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©  Fail-safe  variable  damping  suspension  for  a  motor  vehicle. 

©  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung 
masses  comprises 
a  permanent  magnet  rotary  electric  machine 
(104), 
a  ball  screw  and  nut  apparatus  (106,108)  con- 
necting  the  sprung  and  unsprung  masses  and 
rotating  with  said  machine  in  alternate  rotary 
directions  as  the  sprung  and  unsprung  masses 
move  relative  to  one  another  ; 
controller  means  (118,121,124,142)  for  provid- 
ing  varying  control  for  said  machine  to  vary  the 
damping  rate  of  the  suspension  ;  and 
switch  means  (120)  for  connecting  said  control- 
ler  means  to  said  machine  (104),  said  switch 
means,  in  the  event  of  failure  of  the  suspension, 
connecting  a  defined  load  to  said  machine  (104) 
to  define  a  fail-safe  damping  rate  for  said  sus- 
pension  system. 
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The  present  invention  relates  generally  to  sus- 
pension  systems  for  motor  vehicles  and,  more  par- 
ticularly,  to  a  suspension  system  in  which  damping  is 
controlled  either  passively,  semi-actively  or  actively 
and  which  defines  a  fail-safe  damping  rate  for  the  sus- 
pension  in  the  event  of  failure  within  the  suspension 
system. 

When  a  motor  vehicle  is  driven,  springs  in  its  sus- 
pension  system  compress  and  expand  to  absorb 
shocks  which  would  otherwise  be  transmitted  to 
occupants  of  the  vehicle.  Once  deflected,  the  springs 
continue  to  oscillate  until  they  eventually  return  to 
their  original  state.  Since  spring  oscillations  create 
handling  problems  and  reduce  ride  comfort  of  the  ve- 
hicle,  shock  absorbers  are  used  to  dampen  the  oscil- 
lations  of  the  springs  and  thereby  stabilise  the 
suspension  system  and  return  the  springs  to  their 
original  state  substantially  more  quickly. 

Dependent  on  the  road  conditions  and  driving 
preferences  of  an  operator  of  a  vehicle,  the  damping 
rate  defined  by  shock  absorbers  may  vary  from  slow 
or  soft,  for  a  smoother  ride,  to  fast  or  hard,  for  better 
handling  and  control  of  the  vehicle.  Normally,  an  inter- 
mediate  damping  position  is  selected  as  a  comprom- 
ise  between  ride  comfort  and  vehicle  handling.  Since 
driving  conditions  and  operator  preferences  vary,  a 
number  of  suspension  systems  have  been  developed 
which  allow  the  operator  of  a  motor  vehicle  including 
the  suspension  system  to  select  the  spring  damping 
characteristics  of  the  shock  absorbers.  Variable  sus- 
pension  systems  often  permit  an  operator  to  select  a 
"soft"  suspension  or  a  "hard"  suspension  depending 
on  the  current  road  conditions  and  driver  preference. 
Most  variable  suspension  systems  also  provide  a 
"normal"  damping  selection  which  is  somewhere 
intermediate  the  soft  and  hard  selections  and  closely 
akin  to  the  conventional  compromise  damping  pro- 
vided  by  systems  which  cannot  be  varied. 

In  variable  damping  suspension  systems,  there  is 
a  concern  for  what  damping  rates  will  be  applied  in  the 
event  of  a  failure  within  the  system.  For  example,  if 
one  shock  absorber  is  set  to  hard  and  the  remaining 
three  shock  absorbers  are  set  to  soft,  the  handling 
characteristics  of  the  vehicle  will  be  substantially  less 
than  desirable.  A  number  of  solutions  have  been  pro- 
posed  to  overcome  these  failure  problems  in  motor 
vehicle  variable  damping  suspension  systems. 

U.S.  Patent  No.  4,526,401  proposes  one  such 
solution  for  a  three  position  variable  damping  suspen- 
sion  system  wherein  the  time  between  a  commanded 
damping  level  and  the  attainment  of  that  level  is  moni- 
tored  with  a  fault  condition  being  identified  for  exces- 
sive  time  periods.  If  a  fault  is  identified,  a  damping 
force  command  signal  for  all  shock  absorbers  of  the 
system  is  set  to  a  normal  or  medium  damping  force 
such  that  the  difference  in  damping  force  between  a 
failed  shock  absorber  and  the  remaining  shock  absor- 
bers  is  no  more  than  one  damping  level. 

U.S.  Patent  No.  4,666,180  discloses  a  variable 
damping  force  motor  vehicle  suspension  system  whe- 
rein  the  operating  time  of  actuators  of  all  shock  absor- 
bers  of  a  vehicle  are  monitored  by  a  first  circuit.  If  the 

5  operating  time  of  the  first  circuit  is  exceeded,  power 
is  still  provided  from  a  second  circuit  in  a  continuing 
attempt  to  set  a  failed  shock  absorber.  If  a  time  period 
defined  by  the  second  circuit  is  exceeded,  the  power 
is  removed  from  the  system.  In  the  best  case  of  either 

10  of  the  disclosed  failure  handling  arrangements,  it  is 
probable  that  the  suspension  system  will  be  disabled 
in  a  state  with  one  shockabsorberapplying  a  damping 
rate  which  is  different  than  the  other  three  shock 
absorbers,  possibly  substantially  different. 

15  U.S.  Patent  No.  4,815,575  discloses  a  motor  ve- 
hicle  shock  absorber  with  a  controlled  variable  damp- 
ing  rate  wherein  the  damping  of  the  vehicle 
suspension  system  is  controlled  by  providing  a  three 
phase  alternator  which  is  connected  to  a  resistor 

20  through  a  rectifier  and  chopper  circuit.  By  monitoring 
the  motion  of  the  suspension,  a  secondary  control  cur- 
rent  is  provided  to  the  resistor  via  the  chopper  circuit 
to  control  the  power  which  is  generated  in  the  alter- 
nator  of  the  suspension  system  and  dissipated  in  the 

25  resistor  to  thereby  control  the  damping  rate  of  the  sus- 
pension.  Unfortunately,  in  the  event  of  failure  within 
the  control  circuit  which  disables  the  chopper  circuit, 
the  shock  absorber  operates  free  of  any  electrically 
induced  damping  such  that  it  is  reduced  to  an  ineffec- 

30  tively  low  damping  rate  defined  by  the  mechanical  and 
frictional  forces  inhibiting  movement  of  the  shock 
absorber. 

It  is  thus  apparent  that  a  need  exists  for  a  control- 
led  damping  motor  vehicle  suspension  system  which 

35  defines  a  fail-safe  damping  rate  for  the  suspension  in 
the  event  of  failure  of  the  suspension.  In  such  a  sus- 
pension  system,  the  damping  rate  of  all  of  the  shock 
absorbers  would  be  set  to  the  fail-safe  damping  rate 
under  substantially  all  failure  modes.  Preferably,  such 

40  a  system  would  be  electrically  operable  to  substan- 
tially  preclude  inhibiting  the  fail-safe  feature  by 
mechanical  failure  with  a  shock  absorber. 

This  need  is  met  by  the  motor  vehicle  fail-safe 
variable  damping  suspension  system  of  the  present 

45  invention  wherein  the  oscillatory  spring  movements  of 
each  wheel  are  damped  by  a  permanent  magnet  rot- 
ary  electric  machine  which  may  be  either  actively  con- 
trolled  to  vary  and  control  the  damping  rate  of  the 
suspension  system  or  passively  controlled  to  vary  the 

so  damping  rate  of  the  suspension  system.  The  perma- 
nent  magnet  electric  machine,  or  motor/alternator,  is 
connected  to  active  or  passive  variable  damping  con- 
trol  means  by  switch  means  comprising  normally 
open  contacts  of  a  relay  in  the  presently  preferred 

55  embodiment.  In  the  event  of  failure  within  the  suspen- 
sion  system,  the  machine  takes  the  form  of  an  alter- 
nator  and  is  connected  to  a  defined  load  via  normally 
closed  contacts  of  the  relay.  Thus,  in  the  event  of  a 
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powerfailure,  a  detected  failure  within  the  suspension 
system  control  means  or,  in  the  case  of  an  active  con- 
trol  system,  the  system  is  turned  off  due  to  insufficient 
signal  levels  of  road  signal  inputs,  all  shock  absorbers 
can  be  set  to  the  fail-safe  mode  by  closure  of  the  nor- 
mally  open  contacts  of  one  relay  or  more  than  one 
commonly  controlled  relay  upon  the  release  of  the  one 
or  more  relays. 

In  accordance  with  one  aspect  of  the  present 
invention,  a  fail-safe  variable  damping  suspension  for 
a  motor  vehicle  having  sprung  and  unsprung  masses 
comprises  a  permanent  magnet  rotary  electric 
machine.  A  ball  screwand  nut  apparatus  connects  the 
sprung  and  unsprung  masses  and  rotates  with  the 
machine  in  alternate  rotary  directions  as  the  sprung 
and  unsprung  masses  move  relative  to  one  another. 
Controller  means  provide  varying  control  for  the 
machine  to  vary  the  damping  rate  of  the  suspension. 
Switch  means  connect  the  controller  means  to  the 
machine  and,  in  the  event  of  failure  within  the  suspen- 
sion  system,  the  switch  means  connect  a  defined  load 
to  the  machine  to  define  a  fail-safe  damping  rate  for 
the  suspension  system. 

In  accordance  with  another  aspect  of  the  present 
invention,  a  fail-safe  variable  damping  suspension  for 
a  motor  vehicle  having  sprung  and  unsprung  masses 
comprises  a  permanent  magnet  rotary  electric  alter- 
nator.  A  ball  screw  and  nut  apparatus  connects  the 
sprung  and  unsprung  masses  and  rotates  the  alter- 
nator  in  alternate  rotary  directions  as  the  sprung  and 
unsprung  masses  move  relative  to  one  another.  Elec- 
tric  load  means  provide  a  varying  load  for  the  alter- 
nator  and  switch  means  connect  the  load  means  to 
the  alternator.  Selector  means  provide  a  plurality  of 
selectable  connections  to  vary  the  load  connected  to 
the  alternator  and  thereby  vary  the  damping  rate  of 
the  suspension.  In  the  event  of  failure  within  the  sus- 
pension  system,  the  switch  means  connects  a  defined 
load  to  the  alternator  to  define  a  fail-safe  damping  rate 
for  the  suspension  system. 

In  accordance  with  yet  another  aspect  of  the  pre- 
sent  invention,  a  fail-safe  variable  damping  suspen- 
sion  for  a  motor  vehicle  having  sprung  and  unsprung 
masses  comprises  a  permanent  magnet  rotary  elec- 
tric  alternator.  A  ball  screw  and  nut  apparatus  con- 
nects  the  sprung  and  unsprung  masses  and  rotates 
the  alternator  in  alternate  rotary  directions  as  the 
sprung  and  unsprung  masses  move  relative  to  one 
another.  Electric  load  means  provides  a  varying  load 
for  the  alternator  and  switch  means  connect  the  load 
means  to  the  alternator.  In  the  event  of  failure  within 
the  suspension  system,  the  switch  means  connects  a 
defined  load  to  the  alternator  to  define  a  fail-safe 
damping  rate  for  the  suspension  system. 

In  accordance  with  still  another  aspect  of  the  pre- 
sent  invention,  a  fail-safe  suspension  system  for  a 
motor  vehicle  having  sprung  and  unsprung  masses 
comprises  a  permanent  magnet  rotary  electric 

motor/alternator.  A  ball  screw  and  nut  apparatus  con- 
nect  the  sprung  and  unsprung  masses  and  rotate  with 
the  electric  motor/alternator  in  alternate  rotary  direc- 
tions  as  the  sprung  and  unsprung  masses  move  rela- 

5  tive  to  one  another.  Control  means  are  connected  to 
drive  the  electric  motor/alternator  for  actively  control- 
ling  the  suspension  system  and  switch  means  con- 
nect  the  control  means  to  the  motor/alternator.  In  the 
event  of  failure  within  the  suspension  system,  the 

10  switch  means  connects  a  defined  load  to  the 
motor/alternator  to  define  a  fail-safe  damping  rate  for 
the  suspension. 

Preferably,  the  permanent  magnet  electric 
machine  is  a  multiphase  machine.  In  one  embodiment 

15  of  the  present  invention,  the  electric  machine  com- 
prises  an  electric  alternator  and  the  controller  means 
comprises  electric  load  means  for  providing  a  varying 
load  for  the  alternator.  The  controller  means  may 
comprise  selector  means  for  providing  a  plurality  of 

20  selectable  connections  to  vary  the  load  connected  to 
the  alternator  to  thereby  vary  the  damping  rate  of  the 
suspension.  For  this  embodiment,  the  electric  load 
means  comprises  a  plurality  of  electrical  load  resist- 
ances  which  are  selectively  connected  to  the  alter- 

25  nator  by  the  selector  means.  Alternately,  the  electric 
load  means  may  comprise  a  variable  resistor  or  the 
controlled  resistance  of  a  power  transistor.  To  reduce 
the  number  of  electrical  load  resistors  or  variable 
resistors  required  for  a  given  application,  the  electric 

30  load  means  may  comprise  rectifier  means  for  convert- 
ing  alternating  output  signals  from  the  alternator  to  a 
direct  current  signal.  The  switch  means  preferably 
comprise  normally  open  contacts  of  one  or  more  elec- 
trically  operated  relays  such  that  the  fail-safe  damping 

35  is  initiated  by  releasing  the  relays  either  under  circuit 
control  in  the  event  of  a  sensed  fault  condition  or  as 
the  natural  result  of  a  vehicle  power  failure. 

It  is  thus  a  feature  of  the  present  invention  to  pro- 
vide  a  controlled  damping  suspension  system  for  a 

40  motor  vehicle  which  defines  a  fail-safe  damping  rate 
for  the  suspension  in  the  event  of  failure  within  the 
system;  to  provide  a  controlled  damping  fail-safe  sus- 
pension  system  for  a  motor  vehicle  wherein  sprung 
and  unsprung  masses  are  interconnected  via  a  per- 

45  manent  magnet  rotary  electric  machine  which  rotates 
in  alternate  rotary  directions  as  the  masses  move 
relative  to  one  another  with  the  machine  being  con- 
nected  to  a  defined  load  in  the  event  of  failure  within 
the  system  to  operate  as  an  alternator  and  thereby 

so  define  a  fail-safe  damping  rate  for  the  suspension; 
and,  to  provide  a  controlled  damping  fail-safe  suspen- 
sion  system  for  a  motor  vehicle  wherein  sprung  and 
unsprung  masses  are  interconnected  via  a  perma- 
nent  magnet  rotary  electric  machine  which  rotates  in 

55  alternate  rotary  directions  as  the  masses  move  rela- 
tive  to  one  another  with  the  machine  being  connected 
via  normally  closed  contacts  of  at  least  one  relay  to 
connect  the  machine  to  a  defined  load  in  the  event  of 
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failure  within  the  system  to  operate  as  an  alternator 
and  thereby  define  a  fail-safe  damping  rate  for  the 
suspension. 

The  invention  will  now  be  described  further,  by 
way  of  example,  with  reference  to  the  accompanying 
drawings,  in  which  : 

Fig.  1  shows  a  single  suspension  damping  unit  or 
shock  absorber  and  two  alternate  control  embo- 
diments  including  the  fail-safe  damping  of  the 
present  invention; 
Fig.  2  is  an  schematic  circuit  diagram  of  one  of  the 
control  arrangements  of  Fig.  1  including  alternate 
variable  damping  control  circuitry; 
Fig.  2A  shows  an  inverter  circuit  for  use  of  an 
active  suspension  control  system  in  the  upper 
control  system  embodiment  of  Fig.  1  ; 
Fig.  3  is  a  schematic  diagram  of  a  suspension 
control  circuit  of  one  of  the  control  arrangements 
of  Fig.  1;  and 
Fig.  4  is  an  additional  control  embodiment  includ- 
ing  the  fail-safe  damping  of  the  present  invention. 
With  reference  to  Fig.  1,  a  single  suspension 

damping  unit  or  shock  absorber  100  comprises  a  line- 
ar-to-rotary  motion  converter  102  and  a  rotary  mul- 
tiphase  permanent  magnet  electric  machine  104.  For 
the  fail-safe  damping  of  the  present  invention,  the 
machine  104  takes  the  form  of  a  permanent  magnet 
three  phase  alternator;  however,  it  can  operate  as  a 
motor  for  active  control  of  the  shock  absorber  100. 
The  linear-to-rotary  motion  converter  102  comprises 
a  ball  screw  and  nut  apparatus  wherein  a  ball  screw 
cage  106  is  connected  by  a  hollow,  rigid  connector 
1  08  to  a  lower  mounting  eye  110  which  may  be  con- 
nected  to  a  lower  control  arm  of  vehicle  wheel  support 
(not  shown)  in  a  well  known  manner. 

A  screw  threaded  shaft  1  12  is  rotatably  attached 
through  bearing  assemblies  114  to  an  upper  mounting 
eye  116  which  can  be  connected  to  a  motor  vehicle 
body  (not  shown)  in  a  well  known  manner.  The  ball 
screw  cage  1  06  is  forced  to  move  axially  with  the  ve- 
hicle  wheel  support  relative  to  the  vehicle  body  and 
thus  moves  back  and  forth  axially  with  suspension 
travel.  As  the  screw  threads  on  the  shaft  112  move 
through  the  ball  screw  cage  106,  the  shaft  1  12  is  for- 
ced  to  rotate  in  alternate  rotary  directions  as  the  wheel 
support  and  motor  vehicle  body  move  relative  to  one 
another  with  the  direction  of  rotation  of  the  shaft  112 
being  determined  by  the  direction  of  linear  motion. 

The  upper  end  of  the  screw  threaded  shaft  112 
carries  the  armature  of  the  electric  machine  104. 
When  the  machine  104  is  operated  as  an  alternator, 
such  as  in  the  fail-safe  mode  of  the  present  invention, 
electric  currents  are  generated  by  rotation  of  the 
armature  by  the  interaction  of  the  screw  thread  with 
the  ball  screw  cage  1  06.  Electric  currents  are  passed 
to  or  from  the  machine  104  via  connectors  A,  B  and 
C  which  connect  the  three  stator  phase  windings  of 
the  motor  104  to  controller  means  for  actively  or  pas- 

sively  controlling  the  shock  absorber  100.  Two  embo- 
diments  of  controller  means  including  the  present 
invention  are  shown  as  being  alternately  connected  to 
the  connectors  A,  B  and  C  in  Fig.  1. 

5  The  control  means  of  the  upper  embodiment  of 
Fig.  1  comprises  rectifier  means  for  converting  alter- 
nating  output  signals  from  the  machine  1  04  operating 
as  an  alternator  to  a  direct  current  (dc)  signal.  The  rec- 
tifier  means  preferably  comprises  a  three  phase  full 

10  wave  rectifier  bridge  circuit  118  best  shown  in  Fig.  2. 
The  dc  signal  from  the  bridge  circuit  1  18  is  passed  to 
a  common  terminal  1  20A  of  a  relay  having  an  operat- 
ing  coil  120.  For  normal  operation  of  the  shock  absor- 
ber  100,  the  relay  120  is  operated  via  a  suspension 

15  enable  signal  generated  by  a  vehicle  control  system 
121  which  monitors  the  vehicle  suspension  system.  A 
number  of  vehicle  control  systems  are  known  in  the 
art.  Since  the  structure  and  philosophy  of  the  vehicle 
control  system  121  are  not  important  to  the  present 

20  invention  beyond  the  generation  of  a  suspension 
enable  signal,  they  will  not  be  described  herein. 

If  the  relay  120  is  operated,  normally  open  (NO) 
contacts  of  the  relay  1  20  are  closed  to  pass  the  dc  sig- 
nal  from  the  machine  104  to  suspension  control  cir- 

25  cuitry  124  one  embodiment  of  which  is  shown  in  Fig. 
2.  The  suspension  control  circuitry  124  may  comprise 
selector  means  for  providing  a  plurality  of  selectable 
connections  to  vary  the  load  connected  to  the 
machine  104  or  alternator  to  thereby  vary  the  damp- 

30  ing  rate  of  the  suspension  system.  The  selector 
means  may  comprise  a  multiple  position  switch,  for 
example  a  three  position  switch  126,  which  selectively 
connects  the  dc  signal  to  a  plurality  of  electrical  load 
resistances,  three  load  resistors  128  (soft,  S),  130 

35  (normal,  N)  and  132  (hard,  N)  shown  in  Fig.  2,  which 
correspond  to  and  define  desired  damping  character- 
istics  for  the  suspension  system.  Alternately,  variable 
damping  characteristics  can  be  selectively  defined  by 
means  of  a  variable  resistor  or  potentiometer  134  or 

40  power  transistor  136  which  is  controlled  to  define  a 
plurality  of  selected  resistance  values  or  a  continu- 
ously  variable  range  of  resistance  values. 

On  the  other  hand,  in  accordance  with  the  present 
invention,  if  the  relay  120  is  not  operated  or  released 

45  due  to  a  power  or  suspension  system  failure,  normally 
closed  (NC)  contacts  of  the  relay  120  are  closed  to 
pass  the  dc  signal  from  the  machine  104  to  a  defined 
load  comprising  a  fail-safe  resistance  138  to  define  a 
fail-safe  damping  rate  for  the  suspension  system. 

so  Preferably,  the  fail-safe  damping  rate  corresponds 
substantially  to  a  normal  or  compromise  damping  rate 
which  is  commonly  selected  for  suspension  systems 
which  cannot  be  varied  and  therefore  must  provide  a 
damping  rate  which  is  a  compromise  between  hand- 

55  ling  and  comfort. 
The  control  means  of  the  lower  embodiment  of 

Fig.  1  eliminates  the  three  phase  full  wave  rectifier 
bridge  circuit  118  but  requires  three  resistance  ele- 

4 
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merits  138A,  138B  and  138C  in  place  of  the  fail-safe 
resistance  138  of  the  upper  embodiment  of  Fig.  1. 
Three  sets  of  normally  open  NO  and  normally  closed 
NC  contacts  are  also  provided  on  the  suspension 
enable  relay  140.  While  the  suspension  system  is 
thus  somewhat  more  complicated  and  requires  some 
additional  circuit  elements,  it  is  convenient  to  make 
the  suspension  control  circuitry  142  for  this  embodi- 
ment  in  the  form  of  an  active  control  system  since  all 
three  phases  of  the  machine  1  04  are  available  to  the 
suspension  control  circuitry  142  instead  of  being  buf- 
fered  through  the  three  phase  full  wave  rectifier  bridge 
circuit  118  required  in  the  embodiments  shown  in 
Figs.  1  and  2. 

Of  course,  an  active  suspension  control  circuit  is 
not  required  in  the  lower  embodiment  of  Fig.  1  as 
shown  by  the  suspension  control  circuitry  142Aof  Fig. 
3.  In  the  suspension  control  circuitry  142A,  three  resi- 
stance  elements  138S,  three  resistance  elements 
138N  and  three  resistance  elements  138H  are  pro- 
vided  together  with  a  ganged  three  position  switch 
144  wherein  all  gangs  of  the  three  position  switch  144 
are  operated  as  one  switch.  While  Y  connections  are 
shown  for  the  resistance  elements  138A-C,  138S, 
138N  and  138H  it  should  be  apparent  that  delta  con- 
nections  are  equally  applicable. 

For  use  of  an  active  suspension  control  system  in 
the  upper  embodiment  of  Fig.  1,  the  bridge  circuit  118 
can  be  replaced  by  an  inverter  circuit  1  1  8A  shown  in 
Fig.  2A.  For  this  configuration,  electronic  switches 
145  of  the  inverter  circuit  1  18A,  which  are  controlled 
for  active  operation  of  the  suspension  system,  are 
inhibited  from  operation  during  power  or  suspension 
system  failure.  Accordingly,  the  inverter  circuit  118A 
is  effectively  converted  to  a  bridge  circuit  for  fail-safe 
operation  in  accordance  with  the  present  invention  as 
previously  described. 

Another  alternate  embodiment  of  a  variable 
damping  fail-safe  shock  absorber  in  accordance  with 
the  present  invention  is  shown  in  Fig.  4.  In  this  embo- 
diment,  the  same  resistance  elements  are  utilised  for 
both  the  selection  of  a  desired  damping  rate  for  the 
suspension  system  and  to  provide  the  fail-safe  feat- 
ure  of  the  present  invention.  A  suspension  enable 
relay  146  includes  three  sets  of  contacts  146A,  146B 
and  146C  for  connecting  the  three  phases  of  the 
machine  104  to  a  series  of  Y  connected  resistors 
through  normally  open  contacts  NO  via  a  ganged 
three  position  switch  148.  Each  leg  of  the  Y  connected 
resistors  comprises  three  separate  or  tapped  resis- 
tors  1  50S,  1  50N,  1  50H;  1  52S,  1  52N,  1  52H;  and  1  54S, 
154N,  154H.  For  the  soft  setting,  all  three  resistors 
XS,  XN,  XH  in  each  leg  are  connected  to  the  machine 
104.  For  the  normal  setting,  only  two  of  the  resistors 
XS,  XN  in  each  leg  are  connected  to  the  machine  1  04. 
And,  for  the  hard  setting,  only  one  of  the  resistors  XS 
in  each  leg  is  connected  to  the  machine  104. 

For  fail-safe  damping,  the  suspension  enable 

relay  146  is  released  such  that  the  two  resistors  in 
each  leg  of  the  Y  connected  resistors  XS,  XN  which 
define  the  normal  damping  position  for  the  suspen- 
sion  system  are  connected  to  the  machine  1  04  via  the 

5  normally  closed  NC  contacts  of  the  relay  146.  This 
embodiment  reduces  the  number  of  resistors  required 
by  the  embodiment  of  Fig.  3  by  three  resistors. 

In  accordance  with  the  disclosed  embodiments  of 
the  present  invention  and  other  alternate  embodi- 

10  ments  which  will  be  apparent  to  those  skilled  in  the  art 
from  the  foregoing  disclosure,  the  variable  damping 
shock  absorbers  for  a  motor  vehicle  assume  a  fail-sa- 
fe  damping  rate  for  failures  of  the  system  such  as:  fail- 
ure  or  under  voltage  within  the  vehicle  electrical 

15  system;  a  fault  condition  within  the  suspension  sys- 
tem  itself;  or,  for  an  active  control  system,  if  the  road 
inputs  are  insufficient  to  require  full  active  damping. 

20  Claims 

1.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  comprising, 

25  a  permanent  magnet  rotary  electric  machine 
(104), 
a  ball  screw  and  nut  apparatus  (106,108)  con- 
necting  the  sprung  and  unsprung  masses  and 
rotating  with  said  machine  in  alternate  rotary 

30  directions  as  the  sprung  and  unsprung  masses 
move  relative  to  one  another; 
controller  means  (118,121,1  24,  142)  for  providing 
varying  control  for  said  machine  to  vary  the  damp- 
ing  rate  of  the  suspension;  and 

35  switch  means  (1  20)  for  connecting  said  controller 
means  to  said  machine  (1  04),  said  switch  means, 
in  the  event  of  failure  of  the  suspension,  connect- 
ing  a  defined  load  to  said  machine  (104)  to  define 
a  fail-safe  damping  rate  for  said  suspension  sys- 

40  tern. 

2.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  as  claimed  in  claim  1,  wherein  said  electric 

45  machine  comprises  an  electric  alternator  and 
said  controller  means  comprises  electric  load 
means  for  providing  a  varying  load  for  said  alter- 
nator. 

so  3.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  as  claimed  in  claim  2,  wherein  said  electric 
load  means  comprises  rectifier  means  for  con- 
verting  alternating  output  signals  from  said  alter- 

55  nator  to  a  direct  current  signal. 

4.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 

5 
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ses  as  claimed  in  claim  2,  wherein  said  electric 
alternator  is  a  multiphase  alternator. 

5.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  as  claimed  in  claim  2,  wherein  said  controller 
means  further  comprises  selector  means  for  pro- 
viding  a  plurality  of  selectable  connections  to  vary 
the  load  connected  to  said  alternator  to  thereby 
vary  the  damping  rate  of  the  suspension. 

6.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  as  claimed  in  claim  5,  wherein  said  electric 
load  means  comprises  a  plurality  of  electrical  load 
resistances  which  are  selectively  connected  to 
said  alternator  by  said  selector  means. 

7.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  as  claimed  in  claim  6,  wherein  one  of  said 
load  resistances  corresponds  to  said  defined  load 
and  said  switch  means  comprises  normally 
closed  contacts  for  connecting  said  defined  load 
to  said  alternator. 

motor/alternator  for  actively  controlling  said  sus- 
pension  system;  and 
switch  means  for  connecting  said  control  means 
to  said  motor/alternator  and,  in  the  event  of  failure 

5  of  the  suspension,  said  switch  means  connecting 
a  defined  load  to  said  motor/alternator  to  define  a 
fail-safe  damping  rate  for  said  suspension. 

8.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  as  claimed  in  claim  7,  wherein  said  switch 
means  comprises  a  relay.  30 

9.  A  fail-safe  variable  damping  suspension  for  a 
motor  vehicle  having  sprung  and  unsprung  mas- 
ses  comprising, 

a  permanent  magnet  rotary  electric  alter-  35 
nator; 

a  ball  screw  and  nut  apparatus  connecting 
the  sprung  and  unsprung  masses  and  rotating  the 
alternator  in  alternate  rotary  directions  as  the 
sprung  and  unsprung  masses  move  relative  to  40 
one  another; 

electric  load  means  for  providing  a  varying 
load  for  said  alternator;  and 

switch  means  for  connecting  said  load 
means  to  said  alternator,  in  the  event  of  failure  of  45 
the  suspension,  said  switch  means  connecting  a 
defined  load  to  said  alternator  to  define  a  fail-safe 
damping  rate  for  said  suspension. 

1  0.  A  fail-safe  suspension  for  a  motor  vehicle  having  so 
sprung  and  unsprung  masses  comprising: 
a  rotary  electric  motor/alternator; 

a  ball  screw  and  nut  apparatus  connecting 
the  sprung  and  unsprung  masses  and  rotating 
with  said  electric  motor/alternator  in  alternate  rot-  55 
ary  directions  as  the  sprung  and  unsprung  mas- 
ses  move  relative  to  one  another; 
control  means  connected  to  drive  said  electric 
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