
J  
E u r o p a , s c h e s P _   MM  M  II  II  MM  Ml  I  II  MM  I  II  I  II 
European  Patent  Office  nn—  _  „ 
_„.  ©  Publication  number:  0  5 7 8   9 9 5   B 1  
Office  europeen  des  brevets 

E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  13.12.95  ©  Int.  CI.6:  F15B  15 /08  

©  Application  number:  93109868.5 

@  Date  of  filing:  21.06.93 

©  Pneumatic  rotary  actuator  with  increased  starting  torque 

©  Priority:  26.06.92  IT  MI921576 

@  Date  of  publication  of  application: 
19.01.94  Bulletin  94/03 

©  Publication  of  the  grant  of  the  patent: 
13.12.95  Bulletin  95/50 

©  Designated  Contracting  States: 
CH  DE  ES  FR  GB  LI  NL 

©  References  cited: 
DE-A-  2  748  955 
DE-A-  2  919  435 
US-A-  2  932  206 
US-A-  2  970  574 

00 

m  
Oi 
Oi  
CO 
IX 
w  

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person ®  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
CL  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
LU  has  been  paid  (Art.  99(1)  European  patent  convention). 

@  Proprietor:  UNIVER  S.p.A. 
Via  Eracllto  No.  31 
1-20128  Milano  (IT) 

@  Inventor:  Mlgllorl,  Luciano 
Resldenza  del  Saglttarlo  T  29/1, 
Via  F.lll  Cervl 
Milano  2  (Milan)  (IT) 

©  Representative:  Colobertl,  Lulgl 
Via  E.  de  Amlcls  No.  25 
1-20123  Milano  (IT) 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



1 EP  0  578  995  B1 2 

Description 

The  present  invention  relates  to  a  pneumatic 
rotary  actuator  of  the  type  comprising  a  hollow 
cylindrical  body  defining  an  elongated  chamber 
inside  which  a  double-acting  piston  member  recip- 
rocates;  the  piston  member  has  a  threaded  central 
hole  which  engages  with  a  thread  shaft  rotatably 
supported  and  axially  protruding  from  one  end  of 
the  actuator.  Fluid  under  pressure  alternately  acts 
first  on  the  sides  of  the  piston  member  to  cause  a 
reciprocating  movement  and  the  consequent  rota- 
tion  of  the  thread  shaft  of  the  rotary  actuator  (see 
for  example  DE-A-29  19  435). 

Pneumatic  actuators  with  a  rotating  shaft,  of  the 
type  mentioned  above,  are  widely  known  and  used 
on  account  of  their  operating  features  and  their 
ability  to  provide  high  torques  over  the  entire  travel 
of  the  piston,  with  the  possibility  of  stopping  the 
latter  at  any  desired  point  of  the  rotational  arc  of 
the  output  shaft  which  may  reach  and  even  exceed 
360°. 

Pneumatic  rotary  actuators  are  generally  pre- 
ferred  to  other  types  of  actuators,  for  example  to 
actuators  of  electrical  type,  whenever,  for  safety 
purposes  or  other  reasons,  operation  under  safety 
conditions  is  required.  However,  the  pneumatic  ro- 
tary  actuators  currently  known,  unlike  electric  ac- 
tuators,  provide  a  torque  of  constant  value  over  the 
entire  working  travel,  without  the  possibility  of  vary- 
ing  or  increasing  the  said  torque  in  a  controlled 
manner. 

Apart  from  using  pneumatic  rotary  actuators 
dimensioned  to  provide  only  the  maximum  torque 
required,  no  pneumatic  rotary  actuators  able  to 
provide  varying  torque  values  are  presently  known. 

In  many  applications  for  which  the  use  of  pneu- 
matic  actuators  is  particularly  recommended,  for 
example  for  the  opening  and  closing  of  access 
doors  in  rolling  stock,  or  for  other  special  applica- 
tions,  the  use  of  conventional  rotary  actuators  has 
proved  to  be  unsuitable  both  on  account  of  the 
greater  overall  dimensions  which  these  actuators 
must  necessarily  have  in  order  to  provide  the  maxi- 
mum  torques  required,  and  on  account  of  the  con- 
sequent  greater  quantity  of  pressurised  air  which  is 
used. 

Therefore,  the  main  scope  of  the  present  in- 
vention  is  to  provide  a  pneumatic  rotary  actuator  of 
the  kind  mentioned  above,  by  means  of  which  it  is 
possible  to  obtain  varying  torque  values,  in  particu- 
lar  a  greater  starting  torque  value  in  one  or  both 
the  rotational  directions  of  the  actuator  shaft  or  over 
a  desired  portion  of  the  piston  travel. 

A  further  scope  of  the  present  invention  is  to 
provide  a  pneumatic  rotary  actuator  of  the  ab- 
ovementioned  kind  which  has  extremely  small  di- 
mensions,  for  a  same  working  travel  and  maximun 

torque  value,  and  by  means  of  which  the  reactive 
twisting  moment  which  normally  acts  on  the  operat- 
ing  piston  of  the  actuator  can  also  be  distributed 
over  a  large  area;  in  this  way  it  is  possible  to 

5  achieve  smooth  sliding  of  the  piston,  substantially 
without  any  reaction  problems. 

These  and  other  scopes  may  be  achieved  by 
means  of  a  pneumatic  rotary  actuator,  according  to 
the  invention,  as  defined  in  claim  1. 

io  A  preferred  embodiment  of  a  pneumatic  rotary 
actuator  according  to  the  invention  will  be  de- 
scribed  hereinbelow,  with  reference  to  the  figures 
of  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  longitudinal  sectional  view  of  the 
75  actuator; 

Fig.  2  is  an  enlarged  sectional  view  of  the  left- 
side  end  of  the  actuator  shown  in  Fig.  1,  in  a 
different  operating  condition; 
Fig.  3  is  a  cross-sectional  view  along  the  line  3- 

20  3  of  Figure  2. 
As  shown  in  the  various  figures,  the  actuator  10 

comprises  a  hollow  cylindrical  body  11  consisting 
for  example  of  a  barrel  axially  extending  and  hav- 
ing  a  polygonal  cross-section,  and  of  two  closing 

25  end-pieces  12  and  13. 
The  cylindrical  body  11  is  divided  up  into  a 

main  chamber  14  extending  in  the  axial  direction  of 
the  actuator,  and  into  two  lateral  chambers  15,  16 
of  smaller  length  than  the  main  chamber  14,  which 

30  are  separated  from  the  main  chamber  14  for  exam- 
ple  by  internal  partitions  17,  18  provided  by  the 
bottom  wall  of  a  corresponding  cup-shaped  ele- 
ments  defining  the  lateral  chambers  15,  16;  each 
cup-shaped  member  is  sealingly  inserted  in  the 

35  body  11  against  suitable  stop  means  provided  by 
an  annular  shoulder  inside  the  barrel  and  retained 
by  the  end-piece  12  and  13;  tie-rods,  not  shown, 
pass  through  suitable  holes  in  the  end-pieces  12, 
13  and  are  screwed  into  corresponding  holes  in  the 

40  barrel  1  1  of  the  actuator,  as  for  example  indicated 
by  19  in  Figure  3. 

Inside  the  main  chamber  14  reciprocates  a 
main  double-acting  piston  20  having  a  polygonal 
cross-section  corresponding  to  that  of  the  body  1  1  , 

45  the  internal  surfaces  of  which  therefore  define 
guide  means  preventing  rotation  of  the  piston  20. 

The  piston  20  is  made  from  a  material  having  a 
low  friction  and  has  an  axial  hole  20A  which  is 
internally  provided  with  a  threaded  portion  so  as  to 

50  engage  with  a  thread  shaft  21  of  the  actuator  which 
is  supported  so  as  to  rotate  coaxially  and  emerging 
from  one  end  of  the  body  10  of  the  actuator, 
passing  through  central  openings  22  (only  one  is 
shown  in  Figure  1)  in  the  partitions  17,  18  which 

55  separate  the  main  chamber  14  from  the  lateral 
chambers  15  and  16;  ports  23,  24  are  provided  in 
the  end  pieces  12  and  13  for  sequentially  sup- 
plying  and  discharging  compressed  air  in  the 
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chambers  of  the  actuator. 
Inside  each  lateral  chamber  15,  16  there  is 

provided  a  respective  secondary  single-acting  pis- 
ton  25,  26  having  a  tubular  shaft  extension  27,  28 
sliding  in  a  sealed  manner  through  the  central  hole 
22  of  the  partitions  17,  18  so  as  to  extend  through 
the  same,  towards  and  against  the  main  piston  20 
in  such  a  way  as  to  provide  an  additional  thrusting 
action  for  an  initial  portion  of  the  travel  of  the  piston 
20  at  each  end  of  chamber  14,  in  the  manner 
described  further  below. 

Rotating  seals  35  are  provided  at  both  ends  of 
the  main  piston  20  in  such  a  way  as  to  be  adapted 
to  the  threading  of  the  shaft  21  so  that  an  adequate 
sealing  action  is  provided  between  the  two  sides  of 
the  main  chamber  14. 

The  pneumatic  rotary  actuator  according  to  the 
invention  is  provided  moreover  with  pneumatic 
damping  means  which  act  to  brake  the  sliding 
movement  of  the  piston  20  and  hence  rotation  of 
the  shaft  21  when  piston  20  approaching  the  two 
ends  of  the  travel  of  the  piston  itself. 

The  pneumatic  damping  means  comprises 
substantially  an  adjustable  needle  valve  29  in  each 
end-piece  12,  13  to  connect  chamber  14  to  the 
exterior  through  a  corresponding  annular  passage 
23A,  24A  supplying  compressed  air  into  the  afore- 
mentioned  chambers  14,  15  and  16.  In  the  example 
shown,  the  damping  means,  on  each  side  of  the 
main  piston  20,  comprise  a  tubular  element  30 
axially  extending  around  and  spaced  apart  from  the 
threaded  shaft  21  and  tubular  shaft  27;  the  tubular 
element  30  protrudes  from  a  plate  31  which  is 
fixed,  for  example  screwed  to  a  corresponding  end 
face  of  the  piston  20.  The  tubular  element  30  has 
an  internal  diameter  slightly  greater  than  the  maxi- 
mum  diameter  of  the  shaft  21,  and  an  external 
diameter  slightly  smaller  than  the  internal  diameter 
of  the  tubular  extension  27,  28,  respectively,  of  the 
two  secondary  pistons  25,  26  so  as  to  provide  the 
necessary  passages  for  the  fluid  under  pressure. 

The  tubular  element  30  cooperates  moreover 
with  a  lip  seal  32  for  the  required  sealing  action 
with  respect  to  the  needle  valve  29,  necessary  for 
obtaining  the  desired  pneumatic  damping  effect. 

Finally  33  in  Figure  2  denotes  venting  holes  for 
the  chambers  15  and  16  on  the  side  of  the  secon- 
dary  piston  which  is  opposite  to  the  supplying  side 
for  the  fluid  under  pressure,  while  34  denotes  radial 
holes  in  the  tubular  extensions  27  and  28  of  the 
two  lateral  pistons,  for  allowing  the  passage  of  the 
fluid  under  pressure  from  the  respective  supply 
port  29,  via  the  lip  seal  32,  to  the  fluid  supply  side 
of  each  lateral  chamber  15,  16,  along  the  annular 
duct  formed  between  each  tubular  extension  27,  28 
and  the  respective  tubular  element  30  of  the  pneu- 
matic  damping  system,  towards  the  corresponding 
side  of  the  main  chamber  14,  through  radial  holes 

34. 
The  operation  of  the  pneumatic  rotary  actuator 

according  to  the  invention  is  briefly  as  follows:  let 
us  assume  that  the  actuator  is  in  the  condition 

5  shown  in  Figure  1  and  that  the  air  under  pressure 
is  supplied  via  the  port  23.  Under  these  conditions, 
the  compressed  air  flowing  along  the  path  de- 
scribed  above  reaches  simultaneously  the  main 
chamber  14  and  the  lateral  chamber  15  on  the 

io  corresponding  sides  of  the  two  pistons  20  and  25 
which  will  begin  to  move  towards  the  right  in  Figure 
1.  Therefore,  the  piston  20  will  be  subject  to  a 
thrust  force  which  is  twice  or  greater  than  that 
exerted  by  the  compressed  air  inside  the  chamber 

is  14  only  of  the  piston,  since  will  be  added  the  thrust 
exerted  by  the  piston  25  via  its  tubular  extension 
27  which  protrudes  through  the  central  hole  22  in 
the  partition  17  and  acts  against  the  plate  31, 
pushing  the  piston  20.  The  thrusting  action  of  the 

20  secondary  piston  25  combined  with  that  of  the 
piston  20  will  be  exerted  for  a  short  portion  of  the 
travel  of  the  piston  25,  due  to  short  length  of 
chambers  14  and  15  i.e.  for  a  length  in  any  case 
sufficient  to  overcome  the  starting  friction  and  pro- 

25  vide  a  speed  sufficient  to  start  the  movement  of  the 
load  connected  to  the  shaft  21.  When  the  secon- 
dary  piston  25  or  the  secondary  piston  26,  respec- 
tively,  have  completed  their  forward  travel,  the 
movement  of  the  central  piston  20  is  made  to 

30  continue  by  the  action  alone  of  the  air  inside  a 
respective  side  of  the  chamber  14;  this  thrust 
which  is  equal  to  half  or  in  any  case  is  less  than 
the  initial  thrust  is  now  more  than  sufficient  to 
continue  the  sliding  of  piston  20  and  the  rotational 

35  movement  of  the  shaft  21;  in  this  way  a  consider- 
ably  smaller  amount  of  compressed  air  is  request- 
ed. 

When  the  piston  20  approaches  the  end  of  its 
forward  travel,  the  tubular  element  30  penetrates 

40  into  the  tubular  extension  28  of  the  corresponding 
secondary  piston  26,  coming  into  contact  with  the 
lip  seal  32  which  prevents  the  passage  of  air  to  the 
corresponding  venting  valve  29;  in  this  way  there  is 
compression  of  the  air  remaining  inside  the  cham- 

45  ber  14  and  a  consequent  dampening  action  of  the 
piston  20  and  load  movement.  After  movement  of 
the  piston  20  and  of  the  load  connected  thereto 
has  been  completed  in  one  direction,  operation  of 
the  actuator  10  may  be  reversed,  by  supplying  the 

50  fluid  under  pressure  by  the  other  port  24. 
It  will  therefore  be  understand  from  what  has 

been  said  and  illustrated,  that  it  has  been  possible 
to  provide  a  pneumatic  rotary  actuator  of  the  type 
having  a  rotating  shaft,  provided  with  a  starting 

55  torque  greater  than  that  normally  supplied  during 
the  normal  travel  of  the  actuator,  on  account  of  the 
original  combination  of  a  main  piston  and  at  least 
one  secondary  piston  which  act,  at  the  start  of 

3 
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each  working  stroke,  to  provide  an  additional  thrust 
along  an  initial  portion  of  the  travel  corresponding 
to  the  travel  of  the  secondary  piston  itself.  As  a 
result  of  the  coaxial  arrangement  of  the  assembly 
and  the  use  of  suitable  internal  guiding  surfaces  for 
the  main  piston,  it  is  also  possible  to  obtain  a 
rotary  actuator  of  very  small  dimension,  which  is 
safe  to  use  and  extremely  reliable.  Finally  an  ex- 
tremely  advantageous  design  ensuring  suitable  op- 
eration  of  the  actuator  is  achieved  as  a  result  of  the 
use  of  suitable  anti-frictional  material  for  the  piston 
and  rotating  seals  which  are  adapted  to  the  geome- 
try  of  the  threading  of  the  shaft  21  . 

Claims 

1.  Pneumatic  rotary  actuator  of  the  type  compris- 
ing  a  hollow  body  (11)  defining  an  axially  ex- 
tending  main  chamber  (14)  a  main  double- 
acting  piston  (20)  reciprocable  in  said  main 
chamber  (14),  said  main  piston  (  20)  having  an 
internally  threaded  axial  hole  (20A)  for  coupling 
with  a  thread  shaft  (21)  rotatably  supported 
and  coaxially  extending  from  one  end  of  said 
body  (11),  characterized  in  that,  at  least  one 
end  of  said  actuator  comprises  additional 
pneumatically  actuated  piston  means  (25,  26), 
each  additional  piston  means  (25,  26)  acting  to 
forwardly  thrust  the  main  piston  (20)  for  a  short 
initial  portion  of  the  working  stroke,  and  in  that 
antirotational  guide  means  are  provided  on  fac- 
ing  surfaces  of  the  hollow  body  (11)  and  said 
main  piston  (20)  of  the  actuator. 

2.  Pneumatic  rotary  actuator  according  to  Claim 
1  ,  characterized  in  that  each  side  of  the  main 
chamber  (14)  and  a  corresponding  side  of  a 
piston  chamber  (15,  16)  for  said  additional 
piston  means  (25,  26)  are  connected  to  a  same 
inlet  port  for  fluid  under  pressure  through  an 
annular  passage  axially  extending  around  the 
threaded  shaft  (21). 

3.  Pneumatic  rotary  actuator  according  to  Claim 
1,  characterized  in  that  each  additional  piston 
means  comprises  an  additional  piston  chamber 
(15,  16)  axially  aligned  with  and  having  a 
length  smaller  than  that  of  said  main  chamber 
(14),  and  in  that  a  secondary  single-acting  pis- 
ton  (25,  26)  is  axially  movable  inside  said 
additional  chamber  (15,  16),  said  secondary 
piston  (25,  26)  having  a  tubular  extension  (27, 
28)  coaxially  arranged  with  respect  to  the 
threaded  shaft  (21),  said  tubular  extension  (27, 
28)  protruding  towards  said  main  piston  (20) 
through  a  central  hole  in  a  partitions  (17,  18) 
separating  the  main  chamber  (14)  from  said 
additional  chamber  (15,  16)  of  the  actuator. 

4.  Pneumatic  rotary  actuator  according  to  Claim 
1,  characterized  in  that  pneumatic  damping 
means  (29,  30)  are  provided  at  each  end  of  the 
main  piston  (20)  and  main  chamber  (14)  of  the 

5  actuator. 

5.  Pneumatic  rotary  actuator  according  to  Claim 
4,  characterized  in  that  said  pneumatic  damp- 
ing  means  comprise  a  tubular  element  (30) 

io  extending  from  each  end  of  the  main  piston 
(20),  said  tubular  element  (30)  being  axially 
arranged  and  radially  spaced  apart  from  the 
tubular  extension  (27,  28)  of  the  additional  pis- 
ton  means,  and  sealing  means  at  one  end  of 

is  the  hollow  body,  respectively  encircling  said 
tubular  member  (30)  of  the  main  piston  (20),  to 
provide  a  seal  between  each  additional  cham- 
ber  (15,  16)  and  a  venting  valve  (29)  con- 
nected  to  a  air  feeding  passage  for  feeding 

20  pressurised  air  to  piston  chambers  (14,  15,  16) 
of  the  actuator. 

Patentanspruche 

25  1.  Pneumatischer  Drehantrieb,  bestehend  aus  ei- 
nem  Hohlkorper  (11),  der  eine  sich  axial  er- 
streckende  Hauptkammer  (14)  ausbildet,  und 
einem  doppelt  wirkenden  Hauptkolben  (20), 
der  in  der  Hauptkammer  (14)  hin-  und  herbe- 

30  weglich  ist  und  im  Innern  eine  axiale  Gewinde- 
bohrung  (20A)  zur  Koppelung  mit  einer  Gewin- 
dewelle  (21)  aufweist,  die  an  einem  Ende  des 
Hohlkorpers  (11)  drehbar  gehalten  ist  und  sich 
dazu  koaxial  erstreckt,  dadurch  gekennzeich- 

35  net,  dal3  wenigstens  ein  Ende  des  Antriebs 
zusatzliche,  pneumatisch  betatigte  Kolbenein- 
richtungen  (25,26)  aufweist,  von  denen  jede  in 
einem  kurzen  Anfangsteil  des  Arbeitshubes 
dem  Hauptkolben  (20)  einen  Vorwartsschub  er- 

40  teilt,  und  dal3  Fuhrungseinrichtungen  zur  Dreh- 
verhinderung  auf  einander  zugewandten  Fla- 
chen  des  Hohlkorpers  (11)  und  des  Hauptkol- 
bens  (20)  des  Antriebs  vorhanden  sind. 

45  2.  Pneumatischer  Drehantrieb  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dal3  jede  Seite  der 
Hauptkammer  (14)  und  eine  entsprechende 
Seite  einer  Kolbenkammer  (15,16)  fur  die  zu- 
satzlichen  Kolbeneinrichtungen  (25,26)  mit 

50  demselben  DruckfluideinlaBkanal  uber  einen 
ringformigen  DurchlaB,  der  sich  axial  urn  die 
Gewindewelle  (21)  erstreckt,  verbunden  ist. 

3.  Pneumatischer  Drehantrieb  nach  Anspruch  1, 
55  dadurch  gekennzeichnet,  dal3  jede  zusatzliche 

Kolbeneinrichtung  eine  zusatzliche  Kolbenkam- 
mer  (15,16)  enthalt,  die  axial  auf  die  Haupt- 
kammer  (14)  ausgerichtet  ist  und  eine  geringe- 

4 
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re  Lange  als  jene  aufweist,  und  dal3  ein  ein- 
fachwirkender  Hilfskolben  (25,26)  in  der  zu- 
satzlichen  Kammer  (15,16)  axial  beweglich  ist, 
wobei  der  Hilfskolben  (25,26)  einen  tubusfor- 
migen  Fortsatz  (27,28)  aufweist,  der  koaxial  zur 
Gewindewelle  (21)  angeordnet  ist  und  gegen 
den  Hauptkolben  (20)  durch  ein  Mittenloch  in 
einer  Trennwand  (17,18)  vorsteht,  die  die 
Hauptkammer  (14)  von  der  zusatzlichen  Kam- 
mer  (15,16)  des  Antriebs  teilt. 

4.  Pneumatischer  Drehantrieb  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dal3  pneumatische 
Dampfungseinrichtungen  (29,30)  an  jedem 
Ende  des  Hauptkolbens  (20)  und  der  Haupt- 
kammer  (14)  des  Antriebs  vorgesehen  sind. 

5.  Pneumatischer  Drehantrieb  nach  Anspruch  4, 
dadurch  gekennzeichnet,  dal3  die  pneumati- 
sche  Dampfungseinrichtung  ein  tubusformiges 
Element  (30)  enthalt,  das  sich  von  jedem  Ende 
des  Hauptkolbens  (20)  erstreckt  und  axial  und 
in  radialem  Abstand  vom  tubusformigen  Fort- 
satz  (27,28)  der  zusatzlichen  Kolbeneinrichtung 
angeordnet  ist,  und  dal3  Dichtungseinrichtun- 
gen  an  einem  Ende  des  Hohlkorpers  vorgese- 
hen  sind,  die  jeweils  das  tubusformige  Ele- 
ment  (30)  des  Hauptkolbens  (20)  umgeben,  urn 
eine  Dichtung  zwischen  der  zusatzlichen  Kam- 
mer  (15,16)  und  einem  Beluftungsventil  (29)  zu 
schaffen,  das  mit  einem  Luftzufuhrkanal  ver- 
bunden  ist,  urn  den  Kolbenkammern  (14,15,16) 
des  Antriebs  Druckluft  zuzufuhren. 

Revendicatlons 

1.  Verin  pneumatique  rotatif  du  type  comportant 
un  corps  creux  (11)  definissant  une  chambre 
principale  s'etendant  axialement  (14),  un  piston 
a  double  effet  principal  (20)  pouvant  effectuer 
des  va-et-vient  dans  ladite  chambre  principale 
(14),  ledit  piston  principal  (20)  comportant  un 
trou  axial  interieurement  filete  (20A)  pour  le 
couplage  avec  un  arbre  filete  (21)  supporte  de 
fagon  a  pouvoir  tourner  et  s'etendant  coaxiale- 
ment  a  partir  d'une  extremite  dudit  corps  (11), 
caracterise  en  ce  qu'au  moins  une  extremite 
dudit  verin  comprend  des  moyens  formant  pis- 
tons  actionnes  pneumatiquement  additionnels 
(25,  26),  chacun  des  moyens  formant  pistons 
additionnels  (25,  26)  agissant  de  fagon  a  pous- 
ser  vers  I'avant  le  piston  principal  (20)  sur  une 
courte  partie  initiale  de  la  course  operationnel- 
le,  et  en  ce  que  des  moyens  de  guidage  anti- 
rotation  sont  presents  sur  les  surfaces  en  vis- 
a-vis  du  corps  creux  (11)  et  dudit  piston  princi- 
pal  (20)  du  verin. 

2.  Verin  pneumatique  rotatif  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  chaque  cote  de 
la  chambre  principale  (14)  et  un  cote  corres- 
pondent  d'une  chambre  de  piston  (15,  16)  pour 

5  lesdits  moyens  formant  pistons  additionnels 
(25,  26)  sont  connectes  au  meme  orifice  d'en- 
tree  pour  un  fluide  sous  pression  par  I'interme- 
diaire  d'un  passage  annulaire  s'etendant  axia- 
lement  autour  de  I'arbre  filete  (21). 

10 
3.  Verin  pneumatique  rotatif  selon  la  revendica- 

tion  1,  caracterise  en  ce  que  chacun  des 
moyens  formant  pistons  additionnels  comporte 
une  chambre  de  piston  additionnelle  (15,  16) 

is  alignee  axialement  avec  ladite  chambre  princi- 
pale  (14)  et  ayant  une  longueur  moindre  que 
celle-ci,  et  en  ce  qu'un  piston  a  simple  effet 
secondaire  (25,  26)  peut  se  deplacer  axiale- 
ment  a  I'interieur  de  ladite  chambre  addition- 

20  nelle  (15,  16),  ledit  piston  secondaire  (25,  26) 
comportant  une  extension  tubulaire  (27,  28) 
disposee  coaxialement  par  rapport  a  I'arbre 
filete  (21),  ladite  extension  tubulaire  (27,  28) 
faisant  saillie  en  direction  dudit  piston  principal 

25  (20)  a  travers  un  trou  central  dans  une  cloison 
(17,  18)  separant  la  chambre  principale  (14)  de 
ladite  chambre  additionnelle  (15,  16)  du  verin. 

4.  Verin  pneumatique  rotatif  selon  la  revendica- 
30  tion  1,  caracterise  en  ce  que  des  moyens 

d'amortissement  pneumatiques  (29,  30)  sont 
presents  a  chaque  extremite  du  piston  princi- 
pal  (20)  et  de  la  chambre  principale  (14)  du 
verin. 

35 
5.  Verin  pneumatique  rotatif  selon  la  revendica- 

tion  4,  caracterise  en  ce  que  lesdits  moyens 
d'amortissement  pneumatiques  comprennent 
un  element  tubulaire  (30)  s'etendant  a  partir  de 

40  chaque  extremite  du  piston  principal  (20),  ledit 
element  tubulaire  (30)  etant  dispose  axialement 
et  espace  radialement  de  I'extension  tubulaire 
(27,  28)  des  moyens  formant  pistons  addition- 
nels,  et  des  moyens  etanches  a  une  extremite 

45  du  corps  creux,  encerclant  respectivement  le- 
dit  element  tubulaire  (30)  du  piston  principal 
(20),  de  fagon  a  constituer  un  joint  entre  cha- 
que  chambre  additionnelle  (15,  16)  et  une  van- 
ne  d'evacuation  (29)  connectee  a  un  passage 

50  de  delivrance  d'air  pour  delivrer  de  I'air  sous 
pression  aux  chambres  de  piston  (14,  15,  16) 
du  verin. 

5 
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