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©  Butterfly  valve  and  drive  mechanism  for  rotation  and  reciprocation  of  the  butterfly  valve. 

@  A  butterfly  valve  of  the  type  in  which  a  valve  stem  is  F  I  G.  i 
prevented  from  slide  engagement  with  a  valve  seat  is  disclosed  5  3  2a 
which  assures  more  complete  shaft  sealing  without  causing  any  \  ;  \  '°  \  \ 
inconvenience  to  the  controllability  of  the  valve  body  and  valve  \ H f % £ l A   ~  <■(<  y  * stem  and  can  thus  advantageously  prevent  fluid  from  leaking   ̂ £^^ |g^zzz^4^   a 
outwardly  of  a  valve  casing.  A  drive  shaft  rotatable  and  'lj^(ggT|r*f°°eg| 
reciprocatable  in  longitudunal  directions  of  the  valve  stem  is  ,;--̂ WnWAV  y  I 
connected  to  an  outer  end  of  the  valve  stem.  The  valve  casing  ,/  L  \  \   na  "  20 
extends  so  as  to  cover  the  drive  shaft,  and  a  packing  member  is  15 
disposed  between  the  valve  casing  and  the  drive  shaft  to 
provide  a  shaft  seal  for  the  drive  shaft.  The  rotation  of  and 
reciprocating  movement  of  the  drive  shaft  connected  to  the 
butterfly  valve  are  performed  by  a  simple  drive  mechanism.  That 
is,  the  rotation  of  and  the  reciprocarion  of  the  drive  shaft  are 
accomplished  only  through  rotation  of  a  control  shaft. 

15  I*  ;5  I3  Ha  "  20  18  19  21  "2526"" 

Bundesdruckerei  Berlin 



1 EP  0  354171  A2 2 

Description 

Butterfly  valve  and  drive  mechanism  for  rotation  and  reciprocation  of  the  butterfly  valve. 

FIELD  OF  THE  INVENTION 
The  present  invention  relates  to  a  butterfly  valve  of 

the  type  which  performs  valve  opening  and  closing 
without  involving  slide  engagement  of  a  valve  stem 
with  a  valve  seat  and  to  a  drive  mechanism  for 
rotation  and  reciprocating  motion  of  the  valve  stem 
of  the  butterfly  valve. 

BACKGROUND  OF  THE  INVENTION 
As  a  typical  example  of  butterfly  valve  of  this  type, 

there  has  been  known  one  disclosed  in  Japanese 
Patent  Publication  No.  46-14779. 

According  to  this  prior  art  arrangement,  as  FIG.  8 
shows,  an  upper  portion  10a  of  a  valve  body  10 
facing  a  valve  seat  1f  is  slidably  fitted  over  a  tapered 
portion  50  of  a  valve  stem  11f  and,  by  up  and  down 
movement  of  the  valve  stem  11f,  the  upper  portion 
10a  of  the  valve  body  10  is  oscillated  in  the  directions 
shown  by  F  so  that  it  is  brought  in  pressure 
engagement  with  and  disengaged  from  the  valve 
seat  1f.  This  arrangement  has  an  advantage  that  the 
valve  body  10  can  be  rotated  when  it  is  away  from  the 
valve  seat  10,  it  being  thus  possible  to  conveniently 
avoid  wear  of  the  valve  body  10.  However,  this 
butterfly  valve  has  a  drawback  that  since  the  tapered 
portion  50  of  the  valve  stem  1  1f  is  positioned  within  a 
valve  casing  51  in  which  fluid  flows,  the  fluid  may 
thrust  into  a  contact  area  between  the  tapered 
portion  50  and  the  valve  stem  11f,  thus  hindering 
their  movement. 

A  butterfly  valve  intended  to  overcome  this 
difficulty  is  disclosed  in  Japanese  Patent  Laid-Open 
Publication  No.  58-28061. 

According  to  this  prior  art  arrangement,  as  FIG.  9 
shows,  a  valve  stem  11  connected  to  a  valve  body  10 
is  formed  with  a  spherical  protuberance  25  at  which 
the  valve  stem  1  1  and  the  valve  body  10  are  pivotally 
and  rotatably  supported,  oscillation  and  rotation  of 
the  valve  stem  11  and  valve  body  10  being  controlled 
at  the  outer  end  side  of  the  valve  stem  1  1  . 

This  arrangement  provides  advantages  that  valve 
opening  and  closing  can  be  carried  out  without 
involving  slide  engagement  of  the  valve  body  10  with 
a  valve  seat  1e  and,  in  addition,  thrusting  of  the  fluid 
into  a  contact  area  between  the  valve  body  10  and 
the  valve  stem  11  can  be  prevented,  and  that  the 
force  required  in  the  oscillation  of  the  valve  body  10 
and  valve  stem  1  1  about  the  spherical  protuberance 
25  is  very  small  because  the  principles  of  the  lever 
and  the  fulcrum  are  utilized  in  that  connection. 

In  this  type  of  butterfly  valve,  consideration  is 
required  to  prevent  the  fluid  within  the  valve  casing 
from  leaking  outwardly  from  the  location  at  which  the 
valve  stem  11  is  fitted  in  position  and,  for  this 
purpose,  packing  members  52,  such  as  O  rings,  are 
mounted  in  position  at  the  location  of  the  spherical 
protuberance  25. 

(Problems  of  Prior  Art) 
However,  the  use  of  packing  52  in  abutment  with 

5  the  spherical  protuberance  25  constitutes  a  devia- 
tion  from  the  primary  conditions  for  the  use  of 
packing,  because  such  way  of  packing  use  can  only 
provide  poor  sealing  when  compared  with,  for 
example,  such  case  as  shown  in  FIG.  10  in  which 

10  packing  54  is  held  in  contact  with  a  conventional 
rotary  shaft  53.  With  packing  52  used  in  such  way,  it 
is  extremely  difficult  to  provide  proper  contact  of  the 
packing  with  the  spherical  surface  for  satisfactory 
sealing. 

15  As  such,  with  the  prior  art  arrangement,  fluid  leaks 
from  the  sealing  portion  at  the  valve  stem  1  1  are  very 
likely  to  occur,  which  fact  has  been  taken  as  a 
serious  problem. 

20  SUMMARY  OF  THE  INVENTION 
Accordingly,  it  is  an  object  of  the  invention  to 

provide  a  solution  to  the  foregoing  problem  with  a 
butterfly  valve  of  the  type  in  which  a  valve  body  is 
prevented  from  slide  engagement  with  a  valve  seat, 

25  which  assures  more  complete  shaft  sealing  without 
involving  any  inconvenience  in  the  control  of  the 
valve  body  and  a  valve  stem,  thus  suitably  preventing 
fluid  from  leaking  outwardly  of  a  valve  casing. 

This  object  can  be  accomplished  by  connecting  to 
30  the  valve  stem  a  separate  shaft  which  enables  shaft 

sealing  far  more  satisfactory  than  that  at  such  a 
spherical  protuberance  of  a  valve  stem  as  in  the  prior 
art,  thereby  to  provide  complete  shaft  sealing  at  the 
separate  shaft,  and  by  arranging  for  enabling  the 

35  valve  stem  to  perform  required  valve  opening  and 
closing  operation  through  control  of  the  separate 
shaft. 

Thus,  the  butterfly  valve  in  accordance  with  the 
invention  comprises  an  outwardly  extending  drive 

40  shaft  provided  adjacent  the  outer  end  of  a  valve  stem 
connected  to  a  valve  body  and  formed  with  a 
spherical  protuberance,  the  drive  shaft  being  rotat- 
able  forward  and  reverse  and  reciprocatable  in 
longitudinal  directions  of  the  valve  stem,  one  end  of 

45  the  drive  shaft  being  connected  to  the  outer  end  of 
the  valve  stem  to  enable  the  valve  stem  to  rotate  in 
cooperation  with  the  rotation  of  the  drive  shaft  and 
to  oscillate  in  cooperation  with  the  reciprocating 
movement  of  the  drive  shaft  in  the  longitudinal 

50  directions,  and  a  packing  member  for  shaft  sealing 
with  respect  to  the  drive  shaft  which  is  disposed 
between  the  drive  shaft  and  an  outwardly  extending 
valve  casing  for  covering  the  outer  peripheries  of  the 
valve  stem  and  of  the  drive  shaft. 

55  In  the  butterfly  valve  of  the  invention,  constructed 
as  above  stated,  the  valve  stem  and  the  valve  body 
can  be  rotated  through  the  rotational  novement  of 
the  drive  shaft  and  can  also  be  oscillated  through  the 
recipracating  movement  of  the  drive  shaft,  whereby 

60  the  valve  body  can  be  rotated  for  engagement  with 
and  disengagement  from  a  valve  seat.  Even  if  shaft 
sealing  is  incomplete  at  the  spherical  protuberance 
of  the  valve  stem  and  if  the  fluid  in  the  valve  casing 
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passes  the  position  at  which  the  spherical  protube- 
rance  is  supported,  the  fluid  can  be  properly 
prevented  from  leaking  outwardly  of  the  valve  casing 
because  of  the  presence  of  the  sealing  packing 
provided  between  the  drive  shaft  and  the  valve 
casing.  Unlike  shaft  sealing  with  respect  to  the 
spherical  protuberance,  the  shaft  sealing  with  re- 
spect  to  the  drive  shaft  assures  that  the  packing  is 
properly  fitted  over  the  drive  shaft  for  close  contact 
therewith.  Therefore,  it  has  a  definite  advantage  in  its 
tight  sealing  performance  over  sealing  with  respect 
to  the  spherical  protuberance. 

According  to  the  invention,  as  stated  above,  the 
drive  shaft  which  is  rotatable  and  reciprocatable  in 
the  longitudinal  directions  of  the  valve  stem  is 
connected  to  the  outer  end  of  the  valve  stem  so  that 
the  valve  stem  is  enabled  to  perform  the  required 
rotation  and  oscillation  in  association  with  the 
rotation  and  reciprocating  movement  of  the  drive 
shaft,  and  in  addition  the  packing  is  mounted 
between  the  drive  shaft  and  the  valve  casing 
extension  provided  for  covering  the  drive  shaft; 
therefore,  the  shaft  sealing  with  respect  to  the  drive 
shaft  provides  more  satisfactory  airtight  seal  than  by 
sealing  through  a  packing  member  mounted  for 
contact  with  a  pivotable  and  rotatable  spherical 
surface,  such  as  sealing  with  respect  to  the 
spherical  protuberance  of  the  valve  stem,  it  being 
thus  possible  to  almost  completely  seal  the  fluid 
which  may  otherwise  leak  from  the  position  at  which 
the  spherical  protuberance  of  the  valve  stem  is 
present. 

Thus,  in  accordance  with  the  invention,  any 
possible  fluid  leak  outward  from  the  valve  casing  can 
now  be  more  accurately  prevented  than  ever  before; 
and  accordingly  the  butterfly  valve  of  the  invention 
assures  improved  service  performance  as  such. 

It  is  another  object  of  the  invention  to  provide  a 
drive  mechanism  which  enables  the  valve  stem  of 
the  butterfly  valve  to  perform  its  rotational  move- 
ment  and  its  reciprocating  movement  independently 
and  which  is  simple  in  construction. 

To  this  end,  the  invention  provides  a  drive 
mechanism  for  rotation  and  reciprocating  movement 
of  a  valve  stem  of  a  butterfly  valve,  comprising  a 
cylindrical  cam  connected  at  one  end  to  a  drive  shaft 
and  having  helical  cam  grooves  formed  in  its 
peripheral  wall,  a  casing  which  allows  the  cylindrical 
cam  to  be  slidably  received  and  supported  therein  in 
its  axial  direction  and  also  in  its  peripheral  direction, 
a  control  shaft  rotatably  received  in  the  cylindrical 
cam  and  having  a  screw  shaft  portion  positioned  in 
the  cylindrical  cam,  a  screw  element  threadedly 
fitted  on  the  screw  shaft  portion  of  the  control  shaft 
and  prevented  from  rotating  but  threadedly  movable 
in  axial  directions  of  the  cylindrical  cam  following  the 
rotational  movement  of  the  control  shaft,  and  cam 
followers  mounted  to  the  screw  element  and  held  in 
engagement  with  the  helical  cam  grooves  of  the 
cylindrical  cam,  said  cylindrical  cam  further  having 
generally  L-shaped  cam  grooves  formed  in  its 
peripheral  wall,  the  L-shaped  cam  grooves  each 
consisting  of  a  longitudinal  groove  portion  extending 
in  the  longitudinal  direction  of  the  cylindrical  cam 
and  a  side  groove  extending  in  the  peripheral 

direction  of  the  cylindrical  cam,  the  L-shaped  cam 
grooves  being  engaged  by  stationary  cam  followers 
which,  when  in  engagement  with  the  side  groove 
portion,  prevent  movement  of  the  cylindrical  cam  in 

5  its  longitudinal  directions  to  allow  it  to  rotate  and 
which,  when  in  engagement  with  the  longitudinal 
groove  portion,  prevent  the  rotation  of  the  cylindrical 
cam  to  allow  it  to  move  in  its  longitudinal  directions. 

According  to  such  arrangement  of  drive  mechan- 
ic  ism  as  above  stated,  the  control  shaft  is  actuated 

into  rotation  to  operate  the  cylindrical  cam.  First,  as 
the  control  shaft  is  rotated  when  each  of  the 
stationary  cam  followers  is  positioned  in  the  side 
groove  portion  of  the  L-shaped  cam  groove,  the 

15  screw  element,  prevented  from  rotational  move- 
ment,  is  threadedly  moved  in  longitudinal  direction  of 
the  cylindrical  cam.  Accordingly,  the  cam  followers 
mounted  to  the  screw  element  operate  to  push  the 
cylindrical  cam  in  the  longitudinal  direction,  but  the 

20  cylindrical  cam,  which  is  then  prevented  from 
movement  in  longitudinal  directions  because  of  the 
engagement  of  the  stationary  cam  followers  with  the 
side  groove  portions,  is  only  allowed  to  rotate 
through  the  guiding  action  of  the  helical  grooves 

25  with  which  the  cam  followers  are  in  engagement. 
Thereupon,  the  drive  shaft  goes  into  rotational 
movement. 

When,  through  rotation  of  the  cylindrical  cam,  the 
stationary  cams  are  repositioned  from  the  side 

30  groove  portions  of  the  L-shaped  cam  grooves  to  the 
longitudinal  groove  portions  continued  therefrom, 
rotation  of  the  cylindrical  cam  is  prevented  because 
of  the  engagement  between  the  longitudinal  groove 
portions  and  the  stationary  cam  followers,  where- 

35  upon  the  cylindrical  cam  is  allowed  to  move  in 
longitudinal  direction  thereof.  Therefore,  as  the 
control  shaft  is  rotated  to  actuate  the  screw  element 
and  the  cam  followers  into  movement  in  longitudinal 
direction,  the  cam  followers  urge  the  cylindrical  cam 

40  toward  one  longitudinal  direction  thereof,  where- 
upon  the  cylindrical  cam  and  the  drive  shaft  go  into 
movement  in  the  longitudinal  direction  without 
involving  rotation. 

As  stated  above,  according  to  the  invention, 
45  helical  cam  grooves  and  generally  L-shaped  cam 

grooves  are  formed  in  the  peripheral  wall  of  a 
cylindrical  cam  connected  at  one  end  to  a  drive 
shaft.  Threadedly  movable  cam  followers  are  allowed 
to  engage  the  helical  cam  grooves  as  a  control  shaft 

50  rotates,  and  simultaneously,  stationary  cam  follo- 
wers  are  allowed  to  go  into  engagement  with  the 
generally  L-shaped  cam  grooves,  so  that  when  the 
stationary  cam  followers  are  positioned  in  the 
L-shaped  cam  grooves,  the  cylindrical  cam  is 

55  enabled  to  rotate,  while  being  prevented  from 
movement  in  longitudinal  directions,  under  the 
advancing  force  of  the  cam  followers  which  are  in 
engagement  with  the  helical  cam  grooves,  whereas 
when  the  stationary  cam  followers  are  positioned  in 

60  the  longitudinal  groove  portions  of  the  generally 
L-shaped  grooves,  the  cylindrical  cam  is  enabled  to 
reciprocate,  while  being  prevented  from  rotating, 
under  the  advancing  force  of  the  cam  followers. 
Therefore,  rotation  and  reciprocation  of  the  drive 

65  shaft  alone  is  made  possible  only  through  rotation 
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control  of  the  control  shaft.  As  such,  the  arrange- 
ment  of  the  invention  has  a  definite  advantage  over 
the  prior  art  arrangement  which  requires  manual 
handle  control  separately  for  rotation  and  reciproca- 
tion  of  the  drive  shaft,  in  that  control  operation  can 
be  performed  in  a  very  easy  and  simple  manner. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  sectional  view  showing  one 
embodiment  of  the  butterfly  valve  according  to 
the  invention; 

FIG.  2  is  a  perspective  view  showing,  by  way 
of  example,  the  manner  in  which  a  drive  shaft 
and  a  valve  stem  are  connected  together; 

FIG.  3  is  one  embodiment  of  the  drive 
mechanism  according  to  the  invention,  in  which 
(a)  is  a  fragmentary  sectional  view  in  front 
elevation;  (b)  is  a  section  taken  on  line  X  -  X  in 
(a)  ;  and  (c)  is  a  section  taken  on  line  Y  -  Y. 

FIG.  4  is  an  exploded  view  of  the  drive 
mechanism; 

FIG.  5  is  a  sectional  view  of  the  butterfly  valve 
showing  the  manner  of  operation  of  a  valve 
body  relative  to  a  valve  sheet,  in  which  (a)  is  a 
sectional  view  showing  the  the  valve  body 
disengaged  from  the  valve  seat;  (b)  is  a 
sectional  view  showing  the  valve  body  as  having 
turned  90  degree  relative  to  the  valve  seat;  (c)  is 
a  sectional  view  showing  the  valve  body  as 
having  returned  to  the  condition  of  (a)  after 
making  a  turn  of  90  degree  relative  to  the 
condition  of  (b);  and  (d)  is  a  sectional  view 
showing  the  valve  body  in  contact  with  the  valve 
seat; 

FIG.  6  is  a  sectional  view  showing  the 
cylindrical  cam  in  operation; 

FIG.  7  is  a  sectional  view  showing  another 
embodiment  of  the  butterfly  valve  according  to 
the  invention;  and 

FIGS.  8  through  10,  inclusive,  are  sectional 
views  showing  a  prior  art  arrangement. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
One  embodiment  of  the  invention  will  now  be 

described  which  is  applied,  by  way  of  example,  as  a 
butterfly  valve  for  hot  fluid  service. 

In  FIG,  1,  numeral  2  designates  a  valve  casing 
including  a  valve  casing  body  2a  having  an  opening  3 
for  fluid  passage,  and  auxiliary  valve  caings  2b,  2c 
sequentially  connected  thereto.  Numeral  1  desig- 
nates  a  valve  seat  formed  on  the  peripheral  edge  of 
the  opening  3.  The  valve  seat  1  comprises  a  seal 
ring  4  fixed  in  position  by  being  held  between  ring 
members  5. 

A  valve  body  10  is  disposed  in  face  to  face  relation 
to  the  valve  seat  1  .  A  first  valve  stem  1  1  a  is  mounted 
to  a  lower  portion  of  the  valve  body  1  0.  The  first  valve 
stem  11a,  together  with  a  second  valve  stem  11b 
which  will  be  hereinafter  described,  constitutes  a 
valve  stem  11.  Numeral  12  designates  a  spherical 
bearing  by  which  the  first  valve  stem  1  1a  is  rotatably 
supported  at  one  end.  The  first  valve  stem  11a  and 
the  valve  body  10  are  oscillatable  and  rotatable 
about  a  center  position  M  of  the  bearing  12.  Numeral 

13  is  a  seal  mechanism  for  sealing  an  inner  side 
portion  of  the  bearing  12  in  a  simple  manner.  Two 
spherical  sides  of  a  collar  member  14  fixed  to  the 
valve  stem  1  1  are  slidably  held  between  two  holding 

5  pieces  15,  16  of  the  seal  mechanism  13.  A  cover 
member  17  is  provided  to  block  an  outer  site  of  the 
spherical  bearing  12.  Because  of  the  presence  of  the 
cover  member  17  outward  fluid  leak  is  prevented  if 
the  fluid  passes  through  the  seal  mechanism  13  and 

10  spherical  bearing  12. 
Numeral  18  designates  a  seal  mechanism  for 

sealing  the  other  end  side  of  the  first  valve  stem  11a 
which  extends  through  the  other  end  of  of  the  valve 
casing  body  2a.  The  seal  mechanism  18  functions  in 

15  same  way  as  the  above  said  one  end  side  seal 
mechanism  13.  Two  spherical  sides  of  a  collar 
member  19  fixed  the  first  valve  stem  1  1a  are  slidably 
held  between  two  holding  pieces  20,  21  of  the  seal 
mechanism  18. 

20  Numeral  11a  designates  a  second  valve  stem 
rotatably  and  oscillatably  disposed  in  the  valve 
casings  2b,  2c  and  having  a  spherical  protuberance 
formed  generally  centrally  thereon,  the  spherical 
protuberance  25  being  supported  by  a  spherical 

25  bush  26.  As  FIG.  2  shows,  the  second  valve  stem 
1  1  b  is  connected  at  one  end  to  the  outer  end  of  the 
first  valve  stem  11a  through  a  pin  27  to  transmit  its 
rotating  and  oscillating  movement  to  the  first  valve 
stem  11a. 

30  Numeral  28  is  a  drive  shaft  extending  through  the 
valve  casing  2c  and  having  an  open  cut  groove  29 
formed  in  its  one  end  portion,  in  which  groove  29,  as 
FIG.  2  shows,  there  is  fitted  the  other  end  30  of  the 
second  valve  stem  11b.  Numeral  31  designates  an 

35  inclined  elongate  hole  bored  in  the  other  end  portion 
30.  A  guide  pin  32  extends  through  the  elongate  hole 
31  and  fixed  to  the  drive  shaft  28.  It  is  noted  that 
distance  La  between  the  centere  position  P  of  the 
spherical  protuberance  25  of  the  second  valve  stem 

40  11b  and  points  of  its  connection  with  the  first  valve 
stem  11a  is  set  shorter  than  distance  Lb  between 
the  center  position  P  and  connection  point  with  the 
drive  shaft  28.  Numeral  33  designates  a  gland 
packing  for  shaft  sealing  with  respect  to  the  drive 

45  shaft  28,  which  is  inserted  into  the  valve  casing  2c 
through  its  outer  opening  and  inwardly  pressed  by 
packing  presser  34. 

Numeral  35  is  a  rotation  /  reciprocation  drive 
mechanism  for  forward  and  reverse  rotation  of  the 

50  drive  shaft  28  and  its  reciprocation  in  the  longitudinal 
directions.  One  particular  arrangement  of  the  drive 
mechanism  is  shown  below. 

In  FIGS.  3  and  4,  shown  by  37  is  a  generally 
cylindrical  casing  having  a  flange  46  provided  at  one 

55  end  for  mounting  the  casing  37  to  another  member. 
Elongate  holes  40  are  bored  in  the  casing  37  at  both 
sides,  which  extend  in  the  longitudunal  direction.  A 
cylindrical  cam  36  is  slidably  inserted  in  the  casing 
37.  The  drive  shaft  28  is  connected  to  the  front  side 

60  of  the  cylindrical  cam  36. 
Two  helical  cam  grooves  38,  38  are  bored  in  the 

peripheral  wall  of  the  cylindrical  cam  36  within  an 
angular  range  of,  for  example,  90  degree.  Two 
generally  L-shaped  cam  grooves  44,  44  are  also 

65  bored  in  the  peripheral  wall  of  the  cylindrical  cam  36. 
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Each  of  the  L-shape  cam  grooves  consists  of  two 
portions,  a  longitudinal  cam  groove  44a  extending  in 
the  longitudinal  direction  of  the  cylindrical  cam  36, 
and  a  side  groove  44b  continued  from  the  longitudi- 
nal  cam  groove  44a  and  extending  in  the  peripheral 
wall  direction  of  the  cylindrical  cam  36.  Similarly  to 
the  helical  cam  grooves  38,  the  side  cam  grooves 
44b  are  formed  within  an  angle  range  of,  for  example, 
90  degree.  Stationary  cam  followers  45  are  disposed 
in  side  wall  portions  of  the  casing  37  and  stationarily 
held  in  position  by  being  placed  in  thread  engage- 
ment  with  side  wall  portions  of  the  casing  37,  their 
front  end  portions  being  held  in  engagement  with 
the  L-shaped  cam  grooves  44,  44. 

A  control  shaft  39  is  coaxially  inserted  in  the 
cylindrical  cam  36  through  a  hole  which  is  open 
through  the  other  end  of  the  casing  37,  and  is 
rotatably  supported  in  a  thrust  bearing  48,  a  control 
handle  43  being  fixed  to  a  rear  end  portion  of  the 
control  shaft  39.  Numeral  49  designates  a  screw 
shaft  portion  formed  by  externally  threading  the 
outer  periphery  of  the  control  shaft  39  at  the  front 
end  portion  thereof. 

A  screw  element  41  of  a  generally  cylindrical 
shape  has  an  internal  thread  portion  formed  on  the 
internal  periphery  thereof,  the  screw  element  41 
being  fitted  in  the  screw  shaft  portion  49  and  held  in 
thread  engagement  therewith.  A  pair  of  cam  follo- 
wers  42  are  fixed  to  the  screw  element  41  through  a 
shaft  55  and  are  individually  fitted  in  the  helical  cam 
grooves  38,  38  for  engagement  therewith.  Shown  by 
56  is  aengagement  pin  projecting  more  outwardly 
than  each  of  said  cam  followers  42.  Such  pins  are 
provided  in  plurality  and  they  are  in  engagement  with 
the  elongate  holes  40  at  sides  of  the  casing  37  to 
prevent  the  screw  element  41  and  cam  followers  42 
from  rotating  in  the  peripheral  direction  of  the 
cylindrical  cam  36. 

The  arrangement  of  the  embodiment  has  now 
been  described. 

Nextly,  manner  of  operation  of  the  above  de- 
scribed  butterfly  valve  and  function  of  the  drive 
mechanism  for  rotation  and  reciprocation  of  the 
valve  stem  of  the  butterfly  valve  will  be  explained. 

When  the  valve  body  10  is  in  face-to-face 
abutment  relation,  as  FIG.  1  shows,  that  is,  the  valve 
in  its  closed  position,  the  rotation  /  reciprocation 
drive  mechanism  is  controlled  so  that  the  drive  shaft 
28  is  driven  to  slide  in  the  direction  of  arrow  A,  and 
as  FIG.  5(A)  shows,  the  guide  pin  32  extending 
through  the  inclined  elongate  hole  31  causes  the 
right  side  end  of  the  second  valve  stem  1  1  b  to  go 
upward.  Thereupon,  the  second  valve  stem  11b 
oscillates  about  the  spherical  protuberance  25  so 
that  its  left  side  end  is  lowered.  Accordingly,  the 
right  side  end  of  the  first  valve  stem  11a  which  is 
connected  to  the  second  valve  stem  11b  through  pin 
27  oscillates  about  point  M  and  goes  down.  As  a 
consequence,  the  valve  body  10  is  disengaged  from 
the  valve  seat  1. 

Nextly,  when  the  above  condition  remains  as 
such,  the  drive  shaft  28  is  rotated  in  the  direction  of 
arrow  B,  as  FIG.  5(b)  shows,  the  second  valve  stem 
11b  and  first  valve  stem  11a,  which  are  connected  to 
each  other  through  pins  32,  27,  rotates  in  associ- 

ation  with  each  other  and  the  valve  body  10  turns,  e. 
g.,  90  degree  without  involving  slide  movement. 
Thus,  the  valve  can  be  set  to  a  full-open  position.  To 
carry  out  a  valve  closing  operation  when  the  valve  is 

5  in  the  full-open  position,  the  above  described 
procedure  may  be  reversed.  That  is,  as  FIG.  5(c) 
shows,  the  drive  shaft  28  is  rotated  in  the  direction  of 
arrow  c;  the  valve  body  is  turned  90  degree;  then,  as 
FIG.  5(d)  shows,  the  valve  body  10  is  caused  to  slide 

10  in  the  direction  of  arrow  D.  In  this  way,  the  valve  body 
10  goes  into  abutment  with  the  valve  seat  for  valve 
closing,  without  slide  movement  relative  to  the  valve 
seat  1. 

When  fluid  is  flowing  in  the  valve  casing  body  2a 
15  during  a  valve  opening  operation,  fluid  run-off  from 

the  casing  body  2a  toward  the  casing  2b  may  be 
prevented  at  the  position  of  the  seal  mechanism  18 
to  some  extent;  but  since  the  seal  mechanism  18  is 
such  that  the  spherical  portions  of  the  holder 

20  members  20,  21  are  held  in  slide  contact  with  the 
spherical  portions  at  sides  of  the  collar  member  19, 
no  complete  sealing  is  attainable.  Especially  in  the 
case  of  butterfly  valves  dealing  with  hot  fluid,  it  is 
impractical  to  place  resilient  packing  or  the  like  at 

25  the  position  of  the  seal  mechanism  1  8,  possible  fluid 
leak  is  relatively  large.  Fluid  entering  the  casing  2b 
can  be  sealed  to  some  extent  at  the  position  of 
engagement  between  the  spherical  protuberance  25 
and  the  spherical  bush  26,  but  still  no  complete 

30  sealing  can  be  expected.  Some  portion  of  the  fluid 
may  enter  the  next  casing  2c. 

The  drive  shaft  28  in  the  valve  casing  2c  is  sealed 
by  means  of  gland  packing  33,  but  the  drive  shaft  28 
is  a  shaft  which  takes  care  of  rotation  and  sliding. 

35  Unlike  means  for  holding  the  packing  in  close 
contact  with  the  spherical  portion,  for  example, 
means  intended  to  perform  shaft  sealing  at  the 
position  of  the  spherical  protuberance  25  of  the 
second  valve  stem,  the  drive  shaft  28  permits  tight 

40  engagement  of  the  packing  3  with  the  columnar 
body  of  the  drive  shaft  28. 

From  the  standpoint  of  primary  service  of  packing, 
it  is  possible  to  ensure  longer  service  life  of  the 
packing  by  carrying  out  shaft  sealing  with  respect  to 

45  the  drive  shaft  28  which  makes  no  oscillating 
movement.  Thus,  any  unreasonable  leak  of  fluid 
externally  of  the  valve  casing  2  can  be  properly 
prevented. 

In  the  above  embodiment,  the  valve  stem  11 
50  consists  of  the  first  valve  stem  11a  and  the  second 

valve  stem  11b  and,  as  FIG.  1  shows,  length  La  is 
smaller  than  length  Lb.  Accordingly,  only  by  applying 
a  minor  force  from  the  drive  shaft  to  the  second 
shaft  11b,  suitable  pivotal  movement  of  the  first  valve 

55  stem  1  1  a  and  valve  body  1  0  can  be  effected  by  virtue 
of  the  principles  of  the  lever  and  the  fulcrum. 

However,  the  construction  of  the  valve  stem  1  1 
according  to  the  invention  is  in  no  way  limited  to  the 
one  illustrated  above.  For  example,  as  FIG.  7  shows, 

60  the  valve  stem  11  consists  of  one  shaft,  and  the 
opposite  ends  of  the  valve  stem  1  1  are  connected  to 
the  valve  body  10  and  the  drive  shaft  28  respectively. 
In  another  embodiment,  the  spherical  protuberance 
25  may  be  centrally  formed  and  pivotally  and 

65  rotatably  supported.  In  this  case,  too,  such  valve 

5 
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opening  and  closing  operation  as  above  described 
can  be  performed  and,  furthermore,  the  drive  shaft 
28  which  performs  rotation  and  reciprocating  move- 
ment  can  be  properly  shaft-sealed  by  means  of 
packing. 

In  short,  the  valve  stem  11  according  to  the 
invention  may  take  various  modified  forms  insofar  as 
the  following  conditions  are  met:  that  the  valve  stem 
1  1  has  a  spherical  protuberance  25  supported  by  a 
support  member  26  mounted  in  the  valve  casing  2 
and  is  connected  to  the  valve  body  10  so  that 
through  both  pivotal  movement  about  the  spherical 
protuberance  25  and  rotational  movement,  the  valve 
body  10  is  engageabie  with  and  disengageabble 
from  the  valve  seat  1  and,  when  it  is  away  from  the 
valve  seat  1,  the  valve  body  1  is  rotatable. 

The  means  for  connection  between  the  drive  shaft 
28  and  the  valve  stem  1  1  is  not  limited  to  the  one 
illustrated  with  respect  the  the  foregoing  embodi- 
ment,  i.  e.,  the  inclined  elongate  hole  31  and  the  pin 
32  for  insertion  therein.  It  is  only  necessary  that  the 
valve  stem  1  1  and  the  drive  shaft  28  are  connected 
together  so  that  the  valve  stem  11  rotates  in 
cooperation  with  the  rotation  of  the  drive  shaft  28 
and  oscillates  in  cooperation  with  the  reciprocating 
movement  of  the  drive  shaft  28  in  the  longitudinal 
direction.  Known  means  other  than  above  described 
may  be  employed  wherever  convenient  for  the 
purpose. 

In  the  above  described  embodiment,  the  valve 
casing  2  consists  of  three  casings  2a,  2b,  2c;  but  the 
valve  casing  2  may  be  of  an  integral  construction  or 
may  be  divided  into  a  larger  number  of  component 
casings.  There  is  no  particular  limitation  in  number  or 
configuration. 

The  only  requirement  here  is  that  the  valve 
casing  2  extends  so  as  to  cover  the  periphery  of  the 
valve  stem  1  1  and  drive  shaft  28  to  prevent  leak  from 
the  valve  casing  2  of  the  fluid  leaking  from  the 
bearing  portion  at  the  spherical  protuberance  25  of 
the  valve  stem  1  1  so  the  shaft  seal  packing  33  may 
be  mounted  between  the  valve  casing  2  and  the 
drive  shaft  28. 

The  material  of  the  shaft  seal  packing  33  for  the 
drive  shaft  28  may  be  varied  according  to  the 
required  conditions  for  use. 

Nextly,  the  procedure  for  causing  the  drive  shaft 
28  to  perform  forward  and  reverse  rotation  and 
reciprocating  movement  in  longitudinal  directions 
will  be  explained. 

At  an  initial  stage  in  which,  as  FIG.  3(a)  shows,  the 
cam  followers  42  are  positioed  at  one  end  of  the 
helical  cam  grooves  38  and  the  stationary  cam 
followers  45  are  positioned  at  respective  side  groove 
portions  of  the  other  cam  grooves  44,  the  control 
shaft  39  is  rotated  in  same  direction  as  the  direction 
of  screw  movement  of  the  screw  shaft  portion  49. 

Then,  the  screw  element  41  which  is  prevented 
from  rotation  by  the  engagement  between  the 
elongate  hole  40  and  the  pins  56  is  given  an  impetus 
to  advance  in  the  direction  of  arrow  E.  However, 
since  the  cylindrical  cam  36  is  prevented  from 
advancing  by  the  engagement  between  the  station- 
ary  cam  followers  45  and  the  side  groove  portions 
44b,  the  cam  followers  42  bias  the  respective  inner 

sides  57  of  the  helical  grooves  38  toward  the 
direction  of  arrow  E.  This  biasing  force  imparts  a 
rotation  force  to  the  cylindrical  cam  36,  thus  causing 
the  drive  shaft  28.  In  this  case,  each  cam  follower  45 

5  and  the  relevant  side  groove  portion  44b  slide 
relative  to  each  other  in  peripheral  directions  of  the 
cylindrical  cam  36  and,  therefore,  the  cylindrical  cam 
36  is  not  prevented  from  its  rotational  movement. 
When,  under  the  forwarding  action  of  the  screw 

10  element  41  and  cam  followers  42,  the  cylindrical  cam 
36  makes  a  turn  of  90  degree  to  reach  the  other  end 
of  the  helical  cam  grooves  38  as  FIG.  6  shows,  the 
stationary  cam  followers  45,  simultaneously  there- 
with,  reach  the  junction  of  the  side  groove  portion 

15  44b  and  longitudinal  groove  portion  44a  of  each 
L-shaped  cam  groove  44.  Thus,  as  FIG.  5(c)  shows, 
the  drive  shaft  28  rotates  90  degree  in  the  direction 
of  arrow  C. 

Subsequently,  the  control  shaft  39  is  further 
20  rotated  in  same  direction  and  then  the  cylindrical 

cam  36  is  prevented  from  rotation  because  of  the 
engagement  between  the  stationary  cam  followers 
45  with  the  L-shaped  cam  grooves  44.  When  this 
condition  is  reached,  no  longer  do  the  cam  followers 

25  42  allow  the  cylindrical  cam  36  to  rotate.  Then,  the 
cam  followers  42  urge  the  inner  side  of  the  helical 
cam  grooves  38  of  the  cylindrical  cam  36  forward  to 
advance  the  cylindrical  cam  36.  During  the  advance 
movement  of  the  cylindrical  cam  36,  the  longitudinal 

30  groove  portions  44a  move  relative  to  the  stationary 
cam  followers  45  in  the  longitudinal  direction  of  the 
cylindrical  cam  36  and,  accordingly,  the  cylindrical 
cam  36  is  allowed  to  properly  advance  while  being 
prevented  from  rotation.  Accordingly  the  drive  shaft 

35  28  is  also  allowed  to  advance.  In  other  words,  the 
drive  shaft  28  slides  forward  in  the  direction  of  arrow 
D  as  FIG.  5(d)  shows. 

Thereafter,  the  control  shaft  39  is  rotated  in  the 
opposite  direction  from  the  above  mentioned  direc- 

40  tion  and  then  a  biasing  force  for  reverse  movement 
is  acted  on  the  screw  element  41  and  cam  followers 
42;  therefore,  the  cam  followers  42  press  the  inner 
sides  57a  at  the  other  end  of  the  helical  cam  grooves 
38  to  retreat  the  cylindrical  cam  36  and  the  shaft  28. 

45  Thus,  the  drive  shaft  28  slides  rearward  in  the 
direction  of  arrow  A  as  FIG.  5(a)  shows. 

Subsequently,  the  control  shaft  39  is  further 
rotated,  then  the  drive  shaft  28,  as  FIG.  5(b)  shows, 
rotates  in  the  direction  of  arrow  B.  In  this  case, 

50  because  of  the  engagement  between  the  stationary 
cam  followers  45  and  the  L-shaped  cam  grooves  45, 
the  cylindrical  cam  36  and  shaft  28  are  independently 
caused  to  perform  reverse  movement  and  reverse 
rotation  in  same  way  as  above  stated. 

55  In  the  above  described  embodiment,  the  cam 
grooves  38  and  side  groove  portions  44b  are  formed 
over  an  angle  range  of  90  degree,  but  it  is  to  be 
understood  that  the  invention  is  not  limited  by  such 
angle  range.  In  the  present  invention,  the  rotation 

60  angle  for  the  cylindrical  cam  36  and  drive  shaft  28 
may  be  varied  according  to  the  formation  angle  ( 
stroke  )  of  the  cam  grooves  38  and  side  groove 
portions  44b,  and  such  formation  angle  may  be 
varied  according  to  the  design  conditions  of  the 

65  drive  shaft  28.  Similarly,  dimensions  of  the  longitudi- 
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nal  groove  portions  44a  of  the  L-shaped  cam  grroves 
44  may  be  varied  according  to  the  amount  of 
reciprocating  movement  required  of  the  drive  shaft 
28. 

In  this  way,  the  arrangement  of  individual  cam 
grooves  38,  44  of  the  cylindrical  cam  36  may  be 
varied  in  design.  These  cam  grooves  38,  44  need  not 
be  two  each  in  number  as  in  the  above  described 
embodiment.  What  is  necessary  with  the  cylindrical 
cam  36  is  that  a  helical  cam  groove  38  and  a 
generally  L-shaped  cam  groove  44  are  formed 
independently  in  the  peripheral  wall  of  the  cylindrical 
cam  36,  and  that  the  L-shaped  cam  groove  consists 
of  a  longitudinal  groove  portion  44a  extending  in  the 
longitudinal  direction  of  the  cylindrical  cam  36  and  a 
side  groove  portion  44b  extending  in  the  circum- 
ferential  direction. 

The  cylindrical  cam  36  should  be  slidably  fitted  in 
the  casing  37  in  such  a  way  that  the  cam  36  is 
allowed  to  rotate  and  reciprocate  in  the  longitudinal 
directions  thereof  with  the  drive  shaft  28  connected 
to  its  one  end.  The  configuration  of  the  casing  37  is 
not  limited.  The  casing  37  need  not  cover  the  entire 
area  of  the  cylindrical  cam  36. 

There  is  no  limitation  on  the  configuration  of 
stationary  cam  follower  45  or  means  for  mounting 
same.  Stationary  cam  follower  45  may  be  simply  of  a 
pin  configuration.  It  is  only  necessary  that  the 
stationary  cam  follower  45  is  in  engagement  with  the 
L-shaped  cam  groove  44  and  suitably  fixed  in 
position  so  as  to  restrict  and  allow  the  movement  of 
the  cylindrical  cam  36. 

Further,  there  is  no  limitation  on  the  manner  of 
mounting  the  control  shaft  39,  type  of  thread,  pitch 
or  dimension  of  the  thread  of  the  screw  shaft  portion 
49.  The  control  shaft  39  may  be  controlled  manualy 
or  otherwise,  e.  g.,  motor  controlled.  It  is  only 
necessary  that  it  is  formed  with  a  threaded  shaft 
portion  49  on  its  portion  which  is  inserted  into  the 
cylindrical  cam  36  for  thread  engagement  with  the 
screw  element  41. 

Further,  in  the  invention,  the  construction  of  the 
screw  element  41  and  cam  follower  42  is  not  limited 
to  that  of  the  above  described  embodiment  and  may 
be  varied  or  changed  in  design  within  the  intended 
scope  of  the  invention. 

Claims 

1.  A  butterfly  valve  having  a  spherical  pro- 
tuberance  25  formed  on  a  valve  stem  11 
connected  to  a  valve  body  10,  the  spherical 
protuberance  25  being  supported  in  a  support 
member  26  mounted  in  a  casing  2,  the  valve 
body  10  being  engageable  with  and  disenga- 
geable  from  a  valve  seat  1  through  pivotal 
movement  and  rotational  movement  of  the  valve 
stem  1  1  about  the  spherical  protuberance  25  so 
that  the  valve  body  10  is  rotatable  when  it  is 
away  from  the  valve  seat  1  ,said  butterfly  valve 
comprising: 
a  drive  shaft  28  disposed  at  a  location  adjacent 
the  outer  end  of  the  valve  stem  11  and 
extending  outward  therefrom,  the  drive  shaft  28 

being  rotatable  forward  and  reverse  and  reci- 
procatable  in  longitudinal  directions  of  the  valve 
stem  1  1  ; 
one  end  of  the  drive  shaft  28  being  connected 

5  to  the  outer  end  of  the  valve  stem  to  enable  the 
valve  stem  1  1  to  rotate  in  cooperation  with  the 
rotation  of  the  drive  shaft  28  and  to  oscillate  in 
cooperation  with  the  reciprocating  movement 
of  the  drive  shaft  28  in  the  longitudinal  direc- 

10  tions  thereof; 
and  a  packing  member  33  for  shaft  sealing  with 
respect  to  the  drive  shaft  28  which  is  disposed 
between  the  drive  shaft  28  and  an  outwardly 
extending  portion  of  the  valve  casing  2  for 

15  covering  the  outer  peripheries  of  the  valve  stem 
1  1  and  the  of  the  drive  shaft  28. 

2.  A  butterfly  valve  as  set  forth  in  claim  1 
wherein: 
the  valve  stem  1  1  consists  of  a  first  valve  stem 

20  11a  mounted  to  the  vaive  body  1  0  and  a  second 
valve  stem  1  1  b  having  a  spherical  protuberance 
25  and  connected  to  the  drive  shaft  28  ; 
said  two  valve  stems  11a,  11b  is  connected  to 
each  other  so  that  the  first  valve  stem  11a 

25  oscillates  and  rotates  in  conjunction  with  the 
oscillation  and  rotation  of  the  second  valve 
stem  11b;  and 
wherein  distance  La  between  oscillation  center 
position  P  of  the  second  valve  stem  1  1  b  and  the 

30  position  at  which  the  second  valve  stem  1  1  b  is 
connected  to  the  first  valve  stem  1a  is  set 
shorter  than  distance  Lb  between  said  center 
position  P  and  position  at  which  the  second 
valve  stem  1  1  b  is  connected  to  the  drive  shaft 

35  28. 
3.  A  butterfly  valve  as  set  forth  in  claim  1  or  2 

wherein  connection  means  for  connecting  the 
drive  shaft  28  to  the  valve  stem  11  comprise  an 
open  cut  groove  29  formed  in  the  drive  shaft  28 

40  for  receiving  the  outer  end  of  the  valve  stem  1  1  , 
and  an  inclined  elongate  hole  31  bored  in  the 
outer  end  portion  of  the  valve  stem  1  1  and  a  pin 
32  for  insertion  into  the  elongate  hole  31  . 

4.  A  butterfly  valve  as  set  forth  in  claim  1 
45  wherein  said  valve  casing  2  consists  of  a  valve 

casing  body  2a  and  auxiliary  casings  2b,  2c 
connected  to  sides  of  the  valve  casing  body  2a. 

5.  A  drive  mechanism  for  rotation  and 
reciprocating  movement  of  a  valve  stem  of  a 

50  butterfly  valve,  comprising: 
a  cylindrical  cam  36  connected  at  one  end  to  a 
drive  shaft  28  and  having  helical  cam  grooves  38 
formed  in  its  peripheral  wall; 
a  casing  37  which  allows  the  cylindrical  cam  36 

55  to  be  slidably  received  and  supported  therein  in 
its  axial  direction  and  also  in  its  peripheral 
direction; 
a  control  shaft  39  rotatably  received  in  the 
cylindrical  cam  36  and  having  a  screw  shaft 

60  portion  49  positioned  in  the  cylindrical  cam  36, 
a  screw  element  41  threadedly  fitted  on  the 
screw  shaft  portion  49  of  the  control  shaft  39 
and  prevented  from  rotating  but  threadedly 
movable  in  axial  directions  of  the  cylindrical  cam 

65  36  following  the  rotational  movement  of  the 

7 
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control  shaft  39;  and 
cam  followers  42  mounted  to  the  screw  element 
41  and  held  in  engagement  with  the  helical  cam 
grooves  38  of  the  cylindrical  cam  36; 
said  cylindrical  cam  36  further  having  generally  5 
L-shaped  cam  grooves  44  formed  in  its  periphe- 
ral  wall,  the  L-shaped  cam  grooves  44  each 
consisting  of  a  longitudinal  groove  portion  44a 
extending  in  the  longitudinal  direction  of  the 
cylindrical  cam  36  and  a  side  groove  44b  10 
extending  in  the  perpheral  direction  of  the 
cylindrical  cam  36; 
the  L-shaped  cam  grooves  44  being  engaged 
by  stationary  cam  followers  45  which,  when  in 
engagement  with  the  side  groove  portion  44b,  15 
prevent  movement  of  the  cylindrical  cam  36  in 
its  longitudinal  directions  to  allow  it  to  rotate 
and  which,  when  in  engagement  with  the 
longitudinal  groove  portion  44a,  prevent  the 

20 

rotation  of  the  cylindrical  cam  36  to  allow  it  to 
move  in  its  longitudinal  directions. 

6.  A  drive  mechanism  for  rotation  and 
reciprocating  movement  of  a  valve  stem  of  a 
butterfly  valve  as  set  forth  in  claim  5  wherein 
engagement  pins  56  extending  more  outwardly 
than  the  cam  followers  42  of  the  screw  element 
41  are  in  engagement  with  the  elongate  holes 
40  at  sides  of  the  casing  37,  whereby  the  screw 
wlement  41  is  held  as  prevented  from  rotating  in 
the  peripheral  direction  of  the  cylindrical  cam 
36. 

7.  A  drive  mechanism  for  rotation  and 
reciprocating  movement  of  a  valve  stem  of  a 
butterfly  valve  as  set  forth  in  claim  5  wherein 
said  stationary  cam  followers  45  are  stationarily 
disposed  in  position  on  side  walls  of  the  casing 
37. 
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