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©  Hydraulic  system  with  a  double  section  telescopic  piston  for  the  movement  of  loads  in  unstable  conditions. 

A  hydraulic  system  consisting  of  a  non-limited  number 
of  sliding  parts  having  in  the  last  part  thereof  a  double-action 
telescopic  piston  for  the  displacement  of  loads  in  unstable 
conditions  in  which  an  initial  drive  force  to  totate  the  hinged 
load  and,  afterwards,  a  breaking  or  retaining  force  to  avoid 
the  hinged  load  from  falling  due  to  the  different  position  of 
the  centre  of  gravity  with  respect  to  the  point  of  rotation  are 
required. 





This  invention  refers   to  an  hydraulic  system  for  the  rotating  displacement  of  large  loads  

in  unstable  conditions.  In  pa r t i cu la r   it  refers   to  an  hydraulic  system  consist ing  of  a 

telescopic  piston  with  an  unlimited  number  of  sliding  sect ions,   on  the  last  of  which  i s  

mounted  a  double  action  piston.  The  system  (  of  the  invention)  is  in  this  way  capab le  

of  pushing  the  load  with  an  initial  drive  force  such  as  to  start  ro ta t ion  

and  with  a  controlled  braking  or  pulling  force  as  soon  as  the  load  nears  the 

PMS  (point  of  unstable  equ i l ib r ium) .  

The  problem  of  controlled  displacement  of  large  loads  is  present ly  very  important  in  d i f -  

ferent  technical  fields,  in  pa r t i cu la r ,   in  all  those  in  which  the  t ranspor t   of  o b j e c t s  

(loads)  of  large  dimensions  is  ca r r i ed   out  by  l o r r i e s ,   platforms  Qn  wheels  e t c .  

Usually  the  technical  problem  consists   of  rotating  a  load,  with  its  lower  part  fixed  to  a 

hinge,  from  a  horizontal  position  to  a  vertical  position  c lose  or   beyond  the  PMS 

(point  of  unstable  equi l ib r ium) .  

An  operation  such as  lifting  of  the  movable  ca r r i age   of  a  l o r ry  i s  no rma l ly   c a r r i e d  o u t  

with  simple  action  hydraulic  telescopic  p i s ton .  

In  this  case,  however,   the  rotation  of  the  carrtage  must  be  limited  to  a  position  just  be fo -  

re  the  centre  of  gravity  reaches  the  vertical  above  the  hinge  (PMS).  A  rotation  beyond 

this  point  is  in  fact  undesirable  since  it  will  result  in  an  uncontrolled  fall,  since  the  s im-  

ple  actron  piston  due  to  its  nature,   is  uncapable  of  exercising  controlled  pulling  ac t ion .  



In  the  case  of  incoherent   loads,   such  as  wet  sand,  the  above  impossibil i ty  r e n d e r s  

unloading  by  gravity  very  c r i t i ca l ,   and  thus  the  opera tor   is  often  forced  to  e x e r c i s e  

sharp  up  and  down  movements  untill  the  load  is  "freed"  from  the  carriage  which 

could  not  be  sufficiently  l i f t e d .  

The  problem  becomes  completely  unsolvable,   with  a  simple  action  piston,  when 

par t i cu la r   loads  ( i .e .   te lescopy  towers  for  telecommunicat ion,   vert ical   axis  l a u n -  

chers  for  miss i les ,e tc)   must  be  lifted  from  the  platform  of  t r anspor t   vehicle,   or  a t  

least  from  the  horizontal   position  right  up  to  the  vert ical   position  with  the  added 

difficulty  of  the  hinge  for  which  the  fall  is  not  just  uncontrol lable   be end  the  PMS 

position  but  also  impossible  to  r e v e r s e .   To  this  day,  to  resolve  the  problem  of 

rotation  of  pa r t i cu la r ly   heavy  and  cr i t ica l   loads,  several   different   t e c h n i q u e s  

were  used.   One  technique  is  that  of  a  crane  external   to  the  t ra i le r   o r  

lorry ,   which  must  manouever  with  success ive   t rans la t ion   and  l if t ing  movements,  to 

try  and  genera te   as  near  as  poss ible ,   a  t r a j ec to ry   of  movement  similar  to  the  c i r -  

cumference  arc  genera ted   by  the  load  in  rotation.  This  operat ion  is  very  long  and 

difficult  to  ca r ry   out,  and  even  though  it  is  done  with  much  care  and  p r e c i s i o n ,  

there  is  always  an  instant  of  incontrol labi l i ty   which  coincides  with  the  instant  of 

direction  change  of  the  c rane ' s   lifting  force,  from  which  abrupt  acce le ra t ions   of  the  manoe 

uvre  can  be  genera ted   which  could  prove  harmful  to  the  s t ruc tu re   of  object  being  moved.  

Another  technique  adopted  is  that  of  using  a -double -ac t ion-non- te lescop ic   p i s ton ,  

which  due  to  its.  limited  extensions  (because  of  their  limited  dimensions  due  to  i n -  

stallation  problems)  must  be  positioned  close  to  the  hinge  and  thus  generate  v e r y  

large  forces   for  movement.  This  resul ts   in a  overdimensioning  of  the  chassis   sys tem 

(mobile  and  fixed)  which  must  be  capable  of  supporting  very  large  forces  c o n c e n -  

trated  at  the  application  points  of  the  p i s t o r i s . . .  

It  is  obvious  that  such  overdimentioning  has  a  damaging  effect  on  the  weight  

dimensions  and  on  cost  of  the  c h a s s i s .  

The  problems  associa ted   with  the  techniques  presently  adopted  to  obtain  the  d i s p l a -  

cement  of  large  loads  in  unstable  conditions  can  therefore   be  summarized  by  the 

following  p o i n t s .  

a)  the  volume  available  for  housing  the  hydraulic  lifting  system  is  rather   l imited; 



b)  the  t ra jec tory ,   and  in general  the  kinematics  of  the  movement  from  the  h o r i z o n -  

tal  to  the  vert ical   position  necessa r i ly   implies,  at  a  certain  stage  in  the  manoueo-  

re,  the  control  of  the  applied  force  to  the  load,  and  its  inversion  from  a  d r i v e  

force  to  a  retaining  or  braking  force,  to  avoid  the  uncontrolled  fall  of  the  l oad .  

Utili  ation  of  present   double-  action  telescopic  piston  is  very  cri t ical   in  as  much 

that  these  systems  are  cumbersome  and  thus  cortradicts  the  need  of  containing  the  

volume  alloted  to  such  a  s y s t e m .  

Utilisation  of  present   simple-  action  telescopic  pistons  even  though  sa t isfying  the 

condition  of  minimal%  volume  of  the  system, does  not  allow  to  control  with  suf f ic ien t  

safety  the  invers ion  of  the  driving  force,  and  thus  as  soon  as  the  point  of  uns tab le  

equilibrium  is  reached  (PMS),  the  shift  in  centre  of  gravity  causes  an  uncon t ro l l ed  

fall  of  the  load,  since  a  retaining  or  braking  force  to  avoid  this  situation  is  not  a v a i -  

lable.  The  hydraulic  system  constituting  the  object  of  the  present  invention  solves  in 

a  simple  manner  the  problems  mentioned  above,  by  means  of  a  double-  action  p is ton 

which  is  housed  in  the  last  sliding  section  of  the  telescopic  a r r a n g e m e n t .  

The  piston  in  the  overall  assembly  remains  very  compact  and  behaves,  for  the  f i r s t  

half  of  the  movement  up  to  the  point  just  before  inversion  of  the  driving  force,   as  a 

simple-  action  t e lescope ,   whereas  in  the  second  half  of  the  movement  it  behaves  as  

a  double- action  piston  which  by  generating  a  controlled  c o u n t e r - p r e s s u r e ,   con t ro l s  

the  movement  of  the  load,  by  generatiny  a  retaining  or  braking  force,  just  n e a r  

to  the  point  of  unstable  equilibrium  (PMS). 

The  aim  of  the  present   invention  is  that  of  real ising  an  hydraulic  system  c o n s i s t i n g  

of  a  telescopic  piston  with  several  sliding  sections  to  the  last  of  which  is  mounted  a 

double-act ion  piston  which  allows,  as  well  as  limiting  the  dimentions  to  that  of  a 

normal  hydraulic  system  with  a  simple  action  telescopic  piston,  the  control  of  move- 

ments  and  thus  the  displacement  of  the  load,  in  the  vicinity  of  the  point  of  uns tab le  

equi l ibr ium.  

The  hydraulic  system  of  this  invention,  is  now  described  in  more  detail  with  the  help 

of  the  enclosed  diagrams  in  which: 

Figure  1,  i l lus t ra tes   schematically,   by  the  three  phases  a,  b and  c,  the  stages  of  the 



displacement   of  an  ideal  load  by  means  of  an  ideal  hydraulic  s y s t e m ,  

Figure  2  schematical ly   i l lus t ra tes   the  hydraulic  system  of  the  present   invent ion 

Figure  3  to  7  schematically  i l lus t ra te   the  different  phases  through  which  the  con t ro l l ed  

action  of  the  hydraulic  system  of  the  present   invention  d e v e l o p e s .  

With  r e fe rence   to  fig.  a ,   an  ideal  load  "2"n  driven  by  a  piston  1  and  fixed  at  point  C 

by  a  hinge  is  illustrated. The  force  F  is  such  as  to  oppose  the  weight  force  P  of  the  load, 

in  fact  it  exceeds  P  and  moves  the  load  so  as  to  bring  about  its  d i s p l a c e m e n t .  

Figure  1  b  i l lus t ra tes   the  position  when  the  load  has  reached  the  point  of  unstable  equ i l i -  

brium  (PMF).  This  condition  of  the  weight  force  P,  indicated  by  "X",  passes  the  fixed 

point  C  of  the  hinge.  Just  after  this  situation  the  drive  force  F  necessa ry   for  lifting,  and  thus 

for  the  displacement  of  the  load,  must  be  counter  balanced  by  a  retaining  force  R .  

Figure  1  c  i l l u s t r a t e s   the  retaining  situation  by  means  of  the  force  R  which  keeps  the  load 

in  equil ibrium.  It  is  necessa ry   to  point  out  that  the  most  delicate  part  of  the  d i sp lacement  

is  that  in  which  the  drive  force  F  is  subst i tuted,   in  a  controlled  manner,  by  the  r e t a in ing  

force  R  which  avoids  sharp  movements  or  whatsmore  falling  of  the  l oad .  

In  figure  2  a  typical  rea l isa t ion  of  the  hydraulic  system  of  the  present   invention  is  s chema-  

tically  i l lus t ra ted .   The  telescopic  piston  1  shown  has  three  sliding  sections  in  the  last  of 

which  is  mounted  a  double-act ion  piston  supplied  with  two  chambers  24  and  30  which  a r e  

infact  neces sa ry   to  attain  the  double  effect.  The  simple-action  sliding  sections  make  use  

of  the  single  chamber  21.  These  chambers  are  obviously  utilised  for  the  let t ing-in  and  out 

the  compressed   oil  fed  by  means  of  pipeline  25 .  

The  introduction  of  the  compressed  oil,  or  the  exit  of  the  re turn ing   oil  passes  th rough 

channel  31  and  valve  27  respec t ive ly .   The  dotted  lines  i l lus t ra te ,   purely  for  an  ind ica t ive  

purpose,   two  devices  for  the  eventual  mounting  of  the  piston  to  the  load  to  be  d i sp laced  

and  mounting  to  the  sustaing  plane,  as  indicated  by  28  and  29.  

Finally  Q  indicates ,   for  explanitory  purpose ,   the  apparatus  for  control l ing  the  oil  p r e s s u r e  

in  the  pipelines  20  and  25,  which  can  be  rea l ised  in  a  very  conventional  way.  

Figure  2  i l lus t ra tes   the  hydraulic  system  in  its  initial  position  in  which  the  sliding  sec t ions  

are  all  closed,  and  the  oil  is  in  a  rest  condition  in  all  the  c h a m b e r s .  

During  operat ion,   the  oil  in  pipeline  20  is  put  under  p ressure   and  introduced  into  chamber  

21,  which  on  expanding  causes  of  the  simple-  ac ttron  sliding  sections  to  lengthen  until  the 

wnd-stops  23  are  reached ,  and  thus  stopping  the  lengthening  of  the  te lescopic  pistnn  (fig.  3). 



At  this  point  the  action  of  the  double-act ion  piston  begins.  The  oil  in  pipeline  25,  

by  means  of  valve  27,  is  put  in  c o u n t e r p r e s s u r e   and  is  then,  so  to  say,  squeezed  out 

from  chamber  24,  by  means  of  valve  26  and  chamber  30. 

This  causes   futher  lengthening  of  the  te lescopic  piston  (fig.  4).  

At  this  point,  and  here  the  control  action  which  can  be  exercised  on  the  d i sp l acemen t  

of  the  load  in  the  vicinity  of  unstable  equilibrium  (PMS)  can  be  noted,  by  changing  the  

d i rec t ion   of  the  oil  p r e s s u r e   in  pipeline  25,  a  direction  change  in  the  force  generated  by 

the  t e lescopic   piston  is  a t tained.   In  fact  putting  the  oil  under  p r e s su re   in  this  p ipe l ine ,  

forcing  it  into  chamber  24  by  means  of  valve  27,  chamber  30  and  valve  26,  p r o d u c e s  

the  expansion  of  said  c h a m b e r .  

Note  that  in  this  phase,   pipelines  25  and  20  constitute  the  forward  and  re turn   of  the  o i l ' s  

c o u n t e r p r e s s u r e   r e s p e c t i v e l y   ( f i g . 5 ) .  

The  expansion  of  chamber  24,  for  the  par t icu la r   double-act ion  piston  c o n f i g u r a t i o n ,  

gene ra te s   a  shor tening  of  the  piston,  permitting  the  system  to  sol ici ta te   the  load  with  a 

re ta in ing  or  braking  force  for  controll ing  the  displacement  of  the  load  in  the  v ic in i ty  

of  the  unstable  equil ibrium  point  (fig.  6). 

Final ly  ,   figure  7  i l l u s t r a t e s   the  te lescopic  piston  on  returning  to  its  rest   position,  when 

the  oil  in  chamber  21  is  with drawn  through  pipeline  20 .  

The  hydraulic   system  of  the  present   invention  has-been  described  with  pa r t i cu la r   r e f e r e n c e  

to  a  p refered   method  of  rea l i sa t ion   which  must  not  be  considered  r e s t r i c t i v e .  

It  is  in  fact  obvious  that  various  modifications  can  be  made,  as  for  example  the  number  

of  sliding  sections  or  to  the  profiles  of  the  end-stops  of  the  same  sliding  sect ions ,   w i t h -  

out  deviating  from  the  p r inc ip les   and  aims  of  the  present   invention  as  indicated  by  the  

following  c l a i m s .  



1.  H y d r a u l i c   system  for  d i s p l a c i n g   l a r g e   loads   in  u n s t a b l e   c o n d i -  

t ions  c o n s i s t i n g   of  a  t e l e scop ic   p i s t o n   i n c l u d i n g   a  set  of  s l i d i n g  

sect ions   the  l a s t   which  is  a  d o u b l e - a c t i o n   p is ton   c a p a b l e   of  g e n e  

r a t i ng   in  a  c o n t r o l l e d   way  a  dr ive   force  and  a  r e t a i n i n g   f o r c e  

in  the  v i c i n i t y   of  the  u n s t a b l e   e q u i l i b r i u m   point   b e l o n g i n g   to  t h e  

d i s p l a c e m e n t   t r a j e c t o r y   of  the  l o a d .  

2.  Hydrau l i c   sys tem  as  in  claim  1  c h a r a c t e r i z e d   by  the  fact   t ha t   t h e  

d o u b l e - a c t i o n   p i s ton   u t i l i z e s   a  s l i d i n g   sec t ion   h a v i n g   a  d o u b l e  

act ion  c h a m b e r ,   whose  f i l l ing   with  h y d r a u l i c   f lu id   c a u s e s   t h e  

c o n t r a c t i o n   of  the  s l i d i n g   sect ion  and  c o n s e q u e n t l y   the  g e n e r a  

tion  of  a  r e t a i n i n g   or  b r a k i n g   force ,   and  whose  emp ty ing   c a u s e s  

the  e x p a n s i o n   of  the  s l i d ing   sect ion  and  c o n s e q u e n t l y   the  g e n e r a  

tion  of  a  d r ive   f o r c e .  

3.  Hydrau l i c   system  as  in  claim  2  c h a r a c t e r i z e d   by  the  fact   tha t   t h e  

said  d o u b l e - a c t i o n   chamber   is  made  up  of  the  i n t e r n a l   wal l   of  t h e  

l a s t - b u t - o n e   s l i d i n g   sect ion  and  by  the  e x t e r n a l   wall   of  the  l a s t  

s l id ing   sec t ion ;   the  las t   s l i d ing   sec t ion   p o s s e s s i n g   a  f i r s t   v a l v e  

on  the  i n t e r n a l   wal l ,   which  puts  the  d o u b l e - a c t i o n   c h a m b e r   i n  

communica t ion   with  the  second  a u x i l i a r y   chamber   which   c o n s t i t u t e s  

pa r t   of  the  l a s t   s l i d i n g   sec t ion ,   u t i l i z e d   for  feeding   the  h y d r a u -  

lic  f luid  in  the  second  a u x i l i a r y   c h a m b e r   of  the  s l i d i n g   s e c t i o n .  
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