intermediate  chamber  32  drains  into  the  reser- 
/oir  10.  The  inclusion  of  the  check  valve  44  offers 
he  additional  advantage  that  all  air  employed  to 

surge  the  system  must  be  admitted  through  the 
leedle  or  nozzle  14,  thereby  assuring  full  cleaning, 
-lowever,  due  to  the  very  small  opening  of  the 
Drifice  of  the  needle  or  nozzle,  a  considerably 
onger  time  would  be  required  to  drain  slurry  from 
tie  intermediate  chamber  32  to  the  reservoir  10.  In 
practice,  it  has  been  found  more  advantageous  to 
3mit  the  valve  44  and  constantly  to  vent  the  inter- 
mediate  chamber  32  to  atmosphere  and  to  operate 
a  cleaning  and  purging  cycle  for  a  few  seconds 
sach  minute  or  two.  The  cleaning  and  purging 
cycle  can  be  accomplished  without  interrupting  the 
lapping  or  polishing  operation,  and  the  slurry  in  the 
conduit  30  provides  an  adequate  vacuum  to  purge 
the  orifice  of  the  needle  or  nozzle. 

Claims 

t.  A  slurry  dispensing  apparatus  for  supplying 
a  slurry  to  a  workpiece  characterised  by  compris- 
ing:  reservoir  means  (10)  for  containing  a  supply  of 
slurry;  first  conduit  means  (16)  in  fluid  communica- 
tion  with  said  reservoir  means  (10);  selectively  op- 
erable  pressure  means  (20,21,24,26,28)  operable  to 
force  slurry  from  said  reservoir  means  into  said 
first  conduit  means  (16);  needle  or  nozzle  means 
(14)  for  supplying  slurry  to  a  workpiece;  bypass 
means  (18)  connecting  said  first  conduit  means 
(16)  to  said  needle  or  nozzle  means  to  supply 
slurry  under  pressure  from  said  first  conduit  means 
(16)  to  said  needle  or  nozzle  means,  said  bypass 
means  (18),  in  operation,  diverting  excess  slurry; 
second  conduit  means  (30)  connected  to  said  by- 

pass  means  (to)  \ut  reueivmy  aciiu  caocoo  siuhj 
from  said  first  conduit  means  (16);  chamber  means 
(32),  in  operation,  positioned  at  an  elevation  below 
said  bypass  means  (18)  and  connected  to  said 

;  second  conduit  means  (30)  to  receive  said  excess 
slurry;  and  delivery  means  (34,38)  for  delivery  of 
slurry  in  said  chamber  means  (32)  to  said  reservoir 
means  (10),  said  delivery  means  including  normally 
closed  first  vaive  means  (38),  so  that,  in  operation, 

o  when  slurry  is  forced  from  said  reservoir  means 
(10)  to  said  needle  or  nozzle  means  (14),  excess 
slurry  is  collected  in  said  chamber  means  (32)  and, 
when  said  pressure  means  (20,21,24,26,28)  is  op- 
erated  not  to  force  slurry  from  said  reservoir  means 

5  (10),  said  first  valve  means  (34)  is  opened  to  permit 
slurry  in  said  chamber  means  (32)  to  return  to  the 
reservoir  means  (10)  and  air  is  admitted  to  clean 
the  apparatus. 

2.  Apparatus  as  claimed  in  claim  1  charac- 
•o  terised  in  that  said  reservoir  means  (1  0)  is  a  sealed 

reservoir  and  said  pressure  means 
(20,21,22,24,26,28)  comprises  a  gaseous  pressure 
source  in  fluid  communication  with  said  reservoir 
means  (10),  second  valve  means  (24)  selectively 

B  connecting  said  reservoir  means  to  said  gaseous 
pressure  source  or  to  atmosphere,  said  first  valve 
means  (38)  comprising  a  check  vaive  for  permitting 
flow  of  slurry  through  said  delivery  means  (34,38) 
when  the  pressure  in  said  reservoir  means  (10)  is 

jo  not  greater  than  in  said  chamber  means  (32). 
3.  Apparatus  as  claimed  in  claim  1  or  2  charac- 

terised  in  that  said  chamber  means  (32)  is  a  sealed 
chamber,  check  valve  means  (44)  being  provided 
for  venting  said  chamber  means  to  atmosphere 

?5  when  the  pressure  within  said  chamber  means 
exceeds  atmospheric  pressure. 

4.  Apparatus  as  claimed  in  any  preceding 
claim  characterised  in  that  said  needle  or  nozzle 
means  (14)  is,  in  operation,  disposed  at  an  eleva- 

io  tion  higher  than  said  reservoir  means  (10). 
5.  A  method  of  dispensing  slurry  to  a  work- 

piece  through  an  orifice  of  needle  or  nozzle  means 
(14)  and  periodically  purging  said  orifice,  charac- 
terised  by  comprising  the  steps  of:  supplying  slurry 

45  under  pressure  to  said  orifice  by  transporting  slurry 
to  a  bypass  chamber  (18)  with  which  said  orifice  is 
in  fluid  communication,  and  diverting  excess  slurry 
to  a  bypass  conduit  (30);  and  periodically  reversing 
transport  of  slurry  from  said  bypass  chamber  (18) 

50  to  create  a  sub-atmospheric  pressure  within  said 
bypass  chamber  thereby  drawing  air  into  said  by- 
pass  chamber  through  said  orifice  to  purge  the 
same. 

6.  A  method  as  claimed  in  claim  5  charac- 
55  terised  in  that  a  reservoir  (10)  supplies  slurry  to  the 

bypass  chamber  (18),  the  slurry  being  transported 
to  said  bypass  chamber  by  creating  a  pressure 
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within  said  reservoir,  and  the  reversing  transport  of 
slurry  being  accomplished  by  reducing  the  pres- 
sure  in  said  reservoir  to  atmospheric  pressure. 

7.  A  method  as  claimed  in  claim  6  charac- 
terised  in  that  an  intermediate  chamber  (32)  re-  5 
ceives  excess  slurry  from  said  bypass  conduit  (18), 
excess  slurry  being  returned  from  said  intermediate 
chamber  (32)  to  said  reservoir  (10)  when  the  pres- 
sure  in  said  reservoir  is  reduced  to  atmospheric 
pressure.  10 
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