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Fluid  apparatus. 

solenoid  controlled  valve  (13),  and  outputs  a  primary 
braking  signal  (St,  S*')  and  a  secondary  braking 
signal  (S5)  according  to  a  corresponding  operational 
section  (h  ,...,!„)  as  well  as  deviation  of  the  number  of 
revolutions  of  the  ball  screw  shaft  (6)  from  a  target 
value  (Vi,...,Vn).  The  primary  braking  signal  (St,  S*  ) 
switches  on  or  off  the  secondary  solenoid  controlled 
valves  (18,  17)  to  apply  back  pressure  to  the  piston 
(3),  and  the  secondary  braking  signal  (Ss)  is  for 
operating  the  magnetic  brake  (7). 

©  A  fluid  apparatus  includes  a  pneumatic  cylinder 
(1)  having  a  main  body  (2),  a  piston  (3),  and  a  hollow 
rod  (4).  A  ball  screw  shaft  (6)  engaged  with  a  bail  nut 
(5)  fixed  to  the  piston  (3)  is  rotatably  and  axially 
unmovably  mounted  in  the  cylinder  (1)  and  extends 

fŝ 'm  the  hollow  rod  (4).  A  magnetic  brake  (7)  for 
^braking  the  ball  screw  shaft  (6)  is  fixed  to  an  end 

m  portion  of  the  main  body  (2)  of  the  cylinder  (1).  The 
q   number  of  revolutions  of  the  ball  screw  shaft  (6)  is 
If)  detected  and  outputted  in  a  signal  form  by  a  rotary 
-^encoder  (8).  A  primary  solenoid  controlled  valve  (13) 
^reciprocates  the  piston  (3)  by  connecting  a  pressure 
CO  source  (9)  either  to  a  first  or  second  port  (Pi,  P2)  of 
Qthe  cylinder  (1),  and  secondary  solenoid  controlled 

valves  (17,  18)  connect  a  pressure  source  (14)  either 
to  a  first  braking  pressure  port  (Pi  )  or  to  a  second 
braking  pressure  port  (P2).  A  controller  (19)  outputs 
a  drive  signal  (S3,  S3)  for  controlling  the  primary 
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Fluid  Apparatus 

speed  of  the  piston  rod,  the  magnetic  brake  is 
subject  to  abrasion  on  a  friction  surface  thereof  and 
the  pressing  force  of  the  friction  surface  thereof 
varies  with  time.  As  a  result,  the  braking  force  to  be 

5  applied  to  the  ball  screw  shaft  becomes  uneven, 
and  accuracy  in  stopping  or  positioning  the  piston 
rod  at  a  desired  position  or  in  controlling  the  speed 
of  the  piston  rod  decreases  gradually.  Secondly, 
magnetic  brakes  cause  greater  vibration  and  shock 

io  and  reduce  the  speed  of  piston  rods  at  a  higher 
rate  than  other  kinds  of  brakes.  For  this  reason  in 
addition  to  the  continuous  braking  operation  of  the 
magnetic  brake  as  described  above,  the  magnetic 
brake  and  the  main  body  of  the  pneumatic  cylinder 

75  are  not  durable  and  the  load-applied  side  of  the 
main  body  adjacent  to  the  piston  rod  is  subject  to 
the  vibration  generated  by  the  magnetic  brake. 

BACKGROUND  OF  THE  INVENTION 

(Field  of  the  Invention) 

The  present  invention  relates  to  a  fluid  appara- 
tus  for  controlling  the  operation  amount  (stroke)  of 
the  piston  rod  of  a  hydraulic  cylinder. 

(Prior  Art) 

In  a  known  fluid  apparatus  of  this  kind,  posi- 
tioning  of  a  piston  rod,  which  is  hollow,  in  a  pneu- 
matic  cylinder  is  effected  by  converting  a  linear 
movement  of  the  piston  rod  into  the  rotation  of  a 
ball  screw  shaft  and  detecting  the  amount  of  the 
rotation.  In  this  fluid  apparatus,  a  piston  having  the 
hollow  piston  rod  is  slidably  mounted  in  a  tube  of 
the  pneumatic  cylinder,  and  a  ball  nut  is  fixed  to 
the  piston  coaxiaily  with  this  piston,  and  a  ball 
screw  shaft  engaged  with  the  ball  nut  and  extend- 
ing  in  the  hollow  piston  rod  is  rotatably  and  axially 
unmovably  mounted  to  a  main  body  of  the  cyl- 
inder.  A  magnetic  brake  for  braking  the  rotation  of 
the  ball  screw  shaft  is  mounted  between  the  main 
body  of  the  pneumatiG  cylinder  and  the  ball  screw 
shaft,  and  a  rotary  encoder  which  generates  and 
outputs  pulse  signals  in  accordance  with  the  angle 
of  rotation  of  the  ball  screw  shaft  is  mounted  at  an 
end  of  the  ball  screw  shaft.  A  controller  compares 
the  pulse  signal,  received  from  the  rotary  encoder, 
indicating  an  actual  position  of  the  piston  rod  with  a 
signal  indicating  a  preset  target  position.  When  the 
levels  of  both  signals  coincide,  the  controller  pro- 
vides  a  braking  signal  to  the  magnetic  brake  and 
stops  the  supply  of  drive  air  to  the  piston  so'  as  to 
stop  the  piston  rod  at  the  target  position.  In  this 
fluid  apparatus,  as  the  linear  movement  of  the 
piston  rod  is  converted  into  the  rotation  of  the  ball 
screw  shaft  through  the  ball  nut,  and  stopping  of 
the  linear  movement  of  the  piston  rod  is  effected 
by  stopping  the  rotation  of  the  ball  screw  shaft  by 
means  of  the  magnetic  brake,  this  piston  rod  slips 
less  and  is  stopped  more  reliably  than  a  piston  rod 
directly  clamped  (not  through  the  ball  nut).  Further, 
advantageously,  energy  required  for  the  braking 
operation  is  reduced.  In  addition,  the  piston  rod  can 
be  held  by  a  great  force  because  the  magnetic 
brake  is  used.  ' 

The  above-described  fluid  apparatus  has,  how- 
ever,  the  following  problems.  Firstly,  because  the 
magnetic  brake  keeps  on  acting  on  the  ball  screw 
shaft  for  a  period  of  time  corresponding  to  the 

20  SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention 
to  provide  a  fluid  apparatus  including  a  brake 
means  operated  in  combination  with  a  magnetic 

25  brake  so  that  a  continuous  braking  by  the  magnetic 
brake  and  a  big  shock  generated  by  th*e  application 
of  the-  magnetic  brake  are  prevented,  whereby  the 
life  of  the  magnetic  brake  and  a  hydraulic  cylinder 
are  prolonged,  and  a  piston  rod  can  be  speed- 

30  controlled,  stopped,  and  positioned  at  a  desired 
position  precisely. 

In  order  to  achieve  the  object,  a  fluid  apparatus 
in  accordance  with  the  present,  invention  is  char- 
acterized  by  that  it  comprises  a  hydraulic  cylinder 

35  which  includes  a  main  body  having  a  tube,  a  piston 
slidably  mounted  in  the  tube,  and  a  hollow  rod 
fixed  to  the  piston;  wherein  the  hollow  rod  accom- 
modates  therein  a  ball  screw  which  is  rotatably  and 
axially  unmovably  mounted  in  the  main  body  and  is 

40  engaged  with  a  ball  nut  fixed  to  the  piston  coaxiaily 
therewith,  and  an  end  portion  of  the  ball  screw 
shaft  projects  from  the  main  body;  a  magnetic 
brake  which  is  fixed  to  an  end  portion  of  the  main 
body  of  the  hydraulic  cylinder,  and  brakes  the 

45  rotation  of  the  ball  screw  shaft;  a  rotary  encoder  for 
detecting  the  number  of  revolutions  of  the  ball 
screw  shaft  of  the  hydraulic  cylinder  and  outputting 
electric  signals  indicative  of  the  detected  number 
of  revolutions;  a  primary  solenoid  controlled  valve 

so  for  reciprocating  the  piston  by  connecting  a  pres- 
sure  source  either  to  a  first  port  or  to  a  second  port 
of  the  hydraulic  cylinder;  a  first  braking  line  con- 
nected  to  a  first  braking  pressure  port  of  the  hy- 
draulic  cylinder;  a  second  braking  line  connected  to 
a  second  braking  pressure  port  of  the  hydraulic 
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tion  and  the  primary  and  secondary  signals  in  the 
middle  period,  the  secondary  braking  signal  in  the 
late  period.  The  controller  is  capable  of  outputting 
those  signals  intermittently  or  continuously;  for  ex- 

5  ample,  both  of  the  primary  and  secondary  braking 
signals  are  outputted  intermittently,  or  the  primary 
braking  signal  is  outputted  continuously  and  the 
secondary  braking  signal  is  outputted  intermittently. 
Owing  to  the  braking  system  and  the  control  for 

10  each  of  the  operation  sections,  vibration  and  shock 
generated  during  the  braking  operation  by  the 
magnetic  brake  is  relieved,  whereby  the  piston  can 
be  stopped  and  positioned  at  a  desired  position, 
and  the  life  of  the  magnetic  brake  is  prolonged. 

75  The  same  holds  with  the  braking  operation  to  pis- 
ton  rod  in  a  backward  stroke. 

cylinder;  secondary  solenoid  controlled  valves  con- 
nected  to  the  first  and  second  braking  lines  for 
connecting  a  pressure  source  either  to  the  first 
braking  pressure  port  or  to  the  second  braking 
pressure  port;  and  a  controller  which  outputs  a 
drive  signal  for  controlling  the  primary  solenoid 
controlled  valve  on  one  hand,  and  on  the  other 
hand,  smoothly  stops  the  piston  at  a  target  position 
by  outputting  a  primary  braking  signal  and  a  sec- 
ondary  braking  signal  in  accordance  with  a  cor- 
responding  operational  section  as  well  as  deviation 
of  the  signal  received  from  the  rotary  encoder  from 
a  signal  indicating  a  predetermined  target  value, 
the  primary  braking  signal  being  for  switching  on  or 
off  the  secondary  solenoid  controlled  valves  so  that 
back  pressure  is  applied  to  the  piston  driven  by 
pressure  of  a  fluid  which  flows  from  the  pressure 
source  through  the  primary  solenoid  controlled 
valve,  and  the  secondary  braking  signal  being  for 
operating  the  magnetic  brake. 

The  operation  of  the  fluid  apparatus  in  accor- 
dance  with  the  present  invention  is  described 
hereinafter. 

When  the  target  value  of  the  hollow  rod  is  set 
in  the  controller,  the  primary  solenoid  controlled 
valve  which  is  actuated  by  a  drive  signal  outputted 
from  the  controller  connects  the  pressure  source  to 
the  first  port  of  the  hydraulic  cylinder.  Thus,  the 
piston  moves.  The  stroke  or  linear  movement  of 
the  piston  is  converted  into  the  rotation  of  the  ball 
screw  shaft  through  the  ball  nut  fixed  to  the  piston 
and  the  number  of  revolutions  of  the  the  ball  screw 
shaft  corresponding  to  the  displacement  of  the 
piston  is  detected  by  the  rotary  encoder,  which 
outputs  a  signal  indicative  of  the  detected  number 
of  revolutions  to  the  controller.  The  controller  out- 
puts  the  primary  braking  signal  to  the  secondary 
solenoid  controlled  valves  for  switching  them  in 
accordance  with  a  deviation  between  the  level  of 
the  signal  received  from  the  rotary  encoder  and  the 
signal  indicating  the  target  value  as  well  as  a 
corresponding  operation  sections,  whereby  pres- 
sure  of  the  fluid  which  has  flowed  from  the  pres- 
sure  source  through  the  second  braking  line  acts 
on  the  second  braking  pressure  port  of  the  hydrau- 
lic  cylinder  and  back  pressure  is  applied  to  the 
piston  in  motion.  The  controller  outputs  the  secon- 
dary  braking  signal  for  actuating  the  magnetic 
brake  ;n  accordance  with  the  above-described  de- 
viation  and  the  operation  sections,  in  particular 
when  the  rod  is  in  the  vicinity  of  the  target  position, 
whereby  the  rotation  of  the  ball  screw  shaft  is 
braked  and  the  piston  coupled  with  the  ball  screw 
shaft  through  the  ball  nut  stops  at  a  desired  posi- 
tion. 

The  controller  outputs  the  braking  signals  in 
different  ways;  for  example,  the  primary  braking 
signal  in  the  early  period  during  a  braking  opera- 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
20 

The  present  invention  will  become  more  fully 
understood  from  the  detailed  description  given 
hereinbelow  and  the  accompanying  drawings  which 
are  given  by  way  of  illustration  only,  and  thus  are 

25  not  limitative  of  the  present  invention,  and  wherein: 
Fig.  1  schematically  shows  an  embodiment 

of  a  fluid  apparatus  in  accordance  with  the  present 
invention; 

Fig.  2  schematically  shows  graphs  for  ex- 
30  plaining  the  control  by  a  controller  of  the  fluid 

apparatus; 
Figs.  3  through  5  show  a  flow  of  the  pro- 

cessing  effected  by  the  controller; 
Fig.  6  schematically  shows  a  modification 

35  wherein  a  primary  braking  is  carried  out  by  a 
throttle  valve;  and 

Fig.  7  shows  another  embodiment  of  the 
present  invention. 

40 

DETAILED  DESCRIPTION  OF  PREFERRED  EM- 
BODIMENTS 

45  An  embodiment  of  a  fluid  controlling  apparatus 
in  accordance  with  the  present  invention  is  de- 
scribed  in  detail  hereinafter  with  reference  to  the 
drawings. 

Referring  now  to  fig.  1,  reference  numeral  1 
so  designates  a  pneumatic  cylinder  as  a  hydraulic 

cylinder  which  includes  a  main  body  2  having  a 
tube  2a  and  a  piston  3  slidably  mounted  in  the 
tube  2a  of  the  main  body  2,  wherein  a  hollow 
piston  rod  4  fixed  to  the  piston  3  accommodates 

55  therein  a  ball  screw  shaft  which  is  rotatably  and 
axially  unmovably  mounted  in  the  main  body  2  and 
is  engaged  with  a  ball  nut  5  fixed  to  the  piston  3 
coaxial  ly  with  the  piston  3.  Reference  numeral  7 
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disposed  a  pressure  reducing  valve  28  and  a  check 
valve  29  for  preventing  air  from  flowing  toward  the 
first  port  Pi  in  parallel  with  each  other  between  the 
speed  control  valve  25  and  the  primary  solenoid 

5  controlled  valve  13. 
The  primary  solenoid  controlled  valve  13  has  a 

supply  port  S,  cylindler  ports  Ci  and  C2,  and 
exhaust  ports  E1  and  E2.  The  supply  port  S  com- 
municates  with  the  cylinder  ports  Ci  and  C2  when 

10  the  primary,  solenoid  controlled  valve  13  is  at  a 
neutral  position.  Air  is  supplied  to  the  first  port  Pi 
of  the  pneumatic  cylinder  1  when  the  primary  sole- 
noid  controlled  valve  13  is  at  a  offset  position  on 
the  right-hand  side  of  the  drawing  and  to  the  sec- 

75  ond  port  P2  of  the  pneumatic  cylinder  1  when  it  is 
at  the  other  offset  position  on  the  left-hand  side. 
Mufflers  30  are  mounted  at  the  exhaust  port  Ei  and 
E2,  respectively.  When  the  primary  solenoid  con- 
trolled  valve  13  takes  the  right  offset  position  in 

20  response  to  the  drive  signal  S3  transmitted  from 
the  controller  19,  the  secondary  solenoid  controlled 
valve  18  is  switched  to  a  offset  position  on  the 
right-hand  side  of  the  drawing  in  response  to  the 
primary  braking  signal  S4  transmitted  from  the  con- 

25  trailer  19  so  as  to  supply  back  pressure  to  the 
second  braking  pressure  port  P2  .  Likewise,  the 
secondary  solenoid  controlled  valve  17  is  switched 
to  a  offset  position  on  the  right-hand  side  in  re- 
sponse  to  the  primary  braking  signal  S*  so  as  to 

30  supply  back  pressure  to  the  first  braking  pressure 
port  Pi  '  when  the  primary  solenoid  controlled  valve 
13  is  at  the  left  offset  position  in  response  to  the 
drive  signal  S3  • 

The  controller  19  includes  an  interface  31  for 
35  reciprocating  a  signal  S2  with  an  external  device 

20.  The  signal  S2-  indicates  either  how  the  pneu- 
matic  cylinder  1  is  operated  by  the  controller  19  or 
how  it  is  remote-controlled  by  the  external  device 
20.  The  controller  19  further  includes  a  CPU  32 

40  which  controls  the  controller  19  and  performs  an 
operation  necessary  for  controlling  the  pneumatic 
cylinder  1  in  response  to  the  signal  S2  inputted 
through  the  interface  31  and  the  signal  Si  inputted 
from  the  rotary  encoder  8,  respectively,  a  brake 

45  signal  generation  portion  33  which  generates  the 
secondary  braking  signal  S5  to  be  provided  to  the 
magnetic  brake  7  in  response  to  the  signal  trans- 
mitted  from  the  CPU  32,  an  exciting  signal  genera- 
tion  portion  34  which  generates  the  drive  signals 

50  S3  and  S3'  to  be  supplied  to  the  primary  solenoid 
controlled  valve  13  and  the  primary  braking  signals 
S4  and  Si'  to  be  fed  to  the  respective  secondary 
solenoid  controlled  valves  17  and  18  in  response  to 
a  signal  transmitted  from  the  CPU  32,  and  a  driver 

55  35  which  amplifies  and  outputs  the  signals  received 
from  the  signal  generation  portions  33  and  34. 

When  the  CPU  32  receives  a  signal  indicating 
the  start  of  the  positioning  from  a  device  equipped 

designates  a  magnetic'  brake  which  includes  an 
armature  7a  slidably  and  unrotatably  mounted  to 
the  ball  screw  shaft  6  projecting  from  an  end  of  the 
main  body  2  and  an  electromagnet  7b  which  is 
fixed  to  the  main  body  2  and  confronts  the  ar- 
mature  7a.  Reference  numeral  8  designates  a  ro- 
tary  encoder  for  detecting  the  number  of  revolu- 
tions  of  the  ball  screw  shaft  6. 

A  primary  solenoid  controlled  valve  13  of  a 
spring  centered,  3-position,  5-port  connection  type 
connects  a  main  line  10  connected  to  a  first  air 
source  9  either  to  a  first  line  1  1  communicated  with 
a  first  port  Pi  of  the  pneumatic  cylinder  1  or  to  a 
second  line  12  communicated  with  a  second  port 
P2  thereof.  A  first  braking  line  15  connects  a  first 
braking  pressure  port  Pi  provided  on  the  tube  2a 
of  the  pneumatic  cylinder  1  on  the  side  opposite  to 
the  first  port  Pi  to  a  second  air  source  14.  A 
second  braking  line  16  connects  a  second  braking 
pressure  port  P2'  provided  on  the  tube  2a  of  the 
pneumatic  cylinder  1  on  the  side  opposite  to  the 
second  port  P2  to  the  second  air  source  1  4.  Secon- 
dary  solenoid  controlled  valves  17  and  18  of  a 
normally  closed,  spring  offset,  2-position,  and  2- 
port  connection  type  are  provided  on  the  first  brak- 
ing  line  15  and  the  second  braking  line  16,  respec- 
tively. 

A  controller  19  outputs  not  only  drive  signals 
53  and  S3'  for  controlling  the  primary  solenoid 
controlled  valve  13  but  also  primary  braking  signals 
S+  and  S4'  and  secondary  braking  signal  S5  in 
accordance  with  operational  sections  (described 
later  in  detail)  of  the  piston  rod  4  as  well  as 
deviation  between  the  signal  Si  received  from  the 
rotary  encoder  8  and  a  signal  indicating  a  predeter- 
mined  value,  set  by  a  signal  input  device  (not 
shown)  mounted  on  the  controller  19,  correspond- 
ing  to  a  target  position.  The  primary  braking  signals 
54  and  S+,  are  for  switching  on  or  off  the  second 
solenoid  controlled  valves  17  and  18  so  that  back 
pressure  is  applied  to  the  piston  3  driven  by  air 
which  flows  through  the  primary  solenoid  controlled 
valve  13,  and  the  secondary  braking  signal  S5  for 
operating  the  magnetic  brake  7.  The  controller  can 
stop  the  piston  rod  4  at  desired  position's  by  appro- 
priately  outputting  the  primary  and  secondary  brak- 
ing  signals. 
"  Air  pressure  adjusting  units  21,  21  are  mounted 

alongside  the  first  air  source  9  of  the  main  line  10 
and  the  second  air  source  14,  respectively.  Each  of 
the  units  21,  21  has  a  pressure  reducing  valve  23 
between  an  air  pressure  filter  22  and  a  lubricator 
24.  The  first  line  11  and  second  line  12  connected 
to  the  pneumatic  cylinder  1  each  are  provided  with 
a  speed  control  valve  25  by  a  meter-out  method. 
The  speed  control  valve  25  includes  a  check  valve 
26  and  a  variable  throttling  valve  27  connected  with 
each  other  in  parallel.  On  the  first  line  11  are 
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tinuous  operation  means  can  be  operated  when  a 
braking  mode  signal  for  selecting  one  out  of  the 
intermittent  and  continuous  operation  means  is  out- 
putted  from  a  setting  device  such  as  a  switch 

5  mounted  on  the  controller  19  or  the  external  device 
20.  When  only  the  intermittent  operation  means  is 
operated,  any  combinations  of  operation  sections  in 
which  the  primary  braking  signals  S+  or  St  aVe 
intermittently  outputted  and  operation  sections  in 

io  which  the  secondary  braking  signals  Ss  is  intermit- 
tently  outputted  can  be  specified  by  a  control 
mode  signal  for  selecting  the  primary  or  secondary 
braking.  When  both  the  intermittent  operation 
means  and  the  continuous  operation  means  are 

/5  operated,  any  combinations  of  operation  sections  in 
which  the  primary  braking  signals  S«.  or  S*  are 
continuously  outputted  and  operation  sections  in 
which  the  secondary  braking  signals  Ss  are  inter- 
mittently  outputted  can  be  specified  by  the  control 

20  mode  signal.  That  is,  the  primary  or  secondary 
braking  can  be  specified  by  the  control  mode  sig- 
nal  in  the  respective  speed  regions.  For  example, 
referring  to  Fig.  2(b),  the  primary  braking  can  be 
selected  for  a  high  speed  region  and  the  secon- 

25  dary  braking  for  middle  and  low  speed  regions  and 
for  the  stop  of  the  piston  rod  4;  or  the  primary 
braking  for  high  and  middle  speed  regions  and  the 
secondary  braking  for  the  middle  and  low  speed 
regions  and  for  the  stop  of  the  piston  rod  4;  or  the 

30  primary  braking  in  all  the  speed  regions  and  the 
secondary  braking  only  for  the  stop  of  the  piston 
rod  4;  and  so  on.  Further,  either  the  intermittent  or 
continuous  operation  means  can  be  selected  for 
the  primary  and  secondary  braking  forces  accord- 

35  ing  to  a  braking  mode  signal.  For  example,  in  one 
case,  the  continuous  operation  means  may  be  se- 
lected  for  the  primary  braking  force  while  the  inter- 
mittent  operation  means  may  be  selected  for  the 
secondary  braking  force.  In  another  case,  the  inter- 

40  mittent  operation  means  can  be  selected  for  both 
the  primary  and  secondary  braking  forces. 

The  operation  of  the  fluid  apparatus  is  de- 
scribed  with  reference  to  flow  charts  shown  in  Figs. 
3  through  5. 

45  Assume  that  a  preset  target  position  requires  a 
forward  stroke  of  the  piston  rod  4,  that  is,  the 
piston  rod  4  must  travel  toward  the  left  in  Fig.  1  . 

When  a  positioning  start  signal  is  inputted  from 
a  switch  mounted  on  the  external  unit  20  or  from 

so  the  controller  19,  the  CPU  32  judges  that  the 
positioning  control  has  started  at  step  S1,  and  then, 
goes  to  step  2.  When  the  drive  signal  S3  is  output- 
ted  to  the  primary  solenoid  controlled  valve  13 
through  the  exciting  signal  generation  portion  34 

55  and  the  driver  35  at  step  S2,  the  primary  solenoid 
controlled  valve  13  is  switched  to  the  right  offset 
position.  As  a  result,  the  primary  air  source  9  is 

.connected  to  the  first  port  Pi  of  the  pneumatic 

in  the  controller  19  or  from  the  external  unit  20,  the 
CPU  32  divides  the  distance  between  a  speed 
reduction  starting  position  X1  and  a  target  position 
X  into  (n)  pieces  of  operation  sections  h  ,  ...,  li,  ...,  ln 
and  determines  target  piston  speeds  V1  ,  ...,  Vi,  ..., 
Vn  for  the  respective  operation  sections  in  accor- 
dance  with  an  ideal  speed  reduction  curve  C,  as 
shown  in  fig.  2(a).  In  this  case,  a  value  set  in 
advance  by  a  target  position  setting  device,  name- 
ly,  a  keyboard  (not  shown)  of  the  CPU  32,  accord- 
ing  to  a  positioning  schedule  and  stored  in  the 
memory  of  the  controller  19  is  used  as  a  target 
value  corresponding  to  the  target  position.  The 
CPU  32  has  also  intermittent  operation  means  and 
continuous  operation  means  which  each  are  made 
of  a  program  and  function  as  follows:  The  intermit- 
tent  operation  means  compares  the  target  speed  Vi 
of  the  operation  section  li  with  a  measured  piston 
speed  V  determined  based  on  the  signal  Si  re- 
ceived  from  the  rotary  encoder  8.  If  V^Vi,  the  CPU 
32  intermittently  outputs  the  primary  braking  sig- 
nals  Sa  or  S*'  to  the  second  solenoid  controlled 
valve  17  or  18,  and  the  secondary  braking  signal 
S3  to  the  magnetic  brake  7.  Accordingly,  in  Fig.  2- 
(a),  assuming  that  the  ideal  speed  reduction  curve 
C  is  identical  with  an  actual  piston  speed  V,  there 
exists  a  region  where  VSVi  in  every  operation  sec- 
tion,  as  shown  in  Fig.  2(a).  Therefore,  intermittent 
brakes  are  applied  to  the  piston  rod  4  by  the 
secondary  solenoid  controlled  valve  17  or  18  and 
by  the  magnetic  brake  7  in  all  the  above  operation 
sections.  The  level  of  the  intermittent  secondary 
braking  force  signal  S5  changes  at  such  a  high 
speed,  that,  in  average,  the  braking  enabled  by  the 
signal  S=  is  considered  to  be  continuously  carried 
out. 

On  the  other  hand,  referring  to  the  continuous* 
operation  means,  as  shown  in  fig.  2{c),  when  a 
measured  piston  speed  exceeds  the  target  speed 
in  at  least  an  operation  section  including  the  speed 
reduction  start  position  X1  (in  this  case,  only  h)  on 
the  (n)  pieces  of  operation  sections,  the  continuous 
operation  means  continues  outputting  the  primary 
braking  signals  S4  or  S*  to  the  second  solenoid 
controlled  valve  17  or  18.  As  a  result,  the  piston 
rod  4  is  kept  braked  in  all  the  region  of  the  U 
irrespective  of  the  measured  piston  speed  V.  Ac- 
cordingly,  if  the  measured  piston  speed  V  cor- 
respond  to  the  ideal  speed  reduction  curve  C  in 
Fig.  2(c),  it  means  that  the  braking  force  effected 
by  the  second  solenoid  controlled  valves  17  or  18 
was  continuously  applied  to  the  piston  rod  4  in  all 
the  region  of  li  of  the  first  operation  section.  After 
that,  the  intermittent  brakes  were  applied  to  the 
piston  rod  4  only  by  the  magnetic  brake  7  in  the 
following  operation  sections  I2  through  l5. 

Either  only  the  intermittent  operation  means  or 
both  the  intermittent  operation  means  and  the  con- 
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turns.  If  the  intermittent  operation  means  is  se- 
lected  under  the  braking  mode,  it  is  decided  at 
step  S33  whether  or  not  the  measured  piston 
speed  V  indicated  by  the  pulse  signal  Si  is  equal 

5  to  or  higher  than  the  speed  Vj  of  the  operation 
section  li.  If  the  result  of  the  decision  indicates 
YES,  that  is,  VSVi,  the  program  goes  to  step  S35, 
at  which  the  controller  19  intermittently  outputs  the 
primary  braking  signal  S4  to  the  secondary  sole- 

10  noid  controlled  valve  18,  whereby  the  secondary 
solenoid  controlled  valve  18  is  switched  to  the  right 
offset  position  so  as  to  connect  the  second  air 
source  14  to  the  second  braking  pressure  port  P2 
of  the  pneumatic  cylinder  1  through  the  second 

75  braking  line  16.  As  a  result,  back  pressure  is  ap- 
plied  from  the  second  braking  pressure  port  P2  to 
the  piston  3  which  is  moving  toward  the  left  in  Fig. 
1  ,  namely,  toward  the  target  position  X,  so  that  the 
speed  of  the  piston  3  is  reduced,  and  the  program 

20  returns  to  the  main  routine.  If  the  measured  piston 
speed  V  is  lower  than  V1,  the  controller  19  stops 
outputting  the  primary  braking  signal  S*.  and  the 
braking  operation  which  has  been  effected  by  the 
second  solenoid  controlled  valve  18  is  cancelled. 

25  Thereafter,  the  program  returns  to  the  main  routine. 
Since  the  primary  braking  subroutine  shown  in  Fig. 
4  is  repeated  during  the  stroke  of  the  piston  rod  4, 
the  piston  3  is  intermittently  braked  to  be  cor- 
respondent  to  the  ideal  speed  reduction  curve  C 

30  owing  to  the  discrimination  performed  at  step  S33. 
Thus,  the  processing  returns  to  the  main  rou- 

tine  shown  in  Fig.  3.  Now  referring  to  Fig.  5,  at  step 
S6,  "secondary  braking  subroutine"  is  carried  out 
for  the  second  operation  section  I2  and  the  follow- 

35  ing  operation  sections  shown  in  Fig.  2(c).  It  is 
judged  at  step  S40  whether  or  not  the  piston  posi- 
tion  indicated  by  the  pulse  signals  Si  is  in  the 
secondary  braking  section  where  the  secondary 
braking  force  is  applied  by  the  magnetic  brake  7.  If 

40  the  result  of  the  judgement  indicates  NO,  the  sec- 
ondary  braking  force  is  cancelled  at  step  S43,  and 
the  program  returns.  If  the  piston  position  is  in  the 
secondary  braking  section.  It  is  discriminated  at 
step  S41  whether  the  continuous  operation  means 

45  or  the  intermittent  operation  means  is  selected 
under  the  braking  mode.  If  the  continuous  opera- 
tion  means  is  selected,  the  secondary  braking 
force  is  applied  at  step  S45,  and  then,  the  program 
returns.  If  the  intermittent  operation  means  is  se- 

50  lected,  it  is  discriminated  whether  or  not  the  mea- 
sured  piston  speed  V  is  equal  to  and  higher  than 
the  target  speed  Vi  (iS2)  of  the  respective  sections 
li.  If  the  result  of  the  discrimination  indicates  YES, 
namely,  VSVi,  the  program  goes  to  step  S44  so 

55  that  an  intermittent  braking  is  applied.  If  the  dis- 
crimination  result  indicates  V<Vi,  the  program  goes 
to  step  S43  so  as  to  cancel  the  intermittent  brak- 
ing,  and  then,  returns. 

cylinder  1  through  the  first  line  1  1  and  the  second 
port  P2  of  the  pneumatic  cylinder  1  is  opened  to 
atmospheric  air  through  the  second  line  12.  Then, 
at  step  S3,  the  supply  of  the  secondary  braking 
signal  S5  to  the  magnetic  brake  7  through  the 
brake  signal  generation  portion  33  and  the  driver 
35  is  stopped.  As  a  result,  the  armature  7a  at- 
tracted  to  the  electromagnet  7b  moves  apart  from  it 
and  the  ball  screw  shaft  6  becomes  rotatable.  Ac- 
cordingly,  the  piston  3  is  moved  toward  the  left  in 
Fig.  1  by  the  air  supplied  from  the  first  port  Pi  and 
this  forward  stroke  of  the  piston  3  is  converted  into 
the  rotation  of  the  ball  screw  shaft  6  through  the 
ball  nut  5  fixed  to  the  piston  3.  The  rotary  encoder 
8  detects  the  number  of  revolutions  of  the  ball 
screw  shaft  6  and  provides  the  CPU  32  of  the 
controller  19  with  the  pulse  signal  Si  correspond- 
ing  to  the  position  of  the  piston  3  determined 
based  on  the  detected  number  of  revolutions. 

As  a  result,  the  CPU  32  determines  the  speed 
reduction  start  position  X1  in  accordance  with  the 
ideal  speed  reduction  curve  C  (See  Fig.  2)  and 
divides  the  curve  C  into  (n)  pieces  of  operation 
sections,  and  determines  according  to  the  braking 
mode  signal  and  the  control  mode  signal  whether 
the  brakings  of  the  respective  operation  sections 
are  of  the  intermittent  or  continuous  mode  and 
whether  the  brakings  of  the  respective  operation 
sections  are  of  a  first  braking  mode  where  the 
secondary  solenoid  controlled  valve  17  or  18  op- 
erates  or  of  a  second  braking  mode  where  the 
magnetic  brake  7  operates  or  of  a  combined  brak- 
ing  mode  where  the  secondary  valve  17  or  18  and 
the  magnetic  brake  operate  in  combination.  Assum- 
ing  that  the  control  and  braking  modes  are  set  as 
shown  in  Fig.  2(c),  the  description  of  the  flow 
charts  is  made  hereinafter.  At  step  S4,  the  CPU  32 
discriminates  whether  or  not  the  piston  position 
indicated  by  the  pulse  signal  Si  from  the  rotary 
encoder  8  has  reached  the  speed  reduction  start 
position  X1.  If  the  result  of  the  discrimination  in- 
dicates  YES,  the  program  goes  to  step  S5  at  which 
"first  braking  subroutine"  is  carried  out  for  the 
brakes  at  the  first  operational  section. 

The  first  braking  subroutine  is  carried  out  as 
shown  in  Fig.  4.  That  is,  at  step  S31  ,  the  CPU  32 
discriminates  whether  or  not  the  piston  position 
indicated  by  the  pulse  signal  Si  is  in  a  primary 
braking  mode  section.  If  the  result  of  the  discrimi- 
nation  indicates  NO,  the  primary  braking  force  is 
cancelled  at  step  S34,  and  then,  the  program  re- 
turns.  If  the  result  of  the  discrimination  at  step  S31 
indicates  YES,  it  is  discriminated  at  step  S32 
whether  the  continuous  operation  means  or  the 
intermittent  operation  means  is  selected  under  the 
braking  mode.  If  the  continuous  operation  means  is 
selected,  the  primary  braking  force  is  applied  con- 
tinuously  at  step  S36.  Thereafter,  the  program  re- 
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erated  independently  or  in  combination.  Therefore, 
the  piston  rod  4  is  optimally  braked  depending  on 
operation  sections,  so  that  vibration  and  shock  gen- 
erated  in  a  braking  operation  is  relieved  to  a  great 

5  extent  compared  with  the  continuous  braking  effec- 
ted  by  a  conventional  magnetic  brake.  Further- 
more,  the  piston  rod  is  stopped  at  a  predetermined 
position  and  the  positioning  of  the  piston  rod  is 
accurately  carried  out.  In  addition,  the  magnetic 

w  brake  is  much  more  durable  than  the  conventional 
one,  because  the  magnetic  brake  is  used  with  the 
back  pressure  brake.  The  controller  19  is  provided 
with  means  for  detecting  the  following  errors;  errors 
in  controlling  the  piston  such  as,  for  example,  non- 

75  operation  of  the  piston  3,  non-stop  of  the  piston  3 
at  a  target  position  and  an  excess  over  the  allowa- 
ble  speed  of  the  piston;  errors  in  the  system  such 
as  an  unexpected  instruction  to  start  speed  reduc- 
tion,  made  without  data  input  of  a  target  position, 

20  abnormality  in  the  memory  data  on  a  target  posi- 
tion  due  to  noise  or  the  like,  and  non-preferable 
back-up  of  the  memory. 

The  fluid  apparatus  shown  in  Fig.  6  is  a  modi- 
fication  of  the  one  described  above  in  which  the 

25  second  air  source  14,  the  first  and  second  braking 
lines  15  and  16,  and  the  second  solenoid  controlled 
valves  17  and  18,  which  form  the  primary  braking 
means,  are  omitted  from  the  one  shown  in  Fig.  1 
and  an  exhaust  throttle  valve  101  is  mounted  on 

30  the  exhaust  side  of  the  pneumatic  cylinder  1  so 
that  it  acts  as  the  primary  braking  means.  That  is, 
the  speed  control  valves  25  provided  on  the  first 
line  11  and  the  second  line  12,  respectively,  as 
shwon  in  Fig.  1,  are  not  provided  and  the  exhaust 

35  ports  Ei  and  E2  of  the  primary  solenoid  controlled 
valve  13  are  connected  to  a  2-position  and  3-port 
connection  solenoid  controlled  valve  100  which  is 
switched  by  a  primary  braking  signal  Se  outputted 
from  the  controller  19.  The  throttle  valve  101  is 

40  provided  on  one  of  the  exhaust  lines  of  the  valve 
100  so  that  exhaust  gas  from  the  pneumatic  cylind- 
ler  1  is  discharged  through  the  throttle  valve  101. 
Thus,  back  pressure  is  applied  to  the  piston  3  to 
brake  the  piston  3.  Almost  the  same  advantage  of 

45  the  primary  braking  as  that  to  be  obtained  by  the 
fluid  apparatus  shown  in  Fig.  1  is  obtained.  Instead 
of  the  primary  braking  means  of  the  embodiment 
shown  in  Fig.  1  ,  an  electro-dynamic  brake  36  (See 
Fig.  1)  whose  braking  force  is  adjusted  by  the 

50  primary  braking  signal  transmitted  from  the  control- 
ler  19  is  mounted  on  the  end  6a  of  the  ball  screw 
shaft  6  of  the  pneumatic  cylinder  1  so  as  to  apply 
the  primary  braking  force  to  the  piston  rod  4. 

In  addition  to  the  above  examples,  first  and 
55  second  braking  lines  may  be  connected  to  the  first 

and  second  ports  Pi  and  P2,  respectively.  Fig.  7 
shows  an  example  of  such  a  case.  The  construc- 
tion  of  this  example  is  the  same  as  that  shown  in 

At  step  S9,  it  is  decided  whether  or  not  the 
piston  position  indicated  by  the  pulse  signals  Si 
corresponds  to  a  final  operation  section.  If  the 
piston  position  is  not  in  the  final  operational  sec- 
tion,  the  program  returns  to  step  S4,and  repeats 
the  braking  loop  consisting  of  steps  S4,  S5,  S6  and 
S9.  If  the  piston  position  is  in  the  final  section,  the 
program  goes  to  step  S10  at  which  it  is  discrimi- 
nated  whether  or  not  the  piston  rod  4  has  reached 
the  target  position  X.  If  the  discrimination  result 
indicates  YES,  the  secondlary  braking  signal  S5  is 
outputted  from  the  controller  19  to  the  magnetic 
brake  7  and  the  magnetic  brake  7  brakes  the 
rotation  of  the  ball  screw  shaft  6  so  as  to  stop  the 
piston  rod  4.  Next,  it  is  decided  whether  or  not  the 
piston  rod  4  has  stopped  at  the  target  position  X.  If 
the  result  of  the  decision  indicates  NO,  the  pro- 
gram  returns  to  step  S2  at  which  a  fine  adjustment 
of  the  stop  position  is  made.  If  the  discrimination 
indicates  that  the  piston  rod  4  has  stopped  at  the 
target  position  X,  the  program  goes  to  step  S13  at 
which  the  controller  19  stops  outputting  the  drive 
signal  S3  to  the  primary  solenoid  controlled  valve 
13.  As  a  result,  the  primary  solenoid  controlled 
valve  13  takes  the  neutral  position.  The  positioning 
of  the  piston  rod  4  is  effected  with  air  pressure 
applied  from  the  first  air  source  9  to  both  sides  of 
the  piston  3.  Finally,  at  step  S14,  a  signal  indicative 
of  the  positioning  completion  is  outputted  to  the 
external  unit  20.  At  step  S15,  the  next  target  posi- 
tion  is  set  by  the  CPU  32  in  accordance  with  the 
positioning  schedule,  and  then,  the  program  returns 
to  step  S1.  In  addition,  when  the  piston  rod  4  is 
moved  backward,  that  is,  toward  the  right  in  Fig.  1  , 
the  positioning  control  of  the  piston  rod  4  is  effec- 
ted  in  the  same  manner  as  described  above. 

In  the  above  embodiment,  air  is  introduced 
from  the  air  source  14  into  the  first  and  secondary 
braking  pressure  ports  Pi'  and  P2  formed  at  both 
end  portions  of  the  tube  2a  of  the  pneumatic  cyl- 
inder  1  through  the  first  and  second  braking  lines 
15  and  16  used  only  for  braking.  Therefore,  back 
pressure  is  effectively  applied  to  the  piston  3  and 
the  primary  braking  is  effectively  accomplished 
compared  with  the  case  in  which  air  of  the  air 
source  9  would  be  introduced  into  the  tube  2a 
through  the  lines  11  and  12  which  have  many 
elements,  and  the  first  and  second  ports  Pi  and  P2 
for  braking  the  piston  rod  4.  The  CPU  32  of  the 
controller  1  9  sets  the  control  modes  of  the  respec- 
tive  operation  sections  li  according  to  the  ideal 
speed  reduction  curve  C.  Further,  the  second  sole- 
noid  controlled  valves  17  and  18  acting  as  the 
primary  braking  means  and  the  magnetic  brake  7 
acting  as  the  secondary  braking  means  are  op- 
erated  in  any  desired  combination  by  appropriately 
selecting  the  intermittent  operation  means  and  the 
continuous  operation  means  so  that  they  are  op- 
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eating  the  piston  (3)  by  connecting  a  pressure 
source  (9)  either  to  a  first  port  (Pi)  or  to  a  second 
port  (P2)  of  the  hydraulic  cylinder  (1); 
a  first  braking  line  (1  5)  connected  to  a  first  braking 

5  pressure  port  (Pi  ')  of  the  hydraulic  cylinder  (1  ); 
a  second  braking  line  (16)  connected  to  a  second 
braking  pressure  port  (P2)  of  the  hydraulic  cylinder 
(1); 
secondary  solenoid  controlled  valves  (17,  18)  con- 

10  nected  to  the  first  and  second  braking  lines  (15,  16) 
for  connecting  a  pressure  source  (14)  either  to  the 
first  braking  pressure  port  (Pi')  or  to  the  second 
braking  pressure  port  (P2  );  and 
a  controller  (19)  which  outputs  a  drive  signal  (Ss, 

75  S3)  for  controlling  the  primary  solenoid  controlled 
valve  (13)  on  one  hand,  and  one  the  other  hand, 
smoothly  stops  the  piston  (3)  at  a  target  position  by 
outputting  a  primary  braking  signal  (S«.,  S*')  and  a 
secondary  braking  signal  (S5)  in  accordance  with  a 

20  corresponding  operational  section  (li,...,ln)  as  well 
as  deviation  of  the  signal  received  from  the  rotary 
encoder  (8)  from  a  signal  indicating  a  predeter- 
mined  target  value  (Vi,...,Vn),  the  primary  braking 
signal  (Si,  Si  )  being  for  switching  on  or  off  the 

25  secondary  solenoid  controlled  valves  (18,  17)  so 
that  back  pressure  is  applied  to  the  piston  (3) 
driven  by  pressure  of  a  fluid  which  flows  from  the 
pressure  source  (9)  through  the  primary  solenoid 
controlled  valve  (13),  and  the  secondary  braking 

30  signal  (Ss)  being  for  operating  the  magnetic  brake 
(7). 

2.  A  fluid  apparatus  as  claimed  in  claim  1, 
wherein  the  first  braking  pressure  port  (Pi  )  is 
provided  on  the  tube  (2a)  of  the  hydraulic  cylindler 

35  (1)  on  the  side  opposite  to  the  first  port  (Pi)  and 
the  second  braking  pressure  port  (P2  )  is  provided 
on  the  tube  (2a)  of  the  hydrauliccylinder  (1)  on  the 
side  opposite  to  the  second  port  (P2). 

3.  A  fluid  apparatus  as  claimed  in  Claim  1, 
40  wherein  the  controller  (19)  includes  an  intermittent 

operation  means  for  intermittently  outputting  the 
primary  braking  signal  (S*,  S*')  to  the  secondary 
solenoid  controlled  valves  (18,  17)  and  the  secon- 
dary  braking  signal  (Ss)  to  the  magnetic  brake  (7) 

45  when  an  actual  speed  of  the  piston  (3)  determined 
based  on  the  signal  from  the  rotary  encoder  (8)  is 
compared  with  a  target  speed  (V1  Vn)  deter- 
mined  in  advance  based  on  an  ideal  speed  reduc- 
tion  curve  (C)  and  the  actual  speed  of  the  piston 

50  (3)  is  decided  to  be  equal  to  and  higher  than  the 
target  speed  (V1  ,...,Vn). 

4.  A  fluid  apparatus  as  claimed  in  Claim  1, 
wherein  the  controller  (19)  includes  a  continuous 
operation  means  for  continuously  outputting  the 

55  primary  braking  signal  (St,  S4  )  to  the  secondary 
solenoid  controlled  valves  (18,  17)  at  least  at  an 
early  period  of  the  speed  reduction  and  an  intermit- 
tent  operation  means  for  intermittently  outputting 

Fig.  1.  In  Fig.  7,  a  first  braking  line  15  is  con- 
nected  to  the  first  line  1  1  communicated  to  the  first 
port  Pi  and  a  second  braking  line  16'  is  connected 
to  the  second  line  12  communicated  to  the  second 
port  P2. 

Furthermore,  a  single  2-position  and  3-port 
connection  directional  control  valve  may  be  pro- 
vided  at  the  position  at  which  the  first  and  second 
braking  lines  are  confluent,  instead  of  the  secon- 
dary  solenoid  controlled  vaive.  The  braking  mode 
in  accorldance  with  the  present  invention  is  not 
limited  to  the  one  in  the  embodiments. 

As  apparent  from  the  foregoing  description, 
according  to  the  present  invention,  an  optimum 
control  for  the  braking  of  the  piston  rod  is  accom- 
plished  for  every  operation  section  by  the  continu- 
ous  or  intermittent  application  of  the  primary  brak- 
ing  effected  by  the  second  solenoid  controlled 
valve  in  appropriate  combination  with  the  secon- 
dary  braking  effected  by  the  magnetic  brake. 
Therefore,  vibration  and  shock  which  will  occur 
during  a  braking  operation  is  relieved  to  a  great 
extend  compared  with  the  conventional  continuous 
braking  effected  by  a  magnetic  brake  only.  In  this 
way,  the  piston  can  be  stopped  and  positioned  at  a 
desired  position  very  accurately.  In  addition,  the 
magnetic  brake  can  be  very  durable. 

The  invention  being  thus  described,  it  will  be 
obvious  that  the  same  may  be  varied  in  many 
ways.  Such  variations  are  not  to  be  regarded  as  a 
departure  from  the  spirit  and  scope  of  the  inven- 
tion,  and  all  such  modifications  as  would  be  ob- 
vious  to  one  skilled  in  the  art  are  intended  to  be 
included  within  the  scope  of  the  following  claims. 

Claims 

1  .  A  fluid  apparatus  comprising: 
a  hydraulic  cylindler  (1)  which  includes  a  main 
body  (-2)  having  a  tube  (2a),  a  piston  (3)  slidably 
mounted  in  the  tube  (2a),  and  a  hollow  rod  (4)  fixed 
to  the  piston  (3),  wherein  the  hollow  rod  (4)  accom- 
modates  therein  a  bail  screw  shaft  (6)  which  is 
rotatably  and  axially  unmovably  mounted  in  the 
main  body  (2)  and  is  engaged  with  a  ball  nut  (5) 
fixed  to  the  piston  (3)  coaxiaily  therewith,  and  an 
end  portion  of  the  ball  screw  shaft  (6)  projects  from 
the  main  body  (2); 
a  magnetic  brake  (7)  which  is  fixed  to  an  end 
portion  of  the  main  body  (2)  of  the  hydraulic  cyl- 
inder  (1),  and  brakes  the  rotation  of  the  ball  screw 
shaft  (6); 
a  rotary  encoder  (8)  for  detecting  the  number  of 
revolutions  of  the  ball  screw  shaft  (6)  of  the  hydrau- 
lic  cylinder  (1)  and  outputting  electric  signals  indi- 
cative  of  the  detected  number  of  revolutions; 
a  primary  solenoid  controlled  valve  (13)  for  recipro- 
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portion  of  the  main  body  (2)  of  the  hydraulic  cyl- 
inder  (1),  and  brakes  the  rotation  of  the  ball  screw 
shaft  (6); 
a  rotary  encoder  (8)  for  detecting  the  number  of 

5  revolutions  of  the  ball  screw  shaft  (6)  of  the  hydrau- 
lic  cylinder  (1)  and  outputting  electric  signals  indi- 
cative  of  the  detected  number  of  revolutions; 
a  primary  solenoid  controlled  valve  (13)  for  recipro- 
cating  the  piston  (3)  by  connecting  a  pressure 

w  source  (9)  either  to  a  first  port  (Pi)  or  to  a  second 
port  (P2)  of  the  hydraulic  cylinder  (1); 
a  first  braking  line  (15)  connected  to  a  line  (11) 
between  the  primary  solenoid  controlled  valve  (13) 
and  the  first  port  (Pi)  of  the  hydraulic  cylinder  (1); 

75  a  second  braking  line  (16  )  connected  to  a  line  (12) 
between  the  primary  solenoid  controlled  valve  (13) 
and  the  second  port  (P2)  of  the  hydraulic  cylinder 
(D; 
secondary  solenoid  controlled  valves  (17,  18)  con- 

20  nected  to  the  first  and  second  braking  lines  (15', 
16)  for  connecting  a  pressure  source  (14)  either  to 
the  first  port  (Pi)  or  to  the  second  port  (P2);  and 
a  controller  (19)  which  outputs  a  drive  signal  (S3, 
S3)  for  controlling  the  primary  solenoid  controlled 

25  valve  (13)  on  one  hand,  and  on  the  other  hand, 
smoothly  stops  the  piston  (3)  at  a  target  position  by 
outputting  a  primary  braking  signal  (S*,  S*  )  and  a 
secondary  braking  signal  (S5)  in  accorldance  with  a 
corresponding  operational  section  (h  ,...,!„)  as  well 

30  as  deviation  of  the  signal  received  from  the  rotary 
encoder  (8)  from  a  signal  indicating  a  predeter- 
mined  target  value  (\A  Vn),  the  primary  braking 
signal  (S*.  St  )  being  for  switching  on  or  off  the 
secondary  solenoid  controlled  valves  (18,  17)  so 

35  that  back  pressure  is  applied  to  the  piston  (3) 
driven  by  pressure  of  a  fluid  which  flows  from  the 
pressure  source  (9)  through  the  primary  solenoid 
controlled  valve  (13),  and  the  secondary  braking 
signal  (Ss)  being  for  operating  the  magnetic  brake 

40  (7). 

the  secondary  braking  signal  (S5)  to  the  magnetic 
brake  (7)  when  an  actual  speed  of  the  piston  (3) 
determined  based  on  the  signal  from  the  rotary 
encoder  (8)  is  compared  with  a  target  speed 
(V1  ,...,Vn)  determined  in  advance  based  on  an  ideal 
speed  reduction  curve  (C)  and  the  actual  speed  of 
the  piston  (3)  is  decided  to  be  equal  to  and  higher 
than  the  target  speed  (V1  Vn). 

5.  A  fluid  apparatus  as  claimed  in  Claim  4, 
wherein  an  electro-dynamic  brake  (36)  applying  a 
braking  force  to  the  ball  screw  shaft  (6)  is  fixed  to 
an  end  portion  of  the  main  body  (2)  of  the  hydrau- 
lic  cylinder  (1). 

6.  A  fluid  apparatus  as  claimed  in  Claim  2, 
wherein  the  controller  (19)  includes  an  intermittent 
operation  means  for  intermittently  outputting  the 
primary  braking  signal  (St,  S+  )  to  the  secondary 
solenoid  controlled  valves  (18,  17)  and  the  secon- 
dary  braking  signal  (S5)  to  the  magnetic  brake  (7) 
when  an  actual  speed  of  the  piston  (3)  determined 
based  on  the  signal  from  the  rotary  encoder  (8)  is 
compared  with  a  target  speed  (Vi,...,Vn)  deter- 
mined  in  advance  based  on  an  ideal  speed  reduc- 
tion  curve  (C)  and  the  actual  speed  of  the  piston 
(3)  is  decided  to  be  equal  to  and  higher  than  the 
target  speed  (V1  Vn). 

7.  A  fluid  apparatus  as  claimed  in  claim  2, 
wherein  the  controller  (19)  includes  a  continuous 
operation  means  for  continuously  outputting  the 
primary  braking  signal  (Sa,  S*  )  to  the  secondary 
solenoid  controlled  valves  (18,  17)  at  least  at  an 
early  period  of  the  speed  reduction  and  an  intermit- 
tent  operation  means  for  intermittently  outputting 
the  secondary  braking  signal  (Ss)  to  the  magnetic 
brake  (7)  when  an  actual  speed  of  the  piston  (3) 
determined  based  on  the  signal  from  the  rotary 
encoder  (8)  is  compared  with  a  target  speed 
(V-  ,...,Vn)  determined  in  advance  based  on  an  ideal 
speed  reduction  curve  (C)  and  the  actual  speed  of 
the  piston  (3)  is  decided  to  be  equal  to  and  higher 
than  the  target  speed  (V1  ,...,Vn). 

8.  A  fluid  apparatus  as  claimed  in  Claim  7, 
wherein  an  electro-dynamic  brake  (36)  applying  a 
braking  force  to  the  ball  screw  shaft  (6)  is  fixed  to 
an  end  portion  of  the  main  body  (2)  of  {he  hydrau- 
lic  cylinder  (1). 

9.  A  fluid  apparatus  comprising: 
a  hydraulic  cylindler  (1)  which  includes  a  main 
body  (2)  having  a  tube  (2a),  a  piston  (3)  slidably 
mounted  in  the  tube  (2a),  and  a  hollow  rod  (4)  fixed 
to  the  piston  (3),  wherein  the  hollow  rod  (4)  accom- 
modates  therein  a  ball  screw  shaft  (6)  which  is 
rotatably  and  axially  unmovably  mounted  in  the 
main  body  (2)  and  is  engaged  with  a  ball  nut  (5) 
fixed  to  the  piston  (3)  coaxially  therewith,  and  an 
end  portion  of  the  ball  screw  shaft  (6)  projects  from 
the  main  body  (2); 
a  magnetic  brake  (7)  which  is  fixed  to  an  end 
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