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Description 

The  invention  relates  to  apparatus  for  installing 
fasteners,  and  more  particularly  to  such  apparatus  for 
installing  successively  a  plurality  of  fasteners  by  re- 
peated  operation  of  a  fastener  installation  tool  which 
is  loaded  with  a  plurality  of  fasteners  forming  a  finite 
supply  of  the  fasteners  to  be  installed  thereby.  The  in- 
vention  relates  particularly,  although  not  exclusively, 
to  apparatus  for  the  installation  of  fasteners  of  the 
type  known  as  blind  tubular  rivets 

If  the  installation  of  fasteners  is  to  continue  after 
the  fasteners  which  were  initially  loaded  into  the  tool 
have  been  used,  it  is  then  necessary  either  to  replace 
the  tool  with  another,  loaded,  tool,  or  to  re-load  the 
original  tool  with  a  further  supply  of  the  fasteners  to 
be  installed  thereby. 

US  2932422  (Harrigan)  describes  a  rivet  driving 
tool  having  a  magazine  which  can  be  loaded,  and  re- 
loaded,  with  a  plurality  of  rivets,  and  rivets  are  serially 
drawn  from  the  magazine  and  driven  into  apertures  in 
the  workpiece.  The  magazine,  however,  is  an  integral 
part  of  the  tool  and  is  not  removed  for  reloading,  but 
is  constructed  so  as  to  facilitate  reloading  while  still  in 
the  tool. 

US  3286856  (Greenlay)  describes  a  riveting  tool 
having  a  demountable  wire  mandrel  on  which  hollow 
rivets  are  stored,  and  which  mandrel  is  pulled  through 
successive  rivets,  in  order  to  expand  them.  The  man- 
drel  is  removed  from  the  tool  for  reloading  with  further 
rivets  after  use. 

There  is  a  practical  limit  to  the  number  of  fasten- 
ers  which  can  be  loaded  into  a  tool,  which  limit  de- 
pends  upon  the  size  of  the  tool  and  the  size  of  the  fas- 
teners.  The  maximum  size  of  tool  is  limited  by  the 
space  available,  in  use  of  the  tool,  for  access  to  a 
workpiece.  For  example,  a  tool  which  is  used  for  the 
installation  of  blind  tubular  rivets  of  the  type  widely 
available  in  many  countries  under  the  Registered 
Trademarks  BRIVand  CHOBERT,  can  be  loaded  with 
a  maximum  of  between  20  and  40  rivets,  depending 
on  the  length  of  the  rivet. 

The  tool  must  be  reloaded  when  all  the  fasteners 
loaded  in  it  have  been  installed.  In  the  case  of  a  tool 
being  used,  for  example,  on  a  production  line  where 
a  certain  number  of  fasteners  must  be  installed  in 
each  workpiece,  the  tool  must  be  reloaded  when, 
having  completed  the  installation  of  the  required  num- 
ber  of  fasteners  in  one  workpiece,  the  number  of  fas- 
teners  remaining  in  the  tool  for  subsequent  installa- 
tion  is  less  than  the  number  required  to  be  installed 
in  the  next  workpiece.  While  the  tool  is  being  reload- 
ed  it  cannot  be  used  to  install  fasteners.  If  reloading 
requires  that  the  tool  be  taken  apart  and  re-assem- 
bled,  the  downtime  required  for  reloading  can  be  sub- 
stantial,  and  may  be  as  great  as  the  time  during  which 
the  tool  can  be  used  to  install  fasteners  until  it  will 
need  to  be  reloaded  again.  Thus,  in  the  particular 

case  of  a  repetition  riveting  tool  intended  for  installing 
blind  tubular  rivets  of  the  pull  through  type,  in  which 
a  plurality  of  the  tubular  rivets  have  to  be  loaded  on 
to  an  elongate  mandrel  having  an  enlarged  head 

5  which  is  then  pulled  through  each  of  the  rivets  suc- 
cessively  in  order  to  install  the  rivets  in  a  workpiece, 
the  time  required  to  reload  the  tool  can  be  as  great  as 
the  time  taken  to  instal  all  the  rivets  the  tool  can  hold. 

US  3286856  (Greenlay  et  al.)  describes  one  form 
10  of  apparatus  intended  for  automatically  loading  tubu- 

lar  rivets  on  to  a  pull  through  mandrel  while  a  previ- 
ously  loaded  mandrel  is  being  used  in  the  riveting  tool 
for  riveting.  The  use  of  such  apparatus  enables  the  ef- 
ficient  loading  of  mandrels  to  take  place  while  the  tool 

15  continues  to  be  used  for  riveting. 
However,  US  3286856  does  not  offer  a  solution 

to  the  problem  of  how  to  remove  a  depleted  mandrel 
from  the  tool  and  how  to  replace  it  with  a  loaded  man- 
drel.  These  operations  have  hitherto  been  performed 

20  manually. 
The  present  invention  is  intended  to  reduce 

down-time  in  the  use  of  such  tools. 
Accordingly,  the  present  invention  provides,  in 

one  of  its  aspects,  apparatus  for  installing  fasteners, 
25  comprising  a  fastener  installation  tool  for  successively 

installing  a  plurality  of  fasteners  by  repeated  opera- 
tion  of  the  tool,  which  tool  has  a  fastener-carrying 
part  which  may  be  loaded  with  a  plurality  of  fasteners 
forming  a  finite  supply  of  the  fasteners  to  be  installed 

30  by  the  tool,  which  apparatus  includes  reception 
means  for  receiving  the  said  fastener-carrying  part 
from  a  used  tool,  and  presentation  means  for  present- 
ing  to  the  tool  a  different  fastener-carrying  part  load- 
ed  with  a  supply  of  the  fasteners. 

35  The  apparatus  may  include  means  for  reloading 
such  installation  tool  with  a  further  supply  of  the  fas- 
teners.  The  apparatus  may  be  arranged  to  exchange 
a  loaded  fastener-carrying  part  of  an  installation  tool 
for  a  used  fastener-carrying  part  of  a  tool,  and  may 

40  be  arranged  to  re-load  the  used  fastener-carrying 
part  for  subsequent  exchange  with  another  used  fas- 
tener-carrying  part  which  requires  to  be  reloaded. 
Thus  the  installation  tool  may  be  enabled  to  operate 
nearly  continuously  using  alternately  reloaded  fas- 

45  tener-carrying  parts. 
It  may  be  that  the  apparatus  includes  reloading 

means  for  reloading  with  further  fasteners  a  used  fas- 
tener-carrying  part  of  a  tool.  The  reloading  means 
may  be  operable  to  reload  a  fastener-carrying  part  of 

so  a  tool  received  by  the  reception  means,  for  subse- 
quent  presentation  by  the  presentation  means. 

It  may  be  that  the  presentation  means  is  ar- 
ranged  to  present  successively  a  plurality  of  pre-load- 
ed  fastener-carrying  parts,  and  the  reception  means 

55  is  arranged  to  receive  those  fastener  carrying  parts 
successively  after  each  has  been  used. 

The  reception  means  and  its  associated  presen- 
tation  means  may  be  at  separate  stations. 

2 



3 EP  0  399  798  B1 4 

Preferably  the  reception  means  and  the  presen- 
tation  means  are  provided  at  the  same  station. 

Preferably  the  apparatus  includes;  reception 
means  for  receiving  a  used  fastener  carrying  part 
from  a  tool;  presentation  means  for  presenting  to  the 
tool  a  re-loaded  fastener-carrying  part  which  has  pre- 
viously  been  received  by  the  reception  means  and  re- 
loaded  with  fasteners;  and  alternative  presentation 
means  for  alternatively  presenting  to  the  tool  a  differ- 
ent  preloaded  fastener-carrying  part. 

The  apparatus  may  include  a  plurality  of  alterna- 
tive  presentation  means. 

The  apparatus  may  include  second  reception 
means  for  alternatively  receiving  a  used  fastener-car- 
rying  part. 

The  fastener  installation  apparatus  may  include 
control  means  for  controlling  the  operation  of  the  ap- 
paratus.  The  control  means  may  be  programmable. 
The  control  means  may  be  programmed  to  actuate  re- 
lease  of  a  used  fastener-carrying  part  to  the  recep- 
tion  means  when  the  number  of  fasteners  remaining 
in  the  tool  and  available  for  subsequent  installation  by 
the  tool  falls  below  a  predetermined  minimum  num- 
ber. 

The  fastener  installation  apparatus  may  include 
means  for  moving  the  tool  to  a  desired  position.  The 
control  means  may  be  operable  to  control  the  moving 
means  to  move  the  tool  to  the  reception  means  and 
to  cause  release  of  the  fastener-carrying  part  to  the 
reception  means  when  the  number  of  the  fasteners 
remaining  in  the  tool  and  available  for  subsequent  in- 
stallation  by  the  tool  falls  below  a  predetermined 
number. 

When  the  fastener  installation  apparatus  in- 
cludes  reloading  means,  the  control  means  may  also 
operate  to  control  the  reloading  means  to  reload  the 
used  fastener-carrying  part  received  by  the  reception 
means. 

In  a  preferred  embodiment  of  the  invention,  the 
fastener  installation  apparatus  is  arranged  to  install 
blind  pull-through  tubular  rivets. 

An  embodiment  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example,  with  reference  to  the  ac- 
companying  drawings,  in  which:- 

Figure  1  is  a  simplified  perspective  view  of  an  au- 
tomated  workstation  incorporating  fastener  in- 
stallation  apparatus  according  to  the  invention, 
showing  the  principal  parts  of  the  apparatus,  and 
their  organisation; 
Figure  2  is  a  sectional  elevation  of  a  fastener  in- 
stallation  tool  forming  part  of  the  apparatus  of 
Figure  1  ; 
Figure  3  is  a  scrap  perspective  view  of  a  nest  for 
the  reception  and/or  presentation  of  part  of  an  in- 
stallation  tool; 
Figure  4  is  a  sectional  elevation  on  the  line  IV-IV 
of  Figure  3; 
Figure  5  is  a  side  elevation  of  part  of  a  rivet  feed- 

ing  and  loading  means  forming  part  of  the  appa- 
ratus  of  Figure  1  ; 
Figure  6  is  a  plan  view  of  part  of  the  rivet  feeding 

5  and  loading  means; 
Figures  7  to  13  are  schematic  elevational  views 
showing  the  positions  of  principal  parts  of  the  ap- 
paratus  in  successive  stages  of  operation. 
Referring  first  to  Figure  1,  the  automated  work- 

10  station  illustrated  by  way  of  example  includes  a  work- 
piece  conveyer  10  and  a  power-operated  robot  arm 
1  2  wit  h  which  is  associated  fastener  installation  appa- 
ratus  embodying  the  invention.  Workpieces  14  com- 
prising  members  to  be  fastened  together  are  con- 

15  veyed  by  the  conveyer  to  the  workstation  where  the 
members  are  fastened  together,  and,  after  being  fas- 
tened,  are  then  conveyed  away  from  the  workstation. 

At  the  workstation,  the  workpiece  members  are 
fastened  together  by  installing  one  or  more  fasteners 

20  in  registering  apertures  in  the  workpieces. 
The  installation  of  the  fasteners  is  performed  by 

a  power-operated  fastener  installation  tool  16  which 
is  mounted  on  and  carried  by  the  robot  arm  ^where- 
by  the  tool  16  can  be  moved  and  manipulated  as  nec- 

25  essary,  and  particularly  so  as  to  install  fasteners  in  a 
succession  of  the  workpieces  14  being  conveyed 
through  the  workstation. 

The  installation  tool  16  of  this  embodiment, 
shown  in  greater  detail  in  Figure  2,  is  a  repetition  riv- 

30  eting  tool  constructed  for  the  installation  of  tubular 
blind  rivets,  and  is  of  generally  conventional  construc- 
tion,  although  it  incorporates  some  features  by  which 
it  is  adapted  to  facilitate  operation  in  a  manner  to  be 
described. 

35  The  tool  16  comprises  essentially  an  annular 
abutment  18,  provided  in  this  embodiment  by  a  pair 
of  cooperating  separable  nose  jaws  20  forming  part 
of  a  nose  assembly  21,  for  supporting  a  rivet  in  a  rivet 
setting  operation,  and  an  elongate  headed  mandrel 

40  22  on  to  which  a  plurality  of  blind  rivets  forming  a  finite 
supply  of  the  fasteners  to  be  installed  are  loaded  prior 
to  use  of  the  tool,  together  with  means  for  advancing 
the  rivets  along  the  mandrel  so  as  to  pass  the  abut- 
ment  one  at  a  time  and  lie  between  the  abutment  and 

45  the  head  of  the  mandrel,  and  means  for  repeatedly  re- 
ciprocating  the  mandrel  lengthwise  of  its  axis  relative 
to  the  abutment  so  as  to  pull  the  head  of  the  mandrel 
through  the  bores  of  each  of  a  succession  of  the  riv- 
ets  supported  in  turn  by  the  abutment,  whereby  the 

so  rivets  can  be  deformed  and  set  in  a  well  known  man- 
ner. 

The  tool  16  is  designed  for  pneumatic  operation, 
and  is  constructed  as  a  unit  which  is  detachably 
mounted  on  the  robot  arm  12  by  means  of  a  tool  ex- 

55  changer  interface  24.  The  tool  exchanger  interface  24 
has  two  complementary  parts  through  which,  in  this 
embodiment,  the  tool  is  supplied  with  compressed  air, 
and  the  necessary  connections  for  electrical  sensors 
are  made,  and  permits  another  tool  of  the  same  type, 

3 
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or  of  another  type  if  desired,  to  be  substituted  for  the 
tool  16,  in  a  well  known  manner. 

Although  the  tool  16  will  operate  in,  and  can  be 
manipulated  into  any  attitude  or  orientation  by  the  ro-  5 
bot  arm  12,  in  the  following  description  it  is  assumed, 
for  ease  of  understanding,  that  the  tool  is  orientated 
so  that  the  longitudinal  axis  of  the  mandrel  22  is  vert- 
ical,  with  the  head  of  the  mandrel  lowermost  and  the 
abutment  1  8  facing  downwardly.  10 

Referring  more  specifically  to  Figure  2  of  the 
drawings,  the  tool  16  comprises,  in  addition  to  the 
nose  assembly  21  and  the  mandrel  22,  a  pneumatic 
actuator  26  which  provides  the  means  for  producing 
the  relative  reciprocation  between  the  abutment  18  15 
and  the  mandrel  22,  and  the  means  for  advancing  riv- 
ets  along  the  mandrel. 

The  actuator  comprises  primarily  an  elongate  tub- 
ular  barrel  28,  and  a  housing  30  which  contains  other 
parts  of  the  actuator.  The  housing  30  contains  two  20 
principal  functional  units,  namely  mandrel  gripping 
means  for  releasably  gripping  the  upper  end  of  the 
mandrel  22,  and  pulling  means  whereby  the  housing 
30  can  be  caused  to  reciprocate  relative  to  the  barrel 
28  in  the  direction  lengthwise  of  the  axis  of  the  barrel.  25 

The  housing  30  is  located  generally  around  the 
upper  end  of  the  barrel  28,  and  the  nose  assembly  21 
(which  is  not  part  of  the  actuator)  is  secured  in  readily 
detachable  manner  to  the  lower  end  of  the  barrel  at 
a  distance  from  the  housing  30  which  will  influence  30 
the  maximum  number  of  fasteners  with  which  the  tool 
can  be  loaded,  as  will  become  apparent. 

The  barrel  itself  is  secured  to  the  tool  exchanger 
interface  24  and  is  thereby  held  in  fixed  positional  re- 
lationship  to  the  robot  arm  12  while  the  housing  30  is  35 
movable  relative  to  the  barrel  and  the  robot  arm.  The 
barrel  28  is,  in  effect,  the  piston  rod  of  a  pneumatic 
piston  assembly  which  is  reciprocable  in  two  in-line 
pneumatic  cylinders  defined  within  the  housing  30. 

The  mandrel  gripping  means  is  contained  in  the  40 
upper  part  of  the  housing  30,  and  comprises  a  pair  of 
tapered  gripping  jaws  52  carried  by  a  generally  tubu- 
lar  jaw  carrier  54,  and  a  jaw-closer  56  in  the  form  of 
an  annular  bush  seated  within  the  housing  so  as  to  re- 
sist  downward  movement  under  pressure,  and  having  45 
a  downwardly  tapering  bore.  A  double  acting  pneu- 
matic  jaw-closing  piston  58  reciprocable  in  a  cylinder 
(not  shown)  is  operable  by  compressed  air  supplied 
through  a  clamping  port  60  to  drive  the  jaw  carrier  54 
downwardly,  thus  forcing  the  jaws  52  into  the  bore  of  50 
the  jaw  closer  56  and  causing  the  jaws  to  close  and 
grip  the  upperend  of  a  mandrel  inserted  between  the 
jaws  in  the  jaw  carrier.  Conversely,  air  supplied 
through  a  release  port  62  raises  the  piston  58,  allow- 
ing  the  jaws  to  relax  their  grip  on  the  mandrel  so  that  55 
the  mandrel  can  be  withdrawn  from  the  actuator. 

The  pulling  means  is  contained  in  the  lower  part 
of  the  housing  30,  below  the  gripping  means.  Thus, 
the  lower  part  of  the  housing  comprises  a  pulling  sec- 

tion  32  having  a  bore  of  large  diameter  and  of  which 
the  length  is  divided  equally  by  annular  wall  34  into 
coaxial  upper  and  lower  cylinders  36,  38  respectively. 
The  annular  wall  34  is  keyed  and  sealed  to  the  inter- 
nal  wall  of  the  pulling  section  32. 

Disposed,  and  slidable,  within  the  upperand  low- 
er  cylinders  36,  38  are  pistons  40,  42  respectively. 
The  pistons  40,  42  are  both  keyed  to  the  barrel  at  pos- 
itions  spaced  from  the  upperend  of  the  barrel  28,  and 
divide  their  respective  cylinders  into  upperand  lower 
chambers. 

Compressed  air  can  be  admitted  to  the  two  upper 
chambers  through  separate  ports,  of  which  only  the 
port  44  is  shown  in  Figure  2,  to  move  the  pistons  40, 
42  and  the  barrel  relative  to  the  housing  30  to  pro- 
duce  a  pulling  stroke.  Admission  of  air  through  a  re- 
turn  port  46  into  the  lower  chamber  of  the  upper  cy- 
linder  30  effects  a  return  stroke  by  producing  relative 
movement  of  the  pistons  and  barrel  in  the  opposite  di- 
rection.  As  the  position  of  the  barrel  28,  and  hence  of 
the  abutment  18,  is  fixed  relative  to  the  robot  arm  12, 
the  pulling  and  return  strokes  are  manifest  as  actual 
movement  of  the  housing  30  relative  to  the  robot  arm 
12,  and  the  abutment  18. 

As  previously  indicated,  in  the  normal  condition 
of  the  tool,  that  is  to  say  when  the  tool  is  ready  to  in- 
stall  a  fastener,  the  upper  end  of  the  mandrel  22  is 
clamped  between  the  gripping  jaws,  and  the  mandrel 
extends  axially  through  the  barrel  28  and  through  the 
nose  assembly  21  which  is  attached  to  the  lower  end 
of  the  barrel.  The  enlarged  head  of  the  mandrel  22  is 
normally  disposed  below  the  abutment  18,  as  shown 
in  Figure  2  in  which  the  tool  is  shown  at  the  end  the 
return  stroke  with  the  pistons  40,  42  at  the  upper  ends 
of  their  respective  cylinders.  A  plurality  of  tubular  riv- 
ets  to  be  installed  are  disposed  on  the  mandrel,  one 
of  the  rivets  having  descended  through  the  nose  as- 
sembly  21  to  lie  between  the  abutment  18  and  the 
head  of  the  mandrel,  and  the  other  rivets  on  the  man- 
drel  are  positioned  above  the  nose  jaws  20. 

Actuation  of  the  tool,  by  supplying  compressed 
air  to  the  upper  chambers  of  the  cylinders  36,  38, 
causes  the  housing  30  to  move  upwardly,  pulling  the 
mandrel  upwardly  so  that  the  mandrel  head  is  drawn 
through  the  bore  of  the  rivet  which  is  below  and  sup- 
ported  by  the  abutment. 

Acursor48,  in  the  form  of  an  annular  piston  freely 
slidable  within  the  bore  of  the  barrel  and  surrounding 
the  mandrel,  is  driven  by  compressed  air  entering  the 
tool  at  a  cursor  drive  port  50  and  passing  downwardly 
through  the  upperend  of  the  barrel,  to  urge  the  rivets 
downwardly  along  the  mandrel  so  that,  as  each  lower 
most  rivet  is  installed,  another  is  forced  past  the  nose 
jaws  into  the  position  previously  occupied  by  the  now 
installed  rivet. 

The  nose  assembly  21  is  attached  to  the  lower 
end  of  the  barrel  by  engagement  with  a  complemen- 
tary  sleeve  64  which  surrounds  the  lower  end  portion 
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of  the  barrel  28.  The  sleeve  64  is  threadedly  engaged 
with  the  barrel  on  which  it  can  be  more  or  less  per- 
manently  retained.  The  sleeve  has  four  recesses  66 
of  part-spherical  shape  disposed  equi-angularly  5 
around  its  circumference  and  into  which  six  steel  balls 
68  carried  by  the  nose  assembly  can  engage  so  as 
to  retain  the  nose  assembly  on  the  sleeved  lower  end 
of  the  barrel  28. 

Thus,  the  nose  assembly  21  comprises  a  tubular  10 
body  70  having  an  axial  bore  72  into  which  the 
sleeved  lower  end  of  the  barrel  can  be  inserted,  and 
six  radial  bores  in  which  the  six  balls  68  are  housed. 
A  shroud  74  surrounds  the  body  70  and  is  movable 
to  cause  either  the  release  or  the  locking  engage-  15 
mentof  the  nose  assembly  relative  to  the  sleeved  end 
of  the  barrel.  The  shroud  74  has  a  flared  upper  part 
76  and  a  cylindrical  lower  part  78.  The  lower  part  78 
surrounds  the  body  with  some  clearance,  forming  an 
annular  housing  for  a  helical  compression  spring  80.  20 
The  spring  80  abuts  a  flange  of  the  body  at  its  lower 
end,  and  its  upper  end  engages  a  shoulder  of  the 
shroud,  so  that  the  spring  is  compressed  and  resil- 
iency  urges  the  shroud  upwardly  into  engagement 
with  a  stop  82.  25 

The  upper  part  76  of  the  shroud  flares,  both  ex- 
ternally  and  internally,  in  the  direction  away  from  the 
lower  part  so  that  the  lower  part  78  presents  an  ex- 
ternal  annular  shoulder  84  at  the  point  where  it  meets 
the  smaller  diameter  end  of  the  upper  part  76.  Inter-  30 
nally,  the  flared  upper  part  reduces  towards  the  lower 
part  to  form  a  collar  region  86  which  is  a  close  sliding 
fit  around  the  body  70.  In  the  spring  biased  upward 
position  of  the  shroud,  the  collar  region  86  thereof 
urges  the  steel  balls  68  inwardly  so  that  they  partly  35 
enter  the  recesses  66  of  the  sleeve  64  and  thus  se- 
cure  the  nose  assembly  to  the  sleeved  end  of  the  bar- 
rel.  However,  on  urging  the  shroud  downwardly 
against  the  spring,  the  collar  region  is  moved  out  of 
register  with  the  balls  68,  and  the  internally  flared  re-  40 
gion  of  the  upper  part  comes  into  register  with  the 
balls,  allowing  them  to  move  radially  outwardly  into 
the  conical  space  defined  between  the  flared  part  of 
the  shroud  and  the  body  70  at  least  sufficiently  for  the 
balls  to  disengage  from  the  recesses  66  in  the  sleeve  45 
64.  Thus,  on  urging  the  shroud  downwardly,  the  nose 
assembly  is  unlocked  and  can  be  separated  from  the 
sleeved  barrel. 

The  tool  12  just  described  can  be  loaded  with  up 
to40fastenersofagivensize,andwhen  byuseofthe  50 
tool  they  have  all  been  installed  or  there  remains  an 
insufficient  number  to  complete  another  task,  it  is 
necessary  to  reload  the  tool  with  further  fasteners. 
The  operation  of  the  tool  and  the  number  of  fasteners 
installed  by  the  tool  is  monitored  by  suitably  program-  55 
med  control  means,  of  which  some  mention  will  be 
made  subsequently.  The  control  means  also  initiates 
and  controls  a  programme  of  events  whereby  a  tool 
having  a  depleted  supply  of  fasteners  is  reloaded. 

Reloading  is  effected  by  removing  the  nose  as- 
sembly  21  together  with  the  mandrel  22  and  any  re- 
maining  fasteners  from  the  actuator  26,  and  then  eith- 
er  reloading  the  mandrel  and  replacing  it  together 
with  the  same  nose  assembly  into  the  tool,  or  substi- 
tuting  another  loaded  mandrel,  together  with  another 
nose  assembly,  for  that  removed.  The  latter  course  is 
more  expedient  since  it  avoids  delaying  use  ofthe  tool 
while  further  fasteners  are  loaded  on  the  mandrel, 
and  hence  reduces  the  necessary  downtime. 

It  is  to  be  understood  that,  in  order  to  reload  a 
mandrel  22  it  is  necessary  to  release  it  from  the  grip- 
ping  jaws  52  and  remove  it  from  the  actuator  so  that 
further  fasteners  can  be  threaded  on  to  the  mandrel 
at  the  end  remote  from  the  mandrel  head.  It  is  not  nec- 
essary,  however,  to  separate  the  mandrel  from  the 
nose  assembly,  for  reloading,  because  the  column  of 
rivets  with  which  the  mandrel  is  loaded  must  be  above 
the  nose  assembly,  and  is  advanced  downwardly  as 
required  by  the  cursor  48. 

The  mandrel,  of  course,  constitutes  the  fastener- 
carrying  part  previously  referred  to. 

Thus,  the  mandrel  and  the  nose  assembly  of  a 
tool  can  remain  more  or  less  permanently  associated 
through  several  cycles  of  use  and  reloading.  In  view 
of  this,  the  more  general  term  "nose  equipment"  is 
used  hereinafter  to  refer  to  the  combination  of  a  man- 
drel  and  its  associated  nose  assembly. 

Means  will  now  be  described  whereby,  under  the 
control  ofthe  control  means,  the  tool  can  be  reloaded 
by  removal  of  the  nose  assembly  and  mandrel  from 
the  tool  and  substitution  of  another  nose  assembly 
and  a  loaded  mandrel,  and  whereby,  furthermore,  the 
mandrel  so  removed  can  be  reloaded  so  as  to  be 
ready  together  with  the  removed  nose  assembly,  to 
replace  the  previously  substituted  mandrel  and  nose 
assembly  when  the  tool  next  requires  reloading. 

Thus,  by  using  a  single  actuator  together  with 
two  sets  of  nose  equipment  which  are  each  used  al- 
ternately  in  rotation  while  the  other  is  being  reloaded, 
the  downtime  required  for  the  tool  is  only  that  taken 
to  substitute  one  set  of  nose  equipment  for  another. 

Referring  again  to  Figure  1  ,  the  automated  work- 
station  illustrated  has  two  independent  systems  for 
enabling  the  reloading  of  a  tool,  one  of  which  is  rela- 
tively  unsophisticated,  and  regarded  as  an  alternative 
to  a  preferred  system,  and  will  be  described  first  and 
briefly,  and  the  other  of  which  is  more  sophisticated 
and  preferred  and  will  be  described  subsequently. 
Either  of  the  systems  can  be  provided  or  omitted,  or 
as  in  this  embodiment,  both  can  be  provided  for  use 
as  alternatives. 

The  first  system  is  represented  by  the  provision 
of  nests,  of  which,  in  this  embodiment,  there  are 
three,  indicated  by  the  references  90,  91,  92.  The 
nests  90,  91,  92  are  mounted  on  a  rack  94  so  as  to 
be  within  reach  of  the  robot  arm  12.  Each  nest  pro- 
vides  a  receptacle  for  receiving  and  holding  a  set  of 
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nose  equipment,  and  includes  means  for  releasing 
the  nose  assembly  from  an  actuator  so  that,  after  also 
releasing  the  mandrel  from  the  gripping  jaws,  the  ac- 
tuator  can  be  moved  away  leaving  the  nose  equip- 
ment  in  the  nest. 

Ofthe  three  nests  90,  91,  92,  at  least  one  is  nor- 
mally  left  vacant  and  ready  to  receive  a  set  of  nose 
equipment,  and  at  least  one  other  normally  contains 
another  set  of  nose  equipment  having  a  loaded  man- 
drel,  which  may  have  been  loaded  in  any  suitable 
manner,  ready  for  presentation  to  a  actuator  from 
which  the  nose  equipment  has  been  removed. 

In  addition  to  the  nests,  the  rack  may  also  hold  a 
spare  complete  tool,  loaded  with  fasteners,  and  ready 
to  be  substituted  for  that  attached  to  the  robot  arm  12 
through  the  tool  exchange  interface  24  whenever  the 
need  arises. 

A  nest  96a,  identical  with  the  nest  90,  is  shown 
in  Figure  3  in  perspective  and  in  somewhat  greater  de- 
tail  than  in  Figure  1  ,  and  is  shown  in  Figure  4,  in  cross 
section  on  the  lines  IV-IV  of  Figures  1  and  3  together 
with  a  nose  assembly  and  a  partly  loaded  mandrel 
disposed  in  the  nest. 

Referring  to  Figures  3  and  4,  the  nest  96a  com- 
prises  a  hollow  receptacle  98,  defining  a  cavity,  the 
shape  of  which  is  generally  complementary  to  that  of 
the  nose  assembly  21  of  the  tool  12,  which  is  to  say 
t  hat  t  he  cavity  has  a  lower  reg  ion  1  00  which  fits  close- 
ly  around  the  nose  jaws  20,  and  an  upper  region  102, 
of  larger  diameter  than  the  lower  region,  in  which  the 
upper  part  of  the  nose  assembly,  including  the  shroud 
74,  can  be  accommodated  with  slight  radial  clear- 
ance.  Between  the  upper  and  lower  regions  of  the 
cavity  the  receptacle  defines  an  annular  shoulder  1  04 
on  which  the  body  70  of  the  nose  assembly  can  rest 
while  the  nose  jaws  20  extend  downwardly  into  the 
lower  region  1  00  ofthe  cavity.  Atubular  blind  rivet  1  06 
is  located  on  the  mandrel  22  between  the  abutment 
18  and  the  head  ofthe  mandrel,  and  the  lower  end  of 
the  cavity  is  closed  by  a  stop  screw  108  which  is 
threadedly  engaged  with  the  receptacle  98.  The  stop 
screw  108  is  adjustable  in  height  within  the  lower  re- 
gion  100  of  the  cavity  so  as  to  support  the  mandrel 
22  while  allowing  minimal  clearance  for  the  rivet  106 
between  the  abutment  18  and  the  mandrel  head. 

The  receptacle  98  is  mounted  on  a  table  110 
through  which  the  lower  part  of  the  receptacle  ex- 
tends.  The  table  110  also  supports  a  pair  of  pneumatic 
retractors  112,  113  which  form  part  of  the  nest  96a 
and  are  disposed  on  diametrically  opposite  sides  of 
the  receptacle.  Each  retractor  comprises  a  pneumatic 
retractor  cylinder  114  disposed  below  the  table  and 
having  a  retractor  piston  116  vertically  reciprocable 
therein.  The  piston  116  extends  upwardly  through  the 
table,  and  supports  a  pawl  118  which  is  pivotally 
mounted  in  a  trunnion  120  which  in  turn  is  adjustably 
mounted  on  the  upperend  ofthe  piston  116.  The  pawl 
118  comprises  a  substantially  vertical  limb  122  the 

lower  end  of  which  pivots  in  the  trunnion  120,  and  a 
claw  1  24,  the  claws  ofthe  two  retractors  extending  to- 
wards  each  other  and  radially  inwardly  of  the  recep- 

5  tacle.  The  upper  part  of  the  receptacle  is  externally 
flared,  forming  an  external  cam  surface  126  for  the 
pawls,  and  has  two  diametrically  opposed  radial  slots 
127,  128,  in  which  the  claws  124  are  movable  in  di- 
rections  both  vertically  and  radially  ofthe  receptacle. 

10  Each  ofthe  pawls  has  a  pair  of  rollers  130,  131  jour- 
nalled  for  rotation  about  a  horizontal  axis  passing 
through  the  pawl  at  the  angle  between  the  claw  and 
the  vertical  limb,  the  rollers  being  arranged  to  bear 
and  roll  on  the  flared  external  cam  surface  126  at  the 

15  upper  end  of  the  receptacle  on  each  side  of  the  slot 
in  which  the  claw  is  disposed.  Each  pawl  is  biased,  by 
a  spring-loaded  plunger  133  mounted  in  the  trunnion, 
to  pivot  so  that  the  claw  tends  to  move  radially  inward- 
ly  ofthe  receptacle,  but  is  limited  in  the  extent  of  its 

20  inward  movement  by  the  engagement  of  the  rollers 
against  the  cam  surface  ofthe  receptacle. 

The  retractor  cylinders  114  are  supplied  with 
compressed  air  under  the  control  of  the  control 
means. 

25  The  operation  of  the  nests  is  as  follows. 
When  the  control  means  senses  that  the  tool  16 

requires  to  be  reloaded,  the  robot  arm  carries  the  tool 
to  a  position  directly  above  the  nest  90  and  then  low- 
ers  the  tool  so  that  the  nose  assembly  21  enters  the 

30  cavity  of  the  receptacle  98  and  the  lower  end  of  the 
body  70  rests  on  the  shoulder  104.  This  is  the  condi- 
tion  shown  in  the  right-hand  half  of  Figure  4. 

The  control  means  then  operates  to  admit  air 
through  the  release  port  62  ofthe  actuator,  causing 

35  the  piston  58  to  retract  so  that  the  gripping  jaws  relax 
their  grip  on  the  tail  end  of  the  mandrel,  and  at  the 
same  time  operates  to  admit  air  to  the  upper  cham- 
bers  ofthe  two  retractor  cylinders  114  ofthe  nest  90, 
causing  the  retractor  pistons  116  to  be  pulled  down- 

40  wardly  relative  to  the  receptacle  98.  Descent  of  the 
pistons  116  causes  the  spring  biassed  pawls  118  to 
descend  also,  and,  as  the  rollers  130,  131  are  able  to 
follow  the  cam  surface  126  of  the  receptacle,  the 
spring  biassed  pawls  pivot  so  that  the  claws  move  ra- 

45  dially  inwardly  and  engage  the  annular  shoulder  84 
on  the  shroud  ofthe  nose  assembly.  Continued  de- 
scent  ofthe  pistons  116  causes  the  pawls  to  pull  the 
shroud  downwardly,  thus  releasing  the  nose  assem- 
bly  from  engagement  with  the  barrel  ofthe  actuator. 

so  With  the  mandrel  and  nose  assembly  (that  is  to  say, 
the  nose  equipment)  thus  released  from  the  actuator 
and  held  in  the  nest,  the  actuator  of  the  tool  is  then 
raised  vertically  by  the  robot  arm  until  it  is  clear  of  the 
upper  end  of  the  mandrel,  leaving  the  nose  equip- 

55  ment  in  the  nest.  The  robot  arm  then  traverses  to  pos- 
ition  the  actuator  above  another  nest  which  holds  a 
set  of  nose  equipment  having  a  suitable  load  of  fas- 
teners,  such  as  the  nest  91  ,  and  then  lowers  the  ac- 
tuator  so  that  the  sleeved  end  of  the  barrel  decends 
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around  the  loaded  mandrel  and  enters  into  the  nose 
assembly  in  the  nest  91  .  The  retractor  pistons  of  the 
nest  91  are  then  urged  upwardly  by  air  admitted  to  the 
lower  chamber  of  the  retractor  cylinders,  raising  the  5 
pawls  and  thus  allowing  the  shroud  to  rise  under  the 
influence  ofthe  helical  spring  80.  As  the  shroud  rises, 
the  steel  balls  are  urged  radially  inwardly  into  engage- 
ment  with  the  sleeved  end  ofthe  barrel,  thus  locking 
the  nose  assembly  to  the  actuator.  Simultaneously  10 
with  the  rise  of  the  retractor  pistons,  air  is  admitted 
through  the  clamping  port  60  to  urge  the  piston  58 
and  the  jaw  carrier  54  downwardly,  thus  clamping  the 
loaded  mandrel  between  the  gripping  jaws  52. 

As  the  pawls  rise,  their  rollers  follow  the  flaring  15 
cam  surface  of  the  receptacle  and  the  pawls  are 
thereby  caused  to  pivot,  moving  the  claws  radially 
outwardly  and  thus  disengaging  the  claws  from  the 
nose  assembly. 

Thus  the  nose  assembly  and  the  actuator  are  re-  20 
assembled  and  released  from  the  nest  92,  and  the 
tool  is  ready  to  be  moved  away  from  the  nest  by  the 
robot  arm  and  to  resume  installing  fasteners. 

The  first  alternative  system  just  described  does 
not  include  any  provision  for  reloading  a  mandrel  with  25 
further  fasteners.  However,  the  nest  96a  is  part  of  the 
preferred  second  system,  previously  referred  to, 
which  includes  means  for  reloading  a  mandrel. 

The  second  system  is  illustrated  schematically  in 
Figures  7  to  1  3  which  also  illustrate  successive  stages  30 
in  the  operation  of  the  system. 

Thus  referring  to  Figure  7,  the  table  110  previous- 
ly  referred  to  is  an  indexing  table  mounted  for  index- 
ing  rotation  through  180°  about  a  vertical  axis  on  a 
suitable  support  140  within  reach  ofthe  robot  arm  12.  35 

A  pneumatically  operated  rack  and  pinion  index- 
ing  mechanism  142,  of  conventional  and  commercial- 
ly  available  type,  is  mounted  on  the  support  140  and 
supports  and  produces  the  indexing  movement  of  the 
table  110  in  response  to  the  supply  of  pressurised  air  40 
under  the  control  ofthe  control  means  in  a  well  known 
manner. 

The  table  110  supports  the  nest  96a  and  a  sec- 
ond  nest  96b  identical  to  the  nest  96a. 

The  nests  96a  and  96b  are  disposed  equidistant  45 
from  and  on  diametrically  opposite  sides  ofthe  rota- 
tional  axis  ofthe  indexing  table  so  that,  on  indexing 
the  table  through  180°,  each  nest  moves  into  the  pre- 
cise  position  in  space  previously  occupied  by  the 
other.  50 

The  position  occupied  by  the  nest  96b,  as  seen 
in  Figure  1,  is  a  station  for  the  reception  and  the  pre- 
sentation  of  nose  equipment  from  and  to  an  actuator 
26  carried  by  the  robot  arm  12,  and  the  position  oc- 
cupied  by  the  nest  96a  as  seen  in  Figure  1,  is  a  re-  55 
loading  station  at  which  a  mandrel  of  the  nose  equip- 
ment  held  in  the  nest  96a  can  be  loaded  or  reloaded 
with  fasteners.  Indexing  the  table  through  180° 
moves  both  the  nests  96a  and  96b  from  their  respec- 

tive  stations  to  the  other  ofthe  stations. 
The  mandrels  of  the  riveting  tools  are  made  of 

steel  wire  and  are  easily  flexible.  It  is  therefore  nec- 
essary  to  provide  means  for  accurately  locating  in 
transverse  position  the  upper  ends  of  mandrels  of 
nose  equipment  held  in  the  nests  96a  and  96b  in  or- 
der  to  facilitate  both  the  loading  or  reloading  of  such 
mandrels  with  further  rivets,  and  also  to  facilitate  the 
reassembly  of  an  actuator  26  carried  by  the  robot  arm 
12  with  nose  equipment  held  in  one  ofthe  nests. 

Accordingly,  the  indexing  table  110  carries 
means  for  locating  the  upperend  portion  of  a  mandrel 
held  in  each  of  the  nests  96a  and  96b. 

The  locating  means  comprises  a  column  144 
mounted  vertically  at  the  rotational  axis  ofthe  table, 
and  two  pneumatically  operable  mandrel  locators 
146a  and  146b  supported  by  the  column  at  a  height 
above  the  nests  96a  and  96b  respectively,  which  will 
be  near  to,  but  not  at,  the  upper  ends  of  mandrels  of 
nose  equipment  held  by  the  nests. 

Each  mandrel  locator  comprises  a  double  acting 
pneumatic  actuator  and  a  pair  of  locating  jaws  which 
can  be  operated  by  t  he  locator  actuator  so  as  to  move 
between  a  mandrel-holding  position  in  which  the  jaws 
are  positioned  vertically  above  the  respective  nest 
and  are  closed  about  a  mandrel  of  nose  equipment 
held  by  the  nest,  and  a  position  in  which  the  jaws  are 
opened,  and  the  mandrel  released,  and  are  retracted 
away  from  the  position  vertically  above  the  nest. 

Thus,  in  the  mandrel-holding  position,  the  locat- 
ing  jaws  engage  the  mandrel  at  a  position  spaced  a 
short  distance  from  its  upper  end  and  locate  it  pre- 
cisely  so  that  either  a  tubular  rivet  or  an  actuator  of  a 
riveting  tool  can  be  threaded  on  to  the  upper  end  of 
the  mandrel.  More  particularly,  the  locating  jaws  are 
shaped  so  that  the  upper  end  of  a  mandrel  which  is 
flexing,  or  slightly  bent  out  of  line,  may  be  gathered 
into  a  precisely  fixed  transverse  position  relative  to 
the  nest  holding  the  mandrel. 

Also  mounted  on  the  support  140,  in  a  position 
adjacent  to  the  indexing  table  11  0,  is  means  for  load- 
ing  tubular  rivets  on  to  a  mandrel  disposed  in  one  of 
the  nests,  which,  in  the  phase  of  operation  shown  in 
Figures  1  and  7,  is  the  nest  96a. 

The  loading  means  of  this  embodiment  compris- 
es  a  bowl  feeder  1  50  of  conventional  construction  and 
arranged  to  orientate  and  feed  rivets  along  a  flight 
152. 

The  tubular  rivets  illustrated  in  the  drawings  are 
of  the  type  sold  under  the  Registered  Trade  Mark 
"BRIV",  and  comprise  a  shank  of  generally  cylindrical 
and  elongate  shape,  and  a  radially  enlarged  head  at 
one  end  of  the  shank  with  a  bore  passing  axially 
through  the  shank  and  head.  The  orientated  rivets 
pass  along  the  flight  with  their  heads  uppermost  and 
supported  by  the  flight  and  with  their  shanks  depend- 
ing  below  the  flight  through  a  slot  in  the  flight. 

The  end  ofthe  flight  remote  from  the  bowl  feeder 
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is  provided  with  a  spring  loaded  gate  154  whereby  the 
rivets  are  prevented  from  freely  leaving  the  end  ofthe 
flight,  as  shown  in  Figure  6.  Rivets  arriving  at  the  gate 
154  are  periodically  removed  from  the  flight  and  are 
transferred  by  a  rivet  transfer  device  1  60  to  a  mandrel 
disposed  in  that  one  of  the  nests  96a  and  96b  which, 
in  a  given  phase  of  operation  of  the  apparatus,  is  at 
the  loading  station. 

The  rivet  transfer  device  160  is  shown  more  par- 
ticularly  in  Figure  5,  and  comprises  a  pneumatic  jack 
162  having  a  cylinder  housing  mounted  on  the  sup- 
port  140,  and  three  vertically  reciprocable  pistons 
164.  Mounted  on  the  upper  ends  ofthe  pistons  164 
is  a  transfer  gripper  166. 

The  transfer  gripper  166  comprises  a  pneumatic 
cylinder  housing  secured  to  the  upper  ends  ofthe  pis- 
tons  164,  and  three  horizontally  reciprocable  pistons 
168  to  which  is  attached  a  rivet  carrier  170.  The  rivet 
carrier  170  includes  a  pair  of  horizontally  opposed 
power-operated  rivet  gripping  jaws  172  arranged  to 
engage  and  grip  a  rivet  held  at  the  spring-loaded  gate 
154  of  the  flight,  and,  on  suitable  movement  of  the 
horizontally  reciprocable  pistons  168,  to  pluckthe  riv- 
etfrom  the  flight,  through  the  gate,  and  move  the  rivet 
to  a  position  precisely  above  the  upperend  of  a  man- 
drel  disposed  in  the  nest  at  the  loading  station.  On 
causing  the  vertical  pistons  164  to  descend,  the  jaws 
172  holding  the  rivet  are  lowered  so  that  the  rivet  is 
threaded  on  to  the  upper  end  of  the  mandrel.  The 
jaws  172  then  release  the  rivet  which  is  able  to  de- 
scend  by  gravity,  past  the  mandrel  locators  which 
open  momentarily  to  allow  the  rivet  to  pass,  and  join 
any  rivets  previously  disposed  on  the  mandrel,  form- 
ing  a  column  of  rivets. 

As  soon  as  the  jaws  172  have  released  the  rivet 
on  the  mandrel,  the  horizontally  reciprocable  pistons 
168  are  retracted  and  the  transfer  gripper  is  raised  by 
the  vertically  reciprocable  pistons  164  to  the  position 
in  which  the  gripper  is  ready  to  remove  the  next  rivet 
waiting  at  the  gate  154  ofthe  flight. 

The  sequence  of  events  just  described  is  per- 
formed  rapidly  underthe  control  ofthe  control  means, 
and  enables  a  mandrel  disposed  in  the  nest  at  the 
loading  station  to  be  loaded  with  a  plurality  of  rivets, 
fed  one  at  a  time. 

Some  successive  phases  ofthe  operation  ofthe 
rivet  transfer  device  are  shown  in  Figures  7  to  13. 

Referring  now  specifically  to  Figures  7  to  13  of 
the  drawings,  and  initially  to  Figure  7,  the  operation 
ofthe  apparatus  to  reload  a  used  tool,  using  the  pre- 
ferred  reloading  system,  will  now  be  described. 

Figure  7  shows  workpieces  14  on  the  conveyor 
10,  the  robot  arm  12  which  supports  an  installation 
tool  16  which  has  installed  part  of  its  load  of  tubular 
rivets  in  a  workpiece  on  the  conveyor  and  requires  to 
be  reloaded  with  rivets,  and  the  reloading  means  ad- 
jacent  to  the  conveyor. 

The  nest  96b  is  positioned  at  the  reception  and 

presentation  station  by  the  indexing  table  110,  and  is 
vacant,  and  the  nest  96a  is  positioned  at  the  reload- 
ing  station  and  holds  a  set  of  nose  equipment,  includ- 

5  ing  a  mandrel  22a,  which  is  additional  to  the  set  of 
nose  equipment  forming  part  of  the  tool  16  held  by 
the  robot  arm. 

As  shown  in  Figure  7,  the  mandrel  22a  has  been 
fully  loaded  with  a  column  ofthe  tubular  rivets  which 

10  extends  up  the  mandrel  to  the  mandrel  locator  146a, 
and  is  ready  to  replace  the  mandrel  ofthe  tool  16  in 
which  the  load  of  rivets  is  depleted. 

The  robot  arm  then  moves  the  tool  12  into  posi- 
tion  vertically  spaced  above  the  vacant  nest  96b  as 

15  shown  in  Figure  8:  the  locating  jaws  ofthe  mandrel  lo- 
cator  146b  are  open. 

The  robot  arm  then  lowers  the  tool  between  the 
open  locating  jaws  until  the  nose  equipment  of  the 
tool  enters  the  receptacle  of  the  nest  96b  as  shown 

20  in  Figure  9.  The  mandrel  of  the  tool  12  is  then  re- 
leased  from  the  grip  of  the  gripping  jaws  52  by  oper- 
ation  of  the  jaw  closing  piston  58,  and  the  pneumatic 
retractors  of  the  nest  96b  are  operated  to  pull  their 
pawls  downwardly,  thus  releasing  the  nose  equip- 

25  ment  from  the  actuator  of  the  tool  16. 
The  robot  arm  then  rises,  carrying  the  actuator 

26  of  the  tool  16  upwardly,  and  leaving  the  nose 
equipment  of  the  tool  in  the  nest  96b  as  shown  in  Fig- 
ure  10.  The  actuator  26  rises  clear  of  the  mandrel  22, 

30  and  the  locating  jaws  then  close  around  the  mandrel. 
The  indexing  table  110  then  indexes  through 

180°,  transposing  the  nests  96a  and  96b  so  that  the 
nose  equipment  just  received  from  the  tool  12  is 
moved  to  the  loading  station,  and  the  nose  equipment 

35  with  the  ready  loaded  mandrel  22a  is  moved  to  the  re- 
ception  and  presentation  station  below  the  actuator 
26,  as  shown  in  Figure  11. 

The  robot  arm  then  lowers  the  actuator  26  so  that 
the  mandrel  22a  passes  into  the  barrel,  threading  its 

40  way  through  the  cursor  48,  and  eventually  into  posi- 
tion  between  the  gripping  jaws  52.  As  the  actuator  de- 
scends  and  the  lower  end  ofthe  barrel  approaches 
the  mandrel  locator  146a,  the  locating  jaws  open  to 
allow  the  barrel  to  pass. 

45  When  the  sleeved  lower  end  of  the  barrel  has 
fully  entered  the  nose  assembly  21  in  the  receptacle 
of  nest  96a,  the  jaw  closing  piston  58  is  operated  to 
close  the  gripping  jaws  52  ofthe  actuator  on  the  man- 
drel  22a,  and  the  actuator  pistons  ofthe  nest  96a  are 

so  operated  to  raise  the  pawls  so  that,  guided  by  the 
cam  surface  of  the  receptacle,  the  pawls  allow  the 
shroud  to  rise  and  urge  the  balls  ofthe  nose  assembly 
into  engagement  with  the  sleeved  end  ofthe  barrel, 
thus  locking  the  loaded  nose  equipment  to  the  actua- 

55  tor  26,  and  releasing  their  hold  on  the  nose  assembly. 
Meanwhile,  the  nose  equipment  earlier  removed 

from  the  tool  12,  and  now  in  the  nest  96b  at  the  re- 
loading  station  is  being  reloaded  with  further  rivets  by 
the  reloading  means,  as  previously  explained.  This 
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stage  is  shown  in  Figure  12. 
The  tool  12,  now  reassembled  using  the  loaded 

nose  equipment  including  the  mandrel  22a,  is  free  to 
be  moved  away  from  the  reception  and  presentation 
station  by  the  robot  arm,  and  to  resume  installing  riv- 
ets  in  workpieces  on  the  conveyor. 

Reloading  ofthe  nose  equipment  in  the  nest  96b 
continues  until  the  mandrel  22  thereof  is  fully  loaded, 
and  then  stops,  and  the  thus  reloaded  nose  equip- 
ment  remains  at  the  reloading  station  until  required  to 
replace  the  nose  equipment  of  the  tool  12  when  the 
tool  next  needs  to  be  reloaded. 

Reference  has  been  made  to  the  control  means 
by  which  the  operation  ofthe  apparatus  is  controlled, 
and  this  will  now  be  described. 

The  control  means  is  of  a  generally  conventional 
type,  and  uses  conventional  parts  in  a  manner  which 
is  generally  well  understood  in  the  control  of  appara- 
tus  for  performing  operations.  The  following  descrip- 
tion  is,  therefore,  only  concerned  with  the  principal 
parts  and  their  organisation  to  effect  the  necessary 
control  over  the  operation  ofthe  apparatus  for  instal- 
ling  fasteners. 

It  will  be  appreciated  that  a  principal  feature  ofthe 
automated  workstation  shown  in  Figure  1  is  the  robot 
arm  12,  and  that  the  robot  arm  is  provided  with  a  gen- 
eral  controller  which  is  housed  in  the  mounting  forthe 
robot  arm.  The  general  controller  is  programmable  to 
control  not  only  the  operation  of  the  robot  arm  12,  but 
also  the  operation  of  any  other  ancillary  apparatus 
associated  with  the  robot  arm  at  the  workstation.  The 
general  controller  converses  with  individual  control- 
lers  of  ancillary  apparatus  at  the  workstation,  so  that 
the  operation  of  all  parts  ofthe  workstation  are  coor- 
dinated. 

The  operation  ofthe  installation  tool  12  and  the 
reloading  means,  and  the  logical  co-ordination  of 
their  operations  are  under  the  control  of  a  program- 
mable  logic  controller. 

The  logic  controller  receives  data  input  from  sen- 
sors  of  various  types  which  are  disposed  at  appropri- 
ate  locations  to  sense  events  occurring  in  the  appa- 
ratus;  it  converses  with  the  general  controller,  and  it 
gives  outputs  which  directly  or  indirectly  actuate  the 
performance  ofthe  various  operations  which  parts  of 
the  apparatus  have  to  perform. 

Thus,  a  number  of  sensors  are  disposed  at  appro- 
priate  positions  to  monitor  various  conditions  and  the 
operation  of  the  various  actuators  of  the  apparatus. 
The  sensors  include  optical  sensors,  inductive  prox- 
imity  sensors,  and  magnetic  reed  switches,  and  are 
deployed  to  monitor  the  operation  ofthe  riveting  tool 
12  and  the  reloading  means,  and  pass  resultant  data 
to  the  programmable  logic  controller.  Particular  men- 
tion  is  made  here  ofthe  use  of  sensors  to  monitor  the 
presence  or  absence  of  rivets  at  the  gate  154  of  the 
flight,  the  opening  and  closing  of  the  rivet  gripping 
jaws  and  the  presence  or  absence  of  a  rivet  between 

them,  the  end  points  of  reciprocation  of  the  transfer 
gripper  in  both  vertical  and  horizontal  directions,  the 
opening  and  closing  ofthe  mandrel  locators  146a  and 

5  146b,  the  presence  or  absence  of  nose  equipment  in 
the  nests,  and  the  reciprocatory  movements  of  the 
retractor  pistons  116,  the  indexing  movements  ofthe 
indexing  table  110,  and  to  sense  when  a  column  of  riv- 
ets  on  a  mandrel  being  reloaded  at  the  loading  station 

10  reaches  a  predetermined  height.  Sensors  are  also 
employed  to  monitor  the  movements  of  the  jaw-clos- 
ing  piston  58,  and  the  reciprocatory  movements  of 
the  barrel  28  relative  to  the  housing  30  of  the  actua- 
tor. 

15  Outputs  from  the  logic  controller  operate  sole- 
noid-operated  valves  which  control  the  flow  of  pres- 
surised  air  in  the  pneumatic  circuits  from  a  source  of 
compressed  air  to  the  actuator  26  and  the  pneumatic 
cylinders  ofthe  reloading  means. 

20  The  programmable  logic  controller  includes 
means  for  keeping  count  of  the  numbers  of  rivets  in 
the  system  and  available  for  installation.  Thus,  the 
number  of  rivets  loaded  on  to  mandrels  at  the  reload- 
ing  station  and  subsequently  loaded  into  the  installa- 

25  tion  tool  12  is  known  from  the  size  of  the  rivets  and 
the  predetermined  height  ofthe  column  of  rivets  load- 
ed  on  to  the  mandrel,  and  the  number  of  rivets  instal- 
led  by  the  tool  is  counted  by  the  logic  controller.  A 
comparator  in  the  logic  controller  is  then  able  to  cal- 

30  culate  the  number  of  rivets  remaining  in  the  tool  and 
available  for  installation  in  workpieces.  When  the 
number  of  rivets  in  the  tool  falls  below  that  predeter- 
mined  number  of  rivets  needed  to  perform  a  complete 
task,  the  control  means  allows  completion  ofthe  task 

35  in  hand,  and  then  initiates  reloading  ofthe  tool. 
The  invention  is  not  restricted  to  the  details  ofthe 

foregoing  example. 

40  Claims 

1.  Apparatus  for  installing  fasteners,  comprising  a 
fastener  installation  tool  (16)  for  successively  in- 
stalling  a  plurality  of  fasteners  by  repeated  oper- 

45  ation  ofthe  tool  (16),  which  tool  (16)  has  a  fasten- 
er-carrying  part  (22)  which  may  be  loaded  with  a 
plurality  of  fasteners  forming  a  finite  supply  ofthe 
fasteners  to  be  installed  by  the  tool  (16),  charac- 
terised  in  that  the  apparatus  includes  reception 

so  means  (90;  96b  or  96a)  for  receiving  the  said  fas- 
tener-carrying  part  (22)  from  a  used  tool,  and  pre- 
sentation  means  (91  ;  92;  96a  or  96b)  for  present- 
ing  to  the  tool  (16)  another  fastener-carrying  part 
(22a)  loaded  with  a  supply  of  the  fasteners. 

55 
2.  Apparatus  as  claimed  in  claim  1  ,  characterised  in 

that  the  reception  means  (96a  or  96b)  and  the 
presentation  means  (96b  or  96a)  are  operable  al- 
ternately  as  presentation  means  and  reception 
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means  respectively. 

3.  Apparatus  as  claimed  in  either  of  claims  1  or  2, 
characterised  in  that  the  presentation  means  (91  ;  5 
92;  96a  or  96b)  is  arranged  to  present  succes- 
sively  to  the  tool  (16)  a  plurality  of  the  fastener 
carrying  parts(22,  22a)  loaded  with  the  fasten- 
ers,  and  the  reception  means(90;  96b  or  96a)  is 
arranged  to  receive  successively  from  the  tool  10 
(16)  a  plurality  of  the  fastener-carrying  parts  (22, 
22a). 

4.  Apparatus  as  claimed  in  claim  3,  characterised  in 
that  the  reception  means  (90;  96b  or  96a)  com-  15 
prises  at  least  one  nest  (90;  96b  or  96a)  for  the 
reception  of  a  used  fastener-carrying  part  (22), 
the  presentation  means  (92;  93;  96a  or  96b)  com- 
prises  at  least  one  nest  (92;  93;  96a  or  96b)  for 
the  presentation  of  one  or  more  loaded  fastener-  20 
carrying  parts  (  22,  22a). 

5.  Apparatus  as  claimed  in  claim  4,  characterised  in 
that  the  presentation  means  (91  ;  92;  96a  or  96b) 
comprises  a  plurality  of  nests  (91;  92;  96a  or  96b)  25 
each  containing  a  pre-loaded  fastener-carrying 
part,  (22  or  22a)  for  successive  presentation  of 
the  parts  (22,  22a)  to  the  tool  (16). 

6.  Apparatus  as  claimed  in  any  of  claims  1  to4,char-  30 
acterised  in  that  the  reception  means  (96a,  96b) 
and  the  presentation  means  (96b,  96a)  each 
comprise  a  nest  (96b  or  96a),  the  nests  (96a,  96b) 
being  movable  alternately  to  and  from  a  station 
for  the  reception  and  presentation  of  fastener-  35 
carrying  parts  (22,  22a). 

7.  Apparatus  as  claimed  in  claim  6,  characterised  in 
that  the  nests  (96a,  96b)  are  movable  between 
the  station  for  the  reception  and  presentation  of  40 
fastener  carrying  parts  (22,  22a),  and  a  reloading 
station  at  which  fastener-carrying  parts  (22,  22a) 
received  at  the  reception  and  presentation  station 
and  moved  to  the  reloading  station  may  be  load- 
ed  or  reloaded  with  fasteners.  45 

8.  Apparatus  as  claimed  in  claim  7,  characterised  by 
means  (150,  152,  160)  for  loading  or  reloading 
with  fasteners  fastener-carrying  parts  (22)  dis- 
posed  at  the  reloading  station.  50 

9.  Apparatus  as  claimed  in  claim  1  ,  characterised  in 
that  the  fastener-carrying  part  (22)  includes  a 
headed  pull-through  mandrel  (22). 

55 
10.  Apparatus  as  claimed  in  claim  1  ,  characterised  in 

that  the  reception  means  (90,  96a  or  96b)  in- 
cludes  means  (112,113)  for  effecting  release  of 
said  detachable  fastener-carrying  part  (22)  from 

said  tool  (16). 

11.  Apparatus  as  claimed  in  claim  1,  characterised  in 
that  the  presentation  means  (91,92,96a  or  96b) 
includes  means  (112,113)  for  effecting  attach- 
ment  of  said  other  fastener-carrying  part  (22a)  to 
said  tool. 

12.  Apparatus  as  claimed  in  claim  1,  characterised  in 
that  the  fastener-carrying  part  (22)  is  an  elon- 
gate  mandrel  (22)  onto  which  a  plurality  of  tubular 
fasteners  may  be  loaded,  the  mandrel  (22)  hav- 
ing  an  enlarged  head  which  can  be  pulled  through 
each  of  the  tubular  fasteners  successively  in  or- 
der  to  set  each  fastener. 

Patentanspruche 

1  .  Vorrichtung  zum  Montieren  von  Befestigungsele- 
menten  mit  einem  Befestigungselementsetz- 
werkzeug  (16)  zum  aufeinanderfolgenden  Set- 
zen  einer  Vielzahl  von  Befestigungsmitteln  durch 
wiederholte  Betatigung  des  Werkzeugs  (16),  wo- 
bei  das  Werkzeug  (16)  einen  Befestigungsmittel- 
trageteil  (22)  aufweist,  welcher  mit  einer  Vielzahl 
von  Befestigungsmitteln  geladen  werden  kann, 
die  einen  begrenzten  Vorrat  an  durch  das  Werk- 
zeug  (16)  zu  setzenden  Befestigungsmitteln  bil- 
den,  dadurch  gekennzeichnet,  dali  die  Vorrich- 
tung  Aufnahmeeinrichtungen  (90;  96b  oder  96a) 
zur  Aufnahme  des  Befestigungsmitteltrageteils 
(22)  von  einem  verwendeten  Werkzeug  aufweist, 
und  dali  Zufuhreinrichtungen  (91;  92;  96a  oder 
96b)  zum  Zuftihren  eines  anderen,  mit  einem  Vor- 
rat  an  Befestigungsmitteln  geladenen  Befesti- 
gungsmitteltrageteils  (22a)  zu  dem  Werkzeug 
vorgesehen  sind. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  die  Aufnahmeeinrichtungen  (96a 
oder  96b)  und  die  Zufuhreinrichtungen  (96b  oder 
96a)  abwechselnd  als  Zufuhreinrichtungen  bzw. 
Aufnahmeeinrichtungen  betatigbar  sind. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  dadurch  ge- 
kennzeichnet,  dali  die  Zufuhreinrichtungen  (91; 
92;  96a  oder  96b)  derart  ausgebildet  sind,  dali  sie 
dem  Werkzeug  (16)  nacheinander  eine  Vielzahl 
von  Befestigungsmitteltrageteilen  (22,  22a),  die 
mit  Befestigungsmitteln  geladen  sind,  zuftihren, 
und  dali  die  Aufnahmeeinrichtungen  (90;  96b 
oder  96a)  derart  ausgebildet  sind,  dali  sie  aufein- 
anderfolgend  von  dem  Werkzeug  eine  Vielzahl 
an  Befestigungsmitteltrageteilen  (22,  22a)  auf- 
nimmt. 

4.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 
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zeichnet,  dali  die  Aufnahmeeinrichtung  (90;  96b 
oder  96a)  mindestens  eine  Aufnahme  (90;  96b 
oder  96a)  zur  Aufnahme  eines  verbrauchten  Be- 
festigungsmitteltrageteils  (22)  aufweist,  und  dali 
die  Zufuhreinrichtung  (92;  93;  96a  oder  96b)  min- 
destens  eine  Aufnahme  (92;  93;  96a  oder  96b) 
zur  Zufuhr  eines  oder  mehrerer  geladener  Befe- 
stigungsmitteltrageteile  (22,  22a)  enthalt. 

5.  Vorrichtung  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  dali  die  Zufuhreinrichtung  (91;  92;  96a 
oder  96b)  eine  Vielzahl  von  Aufnahmen  (91;  92; 
96a  oder  96b)  aufweist,  die  je  einen  zufuhrgela- 
denen  Befestigungsmitteltrageteil  (22  oder  22a) 
zum  aufeinanderfolgenden  Zuftihren  der  Teile 
(22,  22a)  zu  dem  Werkzeug  (16)  enthalt. 

6.  Vorrichtung  nach  einem  der  Anspruche  1  bis  4, 
dadurch  gekennzeichnet,  dali  die  Aufnahmeein- 
richtung  (96a,  96b)  und  die  Zufuhreinrichtung 
(96b,  96a)  je  eine  Aufnahme  (96b  oder  96a)  ent- 
halten,  und  dali  die  Aufnahmen  (96a,  96b)  ab- 
wechselnd  zu  und  aus  einer  Station  zur  Aufnah- 
me  und  zur  Zufuhr  von  Befestigungsmitteltrage- 
teilen  (22,  22a)  bewegbar  sind. 

7.  Vorrichtung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  dali  die  Aufnahmen  (96a,  96b)  zwi- 
schen  der  Station  fur  die  Aufnahme  und  Zufuhr 
von  Befestigungsmitteltrageteilen  (22,  22a)  und 
einer  Wiederladestation  bewegbar  sind,  in  wel- 
cher  die  Befestigungsmitteltrageteile  (22,  22a), 
die  an  der  Aufnahme-  und  Zufuhrstation  aufge- 
nommen  und  in  die  Wiederladestation  bewegt 
wurden,  mit  Befestigungsmitteln  geladen  oder 
wiedergeladen  werden  konnen. 

8.  Vorrichtung  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dali  Einrichtungen  (150,  152,  160)  zum 
Laden  oder  Wiederladen  von  Befestigungsmit- 
teln  auf  Befestigungsmitteltrageteilen  (22)  vorge- 
sehen  sind,  die  an  der  Wiederladestation  ange- 
ordnet  sind. 

9.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  der  Befestigungsmitteltrageteil  (22) 
einen  mit  Kopf  versehenen,  durchziehbaren  Zug- 
dorn  (22)  einschlielit. 

10.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  die  Aufnahmeeinrichtung  (90,  96a 
oder  96b)  Einrichtungen  (112,  113)  enthalt,  urn 
das  Freigeben  des  abnehmbaren  Befestigungs- 
mitteltrageteils  (22)  aus  dem  Werkzeug  (16) 
durchzuftihren. 

11.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  die  Zufuhreinrichtung  (91,  92,  96a 

oder  96b)  Einrichtungen  (112,  113)  enthalt,  urn 
das  Befestigen  des  anderen  Befestigungsmittel- 
trageteils  (22a)  am  Werkzeug  durchzuftihren. 

5 
12.  Vorrichtung  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dali  der  Befestigungsmitteltrageteil  (22) 
ein  langgestreckterZugdorn  (22)  ist,  auf  welchen 
eine  Vielzahl  rohrformigerBefestigungsmittel  ge- 

10  laden  werden  konnen,  wobei  derZugdorn  (22)  ei- 
nen  vergrolierten  Kopf  aufweist,  welcher  durch 
jeden  der  rohrformigen  Befestigungsmittel  nach- 
einander  hindurchziehbar  ist,  urn  jedes  der  Befe- 
stigungsmittel  zu  setzen. 

15 

Revendications 

1  .  Appareil  d'installation  de  fixations  comprenant  un 
20  outil  (16)  d'installation  de  fixations  destine  a  ins- 

taller  successivement  une  serie  de  fixations  par 
un  actionnement  repete  de  cet  outil  (16),  ce  der- 
nier  comprenant  un  element  (22)  porteur  de  fixa- 
tions  qui  peut  etre  charge  d'une  serie  de  fixations 

25  formant  un  approvisionnement  f  ini  de  fixations  a 
installer  par  I'outil  (16),  caracterise  en  ce  que  I'ap- 
pareil  inclut  un  moyen  de  reception  (90;  96b  ou 
96a),  servanta  recevoird'un  outil  utilise  I'element 
(22)  porteur  de  fixations,  et  un  moyen  de  presen- 

30  tation  (91  ;  92;  96a  ou  96b)  servant  a  presenter  a 
I'outil  (16)  un  autre  element  (22a)  porteur  de  fixa- 
tions  charge  d'un  approvisionnement  de  fixa- 
tions. 

35  2.  Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  le  moyen  de  reception  (96a  ou  96b)  et  le 
moyen  de  presentation  (96b  ou  96a)  peuventser- 
vir,  alternativement,  de  moyen  de  presentation  et 
de  moyen  de  reception,  respectivement. 

40 
3.  Appareil  selon  I'une  ou  I'autre  des  revendications 

1  ou  2,  caracterise  en  ce  que  le  moyen  de  presen- 
tation  (91  ;  92;  96a  ou  96b)  est  agence  de  maniere 
a  presenter  successivement  a  I'outil  (16)  une  se- 

45  rie  d'elements  (22,  22a)  porteurs  de  fixations 
charges  de  fixations,  et  le  moyen  de  reception 
(90;  96b  ou  96a)  est  agence  de  maniere  a  rece- 
voir  successivement  de  I'outil  (16)  une  serie 
d'elements  (22,  22a)  porteurs  de  fixations. 

50 
4.  Appareil  selon  la  revendication  3,  caracterise  en 

ce  que  le  moyen  de  reception  (90;  96b  ou  96a) 
comprend  au  moins  un  logement  (90;  96b  ou  96a) 
pour  la  reception  d'un  element  (22)  porteur  de 

55  fixations  qui  a  ete  utilise,  le  moyen  de  presenta- 
tion  (92;  93;  96a  ou  96b)  comprend  au  moins  un 
logement  (92;  93;  96a  ou  96b)  pour  la  presenta- 
tion  d'un  ou  plusieurs  elements  (22,  22a)  porteurs 
de  fixations  charges. 

11 
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5.  Appareil  selon  la  revendication  4,  caracterise  en 
ce  que  le  moyen  de  presentation  (91;  92;  96a  ou 
96b)  comprend  une  serie  de  logements  (91,  92, 
96a  ou  96b)  contenant  chacun  un  element  (22  ou  5 
22a)  porteur  de  fixations  charge  au  prealable  en 
vue  d'une  presentation  successive  des  elements 
(22,  22a)  a  I'outil  (16). 

6.  Appareil  selon  I'une  quelconque  des  revendica-  10 
tions  1  a  4,  caracterise  en  ce  que  le  moyen  de  re- 
ception  (96a,  96b)  et  le  moyen  de  presentation 
(96b,  96a)  comprennent  chacun  un  logement 
(96b  ou  96a),  les  logements  (96a,  96b)  pouvant 
etre  deplaces  en  alternance,  en  vue  d'une  recep-  15 
tion  et  d'une  presentation  d'elements  (22,  22a) 
porteurs  de  fixations,  vers  une  station  et  a  partir 
de  celle-ci. 

7.  Appareil  selon  la  revendication  6,  caracterise  en  20 
ce  que  les  logements  (96a,  96b)  peuvent  etre  de- 
places  entre  la  station,  en  vue  d'une  reception  et 
d'une  presentation  d'elements  (22,  22a)  porteurs 
de  fixations,  et  une  station  de  rechargement  a  la- 
quelle  des  elements  (22,  22a)  porteurs  de  fixa-  25 
tions,  recus  a  la  station  de  reception  et  de  presen- 
tation  et  deplaces  vers  la  station  de  recharge- 
ment,  peuvent  etre  charges  ou  recharges  en  fixa- 
tions. 

30 
8.  Appareil  selon  la  revendication  7,  caracterise  par 

un  moyen  (150,  152,  160)  de  chargement  ou  de 
rechargement,  en  fixations,  des  elements  (22) 
porteurs  de  fixations,  qui  est  dispose  a  la  station 
de  rechargement.  35 

9.  Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  I'element  (22)  porteur  de  fixations  inclut 
un  mandrin  (22)  d'enfilage  pourvu  d'une  tete. 

40 
10.  Appareil  selon  la  revendication  1,  caracterise  en 

ce  que  le  moyen  de  reception  (90,  96a  ou  96b)  in- 
clut  un  moyen  (112,  113)  servant  a  detacher,  du- 
dit  outil  (16),  ledit  element  amovible  (22)  porteur 
de  fixations.  45 

11.  Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  le  moyen  de  presentation  (91,  92,  96a  ou 
96b)  inclut  un  moyen  (112,  113)  servant  a  atta- 
cher,  sur  ledit  outil,  ledit  autre  element  (22a)  por-  50 
teur  de  fixations. 

12.  Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  I'element  (22)  porteur  de  fixations  est  un 
mandrin  allonge  (22)  sur  lequel  peut  etre  chargee  55 
une  serie  de  fixations  tubulaires,  le  mandrin 
comprenant  une  tete  elargie  (22)  qui  peut  etre  ti- 
ree  successivement  a  travers  chacune  des  fixa- 
tions  tubulaires  af  in  de  placer  chaque  fixation. 

12 
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