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@  Controlled-yielding  pneumatic  bag  for  absorbing  impacts  of  vehicles. 

@  The  pneumatic  bag  consists  of  a  flexible  tubular  element 
(T)  which  is  closed,  at  the  two  ends  thereof,  by  corresponding 
locking  disc  members  (2,  3):  one  of  these  disc  members,  in 
particular,  coaxially  supports  a  hollow  body  (4)  which  communi- 
cates  with  the  inside  of  the  tubular  element  and  with  the  outside 
environment  through  suitably  arranged  slots  (9,  10). 

Inside  the  hollow  body  two  coaxial  tubular  bodies  (11,14)  can  '  \  Z 
slide  in  opposite  directions,  each  of  which  is  counterbiassed  by  /  
a  respective  spring  (13,  15),  the  coaxial  tubular  bodies  being 
also  provided  with  suitably  arranged  circumferential  slots  (12). 

A  coordinated  motion  of  the  tubular  bodies  is  so  designed  as 
to  interrupt  communication  between  the  inside  of  the  tubular 
element  and  outside  environment  so  as  to  cause  the  tubular 
element  to  fully  absorb  an  impact  due  to  the  colliding  vehicle 
and/or  the  like. 
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Description 

CONTROLLED-YIELDING  PNEUMATIC  BAG  FOR  ABSORBING  IMPACTS  OF  VEHICLES 

BACKGROUND  OF  THE  INVENTION  5 

The  present  invention  relates  to  a  controlled-yield- 
ing  pneumatic  bag  for  absorbing  impacts  of  vehicles 
and  self-moving  apparatus  in  general. 

As  is  known,  each  road  path  comprises  zones  or  10 
portions  of  great  potential  danger,  thereat  there  are 
usually  arranged  anti-accident  protecting  means. 

As  conventionally  implemented,  these  protecting 
means  consist  generally  of  rigid  systems  (walls  and 
the  like)  or  semirigid  systems  (such  as  guard-rails)  15 
or  systems  adapted  for  being  permanently  deformed 
(such  as  metal  posts)  which  are  conventional! 
arranged  at  the  edge  portions  of  a  road. 

Also  known  is  the  fact  that  in  the  case  of  not  usual 
paths  (such  as  race  paths  and  the  like)  there  are  20 
provided,  as  protecting  means,  straw  bales,  worn 
pneumatic  tires,  metal  nets  and  the  like  which,  for 
providing  sufficient  safety  characteristics  must  oper- 
ate,  as  impact  absorbing  elements. 

On  the  other  hand,  known  protecting  systems  are  25 
affected  by  several  drawbacks.  In  fact,  a  guard-rail 
operates  as  an  impact  damper  element  exclusively  if 
it  is  tangentially  impacted,  so  as  to  elongate  as  far  as 
possible  the  contact  region  with  the  impacting 
vehicle,  the  damping  effect  depending  on  the  30 
permanent  deformations  of  said  guard-rail. 

Metal  posts,  in  turn,  are  efficient  exclusively  if  they 
are  suitably  deformed,  that  is  exclusively  if  the 
impacting  vehicle  trajectory  coincides  with  the 
subsequent  positions  of  these  posts.  35 

In  each  case,  on  the  other  hand,  in  conventional 
standardized  anti-accident  systems  of  the  above 
mentioned  type,  the  impact  is  exerted  against 
elements  having  a  comparatively  high  specific 
stiffness  which  are  specifically  designed  for  trans-  40 
mitting  to  the  impacting  vehicle  high  concentrated 
reaction  forces. 

According  to  one  aspect  of  the  present  invention, 
the  above  mentioned  aim  and  objects,  as  well  as  yet 
other  objects,  which  will  become  more  apparent 
hereinafter,  are  achieved  by  a  controlled-yielding 
pneumatic  bag  for  absorbing  impacts  of  vehicles 
characterized  in  that  said  bag  essentially  consists  of 
a  flexible  tubular  element  closed  at  the  two  ends 
thereof  by  corresponding  disc  members,  one  of  said 
disc  members  coaxially  supporting  a  hollow  body 
which  communicates  with  the  inside  of  said  tubular 
element  and  with  the  outside  environment  through 
suitably  arranged  slots;  inside  said  hollow  body,  or 
valve  body,  being  provided  two  coaxial  tubular 
bodies  adapted  to  slide  in  opposite  directions,  each 
of  said  coaxial  tubular  bodies  being  counterbiassed 
by  a  respective  spring,  said  coaxial  tubular  bodies 
being  also  provided  with  circumferential  slots,  said 
tubular  bodies  being  arranged  and  designed  so  as  to 
interrupt,  upon  sliding,  the  communication  between 
the  inside  of  said  tubular  element  and  outside 
environment,  so  as  to  cause  said  tubular  element  to 
fully  absorb  an  impact  caused  by  a  colliding  vehicle. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Further  characteristics  and  advantages  of  the 
anti-accident  pneumatic  bag  of  cushion  member 
according  to  the  invention,  will  become  more 
apparent  from  the  following  detailed  disclosure  of  a 
preferred  embodiment  thereof,  which  is  illustrated, 
by  way  of  an  indicative  but  not  limitative  example,  in 
the  figures  of  the  accompanying  drawings,  where: 

Figure  1  schematically  shows  the  pneumatic 
bag  according  to  the  invention  in  a  rest 
condition  thereof; 

Figures  2,  3  and  4  show  possible  configura- 
tions  assumed  by  the  tubular  element  and  other 
components  of  said  pneumatic  bag  following  an 
impact  from  a  vehicle  or  self-moving  apparatus. 

SUMMARY  OF  THE  INVENTION  45 

Accordingly,  the  present  invention  sets  out  to 
overcome  the  above  mentioned  drawbacks,  by 
providing  a  pneumatic  bag  or  "cushion"  mem- 
ber.adapted  to  absorb  impacts  from  vehicles  in  50 
general.which  is  exclusively  operated  by  atmos- 
pheric  pressure  air. 

Within  the  scope  of  the  above  mentioned  aim,  a 
main  object  of  the  present  invention  is  to  provide 
such  a  vehicle  impact  absorbing  pneumatic  bag  55 
which  is  very  simple  construction-wise  and  very 
reliable  in  operation. 

Another  object  of  the  present  invention  is  to 
provide  such  a  pneumatic  bag  which  can  be 
specifically  designed  depending  on  the  use  require-  60 
ments  and  can  be  constructed  as  a  modular  unit 
adapted  for  association  with  a  plurality  of  like 
interconnected  modular  units. 

DESCRIPTION  OF  THE  PREFERRED 
EMBOIDMENTS 

With  reference  to  the  figures  of  the  accompanying 
drawings,  the  anti-accident  pneumatic  bag  accord- 
ing  to  the  invention  comprises  a  flexible  tubular 
element  1  consisting  of  metal  and/or  synthetic 
and/or  naturally  occurring  threads,  said  structure 
being  coated  by  vulcanized  rubber. 

This  tubular  element,  of  preferably  round  cross- 
section  and  horizontal  axis,  is  closed,  at  the  two 
ends  thereof,  by  corresponding  closure  disc  mem- 
bers  2  and  3  which  respectively  coaxially  support  a 
hollow  body  or  valve  body  4  and  a  rigid  buffer  or 
stopper  5. 

More  specifically,  the  valve  body  is  provided  with 
an  intermediate  narrowed  portion  6  which  defines  an 
outer  chamber  7  and  inner  chamber  8  with  respect 
to  said  tubular  element. 

2 



3 EP  0  360  761  A1 

Through  the  mentioned  two  chambers,  in  particu- 
lar,  there  are  formed  circumferential  slots  respec- 
tively  indicated  at  the  reference  numbers9  and  10. 

In  the  inner  chamber  8  there  is  housed  a  first 
tubular  body  or  slider  11  which  is  also  provided  with 
circumferential  slots  12  and  being  counterbiassed 
by  a  helical  coil  spring  13. 

In  that  same  inner  chamber  8  there  is  moreover 
provided  a  first  tubular  body  14,  coaxially  extending 
inside  the  first  tubular  body  and  being  in  turn 
counterbiassed  by  a  respective  helical  coil  spring  15 
engaging  against  the  mentioned  narrowed  portion  6. 

In  this  connection,  it  should  be  pointed  out  that 
the  mentioned  rigid  stopper  5  operates  as  a  bearing 
member  for  the  thus  constructed  assembly  against 
the  abutment  member  16  adapted  to  operate  as  a 
reaction  member  against  an  impact  caused  by  a 
colliding  vehicle,  and  also  adapted  to  operate  as  an 
end  of  stroke  stop  element  for  the  valve  body  4. 

More  specifically,  the  mentioned  valve  body  4  is  so 
designed  and  arranged  that  the  sole  connections  of 
said  valve  body  between  the  inner  volume  of  the 
tubular  element  and  the  atmosphere  consist  of  the 
mentioned  slots  9  and  10. 

These  slots,  in  particular,  are  so  arranged  that, 
with  the  valve  body  in  a  rest  condition,  the  slider 
members  11  and  14,  counterbiassed  by  their 
respective  springs  13  and  15  provide  a  natural 
coupling  of  the  ports  or  slots  9  and  10  of  said  valve 
body,  so  as  to  allow  for  air  to  freely  enter  the  inside 
of  said  tubular  element  or  envelope  1  to  communi- 
cate  with  the  atmosphere  and  vice-versa. 

In  this  connection  it  should  be  apparent  that  any 
axial  sliding  displacements  of  one  of  the  mentioned 
slider  members  or  of  both  said  slider  members,  in  an 
amount  greater  than  the  width  of  the  slots  10,  will 
interrupt  or  shut  off  the  connection  between  the 
tubular  element  or  envelope  inside  and  the  atmos- 
phere,  thereby  causing  the  kinetic  energy  ab  sorbing 
step  to  start. 

More  specifically,  as  a  vehicle,  or  self-moving 
apparatus,  as  indicated  generally  by  the  arrow  17, 
having  a  given  speed  and,  accordingly,  a  given 
motion  amount,  collides  against  the  front  of  the 
subject  pneumatic  bag,  the  valve  body  4,  closure 
and  locking  disc  member  2  and  front  portion  of  the 
tubular  element  1  will  instantaneously  pass  from  a 
zero  speed  to  the  colliding  vehicle  speed. 

Accordingly,  the  slider  member  14  will  be  sub- 
jected  to  such  a  force  that  it  will  overcome  the 
counterbiassing  spring  15  force  and  "cover"  as 
shown  in  figure  2,  the  slots  10  so  as  to  trap  all  of  the 
air  contained  at  atmospheric  pressure  in  the  en- 
velope  or  tubular  member  1. 

At  this  time,  the  kinetic  energy  of  the  colliding 
vehicles  starts  to  be  transferred  to  the  inside  of  the 
tubular  element  and  this  tubular  element,  as  it 
volume  is  decreased  because  of  its  resiliency  and 
deforming  properties,  will  allow  for  air  contained 
therein  to  be  adiabatically  pressed  (in  fact,  because 
of  the  very  short  duration  of  the  phenomenon  it  is 
possible  to  assume  that  there  is  no  energy  disper- 
sion  by  thermal  transmission  through  the  walls  of  the 
tubular  element). 

Thus,  in  actual  practice,  the  inner  air  energy 

increase  will  correspond,  instant  by  instant,  to  the 
kinetic  energy  being  lost  by  the  colliding  vehicle. 

During  the  energy  absorbing  period,  the  valve 
body  4  will  be  subjected  to  an  inertial  force  having  an 

5  opposite  direction  to  that  generated  by  the  impact. 
This  phenomenon  will  subject  the  slider  members 

11  and  14  to  an  impulsive  force  which,  while  tending 
to  relocate  the  slider  member  14,  causes  the  slider 
member  11  to  slide  in  the  same  direction,  by 

10  overcoming  the  force  of  the  spring  13,  so  as  to  cover 
(as  is  shown  in  figure  3)  the  slot  10. 

Accordingly,  the  valve  closure  characteristic  can 
be  considered  as  a  continuous  closure  characteris- 
tic  and,  accordingly,  also  the  kinetic  energu  will  be 

15  absorbed  in  a  continuous  manner. 
As  the  speed  of  the  colliding  vehicle  becomes 

zero  (that  is  as  its  energy  has  been  completely 
absorbed),  all  of  the  component  elements  of  the 
absorbing  system  will  pass  to  a  rest  condition  and, 

20  accordingly,  any  pulses  due  to  the  vehicle  momen- 
tum  will  stop. 

Thus,  the  slider  members  11  and  14  will  be 
relocated  at  the  home  positions  (figure  4)  and  will 
open  the  connection  between  the  inside  of  the 

25  tubular  element  1  and  atmosphere,  thereby  allowing 
for  pressurized  air  to  be  immediately  discharged  so 
as  to  prevent  a  undesired  recoiling  phenomenon 
from  occurring. 

In  this  connection,  it  should  be  apparent  that  the 
30  above  disclosure  specifically  relates  to  the  perfor- 

mance  of  an  ideal  valve  body  adapted  to  hold 
trapped  therein  air  for  the  overall  duration  of  an 
impact  assorbing  phenomenon,  from  the  time  of  the 
impact  to  the  complete  stopping  of  the  colliding 

35  vehicle  without  any  recoiling. 
On  the  other  hand,  if  it  is  admitted  that  th  energy 

absorption  can  occur  under  transition  conditions, 
which,  for  a  very  short  period  are  susceptible  to 
dissipate  the  air  pressure  before  e  complete  stop- 

40  ping  of  the  vehicle,  then  it  will  be  possible  to  design 
the  mentioned  valve  body  with  the  sole  slider 
member  14  and  related  biassing  spring. 

This  slider  member,  which  closes  the  valve  at  the 
impact  instant,  holds  the  valve  in  a  closed  condition 

45  as  far  as  the  impact  energy  holds  said  slider  member 
at  its  slot  10  covering  position  because  of  the 
resilient  deforming  of  the  biassing  spring  and  during 
the  relocating  step. 

In  particular,  if  the  relocating  of  said  slider 
50  member  prematurely  occurs,  then,  since  said  slider 

member  has  a  speed  greater  than  that  of  the  valve 
body  4,  said  slider  member  will  bounce  against  the 
bottom  of  said  valve  body,  so  as  to  cover  again  the 
slots  10. 

55  This  mode  of  operation  will  be  repeated  until  the 
colliding  vehicle  has  been  completely  stopped,  that 
is  as  far  as  the  valve  body  4,  starting  to  recoil, 
reverses  its  displacement  while  holding  the  slider 
member  14  against  the  bottom  of  said  valve  body. 

60  In  this  connection  it  should  be  pointed  out  that  to 
the  transitory  opening  of  the  slots  10  will  correspond 
to  an  air  outflow  from  the  inside  of  the  mentioned 
envelope  and  to  a  corresponding  efficiency  loss  of 
the  overall  system. 

65  However,  if  the  valve  body  is  properly  designed, 
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then  the  opening  time  will  be  so  short  that  it  will  not 
appreciably  limit  the  operating  characterists  of  the 
system. 

Thus,  it  should  be  apparent  that  the  above 
disclosed  anti-accident  absorbing  bag  is  adapted, 
by  using  atmospheric  pressure  air,  to  firstly  absorb 
and  then  dissipate  the  kinetic  energy  of  a  moving 
vehicle. 

In  particular,  this  dissipation  of  the  absorbed 
kinetic  energy  is  carried  out  through  the  valve  body  4 
precisely  at  the  instant  therein  the  colliding  vehicle 
has  been  stopped  and  upon  fully  pressing  the 
envelope  1  against  its  rear  buffer  or  mechanical  end 
of  stroke  element. 

Another  important  feature  of  the  invention  is  that 
the  disclosed  valve  body  is  insensible,  in  its 
designing  range  to  the  physical  characteristics  of 
the  motion  of  the  colliding  vehicle;  this  is  due  to  the 
fact  that  the  sole  physical  factor  which  controls  its 
operation  consists  of  the  status  variation  of  the 
motion  of  the  component  elements  of  the  system. 
Accordingly,  under  motion  conditions,  the  inertial 
unbalancing  of  the  slider  members  11  and  14  will 
provide  absorbing  favorable  positions. 

It  should  be  moreover  added  that  the  envelope  1  , 
which  preferably  consists  of  a  vulcanized  and  belted 
rubber  cylinder,  likewise  to  a  smooth  pneumatic  tire, 
has  such  a  shape  and  volume  which  is  related  to  the 
provided  absorbing  capabilities  and,  if  desired,  it  can 
also  be  made  as  a  bellows  or  the  like  elements. 

Moreover,  the  specific  horizontal  axis  structure  of 
the  subject  anti-accident  bag,  affords  the  possibility 
of  arranging  a  plurality  of  like  bags  in  a  coupled 
relationship  with  respect  to  one  another,  the 
connection  being  made  by  slide  floor  sliding  suppor- 
ting  elements  so  as  to  provide  a  very  efficient  and 
high  absorbing  capability  system. 

For  a  better  understanding  of  the  subject  system 
operation,  it  should  be  points  out  that,  since  the 
resilient  envelope  is  belted  by  an  inextensible  thread 
interlacing,  as  the  length  of  said  system  is  reduced, 
its  inner  volume  will  be  reduced  proportionately  to 
the  length  reduction,  since  the  envelope  will  be 
subjected  to  bellows  type  of  ondulations. 

Accordingly,  the  subject  system  operates  sub- 
stantially  as  a  plunger  which,  as  it  is  subjected  to  an 
impact,  will  press  an  air  chamber  or  bladder  closed 
by  a  plug,  which  is  disengaged,  at  the  end  of  the 
pressing  phenomenon  (with  the  colliding  vehicle  in  a 
stop  condition),  that  is  before  the  kinematic  dis- 
charging  of  the  inner  pressure  energy. 

According  to  he  main  perfect  gas  law  (since  air 
can  be  considered  a  perfect  gas),  PV=  RT,  and, 
considering  the  physical  characteristics  of  an  ad 
abatic  compression,  we  will  have  PVk  =  const,  and 
the  condition  of  the  air  volume  trapped  in  that 
envelope  can  be  expressed  according  to  different 
manners,  that  is:  V2  =  R  x  T2/P2  and  V2  =  (Pi/P2l/k 
x  V-t,  and,  accordingly  we  will  have: 
1)  R  x  T2/P2  =  (P1/P2)l/k  x  V1 

Hence,  since  the  energy  corresponding  to  an 
adiabatic  transformation  is  expressed  by  the  rela- 
tionship:  E  =  const,  x  air  weight  x  (T2-T1),  it  is 
possible  to  obtain  T2  by  knowing  T1  (the  absolute 
temperature  of  the  envelope  air,  at  atmospheric 

pressure);  knowing  that  the  input  energy  of  the 
system  is  E  =  1/2  mc2  and  considering  such  an  air 
weight  (the  amount  of  the  air  held  in  the  envelope) 
that  the  consequent  pressure  P2  (from  1)  at  T2  can 

5  be  supported  by  the  system  component  elements. 
Moreover,  the  geometric  characteristics  of  the 

envelope  will  be  designed  so  as  to  allow  for  a 
sufficient  braking  space  in  order  not  to  exceed 
deceleration  values  greater  than  those  which  has 

10  been  experimentally  found  as  dangerous  (the  hig- 
hest  decelerations  occur,  at  the  end  of  the  braking 
as  the  reaction  due  to  the  pressure  of  the  air  held  in 
the  envelope  is  the  highest). 

In  this  connection  it  should  be  moreover  pointed 
15  out  that  the  efficiency  of  the  system  will  be  the 

highest  as,  at  the  absorbing  period,  the  pressure 
energy  in  the  envelope  is  immediately  dissipated  to 
the  atmosphere  notwithstanding  the  very  short 
duration  of  the  phenomenon  and  the  present 

20  invention  actually  has  the  physical  characteristics 
providing  it  with  a  maximum  efficiency. 

In  fact,  the  spring  included  in  the  subject  system 
have  ben  mechanically  designed  so  as  to  slightly 
advance  the  valve  opening  with  respect  to  the 

25  colliding  vehicle  stopping.  Thus,  the  deformation  of 
the  spring,  and  related  displacement  of  the  slider 
members  and  hence  the  closure  of  the  outflow  duct 
will  be  proportional  to  the  impact  intensity,  and, 
accordingly,  the  valve  closure  time  will  be  effectively 

30  optimal. 
While  the  invention  has  been  disclosed  and 

illustrated  with  reference  to  a  preferred  embodiment 
thereof,  it  should  be  apparent  that  the  disclosed 
embodiment  is  susceptible  to  several  modifications 

35  and  variations,  all  of  which  will  come  within  the  spirit 
and  scope  to  the  appended  claims. 

Claims 
40 

1.  A  controlled-  yielding  pneumatic  bag  for 
absorbing  impacts  of  vehicles,  characterized  in 
that  said  bag  essentially  consists  of  a  flexible 
tubular  element  closed  at  the  two  ends  thereof 

45  by  corresponding  disc  members,  one  of  said 
disc  members  coaxially  supporting  a  hollow 
body  which  communicates  with  the  inside  of 
said  tubular  element  and  with  the  outside 
environment  through  suitably  arranged  slots, 

50  inside  said  hollow  body,  or  valve  body,  being 
provided  two  coaxial  tubular  bodies  adapted  to 
slide  in  opposite  directions,  each  of  said  coaxial 
tubular  bodies  being  counterbiassed  by  a 
respective  spring,  said  coaxial  tubular  bodies 

55  being  also  provided  with  circumferential  slots, 
said  tubular  bodies  being  so  arranged  and 
designed  as  to  interrupt,  upon  sliding,  the 
communication  between  the  inside  of  said 
tubular  element  and  outside  environment,  so  as 

60  to  cause  said  tubular  element  to  fully  absorb  an 
impact  caused  by  a  colliding  vehicle. 

2.  A  pneumatic  bag,  according  to  claim  1, 
characterized  in  that  said  flexible  tubular  ele- 
ment  consists  of  metal  and/or  synthetic  and/or 

65  naturally  occurring  threads,  coated  by  a  vul- 
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canized  rubber,  and  has  such  a  shape  and 
volume  which  depends  on  the  provided  energy 
absorbing  capabilities. 

2.  A  pneumatic  bag,  according  to  claim  1, 
characterized  in  that  said  tubular  element  has  a  5 
bellows  shape. 

3.  A  pneumatic  bag,  according  to  one  or 
more  of  the  preceding  claims,  characterized  in 
that  said  tubular  element  has  a  round  cross- 
section  and  a  horizontal  axis,  said  tubular  10 
element  being  closed  at  the  end  portions 
thereof,  by  corresponding  closure  disc  mem- 
bers  which  coaxially  support  said  valve  body 
and  a  rigid  buffer. 

5.  A  pneumatic  bag,  according  to  one  or  15 
more  of  the  preceding  claims,  characterized  in 
that  said  valve  body  is  provided  with  an 
intermediate  narrowed  portion  defining  an  outer 
chamber  and  inner  chamber  with  respect  to 
said  tubular  element,  circumferential  slots  20 
being  formed  through  the  walls  of  said  two 
chambers. 

6.  A  pneumatic  bag,  according  to  one  or 
more  of  the  preceding  claims,  characterized  in 
that  in  said  inner  chamber  there  is  housed  a  first  25 
tubular  body,  a  slider  member,  also  provided 

A1  8 

with  circumferential  slots  and  being  counter- 
biassed  by  a  coil  spring,  in  said  inner  chamber 
there  being  moreover  provided  a  second  tubu- 
lar  body,  coaxially  extending  inside  the  first 
tubular  body  and  in  turn  counterbiassed  by  a 
respective  coil  spring  engaging  against  said 
narrowed  portion. 

7.  A  pneumatic  bag,  according  to  one  or 
more  of  the  preceding  claims,  characterized  in 
that  said  rigid  buffer  abuts  against  an  abutment 
member  adapted  to  operate  as  a  reaction 
member  against  an  impact  caused  by  said 
colliding  vehicle  as  well  as  operating  as  an  end 
of  stroke  member  for  said  valve  body. 

8.  A  pneumatic  bag,  according  to  one  or 
more  of  the  preceding  claims,  characterized  in 
that  said  valve  body  comprises  a  single  slider 
member  with  a  related  counterbiassing  coil 
spring. 

9.  A  pneumatic  bag,  according  to  one  or 
more  of  the  preceding  claims,  characterized  in 
that  said  pneumatic  bag  is  made  as  a  modular 
unit  adapted  to  be  coupled  to  like  modular  units 
to  provide  a  high  impact  absorbing  capability 
system. 
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