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December  1981  in  the  name  of  the  same  Applicant 
(=EP  —  A  —  82547)  and  corresponding  to  the  pre- 
amble  of  claim  1. 

Although  the  suspension  systems  with  rigid 
arms  from  certain  aspects  constitute  an  improve- 
ment  over  the  cantilever  suspension  system,  par- 
ticularly  with  regard  to  the  suspension  described 
in  Italian  Patent  Application  No.  68,672—  A/81 
which  has  introduced  an  improved  construction, 
they  are  not  completely  satisfactory  because,  as 
there  is  flexibility  only  in  the  central  elastic  body, 
the  spring  effect  is  exhausted  when  said  body  is  at 
the  end  of  its  travel. 

Thus,  it  can  be  said  that  the  known  suspensions 
designed  mainly  for  vehicles  with  several  axles 
and  for  heavy  loads  have  not  fulfilled  all  the 
functions  that  a  suspension  basically  is  called 
upon  to  fulfill  and  in  particular  they  are  not  capable 
of  proportioning  the  response  of  the  elastic  body 
to  guarantee  a  regular  operation  under  all  foresee- 
able  loading  and  running  conditions. 

It  is  the  object  of  the  present  invention  to  provide 
a  suspension  for  motor  vehicles  which  eliminates 
or  reduces  the  disadvantages  of  the  known 
systems  and  is  capable  of  performing  all  the  tasks 
of  a  suspension  and  in  particular  of  ensuring  a 
proportionate  elastic  response  under  all  possible 
loading  conditions. 

These  and  other  objects  and  advantages  of  the 
invention,  which  will  appear  from  the  following 
description,  are  achieved  by  a  suspension  having 
the  features  of  the  characterizing  part  of  claim  1. 

Thus,  the  suspension  according  to  the  invention 
is  formed  by  the  combination  of  several  elastic 
means  having  a  different  degree  of  flexibility  and 
differs  from  the  known  suspensions  mainly  in  that 
when  the  other  suspensions,  in  the  condition  of 
the  "end  of  travel",  have  exhausted  their  range  of 
elastic  deformation  and  behave  like  a  rigid  connec- 
tion,  in  the  present  suspension  the  lateral  leaf 
spring  enter  into  operation,  which  work  according 
to  a  predetermined  curve  of  flexibility  and  behave 
like  a  suspension  independent  from  the  other 
elements  which  have  already  fulfilled  their  task. 

A  preferred  embodiment  of  the  invention  will 
now  be  described  by  way  of  a  non-limiting 
example  with  reference  to  the  accompanying 
drawings,  in  which: 

—  Fig.  1  is  a  schematic  perspective  view  of  the 
suspension  according  to  the  invention  as  applied 
to  coupled  axles  of  an  industrial  vehicle; 

—  Fig.  2  is  a  side  elevational  view,  partly  in 
section,  of  the  suspension  of  Fig.  1,  illustrating  a 
situation  of  operation  atlowloading  of  the  vehicle; 

—  Fig.  3  is  a  side  elevational  view  similar  to  Fig. 
2,  but  with  the  suspension  in  a  situation  of 
operation  corresponding  to  full  loading  of  the 
vehicle; 

—  Fig.  4  is  a  part  sectional  plan  view  of  the 
suspension  of  Fig.  3; 

—  Fig.  5  is  a  view,  partly  in  axial  section,  of  an 
embodiment  of  a  portion  of  the  suspension  of  Fig. 
1; 

—  Fig.  6  illustrates  in  elevation  an  embodiment 
of  the  suspension  including  a  shock  absorber. 

Description 

The  present  invention  relates  to  a  suspension  for 
motor  vehicles  with  elements  having  a  different 
degree  of  flexibility.  5 

More  particularly,  the  invention  relates  to  a 
suspension  which  is  advantageously  applicable  to 
coupled  axles  of  Industrial  vehicles. 

The  most  simple  case  of  a  suspension  for  motor 
vehicles  is  that  of  leaf  springs  which  are  composed  w 
of  several  steel  leaves  of  high  strength  and 
flexibility,  forming  a  "pack"  of  variable  cross 
section.  The  value  of  the  load  P  which  can  be 
supported  by  each  leaf  spring  is  a  linearfunction  of 
the  cross  section,  the  number  of  leaves  and  their  is 
unitary  strength;  it  follows  that  with  the  same 
material  the  load  that  can  be  supported  by  the  leaf 
spring  depends  on  the  number  of  leaves. 

The  result  is  that  with  increasing  load  the 
number  of  the  leaves  increases  and  the  20 
"flexibility"  of  the  pack,  i.e.  "the  elastic  response 
of  the  spring  to  the  applied  loads",  diminishes 
proportionately. 

It  will  be  therefore  understood  that  in  vehicles 
designed  to  carry  heavy  loads,  the  suspensions  25 
are  responsive  —  with  a  limited  elongation  —  only 
when  the  vehicle  for  which  they  are  dimensioned 
is  loaded  and  furnish  a  poor  response  at  partial 
load  and  no  response  at  tare  weight. 

It  is  also  to  be  considered  that  in  the  case  of  30 
several  adjacent  axles,  the  suspension  must  be 
designed  to  permit  distribution  of  the  load  overthe 
axles  even  if  one  axle  is  lifted  with  respect  to  the 
adjacent  one;  this  effect  —  which  may  be  called 
rocking  lever  effect  —  is  obtained  by  providing  a  35 
swing  centre  of  the  system,  about  which  the 
system  may  rotate  while  keeping  the  axies  in 
contact  with  the  ground  to  which  the  overall 
weight  supported  thereby  is  transmitted  in  the 
proportion  determined  by  the  funicular  polygon  of  40 
forces. 

This  is  the  case  of  the  cantilever  suspension  in 
which  large  packs  of  leaf  springs  absorb  the 
loading  stress  whereas  the  longitudinal  and  trans- 
verse  stresses  are  absorbed  by  appropriate  bars  so  45 
that  the  entire  system  can  rotate  about  a  central 
pin  between  the  axles. 

However,  as  the  suspension  systems  of  the 
cantilever  and  similar  types  are  designed  for  large 
carrying  capacities,  they  have  very  little  flexibility  so 
and  almost  no  elastic  response  when  the  vehicle  is 
empty;  they  limit  the  speed  of  the  vehicle  to  very 
low  values  when  running  on  uneven  ground  and 
afford  no  driving  comfort  on  any  ground  and  at 
any  speed.  55 

Also  suspension  systems  are  known  which  have 
rigid  arms  connected  on  one  side  directly  to  the 
axles  or  wheels  and  pivotally  mounted  at  the 
centre  for  rotation  about  a  pin  and  acting  on  an 
elastic  body  whose  deformation  produced  by  the  60 
oscillation  of  the  arms  about  the  pin  causes  the 
spring  effect. 

An  example  of  this  type  of  suspension  is  dis- 
closed  in  U.S.  Patent  US—  A—  2,795,434  and  Italian 
Patent  Application  No.  68,672—  A/81  filed  23rd  65 
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mined  by  design  and  is  lower  than  that  of  the  first 
elastic  means  18,  i.e.  they  are  less  "flexible"  than 
the  first  elastic  means.  In  the  embodiment  shown 
in  the  Figures,  the  quarter  elliptic  springs  20,  22 

s  are  each  constituted  by  two  steel  sheets  20a,  20b 
and  22a,  22b  (Fig.  3)  secured  to  the  elements  10, 
12  by  screws  21,  23  and  nuts. 

The  free  ends  of  the  quarter  elliptic  springs  20, 
22  are  supported  on  the  axles  6  and  8  and  secured 

10  thereto  by  brackets  24,  26. 
The  portion  of  Fig.  4  shown  in  section  illustrates 

the  structure  of  the  elements  10,  12  which  permits 
them  to  be  coupled  for  rotation  about  the  pin  7. 
As  can  be  seen,  the  element  10  is  directly 

15  supported  by  the  pin  7  with  the  interposition  of 
members  27,  27'  adapted  to  permit  their  relative 
movement,  as  is  known  in  the  art,  whereas  the 
element  12  is  rotatably  coupled  to  the  element  10 
with  the  interposition  of  similar  members  29,  29' 

20  adapted  to  permit  their  relative  movement. 
The  operation  of  the  suspension  is  as  follows: 
a)  Under  conditions  of  minimum  load  (Fig.  2), 

the  elastic  response  to  the  applied  load  is  given: 
—  mainly  by  the  first  elastic  means  18.  If  the 

25  latter  is  a  body  having  several  degrees  of  flexibil- 
ity,  according  to  the  preferred  embodiment,  the 
elastic  response  follows  its  first  curves  of 
flexibility; 

—  also  by  the  quarter  elliptic  springs  20,  22  on 
30  the  initial  values  of  the  corresponding  curve  of 

flexibility  and  also  as  a  function  of  the  cycle  of 
elastic  hysteresis  of  the  entire  system. 

b)  Under  conditions  of  medium  load  (still  Fig. 
2),  the  elastic  response  involves  both  systems, 

35  with  prevalence  of  the  central  elastic  body.  If  the 
latter  is  a  body  having  several  degrees  of  flexibil- 
ity,  the  elastic  response  follows  the  second  curve 
of  flexibility  while  the  quarter  elliptic  springs  20, 
22  oscillate  on  low  frequency  values. 

40  c)  Under  conditions  of  maximum  load,  the  first 
elastic  means  18  is  excluded  or  operates  towards 
the  end  limit  of  its  mechanical  travel  with  more 
reduced  elongations  and  in  the  high  pressure 
range.  The  situation  of  exclusion  of  the  first 

45  elastic  means  is  shown  in  Figs.  1  and  3  wherein 
the  legs  13,  15  and  14,  16  of  the  elements  10  and 
12  abut  one  another. 

The  main  portion  of  the  elastic  response  — 
which  is  such  as  to  maintain  the  response  value 

so  constant  over  the  entire  range  of  operation  as  the 
load  varies  —  is  given  by  the  quarter  elliptic 
springs  20,  22  to  which  the  resultant  of  response 
is  transmitted  when  the  central  body  18  closes  at 
the  end  of  travel  and  beomes  a  rigid  connection 

55  element. 
The  three  conditions  first  examined  have  been 

subdivided  to  exemplify  the  operation  of  the 
system  which  in  reality  reacts  continuously 
through  its  elastic  elements.  In  fact,  although  it  is 

60  true  that  the  three  conditions  are  in  reality  differ- 
entiated  since  the  vehicle  is  either  at  tare  weight 
or  at  half  load  or  at  complete  load,  it  is  also  true 
that  the  effects  of  the  external  forces  such  as,  for 
example,  those  introduced  by  a  deep  hole  passed 

65  at  a  certain  speed,  may  create,  also  when  running 

With  reference  to  the  Figures,  indicated  by  5  is  a 
section  of  a  longitudinal  side  beam  forming  part 
of  the  side  of  a  chassis  of  an  industrial  vehicle,  6 
and  8  denote  the  coupled  axles  of  the  same 
vehicle  and  7  denotes  the  central  pin  of  the 
chassis,  supported  by  a  bracket  9,  and  on  which 
the  suspension  is  articulated.  It  is  to  be  under- 
stood  that  the  same  structure  with  the  same 
components  that  will  be  described  hereinafter  is 
identically  reproduced  on  the  opposite  side  of  the 
chassis. 

The  wheels  and  other  structural  details  of  the 
unsprung  members  are  not  shown  because  they 
do  not  form  part  of  the  present  invention  and  are 
known  to  one  skilled  in  the  art.  Two  approxi- 
mately  fork-shaped  elements  10,  12  are  rotatably 
mounted  on  the  central  pin  7  on  the  chassis.  The 
legs  13,  15  of  the  fork-shaped  element  10  and  the 
legs  14,  16  of  the  fork-shaped  element  12  extend 
in  parallel  towards  one  another  to  form  a  limit 
stop  for  the  elements  10  and  12,  as  will  be 
described  hereinafter. 

Each  rotatable  element  10,  12  carries  a  control 
arm  17,  19  which  extends  upwardly  from  the 
element  between  the  legs  13,  15  and  14,  16, 
respectively.  The  control  arms  17  and  19  are 
provided  with  articulated  heads  not  shown  in 
detail,  as  they  are  known,  and  carry  centrally  a 
first  central  elastic  means  18  which  may  be 
constituted  by  a  pneumatic  or  oleo-pneumatic 
cylinder  or  by  a  spring  or  by  other  elastic  systems. 
Preferably  it  is  constituted  by  an  eleastic  means 
having  several  degrees  of  flexibility  such  as  a 
cylinder  containing  both  a  gaseous  elastic  body 
—  for  example,  air  —  and  a  solid  elastic  body  — 
for  example,  a  spring.  One  embodiment  of  the 
central  elastic  means  18  is  shown  in  Fig.  5  where 
there  is  a  cylinder  which  contains  a  spring  25  and 
which,  if  required,  can  be  filled  with  a  gaseous 
elastic  means  through  the  hole  30.  By  sealingly 
mounting  the  piston  28  one  obtains  an  elastic 
response  which  may  follow  the  curve  of  flexibility 
of  the  spring  or  of  the  compressed  gas  depending 
upon  the  characteristics  and  conditions  of  the 
load. 

Another  example  of  an  elastic  means  having 
several  degrees  of  flexibility  is  constituted  by  the 
oleo-pneumatic  cylinder  forming  the  subject 
matter  of  Italian  Patent  Application  No.  6901  8—  A/ 
79  filed  on  17th  October  1979  (=IT—  A—  1119229) 
in  the  name  of  the  same  Applicant. 

The  oscillation  of  the  central  elastic  means  18 
may  be  damped  by  a  shock  absorber  as  shown, 
for  example,  in  Fig.  6.  The  oscillating  elements  10, 
12  are  provided  with  extensions  32,  34  extending 
beyond  the  legs  15,  16  to  support  a  shock 
absorber  33. 

Considering  again  Figs.  1  to  4,  it  will  be  seen 
that  the  elements  10,  12  mounted  for  oscillation 
on  the  pin  7,  according  to  the  invention,  support 
laterally  two  springs  20,  22  in  the  form  of  one  or 
more  steel  sheets  adapted  to  form  leaf  springs: 
thus,  the  springs  20,  22  may  be  called  "quarter 
elliptic  springs".  The  quarter  elliptic  springs  20,  22 
have  a  degree  of  elasticity  which  is  predeter- 
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tat  fur  Lastwagen,  mit  einem  mittigen  elastischen 
Mittel  (18)  fur  jede  Seite  des  Fahrzeugs,  das  zwei 
ersten  Steuerarmen  (17,  19)  entgegenwirkt,  die 
mit  Gelenkkopfen  versehen  sind,  die  von  zwei 
Elementen  (10,  12)  getragen  werden,  die  mit 
einem  mittigen  Stift  (7)  des  Fahrgestells  (5)  des 
Fahrzeugs  drehbar  gekuppelt  und  starr  mit  zwei- 
ten  Langssteuerarmen  (20,  22)  verbunden  sind, 
die  von  gekuppelten  Achsen  (6,  8)  des  Fahrzeugs 
getragen  werden,  dadurch  gekennzeichnet,  dass 
die  zweiten  Steuerarme  aus  Viertelelliptikfedern 
(20,  22)  bestehen  und  das  mittige  elastische  Mittel 
(18)  einen  grosseren  Grad  von  Elastizitat  aufweist 
als  die  Viertelelliptikfedern,  um  nur  in  Tatigkeit  zu 
treten,  wenn  sich  das  Fahrzeug  im  Zustand 
geringster  Belastung  befindet. 

2.  Federung  mit  mehreren  Graden  von  Elastizi- 
tat  nach  Anspruch  1,  dadurch  gekennzeichnet, 
dass  das  mittige  eiastische  Mittel  aus  einem 
Korper  besteht,  der  mehrere  Grade  von  Biegsam- 
keit  aufweist. 

3.  Federung  fur  Kraftfahrzeuge  nach  Anspruch 
2,  dadurch  gekennzeichnet,  dass  der  mehrere 
Grade  von  Biegsamkeit  aufweisende  elastische 
Korper  aus  einem  Zylinder  besteht,  der  Druckgas 
und  eine  Feder  (25)  enthalt. 

4.  Federung  fur  Lastwagen  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dass  die  drehbar  mit 
einem  mittigen  Stift  (67)  des  Fahrzeugs  gekuppel- 
ten  Elemente  (10,  12)  aus  einander  gegeniiberlie- 
genden  parallelen  Schenkeln  (15,  16)  bestehen, 
die  als  Anschlag  fur  die  Beendigung  der  Hubbe- 
wegung  und  als  Verlangerung  zum  Tragen  eines 
Stoss  dampfers  (33)  dienen. 

empty,  instantaneous  situations  assimilable  to 
the  effects  of  running  under  load.  This  requires 
from  the  system  a  promptness  of  elastic  response 
which  may  be  obtained,  without  risking  lability  of 
the  assembly,  only  in  the  presence  of  several  5 
elastic  response  attainable  by  the  simultaneous 
presence  of  several  springs  having  a  diversified 
flexibility  without  the  system  ever  reaching  the 
condition  of  blocking  at  the  end  of  mechanical 
travel,  evidently  in  the  range  of  operation  defined  10 
by  the  minimum  and  maximum  values  of  loads 
that  can  be  applied  to  the  system. 

Summing  up,  the  main  advantage  of  the  sus- 
pension  according  to  the  invention  consists  in 
that  in  the  field  of  definition  of  loads  it  is  always  is 
capable  of  providing  a  determined  degree  of 
residual  flexibility  predetermined  by  design.  In 
fact,  the  entire  system  is  constituted  by  "springs" 
having  a  different  elastic  response  as  the 
elements  10  and  12  have  the  only  function  of  20 
assembling  the  elastic  elements  of  the  system. 

Obviously  a  preferred  embodiment  of  the 
invention  has  been  described  which  is  susceptible 
of  numerous  modifications  and  variations  within 
the  scope  of  the  claims.  25 

Claims 

1.  Suspension  with  several  degrees  of  elasticity  30 
for  industrial  vehicles,  comprising  for  each  side  of 
the  vehicle  a  central  elastic  means  (18)  reacting 
against  two  first  control  arms  (17,  19)  provided 
with  articulated  heads  supported  by  two  elements 
(10,  12)  rotatably  coupled  to  one  central  pin  (7)  of  35 
the  chassis  (5)  of  the  vehicle  and  rigidly  con- 
nected  to  longitudinal  second  control  arms  (20, 
22)  supported  on  coupled  axles  (6,  8)  of  the 
vehicle,  characterized  in  that  said  second  control 
arms  consist  of  quarter  elliptic  springs  (20,  22)  40 
and  in  that  said  central  elastic  means  (18)  has  a 
degree  of  elasticity  higher  than  that  of  said 
quarter  elliptic  springs,  to  be  operative  only  when 
the  vehicle  is  under  conditions  of  minimum  load. 

2.  Suspension  with  several  degrees  of  elasticity  45 
according  to  claim  1,  characterized  in  that  said 
central  elastic  means  is  constituted  by  a  body 
having  several  degrees  of  flexibility. 

3.  Suspension  for  motor  vehicles  according  to 
claim  2,  characterized  in  that  said  elastic  body  so 
having  several  degrees  of  flexibility  is  constituted 
by  a  cylinder  containing  a  compressed  gas  and  a 
spring  (25). 

4.  Suspension  for  industrial  vehicles  according 
to  claim  1,  characterized  in  that  said  elements  (10,  55 
12)  rotatably  coupled  to  a  central  pin  (7)  of  the 
vehicle  comprise  parallel  legs  (15,  16)  facing  one 
another  and  adapted  to  constitute  an  abutment 
for  the  end  of  travel  and  extension  for  supporting 
a  shock  absorber  (33).  60 

Revendications 

1.  Suspension  avev  plusieurs  degres  d'elasticite 
pour  vehicules  industriels,  comprenant,  pour  cha- 
que  cote  du  vehicule,  un  moyen  eiastique  central 
(18)  reagissant  contre  deux  premiers  bras  de 
commande  (17,  19)  pourvus  de  tetes  articulees 
supportees  par  deux  elements  (10,  12)  accouples 
de  maniere  tournante  a  une  cheville  centrale  (7) 
du  chassis  (5)  du  vehicule  et  rigidement  relies  a 
de  seconds  bras  de  commande  longitudinaux  (20, 
22)  supportes  sur  d'axes  accouples  (6,  8)  du 
vehicule,  caracterisee  en  ce  que  lesdits  seconds 
bras  de  commande  sont  constitue  par  des  quarts 
de  ressorts  elliptiques  (20,  22)  et  en  ce  ledit 
moyen  eiastique  central  (18)  a  un  degre  d'elasti- 
cite  superieur  a  celui  desdits  quarts  de  ressorts 
elliptiques  pour  etre  operatif  seulement  quand  le 
vehicule  est  en  condition  de  charge  miniumum. 

2.  Suspension  avec  plusieurs  degres  d'elasticite 
suivant  la  revendication  1,  caracterisee  en  ce  que 
ledit  moyen  eiastique  central  est  constitue  par  un 
corps  ayant  plusieurs  degres  de  flexibilite. 

3.  Suspension  pour  vehicules  a  moteur  suivant 
la  revendication  2,  caracterisee  en  ce  que  ledit 
corps  elatique  ayant  plusieurs  degres  de  flexibi- 
lite  est  constitue  par  un  cyiindre  contenant  un  gaz 
comprime  et  un  ressort  (25). 

4.  Suspension  pour  vehicules  industriels  sui 

Patentanspriiche 

1.  Federung  mit  mehreren  Graden  von  Elastizi-  65 
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vant  la  revendication  1,  caracterisee  en  ce  que  en  face  de  I'autre  (15,  16)  et  aptes  a  consitituer 
lesdits  elements  (10,  12)  accoupies  de  maniere  une  butee  pour  la  fine,  du  mouvement  et  exten- 
toumant  a  une  cheville  centrale  (7)  du  vehicule  sion  pour  supporter  un  amortisseur  (33). 
comprennent  des  jambes  paralleles  situees  I'une 
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