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©  Impact  sensor  for  vehicle  safety  restraint  system. 

©  A  vehicle  restraint  system  (20)  that  includes  an 
impact  sensor  (22)  coupled  by  fiber  optics  (50,64,66) 
to  an  igniter  (26)  for  inflating  an  air  bag  (28).  The 
impact  sensor  includes  a  permanent  magnet  (32) 
disposed  within  a  cavity  (34)  and  biased  by  mag- 
netic  force  toward  one  end  of  the  cavity,  motion  of 
the  magnet  in  the  cavity  being  sensed  by  a  weigand 
wire  (44)  or  Hall  (86)  sensor  for  igniting  the  air  bag. 
Facility  (72)  is  disposed  externally  of  the  cavity  for 
selectively  adjusting  the  bias  of  the  sensor  and/or 
moving  the  magnet  into  proximity  with  the  Hall  effect 
or  weigand  wire  sensor  to  test  operative  condition  of 
the  sensor. 
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The  present  invention  is  directed  to  an  accel- 
eration  sensor  having  particular  utility  as  an  impact 
sensor  for  activating  safety  restraints,  such  as  an 
air  bag,  in  an  automotive  vehicle.  In  this  connec- 
tion,  the  term  "acceleration"  as  employed  in  this 
application  specifically  includes  both  positive  and 
negative  acceleration  -  e.g.,  severe  deceleration 
caused  by  impact  of  a  vehicle. 

Background  and  Objects  of  the  Invention 

A  number  of  impact  sensors  have  heretofore 
been  proposed  for  activating  vehicle  restraint  sys- 
tems  and  other  similar  applications.  For  example, 
U.S.  Patent  No.  4,329,549  discloses  a  sensor  in 
which  a  spherical  ball  is  biased  toward  one  end  of 
a  cavity  by  a  permanent  magnet  positioned  exter- 
nally  of  the  cavity.  Severe  deceleration  of  a  vehicle, 
on  which  the  sensor  is  mounted  and  appropriately 
oriented,  exerts  sufficient  force  on  the  ball  to  over- 
come  the  force  of  attraction  to  the  magnet,  and  to 
propel  the  ball  longitudinally  through  the  cavity 
against  a  pair  of  switch  contacts.  The  switch  con- 
tacts  are  connected  to  suitable  devices  for  inflating 
an  air  bag  or  the  like  to  prevent  impact  of  a  vehicle 
occupant  against  the  steering  wheel  or  dashboard. 

A  disadvantage  of  this  design  is  that  closely 
controlled  tolerances  are  required  between  the  ball 
and  the  surrounding  cavity,  which  are  difficult  and 
expensive  to  control  in  manufacture.  Furthermore, 
the  ball  must  be  sufficiently  large  to  generate  reli- 
able  contact  force  against  the  switch  elements, 
necessitating  use  of  a  large  magnet  and  conse- 
quently  decreasing  responsiveness  of  the  sensor  to 
impact  forces.  Weight  of  the  ball  may  be  reduced 
by  plating  the  switch  contacts  with  gold  or  the  like, 
increasing  the  cost  of  manufacture.  Dust  particles 
and  the  like  decrease  reliability  of  the  mechanical 
switch  contacts.  Additionally,  the  sensor  disclosed 
in  this  patent  is  not  well  adapted  to  respond  to 
impacts  from  all  directions,  necessitating  use  of 
more  than  one  sensor  in  automotive  applications. 

U.S.  Patent  No.  4,827,091  discloses  an  impact 
sensor  in  which  a  permanent  magnet  is  longitudi- 
nally  movable  within  a  cavity  of  a  non-magnetic 
body.  The  magnet  is  biased  toward  one  end  of  the 
cavity  by  magnetic  attraction  to  a  ring  positioned 
externally  of  the  cavity.  Electrical  switch  contacts 
are  positioned  at  the  opposing  end  of  the  cavity  for 
abutting  electrical  and  mechanical  engagement 
with  the  magnet.  U.S.  Patent  No.  4,484,041  dis- 
closes  an  impact  sensor  in  which  a  permanent 
magnet  is  movably  mounted  within  a  cavity  of  a 
non-magnetic  body,  and  normally  held  by  magnet 
attraction  against  a  magnetically  permeable  ele- 
ment  that  closes  one  end  of  the  cavity.  Application 
of  acceleration  forces  to  the  body  sufficient  to 
overcome  the  force  of  magnetic  attraction  propels 

the  magnet  against  a  spring  at  the  opposing  end  of 
the  cavity,  which  returns  the  magnet  to  its  normal 
position  when  the  acceleration  forces  are  removed. 
A  reed  switch  is  positioned  adjacent  to  the  cavity  to 

5  detect  motion  of  the  magnet  against  the  spring. 
U.S.  Patent  No.  4,639,563  discloses  a  sensor  in 

which  a  pair  of  magnets  are  movably  mounted 
within  the  cavity  of  a  non-magnetic  body  and  ori- 
ented  such  that  like  poles  on  the  magnets  are 

io  opposed  to  each  other  and  hold  the  magnets 
against  opposing  ends  of  the  cavity.  A  reed  switch 
is  positioned  adjacent  to  the  cavity  and  generates 
an  output  signal  when  acceleration  forces  on  either 
magnet  are  sufficient  to  overcome  the  force  of 

75  magnetic  repulsion  and  move  the  magnet  toward 
the  center  of  the  cavity. 

Although  impact  sensors  of  the  type  described 
have  enjoyed  limited  acceptance  in  the  art,  further 
improvements  remain  desirable.  For  example,  prior 

20  art  impact  sensors  that  involve  closure  of  mechani- 
cal  switch  contacts,  including  reed  switch  contacts, 
are  not  manufactured  with  sufficient  consistency  to 
provide  repeatable  performance  at  a  precise  loca- 
tion  of  the  switch-actuating  member.  The  switch 

25  contacts  can  also  be  subject  to  corrosion  and  fail- 
ure.  Another  problem  in  the  art  lies  in  failure  to 
provide  a  mechanism  for  adjusting  sensitivity  of  the 
sensor  in  operation.  For  example,  the  restraint  sys- 
tem  of  an  off-road  vehicle  should  include  facility  for 

30  sensitivity  adjustment  to  prevent  activation  of  the 
restraint  system  as  the  vehicle  is  traveling  over 
rough  terrain.  Systems  heretofore  proposed  have 
also  typically  been  characterized  by  an  undesirable 
drain  of  battery  power  even  when  the  vehicle  is  not 

35  in  use. 
A  general  object  of  the  present  invention  is  to 

provide  an  acceleration  sensor  that  has  particular 
utility  as  an  impact  sensor  for  activating  a  vehicle 
safety  restraint  system,  that  is  compact  and  rugged 

40  in  construction,  that  is  reliable  in  operation,  that 
activates  quickly  on  application  of  vehicle  impact 
forces,  and/or  that  is  inexpensive  to  manufacture. 
Another  and  more  specific  object  of  the  present 
invention  is  to  provide  an  impact  sensor  of  the 

45  described  character  that  embodies  efficient,  eco- 
nomical  and  reliable  solid  state  technology.  Yet 
another  object  of  the  present  invention  is  to  provide 
a  vehicle  restraint  system  that  employs  such  a 
sensor. 

50  Another  and  more  specific  object  of  the 
present  invention  is  to  provide  an  impact  sensor 
that  finds  particular  utility  in  an  air-bag  vehicle 
restraint  system  in  which  the  sensor  is  coupled  to 
the  air-bag  igniter  by  a  fiber  optic  transmission  that 

55  does  not  drain  battery  power  during  periods  of  non- 
use,  that  includes  facility  for  selectively  adjusting 
sensor  sensitivity,  that  includes  facility  for  testing 
operability  of  the  sensor  and  restraint  system,  while 
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inhibiting  operation  of  the  air  bag  itself,  when  the 
vehicle  is  initially  turned  on  for  example,  and/or  in 
which  the  sensor  output  is  provided  in  the  form  of 
an  analog  signal  of  which  rate  of  change  indicates 
severity  of  sensor  deceleration  and  may  be  ana- 
lyzed  for  activating  the  air  bag.  Another  object  of 
the  present  invention  is  to  provide  an  air-bag  type 
vehicle  restraint  system  that  includes  an  impact 
sensor  that  satisfies  one  or  more  of  the  foregoing 
objectives. 

Summary  of  the  Invention 

An  acceleration  sensor  that  finds  particular  util- 
ity  as  an  impact  sensor  in  a  vehicle  restraint  sys- 
tem  comprises  a  permanent  magnet  movably 
mounted  within  a  cavity  in  a  non-magnetic  body 
and  facility  for  resiliently  urging  or  biasing  the 
magnet  to  one  end  of  the  cavity.  An  electronic 
sensor  is  disposed  adjacent  to  the  cavity  for  pro- 
viding  an  electrical  signal  as  a  function  of  motion  of 
the  magnet  within  the  cavity  against  the  biasing 
force.  Sensitivity  of  the  sensor  may  be  selectively 
adjusted  by  varying  the  biasing  force  on  the  per- 
manent  magnet.  For  this  purpose,  an  electromag- 
net  is  positioned  adjacent  to  the  cavity  and  is 
coupled  to  electronic  circuitry  for  selectively  vary- 
ing  force  of  attraction/repulsion  of  the  electromag- 
net  on  the  magnet  within  the  cavity.  Operative 
condition  of  the  sensor  may  also  be  tested  by 
applying  a  signal  to  the  electromagnet  for  urging 
the  permanent  magnet  within  the  cavity  into  prox- 
imity  with  the  electrical  sensor.  In  an  alternative 
embodiment,  the  magnet  is  coupled  to  a  linear 
actuator,  which  may  be  energized  to  move  the 
magnet  mechanically  into  proximity  with  the  sen- 
sor. 

The  electrical  sensor  may  comprise  a  Hall  ef- 
fect  sensor  that  provides  an  analog  output  signal 
that  varies  as  a  continuous  and  substantially  mon- 
otonic  function  of  position  of  the  magnet  within  the 
cavity.  Rate  of  change  of  the  sensor  output  signal 
is  analyzed,  and  the  air  bag  is  inflated  when  rate  of 
change  of  the  sensor  output  signal  indicates  an 
impact  of  severity  that  calls  for  air  bag  inflation. 

The  impact  sensor  may  be  coupled  to  air  bag 
inflation  electronics  by  a  fiber  optic  cable.  The 
sensor  is  contained  within  an  enclosure  that  in- 
cludes  a  light  emitter  with  a  portion  that  projects 
from  the  enclosure  for  coupling  to  one  end  of  the 
fiber  optic  cable.  The  opposing  end  of  the  cable  is 
connected  to  a  light  sensor,  which  in  turn  is  con- 
nected  to  the  inflation  electronics.  The  fiber  optic 
cable  draws  no  power  when  not  in  use,  and  there- 
fore  conserves  vehicle  battery  energy. 

The  electronic  sensor  may  comprise  a  weigand 
wire  that  is  characterized  by  first  and  second  stable 
magnetic  flux-generating  states  responsive  to  prox- 

imity  of  magnetic  fields  of  differing  polarity  for 
switching  between  such  states.  A  suitable  pick-up, 
such  as  an  electrical  coil,  is  positioned  adjacent  to 
the  weigand  wire,  preferably  encircling  the  same, 

5  for  detecting  a  change  in  the  flux-generating  state 
of  the  weigand  wire  responsive  to  proximity  of  the 
sensor  magnet  thereto,  and  thereby  generating  a 
sensor  output  signal.  In  accordance  with  a  particu- 
lar  feature  of  this  aspect  of  the  invention,  the  mag- 

io  net,  cavity  and  weigand  wire  sensor  are  construct- 
ed  and  arranged  such  that  motion  of  the  magnet 
from  the  first  position  to  the  second  position  within 
the  cavity  switches  the  weigand  wire  from  the  first 
state  back  to  the  second  state,  and  motion  of  the 

is  same  magnet  from  the  second  position  back  to  the 
first  position  switches  the  weigand  wire  sensor  from 
the  second  state  to  the  first  state.  The  weigand 
wire  sensor  is  thus  automatically  reset  preparatory 
to  a  next  acceleration  sensing  cycle.  This  auto- 

20  matic  reset  feature  is  accomplished  by  polarizing 
the  magnet  longitudinally  of  the  cavity,  and  posi- 
tioning  the  weigand  wire  sensor  between  the  first 
and  second  positions  of  the  magnet  within  the 
cavity,  such  that  motion  of  the  magnet  from  the 

25  first  position  to  the  second  position,  and  from  the 
second  position  to  the  first  position,  subjects  the 
weigand  wire  sensor  to  varying  magnetic  fields  of 
opposite  polarity. 

30  Brief  Description  of  the  Drawings 

The  invention,  together  with  additional  objects, 
features  and  advantages  thereof,  will  be  best  un- 
derstood  from  the  following  description,  the  appen- 

35  ded  claims  and  the  accompanying  drawings  in 
which: 

FIG.  1  is  a  functional  block  diagram  of  a  vehicle 
safety  restraint  system  in  accordance  with  one 
presently  preferred  implementation  of  the  inven- 

40  tion; 
FIG.  2  is  a  schematic  diagram  in  side  elevation 
of  an  impact  sensor  in  accordance  with  one 
presently  preferred  embodiment  of  the  invention 
with  fiber  optic  interconnection  to  the  restraint 

45  mechanism; 
FIG.  3  is  an  exploded  perspective  view  of  the 
impact  sensor  illustrated  schematically  in  FIG.  2; 
and 
FIGS.  4A-4D  are  schematic  diagrams  that  illus- 

50  trate  successive  stages  in  operation  of  the  sen- 
sor  illustrated  in  FIGS.  1-3,  together  with  asso- 
ciated  sensor  states  and  output  signals;  and 
FIGS.  5-7  are  schematic  diagrams  in  side  eleva- 
tion  that  illustrate  respective  modified  embodi- 

55  ments  of  the  invention. 
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Detailed  Description  of  Preferred  Embodi- 
ments 

FIG.  1  illustrates  a  vehicle  restraint  system  20 
in  which  one  or  more  impact  sensors  22  provide 
output  signals  to  an  electronic  interface  24  indica- 
tive  of  rapid  deceleration  of  the  vehicle  caused  by 
impact  from  one  or  more  directions.  Interface  24 
provides  a  corresponding  signal  to  an  igniter  26, 
which  in  turn  initiates  a  chemical  reaction  for  rap- 
idly  inflating  a  vehicle  restraint  air  bag  28. 

FIGS.  2  and  3  illustrate  a  sensor  22  in  accor- 
dance  with  a  presently  preferred  embodiment  of 
the  invention  as  comprising  a  tubular  body  30  of 
non-magnetic  construction.  A  first  permanent  mag- 
net  32  is  slidably  disposed  within  a  cylindrical 
cavity  34  in  body  30,  and  a  second  magnet  36  is 
fixedly  positioned  at  the  opposing  end  of  cavity  34. 
Magnets  32,36  have  identical  magnetic  poles,  the 
"north"  poles  in  FIG.  2,  opposed  to  each  other. 
Cavity  34  is  sealed  by  a  pair  of  end  caps  38,40 
(FIG.  3),  and  a  plate  42  of  magnetic  material  is 
disposed  adjacent  to  end  cap  40  externally  of 
cavity  34.  Thus,  magnet  32  is  resiliently  urged  to 
one  end  of  cavity  34  by  magnetic  repulsion  from 
magnet  36  and  magnetic  attraction  to  plate  42. 

A  weigand  wire  sensor  44  is  disposed  exter- 
nally  adjacent  to  cavity  34  for  sensing  motion  of 
magnet  32  against  the  biasing  forces  of  magnet  36 
and  plate  42.  Sensor  44  includes  a  central  weigand 
wire  core  46,  and  a  coil  48  that  surrounds  the  core 
and  is  responsive  to  the  magnet  fields  therein. 
Sensor  coil  48  is  connected  to  a  light  emitter  50, 
such  as  a  photo  or  laser  diode.  Tubular  body  30 
with  magnets  32,36  captured  therewithin,  end  caps 
38,40  and  biasing  plate  42  are  mounted  on  a 
support  bracket  52  that  is  carried  by  a  circuitboard 
54.  weigand  wire  sensor  44  is  also  mounted  on 
bracket  52,  and  light  emitter  50  is  fastened  to 
board  54  by  a  rivet  56.  The  entire  assembly  is 
enclosed  by  an  internally  shielded  molded  plastic 
or  steel  cover  58,  which  is  fastened  to  circuitboard 
54.  The  threaded  end  60  of  emitter  50  projects 
through  an  opening  62  in  case  58  for  connection  to 
a  conventional  fiber  optic  coupling. 

Returning  to  FIG.  2,  light  emitter  50  is  con- 
nected  by  an  optical  fiber  64  to  a  light  sensor  66, 
which  in  turn  is  connected  to  electronic  interface 
circuitry  24  (FIG.  1).  Thus,  sensor  22  (FIGS.  2  and 
3)  may  be  positioned  at  any  suitable  location  on  a 
vehicle,  while  interface  24  and  air  bag  ignition 
circuitry  26  may  be  positioned  either  beneath  the 
vehicle  dashboard  or  beneath  the  vehicle  hood  and 
connected  to  the  sensor  by  an  appropriate  length 
of  optical  fiber  64.  The  fiber  optic  transmission  line 
does  not  absorb  electrical  energy  during  periods  of 
non-use,  and  thus  conserves  vehicle  battery  power. 
Construction  and  operation  of  weigand  wire  sensor 

44  are  discussed  in  greater  detail  in  parent  applica- 
tion  Serial  No.  07/615,074,  and  reference  is  made 
to  that  application  for  more  detailed  discussion. 

FIGS.  4A-4D  illustrate  operation  of  sensor  22, 
5  with  particular  emphasis  on  the  automatic  reset 

feature  of  the  sensor  hereinabove  summarized. 
Weigand  wire  section  46  has  a  central  core  wire 
110  surrounded  by  a  shell  112.  Initially,  as  shown 
in  FIG.  4A,  the  magnetic  fields  in  core  110  and 

io  shell  112  are  in  the  same  direction,  so  that  the  core 
and  shell  combined  to  generate  a  strong  external 
magnetic  field.  When  wire  46  is  subjected  to  a 
change  in  magnetic  field  caused  by  motion  of 
magnetic  32  from  its  first  or  rest  position  illustrated 

is  in  FIG.  4A  to  its  second  or  sensing  position  illus- 
trated  in  FIG.  4B,  such  changing  magnetic  field 
reverses  the  magnetic  field  in  core  110.  This  field 
reversal  essentially  collapses  the  magnetic  field 
surrounding  wire  46,  generating  a  corresponding 

20  signal  114  in  coil  48.  When  the  acceleration  forces 
are  removed,  and  magnet  32  is  returned  to  its  first 
or  rest  position  by  the  combined  magnetic  forces 
applied  thereto  by  plate  42  and  magnet  36,  wire  46 
is  subjected  to  a  changing  magnetic  field  of  op- 

25  posite  polarity,  resetting  the  wire  core  110  to  its 
original  magnetic  polarity  as  shown  in  FIG.  4C.  The 
magnetic  fields  of  core  110  and  shell  112  thus 
again  reinforce  each  other  to  generate  a  strong 
external  magnetic  field,  with  the  change  again  be- 

30  ing  sensed  by  coil  48  to  generate  a  signal  116  of 
polarity  opposite  to  that  of  signal  114  (FIG.  4B). 
Return  motion  of  magnet  32  to  its  rest  position  thus 
resets  sensor  22  to  its  original  state  (FIGS.  4A  and 
4D)  preparatory  to  application  of  the  next  accelera- 

35  tion  force  cycle  to  be  sensed  by  the  sensor. 
FIG.  5  illustrates  a  modified  vehicle  restraint 

system  70  in  which  an  electromagnet  72  is  dis- 
posed  adjacent  to  magnet  32  externally  of  cavity 
34  and  plate  42.  Magnet  72  comprises  a  coil  74 

40  that  surrounds  a  core  76  of  ferromagnetic  material, 
which  is  externally  axially  aligned  with  cavity  34 
and  magnet  32.  Coil  74  is  connected  to  electronics 
78  for  adjustably  varying  the  current  applied  to 
electromagnet  72  for  either  adjusting  the  magnetic 

45  bias  applied  to  magnet  32  and  thereby  adjusting 
sensitivity  of  sensor  70,  or  for  testing  operative 
condition  of  the  sensor.  More  specifically,  electron- 
ics  78  receives  control  signals  from  the  vehicle 
computer  or  ECU  80.  Computer  80  also  receives  a 

50  signal  from  interface  electronics  24,  and  inhibits  the 
final  stage  of  operation  of  igniter  26  during  a  di- 
agnostic  operation.  When  the  vehicle  ignition  is  first 
turned  on,  ECU  80  automatically  controls  electron- 
ics  78  to  apply  a  signal  to  electromagnet  72  of 

55  sufficient  magnitude  to  overcome  the  biasing 
forces  on  magnet  32,  and  to  propel  the  magnet  into 
proximity  with  sensor  44.  Sensor  44  thereby  sup- 
plies  a  sensor  signal  to  computer  80  through  inter- 

4 
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face  24.  In  the  meantime,  computer  80  inhibits 
inflation  of  the  air  bag.  In  this  way,  operative  con- 
dition  of  sensor  70  is  tested  each  time  the  vehicle 
is  operated. 

Electronics  78  may  also  be  employed  to  con- 
trol  sensitivity  of  sensor  70.  For  example,  computer 
80  may  be  responsive  to  an  operator  adjustment 
82  for  controlling  electronics  78  to  apply  a  current 
to  magnet  72  to  assist  magnet  38  and  plate  42  in 
biasing  magnet  32  away  from  sensor  44  where 
decreased  sensor  sensitivity  is  desired,  such  as 
when  the  vehicle  is  to  be  operated  over  rough 
terrain.  When  the  vehicle  is  thereafter  to  be  op- 
erated  on  a  normal  road  surface,  the  operator  may 
provide  input  to  computer  80  for  reducing  or  termi- 
nating  such  biasing  current  to  electromagnet  72, 
and  to  return  sensor  70  to  normal  sensitivity. 

FIG.  6  illustrates  a  modified  embodiment  90  in 
which  the  bias  and  diagnostic  functions  are  sepa- 
rated,  rather  than  combined  as  in  FIG.  5.  Specifi- 
cally,  bias  control  electronics  92  are  connected 
between  sensor  44  and  interface  24.  Electronics  92 
are  responsive  to  a  control  signal  from  ECU  80 
(FIG.  5)  for  adjustably  varying  current  applied  to 
sensor  44,  and  thereby  adjusting  rate  of  change  of 
magnetic  field  to  which  sensor  44  is  responsive.  An 
electromagnetic  linear  actuator  94  has  a  coil  96 
and  an  armature  98.  Coil  96  is  connected  to  di- 
agnostic  control  electronics  100,  which  receive  a 
signal  from  ECU  80  (FIG.  4)  to  control  application 
of  current  to  coil  96.  Armature  98  has  an  axially 
extending  non-magnetic  finger  102  that  projects 
through  an  aperture  104  in  plate  42  to  engage 
magnet  32.  When  current  is  applied  to  coil  96  of 
actuator  94,  armature  98  and  finger  102  push  mag- 
net  32  into  proximity  with  sensor  44.  Operability  of 
sensor  90  may  thus  be  selectively  diagnosed.  Mag- 
netic  forces  or  magnet  32,  applied  by  magnet  36 
and  plate  42,  are  sufficient  to  return  armature  98  to 
the  rest  position  shown  in  FIG.  6  where  current  is 
no  longer  applied  to  coil  96. 

FIG.  7  illustrates  a  modified  impact  sensor  84 
in  which  weigand  wire  sensor  44  of  FIGS.  2-5  is 
replaced  by  a  Hall  effect  sensor  86.  Hall  effect 
sensor  86  differs  from  weigand  wire  sensor  44,  and 
from  reed  switch  and  mechanical  switch  sensors 
typical  of  the  prior  art,  in  that  Hall  effect  sensor  86 
provides  an  analog  output  signal  in  which  the  out- 
put  voltage  or  current  varies  as  a  substantially 
continuous  monotonic  function  of  position  of  mag- 
net  32  within  cavity  34.  This  analog  sensor  output 
signal  is  supplied  through  interface  24  to  a  com- 
puter  88,  which  analyzes  the  rate  of  change  or 
slope  of  the  sensor  output  signal  as  a  function  of 
time.  Computer  88  provides  an  impact  signal  to  air 
bag  igniter  26  to  activate  the  air  bag  restraint  only 
when  the  slope  of  the  sensor  output  signal  in- 
dicates  a  vehicle  impact  of  sufficient  severity  to  call 

for  inflation  of  the  air  bag  restraint. 

Claims 

5  1.  A  vehicle  restraint  system  that  comprises: 
an  impact  sensor  (22)  including  means  for 

sensing  vehicle  impact  to  provide  an  impact 
signal, 

restraint  means  (28)  for  positioning  in  a 
io  vehicle  to  restrain  motion  of  an  occupant  upon 

operation  of  said  restraint  means, 
means  (24,26)  responsive  to  said  impact 

signal  for  operating  said  restraint  means,  and 
fiber  optic  means  (50,64,66)  interconnec- 

15  ting  said  sensor  (22)  and  said  signal-respon- 
sive  means  (24,26)  for  supplying  said  impact 
signal  to  said  signal-responsive  means. 

2.  The  system  set  forth  in  claim  I  wherein  said 
20  sensor  (22)  includes  means  (44  or  86)  for 

supplying  said  impact  signal  as  an  electrical 
signal,  and  wherein  said  fiber  optic  means 
(50,64,66)  includes  a  light  emitter  (50)  at  said 
sensor  responsive  to  said  electrical  signal  to 

25  provide  a  light  signal,  a  light  sensor  (66)  at 
said  signal-responsive  means  for  reconverting 
said  light  signal  into  an  electrical  signal,  and  a 
fiber  optic  (64)  connecting  said  light  emitter  to 
said  light  sensor. 

30 
3.  The  system  set  forth  in  claim  2  wherein  said 

impact  sensor  (22)  includes  means  (30)  of  non- 
magnetic  construction  having  an  internal  cavity 
(34),  a  permanent  magnet  (32)  movably  moun- 

35  ted  within  said  cavity,  means  (36,42)  for  resil- 
iency  urging  said  magnet  to  a  first  position 
within  said  cavity,  and  magnetic  sensing 
means  (44  or  86)  positioned  adjacent  to  said 
cavity  for  sensing  motion  of  said  magnet 

40  against  force  of  said  urging  means  to  generate 
said  electrical  impact  signal. 

4.  The  system  set  forth  in  claim  3  wherein  said 
impact  sensor  (22)  further  includes  means  (58) 

45  enclosing  said  impact  sensor  and  said  light 
emitter  (50)  in  a  housing,  said  light  emitter 
including  means  (60)  projecting  from  said 
housing  for  coupling  to  said  fiber  optic  (64). 

50  5.  The  system  set  forth  in  any  preceding  claim  4 
wherein  said  magnetic  sensing  means  com- 
prises  a  weigand  wire  sensor  (44). 

6.  The  system  set  forth  in  any  preceding  claim  4 
55  wherein  said  magnetic  sensing  means  com- 

prises  a  Hall  sensor  (86)  for  providing  said 
electrical  signal  as  an  analog  function  of  posi- 
tion  of  said  magnet  within  said  cavity,  and 

5 
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wherein  said  means  responsive  to  said  impact 
signal  includes  means  (88)  for  analyzing  rate 
of  change  of  said  analog  signal  and  inflating 
said  air  bag  when  said  rate  of  change  indicates 
a  vehicle  impact  condition.  5 

7.  The  system  set  forth  in  any  preceding  claim 
further  comprising  means  (72)  for  selectively 
adjusting  sensitivity  of  said  impact  sensor  (22) 
by  adjustably  varying  force  urging  said  magnet  10 
(32)  to  said  first  position. 

8.  The  system  set  forth  in  claim  7  wherein  said 
selectively  adjusting  means  (72)  comprises  an 
electromagnet  (74,76)  positioned  axially  exter-  is 
nally  adjacent  to  said  cavity  (34)  and  means 
(78)  for  selectively  varying  force  of  attrac- 
tion/repulsion  of  said  electromagnet  on  said 
magnet. 

20 
9.  The  system  set  forth  in  claim  8  further  com- 

prising  means  (78,80)  coupled  to  said  elec- 
tromagnet  (72)  for  selectively  testing  operative 
condition  of  said  impact  sensor  by  magnetical- 
ly  urging  said  magnet  into  proximity  with  said  25 
magnetic  sensing  means  (44  or  86). 

10.  The  system  set  forth  in  claim  9  further  com- 
prising  means  (80)  for  disabling  operation  of 
said  means  for  operating  said  restraint  means  30 
during  testing  of  said  impact  sensor. 

11.  The  system  set  forth  in  any  preceding  claim 
wherein  said  magnetic  sensing  means  com- 
prises  a  weigand  wire  sensor  (44),  and  wherein  35 
said  system  further  comprises  means  (92)  for 
selectively  adjusting  sensitivity  of  said  impact 
sensor  by  adjustably  varying  biasing  current 
applied  to  said  weigand  wire  sensor. 

6 
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