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(54)  Telescopic  arm  for  grab  bucket  excavator. 

(57)  A  deep  excavator  comprising  a  stretchable 
arm  arrangement  (16)  having  four  telescopically 
assembled  arms  (6,  9,  10  and  11)  which  are 
simultaneously  extended  and  contracted  for 
excavating  earth  or  sand  to  form  a  deep  hole. 
The  stretchable  arm  arrangement  (16)  houses 
therein  a  working  unit  (20)  comprising  a  pair  of 
hydraulic  cylinders  (21,  22)  which  are  arranged 
in  parallel  with  each  other  while  the  cylinder 
rods  (23,  24)  thereof  are  disposed  to  operate  in 
opposite  directions  and  the  hydraulic  cylinder 
housings  (21,  22)  are  assembled  so  as  to  rela- 
tively  slide.  The  cylinder  rods  (23,  24)  and  the 
cylinder  housings  (21,  22)  are  individually  coup- 
led  each  to  a  respective  arm  (6,  9,  10  and  11) 
whereby  the  arms  (6,  9,  10  and  11)  are  inter- 
locked  with  the  hydraulic  cylinders  (21,  22)  so 
as  to  be  extended  simultaneously  with  the  hyd- 
raulic  cylinders  (21,  22)  when  both  of  the  hyd- 
raulic  cylinders  (21,  22)  are  extended. 
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The  present  invention  relates  to  an  excavator  for 
deeply  excavating  the  earth  at  a  construction  or 
building  site,  etc.  to  form  a  hole  having  a  great  depth, 
and  particularly  to  an  excavator  having  a  stretchable 
boom  which  includes  four  telescopically  assembled 
arms  which  can  be  simultaneously  extended  and  con- 
tracted. 

There  have  been  many  cases  at  a  construction  or 
building  site  where  the  earth  must  be  deeply  excavat- 
ed  to  form  a  hole  having  a  depth  which  is  too  long  rel- 
ative  to  its  diameter.  For  example,  there  have  been 
cases  for  excavating  the  earth  to  form  a  hole  in  which 
an  anchor  supporting  a  steel  tower  is  embedded,  a 
hole  in  which  a  water  purif  iertank  is  embedded,  a  hole 
for  ground  making  and  a  hole  for  well  sinking.  In  such 
cases,  the  hole  should  generally  have  a  depth  which 
is  too  long,  e.g.  ranging  from  15  m  to  20  m,  relative  to 
its  diameter,  e.g.  about  5  m. 

In  deep  excavating  work,  there  is  conventionally 
employed  a  deep  excavator  having  a  telescopic 
mechanism  comprising  a  stretchable  arm  arrange- 
ment  fixed  to  a  boom  and  wherein  a  clamshell  bucket 
(hereinafter  referred  to  as  a  bucket)  is  coupled  to  the 
tip  end  of  a  top  arm  of  the  stretchable  arm  arrange- 
ment.  In  the  conventional  deep  excavator,  the  stretch- 
able  arm  arrangement  is  typically  fixed  to  the  tip  end 
of  the  boom  and  has  at  least  two  stages  of  arms  in 
which  the  bucket  suspended  from  the  top  arm  is  hung 
to  reach  the  bottom  of  the  hole. 

In  the  conventional  mechanism  for  extending  and 
contracting  each  arm,  a  wire  or  chain  is  entrained 
around  or  extended  between  each  arm  whereby  each 
arm  is  extended  and  contracted  synchronously  with 
one  another  by  such  wire  or  chain.  In  such  a  mecha- 
nism,  it  is  possible  to  smoothly  extend  or  contract 
each  arm  of  the  stretchable  arm  arrangement  but  the 
wire  or  chain  must  be  entrained  around  or  extended 
to  each  arm,  which  makes  the  arrangement  of  the 
wire  or  chain  complex.  Furthermore,  since  the  wire  or 
chain  for  contraction  of  each  arm  as  well  as  extension 
of  each  arm  must  be  entrained  around  or  extend  to 
each  arm,  at  least  two  wires  or  chains  are  required  for 
one  arm,  which  leads  to  a  complex  arrangement  of 
wires  or  chains.  In  such  an  arrangement,  the  wires  or 
chains  are  liable  to  be  exposed  outside  the  stretch- 
able  arm  which  is  not  preferable  in  view  of  external 
appearance.  There  is  also  a  likelihood  that  earth  or 
sand  becoming  stuck  to  the  wires  or  the  chains,  which 
causes  abrasion  or  is  troublesome  to  the  mechanism. 

Accordingly,  there  is  proposed  a  mechanism  for 
extending  or  contracting  a  stretchable  boom  using  hy- 
draulic  power  generated  by  a  single  hydraulic  cylinder 
which  is  incorporated  into  the  stretchable  arm  com- 
prising  a  plurality  of  arms.  However,  in  this  mecha- 
nism  the  amount  of  extension  of  the  stretchable  boom 
is  limited  and  the  speed  of  extension  is  not  increased. 
To  solve  these  problems,  there  is  further  proposed  a 
mechanism  having  two  stretchable  arms  each  having 

a  hydraulic  cylinder  wherein  the  hydraulic  cylinders 
are  simultaneously  operated  to  thereby  extend  and 
contract  the  entire  stretchable  arm  assembly.  How- 
ever,  if  a  plurality  of  hydraulic  cylinders  are  accommo- 

5  dated  in  the  stretchable  arm,  it  is  necessary  to  pro- 
vide  high  pressure  application  hoses  on  each  hydraul- 
ic  cylinder  coupled  to  each  arm,  which  makes  the 
mechanism  complex. 

To  solve  the  problem,  there  has  been  proposed 
10  a  mechanism,  for  example,  as  disclosed  in  my  co- 

pending  U.S.  Serial  No.  08/030  844  for  simultaneous- 
ly  operating  three  arms  of  a  stretchable  arm  using  a 
working  unit  comprising  two  hydraulic  cylinder  units 
which  are  assembled  and  arranged  in  parallel  with 

15  each  ot  her  and  structured  so  t  hat  cyl  inder  rods  t  here- 
of  are  disposed  to  operate  in  opposite  directions, 
wherein  the  hydraulic  cylinder  housings  are  fixed  to 
a  middle  arm  and  each  of  the  cylinder  rods  are  cou- 
pled  to  one  of  the  upper  and  lower  arms.  In  this  mech- 

20  anism,  since  two  hydraulic  cylinder  units  can  be  op- 
erated,  there  are  such  advantages  that  an  oil  pres- 
sure  hose  is  not  necessary  to  be  disposed  complexly, 
and  the  extending  and  contracting  speeds  are  in- 
creased.  However,  according  to  this  mechanism,  the 

25  telescopically  assembled  arm  is  limited  to  three  arms 
which  are  operable  simultaneously  and  cannot  cope 
with  more  than  three  arms. 

As  mentioned  above,  according  to  the  prior  art 
deep  excavator  using  the  wire  or  chain,  it  takes  sub- 

30  stantial  time  for  the  bucket  to  reach  the  bottom  of  the 
hole,  which  obstructs  the  effective  operation.  In  the 
new  proposed  arrangement  using  the  working  unit 
having  two  hydraulic  cylinder  units,  since  the  two  hy- 
draulic  cylinder  units  are  fixed,  there  is  a  disadvan- 

35  tage  in  that  only  three  arms  can  operate  simultane- 
ously.  In  this  latter  arrangement,  there  are  advantag- 
es  that  the  operating  speed  is  increased  and  the  trou- 
ble  is  decreased  since  the  wire  or  chain  is  not  used 
but  there  is  a  disadvantage  that  the  depth  of  earth  to 

40  be  excavated  from  the  ground  is  limited  since  the 
number  of  arms  is  limited  to  three.  Under  the  circum- 
stances,  it  is  desired  to  realize  an  arrangement  capa- 
ble  of  operating  fast,  and  capable  of  extending  and 
contracting  a  stretchable  arm  arrangement  having 

45  more  than  three  arms. 
In  view  of  the  drawbacks  of  prior  art  deep  exca- 

vators,  it  is  an  object  of  the  present  invention  to  pro- 
vide  a  deep  excavator  comprising  a  chassis,  a  turn- 
table  disposed  on  the  chassis,  a  boom  which  is  pivo- 

50  tally  supported  on  the  turntable  and  is  vertically 
swingable,  a  stretchable  arm  which  is  stretchable  in 
the  longitudinal  direction  thereof  and  comprises  four 
telescopically  assembled  outer,  base,  middle  and  top 
arms,  a  working  unit  accommodated  in  the  stretch- 

55  able  boom  for  extending  and  contracting  each  arm, 
and  a  bucket  which  is  attached  to  the  top  arm  for  ex- 
cavating  and  holding  earth  or  sand.  The  working  unit 
comprises  a  pair  of  hydraulic  cylinders  which  are  ar- 
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ranged  in  parallel  with  each  other  so  that  cylinder 
rods  thereof  are  disposed  to  operate  in  opposite  di- 
rections,  wherein  the  one  hydraulic  cylinder  is  cou- 
pled  to  the  base  arm  while  the  cylinder  rod  thereof  is 
coupled  to  the  outer  arm,  and  the  other  hydraulic  cy-  5 
linder  is  coupled  to  the  middle  arm  while  the  cylinder 
rod  thereof  is  coupled  to  the  top  arm.  The  deep  ex- 
cavator  further  comprises  a  synchronous  means  dis- 
posed  between  the  base  and  middle  arms  for  pulling 
out  the  top  arm  from  the  middle  arm  at  the  same  time  10 
when  the  base  arm  is  pulled  out  from  the  outer  arm. 

According  to  the  present  invention,  the  stretch- 
able  arm  of  the  deep  excavation  comprises  four  tele- 
scopically  assembled  arms  and  a  working  unit  com- 
prising  a  pair  of  hydraulic  cylinders  disposed  in  the  15 
stretchable  arm.  In  the  working  unit,  two  hydraulic  cy- 
linders  are  arranged  in  parallel  with  cylinder  rods 
thereof  disposed  to  operate  in  opposite  directions.  In 
this  working  unit,  the  cylinder  rod  of  one  hydraulic  cy- 
linder  is  connected  to  the  outer  arm  and  said  one  hy-  20 
draulic  cylinder  is  connected  to  the  base  arm,  while 
the  other  hydraulic  cylinder  is  connected  to  the  mid- 
dle  arm  and  the  cylinder  rod  thereof  is  connected  to 
the  top  arm.  Since  the  discharge  chamber  of  one  hy- 
draulic  cylinder  communicates  with  the  pressure  25 
chamber  of  the  other  hydraulic  cylinder  by  way  of  a 
pressure  hose,  if  oil  under  pressure  is  supplied  to  one 
hydraulic  cylinder,  the  cylinder  rod  thereof  is  pulled 
out  therefrom  and  at  the  same  time  the  cylinder  rod 
of  the  other  hydraulic  cylinder  is  pulled  out  therefrom.  30 
Accordingly,  the  base  arm  is  pulled  out  from  the  outer 
arm  while  the  top  arm  is  pulled  out  from  the  middle 
arm.  Furthermore,  the  outer  and  middle  arms  are 
connected  to  each  other  by  a  connecting  belt  wound 
around  the  middle  arm  so  that  the  middle  arm  is  35 
pulled  out  from  the  base  arm  when  the  base  arm  is 
pulled  out  from  the  outer  arm.  In  such  a  manner,  the 
fourarms  of  the  stretchable  boom  are  simultaneously 
extended  so  that  the  bucket  can  contact  the  bottom 
of  a  deep  hole.  40 

Fig.  1  is  a  perspective  view  of  a  deep  excavator 
according  to  the  present  invention; 
Fig.  2  is  a  side  view  of  the  entire  external  appear- 
ance  of  a  stretchable  arm  according  to  the  pres- 
ent  invention;  45 
Fig.  3  is  a  side  cross-sectional  view  of  the  internal 
arrangement  of  the  stretchable  arm  according  to 
the  present  invention; 
Fig.  4  is  perspective  view  showing  the  combina- 
tion  of  working  units  according  to  the  present  in-  50 
vention; 
Fig.  5  is  a  plan  view  showing  the  combination  of 
hydraulic  cylinders  constituting  a  working  unit  ac- 
cording  to  the  present  invention; 
Fig.  6  is  an  exploded  perspective  view  of  the  55 
working  unit  according  to  the  present  invention; 
Fig.  7  is  a  cross-sectional  view  of  the  internal  ar- 
rangement  of  the  working  unit  according  to  the 

present  invention; 
Fig.  8  is  a  diagrammatic  view  of  a  hydraulic  sys- 
tem  according  to  the  present  invention;  and 
Fig.  9  is  a  view  showing  the  operation  of  the  pres- 
ent  invention. 
An  embodiment  of  a  deep  excavator  according  to 

the  present  invention  will  be  described  with  reference 
to  Figs.  1  to  9. 

Crawlers  or  tracks  2  are  provided  at  both  sides  of 
a  chassis  1  of  a  deep  excavator  which  is  freely  mov- 
able,  i.e.  right  and  left,  forward  and  rearward  by  these 
crawlers  2.  A  turntable  3  is  disposed  over  the  upper 
surface  of  the  chassis  1  so  as  to  be  turned  360°  hor- 
izontally.  Asubstantially  L-shaped  boom  4  is  pivotal  ly 
mounted  on  an  upper  front  surface  of  the  turntable  3 
so  as  to  be  swingable  vertically.  First  hydraulic  cylin- 
der  5  is  interposed  between  the  center  of  the  boom  4 
and  the  front  surface  of  the  turntable  3  for  vertically 
swinging  the  boom  4  relative  to  the  turntable  3  at 
some  angles.  A  long  hollow  outer  arm  6  having  a 
square  shape  in  cross  section  is  coupled  to  the  tip  end 
of  the  boom  4  by  horizontal  hinge  pin  7  so  as  to  be 
swingable  vertically,  and  a  second  hydraulic  cylinder 
8  is  interposed  between  the  center  of  the  rear  surface 
of  the  boom  4  and  the  rear  end  of  the  outer  arm  6  to 
control  swinging  of  the  outer  arm  6.  The  outer  arm  6 
is  formed  by  bending  a  thin  steel  plate  and  has  a  low- 
erend  opening  through  which  a  long  hollow  base  arm 
9,  which  is  formed  by  bending  a  thin  steel  plate  and 
has  a  square  shape  in  cross  section,  is  slidably  insert- 
ed.  The  base  arm  9  has  a  lower  end  opening  through 
which  a  long  hollow  middle  arm  10,  which  is  formed 
by  bending  a  thin  steel  plate  and  has  a  square  shape 
in  cross  section,  is  slidably  inserted.  The  middle  arm 
10  has  a  lower  end  opening  through  which  a  long  hol- 
low  top  arm  11,  which  is  formed  by  bending  a  thin 
steel  plate  and  has  a  square  shape  in  cross  section, 
is  slidably  inserted.  These  outer  6,  base  9,  middle  10 
and  top  11  arms  constitute  a  telescopic  stretchable 
arm  arrangement  16.  Acylindrical  hanging  shaft  13  is 
coupled  to  the  tip  end  of  the  top  arm  11  by  a  hinge  pin 
12  so  as  to  be  always  directed  downward  by  its  own 
weight.  A  clamshell  bucket  14,  comprising  a  pair  of 
bucket  halves  which  are  closable  to  excavate  the 
earth  or  sand  and  hold  the  excavated  earth  or  sand, 
is  hingedly  coupled  to  the  lower  end  of  the  hanging 
shaft  13. 

Third  and  fourth  hydraulic  cylinders  15  are  inter- 
posed  between  the  center  of  the  hanging  shaft  13 
and  rear  surfaces  of  the  bucket  halves  14. 

As  shown  in  Fig.  3,  which  is  a  cross-sectional 
view  of  the  internal  arrangement  of  the  stretchable 
arm  16,  the  top  arm  11  is  slidably  inserted  into  the 
middle  arm  10,  the  middle  arm  10  is  slidably  inserted 
into  the  base  arm  9,  and  the  base  arm  9  is  slidably 
inserted  into  the  outer  arm  6,  whereby  these  arms  re- 
spectively  slide  in  the  longitudinal  directions  thereof. 
A  working  or  actuator  unit  20  comprises  a  pair  of  hy- 
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draulic  cylinder  units  21  and  22  which  have  substan- 
tially  the  same  shape  and  are  arranged  in  parallel 
with  each  other  in  the  axial  directions  thereof  while 
working  directions  of  the  cylinder  rods  23  and  24 
thereof  are  opposite  to  each  other.  The  hydraulic  cy-  5 
Under  units  21  and  22  are  slidable  in  the  longitudinal 
directions  relative  to  one  another  by  a  guide  mecha- 
nism  27  and  are  assembled  so  that  they  do  not  move 
sidewardly. 

The  cylinder  rod  23  of  the  hydraulic  cylinder  unit  10 
21  is  directed  upward  and  the  cylinder  rod  24  of  the 
hydraulic  cylinder  unit  22  is  directed  downward.  A 
block  shaped  rod  head  25  is  fixed  to  the  upper  free 
end  of  the  cylinder  rod  23  and  it  is  coupled  to  the  outer 
arm  6  adjacent  the  upper  end  thereof,  while  the  upper  15 
portion  of  the  housing  of  hydraulic  cylinder  unit  21  is 
coupled  to  the  base  arm  9  adjacent  the  upper  end 
thereof.  A  block  shaped  rod  head  26  is  fixed  to  the 
lower  free  end  of  the  cylinder  rod  24  of  the  hydraulic 
cylinder  unit  22,  and  it  is  coupled  to  the  top  arm  11  ad-  20 
jacent  the  lower  end  thereof,  while  the  upper  end  of 
the  housing  of  hydraulic  cylinder  unit  22  is  coupled  to 
the  middle  boom  10  adjacent  the  upper  end  thereof. 
With  such  an  arrangement,  when  the  working  unit  20 
operates,  the  cylinder  rod  23  is  pushed  out  from  the  25 
hydraulic  cylinder  unit  21  and  the  cylinder  rod  24  is 
pushed  out  from  the  hydraulic  cylinder  unit  22  so  as 
to  extend  the  entire  length  thereof.  Accordingly,  the 
base  arm  9  is  pulled  out  from  the  outer  arm  6  by  the 
hydraulic  cylinder  unit  21  while  the  top  arm  11  is  30 
pulled  out  from  the  middle  arm  10  by  the  hydraulic  cy- 
linder  unit  22.  The  upper  pressure  chamber  of  the  hy- 
draulic  cylinder  unit  21  is  connected  to  the  upper  pres- 
sure  chamber  of  the  hydraulic  cylinder  unit  22  by  a 
connecting  hose  29  so  that  the  oil  under  pressure  35 
flows  therethrough.  A  pressure  application  hose  30 
connected  to  a  pressure  source  such  as  a  pressure 
pump  is  connected  to  the  rod  head  25,  and  a  pressure 
application  hose  31  connected  to  a  pressure  source 
such  as  a  pressure  pump  is  connected  to  the  rod  head  40 
26.  The  pressure  application  hose  31  is  loosely  dis- 
posed  inside  the  stretchable  boom  16  so  as  to  not  im- 
pede  the  operation  thereof  when  the  stretchable 
boom  16  is  extended  or  contracted  in  the  longitudinal 
direction  thereof.  45 

Pulleys  33  and  34  are  respectively  rotatably  sup- 
ported  on  the  base  arm  9atthe  upper  and  lowerends 
thereof.  An  elongate  chain  35  as  a  flexible  connecting 
element  is  would  around  the  pulley  33  and  one  end  of 
the  chain  35  is  fixedly  connected  to  the  lower  end  of  50 
the  outer  arm  6  while  the  other  end  of  the  chain  35 
is  fixedly  connected  to  the  upper  end  of  the  middle 
boom  10.  A  second  elongate  chain  36  as  a  flexible 
connecting  element  is  wound  around  the  pulley  34 
and  one  end  of  the  chain  36  is  connected  to  the  lower  55 
end  of  the  outer  arm  6  while  the  otherend  of  the  chain 
36  is  connected  to  the  upper  end  of  the  middle  boom 
10.  The  chains  35  and  36  thus  effectively  define  an 

endless  belt  or  chain  which  is  wound  endlessly 
around  the  inner  and  outer  peripheries  of  the  base 
arm  9.  These  pulleys  33-34  and  elements  35-36  thus 
define  a  synchronous  arrangement  32  for  effective 
movement  between  arms  10  and  11. 

Figs.  4  and  5  show  the  structure  of  the  guide 
mechanism  27  for  slidably  holding  the  hydraulic  cylin- 
der  units  21  and  22  in  the  longitudinal  directions 
thereof.  A  guide  rail  38  having  the  shape  of  a  rail  is 
fixed  to  the  side  surface  of  the  housing  22A  of  hy- 
draulic  cylinder  unit  22  in  the  longitudinal  direction 
thereof  and  has  guide  protrusions  39  which  protrude 
in  T-shape  at  both  sides  thereof.  The  protrusions  39 
extend  in  the  longitudinal  directions  thereof  with  the 
same  width.  Shaft  supporting  bodies  40  which  re- 
spectively  have  substantially  L-shapes  are  fixed  at 
both  sides  of  the  lower  end  of  the  housing  21  A  of  hy- 
draulic  cylinder  unit  21,  and  the  interval  or  spacing 
between  the  supporting  bodies  40  is  slightly  broader 
than  the  width  of  the  guide  rail  38.  Two  rollers  41  are 
supported  by  each  of  the  supporting  bodies  40  with 
an  interval  defined  therebetween,  and  both  side  sur- 
faces  of  the  guide  rail  38  are  brought  into  contact  with 
the  shaft  supporting  bodies  40.  The  inner  side  surfac- 
es  of  the  guide  protrusions  39  are  brought  into  contact 
with  the  outer  peripheries  of  the  rollers  41.  Since  the 
rollers  41  are  guided  by  the  inner  peripheral  surfaces 
of  the  guide  protrusions  39,  the  hydraulic  cylinder 
units  21  and  22  can  be  freely  relatively  movable  in  the 
axial  directions  thereof  by  the  guidance  of  the  rollers 
41,  but  are  prevented  from  moving  sidewardly. 

Fig.  6  shows  the  connections  between  the  work- 
ing  unit  20  and  the  stretchable  arm  16.  The  rod  head 
25  is  fixed  to  the  upper  end  of  the  cylinder  rod  23  and 
has  an  opening  at  the  side  surfaces  thereof.  A  pin  43 
which  is  to  be  fixed  to  the  inner  periphery  of  the  outer 
arm  6  is  inserted  into  the  opening  of  the  rod  head  25. 
Cylindrical  pin  receivers  45  are  fixed  to  right  and  left 
side  surfaces  of  the  upper  end  of  the  housing  of  hy- 
draulic  cylinder  21  .  Pins  47  to  be  connected  to  the  in- 
ner  side  of  the  base  arm  9  are  inserted  into  the  pin 
receivers  45.  Cylindrical  pin  receivers  46  are  fixed  to 
right  and  left  side  surfaces  of  the  upper  end  of  the 
housing  of  hydraulic  cylinder  unit  22.  Pins  48  to  be 
connected  to  the  inner  side  of  the  middle  arm  10  are 
inserted  into  the  pin  receivers  46.  An  opening  is 
formed  at  the  side  surfaces  of  the  rod  head  26  which 
is  fixed  to  the  lower  end  of  the  cylinder  rod  24  and  a 
pin  44  to  be  connected  to  the  top  arm  11  is  inserted 
into  this  opening.  In  such  a  manner,  the  rod  head  25 
is  coupled  to  the  outer  arm  6  and  the  hydraulic  cylin- 
der  unit  21  is  coupled  to  the  base  arm  9  while  the  hy- 
draulic  cylinder  unit  22  is  coupled  to  the  middle  arm 
10  and  the  rod  head  26  is  coupled  to  the  top  arm  11. 
Members  which  respectively  extended  and  contract- 
ed  in  the  working  unit  20  are  thus  integrally  connect- 
ed  to  the  outer  6,  base  9,  middle  10  and  top  11  arms 
of  the  telescopically  assembled  stretchable  arm  16. 

4 
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Fig.  7  shows  the  internal  arrangement  of  the  hy- 
draulic  cylinder  units  21  and  22.  The  hydraulic  cylin- 
der  unit  21  has  a  piston  so  which  is  slidably  and  air- 
tightly  inserted  thereinto  for  partitioning  the  inner 
space  of  the  housing  21  A  in  two  pressure  sections  or 
chambers  71  and  72.  The  piston  50  is  fixed  to  the  low- 
er  end  of  the  cylinder  rod  23.  The  cylinder  rod  23  is 
hollow  and  shaped  as  a  round  pipe.  The  cylinder  rod 
23  has  an  upper  end  which  communicates  with  a  port 
52  provided  at  the  side  surface  of  the  rod  head  25  and 
a  lower  end  which  communicates  with  the  lower  pres- 
sure  chamber  72  of  the  hydraulic  cylinder  21  by  way 
of  the  piston  50.  The  cylinder  housing  21  A  has  a  port 
62  provided  at  the  side  surface  of  the  upper  portion 
thereof  which  communicates  with  an  upper  pressure 
(i.e.  discharge)  chamber  71  thereof  which  in  turn  is 
connected  to  the  connecting  hose  29. 

The  housing  22Aof  hydraulic  cylinder  unit  22  has 
a  port  63  which  is  provided  at  the  upper  portion  there- 
of  and  communicates  with  the  upper  pressure  cham- 
ber  73  thereof  and  is  connected  to  the  connecting 
hose  29.  The  chamber  71  of  the  cylinder  unit  21  al- 
ways  communicates  with  the  chamber  73  of  the  cy- 
linder  unit  22  by  way  of  the  connecting  hose  29. 

The  hydraulic  cylinder  unit  22  has  inside  thereof 
a  piston  51  which  is  slidably  and  airtightly  inserted 
thereinto  for  partitioning  the  inner  space  of  the  hous- 
ing  22A  vertically  into  two  pressure  sections  or  cham- 
bers  73  and  74.  The  upper  end  of  the  cylinder  rod  24 
is  connected  to  the  piston  51.  The  cylinder  rod  24  is 
hollow  at  the  inside  thereof  and  is  shaped  as  a  round 
pipe  and  has  an  introduction  port  54  at  the  side  sur- 
face  of  the  upper  end  thereof  for  permitting  the  lower 
pressure  (i.e.  discharge)  chamber  74  provided  at  the 
lower  portion  of  the  cylinder  housing  22Ato  commu- 
nicate  with  the  interior  of  the  cylinder  rod  24.  The  rod 
head  26  is  connected  to  the  lower  end  of  the  cylinder 
rod  24  and  has  a  port  53  at  the  side  surface  thereof 
which  communicates  with  the  inner  space  of  the  cy- 
linder  rod  24. 

Fig.  8  shows  a  hydraulic  circuit  according  to  the 
present  invention  for  association  with  the  actuator  de- 
vice  20.  In  Fig.  8,  a  pressure  oil  pump  57  is  driven  by 
an  engine  58  and  has  a  suction  side  which  communi- 
cates  with  an  oil  tank  56  for  reserving  oil  under  pres- 
sure  and  a  discharge  side  which  communicates  with 
a  conventional  four-way  directional  control  valve  59. 
The  directional  control  valve  59  is  connected  to  one 
end  of  the  pressure  application  hose  30  which  is  con- 
nected  to  the  port  52  of  the  cylinder  rod  23.  The  di- 
rectional  control  valve  59  is  also  connected  to  one  end 
of  the  pressure  application  hose  31  which  is  connect- 
ed  to  the  port  53  of  the  cylinder  rod  24. 

The  operation  of  the  present  invention  will  now  be 
described. 

When  the  engine  58  is  actuated  to  drive  the  pres- 
sure  oil  pump  57,  the  oil  is  sucked  from  the  oil  tank 
56  by  the  pump  57  and  is  supplied  to  each  component 

of  the  excavator,  whereby  each  component  can  be 
operated.  When  the  oil  under  pressure  is  appropriate- 
ly  supplied  to  the  first  and  second  hydraulic  cylinders 
5  and  8,  the  first  and  second  hydraulic  cylinders  5  and 

5  8  are  appropriately  extended  or  contracted  so  that  the 
boom  4  is  vertically  swingably  moved  and  the  outer 
arm  6  is  also  moved  vertically.  As  a  result,  the  posture 
of  the  outer  arm  6  wherein  it  is  slightly  inclined  as  il- 
lustrated  in  the  solid  line  position  of  Fig.  9  is  changed 

10  to  the  one  wherein  it  is  vertically  positioned  relative  to 
the  bottom  of  the  hole  as  illustrated  in  broken  lines  in 
Fig.  9. 

Described  hereinafter  is  the  operation  of  the 
stretchable  arm  arrangement  16  for  changing  the 

15  state  where  the  stretchable  arm  16  is  contracted  as 
illustrated  by  solid  lines  in  Fig.  9  to  the  state  where  it 
is  extended  as  illustrated  by  broken  lines  in  Fig.  9. 
That  is,  described  hereinafter  is  the  operation  of  the 
stretchable  arm  16  from  the  state  as  illustrated  in  sol- 

20  id  lines  of  Figs.  1  and  9  so  as  to  pull  out  the  base  9, 
middle  10andtop  11  arms  respectively  from  the  outer 
arm  6  when  the  working  unit  20  is  operated. 

Firstly,  the  directional  control  valve  59  is  selected 
(rightward  in  Fig.  8)  to  the  normal  directional  port  or 

25  position  so  that  the  oil  under  pressure  from  the  pres- 
sure  oil  pump  57  is  forced  to  enter  the  port  52  by  way 
of  the  pressure  application  hose  30.  The  oil  under 
pressure  which  entered  the  port  52  passes  through 
the  interior  of  the  cylinder  rod  23  and  then  enters  the 

30  pressure  chamber  72  provided  at  the  lower  portion  of 
the  cylinder  unit  21  so  that  the  oil  under  pressure  is 
expanded  in  the  lower  pressure  chamber  72  to  there- 
by  push  the  piston  50  upward.  As  a  result,  the  cylinder 
rod  23  is  pushed  upward  from  the  hydraulic  cylinder 

35  unit21  so  that  the  interval  between  the  cylinder  hous- 
ing  21  Aand  the  rod  head  25  is  extended.  Accordingly, 
the  base  arm  9  as  connected  to  the  cylinder  housing 
21A  is  pulled  out  from  the  outer  arm  6  at  the  same 
speed  as  the  cylinder  rod  23  is  extended  from  the  hy- 

40  draulic  cylinder  unit  21. 
At  the  same  time  when  the  base  arm  9  is  pulled 

out  from  the  outer  arm  6,  the  lower  roller  34  support- 
ed  by  the  base  arm  9  pushes  the  chain  36  downward 
so  that  the  middle  arm  1  0  connected  to  the  chain  36 

45  is  pulled  out  from  the  base  arm  9.  In  such  a  manner, 
when  the  hydraulic  cylinder  21  is  operated,  the  base 
arm  9  is  pulled  out  from  the  outer  arm  6  and  at  the 
same  time  the  middle  arm  10  is  pulled  out  from  the 
base  arm  9. 

so  The  oil  under  pressure  which  entered  the  pres- 
sure  chamber  72  of  the  cylinder  unit  21  pushes  the 
piston  50  upward  in  Figs.  7  and  8  so  that  the  oil  under 
pressure  remaining  in  the  upper  chamber  71  of  the 
hydraulic  cylinder  unit  21  flows  outside  by  way  of  the 

55  port  62.  The  oil  under  pressure  then  enters  the  upper 
pressure  chamber  73  of  the  hydraulic  cylinder  unit  22 
by  way  of  the  connecting  hose  29  and  the  port  63  so 
as  to  expand  in  the  pressure  chamber  73.  When  the 
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oil  under  pressure  is  expanded,  the  piston  51  of  hy- 
draulic  cylinder  unit  22  is  pushed  downward  so  that 
the  cylinder  rod  24  connected  to  the  piston  51  is  push- 
ed  downward  so  as  to  be  extended  outward  from  the 
cylinder  unit  22,  leading  to  an  increase  in  the  interval  5 
between  the  cylinder  housing  22A  and  the  rod  head 
26.  As  a  result,  the  top  arm  11  connected  to  the  rod 
head  26  is  pulled  out  from  the  middle  arm  10  which 
is  connected  to  the  cylinder  housing  22A. 

Since  the  piston  51  moves  downward  in  Figs.  7  10 
and  8  when  the  oil  under  pressure  is  expanded  in  the 
upper  pressure  chamber  73,  the  oil  under  pressure  re- 
maining  in  the  lower  chamber  74  of  the  housing  22A 
passes  through  the  introduction  port  54  and  then  en- 
ters  the  interior  of  the  cylinder  rod  24  and  it  is  finally  15 
discharged  from  the  port  53.  The  oil  under  pressure 
discharged  from  the  port  53  is  returned  to  the  direc- 
tional  control  valve  59  by  way  of  the  pressure  appli- 
cation  hose  31  and  flows  back  to  the  pressure  oil  tank 
56.  20 

In  such  a  manner,  the  hydraulic  cylinder  units  21 
and  22  are  extended  at  the  same  time  so  that  the 
base  arm  9  is  pulled  out  from  the  outer  arm  6  and  the 
top  arm  11  is  pulled  out  from  the  middle  arm  10  while 
the  middle  arm  10  is  pulled  from  the  base  arm  9  by  25 
the  chain  36,  whereby  the  telescopically  assembled 
arms  of  the  stretchable  arm  16  are  all  extended  at  the 
same  time.  At  this  time,  since  the  middle  arm  10  is 
pulled  out  from  the  base  arm  9,  the  hydraulic  cylinder 
units  21  and  22  are  forced  to  move  in  opposite  direc-  30 
tions  relative  to  each  other.  However,  since  the  hy- 
draulic  cylinder  units  21  and  22  are  assembled  by  the 
guide  rail  38  and  the  rollers  41  of  the  guide  mecha- 
nism  27  so  as  to  not  transversely  separate  from  one 
another,  the  rollers  41  move  on  the  guide  rail  38  in  the  35 
longitudinal  direction  thereof  so  as  to  guide  the  cylin- 
der  housings  21  Aand  22A  whereby  both  can  relative- 
ly  move  only  in  the  longitudinal  directions  thereof. 

With  repetition  of  the  series  operations,  the  hy- 
draulic  cylinder  unit  21  is  operated  first  and  the  hy-  40 
draulic  cylinder  unit  22  is  successively  operated  by 
the  oil  under  pressure  discharged  from  the  pressure 
oil  pump  57  so  that  both  cylinder  units  21  and  22  are 
simultaneously  operated  in  opposite  directions  to 
thereby  push  the  cylinder  rods  23  and  24  therefrom.  45 
At  the  same  time,  since  the  middle  arm  10  is  inter- 
locked  with  the  base  arm  9  by  the  chain  36,  the  base 
9,  middle  10  and  top  11  arms  are  respectively  pulled 
out  from  the  outer  arm  6,  namely,  extended  in  the 
downward  longitudinal  direction  of  the  stretchable  so 
arm  16.  After  the  stretchable  arm  is  extended  by  a 
given  length,  the  directional  control  valve  59  is  re- 
turned  to  a  middle  closed  position  so  that  the  exten- 
sion  of  the  stretchable  arm  16  is  stopped. 

In  such  a  manner,  the  state  where  the  stretchable  55 
arm  16  is  contracted  as  illustrated  by  solid  lines  in  Fig. 
9  is  changed  to  the  state  where  the  stretchable  arm 
16  is  extended  as  illustrated  by  broken  lines  in  Fig.  9. 

When  the  bucket  14  is  closably  operated  by  the  hy- 
draulic  cylinders  1  5  while  the  length  of  the  stretchable 
arm  16  remains  extended,  the  earth  or  sand  is  exca- 
vated  and  held  by  the  bucket  14. 

Described  hereinafter  is  the  operation  when  the 
deep  excavator  is  in  the  state  wherein  the  entire 
length  of  the  stretchable  arm  16  is  extended  to  exca- 
vate  and  hold  t  he  eart  h  or  sand  by  t  he  bucket  1  4,  and 
is  changed  to  the  state  wherein  the  stretchable  arm 
16  is  contracted  to  pull  the  bucket  14  out  of  the  deep 
hole  B. 

Firstly,  the  directional  control  valve  59  is  switched 
(leftward  in  Fig.  8)  to  a  reverse  directional  port  or  pos- 
ition  so  that  the  oil  under  pressure  from  the  pressure 
oil  pump  57  is  supplied  to  the  port  53  by  way  of  the 
pressure  application  hose  31  .  The  oil  under  pressure 
which  enters  the  cylinder  rod  24  from  the  port  53 
passes  through  the  introduction  port  54  and  is  ex- 
panded  in  the  lower  pressure  chamber  74  of  the  cy- 
linder  housing  22Asothatthe  piston  51  is  pushed  up- 
ward  in  the  hydraulic  cylinder  unit  22.  Accordingly,  the 
rod  head  26  is  contracted  toward  the  housing  22Aso 
that  the  top  arm  11  is  pulled  into  the  middle  arm  10. 
At  the  same  time,  since  the  piston  51  moves  upward 
in  the  hydraulic  cylinder  unit  22,  the  oil  under  pres- 
sure  remaining  in  the  upper  pressure  chamber  73  of 
the  cylinder  housing  22A  is  supplied  to  the  port  62  by 
way  of  the  port  63  and  the  connecting  hose  29  and 
then  enters  the  chamber  71  of  hydraulic  cylinder  unit 
21.  The  oil  under  pressure  which  enters  the  upper 
pressure  chamber  71  of  cylinder  housing  21A  is  ex- 
panded  to  thereby  move  the  piston  50  downward  so 
that  the  cylinder  rod  23  is  pulled  into  the  cylinder  unit 
21.  Accordingly,  the  interval  between  the  cylinder 
housing  21  Aand  the  rod  head  25  is  contracted  so  that 
the  base  arm  9  is  pulled  into  the  outer  arm  6.  When 
the  base  arm  9  is  pulled  into  the  outer  arm  6,  the 
chain  35  is  pulled  upward  by  the  upper  pulley  33  so 
that  the  chain  35  pulls  the  middle  arm  10  upward  in 
Fig.  3  into  the  base  arm  9.  In  such  a  manner,  when 
the  oil  under  pressure  is  supplied  to  the  lower  pres- 
sure  chamber  74  of  the  cylinder  unit  22  by  way  of  the 
pressure  valve  31  and  the  port  53,  both  cylinder  units 
21  and  22  are  contracted  in  the  length  thereof  where- 
by  the  base  9,  middle  10  and  top  11  arms  are  respec- 
tively  pulled  into  the  outer  arm  6.  As  a  result,  the  en- 
tire  length  of  the  stretchable  arm  16  is  contracted  to 
thereby  move  the  bucket  14  upward. 

Since  the  base  9,  middle  10  and  top  11  arms  are 
respectively  accommodated  inside  the  outer  arm  6, 
the  entire  length  of  the  stretchable  arm  16  is  contract- 
ed  and  returned  to  the  state  illustrated  by  solid  lines 
in  Figs.  1  and  9.  When  the  stretchable  arm  16  is  con- 
tracted,  the  bucket  14  is  drawn  out  from  the  deep  hole 
B  up  to  the  ground.  Successively  the  first  and  second 
hydraulic  cylinders  5  and  8  are  actuated  to  incline  the 
stretchable  arm  16  and  the  sand  and  earth  excavated 
by  the  bucket  14  can  be  discharged  to  the  load- 

6 



11 EP0  595  614  A1 12 

carrying  platform  of  a  truck,  etc. 
With  repetition  of  such  series  of  operation,  it  is 

possible  to  excavate  the  sand  and  earth  to  thereby 
form  a  hole  having  a  deep  depth  relative  to  the  diam- 
eter  thereof.  When  excavating  the  earth  or  sand  to 
form  the  deep  hole  B,  the  directional  control  valve  is 
switched  to  the  normal  position  while  the  bucket  14 
keeps  in  contact  with  the  bottom  surface  of  the  deep 
hole  B,  and  the  bucket  14  is  pushed  downward  to  the 
bottom  surface  of  the  deep  hole  B  so  that  the  amount 
of  earth  or  sand  to  be  excavated  by  the  bucket  14  can 
be  increased. 

With  an  arrangement  according  to  the  present  in- 
vention,  it  is  possible  to  excavate  earth  or  sand  to 
form  a  deep  hole  by  a  stretchable  arm  comprising  four 
arms  in  which  the  bucket  is  suspended  by  the  top 
arm.  Since  the  four  arms  of  the  stretchable  arm  can 
be  extended  and  contracted  at  the  same  time  by  the 
working  unit  comprising  a  pair  of  hydraulic  cylinder 
units,  the  extending  and  contracting  speeds  can  be  in- 
creased  to  thereby  enhance  the  working  efficiency. 
Although  the  three  arms  of  my  prior  stretchable  arm 
can  be  extended  and  contracted  at  the  same  time,  the 
four  arms  of  the  present  stretchable  arm  can  be  ex- 

draulic  cylinder  unit  (22)  includes  a  housing  (22A) 
coupled  to  the  middle  arm  (1  0)  while  the  cylinder 
rod  thereof  (24)  is  coupled  to  the  top  arm  (11), 
and  a  synchronous  means  (33-36)  disposed  be- 

5  tween  the  base  (9)  and  middle  (10)  arms  for  pull- 
ing  out  the  middle  arm  (1  0)  from  the  base  arm  (9) 
at  the  same  time  as  the  base  arm  (9)  is  pulled  out 
from  the  outer  arm  (6). 

10  2.  A  deep  excavator  according  to  Claim  1,  charac- 
terized  in  that  said  synchronous  means  compris- 
es  a  pair  of  long  flexible  elements  (35)  each  hav- 
ing  one  end  connected  to  a  tip  end  of  the  outer 
arm  (6)  and  the  other  end  connected  to  a  rear  end 

15  of  the  middle  arm  (10),  and  wherein  said  flexible 
elements  (35)  are  entrained  around  inner  and  out- 
er  peripheries  of  said  base  arm  (9). 

3.  A  deep  excavator  according  to  Claim  1  or  Claim 
20  2,  characterized  in  that  a  pressure  chamber  of 

said  first  hydraulic  cylinder  unit  (21)  communi- 
cates  directly  with  a  pressure  chamber  of  said 
second  hydraulic  cylinder  unit  (22). 

25  4.  A  deep  excavator  according  to  Claim  1  or  Claim 
2,  characterized  in  that  the  first  cylinder  rod  (23) 
is  hollow  and  communicates  adjacent  one  end 
thereof  with  a  pressure  chamber  of  said  first  hy- 
draulic  cylinder  (21)  and  adjacent  the  other  end 

30  thereof  with  a  pressure  supply  source  (56),  and 
wherein  the  second  cylinder  rod  (24)  is  hollow 
and  communicates  adjacent  one  end  thereof  with 
a  pressure  chamber  of  said  second  hydraulic  cy- 
linder  (22)  and  adjacent  the  other  end  thereof 

35  with  the  pressure  supply  source  (56). 

tended  and  contracted  at  the  same  time  so  that  it  can  25 
form  a  deeper  hole. 

Although  a  particular  preferred  embodiment  of 
the  invention  has  been  disclosed  in  detail  for  illustra- 
tive  purposes,  it  will  be  recognized  that  variations  or 
modifications  of  the  disclosed  apparatus,  including  30 
the  rearrangement  of  parts,  lie  within  the  scope  of  the 
present  invention. 

Claims  35 

10 

15 

1  .  A  deep  excavator  comprising: 
a  chassis  (1),  a  turntable  (3)  disposed  on 

the  chassis  (1),  a  boom  (4)  which  is  pivotally  sup- 
ported  on  the  turntable  (3)  and  is  vertically  swing-  40 
able,  a  stretchable  arm  arrangement  (16)  which 
is  stretchable  in  the  longitudinal  direction  thereof 
and  comprises  four  telescopically  assembled  out- 
er  (6),  base  (9),  middle  (10)  and  top  (11)  arms,  a 
working  unit  (20)  accommodated  in  said  stretch-  45 
able  arm  arrangement  (16)  for  extending  and 
contracting  each  arm,  and  a  bucket  (14)  which  is 
attached  to  the  top  arm  (11)  for  excavating  and 
holding  earth  or  sand,  characterized  in  that: 

said  working  unit  (20)  comprises  first  and  so 
second  hydraulic  cylinder  units  (21  ,  22)  which  are 
arranged  in  parallel  with  each  other  with  respec- 
tive  first  and  second  elongate  cylinder  rods  (23, 
24)  thereof  disposed  to  operate  in  opposite  direc- 
tions,  wherein  said  first  hydraulic  cylinder  unit  55 
(21)  includes  a  housing  (21  A)  coupled  to  the  base 
arm  (9)  while  the  cylinder  rod  (23)  thereof  is  cou- 
pled  tothe  outer  arm  (6),  wherein  said  second  hy- 

5.  A  deep  excavator  according  to  Claim  1  or  Claim 
2,  characterized  in  that  a  first  pressure  chamber 
of  said  first  hydraulic  cylinder  unit  (21)  communi- 
cates  directly  with  a  first  pressure  chamber  of 
said  second  hydraulic  cylinder  unit  (22),  wherein 
the  first  cylinder  rod  (23)  is  hollow  and  communi- 
cates  adjacent  one  end  thereof  with  a  second 
pressure  chamber  of  said  first  hydraulic  cylinder 
unit  (21)  and  adjacent  the  other  end  thereof  with 
a  pressure  supply  source  (56),  and  wherein  the 
second  cylinder  rod  (24)  is  hollow  and  communi- 
cates  adjacent  one  end  thereof  with  a  second 
pressure  chamber  of  said  second  hydraulic  cylin- 
der  unit  (22)  and  adjacent  the  other  end  thereof 
with  the  pressure  supply  source  (56). 

6.  Adeep  excavator  according  to  any  one  of  the  pre- 
ceding  claims,  characterized  in  that  a  guide 
mechanism  cooperates  between  the  housings  of 
said  first  and  second  hydraulic  cylinder  units  (21  , 
22)  to  permit  relative  movement  therebetween 
only  in  the  longitudinal  direction  thereof. 

7 
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7.  A  deep  excavator  according  to  Claim  6,  charac- 
terized  in  that  said  guide  mechanism  comprises 
a  guide  rail  (38)  fixed  to  the  housing  of  one  hy- 
draulic  cylinder  unit  (22)  and  rollers  (41)  which  are 
supported  by  the  housing  of  the  other  hydraulic  5 
cylinder  unit  (21)  and  roll  on  said  guide  rail  (38). 
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