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©  Hand  held  fluid  operated  shears  (20)  comprises 
first  and  second  blades  (22,24).  The  blades  (22,24) 
are  pivotally  connected  for  movement  of  one  relative 
to  the  other  about  an  axis  (AA).  The  shears  (20) 
include  a  thumb-receiving  handle  (64)  and  a  finger- 
receiving  handle  (66).  One  of  the  handles  (66)  is 
supported  for  pivoting  about  the  axis  (AA)  indepen- 
dently  of  both  blades  (20,22).  The  other  handle  (64) 
is  fixed  relative  to  the  first  blade  (24).  A  fluid  actuator 
(88)  is  coupled  between  the  fixed  handle  (64)  and 
the  second  blade  (22).  A  fluid  operated  servo 
mechanism  (82)  is  controlled  by  the  second  blade 
(22)  and  the  pivoted  handle  (66)  to  control  operation 
of  the  fluid  actuator  (88)  to  move  the  second  blade 
(22)  relative  to  the  first  blade  (24)  in  coordination 
with  the  movement  of  the  pivoted  handle  (66).  The 
rate  of  movement  of  the  second  blade  (22)  de- 
creases  relative  to  the  rate  of  movement  of  the 
pivoted  handle  (66)  as  the  second  blade  (22)  moves 
from  an  open  position  at  an  acute  angle  relative  to 
the  first  blade  (24)  to  a  closed  position  where  it 
overlies  the  first  blade  (24). 
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Background  of  the  Invention 

Technical  Field 

The  present  invention  relates  generally  to  im- 
proved  power  operated  shears  that  are  useful  for 
industrial  cutting  applications.  In  particular,  the  im- 
proved  shears  of  the  present  invention  are  suitable 
for  use  in  the  food  processing  industry  to  cut  and 
trim  meat,  and  especially  to  cut  poultry. 

Description  of  the  Prior  Art 

Hand  held  manually  operated  conventional 
scissors  have  been  used  for  cutting  and  trimming 
meat  and  other  food  products.  Conventional  scis- 
sors  also  have  been  used  in  a  variety  of  other 
industries  for  cutting  sheet  material,  such  as  cloth, 
textiles  or  thin  metals.  It  was  necessary  for  an 
operator  of  the  conventional  scissors  to  use  a  rela- 
tively  large  cutting  effort  and  often  the  operator's 
wrist  was  at  an  unnatural  orientation.  Repetitive  use 
at  such  orientation  and  large  cutting  effort  could 
cause  injury  to  the  operator's  wrist.  To  reduce  the 
effort  needed  to  operate  such  conventional  scis- 
sors,  power  operated  shears  have  been  devised. 

Most  known  power  operated  shears  have  var- 
ious  shortcomings.  For  example,  most  such  shears 
do  not  have  a  similar  physical  arrangement  to 
conventional  scissors  and  the  blade  movement 
cannot  be  controlled  to  the  same  extent  and  in  the 
same  way  as  conventional  manually  powered 
shears. 

Powered  cutters  for  the  pruning  of  plants  have 
been  devised  that  operate  similar  to  manually 
powered  pruning  cutters.  However,  the  structures 
of  the  powered  cutters  do  not  lend  themselves  to  a 
conventional  manually  powered  scissor  type  of  ar- 
rangement  which  is  typically  used  for  cutting  meat, 
poultry,  cardboard,  heavy  cloth  and  the  like,  and 
the  powered  movement  of  the  blades  is  not  con- 
trolled  in  a  manner  ideal  for  scissors  having  rela- 
tively  long  blades.  In  such  manually  powered 
shears,  a  thumb  ring  and  a  finger  loop  extend  in  a 
direction  traverse  to  the  extent  of  a  pair  of  relatively 
straight  cutting  blades.  Also,  many  powered  cutters 
provide  a  "snap  action"  cut,  in  which  operation  of  a 
trigger  causes  a  blade  to  close  against  or  across 
another  blade.  The  speed  of  closing  or  the  extent 
of  closing,  or  both,  are  not  controllable  by  the 
operator  once  the  closing  action  begins.  Thus,  a 
need  exists  for  power  operated  or  power  assisted 
cutting  shears  that  are  arranged,  operated  and  con- 
trolled  in  a  manner  similar  to  that  of  conventional 
manually-operated  scissors. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  directed  to  hand  held 
power  operated  shears.  The  power  operated  shears 

5  of  the  present  invention  overcome  the  shortcom- 
ings  of  the  known  power  operated  shears  men- 
tioned  above  and  others  by  being  closely  similar  in 
physical  arrangement  and  operation  to  that  of  con- 
ventional  manually  operated  scissors.  Other  operat- 

io  ing  advantages  of  the  hand  held  power  operated 
shears  of  the  present  invention  include  a  control- 
lable  rate  of  closing  of  blades  and  a  controllable 
extent  of  closing. 

The  shape  and  orientation  of  the  blades  of  the 
75  shears  of  the  present  invention  and  the  relationship 

of  the  handles  to  the  blades  is  similar  to  that  of 
conventional  scissors.  In  use,  one  handle  pivots 
independently  of  the  two  blades  and  the  other 
handle.  Relative  pivotal  movement  of  the  blades  is 

20  controlled  through  linkages  and  a  servo  mechanism 
so  the  operation  replicates  that  of  conventional 
manually  powered  scissors.  During  operation  of  the 
shears  of  the  present  invention,  blade  movement 
follows  handle  movement  between  relative  open 

25  and  closed  positions  of  the  blades. 
The  attitude  of  use  and  physical  arrangement 

of  the  shears  of  the  present  invention  is  er- 
gonometrically  advantageous.  In  particular,  the  rela- 
tive  arrangement  of  the  handles  and  of  the  blades 

30  minimizes  deviation  from  a  natural  wrist  orientation 
in  typical  use.  The  relative  handle  position  and  the 
force  multiplier  provided  by  a  power  actuator  helps 
to  relieve  overuse  injuries.  A  relative  reduction  in 
the  amount  of  handle  movement  required  to  close 

35  the  blades  provides  a  reduction  of  effort  required 
by  an  operator  which  should  result  in  a  reduction  of 
overuse  injuries.  Improved  cutting  control  is  pro- 
vided  by  changing  the  force  and  speed  profiles  as 
the  blades  close.  That  is,  the  speed  of  blade  move- 

40  ment  is  reduced  relative  to  the  speed  of  handle 
movement  as  the  blades  move  towards  the  closed 
position.  Concurrently,  the  force  of  closing  is  in- 
creased  to  compensate  for  a  decrease  in  mechani- 
cal  advantage  as  the  blades  close. 

45  A  fluid  power  actuator  for  driving  one  of  the 
blades  for  pivotal  movement  is  provided.  A  control 
valve  regulates  the  flow  of  fluid  to  the  power  ac- 
tuator.  A  safety  valve  requires  the  operator's  thumb 
to  be  in  operating  position  before  the  shears  will 

50  operate.  The  actuator,  control  valve  and  safety 
valve  are  incorporated  in  or  supported  by  a  com- 
pact  frame  which  also  acts  as  a  handle.  The  blades 
and  other  handles  are  supported  by  the  frame  and 
provide  a  compact,  light-weight  and  well-balanced 

55  tool. 
Thus,  the  present  invention  in  its  broader  as- 

pects  is  directed  to  hand  held  power  operated 
tools,  and  more  particularly  shears.  Thus,  while  the 
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invention  will  be  described  in  connection  with  the 
preferred  shears,  it  will  be  understood  that  other 
members  for  similarly  accomplishing  a  desired  task 
can  be  arranged  and  operated  in  the  same  or 
similar  manner  as  the  shear  blades. 

The  shears  include  first  and  second  blades  for 
cutting  upon  relative  pivotal  movement  from  a  first 
open  position  towards  a  second  closed  position.  A 
frame  supports  the  blades  for  relative  pivotal  move- 
ment  about  an  axis.  A  first  handle  and  a  second 
relatively  pivotable  handle  are  provided.  One  of  the 
handles  is  supported  for  pivoting  about  an  axis 
independently  of  the  blades.  The  pivoting  handle 
extends  in  a  direction  relative  to  the  axis  opposite 
the  second  blade.  The  other  of  the  handles  extends 
in  a  direction  opposite  the  first  blade  relative  to  the 
axis.  An  actuator  pivots  the  second  blade  relative  to 
the  first  blade  to  impart  a  cutting  action  between 
blades.  A  servo  mechanism  is  controlled  by  move- 
ment  of  the  second  blade  and  pivoting  handle  to 
control  operation  of  the  actuator  to  pivot  the  sec- 
ond  blade  relative  to  the  first  blade  in  coordination 
with  movement  of  the  pivoting  handle. 

The  present  invention  is  more  particularly  di- 
rected  to  hand  held  fluid  operated  shears.  The 
shears  include  first  and  second  blades  and  means 
pivotably  connecting  the  blades  for  relative  pivotal 
movement  about  an  axis.  A  thumb  receiving  handle 
and  a  finger  receiving  handle  are  included.  One  of 
the  handles  is  pivotably  supported  independently 
of  the  blades  The  other  handle  is  fixed  relative  to 
and  extends  generally  diametrically  opposite  from 
the  first  blade  relative  to  the  axis.  The  pivoted 
handle  extends  in  an  opposite  direction  and  dia- 
metrically  offset  from  the  second  blade  relative  to 
the  axis  when  the  second  blade  is  in  a  fully  opened 
position.  A  fluid  actuator  is  coupled  between  the 
fixed  handle  and  the  second  blade  to  move  the 
second  blade  relative  to  the  first  blade  in  coordina- 
tion  with  the  movement  of  the  pivoted  handle.  A 
fluid  controlling  servo  mechanism  is  controlled  by 
movement  of  the  second  blade  and  the  pivoted 
handle  to  control  operation  of  the  fluid  actuator. 

The  blades  are  readily  replaceable.  The  blades 
are  supported  for  relative  pivotal  movement.  One 
blade  has  a  substantially  straight  cutting  edge  and 
is  constructed  to  be  fixed  in  a  supporting  frame. 
The  other  blade  has  a  substantially  straight  cutting 
edge  and  is  constructed  to  be  pivotable  relative  to 
the  frame.  The  pivotable  blade  has  an  actuating 
portion  extending  in  an  opposite  direction  from  the 
pivot  from  a  cutting  portion  of  the  blade  at  an 
obtuse  angle  in  the  range  of  about  120°  to  170° 
relative  to  a  portion  of  the  cutting  edge. 

The  actuating  portion  has  a  drive  slot  that 
receives  a  portion  of  a  drive  link  connected  to  a 
piston  rod  of  the  fluid  actuator.  The  length  and 
angle  of  the  actuating  portion  of  the  pivotable  blade 

and  the  distance  the  slot  length  extends,  as  well  as 
the  location  of  the  pivot,  are  coordinated  with  the 
drive  link  to  allow  a  size  and  arrangement  of  the 
parts  that  facilitate  locating  the  parts  in  the  area  of 

5  the  shears  that  can  be  accommodated  by  the  palm 
of  the  operator's  hand.  The  length  and  angle  of  the 
actuating  portion  at  the  same  time  produces  rela- 
tively  high  leverage  between  the  blade  and  the 
actuating  cylinder  over  a  cutting  excursion  of  45 

io  degrees  of  relative  pivoting  of  the  blades.  The 
provision  of  relatively  high  leverage  assures  lower 
reaction  forces  at  the  pivot  of  the  blades.  Lower 
reaction  forces  allow  lower  structural  weight  and 
longer  wear  life.  Relatively  high  leverage  also  al- 

15  lows  the  use  of  a  relatively  slim  actuating  cylinder 
that  can  provide  adequate  force  using  typical  shop 
air  pressures. 

The  pivotable  blade  also  has  a  heel  portion 
forming  a  part  of  the  actuating  portion.  The  heel 

20  portion  has  a  ride  surface  facing  an  opposed  sur- 
face  of  the  fixed  blade.  A  part  of  the  opposed 
surface  of  the  fixed  blade  projects  toward  the  ride 
surface  of  the  pivotable  blade,  biasing  the  cutting 
edges  of  the  blades  into  mutual  contact  where  the 

25  cutting  edges  intersect. 
Thus,  the  invention  in  its  broader  aspects  is 

directed  to  a  pair  of  replaceable  blades  without 
handles  for  shears.  The  blades  have  cooperating 
cutting  edges  and  are  suitable  for  hand  held  power 

30  operated  shears.  The  pair  of  blades  comprises  a 
first  blade  constructed  to  be  fixed  relative  to  a 
support  and  a  second  blade  constructed  to  be 
pivoted  relative  to  the  support  and  the  first  blade  at 
a  position  on  the  second  blade  located  between  a 

35  cutting  portion  of  the  blade  and  an  actuating  por- 
tion  of  the  blade.  The  cutting  and  actuating  portions 
of  the  second  blade  lie  in  substantially  a  common 
plane.  The  cutting  edge  on  each  blade  is  generally 
straight  in  its  extent.  The  actuating  portion  of  the 

40  second  blade  is  shorter  than  the  cutting  portion  and 
extends  at  an  obtuse  angle  relative  to  the  cutting 
edge.  Means  on  the  actuating  portion  operably 
couples  the  second  blade  with  a  fluid  operated 
actuator.  A  heel  portion  forming  a  part  of  the  ac- 

45  tuating  portion  of  the  second  blade  is  substantially 
aligned  with  the  common  plane  and  has  a  ride 
surface  facing  toward  the  first  blade.  A  surface  on 
the  first  blade  is  opposed  to  the  ride  surface.  One 
of  the  ride  surface  and  the  opposed  surface  has  a 

50  portion  projecting  toward  the  other  from  the  general 
plane  of  the  respective  blade  to  bias  the  cutting 
edge  of  one  blade  into  mutual  contact  with  the 
cutting  edge  of  the  other  blade  at  a  location  where 
the  cutting  edges  intersect. 

55  The  fluid  actuator  operates  the  pivotable  blade 
through  a  drive  link  supported  by  the  frame.  In  the 
preferred  embodiment  the  drive  link  is  in  the  shape 
of  a  bell  crank.  The  drive  link  is  supported  approxi- 
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mately  along  a  center  line  of  the  fixed  blade  at  a 
distance  from  the  pivot  of  the  movable  blade  that 
assures  relatively  low  reaction  forces  at  the  pivot 
and  drive  points  over  the  full  stroke  of  the  fluid 
actuator.  Also  the  combination  of  a  substantial  dis- 
tance  between  the  blade  pivot  and  the  actuator 
output,  and  also  between  the  blade  pivot  and  the 
drive  link  pivot  provides  sufficient  leverage  and 
stroke  to  allow  a  relatively  slim  actuator  operable 
with  typical  shop  air  pressure. 

Thus,  in  its  broader  aspects,  the  invention  is 
directed  to  hand  held  power  operated  shears  in- 
cluding  a  drive  link  which  is  pivotably  supported  by 
the  frame  at  a  location  along  the  center  line  of  the 
first  blade.  The  drive  link  has  a  first  leg  coupled  to 
a  movable  rod  of  the  actuator.  The  drive  link  has  a 
second  leg  coupled  to  the  second  blade  for  pivot- 
ing  the  second  blade  upon  movement  of  the  rod  of 
the  actuator.  The  drive  link  has  a  generally  L- 
shape.  The  ratio  of  the  first  leg  to  the  second  leg  of 
the  drive  link  is  in  the  range  of  1.15  to  1.85  in  order 
to  provide  a  relatively  high  leverage  mechanical 
advantage  to  the  pivotal  blade. 

A  servo  valve  controls  flow  of  pressurized  fluid 
to  the  fluid  actuator  to  drive  the  pivotable  blade 
between  open  and  closed  positions,  replicating 
movement  of  the  pivoted  handle.  The  servo  valve 
is  operated  through  a  linkage  coupled  to  the  mov- 
able  blade  and  the  pivotable  handle.  The  servo 
valve  has  two  pistons  movable  on  a  central  valve 
stem  that  in  turn  is  movable  by  the  linkage.  Valving 
elements  on  the  pistons,  stem  and  a  surrounding 
housing  cooperate  to  control  the  supply  and  ex- 
haust  of  fluid  to  the  fluid  actuator  in  response  to 
the  relative  position  of  the  linkage. 

In  its  basic  construction,  the  servo  valve  of  the 
present  invention  comprises  a  valve  body,  an  elon- 
gated  chamber  defined  by  the  body  and  two  oppo- 
sitely  facing  annular  pistons  independently  mov- 
able  longitudinally  within  the  body.  Each  piston  has 
an  inner  annular  first  valve  seat  and  an  outer  an- 
nular  first  obturating  surface.  A  reciprocable  valve 
stem  is  surrounded  by  the  pistons.  Two  oppositely 
facing  spaced  annular  second  obturating  surfaces 
are  carried  by  the  valve  stem  a  fixed  distance 
apart,  with  the  pistons  located  between  the  two 
second  obturating  surfaces  and  reciprocable  on  the 
valve  stem.  Each  of  the  second  obturating  surfaces 
is  arranged  to  cooperate  with  one  of  the  inner 
annular  first  valve  seats  to  control  fluid  flow  along 
the  valve  stem  from  a  fluid  inlet  intermediate  the 
pistons.  Two  annular  second  valve  seats  are  fixed 
in  the  valve  body.  Each  of  the  annular  second 
valve  seats  is  located  to  contact  the  outer  annular 
first  obturating  surface  of  one  of  the  two  pistons  to 
limit  the  longitudinal  movement  of  the  pistons  away 
from  each  other  and  to  control  fluid  flow  past  the 
outer  annular  first  obturating  surfaces.  The  pistons 

each  include  a  surface  for  transmitting  force  to  the 
piston  in  a  direction  away  from  the  other  piston.  A 
first  port  to  the  chamber  is  located  between  the 
pistons  and  serves  as  a  fluid  inlet  to  the  chamber. 

5  Second  and  third  ports  to  the  chamber  each  asso- 
ciated  with  one  of  the  second  valve  seats  exhaust 
fluid  from  the  chamber  and  are  closable  by  the 
pistons.  Fourth  and  fifth  ports  to  the  chamber  are 
located  longitudinally  outward  of  the  pistons  and 

io  the  second  valve  seats  for  supplying  fluid  to  and 
receiving  fluid  from  the  fluid  actuator.  The  distance 
between  the  two  second  obturating  surfaces  and 
the  distance  between  the  two  annular  second  valve 
seats  allow  the  pistons  to  either  (a)  prevent  flow 

is  from  the  first  port  to  any  of  the  other  ports  when 
the  valve  stem  is  in  a  first  or  neutral  position,  and 
allow  flow  through  the  fourth  and  fifth  ports  and 
only  one  of  the  second  and  third  ports  when  in 
other  than  the  first  position,  or  (b)  alternatively  and 

20  preferably,  to  provide  restricted  flow  from  the  first 
port  equally  to  the  fourth  and  fifth  ports  when  the 
valve  stem  is  in  a  first  position,  and  allow  preferen- 
tial  flow  through  the  fourth  or  fifth  port  and  only  one 
of  the  second  and  third  ports  when  in  other  than 

25  the  first  position.  The  alternative  serves  to  provide 
smoother  action  by  pressurizing  both  sides  of  the 
actuating  cylinder  when  the  valve  stem  is  in  the 
first  or  neutral  position. 

The  linkage  for  operating  the  servo  valve  in 
30  response  to  movement  of  both  the  pivotable  handle 

and  the  pivotable  blade  is  comprised  of  a  drive 
link,  a  blade  link,  a  difference  link  and  an  actuator 
link.  The  drive  link  couples  the  actuating  cylinder  to 
the  pivotable  blade.  The  blade  link  moves  with  the 

35  blade  motion  and  transmits  its  motion  to  the  dif- 
ference  link.  The  difference  link  moves  in  propor- 
tion  to  the  difference  between  movement  of  the 
blade  and  movement  of  the  pivoted  handle.  The 
actuator  link  transmits  movement  of  the  difference 

40  link  to  the  servo  valve.  This  movement  is  roughly 
proportional  to  the  difference  between  the  position 
of  the  pivoting  blade  and  its  intended  position  as 
determined  by  the  position  of  the  pivoting  handle. 

The  design  and  construction  of  the  linkage 
45  establishes  a  difference  in  the  blade  speed  and 

force  as  the  blades  close  from  an  open  position. 
Due  to  the  construction  and  arrangement  of  the 
difference  link,  the  blade  speed  diminishes  pro- 
gressively  with  respect  to  the  pivoted  handle  speed 

50  as  the  pivoted  blade  closes  (i.e.,  as  the  blade  angle 
diminishes  with  respect  to  the  fixed  blade).  Prefer- 
ably  the  ratio  of  blade  movement  to  trigger  move- 
ment  changes  from  a  ratio  of  5  to  1  or  more  when 
the  blades  are  open,  to  a  ratio  of  2  to  1  or  less 

55  when  the  blades  are  substantially  closed.  The  link- 
age  controls  the  movement  of  the  pivotable  blade 
through  a  greater  angle  than  the  pivoted  handle 
moves,  thereby  reducing  the  distance  through 

4 
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which  the  operator's  hand  must  move  to  accom- 
plish  any  cutting  action  as  compared  to  a  conven- 
tional  manually  powered  scissors. 

Thus,  in  its  broader  aspects,  the  invention  pro- 
vides  a  servo  mechanism  including  a  linkage  that 
moves  a  pivoted  blade  of  a  hand  held  fluid  op- 
erated  shears  in  coordination  with  the  movement  of 
an  independently  pivoted  handle  but  at  a  rate  rela- 
tive  to  a  fixed  blade  that  decreases  in  response  to 
movement  of  the  handle  as  the  blade  moves  from 
an  open  position  to  a  closed  position.  The  invention 
further  provides  a  decreasing  rate  of  blade  move- 
ment  relative  to  handle  position  as  the  blade  moves 
from  an  open  position  to  a  closed  position.  The 
invention  further  provides  a  fluid  operated  servo 
mechanism  that  moves  a  pivoted  blade  through  a 
greater  angle  than  a  controlling  handle  is  moved. 

Operation  of  the  shears  is  prevented  in  the 
absence  of  being  properly  gripped  by  an  operator 
with  the  thumb  of  the  operating  hand  engaged  in 
the  fixed  handle  of  the  shears.  This  is  accom- 
plished  through  a  safety  valve  supported  in  the 
frame  of  the  tool,  the  valve  being  normally  closed 
and  preventing  flow  of  operating  fluid  to  the  actuat- 
ing  cylinder.  A  valve-operating  lever  extends  from 
the  valve  into  a  thumb-receiving  opening  of  the 
fixed  handle  and  is  pivoted  by  the  thumb,  when  the 
thumb  is  fully  received  in  the  opening,  to  a  position 
that  opens  the  safety  valve.  The  safety  valve  also 
serves  to  spring  bias  the  lever  into  the  thumb- 
receiving  opening  when  the  safety  valve  is  closed. 

Thus,  in  its  broader  aspects,  the  invention  pro- 
vides  hand  held  fluid  operated  shears  comprising 
first  and  second  blades,  means  pivotably  connect- 
ing  the  blades  for  relative  pivotal  movement,  a 
thumb-receiving  handle,  a  finger-operated  handle, 
one  of  said  handles  being  supported  for  pivoting 
independently  of  the  blades  and  one  being  fixed 
relative  to  the  first  blade,  the  handle  supported  for 
pivoting  being  pivotable  independently  of  either 
blade  toward  and  away  from  the  other  handle,  a 
fluid  actuator  acting  between  the  fixed  handle  and 
the  second  blade,  a  safety  valve  for  selectively 
permitting  or  interrupting  flow  of  fluid  that  operates 
the  fluid  actuator,  and  a  safety  valve  control  having 
a  portion  movable  between  a  first  position  where  it 
extends  into  a  thumb-receiving  opening  of  the 
thumb-receiving  handle  and  interrupts  said  flow, 
and  a  second  position  where  it  is  moved  out  of 
said  opening  when  an  operator's  thumb  is  received 
in  the  opening  and  allows  said  flow.  Preferably  the 
shears  include  a  housing  integral  with  the  thumb- 
receiving  handle  and  the  safety  valve  is  located 
within  the  housing. 

Brief  Description  of  the  Drawings 

Further  features  of  the  present  invention  will 
become  apparent  to  those  skilled  in  the  art  to 

5  which  the  present  invention  relates  from  reading 
the  following  specification  with  reference  to  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  plan  view  of  hand  held  power  op- 
erated  shears  embodying  the  present  invention 

io  with  the  handles  and  blades  in  fully  closed  rela- 
tive  positions; 
Fig.  2  is  a  view  similar  to  Fig.  1  with  parts  in 
fully  open  relative  positions; 
Fig.  3  is  a  partial  perspective  view  of  the  shears 

is  in  Fig.  1  with  parts  removed  for  clarity  illustrat- 
ing  the  major  movable  parts; 
Fig.  4  is  a  view  similar  to  Fig.  3  illustrating 
relative  positions  of  some  parts  of  the  shears; 
Fig.  5  is  an  enlarged  perspective  view  of  a 

20  frame  and  handle  portion  of  the  shears  in  Fig.  1; 
Fig.  6  is  an  exploded  perspective  view  of  a 
portion  of  the  shears  in  Fig.  1  illustrating  the 
frame  and  the  blades; 
Fig.  7  is  a  perspective  view  of  the  portion  of  the 

25  shears  in  Fig.  6  with  the  parts  assembled; 
Fig.  8  is  an  enlarged  perspective  view  of  the 
frame  and  handle  of  the  shears; 
Fig.  9  is  an  enlarged  perspective  view  of  the 
frame  and  handle  in  Fig.  8  viewed  from  another 

30  direction; 
Fig.  10  is  a  plan  view  of  one  replaceable  blade 
of  the  shears; 
Fig.  11  is  a  plan  view  of  another  replaceable 
blade  of  the  shears; 

35  Fig.  11a  is  a  plan  view  of  an  alternate  embodi- 
ment  of  the  blade  illustrated  in  Fig.  11; 
Fig.  12  is  a  side  view  of  the  blade  illustrated  in 
Fig.  11  taken  along  the  line  12-12  in  Fig.  11; 
Fig.  13  is  an  enlarged  view  of  an  axial  end 

40  portion  of  the  blade  in  Fig.  12; 
Fig.  13a  is  a  view  similar  to  Fig.  13  illustrating 
an  alternate  axial  end  portion  of  the  blade; 
Fig.  14  is  an  exploded  perspective  view  of  the 
major  movable  parts  of  the  shears  in  Fig.  1; 

45  Fig.  15  is  a  plan  view  of  a  fluid  power  actuator, 
drive  link  and  blade  of  the  shears; 
Fig.  16  is  an  enlarged  longitudinal  cross-sec- 
tional  view  of  the  servo  control  valve  and  safety 
valve  of  the  shears; 

50  Fig.  17A-H  are  schematic  longitudinal  cross-sec- 
tional  views  of  the  servo  control  valve  in  Fig.  16 
illustrated  with  parts  illustrated  in  different  op- 
erating  positions;  and 
Fig.  18  is  a  graph  representing  the  ratio  of  the 

55  change  in  blade  angle  relative  to  the  change  in 
handle  angle  as  a  function  of  the  relative  angle 
between  the  blades. 

5 
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Detailed  Description  of  A  Preferred  Embodiment 

Overview 

Hand  held  power  operated  shears  20,  embody- 
ing  the  present  invention,  are  illustrated  in  Fig.  1. 
The  shears  20  include  a  pivotable  blade  22  which 
is  reciprocable  relative  to  another  blade  24  be- 
tween  the  fully  open  position  illustrated  in  Fig.  2 
and  the  fully  closed  position  illustrated  in  Fig.  1.  A 
cutting  or  shearing  action  is  provided  between  the 
cutting  edges  42,  44  (Fig.  2)  of  the  blades  22,  24, 
respectively,  during  movement  of  the  pivotable 
blade  22  relative  to  the  blade  24  from  the  open 
position  towards  the  closed  position.  An  advantage 
of  the  present  invention  is  that  the  shears  20  ap- 
pear,  and  operate  in  a  manner,  very  similar  to 
conventional  manually  powered  scissors.  This  con- 
ventional  type  of  operation  is  advantageous  be- 
cause  little  or  no  training  or  adaptation  to  the  power 
operated  shears  20  is  required. 

The  blades  22,  24  are  supported  in  a  frame  62 
about  an  axis  AA.  The  frame  62  supports  the  blade 
24  in  a  fixed  relative  position.  The  blade  22  is 
pivotable  relative  to  the  frame  62  and  relative  to  the 
fixed  blade  24  about  the  axis  AA.  A  thumb  handle 
portion  64  is  formed  in  the  frame  62  for  receiving 
an  operator's  thumb  to  support  and  control  the 
shears  20.  A  finger  loop  handle  66  is  supported  in 
the  frame  62  for  pivotal  movement.  Thus,  the 
blades  22,  24  and  the  finger  loop  handle  66  are  all 
supported  in  the  frame  62  along  the  axis  AA.  In 
response  to  pivotal  movement  of  the  handle  66 
relative  to  the  frame  62  and  thumb  handle  portion 
64,  the  blade  22  is  power  driven  to  pivot  relative  to 
the  blade  24. 

The  frame  62  also  supports  a  servo  mecha- 
nism  82  (Figs.  1-5)  for  controlling  the  power  ap- 
plied  to  pivot  the  blade  22.  The  servo  mechanism 
82  includes  a  servo  control  valve  84  (Fig.  3)  and  a 
safety  valve  86,  an  actuator  88,  a  drive  link  102, 
and  a  feedback  linkage  104.  The  drive  link  102 
transmits  power  from  the  actuator  88  to  the  pivota- 
ble  blade  22.  The  feedback  linkage  104  determines 
the  difference  between  the  position  of  the  finger 
loop  handle  66  relative  to  the  frame  62  and  the 
position  of  the  pivotal  blade  22  relative  to  the 
frame.  The  feedback  linkage  104  communicates 
the  difference  between  the  position  of  the  blade  22 
and  the  position  of  the  loop  handle  66  to  the  servo 
control  valve  84.  The  control  valve  84  selectively 
permits  or  inhibits  the  flow  of  a  power  medium  to 
the  actuator  88.  The  power  is  preferably  provided 
by  a  fluid,  such  as  pressurized  air.  However,  it  will 
be  apparent  that  hydraulic  or  electrical  power  assist 
can  be  used. 

Construction 

The  frame  62  (Figs.  8  and  9)  supports  all  of  the 
parts  of  the  shears  20.  The  thumb  handle  portion 

5  64  is  integrally  formed  in  the  frame  62  for  receiving 
an  operator's  thumb.  The  frame  62  also  includes  a 
recess  120  (Fig.  8),  a  recess  122  (Figs.  6  and  9), 
exhaust  port  129  (Fig.  9),  a  cylinder  support  124 
(Figs.  8  and  9),  valve  chambers  126,  128  (Fig.  9),  a 

io  safety  lever  opening  142  and  an  attachment  hook 
144.  The  attachment  hook  144  permits  the  frame 
62  and  shears  20  to  be  connected  during  use  to  a 
weight  compensating  device,  such  as  a  constant 
force  spring. 

is  The  recess  120  (Fig.  8)  in  the  frame  62  re- 
ceives  the  feedback  linkage  104  and  a  pivot  portion 
of  the  finger  loop  handle  66.  A  support  118  is 
integrally  formed  on  the  frame  62  and  projects 
generally  perpendicular  from  a  side  surface  116 

20  defining  a  portion  of  the  recess  120.  The  support 
118  is  received  in  an  opening  119  (Fig.  14)  in  the 
pivot  portion  of  the  finger  loop  handle  66  in  a  close 
fit  relationship  for  pivotal  movement  about  the  axis 
AA.  The  recess  120  is  left  uncovered  during  opera- 

25  tion  of  the  shears  20  to  enable  viewing  of  the 
feedback  linkage  104  and  loop  handle  66.  The 
uncovered  recess  120  allows  easy  removal  of  any 
debris  that  may  enter  the  recess  and  contact  the 
feedback  linkage  104  or  pivot  portion  of  the  finger 

30  loop  handle  66.  A  return  spring  226  (Fig.  14)  is 
located  within  the  recess  120  and  engages  both 
the  finger  loop  handle  66  and  the  frame  62.  The 
return  spring  226  continually  biases  the  loop  han- 
dle  66  towards  a  fully  open  position,  as  illustrated 

35  in  Fig.  2. 
A  recess  portion  130  (Fig.  8)  defines  a  space 

which  is  in  communication  with  the  recess  120  and 
the  recess  122  to  permit  interaction  between  the 
blades  22,  24;  the  finger  loop  handle  66;  the  servo 

40  mechanism  82  and  the  feedback  linkage  104.  The 
recess  portion  130  is  located  between  the  recess 
120  and  thumb  handle  portion  64.  The  recess  130 
receives  the  drive  link  102  (Figs.  4  and  5)  therein. 
The  drive  link  102  is  supported  for  pivotal  move- 

45  ment  within  the  recess  portion  130  at  openings  132 
by  a  pin  134  extending  through  the  opening.  The 
drive  link  102  (Figs.  4  and  5)  connects  the  actuator 
with  the  pivotable  blade  22.  The  drive  link  102 
forces  the  blade  22  to  pivot  relative  to  the  frame  62 

50  and  relative  to  the  fixed  blade  24  in  response  to 
movement  of  a  part  in  the  actuator  88. 

The  recess  122  in  the  frame  62  receives  the 
blades  22,  24.  A  cavity  146  (Figs.  6  and  9)  within 
the  recess  122  extends  coaxially  inside  of  the 

55  support  118  which  projects  to  the  recess  120  from 
the  surface  116.  The  opening  146  receives  a  sup- 
port  member  148  on  which  the  blades  22,  24  are 
supported.  The  blade  22  is  closely  fit  about  the 

6 
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support  member  148  for  pivotal  movement  about 
the  axis  AA.  The  blade  24  is  also  closely  fit  on  the 
support  member  148.  The  blade  24  is  fixed  relative 
to  the  frame  62  by  a  surface  150  of  the  blade  that 
engages  surfaces  152,  154  of  the  recess  122, 
which  prevents  movement  of  the  blade  relative  to 
the  frame  62.  The  surfaces  152,  154  in  the  recess 
122  are  located  on  diametrically  opposite  sides  of 
the  blade  24  relative  to  the  axis  AA  to  engage  the 
surfaces  150  and  150B  of  the  fixed  blade  24  in 
connection  with  the  support  member  148  to  ac- 
commodate  reaction  forces  acting  on  the  blade  24. 
The  blades  22,  24  are  illustrated  in  the  fully  open 
position  in  Fig.  2.  The  pivotable  blade  22  is  dis- 
posed  at  an  acute  angle  W  of  about  40°  to  45° 
relative  to  the  fixed  blade  24.  This  angle  W,  how- 
ever,  can  be  predetermined  and  varied  for  specific 
job  requirements,  such  as  by  using  a  different 
servo  mechanism  82,  blade  22  or  frame  62. 

The  recess  1  22  is  closed  by  a  latch  cover  plate 
162  (Figs.  6  and  7),  after  the  blades  22,  24  are 
received  therein.  The  frame  62  and  latch  cover 
plate  162  protect  the  blades  22,  24  from  debris 
entering  the  recess  122.  The  latch  cover  plate  162 
includes  a  body  portion  160  for  closing  the  recess 
122  and  for  preventing  the  blades  22,  24  and 
support  member  148  from  movement  laterally  out- 
wardly  of  the  recess  in  a  direction  along  the  axis 
AA. 

The  latch  cover  plate  1  62  is  movable  relative  to 
the  frame  62  in  the  directions  indicated  by  arrows 
159  (Fig.  6)  formed  on  the  exterior  of  the  latch 
cover  plate  to  permit  access  to  the  blades  22,  24. 
A  connecting  portion  157  extends  from  the  body 
portion  160  to  pivotably  and  slidably  attach  the 
latch  cover  plate  162  to  the  frame  62.  The  connect- 
ing  portion  157  has  a  slot  157S  formed  therein  for 
receiving  a  pin  157P.  The  slot  157S  allows  the 
latch  plate  cover  162  to  slide  as  well  as  pivot 
relative  to  the  pin  157P.  The  slot  157S  has  an 
hourglass  shape  across  its  width  so  the  walls  defin- 
ing  the  slot  are  flexible  to  urge  the  latch  plate  cover 
162  in  one  of  two  directions  it  can  slide  to  tend  to 
retain  the  latch  plate  cover  in  a  closed  or  open 
position.  The  latch  cover  plate  162  is  free  to  pivot 
outwardly  of  the  frame  62  when  the  latch  cover 
plate  is  axially  moved  to  an  open  position  as  in- 
dicated  by  open  arrow  159,  by  virtue  of  freeing 
retaining  tabs  151,  153  from  their  respective  receiv- 
ing  slots  151S,  153S. 

A  finger  grip  155  is  provided  on  a  body  portion 
160  to  move  the  latch  cover  plate  162  to  an  open 
position  permitting  access  to  the  recess  122  and 
blades  22,  24.  Each  retaining  tab  151,  153  includes 
a  ramp  151R,  153R  which  is  received  in  a  respec- 
tive  slot  151S,  153S  in  the  frame  62.  The  ramps 
151R,  153R  are  tapered  to  permit  relatively  easy 
insertion  of  the  tabs  151,  153  into  a  slot  151S, 

153S  and  to  force  the  latch  cover  plate  162  in- 
wardly  towards  the  recess  122  in  a  direction  along 
the  axis  AA.  This  assures  that  the  inwardly  facing 
surface  of  the  latch  cover  plate  162  engages  a 

5  bushing  149  on  the  support  member  148  to  pre- 
vent  lateral  movement  of  the  blades  22,  24  and 
support  member  148  from  the  recess  122. 

The  actuator  support  124  (Fig.  8)  extends  from 
the  frame  62  and  includes  a  pair  of  fingers  125 

io  spaced  apart  forming  a  clevis.  The  actuator  support 
124  pivotably  receives  a  mounting  portion  164  (Fig. 
3)  of  the  actuator  88  between  the  fingers  125. 
Thus,  the  actuator  88  is  pivotably  fixed  to  the  frame 
62  at  one  end.  The  actuator  88  includes  a  rod  166 

is  (Fig.  14)  extending  therefrom  in  a  direction  op- 
posite  to  the  mounting  portion  164. 

The  rod  166  is  fixed  to  a  piston  168  (Fig.  17A) 
for  reciprocal  movement  within  a  cylindrical  cham- 
ber  182  in  the  actuator  88.  The  piston  168  divides 

20  the  chamber  182  into  a  variable  volume  "open" 
chamber  184  and  a  variable  volume  "cut"  chamber 
188.  When  fluid  flow  under  pressure  is  directed 
into  the  open  chamber  184  through  port  186  and 
fluid  is  permitted  to  exhaust  from  cut  chamber  188, 

25  the  greater  pressure  within  the  open  chamber 
forces  the  piston  168  and  rod  166  to  move  axially 
to  the  right  in  a  blade  open  direction,  as  viewed  in 
Fig.  17A.  The  rod  166  moving  in  a  blade  open 
direction,  moves  the  blade  24,  through  the  drive 

30  link  102,  in  a  direction  towards  the  fully  open 
position,  as  illustrated  in  Fig.  2.  When  fluid  pres- 
sure  is  directed  into  the  "cut"  chamber  188 
through  port  190,  and  fluid  exhausts  from  the  cut 
chamber  184,  the  piston  168  and  rod  166  are 

35  forced  to  move  to  the  left  in  a  blade  cut  direction, 
as  viewed  in  Fig.  17A.  The  rod  166  moving  in  a 
blade  cut  direction  moves  the  blade  24,  through 
the  drive  link  102,  towards  the  fully  closed  position, 
as  illustrated  in  Fig.  1.  The  actuator  88  is  located 

40  relative  to  the  frame  62  and  sized  to  fit  comfortably 
within  the  palm  of  a  hand  of  an  operator  of  the 
shears  20.  The  actuator  88  provides  sufficient  force 
to  cut  items,  such  as  chicken  bones. 

The  servo  control  valve  84,  (Figs.  3,  16  and 
45  17A-H)  is  received  in  the  valve  chamber  128  which 

extends  completely  through  the  frame  62.  The  ser- 
vo  control  valve  84  is  operably  coupled  to  the 
actuator  88  by  fluid  conducting  lines  222,  224 
(Figs.  3,  4  and  17A).  The  lines  222,  224  may  be 

50  located  internal  or  external  of  the  frame  62.  Prefer- 
ably,  the  lines  222,  224  are  external  with  the  line 
222  fitting  in  a  groove  in  the  thumb  handle  portion 
64  facing  away  from  the  blades  22,  24.  The  safety 
valve  86  is  received  in  the  valve  chamber  129 

55  which  extends  only  partially  through  the  frame  62. 
A  safety  lever  202  (Fig.  5)  is  pivotably  sup- 

ported  in  the  thumb  handle  portion  64  of  the  frame 
62  about  a  pin  204.  A  button  206,  at  the  end  of  one 
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relatively  long  leg  portion  of  the  safety  lever  202, 
extends  into  the  thumb  opening  142  of  the  thumb 
handle  portion  64  under  bias  of  the  safety  valve  86. 
When  an  operator  inserts  a  thumb  into  the  thumb 
opening  142,  the  button  206  is  depressed  and  the 
lever  202  pivots  about  the  pin  204. 

A  relatively  short  end  portion  208  of  the  lever 
202  moves  a  rod  210  (Figs.  5  and  16)  in  the  safety 
valve  86  to  a  position  permitting  fluid  pressure  from 
a  fluid  inlet  211  to  the  servo  control  valve  84 
through  a  passage  212.  When  the  button  206  is  not 
depressed,  a  check  valve  216  in  the  safety  valve 
86  is  biased  by  a  spring  217  to  block  the  flow  of 
pressurized  fluid  to  the  passage  212  and  the  servo 
control  valve  84.  This  assures  that  fluid  pressure  is 
applied  to  the  actuator  88  to  move  the  blade  24 
only  when  an  operator  has  a  thumb  in  the  thumb 
opening  142  in  the  thumb  handle  portion  64  of  the 
frame  and  can  control  the  shears  20. 

A  cutting  or  shearing  action  is  effected  during 
closure  of  the  blade  24  relative  to  the  blade  22 
from  the  position  illustrated  in  Fig.  2  to  the  position 
illustrated  in  Fig.  1.  The  blade  22  is  pivotable 
relative  to  the  frame  62  about  the  member  148  and 
the  axis  AA.  The  blade  22  is  pivotable  in  response 
to  movement  of  the  loop  handle  66  relative  to  the 
frame  62.  When  the  shears  20  are  in  the  fully 
closed  position,  as  illustrated  in  Fig.  1,  the  blades 
22,  24  overlie  one  another  in  a  side-by-side  en- 
gaged  relationship. 

The  pivotable  blade  22  is  illustrated  in  Fig.  10 
in  detail.  The  pivotable  blade  22  includes  an  open- 
ing  242  extending  through  the  blade  and  sized  to 
closely  fit  over  the  member  149.  The  pivotable 
blade  22  includes  a  relatively  long  cutting  portion 
244  extending  from  the  opening  242  and  having 
the  cutting  edge  42  formed  thereon.  The  pivotable 
blade  22  includes  an  actuating  portion  246  extend- 
ing  from  the  opening  242  in  a  direction  away  from 
the  cutting  portion  244,  at  an  obtuse  angle  B  rela- 
tive  to  a  straight  unground  edge  portion  247  lo- 
cated  directly  below  the  opening  242  and  contig- 
uous  with  the  cutting  edge  42.  The  obtuse  angle  B 
is  in  the  range  of  120°  to  170°,  and  is  preferably 
145°. 

The  extent  E1  of  the  actuating  portion  246  from 
the  center  of  the  opening  242  is  less  than  the 
extent  E2  of  the  cutting  portion  244  from  the  center 
of  the  opening.  The  ratio  of  the  extent  E2  of  the 
cutting  portion  244  to  the  extent  E1  of  the  actuating 
portion  246  is  in  the  range  of  between  one  to  one 
(1:1)  to  ten  to  one  (10:1),  and  preferably  is  4.9:1. 
The  extent  E2  of  the  cutting  portion  244  is  prefer- 
ably  5  inches  from  the  center  of  the  opening  242  to 
the  tip  of  the  blade.  The  extent  E1  is  preferably 
1  .020  inches  from  the  center  of  the  opening  242  to 
an  end  surface  249  of  the  actuating  portion. 

The  pivotable  blade  22  is  preferably  formed 
from  a  suitable  metal,  such  as  stainless  steel.  The 
cutting  edge  42  is  formed  in  the  blade  22  by  a 
suitable  operation  such  as  by  grinding  and/or 

5  polishing.  Preferably,  the  cutting  edge  42  is  sub- 
stantially  straight.  However,  it  will  be  apparent  that 
the  cutting  edge  42  may  be  formed  into  any  suit- 
able  shape  necessary  to  perform  a  desired  cutting 
function,  such  as  a  straight  portion  and  a  curved  tip 

io  end  portion  with  a  relatively  large  radius. 
The  actuating  portion  246  of  the  blade  22  in- 

cludes  an  elongated  slot  248  opening  through  the 
end  surface  249  and  extending  in  a  direction  to- 
ward  the  opening  242.  The  slot  248  is  defined  by 

is  two  parallel  side  surfaces  250,  252  extending  in  a 
direction  substantially  parallel  to  a  line  extending 
from  the  center  of  the  opening  242  at  an  angle  of 
145°  relative  to  the  unground  edge  portion  247. 
The  actuating  portion  246  also  has  a  pair  of  sub- 

20  stantially  parallel  extending  surfaces  254,  256  ex- 
tending  in  a  direction  parallel  to  the  slot  248  defin- 
ing  side  surfaces  250,  252  of  the  actuating  portion. 
The  slot  248  accepts  a  driving  member  258  (Figs. 
14  and  15)  of  the  drive  link  102  to  force  the  blade 

25  22  to  pivot  relative  to  the  fixed  blade  24  upon 
pivoting  of  the  drive  link.  A  heel  284  is  located  on 
the  actuating  portion  246  opposite  the  opening  242 
from  the  cutting  portion  244.  The  heel  284  includes 
a  ride  surface  288  on  the  blade  22. 

30  The  fixed  blade  24  is  illustrated  in  detail  in 
Figs.  11-13.  The  fixed  blade  24  includes  an  open- 
ing  280,  a  cutting  portion  282  and  a  mounting  end 
290.  The  opening  280  is  formed  to  closely  receive 
a  portion  of  the  support  member  148  and  149.  The 

35  support  member  148,  blade  surfaces  150  and  150B 
and  frame  surfaces  152,  154  cooperate  to  prevent 
movement  of  the  blade  24  relative  to  the  frame  62. 
The  cutting  edge  44  of  the  fixed  blade  24  is  formed 
in  the  cutting  portion  282  by  grinding  and/or  polish- 

40  ing.  The  cutting  edge  44  has  a  straight  portion 
adjacent  the  mounting  end  290  and  a  distal  end 
portion  having  a  slight  curvature;  for  example,  a 
radius  in  the  range  of  100-200  inches.  The  cutting 
portions  244,  282  of  the  respective  blades  22,  24 

45  are  slightly  bowed  away  from  one  another  between 
their  tips  and  respective  openings  242,  280.  An 
alternative  fixed  blade  24A  (Fig.  11  A)  includes  a 
ball  tip  286  at  the  end  of  cutting  portion  282A, 
which  aids  in  eviscerating  animal  carcasses. 

50  The  mounting  end  290  (Figs.  12  and  13)  of  the 
fixed  blade  24  is  located  relative  to  the  opening 
280  diametrically  opposite  to  the  cutting  portion 
282.  The  mounting  end  290  has  a  portion  287  bent 
upwardly,  as  viewed  in  Figs.  12  and  13,  during 

55  manufacture  of  the  blade  24  away  from  a  lower 
side  surface  292  of  the  blade,  as  viewed  in  Figs.  12 
and  13.  This  deformed  portion  287  of  the  mounting 
end  290  assures  that  the  bent  portion  287  extends 
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in  a  direction  parallel  to  the  upper  side  surface  294, 
but  offset.  The  bent  portion  287  of  mounting  end 
portion  290  preferably  extends  0.010  inch  from  the 
upper  side  surface  294  of  the  blade  24.  The  bent 
portion  287  of  mounting  end  290  is  preferably 
ground  flat  after  the  deforming  operation  in  order  to 
form  a  surface  generally  parallel  with  the  upper 
side  surface  294  of  the  blade  24. 

An  alternate  mounting  end  290A  (Fig.  13A)  of 
the  fixed  blade  24A  (Fig.  11  A)  is  located  relative  to 
the  opening  280  diametrically  opposite  to  the  cut- 
ting  portion  282.  The  mounting  end  290A  has  a 
portion  287A  deformed  upwardly,  as  viewed  in  Fig. 
13A,  during  manufacture  of  the  blade  24A  away 
from  a  upper  side  surface  294  of  the  blade,  as 
viewed  in  Fig.  13.  This  deformed  portion  287A  of 
the  mounting  end  290A  is  formed  by  engaging  a 
lower  side  surface  292A  extending  in  a  direction 
parallel  to  the  upper  side  surface  294A  with  a 
punch  to  form  recess  289.  The  deformed  portion 
287A  of  mounting  end  portion  290A  is  forced  by 
the  punch  and  preferably  extends  0.010  inch  from 
the  upper  side  surface  294A  of  the  blade  24A.  The 
deformed  portion  2897A  of  mounting  end  290A  is 
preferably  ground  flat  after  the  deforming  operation 
in  order  to  form  a  surface  generally  parallel  with 
the  upper  side  surface  294A  of  the  blade  24A. 

The  cutting  edges  42,  44  are  adapted  to  face 
one  another  when  the  blades  are  properly  installed 
in  the  frame  62.  When  the  blades  22,  24  are 
relatively  pivoted  towards  one  another,  the  de- 
formed  portion  287  of  the  mounting  end  290  of  the 
fixed  blade  4  engages  the  ride  surface  288  in  the 
heel  284  of  the  pivotable  blade  22.  The  engage- 
ment  between  the  deformed  portion  287  and  the 
ride  surface  288  assures  that  the  cutting  edges  42, 
44  are  continuously  biased  towards  one  another  to 
contact  and  to  create  a  moving  cutting  point  during 
closure  of  the  blade  22  relative  to  the  blade  24. 

The  drive  link  102  is  a  bell  crank  member 
having  a  generally  L-shape.  As  illustrated  in  Figs. 
14  and  15,  the  drive  link  102  is  connected  for 
pivotable  movement  about  the  pin  134.  The  pin 
134  is  received  in  the  openings  of  the  frame  62 
and  is  located  approximately  along  the  longitudinal 
center  line  of  the  fixed  blade  24.  The  drive  link  102 
pivots  in  the  frame  62  at  a  location  between  the  rod 
166  of  the  actuator  82  and  the  slot  248  of  the 
pivotable  blade  22.  A  relatively  longer  leg  302  of 
the  drive  link  102  is  connected  with  the  rod  166  by 
a  pin  306.  The  distance  between  the  centers  of  the 
pins  134  and  306  is  preferably  1.24  inches.  The 
relatively  shorter  leg  304  of  the  drive  link  102  is 
connected  with  the  actuating  portion  246  of  the 
pivotable  blade  22.  The  linkage  between  the  leg 
304  and  the  slot  248  of  the  pivotable  blade  22  is 
through  the  pin  258,  which  is  in  sliding  engage- 
ment  with  the  blade.  The  distance  between  the 

centers  of  the  pins  258  and  134  is  preferably  0.83 
inch. 

The  ratio  of  the  distances  of  the  longer  leg 
portion  302  to  the  shorter  leg  portion  304  is  in  the 

5  range  of  1.15:1  to  1.85:1  and  is  preferably  about 
1.50:1.  This  "leg  ratio"  being  greater  than  1.0  pro- 
vides  an  increase  in  force  transmitted  to  the  actuat- 
ing  portion  246  of  the  blade  22  compared  to  the 
force  applied  to  the  drive  link  102  by  the  rod  166. 

io  This  force  multiplication  due  to  the  mechanical 
advantage  provided  by  the  drive  link  102  enables  a 
relatively  large  cutting  force  to  be  applied  between 
the  blades  22,  24.  Concurrently,  a  decrease  in 
angular  travel  of  the  blade  22  compared  between 

is  the  angle  of  travel  of  the  long  leg  302  occurs  as 
the  blade  is  closing.  The  decreasing  angular  travel 
produces  a  proportionately  increasing  amount  of 
force  applied  to  blade  22,  which  compensates  in 
part  for  the  drop  in  cutting  force  that  occurs  as  the 

20  cut  point  moves  toward  the  end  of  the  blade. 
Pivotable  movement  of  the  drive  link  102  about 

the  pin  134  pivots  the  blade  22  about  axis  AA 
through  engagement  of  the  blade  by  the  pin  258  in 
the  slot  248.  For  example,  when  the  rod  166  of 

25  actuator  88  is  forced  to  move  axially  to  the  left,  as 
viewed  in  Fig.  15,  the  longer  leg  portion  302  of  the 
drive  link  102  pivots  clockwise  about  the  pin  134 
causing  the  leg  portion  304  to  follow  with  clockwise 
pivotal  movement  about  the  pin.  However,  the  ar- 

30  cuate  movement  at  pin  258  is  less  than  the  arcuate 
movement  at  pin  306.  This  results  because  the 
distance  from  the  centers  of  pin  134  to  pin  258  is 
less  than  the  distance  from  the  centers  of  pin  134 
to  the  center  of  pin  306. 

35  The  finger  loop  handle  66  is  received  in  the 
recess  120  in  the  frame  62.  The  finger  loop  handle 
66  pivots  relative  to  the  support  118  about  the 
same  axis  AA  as  the  blade  24  pivots.  The  finger 
loop  handle  66  pivots  about  20  °  to  25  °  relative  to 

40  the  frame  62  between  the  fully  open  position  illus- 
trated  in  Fig.  2,  and  the  fully  closed  position  illus- 
trated  in  Fig.  1,  or  about  half  of  the  arcuate  move- 
ment  of  the  pivotable  blade  22.  The  finger  loop 
handle  66  includes  a  finger  handle  portion  322  for 

45  receiving  therein  up  to  four  fingers  of  an  operator's 
hand  located  opposite  the  thumb.  The  finger  han- 
dle  portion  322  is  preferably  continuous  and  closed 
which  allows  an  operator's  fingers  to  move  the  loop 
handle  66  in  both  directions  for  pivotable  move- 

so  ment  about  the  support  118,  and  also  acts  as  a 
guard  for  the  fingers. 

A  pivot  portion  320  of  the  loop  handle  66 
surrounds  the  support  118  and  is  narrower  than  the 
width  of  the  finger  handle  portion  322.  The  return 

55  spring  226  engages  an  end  surface  326  on  pivot 
portion  320  of  the  finger  loop  handle  66  to  continu- 
ously  bias  the  finger  loop  handle  portion  322  to- 
wards  the  fully  open  position,  as  illustrated  in  Fig. 
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2. 
A  blade  link  340  (Fig.  14)  forms  a  part  of  the 

feedback  linkage  104.  The  blade  link  340  is  also 
received  on  the  support  member  118  at  opening 
338  for  pivotable  movement  about  the  axis  AA.  The 
blade  link  340  is  located  in  the  recess  120  of  the 
frame  62.  The  blade  link  340  is  axially  offset  from 
the  pivot  portion  320  of  the  loop  handle  66. 

The  blade  link  340  detects  movement  of  the 
pivotable  blade  22  and  communicates  that  move- 
ment  to  a  difference  link  362  in  the  feedback 
linkage  104.  The  blade  link  340  detects  movement 
of  the  pivotable  blade  22  at  one  end  by  engage- 
ment  with  the  pin  258  in  the  drive  link  102  that 
extends  through  a  slot  342  of  the  blade  link.  The 
movement  of  the  blade  link  340  is  transmitted  to 
the  difference  link  362  through  a  pin  344  at  a 
location  relative  to  the  opening  338  which  is  gen- 
erally  opposite  the  slot  342.  The  distance  from  the 
axis  AA  at  which  the  pin  258  engages  a  surface 
defining  the  slot  342  of  the  blade  link  340  is  in  the 
range  of  0.73  to  0.96  inch.  The  distance  to  the 
center  of  the  pin  344  from  the  axis  AA  is  0.46  inch. 
The  pin  258,  thus,  moves  through  an  arcuate  dis- 
tance  greater  than  the  arcuate  distance  that  the  pin 
344  moves  and  is  proportionately  greater  by  a  ratio 
in  the  range  of  about  1.5:1  to  about  2.1:1. 

The  difference  link  362  is  connected  between 
the  pin  344  of  the  blade  link  340  and  a  pin  366  on 
the  finger  loop  handle  66.  The  difference  link  362 
forms  part  of  the  feedback  linkage  104  and  com- 
municates  a  difference  between  pivotal  movement 
of  the  blade  24  and  the  pivotal  movement  of  the 
finger  loop  handle  66  to  the  servo  control  valve  84. 

The  difference  link  362  is  a  generally  L-shaped 
member  formed  by  legs  374,  376  meeting  at  an 
apex.  A  pin  382  in  an  aperture  370  at  the  apex 
communicates  movement  of  the  apex  to  an  ac- 
tuator  link  386  of  the  servo  valve  84.  The  difference 
link  362  includes  a  slot  364  in  leg  374  for  receiving 
the  pin  344  of  the  blade  link  340  and  an  opening 
368  in  the  leg  376  for  receiving  the  pin  366  of  the 
finger  loop  handle  66.  The  distance  from  the  center 
of  the  opening  368  in  one  leg  376  of  the  difference 
link  362  to  the  center  of  the  aperture  370  at  the 
apex  is  shorter  than  the  distance  between  the  cen- 
ter  of  the  aperture  370  to  the  average  center  of  the 
slot  364  in  the  other  leg  374.  The  difference  link 
362  has  a  ratio  of  the  length  of  leg  374  to  the 
length  of  leg  376  in  the  range  of  about  1.3:1  to 
1.7:1.  Thus,  a  relatively  larger  proportion  of  move- 
ment  of  the  finger  loop  handle  66  is  communicated 
to  the  servo  control  valve  84  than  the  proportion  of 
movement  of  the  pivotable  blade  22. 

The  ratio  of  the  leg  374  length  to  the  leg  376 
length  of  the  difference  link  362  results  in  a  de- 
crease  in  speed  of  movement  as  the  blade  22 
nears  the  closed  position.  This  decrease  in  speed 

of  movement  of  the  blade  22  relative  to  the  move- 
ment  of  the  handle  66  is  represented  by  curve  300 
in  Fig.  18  as  "blade  gain  ratio."  The  blade  gain 
ratio  is  plotted  as  a  function  of  the  angle  between 

5  the  blades  22,  24.  This  noticeable  gain  ratio  means 
that  the  change  in  angle  between  the  blades  22, 
24,  to  the  change  in  angle  between  the  handle  66 
and  the  frame  62,  decreases  from  over  a  6:1  ratio 
at  the  fully  open  position  to  about  1:1  at  the  closed 

io  position.  This  is  compared  to  the  constant  1:1  ratio 
of  conventional  scissors  in  curve  310.  The  variable 
"blade  gain  ratio"  is  particularly  advantageous  for 
controlling  cutting  with  a  relatively  slow  closure  rate 
near  the  fully  closed  blade  position. 

is  A  pin  382  received  in  the  aperture  370  at  the 
apex  of  the  difference  link  362  extends  into  an 
opening  384  of  the  actuator  link  386.  The  actuator 
link  386  includes  an  opening  388  at  an  end  op- 
posite  to  the  opening  384.  The  opening  388  re- 

20  ceives  a  pin  340  that  is  connected  with  a  stem  400 
in  the  servo  control  valve  84. 

The  actuator  link  386  transmits  motion  of  the 
difference  link  362  to  the  stem  400  in  the  servo 
control  valve  84.  Because  the  difference  link  362 

25  reflects  the  difference  in  pivotal  movement  between 
the  loop  handle  66  and  the  pivotable  blade  22  and 
moves  the  actuator  link  386  and,  hence,  the  stem 
400  in  the  servo  control  valve  84,  it  provides  a 
difference  feedback  signal  to  the  servo  control 

30  valve. 
For  example,  the  finger  loop  handle  66  is  pivot- 

ed  by  an  operator  from  the  open  position  to  the 
closed  position  nearer  the  frame  62  when  the 
blades  22,  24  are  in  the  fully  open  position,  as 

35  illustrated  in  Fig.  2.  The  difference  link  362  then 
pivots  clockwise  about  the  pin  344  by  the  pin  366 
in  the  finger  loop  handle  66.  The  pin  382  forces  the 
actuator  link  386  to  move  the  stem  400  axially 
inward  within  the  servo  control  valve  84,  in  a  direc- 

40  tion  that  causes  the  pivotable  blade  22  to  move 
towards  the  closed  position.  There  is  a  time  lag 
before  the  piston  1  68  and  the  power  rod  1  66  of  the 
actuator  88  force  the  pivotable  blade  22  to  pivot 
towards  the  closed  position  that  is  illustrated  in  Fig. 

45  1.  During  this  time  lag,  until  the  blade  22  begins  to 
pivot,  the  difference  link  362  has  pivoted  only 
about  the  pin  344  supported  in  the  blade  link  340. 
Once  the  blade  22  begins  to  pivot,  the  position  of 
the  difference  link  362  then  reflects  a  tendency  to 

50  pivot  about  pin  366.  If  the  finger  loop  handle  66 
continues  to  move  ahead  of  the  blade  22  move- 
ment,  then  movement  of  pins  366,  344  tend  to 
cancel  their  influence  on  the  difference  link  362 
and  produce  an  apparent  rotation  about  pin  382. 

55  The  actuator  link  386  essentially  maintains  its  posi- 
tion  and  the  blade  22  continues  to  pivot.  If  the 
blade  22  movement  tends  to  catch  up  to  the  finger 
loop  handle  66  movement,  the  difference  link  362 
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pivots  about  pin  366,  causing  the  actuator  link  386 
to  move  the  stem  400  in  a  direction  axially  out  of 
the  valve  84,  reducing  the  flow  of  fluid  to  the 
actuator  88  and,  hence,  showing  or  stopping  pivot- 
ing  of  the  blade  22. 

Thus,  the  servo  control  valve  84  is  actuated 
from  the  position  illustrated  in  Fig.  17A  through  the 
position  illustrated  in  Figs.  17B  through  17D  by 
movement  of  the  difference  link  362.  The  travel 
limit  of  the  stem  400  within  the  servo  control  valve 
84  is  illustrated  in  Fig.  17D.  During  the  axial  inward 
movement  or  cut  signal,  indicated  by  the  arrow  396 
(Fig.  16),  of  the  stem  400  within  the  servo  control 
valve  84,  fluid  is  directed  to  the  line  222  to  the  port 
190  and  into  the  "cut"  chamber  188  in  the  actuator 
88.  This  forces  the  piston  168  and  its  associated 
rod  166  to  move  in  a  cut  direction  and  move  the 
blade  22  from  the  open  position  towards  the  closed 
position.  The  rod  166  forces  the  drive  link  102  to 
pivot  the  pivotable  blade  22  toward  the  fixed  blade 
24  with  a  cutting  action. 

During  this  pivotable  movement  of  the  pivota- 
ble  blade  22  towards  the  fixed  blade  22,  the  blade 
link  340  communicates  the  movement  of  the 
pivotable  blade  to  the  difference  link  362.  The 
difference  link  362  pivots  about  the  pin  366  in  a 
clockwise  direction  which  causes  the  actuator  link 
386  to  pull  the  stem  400  in  a  direction  axially 
outward  of  the  servo  control  valve  84.  The  pivota- 
ble  blade  22  tries  to  catch  up  to  the  desired 
position  indicated  by  the  position  of  the  finger  loop 
handle  66  relative  to  the  frame  62.  The  difference 
link  362  continues  to  pivot  clockwise  about  the  pin 
366.  The  pivotable  blade  22  does  eventually  catch 
up  to  the  desired  blade  position  indicated  by  the 
position  of  the  loop  handle  66  relative  to  the  frame 
62. 

The  difference  link  362  detects  that  the  posi- 
tion  of  the  pivotable  blade  22  relative  to  the  blade 
24  or  frame  62  has  caught  up  to  the  desired 
position  indicated  by  the  position  of  the  loop  han- 
dle  66  relative  to  the  frame  62.  The  difference  link 
362  stops  rotating  about  either  pin  366  or  344.  No 
motion  is,  thus,  imparted  to  the  actuator  link  386 
and  the  stem  400  is  in  a  "neutral"  position,  illus- 
trated  in  Fig.  17G,  which  does  not  cause  any 
further  pivoting  of  the  blade  22  from  the  position  it 
was  in  when  the  stem  reached  the  neutral  position. 
It  will  be  apparent  that  from  the  position  that  the 
blade  22  stopped,  it  could  thereafter  be  opened, 
closed  or  could  remain  stationary  relative  to  the 
blade  24,  as  long  as  the  blade  24  is  between  the 
fully  open  or  fully  closed  positions  when  it  stopped 
moving. 

To  move  the  blade  22  towards  the  open  posi- 
tion  of  Fig.  2,  the  reverse  takes  place.  The  loop 
handle  66  is  pivoted  away  from  the  frame  62 
towards  the  fully  open  position  illustrated  in  Fig.  2. 

This  forces  the  pin  366  to  pivot  the  difference  link 
362  at  opening  368  counterclockwise  about  the  pin 
344.  This  pivoting  motion  of  the  difference  link  362 
imparts  a  force  to  the  actuator  link  386  that  pulls 

5  the  control  stem  400  in  a  direction  axially  outward 
of  the  servo  control  valve  84  towards  the  position 
illustrated  in  Fig.  17H. 

Such  axially  outward  motion  causes  fluid  to 
flow  through  line  224  to  port  186  and  into  open 

io  chamber  184.  Fluid  pressure  forces  the  piston  168 
and  rod  166  to  move  in  a  direction  towards  the 
mounting  portion  end  164  of  the  actuator  88.  This 
axially  inward  movement  of  the  rod  166  in  the 
actuator  88  causes  the  drive  link  102  to  pivot  in  a 

is  clockwise  direction  about  the  pin  134  which  causes 
the  actuating  portion  246  of  the  blade  22  to  pivot 
about  the  axis  AA  in  a  clockwise  direction.  Pivoting 
of  the  drive  link  102  in  a  clockwise  direction  causes 
the  blade  22  to  move  from  the  closed  position 

20  illustrated  in  Fig.  1  relative  to  the  fixed  blade  24 
toward  the  open  position  illustrated  in  Fig.  2. 

Thus,  the  stem  400  moves  from  the  position  in 
the  servo  control  valve  84  illustrated  in  Fig.  17G 
progressively  to  the  position  illustrated  in  Fig.  17H. 

25  The  position  illustrated  in  Fig.  17H  is  a  reversing 
travel  position  or  a  position  in  which  opening  mo- 
tion  of  the  blade  22  will  occur. 

The  servo  control  valve  84  (Fig.  16)  controls 
fluid  flow  to  the  actuator  88.  The  servo  control 

30  valve  84  includes  a  valve  body  422  that  defines  an 
elongated  chamber  424.  Two  oppositely  facing  pis- 
tons  426,  428  are  independently  movable  longitudi- 
nally  within  the  chamber  424  of  the  valve  body 
422.  Each  piston  426,  428  has  an  inner  annular  first 

35  valve  seat  442  and  an  outer  annular  first  obturating 
surface  444.  A  reciprocable  valve  stem  446  ex- 
tends  through  and  is  at  least  partially  surrounded 
by  the  pistons  426,  428.  The  valve  stem  446  is 
connected  to  and  is  part  of  stem  400.  Each  of  the 

40  pistons  426,  428  includes  a  surface  447  for  trans- 
mitting  force  to  the  piston  in  a  direction  away  from 
the  other.  The  servo  control  valve  84  may  option- 
ally  include  a  compression  spring  445  between  and 
acting  concurrently  against  the  force  transmitting 

45  surface  447  associated  with  each  piston  426,  428. 
Two  oppositely  facing  spaced  annular  second 

obturating  surfaces  448  are  carried  by  the  valve 
stem  446  at  opposite  ends  a  fixed  distance  D1 
apart.  The  pistons  426,  428  are  located  between 

50  the  two  second  obturating  surfaces  448  and  are 
reciprocable  relative  to  the  valve  stem  446.  Each  of 
the  second  obturating  surfaces  448  are  arranged  to 
cooperate  with  one  of  the  inner  annular  first  valve 
seats  442  to  control  fluid  flow  along  the  valve  stem 

55  446  from  the  fluid  inlet  212  intermediate  the  pistons 
426,  428. 

Two  annular  second  valve  seats  462  are  fixed 
in  the  valve  body  422.  Each  of  the  second  valve 
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seats  462  is  located  to  coact  with  the  outer  annular 
first  obturating  surfaces  444  of  one  of  the  pistons 
426,  428.  This  contact  limits  the  longitudinal  move- 
ment  of  the  pistons  426,  428  in  a  direction  away 
from  each  other  and  controls  fluid  flow  past  the 
outer  annular  first  obturating  surfaces  444. 

A  first  port  482  to  the  chamber  424  is  located 
between  the  pistons  426,  428  and  serves  as  a  fluid 
inlet  to  the  chamber.  A  second  port  484  and  a  third 
port  486  are  for  separate  fluid  communication  with 
the  chambers  184,  188  through  lines  222,  224, 
respectively.  The  second  port  484  and  the  third 
port  486  communicate  independently  with  a  com- 
mon  passage  488  in  the  frame  62  for  exhausting 
fluid  from  the  servo  control  valve  84  and  shears  20 
at  exhaust  port  129.  The  second  port  484  and  third 
port  486  are  associated  with  a  respective  one  of 
the  second  valve  seats  462  for  exhausting  fluid 
from  the  chambers  184,  188.  The  second  port  484 
is  closable  by  the  right  piston  426,  as  viewed  in 
Fig.  16,  to  block  fluid  flow  from  the  chamber  188  to 
the  common  passage  488.  The  third  port  486  is 
closable  by  the  left  piston  428,  as  viewed  in  Fig. 
16,  to  block  fluid  flow  from  the  chamber  184  to  the 
common  passage  488. 

A  fourth  port  502  and  a  fifth  port  504  to  the 
chamber  424  are  each  located  longitudinally  out- 
ward  of  the  pistons  426,  428  and  their  associated 
second  valve  seats  462.  The  fourth  port  502  is  for 
supplying  fluid  to  and  receiving  fluid  from  the  "cut" 
chamber  188  of  the  fluid  actuator  88.  The  fifth  port 
504  is  for  supplying  fluid  to  and  receiving  fluid  from 
the  "open"  chamber  184  of  the  fluid  actuator  88. 
The  distance  D1  between  the  two  second  obturat- 
ing  surfaces  448  and  the  distance  D2  between  the 
two  annular  second  valve  seats  462  are  such  that 
the  pistons  426,  428  permit  limited  fluid  flow  or  a 
"controlled  leakage"  from  the  first  port  482  equally 
to  the  fourth  port  502  and  fifth  port  504  when  the 
valve  stem  446  is  in  the  "neutral"  or  first  position. 
The  distances  D1  and  D2  are  also  such  that  the 
pistons  426,  428  allow  preferential  fluid  flow 
through  the  fourth  port  502  or  the  fifth  port  504  and 
only  one  of  the  second  port  484  and  the  third  port 
486  when  the  valve  stem  446  is  in  a  position  other 
than  the  first  position.  It  should  be  apparent  that 
the  distances  D1  and  D2  may  be  established  so 
that  the  pistons  426,  428  completely  block  fluid 
flow  to  the  fourth  port  502  and  the  fifth  port  504 
when  the  valve  stem  446  is  in  the  first  position. 

Operation 

To  operate  the  shears  20  embodying  the 
present  invention  the  following  procedure  is  fol- 
lowed.  Assuming  that  the  operator  desires  to  cut 
something,  such  as  cloth,  paper,  cardboard  or 
meat,  the  shears  20  will  normally  start  with  the 

blades  22,  24  in  the  fully  open  relative  position 
illustrated  in  Fig.  2.  To  move  the  blades  22,  24 
from  the  open  position  illustrated  in  Fig.  2  to  the 
closed  ending  position  illustrated  in  Fig.  1,  the 

5  operator  first  inserts  a  thumb  into  the  thumb  open- 
ing  142  in  the  thumb  handle  portion  64  in  the  frame 
62.  As  the  operator's  thumb  is  fitted  in  the  opening 
64,  the  safety  button  206  is  depressed  to  permit 
pressurized  fluid  to  pass  through  the  safety  valve 

io  86  and  into  the  servo  control  valve  84.  At  least  one 
of  the  operator's  fingers  is  received  in  the  finger 
handle  portion  322  in  the  finger  loop  handle  66. 
The  operator  then  manually  pivots  the  finger  loop 
handle  66  from  the  open  position  illustrated  in  Fig. 

is  2  towards  the  closed  position  illustrated  in  Fig.  1. 
The  operator  may  stop  the  pivoting  movement  of 
the  finger  loop  handle  66  anywhere  between  the 
open  and  closed  position  or  continue  to  the  travel 
limit  or  closed  position,  illustrated  in  Fig.  1. 

20  This  starting  of  relative  pivoting  action  of  the 
finger  loop  handle  66  forces  the  difference  link  362 
to  pivot  about  the  pin  344  in  a  clockwise  direction 
(Fig.  14)  and  forces  the  actuator  link  382  to  move 
the  stem  400  axially  inward  of  the  servo  control 

25  valve  84  from  the  position  illustrated  in  Fig.  17A  to 
the  position  illustrated  in  Fig.  17B.  This  motion  of 
the  stem  400  allows  fluid  to  flow  to  "cut"  chamber 
188  of  the  actuator  88  through  port  502  which 
moves  the  piston  168  in  a  direction  to  move  the 

30  rod  166  axially  outward  of  the  actuator.  That  is,  the 
conical  surface  448  disengages  from  the  valve  seat 
442  on  piston  426  to  communicate  the  first  port 
482  with  the  fourth  port  502  to  allow  fluid  flow  to 
the  "cut"  chamber  188.  Concurrently,  the  left  port 

35  504  fluidly  communicates  with  the  third  port  486  to 
exhaust  fluid  from  the  "open"  chamber  184.  The 
second  port  484  is  maintained  blocked  by  piston 
426.  Thus,  the  drive  link  102  pivots  counterclock- 
wise  about  the  pin  134  and  drives  the  pivotable 

40  blade  22  towards  the  fixed  blade  24. 
Upon  further  pivoting  movement  of  the  finger 

loop  handle  66  relative  to  the  frame  62,  but  before 
the  blade  24  catches  up  to  the  position  indicated 
by  the  finger  loop  handle,  the  difference  link  362 

45  pivots  further  about  the  pin  344  in  a  clockwise 
direction.  This  causes  the  stem  400  to  be  moved 
farther  inward  of  the  servo  control  valve  84  from 
the  position  illustrated  in  Fig.  17B  to  the  position 
illustrated  in  Fig.  17C.  The  conical  surface  448  is 

50  spaced  further  from  the  valve  seat  442  on  piston 
426  and  the  piston  428  is  spaced  further  from 
annular  valve  seat  462,  than  the  position  illustrated 
in  Fig.  17B.  This  allows  relatively  more  fluid  flow 
between  the  first  port  482  and  the  fourth  port  502 

55  and  between  the  fifth  port  504  and  third  port  486. 
The  greater  fluid  flow  to  the  cut  chamber  188  of 
the  actuator  88  forces  the  piston  168  and  rod  166 
to  pivot  the  blade  22  even  faster  towards  the 
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closed  position. 
The  maximum  cut  position  of  the  servo  control 

valve  84  is  illustrated  in  Fig.  17D.  This  position  is 
reached  by  pivoting  the  finger  loop  handle  66 
quickly  towards  the  frame  62  while  cutting  a  tough 
object.  The  difference  link  362  pivots  clockwise 
about  the  pin  344  to  move  the  stem  400  to  its  axial 
inward  limit.  The  conical  surface  448  is  spaced  a 
maximum  distance  from  the  seat  442  of  the  piston 
426  and  the  piston  is  held  against  the  annular  valve 
seat  462  by  fluid  pressure  in  the  chamber  424. 
Concurrently,  the  surface  444  of  the  piston  428  is 
spaced  from  the  annular  vale  seat  462.  This  posi- 
tion  permits  the  maximum  fluid  flow  between  the 
first  port  482  and  the  fourth  port  502  and  between 
the  fifth  port  504  and  third  port  486.  This  flow 
moves  the  blade  22  quickly  to  cut  the  tough  object. 

When  the  pivoted  position  of  the  blade  22 
begins  to  catch  up  with  the  position  indicated  by 
the  finger  loop  handle  66,  the  difference  link  362 
begins  to  pivot  about  the  pin  366  due  to  movement 
of  the  pivotable  blade  relative  to  the  position  of  the 
finger  loop  handle.  The  difference  link  362  causes 
the  stem  400  to  move  axially  outward  of  the  servo 
control  valve  84  to  the  position  illustrated  in  Fig. 
17E  from  the  position  illustrated  in  Figs.  17C  or 
17D.  The  conical  surface  448  moves  closer  to  the 
piston  426  and  the  piston  428  moves  closer  to  the 
valve  seat  462.  Fluid  flow  from  the  first  port  482  to 
the  fourth  port  502  and  from  the  fifth  port  504  to 
third  port  486  continues  but  at  a  reduced  rate.  The 
blade  22  still  is  forced  to  close  but  at  a  slower 
closure  rate. 

The  cutting  action  of  the  blades  22,  24  can  be 
stopped  at  any  time  by  stopping  the  finger  loop 
handle  66  at  any  position  between  its  travel  limits. 
The  blade  22  will  then  stop  at  a  position  cor- 
responding  to  the  relative  position  of  the  finger  loop 
handle  66.  This  will  cause  the  difference  link  362  to 
maintain  a  neutral  position  in  which  fluid  pressure, 
applied  to  either  chamber  184,  188  of  the  actuator 
88,  is  not  increased. 

To  open  the  shears  20  from  the  position  illus- 
trated  in  Fig.  1  towards  the  position  illustrated  in 
Fig.  2,  the  operator  manually  pivots  the  loop  handle 
66  away  from  the  frame  62.  The  difference  link  362 
pivots  counterclockwise  about  the  pin  344  to  force 
the  actuator  link  386  to  pull  the  stem  400  outwardly 
of  servo  control  valve  84.  This  action  provides  fluid 
flow  from  the  control  valve  to  the  open  chamber 
184  in  the  actuator  88.  Fluid  pressure  in  chamber 
184  forces  the  power  rod  166  to  move  axially 
inward  into  the  actuator  88  and  causes  the  drive 
link  102  to  pivot  clockwise  about  the  pin  134.  This 
imparts  a  force  to  pivot  the  blade  22  counterclock- 
wise  about  the  axis  AA  in  a  direction  towards  the 
open  position  relative  to  the  fixed  blade  24. 

When  the  difference  link  362  pivots  counter- 
clockwise  about  the  pin  344,  the  stem  400  is  caus- 
ed  to  move  axially  outward  of  the  servo  control 
valve  84  from  the  position  illustrated  in  Fig.  17E  to 

5  the  position  illustrated  in  Fig.  17F.  The  right  conical 
surface  448  engages  the  piston  426  to  block  fluid 
flow  to  the  "cut"  chamber  188  through  the  fourth 
port  502.  The  second  port  484  remains  blocked  by 
the  piston  426.  The  left  conical  surface  448  dis- 

io  engages  the  piston  428  to  allow  fluid  flow  to  the 
"open"  chamber  184  through  the  fifth  port  504. 
The  third  port  486  is  closed  by  the  piston  428. 
Pressure  in  the  chambers  184  and  188  equalizes 
on  either  side  of  the  piston  168  to  stop  movement 

15  of  the  rod  166  and  blade  22. 
The  difference  link  362  and  stem  400  are  re- 

turned  to  their  respective  neutral  positions.  The 
stem  400  is  centered  in  the  servo  control  valve  84 
in  the  first  position  again,  as  illustrated  in  Fig.  17G 

20  which  is  the  same  as  Fig.  17A.  Equal  fluid  flow,  or 
no  fluid  flow,  occurs  from  the  first  port  482  to  the 
fourth  port  502  and  fifth  port  504.  Exhaust  to  the 
second  and  third  ports  484,  486  is  permitted  if 
needed. 

25  If  the  blade  22,  during  a  cutting  action,  over- 
shoots  the  desired  position  indicated  by  the  finger 
loop  handle  66,  the  servo  control  valve  84  can 
compensate,  as  illustrated  in  Fig.  17H.  The  dif- 
ference  link  362  pivots  clockwise  about  the  pin  366 

30  due  to  the  excessive  movement  of  the  blade  22. 
The  stem  400  is  moved  axially  outward  of  the 
servo  control  valve  84  to  the  position  illustrated  in 
Fig.  17H.  The  piston  426  is  spaced  from  the  an- 
nular  valve  seat  462  to  permit  fluid  flow  from  the 

35  "cut"  chamber  188  through  the  fourth  port  502  to 
exhaust  through  the  second  port  484.  The  piston 
426  engages  conical  surface  448  to  block  fluid  flow 
from  the  first  port  482.  At  the  same  time,  the  piston 
428  engages  the  annular  valve  seat  462  but  is 

40  spaced  from  the  left  conical  surface  448.  This 
blocks  fluid  flow  to  exhaust  through  the  third  port 
486  while  permitting  fluid  flow  from  the  inlet  first 
port  482  to  the  open  chamber  184  through  the  fifth 
port  504.  This  flow  causes  the  piston  168  and  rod 

45  166  to  move  inward  of  the  actuator  88  to  stop  and 
reverse  the  cutting  action  of  the  pivotable  blade  22. 

Other  uses  than  the  power  operated  shears  are 
also  contemplated  for  the  tool  of  the  present  inven- 
tion.  For  example,  the  tool  can  be  used,  without 

50  limitation,  as  power  operated  pliers,  crimpers, 
clamp,  caulking  gun  or  other  tool  in  which  it  is 
desirable  to  have  reversible,  controllable,  force 
multiplied  and/or  slower  speed  at  the  end  of  rela- 
tive  movement  between  members. 

55 
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Claims 

1.  A  hand  held  power  operated  tool  (20),  said  tool 
comprising: 

first  and  second  members  (24,  22)  for  per- 
forming  a  desired  task  upon  relative  movement 
from  a  first  position  towards  a  second  position; 

a  frame  (62)  for  supporting  said  members 
for  relative  movement; 

a  first  handle  (64)  and  a  second  relatively 
movable  handle  (66),  said  second  handle  sup- 
ported  for  movement  independently  of  said 
members,  said  second  handle  extending  in  a 
direction  opposite  said  second  member,  said 
first  handle  extending  in  a  direction  opposite 
from  said  first  member; 

an  actuator  (88)  for  moving  said  second 
member  relative  to  said  first  member;  and 

a  servo  mechanism  (82)  controlled  by  said 
second  member  and  said  second  handle  to 
control  operation  of  said  actuator  to  move  said 
second  member  relative  to  said  first  member 
in  coordination  with  the  movement  of  said  sec- 
ond  handle. 

2.  The  tool  set  forth  in  claim  1  wherein  said 
actuator  is  fluid  operated  and  includes  a  piston 
located  within  a  chamber  in  said  actuator,  said 
piston  being  movable  upon  the  introduction  of 
fluid  pressure  in  said  chamber  on  one  side  of 
said  piston,  a  rod  (166)  connected  to  said 
piston  effects  pivotal  movement  of  said  second 
member  in  response  to  movement  of  said  pis- 
ton. 

3.  The  tool  set  forth  in  claim  1  wherein  said 
second  member  is  pivotable  about  an  axis 
(AA)  and  further  includes  a  pivot  portion  (118) 
on  said  second  handle  for  supporting  said  sec- 
ond  handle  for  pivotal  movement  about  the 
axis  and  a  finger  receiving  handle  portion  off- 
set  from  said  pivot  portion  in  a  direction  par- 
allel  to  the  axis,  said  finger  receiving  handle 
portion  offset  in  a  direction  to  pivot  in  a  plane 
relatively  closer  to  the  plane  in  which  said 
second  member  pivots  than  the  plane  contain- 
ing  said  pivot  portion  of  said  second  handle. 

4.  The  tool  set  forth  in  claim  1  wherein  said  servo 
mechanism  is  constructed  and  arranged  to  piv- 
ot  said  second  member  relative  to  said  first 
member  at  a  rate  that  decreases  in  response 
to  a  change  in  position  of  said  second  member 
relative  to  said  second  handle  as  said  second 
member  moves  from  the  first  position  towards 
the  second  position. 

5.  The  tool  set  forth  in  claim  1  wherein  said  servo 
mechanism  is  constructed  and  arranged  to 
move  said  second  blade  through  a  greater 
angle  than  the  angle  traversed  by  said  second 

5  handle. 

6.  The  tool  set  forth  in  claim  1  wherein  said  tool 
comprises  hand  held  fluid  operated  shears  in 
which  said  first  and  second  members  comprise 

io  first  and  second  blades  for  cutting  upon  rela- 
tive  pivotal  movement. 

7.  The  tool  set  forth  in  claim  1  further  including  a 
difference  link  connected  with  said  second 

is  blade,  said  second  handle  and  said  servo 
mechanism,  said  difference  link  constructed 
and  arranged  to  establish  a  progressively  de- 
creasing  rate  of  pivotal  movement  of  said  sec- 
ond  blade  relative  to  movement  of  said  second 

20  handle  as  said  second  blade  moves  from  the 
open  position  towards  the  closed  position. 

8.  The  shears  set  forth  in  claim  7,  wherein  said 
difference  link  is  a  substantially  L-shaped 

25  member  with  a  first  leg  having  a  length  greater 
than  the  length  of  a  second  leg,  the  ratio  of  the 
length  of  the  first  leg  to  the  length  of  the 
second  leg  is  in  the  range  of  1.3:1  to  1.7:1. 

30  9.  The  tool  as  set  forth  in  claim  1  further  includ- 
ing  a  member  link  (340)  coupled  with  the  sec- 
ond  member  and  rotatable  about  the  axis 
through  the  means  pivotally  connecting  the 
first  and  second  members  and  further  includ- 

35  ing  a  difference  link  coupled  between  the 
pivoted  handle  and  the  member  link,  the  servo 
mechanism  includes  a  movable  control  ele- 
ment  (400)  to  control  the  operation  of  the  fluid 
actuator,  the  control  element  coupled  to  the 

40  difference  link  at  a  location  intermediate  two 
locations  where  the  difference  link  is  coupled 
to  the  pivoted  handle  and  the  member  link. 

10.  The  tool  as  set  forth  in  claim  9  wherein  the 
45  location  where  the  control  element  is  coupled 

to  the  difference  link  is  displaced  to  one  side 
of  a  straight  line  extending  between  the  two 
locations  where  the  difference  link  is  coupled 
to  the  pivoted  handle  and  the  member  link. 

50 
11.  The  tool  as  set  forth  in  claim  9  wherein  the 

coupling  between  the  control  element  and  the 
difference  link  is  offset  from  a  straight  line 
between  the  two  locations  a  distance  that  es- 

55  tablishes  a  rate  of  movement  of  the  second 
member  relative  to  the  first  member  that  varies 
as  the  member  angle  between  the  second 
member  and  the  first  member  changes. 

14 
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12.  The  tool  as  set  forth  in  claim  9  wherein  the 
coupling  between  the  control  element  and  the 
difference  link  is  offset  from  a  straight  line 
between  the  two  locations  a  distance  that  es- 
tablishes  a  rate  of  movement  of  the  second  5 
member  relative  to  the  first  member  that 
changes  from  a  ratio  of  member  movement  to 
movement  of  the  pivotal  handle  which  is  great- 
er  than  5  when  the  acute  angle  between  the 
members  is  between  about  35  and  45  degrees  10 
to  a  ratio  of  2  or  less  when  the  acute  angle 
between  the  members  is  between  about  0  and 
8  degrees. 

13.  The  tool  set  forth  in  claim  1  further  including  a  is 
safety  device  (86)  for  selectively  permitting  or 
interrupting  power  flow  to  said  actuator  and  a 
safety  control  lever  (202)  extending  into  an 
opening  of  one  of  said  handles,  said  safety 
control  lever  movable  from  a  first  position  ex-  20 
tending  into  said  opening  to  interrupt  power 
flow  to  said  actuator  and  a  second  position 
located  outside  of  said  opening  when  an  oper- 
ator's  thumb  is,  or  fingers  are,  received  in  the 
opening  to  allow  power  flow  to  said  actuator.  25 

14.  The  tool  as  set  forth  in  claim  1  wherein  said 
servo  mechanism  (82)  comprises  a  control 
valve  (84)  for  controlling  fluid  flow  to  said  fluid 
actuator,  said  control  valve  comprising  a  valve  30 
body  (422)  defining  an  elongated  chamber 
(424),  two  oppositely  facing  pistons  (426,  428) 
are  independently  movable  within  the  cham- 
ber,  a  reciprocable  valve  stem  (446)  partially 
surrounded  by  said  pistons,  a  first  port  (482)  to  35 
the  chamber  located  between  the  pistons  and 
serving  as  a  fluid  inlet  to  the  chamber,  second 
and  third  ports  (484,  486)  to  the  chamber  for 
exhausting  fluid  from  the  chamber  and  closa- 
ble  by  a  respective  piston,  and  fourth  and  fifth  40 
ports  (502,  504)  to  the  chamber  each  located 
longitudinally  outward  of  a  respective  piston  for 
communicating  fluid  to  and  from  the  fluid  ac- 
tuator,  the  pistons  prevent  fluid  flow  to  and 
from  the  fourth  and  fifth  ports  when  the  valve  45 
stem  is  in  a  neutral  first  position,  and  allow 
fluid  flow  to  and  from  the  fourth  and  fifth  ports 
when  the  valve  stem  is  in  a  position  other  than 
the  first  position. 

50 
15.  The  tool  as  set  forth  in  claims  13  and  14 

including  a  frame  integral  with  said  handle  and 
wherein  the  safety  valve  and  control  valve  are 
located  within  the  frame. 

55 
16.  The  tool  as  set  forth  in  claim  15  wherein  the 

safety  device  comprises  a  first-class  lever 
pivoted  in  the  frame  at  a  location  along  the 

length  of  the  safety  valve  to  amplify  an  applied 
force,  and  wherein  the  lever  is  biased  into  the 
opening  by  the  safety  valve. 

17.  A  pair  of  replaceable  blades  (22,  24)  for 
shears,  said  blades  without  handles  and  having 
cooperating  cutting  edges  (42,  44),  said  pair  of 
blades  comprising  a  first  blade  (24)  construct- 
ed  to  be  fixed  relative  to  a  support  and  a 
second  blade  (22)  constructed  to  be  pivoted 
relative  to  the  support  and  the  first  blade  at  a 
position  on  the  second  blade  located  between 
a  cutting  portion  of  the  second  blade  and  an 
actuating  portion  (248)  of  the  second  blade, 
said  cutting  and  actuating  portions  of  the  sec- 
ond  blade  lying  in  substantially  a  common 
plane,  the  cutting  edge  on  each  blade  being 
generally  straight  in  its  extent,  the  actuating 
portion  of  the  second  blade  being  shorter  than 
the  cutting  portion  and  extending  therefrom  at 
an  obtuse  angle  (B)  to  a  portion  (247)  of  the 
cutting  edge,  means  (250)  at  the  actuating 
portion  for  coupling  the  second  blade  to  a  fluid 
operated  actuator,  a  heel  portion  (284)  forming 
a  part  of  the  actuating  portion  of  the  second 
blade  substantially  aligned  with  the  cutting 
edge  and  having  a  ride  surface  (288)  facing 
toward  the  first  blade,  a  surface  (287a)  on  the 
first  blade  opposed  to  the  ride  surface,  one  of 
said  ride  surface  and  opposed  surface  having 
a  portion  projecting  toward  the  other  from  the 
general  plane  of  the  respective  blade  to  bias 
the  cutting  edge  of  one  blade  into  mutual  con- 
tact  with  the  cutting  edge  of  the  other  blade  at 
a  location  along  each  where  the  cutting  edges 
intersect. 

18.  A  servo  valve  (84)  for  controlling  fluid  flow  to  a 
fluid  actuator  (88),  said  valve  comprising  a 
valve  body  (422),  an  elongated  chamber  (424) 
defined  by  the  valve  body,  two  oppositely  fac- 
ing  annular  pistons  (426,  428)  independently 
movable  longitudinally  within  the  body  cham- 
ber,  each  piston  having  an  inner  annular  first 
valve  seat  (442)  and  an  outer  annular  first 
obturating  surface  (444),  a  reciprocable  valve 
stem  (446)  surrounded  by  said  pistons,  two 
oppositely  facing  spaced  annular  second  ob- 
turating  surfaces  (448)  carried  by  the  stem  a 
fixed  distance  apart,  with  the  pistons  located 
between  the  two  second  obturating  surfaces 
and  reciprocable  on  the  valve  stern,  each  of 
the  second  obturating  surfaces  arranged  to  co- 
operate  with  one  of  the  inner  annular  first  valve 
seats  to  control  fluid  flow  along  the  valve  stem 
from  a  fluid  inlet  intermediate  the  pistons,  two 
annular  second  valve  seats  (462)  fixed  in  the 
valve  body,  each  located  to  coact  with  the 

15 
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outer  annular  first  obturating  surfaces  of  one  of 
the  two  pistons  to  limit  the  longitudinal  move- 
ment  of  the  pistons  away  from  each  other  and 
to  control  fluid  flow  past  the  outer  annular  first 
obturating  surfaces,  said  pistons  each  includ-  5 
ing  a  surface  (447)  for  transmitting  force  to  the 
piston  in  a  direction  away  from  the  other,  a  first 
port  (482)  to  the  chamber  located  between  the 
pistons  and  serving  as  a  fluid  inlet  to  the 
chamber,  second  and  third  ports  (484,  486)  to  10 
the  chamber  each  associated  with  one  of  said 
second  valve  seats  for  exhausting  fluid  from 
the  chamber  and  closable  by  the  pistons,  and 
fourth  and  fifth  ports  (502,  504)  to  the  chamber 
each  located  longitudinally  outward  of  the  pis-  is 
tons  and  the  second  valve  seats  for  supplying 
fluid  to  and  receiving  fluid  from  a  fluid  actuator, 
the  distance  D1  between  the  two  second  ob- 
turating  surfaces  and  the  distance  between  D2 
the  two  annular  second  valve  seats  allowing  20 
the  pistons  to  provide  restricted  flow  from  the 
first  port  equally  to  the  fourth  and  fifth  ports 
when  the  valve  stem  is  in  a  first  position,  and 
allowing  preferential  flow  through  the  fourth  or 
fifth  port  and  only  one  of  the  second  and  third  25 
ports  when  in  other  than  the  first  position. 

16 
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