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(57)  An  apparatus  (10)  and  method  for  providing  a 
surface  finish  to  articles  (12)  is  disclosed.  Vari- 
ous  constructions  and  details  are  developed 
which  promote  the  adaptability  of  the  device 
and  method  to  use  in  automated  facilities  em- 
ploying  flow  lines  to  process  articles.  In  one 
particular  embodiment,  articles  (12)  are  dis- 
posed  in  predetermined  volumes  of  finishing 
media  (30)  which  are  separated  from  each 
other,  the  finishing  media  being  vibrated  as  the 
media  is  urged  along  a  surface  (58)  from  one 
location  to  another  by  a  helicoid-type  blade 
(66).  In  one  embodiment,  means  for  vibrating 
the  media  vibrates  the  surface  (58)  to  vibrate  the 
media.  Any  suitable  device  may  be  used  to 
provide  vibrational  energy  to  the  surface. 
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Technical  Field 

This  invention  relates  to  a  processing  apparatus 
for  providing  a  surface  finish  to  articles,  such  as  tur- 
bine  blades.  The  invention  particularly  relates  to  per- 
forming  such  a  process  as  part  of  a  flow  line  which 
requires  movement  of  the  parts  from  one  location  to 
another  to  perform  operations  on  the  parts.  This 
apparatus  was  developed  in  connection  with  the  fab- 
rication  of  components  in  the  gas  turbine  engine  field, 
but  has  application  to  fabricating  components  in  other 
fields. 

Background  Of  The  Invention 

Castings  for  turbine  blades  are  one  example  of  an 
article  which  requires  a  surface  finish.  Such  articles 
are  commonly  finished  in  vibratory  environments. 

A  vibratory  environment  for  providing  a  finish  gen- 
erally  consists  of  a  casing  or  tub,  a  volume  of  media 
which  is  sufficiently  large  to  reduce  the  possibility  of 
contact  between  articles  disposed  in  the  media  and 
the  articles  themselves  disposed  in  the  media.  The 
tub  or  casing  is  vibrated,  causing  the  media  to  vibrate 
and  circulate  with  respect  to  the  article.  The  media 
exerts  a  frictional  force  on  an  area  of  the  article  which 
when  coupled  with  relative  movement  between  the 
article  and  media  does  work  on  the  articles  disposed 
in  the  media.  For  casings,  the  casing  extends  longitu- 
dinally.  Media  and  articles  are  fed  in  at  one  end  and 
are  flowed  through  the  casing  much  as  water  and 
small  stone  flow  through  a  pipe.  This  causes  the 
height  of  the  media  to  vary  with  length  and  provides 
uncertainty  as  to  the  finish  which  is  provided. 

Processing  articles  in  a  tub  or  casing  with  other 
articles  has  another  significant  disadvantage.  It  is 
possible  for  one  article  to  strike  an  adjacent  article 
even  though  the  statistical  probability  of  such  an  event 
is  small.  In  the  case  of  turbine  blade  castings(hereaf- 
ter  referred  to  as  turbine  blades),  such  contact  is  par- 
ticularly  troublesome  because  of  the  high  standards 
of  quality  which  the  blades  must  meet.  A  small  scratch 
or  nick  in  a  turbine  blade,  which  might  be  acceptable 
in  another  type  of  article,  may  cause  scrapping  of  a 
casting  which  cost  many  hundreds  of  dollars  to  fabri- 
cate  because  of  the  tight  tolerances  required  for  the 
cast  article. 

Processing  articles  in  a  tub  has  an  added  disad- 
vantage.  Typically  the  machine  is  shut  down  after  a 
sufficient  processing  time  has  elapsed  to  provide  an 
adequate  surface  finish  to  the  articles.  This  is  followed 
by  removing  the  articles  from  the  tub  and  transporting 
the  articles  to  the  next  location,  all  of  which  may  inad- 
vertently  cause  contact  between  turbine  blades  and 
result  in  nicks  and  scratches  which  require  discarding 
the  turbine  blade. 

Accordingly,  scientists  and  engineers  working 
under  the  direction  of  Applicants'  assignee  have 

sought  to  develop  a  vibratory  finishing  process  which 
would  eliminate  or  decrease  the  possibility  of  blade  to 
blade  contact  and  decreases  the  amount  of  handling 
the  turbine  blade  casting  experiences  after  the  blade 

5  is  finished  while  it  is  being  moved  to  the  next  location. 

Disclosure  Of  The  Invention 

According  to  the  present  invention,  a  plurality  of 
10  articles  are  surface  finished  while  being  conveyed  be- 

tween  two  locations  by  1)  disposing  the  parts  in  suc- 
cessive  predetermined  volumes  of  carrier  media  for 
carrying  the  parts  in  a  spaced  apart  relationship,  2) 
urging  the  media  along  a  predetermined  path  extend- 

15  ing  between  the  two  locations,  and  3)  vibrating  the 
media  with  respect  to  the  article  as  the  media  and  the 
article  are  moved  between  the  two  locations 

In  accordance  with  one  detailed  embodiment  of 
the  present  invention,  an  apparatus  for  providing  a 

20  surface  finish  to  an  article  includes  a  surface  for  sup- 
porting  finishing  media,  successive  volumes  of  finish- 
ing  media  disposed  on  the  surface  which  are 
separated  one  from  the  other  and  are  of  a  predeter- 
mined  size,  each  volume  of  media  carrying  an  article 

25  which  requires  a  surface  finish,  and  means  for  urging 
the  article  along  the  surface  and  for  vibrating  the 
media  with  respect  to  the  article.  In  one  particular 
embodiment,  the  surface  is  an  inner  portion  of  a  cas- 
ing  having  disposed  therein  a  helicoid-like  blade,  the 

30  casing  and  blade  being  vibrated  while  the  blade  is 
rotated  to  move  each  volume  of  media  carrying  the 
article  along  the  surface  of  the  casing. 

A  primary  feature  of  the  apparatus  of  the  present 
invention  is  both  the  finishing  media  and  a  carrier  for 

35  articles  disposed  in  the  media.  Another  feature  is  a 
conveyor  having  a  surface  and  a  helicoid-type  blade 
for  urging  the  media  along  the  surface  from  one  loca- 
tion  to  another.  Another  feature  is  the  predetermined 
volumes  of  media  spaced  along  the  screw  conveyor. 

40  Another  feature  is  a  resilient  seal  which  extends  be- 
tween  the  blade  and  the  surface  and  which  blocks 
movement  of  media  between  adjacent  volumes.  The 
screw  conveyor  has  chambers  formed  by  the  bottom 
of  the  blade  of  the  screw  conveyor  and  the  surface  of 

45  the  screw  conveyor.  The  predetermined  volumes  of 
media  are  disposed  in  each  chamber.  In  one  embodi- 
ment,  a  feature  is  means  for  imparting  vibrations  to 
the  screw  conveyor.  In  one  embodiment,  a  feature  is 
a  resilient  surface  formed  by  a  resilient  coating 

so  applied  to  the  blade,  to  the  shaft  which  supports  the 
blade  and  to  the  inner  surface  of  the  casing  to  provide 
resilient  surfaces  for  protecting  the  article  from  con- 
tact  with  hard  surfaces. 

A  primary  feature  of  the  method  of  the  present 
55  invention  is  the  step  of  carrying  the  article  to  be 

finished  in  finishing  media  at  a  predetermined  rate 
from  one  location  to  another  as  the  media  is  vibrated 
to  finish  the  article.  Another  feature  of  this  method  is 
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disposing  predetermined,  successive  volumes  of 
media  on  a  surface  and  moving  the  successive 
volumes  of  media  in  sequential  fashion  along  the  sur- 
face.  In  one  embodiment,  a  feature  of  the  method  is 
blocking  the  media  from  moving  from  one  volume  of 
media  to  the  adjacent  volume  of  media. 

A  primary  advantage  of  the  present  invention  is 
the  avoidance  of  damage  to  articles  as  they  move 
through  a  vibratory  device  for  providing  a  finish  to  the 
article  which  results  from  carrying  a  limited  number  of 
articles  in  each  discrete  volume  of  media;  and,  the 
possibility  of  an  article  striking  the  adjacent  article  is 
eliminated  by  carrying  only  one  article  in  each  volume 
of  media.  Another  advantage  of  the  present  invention 
is  the  efficient  use  of  time  and  space  for  a  method  of 
finishing  an  article  which  provides  a  predictable  level 
of  finish  for  the  article  while  transporting  the  article  be- 
tween  two  locations  at  a  predetermined  rate  for  a 
given  volume  of  media.  The  method  is  particularly 
advantageous  in  flow  line  applications  and  in  appli- 
cations  where  automatic  machinery  is  used  to  handle 
the  article  in  successive  steps  during  fabrication  of  the 
finished  article.  Another  advantage  of  the  present 
invention  is  the  continuous  nature  of  the  process  and 
the  predictable  level  of  finish  which  results  from  using 
a  helicoid-type  blade  to  urge  the  media  and  the  article 
in  the  proper  direction.  In  one  embodiment,  the  effi- 
ciency  of  the  device  is  enhanced  by  the  media  climb- 
ing  the  wall  in  the  same  direction  of  rotation  as  the 
blade,  the  media  exerting  a  frictional  force  on  the  sur- 
face  of  the  helicoid-type  blade  and  urging  the  helicoid- 
type  blade  to  rotate  about  its  axis.  Another  advantage 
is  the  effectiveness,  life  and  replaceability  of  a  flap- 
type  resilient  seal  disposed  between  the  helicoid-type 
blade  and  the  resilient  surface  of  the  casing. 

The  foregoing  features  and  advantages  of  the 
present  invention  will  become  more  apparent  in  light 
of  the  following  detailed  description  of  the  best  mode 
for  carrying  out  the  invention  and  the  accompanying 
drawings. 

Brief  Description  Of  Drawings 

Fig.  1  is  a  side  elevation  view  of  an  apparatus  for 
providing  a  finish  to  articles  as  the  articles  are 
transported  from  one  location  to  a  second  loca- 
tion; 
Fig.  2  is  a  view  taken  along  the  lines  2-2  of  Fig.  1 
partly  in  cross-section  and  partly  broken  away; 
Fig.  3  is  a  view  generally  taken  along  the  lines  3-3 
of  Fig.  1  illustrating  circulation  zones  in  different 
levels  of  media  with  portions  of  the  apparatus  bro- 
ken  away  for  clarity; 
Fig.  4  is  a  partial  perspective  view  in  exploded 
fashion  of  a  helicoid-type  blade  and  shaft 
employed  in  the  apparatus  shown  in  Fig.  1; 
Fig.  5  is  an  exploded  partial  perspective  view  of 
the  rim  region  of  a  blade  showing  a  seal  assem- 

bly; 
Fig.  6  is  a  partial  perspective  view  of  a  seal  ele- 
ment  of  the  seal  assembly; 
Fig.  7  is  a  view  of  the  apparatus  shown  in  Fig.  1 

5  taken  along  the  lines  7-7,  partially  broken  away  to 
show  a  portion  of  the  helicoid-type  blade,  the  resi- 
lient  surface  of  the  casing  and  a  media  disposed 
in  the  casing  with  a  turbine  blade  disposed  in  the 
media; 

10  Fig.  8  is  an  enlarged  view  of  a  portion  of  the  seal 
assembly  and  adjacent  structure  shown  in  Fig.  3 
to  show  the  relationship  of  elements  of  the  seal 
assembly  as  the  apparatus  of  Fig.  1  is  vibrated  in 
the  vertical  direction. 

15 
Best  Mode  For  Carrying  Out  The  Invention 

Fig.  1  is  one  embodiment  of  the  present  invention 
employing  a  conveyor  type  apparatus  10  for  applying 

20  a  finish  to  a  plurality  of  articles,  such  as  a  plurality  of 
castings  for  turbine  blades  12.  The  apparatus  has  a 
base  14,  a  first  end  16  at  a  first  location  and  a  second 
end  18  at  a  second  location. 

A  screw  conveyor  22  extends  between  the  ends 
25  16,  18.  Means  are  provided  for  elastically  supporting 

the  screw  conveyor,  as  represented  by  a  plurality  of 
springs  24,  extends  between  the  base  14  and  the 
screw  conveyor. 

Means  are  provided  for  receiving  finishing  media 
30  and  a  turbine  blade  from  the  screw  conveyor  and 

separating  the  blade  from  the  media,  as  represented 
by  the  vibrating  screen  26  and  chute  28.  The  screen 
and  chute  are  in  flow  communication  with  the  second 
end  18  of  the  screw  conveyor. 

35  Means  are  provided  for  returning  the  finishing 
media  to  the  first  end  of  the  apparatus  for  re-use  in 
subsequent  volumes  of  media,  as  represented  by  the 
belt  conveyor,  extends  from  the  chute  to  the  first  end 
of  the  screw  conveyor. 

40  Means  are  provided  for  supplying  predetermined 
volumes  of  media  to  the  screw  conveyor  and  for 
receiving  media  from  the  belt  conveyor.  One  example 
of  such  means  is  the  inlet  hopper  attached  to  the  first 
end  of  the  casing.  The  inlet  hopper  has  a  predeter- 

45  mined  volume.  As  the  finishing  media  fills  the  hopper 
a  level  sensor  (not  shown)  determines  when  a  pre- 
determined  height  of  media  is  reached.  An  article  to 
be  finished,  such  as  the  turbine  blade,  is  automatically 
dropped  into  place  (such  as  by  a  robot,  not  shown) 

so  and  the  hopper  is  opened  to  discharge  the  media  and 
the  turbine  blade  into  the  first  end  16ofthe  screw  con- 
veyor. 

Means  are  provided  for  providing  fluid  at  spaced 
apart  locations  on  the  screw  conveyor  22  as  rep- 

55  resented  by  the  pipes  36,  are  in  fluid  communication 
with  a  source  (not  shown)  of  finishing  compound  and 
solvent,  such  as  water,  for  Diluting  of  the  finishing 
compound.  The  means  for  supplying  fluid  to  the  screw 
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conveyor  has  a  plurality  of  outlets  38  for  providing  the 
fluid  at  a  predetermined  rate  (usually  a  trickle)  to  the 
screw  conveyor. 

The  screw  conveyor  has  an  auger  42  having  a 
shaft  44  which  extends  axially.  A  casing  45  is  dis- 
posed  about  the  shaft.  The  casing  is  attached  to  the 
springs  24.  The  shaft  has  an  axis  of  rotation  Ar. 

The  casing  45  extends  longitudinally.  The  casing 
has  a  first  sidewall  46  and  a  second  sidewall  48 
spaced  laterally  from  the  first  sidewall  leaving  an 
opening  or  cavity  52  therebetween.  A  first  end  mem- 
ber  54  and  a  second  end  member  56  extend  laterally 
between  the  sidewalls  to  rotatably  engage  the  axially 
extending  shaft  44.  The  casing  has  an  inner  surface 
58  formed  by  a  coating  of  resilient  material.  The  resi- 
lient  material  also  coats  the  auger  to  provide  a  resi- 
lient  surface  62  to  the  auger.  One  example  of  a 
satisfactory  material  is  a  Urethane  coating  available 
from  the  Ultramatic  Equipment  Company,  848 
Westgate  Drive,  Addison,  Illinois,  which  provides  a 
coating  at  the  time  of  manufacture  of  the  casing.  The 
Urethane  coating  has  a  durometer  (hardness)  reading 
of  90. 

A  bottom  section  64  extends  circumferentially 
about  the  axis  Ar  from  the  first  sidewall  46  to  the  sec- 
ond  sidewall  48.  The  bottom  section  has  a  cylindrical 
shape  over  an  arc  which  is  less  than  or  equal  to  one- 
hundred  eighty  degrees.  The  sidewalls  and  bottom 
section  are  formed  as  a  single  piece  or  may  be  joined 
so  that  the  sidewalls  and  bottom  section  are  integral 
with  each  other.  The  bottom  section  and  sidewalls 
form  the  open  trough-like  casing  for  receiving  pre- 
determined  volumes  of  media  30  and  the  turbine 
blade  12  and  for  supporting  the  media  30  and  turbine 
blade  as  the  media  carries  the  turbine  blade  through 
the  screw  conveyor. 

The  auger  42  rotatably  engages  the  end  sections 
of  the  casing.  The  auger  has  a  helicoid-like  blade  66 
integral  with  the  shaft  44  that  is,  generally  having  a 
spiral  or  helicoid  shape,  including  spiral  shapes  hav- 
ing  variations  in  height  or  spacing  between  crests  T^ 
T2,  etc.  The  helicoid-like  blade  extends  axially  through 
the  casing  with  its  plurality  of  crests  T  ̂ T2,  T3,  T4  and 
T5.  A  spiral-like  groove  extends  between  the  crests  of 
the  blade.  As  will  be  shown  in  connection  with  Fig.  2, 
the  bottoms  68  of  the  blade  in  combination  with  the 
bottom  of  the  casing  forms  a  plurality  of  chambers,  as 
represented  by  the  chambers  Ch  ̂ Ch2,  Ch3. 

A  resilient  seal  assembly  72  extends  from  the 
helicoid-like  blade  66  to  the  inner  surface  58  of  the 
casing  over  at  least  the  arcuate  portion  of  the  casing. 
The  seal  has  a  plurality  of  individual  seal  elements  74. 

Means  76  are  provided  for  rotating  the  auger  42 
at  a  predetermined  speed.  It  is  disposed  at  the  first 
end  16  of  the  apparatus  10  and  is  drivingly  attached 
to  the  shaft  44  of  the  auger.  The  means  for  rotating  the 
auger  might  include,  for  example,  a  toothed  gear  78, 
a  chain  82  which  engages  the  toothed  gear,  and  a 

means  for  driving  the  chain  such  as  a  motor  (not 
shown).  A  shaft  84  extends  from  the  toothed  gear.  A 
double  universal  joint  (not  shown)  is  attached  to  the 
shaft  of  the  toothed  gear  and  the  shaft  of  the  auger. 

5  The  universal  joint  accommodates  misalignment  of 
the  two  shafts  as  might  occur  during  vibratory  move- 
ment  of  the  screw  conveyor.  The  means  also  acts  as 
a  brake  should  that  be  necessary  to  control  the  speed 
of  the  auger. 

10  Fig.  2  is  a  section  taken  along  the  lines  2-2  of  Fig. 
1  with  a  portion  of  the  structure  broken  away  for  clarity 
to  illustrate  the  relationship  between  the  bottoms  68 
of  the  helicoid-type  blade  66  and  the  bottom  portion 
86  of  the  casing.  As  shown  in  Fig.  1  and  Fig.  2,  the 

15  helicoid-like  blade  has  a  plurality  of  crests  T  ̂ T2,  T3, 
T4,  T5  and  the  spiral-like  groove  67  which  extends  be- 
tween  the  crests  of  the  blade.  The  portion  of  the  blade 
at  the  bottom  68  of  the  blade  between  each  crest  and 
the  next  two  adjacent  crests  (for  example  T  ̂ T2,  T3) 

20  form  two  angularly  extending  ends  68a  and  68b  to 
chamber  Cl̂ .  Each  chamber  adapts  the  screw  con- 
veyor  to  receive  a  predetermined  volume  of  finishing 
media  30  which  is  disposed  in  each  chamber.  The 
sides  of  the  chamber  are  bounded  by  the  bottom  por- 

25  tion  86  of  the  casing  45  adjacent  to  the  chamber  which 
extends  between  the  ends  of  the  chamber.  In  a  like 
manner,  the  portion  of  the  bottom  68b  of  the  blade  be- 
tween  the  crests  T2  and  T3  and  68c  between  the  adja- 
cent  pair  of  crests  T3  and  T4  define  the  adjacent 

30  chamber  Ch2.  Thus  the  helicoid-type  blade  and  the 
casing  define  a  plurality  of  separate  chambers  at  the 
bottom  portion  of  the  casing  and  the  bottom  portion  of 
the  blades. 

The  resilient  seal  assembly  72  extends  in  a  gen- 
35  erally  radial  direction  from  the  helicoid-type  blade  66 

and  between  the  blade  66  and  the  inner  surface  58  of 
the  casing  to  engage  the  bottom  portion  of  the  casing 
45. 

Fig.  3  is  a  section  taken  generally  along  the  lines 
40  3-3  of  Fig.  1  with  a  portion  of  the  helicoid-type  blade 

66  broken  away  to  show  two  adjacent  crests  T3,  T4  of 
the  blade  and  the  relationship  of  the  resilient  seal 
assembly  72  and  its  seal  elements  74  to  the  casing 
45. 

45  As  shown  in  Fig.  3,  the  seal  assembly  72  extends 
between  the  blade  and  the  casing.  The  blade  is  a 
rotating  member  having  an  axis  of  rotation  Ar.  The 
casing  is  a  non-rotating  member  but  is  capable  of 
movement  with  respect  to  the  blade  because  of  the 

so  different  effects  of  inertia  loads  on  the  casing  and  on 
the  auger. 

The  casing  has  a  sealing  region  88  which  is 
spaced  from  the  blade  in  a  radially  oriented  direction 
leaving  a  clearance  gap  G  therebetween.  The  gap  G 

55  may  vary  under  operative  conditions  of  the  machine 
depending,  for  example,  on  whether  the  vibrations  in 
the  auger  42  are  in  phase  with  the  vibrations  in  the 
casing  45. 

4 



7 EP  0  485  320  A1 8 

The  blade  92  has  a  rim.  The  seal  assembly  has 
a  plurality  of  seal  elements  74  extending  radially  out- 
ward  from  the  blade.  Each  seal  element  is  made  of  a 
resilient  material  which  slidably  engages  the  sealing 
region  of  the  casing.  Each  seal  element  resiliently  def- 
lects  in  the  radial  direction  away  from  the  direction  of 
rotation  toward  the  rim  of  the  blade,  the  deflection 
being  proportional  to  the  gap  G  for  gaps  less  than  or 
equal  to  the  protruding  length  of  the  seal  element. 

Means  78  are  provided  for  imparting  vibratory 
movement  to  the  casing.  The  vibratory  means  is 
attached  to  the  casing  45.  An  example  of  such  a 
means  is  a  rotating  shaft  having  an  oscillating  imba- 
lances  imparted  by  the  shaft  by  weights  98  spaced 
radially  from  the  axis  of  rotation.  The  shaft  is  rotatably 
supported. 

A  first  bracket  100  and  a  second  bracket  102 
which  extend  laterally  from  the  casing.  Preferably,  the 
imbalance  acts  in  the  vertical  direction  to  cause  the 
casing  to  oscillate  up  and  down  with  a  vibratory 
motion.  The  vibratory  movement  is  transmitted  from 
the  casing  to  the  media  such  that  the  media  moves 
with  respect  to  an  article  disposed  within  the  media 
and  with  respect  to  the  casing. 

As  shown  in  Fig.  3,  the  media  30  will  generate  cir- 
culation  patterns  which  are  dependent  on  the  volume 
of  media  in  the  chamber  and  occupy  a  region  which 
is  a  function  of  the  volume  and  operative  conditions  of 
the  apparatus.  At  a  given  frequency  for  a  given  type 
of  media  and  amplitude  of  vibration,  media  of  a 
volume  which  is  bounded  by  the  region  F̂   has  a  cir- 
culation  pattern  The  media  within  the  region  F̂   is 
not  piled  so  high  that  the  volume  engages  the  shaft  of 
the  auger. 

Adding  a  slightly  greater  volume  of  media  to  a 
chamber  causes  the  media  to  assume  the  outline 
shown  in  region  R2.  Thus,  the  region  R2  contains  the 
region  R̂   as  well  and  some  additional  volume  of 
media.  The  media  in  region  R2  engages  the  lower  half 
of  the  rotor  shaft.  Experience  has  shown  that  media 
in  region  R̂   below  the  shaft  and  in  region  R2  below  the 
top  half  of  the  shaft  will  have  a  circulation  pattern 
shown  by  the  arrows  designated  Adding  an 
additional  amount  of  media  to  bring  the  volume  above 
the  bottom  half  of  the  rotor  shaft  makes  more  and 
more  likely  the  establishment  of  a  secondary  circu- 
lation  zone  Z2  (and  makes  it  nearly  certain  above  the 
shaft),  as  shown  by  the  arrows  marked  Z2.  It  is  likely 
that  an  article  disposed  in  the  media  will  move  from 
the  primary  circulation  zone  to  any  secondary  circu- 
lation  zone  at  the  top  of  the  media. 

Fig.  4  is  a  partial  perspective  view  of  the  auger  42 
showing  the  shaft  44,  the  helicoid-type  blade  attached 
to  the  shaft  and  four  of  the  adjacent  peaks  T  ̂ T2,  T3 
and  T4.  The  blade  has  bottom  portions  68a,  68b  which 
bound  the  chamber  Cl̂   and  has  bottom  portions  68b, 
68c  between  T2,  T3  and  T4  which  bound  the  chamber 
Ch2  in  the  lateral  direction  and  prevent  longitudinal 

movement  of  the  finishing  media  between  adjacent 
chambers. 

Fig.  4  also  shows  the  rim  region  92  of  a  portion  of 
the  blade  showing  the  relationship  of  the  components 

5  which  form  one  embodiment  of  the  resilient  seal 
assembly  74.  The  rim  region  92  of  the  blade  has  a 
plurality  of  holes  for  receiving  a  nut  and  bolt  assembly 
at  each  hole,  as  represented  by  the  hole  1  04  and  the 
bolt  106.  A  seal  carrier  member  108  having  a  plurality 

10  of  axially  oriented  slots  1  12  is  attached  to  the  rim. 
A  plurality  of  seal  elements  extend  radially  out- 

wardly  from  the  blade  with  one  seal  element  at  each 
slot,  as  represented  by  the  three  seal  elements  74. 
Each  seal  element  has  a  root  114  which  adapts  the 

15  seal  element  to  engage  an  associated  slot  in  the 
blade.  Each  seal  element  has  a  seal  flap  1  16  of  resi- 
lient  material  which  extends  radially  outwardly  from 
the  root  and  which  adapts  the  seal  element  to  slidably 
engage  the  sealing  region  88  of  the  casing  which  is 

20  broken  away  for  clarity.  A  side  plate  118  and  the  seal 
carrier  member  108  axially  trap  the  seal  elements. 

As  will  be  realized,  the  rim  region  of  the  blade 
might  be  a  one-piece  construction  having  a  plurality 
of  slots,  eliminating  the  need  for  a  seal  carrier.  The 

25  seal  elements  are  easily  replaced  by  loosening  the 
side  plate,  to  change  the  spacing  of  seal  elements  or 
to  replace  worn  or  damaged  seal  elements. 

Fig.  5  is  an  enlarged,  exploded  view  of  a  portion 
of  the  blade  66  and  seal  assembly  72  shown  in  Fig.  3 

30  showing  the  relationship  of  the  rim  region  92,  the  seal 
carrier  member  108  and  the  side  plate  1  18  which  are 
attached  to  the  rim  region  by  the  nut  and  bolt  combi- 
nation  106.  The  seal  flaps  116  are  spaced  circumfe- 
rentially  apart  one  from  the  other  leaving  a 

35  circumferential  gap  Sg  therebetween. 
Fig.  6  is  an  enlarged  view  of  one  of  the  seal  ele- 

ments  74  shown  in  Fig.  5.  The  seal  flap  116  of  the  seal 
element  has  a  width  W  in  the  circumferential  direction. 
The  spanwise  height  H  is  greater  than  or  equal  to  six 

40  times  the  width  W  (HS6W)  and  in  one  satisfactory 
construction  is  approximately  ten  times  the  width  W. 
The  seal  flap  has  an  axial  length  L  which  is  greater 
than  or  equal  to  three  times  the  width  (L^3W)  and  in 
one  satisfactory  construction  was  equal  to  4W.  The 

45  width  Wr  of  the  root  is  greater  than  the  width  W  of  the 
flap.  In  one  satisfactory  embodiment,  the  auger  42 
and  casing  45  were  coated  with  a  resilient  coating  of 
Urethane  available  from  the  Ultramatic  Equipment 
Company  having  a  durometer  hardness  rating  of  90. 

so  The  flap  material  was  made  of  a  Urethane  elastomeric 
material  available  from  the  Airex  Rubber  Products 
Corporation,  100  Indian  Hill  Avenue,  Portland  Con- 
necticut  and  designated  as  Urethane  material  A- 
6040-R.  Preferably  the  hardness  of  the  Urethane  flap 

55  is  less  than  the  hardness  of  the  Urethane  liner  of  the 
vibratory  casing  and  auger  to  minimize  auger  and 
liner  surface  wear. 

In  one  embodiment,  the  diameter  of  the  auger 

5 
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about  the  axis  of  the  shaft  in  the  rest  position  was 
approximately  nineteen  inches  (19").  A  clearance  gap 
G  of  three  quarters  of  an  inch  (3/4")  was  provided  be- 
tween  the  rim  region  92  of  the  blade  and  the  surface 
of  the  casing  in  the  circular  section  at  the  bottom  of  the 
casing.  The  expected  vibration  was  fairly  large,  plus 
or  minus  one  quarter  of  an  inch  in  the  vertical  direc- 
tion.  Accordingly  the  actual  operative  gap  between 
the  blade  and  the  resilient  surface  of  the  casing  was 
expected  to  lie  in  a  range  of  one  quarter  to  one  and  a 
quarter  inches  (1/4"-1  1/4").  The  length  of  the  flap 
extending  from  the  surface  of  the  blade  was  one  and 
a  quarter  inches  (1  1/4".  The  circumferential  spacing 
between  adjacent  flaps  Sg  was  equal  to  one  quarter 
of  an  inch. 

Fig.  7  is  an  end  view  taken  generally  along  the 
lines  7-7  of  Fig.  1  with  a  portion  of  the  apparatus  10 
broken  away  for  clarity.  As  shown  in  Fig.  7,  the  auger 
rotor  is  rotating  about  its  axis  at  a  rate  of  about  one 
revolution  every  three  to  five  minutes  (.2-.33  rpm)  and 
at  the  same  time,  the  rotor  shaft  96  and  its  eccentric 
weight  98  are  spinning  about  its  axis  imparting  a  ver- 
tical  movement  of  approximately  a  quarter  of  an  inch 
as  shown  by  the  dotted  lines  in  Fig.  7  and  the  double 
headed  arrows  which  are  exaggerated  for  clarity. 

Fig.  8  shows  the  effect  of  relative  vibrational 
movement  of  the  helicoid-like  blade  66  with  respect  to 
the  casing  inner  surface  58.  The  blade  has  a  rest  posi- 
tion  B0  and  the  casing  surface  has  a  rest  position  C0. 
At  the  rest  position,  the  seal  element  is  resiliently  def- 
lected  as  shown  by  the  seal  element  in  full.  Juring  a 
vibration  of  plus  or  minus  Va  from  the  rest  positions, 
and  as  the  auger  vibrates  at  a  frequency  which  is  one 
hundred  and  eighty  degrees  out  of  phase  with  the  cas- 
ing,  the  casing  deflects  radially  downwardly  to  posi- 
tion  Cb  and  the  blade  deflects  radially  upwardly  to 
position  Bu.  At  these  locations  for  the  blade  and  the 
casing,  the  seal  element  extends  radially  outwardly  its 
maximum  length  and  just  touches  the  casing  surface 
as  shown  by  the  seal  element  outlined  by  the  dotted 
line.  Accordingly,  the  seal  assembly  provides  sealing 
even  during  the  maximum  clearance  gap  G.  If  the  vib- 
rations  are  exactly  in  phase,  the  blade  moves  to  posi- 
tion  Bd  and  the  casing  moves  to  position  Cu  leaving 
the  minimum  clearance  gap  G  therebetween.  At  this 
location  the  seal  element  deflects  even  further,  as 
shown  in  phantom,  than  the  seal  rest  position  shown 
in  full.  Even  though  there  is  a  circumferential  clear- 
ance  Sg  between  blades,  the  axially  stiff  seal  flaps 
prevent  media  or  the  blade  from  entering  the  variable 
gap  G  between  the  blade  and  the  casing. 

The  method  for  processing  a  plurality  of  articles 
includes  disposing  successive  predetermined 
volumes  of  the  carrier  media  30  on  the  inner  surface 
of  the  casing  58.  Each  volume  of  media  is  adapted  to 
carry  at  least  one  turbine  blade  in  the  finishing  media. 
The  inner  surface  of  the  casing  is  a  supporting  surface 
for  the  media  and  for  the  turbine  blade  it  carries.  The 

finishing  media  is  adapted  by  its  contour  to  provide 
the  required  surface  finish  to  the  article,  that  is,  finish 
edges  and  surfaces.  One  satisfactory  media  for  tur- 
bine  blades  is  made  of  silicon  carbide  material  shaped 

5  as  angle  cut  triangles,  which  are  face  contoured  at 
sixty  degrees  (60°)  and  this  is  available  from  U-M 
Abrasives,  Inc.,  Kennedale,  Texas  as  Part  PMC- 
3186-1.  Preferably,  one  rotor  blade  is  disposed  in 
each  successive  volume  of  carrier  media  for  carrying 

10  the  rotor  blade  in  a  predetermined,  spaced  apart  rela- 
tionship  to  the  turbine  blades  in  the  adjacent  volumes 
of  media. 

As  the  auger  42  is  turned,  the  resilient  surface  62 
of  the  helicoid-type  blade  66  acts  as  an  inclined  plane 

15  exerting  an  axial  force  against  the  media,  forming  the 
media  to  travel  its  predetermined  path  along  the  resi- 
lient  inner  surface  58  of  the  casing  55.  Each  volume 
of  media  is  trapped  in  its  chamber  Ch  by  the  helicoid- 
type  blade  and  by  the  flexible  seal  assembly  72  which 

20  extends  between  the  blade  and  the  inner  surface  of 
the  casing. 

As  vibratory  motion  is  imparted  to  the  casing  45 
and  thence  to  the  media  30,  the  media  moves  with 
respect  to  the  casing  and  to  the  turbine  blade.  The  vib- 

25  ratory  motion  causes  the  media  to  follow  the  circu- 
lation  zone  Zi  for  the  volumes  of  media  in  regions  F̂  
and  R2.  The  turbine  blade  12,  which  was  initially 
placed  on  top  of  the  media  in  the  hopper  34,  begins 
to  move  into  the  media  following  the  circulation  in 

30  zone  Zv  The  amount  of  work  done  on  the  turbine 
blade  is  proportional  to  the  pressure  exerted  by  the 
media  and  thus  to  the  height  (or  head)  of  media  above 
the  turbine  blade.  As  the  turbine  blade  reaches  the 
bottom  of  the  circulation  zone  Ẑ   of  region  Ru  the 

35  maximum  amount  of  work  is  done  on  the  turbine 
blade.  As  the  turbine  blade  moves  up  toward  the  top 
of  the  circulation  zone,  less  work  is  done  because  the 
height  (and  weight  of  media  on  the  turbine  blade)  of 
the  media  is  decreasing.  Then,  the  media  and  turbine 

40  blade  circulate  downwardly  into  the  bottom  of  region 
Ri  where  the  maximum  amount  of  work  is  done  on  the 
turbine  blade. 

The  amount  of  work  done  on  a  surface  is  pro- 
portional  to  the  frictional  force  acting  on  the  surface. 

45  The  frictional  force  is  proportional  to  pressure. 
Accordingly,  sharp  edges  are  quickly  ground  down 
because  of  their  small  surface  areas  whereas  large 
surface  areas  experience  a  small  removal  of  material. 

Filling  the  chamber  with  a  volume  of  media  which 
so  lies  within  the  region  R3  overfills  the  chamber  and  is 

almost  certainly  going  to  cause  the  creation  of  a  recir- 
culation  zone  as  shown  by  the  arrows  Z2.  Experience 
has  shown  the  secondary  recirculation  zone  may  cap- 
ture  the  turbine  blades  as  the  turbine  blade  moves  up 

55  to  the  top  of  circulation  zone  Ẑ   .  Afterthe  turbine  blade 
moves  into  the  secondary  circulation  zone  Z2,  the  tur- 
bine  blade  remains  in  the  secondary  circulation  zone 
Z2  and  receives  very  little  work  because  of  the  signifi- 
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cantly  smaller  height  of  the  secondary  circulation 
zone.  A  blade  which  remains  in  the  secondary  circu- 
lation  zone  will  have  an  unsatisfactory  surface  finish. 

Fluid  is  flowed  into  each  of  the  chambers  Ch  and 
drains  through  the  media  into  each  chamber,  the  fluid 
carries  finishing  compound,  which  acts  as  a  soap  to 
clean  the  finishing  media.  The  fluid  carries  fine  bits  of 
finishing  media  which  result  from  media  wear  and  bits 
and  slivers  of  metal  from  the  turbine  blade.  As  the  fluid 
drains  to  the  bottom  of  the  chamber,  the  fluid  is  urged 
axially  along  by  the  auger.  The  fluid  is  also  able  to  flow 
between  the  seal  members  in  the  gap  Sg  near  the  root 
of  the  seal  elements,  providing  a  second  path  for 
removing  this  waste  material  from  the  Processing 
apparatus. 

A  particular  advantage  of  the  present  invention  is 
that  each  turbine  blade  is  isolated  from  the  adjacent 
turbine  blades  by  the  bottom  sides  of  the  helicoid-type 
blade,  the  seal  assembly  and  the  inner  surface  of  the 
casing.  Thus,  each  turbine  blade  is  individually  pro- 
cessed  even  though  a  plurality  of  turbine  blades  are 
flowing  through  the  finishing  apparatus. 

Another  advantage  of  the  process  is  the  turbine 
blade  is  transported  between  two  locations  in  a  flow 
line  as  the  turbine  blade  is  being  finished  by  a  pre- 
determined  amount  of  carrier  media.  This  makes  for 
an  efficient  operation,  utilizing  the  finishing  process 
as  the  transportation  process  for  the  blade  and  the 
transportation  process  as  the  finishing  process  for  the 
turbine  blade  as  it  moves  through  an  automatic  flow 
line. 

As  will  be  realized  the  present  method  of  serially 
finishing  and  transporting  a  plurality  of  turbine  blades 
is  particularly  suitable  for  use  with  automatic  feeding 
and  removal  operations  such  as  might  be  encoun- 
tered  in  automated  flow  lines  for  fabricating  turbine 
blades  or  other  articles. 

Another  advantage  of  this  process  is  the  quality 
of  the  finish  on  each  turbine  blade  which  results  from 
avoiding  one  turbine  blade  striking  an  adjacent  blade 
as  occurs  in  operations  in  which  there  is  no  segre- 
gation  of  turbine  blades  from  the  adjacent  blades.  In 
addition,  quality  is  enhanced  by  maintaining  the 
height  of  media  at  a  constant  amount  and  results  from 
finishing  the  blade  in  a  predetermined  volume  of 
media.  The  segregation  of  the  blades  is  accomplished 
with  no  decrease  in  the  efficiency  of  the  process  and 
avoids  time  consuming  removal  operations  or  shut 
downs  of  the  machines  as  a  first  batch  of  turbine 
blades  are  removed  from  the  finishing  media  and  a 
new  batch  of  turbine  blades  are  disposed  in  the 
media. 

Although  the  invention  has  been  shown  and  des- 
cribed  with  respect  to  detailed  embodiment  thereof,  it 
should  be  understood  by  those  skilled  in  the  art  that 
various  changes  in  form  and  detail  thereof  may  be 
made  without  departing  from  the  spirit  and  scope  of 
the  claimed  invention. 

Claims 

1.  A  method  of  processing  a  plurality  of  articles 
which  are  supported  by  a  surface  and  moved  be- 

5  tween  a  first  location  and  a  second  location, 
which  comprises: 

disposing  successive  volumes  of  carrier 
media  on  the  supporting  surface,  each  volume  of 
media  being  adapted  to  carry  at  least  one  article 

10  and  being  adapted  to  provide  a  surface  finish  to 
the  article; 

disposing  an  article  in  each  successive 
volume  of  carrier  media  for  carrying  the  article  in 
spaced  apart  relationship  to  articles  in  the  adja- 

15  cent  volumes  of  media; 
urging  the  media  as  separate  volumes 

along  a  predetermined  path  on  the  supporting 
surface  which  extends  between  the  first  location 
to  the  second  location; 

20  vibrating  the  media  with  respect  to  the  arti- 
cle  as  the  media  is  urged  along  the  path  to  cause 
the  media  to  strike  the  article  and  apply  a  force  to 
the  article;  and, 

separating  the  article  from  the  media;  whe- 
25  rein  the  article  receives  a  surface  finish  while 

being  transported  between  the  first  and  second 
locations. 

2.  The  method  of  processing  a  plurality  of  articles  of 
30  Claim  1  wherein  the  step  of  urging  the  media 

includes  the  step  of  blocking  the  media  of  each 
volume  from  moving  into  an  adjacent  volume  of 
media. 

35  3.  The  method  of  processing  a  plurality  of  articles  of 
Claim  2  wherein  the  step  of  blocking  the  media  of 
each  volume  includes  permitting  the  flow  of  fluid 
through  and  between  volumes  of  media  and  the 
method  further  includes  the  step  of  flowing  fluid 

40  through  the  media  to  carry  away  media  particles 
and  particles  of  the  article  from  the  volume  of 
media. 

4.  The  method  of  processing  the  plurality  of  articles 
45  of  Claim  3  wherein  the  step  of  disposing  the  arti- 

cle  in  each  successive  volume  of  media  includes 
the  step  of  depositing  the  article  on  the  surface  of 
the  media  at  the  first  location  and  the  step  of 
separating  the  article  from  the  media  at  the  sec- 

50  ond  location. 

5.  The  method  of  processing  a  plurality  of  articles  of 
Claim  2  wherein  the  surface  for  supporting  the 
media  is  a  casing  of  a  screw  conveyor,  the  screw 

55  conveyor  including  a  blade  having  a  circumferen- 
tially  continuous  spiral-like  groove  bounded  by 
the  casing  to  form  a  series  of  chambers  each  con- 
taining  a  volume  of  media,  the  surface  and  the 
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blade  having  a  resilient  surface,  and  wherein  the 
step  of  urging  the  media  along  the  predetermined 
path  on  the  supporting  surface  includes  rotating 
the  blade  about  its  axis  of  rotation. 

6.  The  method  of  processing  a  plurality  of  articles  of 
Claim  5  wherein  this  screw  conveyor  has  an 
auger  having  a  shaft  and  the  blade  is  attached  to 
the  shaft,  the  shaft  having  a  resilient  surface  and 
wherein  the  step  of  disposing  successive 
volumes  of  carrier  media  on  the  supporting  sur- 
face  includes  the  step  of  metering  the  volume  of 
carrier  media  such  that  the  chamber  is  partially  fil- 
led  to  an  extent  that  avoids  the  formation  of  sec- 
ondary  recirculation  zones  above  the  shaft  of  the 
auger  as  the  media  moves  upwardly  along  the 
side  of  the  casing  in  response  to  vibratory  forces 
acting  on  the  media. 

7.  The  method  of  processing  a  plurality  of  articles  of 
Claim  6  wherein  the  step  of  metering  the  volume 
of  media  includes  the  step  of  limiting  the  volume 
of  media  such  that  during  operating  conditions 
the  media  does  not  contact  the  upper  half  of  the 
shaft. 

8.  The  method  of  processing  the  plurality  of  articles 
as  set  forth  in  Claim  1  ,  wherein  the  step  of  dispos- 
ing  an  article  in  each  successive  volume  of  carrier 
media  is  disposing  only  a  single  article  in  each 
successive  volume  of  carrier  media. 

9.  The  method  of  processing  the  plurality  of  articles 
as  set  forth  in  Claim  2,  wherein  the  step  of  dispos- 
ing  an  article  in  each  successive  volume  of  carrier 
media  is  disposing  only  a  single,  article  in  each 
successive  volume  of  carrier  media. 

1  0.  The  method  of  processing  the  plurality  of  ,  articles 
as-set  forth  in  Claim  3,  wherein  the  step  of  dispos- 
ing  an  article  in  each  successive  volume  of  carrier 
media  is  disposing  only  a  single  article  in  each 
successive  volume  of  carrier  media. 

11.  The  method  of  processing  the  plurality  of  articles 
as  set  forth  in  Claim  4,  wherein  the  step  of  dispos- 
ing  an  article  in  each  successive  volume  of  carrier 
media  is  disposing  only  a  single  article  in  each 
successive  volume  of  carrier  media. 

12.  The  method  of  processing  the  plurality  of  articles 
as  set  forth  in  Claim  5  wherein  the  step  of  dispos- 
ing  an  article  in  each  successive  volume  of  carrier 
media  is  disposing  only  a  single  article  in  each 
successive  volume  of  carrier  media. 

13.  The  method  of  processing  the  plurality  of  articles 
as  set  forth  in  Claim  6  wherein  the  step  of  dispos- 

ing  an  article  in  each  successive  volume  of  carrier 
media  is  disposing  only  a  single  article  in  each 
successive  volume  of  carrier  media. 

5  14.  The  method  of  processing  the  plurality  of  articles 
as  set  forth  in  Claim  1  which  further  includes  the 
step  of  carrying  the  separated  media  to  the  sur- 
face  as  a  new  volume  such  that  the  media  is 
repeatedly  used  to  carry  successive  articles  of 

10  the  plurality  of  articles. 

15.  An  apparatus  for  successively  processing  a 
plurality  of  articles  which  are  supported  by  a  sur- 
face  and  moved  between  a  first  location  and  a 

15  second  location,  which  comprises: 
means  for  disposing  successively  sepa- 

rate  volumes  of  carrier  media  on  the  supporting 
surface,  each  volume  of  media  being  adapted  to 
carry  at  least  one  article  and  being  adapted  to 

20  provide  a  surface  finish  to  the  article; 
means  fordisposing  an  article  in  each  suc- 

cessive  volume  of  carrier  media  for  carrying  the 
article  in  spaced  apart  relationship  to  articles  in 
the  adjacent  volumes  of  media; 

25  means  for  urging  the  media  as  separate 
volumes  along  a  predetermined  path  on  the  sup- 
porting  surface  which  extends  between  the  first 
location  to  the  second  location; 

means  for  vibrating  the  media  with  respect 
30  to  the  article  as  the  media  is  urged  along  the  path 

to  cause  the  media  to  strike  the  article  and  apply 
a  force  to  the  article;  and, 

means  for  separating  the  article  from  the 
media;  wherein  the  article  receives  a  surface  fin- 

35  ish  while  being  transported  between  the  first  and 
second  locations. 

16.  The  apparatus  for  processing  a  plurality  of  arti- 
cles  of  Claim  1  5  wherein  the  means  for  urging  the 

40  media  includes  means  for  blocking  the  media  of 
each  volume  from  moving  into  an  adjacent 
volume  of  media. 

17.  The  apparatus  for  processing  a  plurality  of  arti- 
45  cles  of  Claim  16  wherein  the  means  for  blocking 

the  media  of  each  volume  includes  means  for  per- 
mitting  the  flow  of  fluid  through  and  between 
volumes  of  media  and  the  method  further 
includes  means  for  flowing  fluid  through  the 

so  media  to  carry  away  media  particles  and  particles 
of  the  article  from  the  volume  of  media. 

18.  The  apparatus  for  processing  a  plurality  of  arti- 
cles  of  Claim  16  wherein  the  surface  for  support- 

55  ing  the  media  is  a  casing  of  a  screw  conveyor,  the 
screw  conveyor  including  a  blade  having  a  cir- 
cumferentially  continuous  spiral-like  groove 
bounded  by  the  casing  to  form  a  series  of  cham- 

8 
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bers  each  containing  a  volume  of  media,  the  sur- 
face  and  the  blade  having  a  resilient  surface,  and 
wherein  the  means  for  urging  the  media  along  the 
predetermined  path  on  the  supporting  surface 
includes  means  for  rotating  the  blade  about  its  5 
axis  of  rotation. 

19.  The  apparatus  for  processing  a  plurality  of  arti- 
cles  of  Claim  18  wherein  the  screw  conveyor  has 
an  auger  having  a  shaft  and  the  blade  is  attached  w 
to  the  shaft,  the  shaft  having  a  resilient  surface 
and  wherein  the  means  for  disposing  successive 
volumes  of  carrier  media  on  the  supporting  sur- 
face  includes  the  step  of  metering  the  volume  of 
carrier  media  such  that  the  chamber  is  partially  fil-  15 
led  to  an  extent  that  avoids  the  formation  of  sec- 
ondary  recirculation  zones  above  the  shaft  of  the 
auger  as  the  media  moves  upwardly  along  the 
side  of  the  casing  in  response  to  vibratory  forces 
acting  on  the  media.  20 

20.  The  apparatus  for  processing  a  plurality  of  arti- 
cles  of  Claim  19  wherein  the  means  for  metering 
the  volume  of  media  includes  means  for  limiting 
the  volume  of  media  such  that  during  operating  25 
conditions  the  media  does  not  contact  the  upper 
half  of  the  shaft. 

21.  An  apparatus  having  finishing  media  for  applying 
a  finish  to  a  plurality  of  articles,  the  apparatus  30 
having  a  first  end  at  a  first  location  and  a  second 
end  at  a  second  location,  which  comprises: 

a  Case; 
a  plurality  of  springs  extending  from  the 

base  which  are  adapted  to  engage  a  casing  to  35 
resiliently  support  the  casing  from  the  base; 

a  screw  conveyor  spaced  from  the  base 
which  has 

an  auger  for  urging  media  from  a 
first  location  to  a  second  location,  the  auger  hav-  40 
ing  a  shaft  which  has  an  axis  of  rotation  Ar,  an 
upper  half  and  a  lower  half  and  a  helicoid-like 
blade  integral  with  the  shaft  having  a  plurality  of 
crests  and  a  spiral-like  groove  which  extends  be- 
tween  the  crests  of  the  blade,  the  portion  of  the  45 
bottom  of  the  blade  between  each  crest  and  the 
next  two  adjacent  crests  and  the  bottom  portion 
of  the  casing  defining  a  plurality  of  separate 
chambers; 

a  longitudinally  extending  casing  spaced  50 
from  the  base  having  a  first  side  wall  and  a  sec- 
ond  side  wall,  a  bottom  section  extending  circum- 
ferentially  from  the  first  side  wall  to  the  second 
side  wall  about  the  axis  over  an  arc  which  is  less 
than  or  equal  one-hundred  and  eighty  degrees,  a  55 
first  end  section  at  the  first  end  and  a  second  end 
section  at  the  second  end,  each  attached  to  the 
side  sections  and  the  bottom  section  to  form  an 

open  trough-like  casing  for  receiving  finishing 
media,  the  casing  having  an  inner  surface  formed 
by  a  coating  of  resilient  material; 

a  resilient  seal  assembly  extending  in  a 
generally  radially  direction  from  the  auger  be- 
tween  the  blade  and  the  inner  surface  of  the 
chamber  to  engage  the  portion  of  the  casing 
which  permits  the  passage  of  fluid  and  pulverized 
media  between  small  openings  and  which  blocks 
the  movement  of  media  between  one  chamber 
and  the  adjacent  chamber; 

a  predetermined  volume  of  finishing  media 
disposed  in  each  chamber  which  is  adapted  to 
carry  an  article,  the  volume  of  media  being  such 
that  during  the  vibratory  operative  condition  the 
media  circulates  within  each  chamber  but  does 
not  contact  the  upper  half  of  the  shaft; 

an  article  disposed  in  the  finishing  media 
for  carrying  by  the  finishing  media; 

a  discharge  opening  which  is  adapted  to 
discharge  the  media  and  article  onto  a  moving 
screen; 

a  moving  screen  having  openings  which 
are  sized  to  pass  the  media  and  trap  the  blade; 

a  conveyor  adapted  to  receive  media  for 
returning  the  finishing  media  to  the  inlet  of  the 
screw  conveyor; 

means  for  imparting  vibratory  movement 
to  the  casing  and  thence  to  the  media  such  that 
the  media  moves  with  respect  to  the  article  and 
with  respect  to  the  casing  up  toward  one  of  the 
sidewalls  of  the  tub  in  the  direction  of  rotation  of 
the  auger; 

wherein  vibration  of  the  carrier  causes  cir- 
culation  of  the  media  within  the  chamber,  the 
media  moving  up  the  bottom  section  of  the  casing 
toward  the  sidewall  and  falling  back  toward  the 
bottom  section  of  the  casing  imparts  a  rotational 
force  to  the  auger. 
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