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Description 

This  invention  relates  generally  to  electrically-ac- 
tuated  braking  systems  for  towed  vehicles  and  the 
like,  in  particular  the  control  means  for  such  systems. 
More  particularly  still,  the  invention  pertains  to  iner- 
tially-responsive  control  means  for  such  braking  sys- 
tems,  and  in  particular  to  inertial  sensors,  oracceler- 
ometers,  for  use  therein. 

Electrically-actuated  braking  systems  for  towed 
vehicles  have,  of  course,  been  known  and  used  for 
some  time,  as  shown  for  example  by  earlier  U.S.  Pa- 
tents  Nos.  US-A-3738710,  3953084,  3967863, 
3981544,  3909075,  and  4030756  (certain  of  which 
are  related  to  one  another)  which  show  various  attri- 
butes  of  such  systems  and  additionally  discuss  the 
background  and  historical  developments  in  this  field. 
While  early  such  systems  were  manually-controlled, 
subsequent  developments  utilized  various  means  for 
achieving  automatic  actuation,  and  such  automatic 
systems  have  come  to  rely  upon  inertial  sensors  as 
the  most  predominant  such  control  means  since  they 
enable  the  towed  vehicle  ("trailer")  brakes  to  be  ap- 
plied  automatically  as  and  when  braking  is  desired.  Of 
course,  many  particular  developments  have  occurred 
over  the  years  for  enhancing  and  improving  such  in- 
ertial  systems,  as  shown  by  the  earlier  patents  noted 
above,  together  with  those  cited  therein,  etc. 

What  is  believed  to  be  the  most  successful  and 
most  frequently-utilized  state  of  the  art  inertial  sens- 
ing  system  is  one  analogous  to  that  shown  in  the 
aforementioned  US-A-3967863  and  3981544.  This 
system  uses  a  pendulum-type  inertial  sensor,  or  ac- 
celerometer,  which  responds  to  braking  of  the  tow  ve- 
hicle  by  immediately  causing  a  controlled  application 
of  the  brakes  on  the  towed  vehicle.  As  disclosed  in 
these  patents,  the  pendulum  utilized  in  this  system 
comprises  a  "sandwich"  of  laminated  members,  e.g., 
a  pair  of  outer  layers  of  thin  sheet  metal,  in  particular 
beryllium  copper,  and  a  centre  layer  of  yieldable,  elas- 
tomeric  material,  to  which  the  outer  metal  layers  are 
adhered.  This  construction  is  utilized  to  provide  self- 
damping  pendulum  deflection,  since  the  pendulum  is 
mounted  from  its  top  and  flexes  laterally  from  the  bot- 
tom  when  subjected  to  orthogonally-oriented  acceler- 
ation  forces,  the  pendulum  being  weighted  at  the  bot- 
tom  to  augment  such  flexure. 

This  lateral  deflection  of  the  pendulum  requires 
that  its  two  sheet  metal  layers  move  longitudinally 
with  respect  to  one  another,  and  this  causes  the  elas- 
tomeric  layer  adhered  therebetween  to  undergo  elas- 
tic  deformation  since  it  is  subjected  to  shearforces  as 
a  result  of  its  side  extremities  moving  in  opposite  long- 
itudinal  directions.  This  elastic  deformation  of  the  re- 
silient  inner  layer  of  the  pendulum  is  intended  to  damp 
pendulum  deflection  in  a  desirable  manner,  and  to 
augment  return  of  the  pendulum  to  its  normal  position 
as  inertial  forces  diminish,  thereby  contributing  to 

smooth  and  controlled  braking  response  as  well  as 
helping  to  remove  the  braking  effects  as  quickly  as 
possible  when  they  are  no  longer  needed. 

It  has  now  been  perceived  that  the  desirable  ef- 
5  fects  just  noted  were  to  a  considerable  degree  sacri- 

ficed  by  the  particularities  of  the  pendulum  configur- 
ation  and  mounting  techniques  used  heretofore, 
which  in  fact  have  been  the  source  of  undesirable  but 
largely  unappreciated  problems  occurring  in  actual 

10  usage.  Thus,  for  example,  prior  art  implementations 
of  the  multiple-layer  leaf-type  pendulum  have  failed  to 
provide  the  desirable  benefits  of  its  inherent  self- 
damping  capability,  and  have  in  fact  introduced  ec- 
centricities  and  irregularities  in  the  inertial  d  is  place- 

rs  ment  of  the  pendulum,  resulting  in  inappropriate  and 
undesirable  braking  effects  exerted  upon  the  towed 
vehicle,  erratic  in  nature  and  disproportionate  to  the 
actual  inertial  effect  causing  the  response.  Indeed,  at 
times  the  resulting  braking  response  would  be  too 

20  great,  or  too  small,  while  at  other  times  the  result 
could  be  chatter  (i.e.,  rapid  on  and  off  or  increase  and 
decrease  of  braking  effect),  caused  by  resonance  or 
other  vibratory  mechanical  oscillation  in  the  sensing 
pendulum. 

25  To  a  considerable  extent,  the  adverse  effects  just 
noted  have  resulted  from  the  manner  in  which  the 
laminate-form  leaf-type  pendulum  was  mounted  for 
inertia-induced  flexure.  That  is,  the  multi-layer  "sand- 
wich"  structure  of  the  pendulum  was  typically  mount- 

30  ed  by  use  of  a  clamping  means  by  which  the  top  of  the 
pendulum  was  clamped  to  a  fixed,  rigid  mount  or  sup- 
port  structure.  While  some  such  suspensions  also 
used  a  right-angled  offset  portion  of  one  or  both  of  the 
sheet  metal  layers  of  which  the  pendulum  was  formed 

35  to  provide  a  means  for  suspending  the  pendulum  from 
its  top,  the  pendulum  has  heretofore  also  been  rigidly 
secured  by  a  clamp,  which  in  effect  squeezed  the  va- 
rious  layers  of  the  pendulum  against  one  another  at 
the  uppermost  end,  holding  them  tightly  against  a 

40  support  disposed  parallel  to  the  axis  of  the  pendulum. 
While  this  captured  the  upper  end  extremity  of  the 
pendulum  and  supported  it  in  a  dependable  manner, 
it  also  caused  serious  but  unappreciated  problems. 
That  is,  as  noted  above,  the  lower  extremity  of  the 

45  pendulum  carried  a  weight,  whose  purpose  is  to  ac- 
centuate  the  inertial  effect  on  the  pendulum  caused 
by  braking  of  the  towing  vehicle,  and  the  customary 
manner  of  securing  this  weight  to  the  lower  extremity 
of  the  pendulum  securely  captures  the  entire  lower 

so  extremity  of  the  latter,  i.e.,  both  metal  layers  as  well 
as  the  elastomeric  internal  layer.  Accordingly,  both 
the  upperand  lower  extremities  of  the  pendulum  were 
rigidly  captured  relative  to  one  another,  with  the  result 
that  the  different  layers  were  unable  to  move  longitu- 

55  dinally  relative  to  one  another  as  the  pendulum  un- 
derwent  lateral  flexure,  except  to  the  very  limited  ex- 
tent  that  such  motion  was  made  possible  through  ten- 
sional  lengthening  of  one  metal  layer  accompanied  by 
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compressive  shortening  of  the  other,  and  the  extent 
to  which  the  metal  layers  could  separate  by  bowing 
and  moving  away  from  one  another,  stretching  the 
elastomeric  intermediate  layer  laterally  through  ten- 
sion.  These  unintended  and  unappreciated  effects 
changed  the  spring  action  of  the  pendulum  dramati- 
cally,  making  it  uncoordinated  and  irregular,  while  at 
the  same  time  substantially  nullifying  the  otherwise- 
obtainable  smooth,  coordinated,  elastically-damped 
flexure  of  the  pendulum,  causing  it  to  act  erratically, 
in  extreme  cases  actually  causing  it  to  "oil-can,"  i.e., 
erratically  snap  over-centre,  with  resulting  erratic 
braking  action. 

A  further  anomaly,  probably  based  upon  miscon- 
ception,  exhibited  by  prior  pendulum-type  inertial 
sensors  of  the  type  described  is  the  use  of  compara- 
tively  long  pendulum  blades,  by  which  comparatively 
large  flexural  excursion  was  obtained.  This  was 
thought  necessary  in  order  to  provide  desired  resolu- 
tion  in  the  system,  since  the  pendulum  excursion  is 
used  to  produce  a  graduated,  proportional  response 
for  use  in  controlling  the  application  of  the  towed  ve- 
hicle  brakes.  That  is,  the  pendulum  motion  is  used  to 
produce  a  corresponding  analog  signal  in  accordance 
with  which  braking  is  effected.  For  example,  the  pen- 
dulum  motion  may  be  used  to  either  occlude  or  open 
a  path  for  a  light  beam  extending  between  a  source 
and  a  photo  detector,  such  that  higher  inertial  levels 
causing  greater  pendulum  deflection  correspondingly 
increase  the  amount  of  light  sensed  by  the  photode- 
tector.  However,  while  it  may  be  thought  to  be  easier, 
as  an  abstract  matter,  to  obtain  higher  degrees  of  con- 
trol  resolution  by  use  of  larger  pendulum  deflection, 
this  is  not  the  case  where  the  longer  pendulum  con- 
tributes  directly  to  instability  of  the  aforementioned 
nature,  creating  a  situation  in  which  deflection  incre- 
ments  are  not  uniform  in  relation  to  the  corresponding 
inertial  effects,  and  are  not  consistent. 

The  invention  overcomes  the  problems  present- 
ed  by  the  prior  art,  and  particularly  by  US-A-3981544 
which  describes  a  multi-layer  cantilever-type  inertial 
sensor  which  comprises  a  flexible  multi-layer  beam. 
In  the  sensor  described  in  that  specif  ication  the  beam 
is  clamped  both  at  the  top  where  it  is  secured  to  the 
mounting  structure  and  at  the  bottom  where  it  is  se- 
cured  to  a  weight.  According  to  the  present  invention, 
a  multi-layer  cantilever-type  inertial  sensor  compris- 
es  a  flexible  multi-layer  beam  having  first  and  second 
sides;  a  generally  rigid  support  structure  for  the 
beam,  said  support  structure  having  a  beam- 
mounting  surface  disposed  adjacent  said  beam  near 
one  end  thereof;  means  for  securing  said  beam  to 
said  support  structure  at  said  beam-mounting  sur- 
face;  and  means  for  fixedly  connecting  the  layers  of 
said  beam  to  one  another  at  not  more  than  one  com- 
mon  place  along  their  mutual  length  so  as  to  preclude 
relative  longitudinal  shifting  of  said  different  layers  of 
said  beam  at  said  common  place  but  allow  such  shift- 

ing  at  all  other  points  along  their  corresponding 
lengths  upon  arcuate  flexure  of  said  beam  in  re- 
sponse  to  inertial  forces.  With  this  arrangement,  the 
layers  of  the  beam  are  able  to  move  longitudinally 

5  with  respect  to  one  another  throughout  their  length 
with  the  possible  exception  of  one  place  at  which  they 
are  fixedly  connected  to  one  another. 

The  present  invention  thus  provides  novel  and 
highly  advantageous  solutions  for  the  problems  de- 

10  scribed  above,  based  upon  new  perceptions  and  rec- 
ognition  of  the  underlying  problems.  More  particular- 
ly,  the  present  invention  provides  subtle  structural 
changes  and  enhancements  in  the  basic  form  and 
suspension  of  multi-layer  inertial  sensing  pendulum 

15  used  in  electric  braking  systems  of  the  type  described 
above,  by  which  the  eccentricities  and  irregularities  of 
the  resulting  braking  control  system  are  obviated  and 
precluded,  with  the  result  that  inertial  sensing  is  car- 
ried  on  in  a  much  smoother,  distortion-free  and  ex- 

20  tremely  reliable  manner  which  in  addition  is  not  sub- 
ject  to  disruption  due  to  such  effects  as  inertial  surg- 
es,  "jerks,"  and  the  like  resulting  from  such  things  as 
road  surface  irregularities,  etc.  Indeed,  the  inertial 
sensing  function  provided  in  accordance  with  the 

25  present  invention  is  so  smooth,  reliable  and  distor- 
tion-free  that  the  resulting  system  does  not  require 
the  customary  interconnection  with  the  tow  vehicle 
brake  light  circuit,  by  which  most  state  of  the  art  iner- 
tially-actuated  electric  braking  systems  are  main- 

30  tained  in  a  de-energized  state  until  the  tow  vehicle 
brakes  are  actuated  and  their  brake  lights  energized, 
notwithstanding  the  fact  that  the  inertial  sensor  is 
supposed  to  be  controlling  the  braking  system.  That 
is,  practically  all  inertially-actuated  prior  art  systems 

35  have  had  to  guard  against  undesired  inadvertent  ac- 
tuation  of  the  braking  system  due  to  inadvertent  and 
undesired  inertial  sensor  operation  resulting,  for  ex- 
ample,  from  road  surface  irregularity  such  as  pot 
holes,  railroad  tracks,  etc.,  or  for  example,  from  errat- 

40  ic  inertial  sensor  response  to  momentary  manual  ap- 
plication  of  the  braking  system  control  by  which  towed 
vehicle  sway  and  the  like  are  corrected. 

Accordingly,  it  is  a  major  objective  and  advantage 
of  the  present  invention  to  provide  a  new  physical 

45  configuration  for  pendulum-type  inertial  sensors  of 
the  type  used  in  electric  brake  control  systems  and 
the  like,  pursuant  to  which  the  problems  of  prior  such 
devices  are  avoided  and  made  obsolete.  This  major 
objective  and  advantage  is  achieved  through  a  num- 

50  ber  of  more  particularly-cognizable  physical  attri- 
butes  of  the  pendulum  and  its  mounting  structure, 
pursuant  to  which  the  overall  aspect  ratio  of  the  pen- 
dulum  may  be  changed  in  order  to  make  its  natural 
frequency  of  vibration  substantially  higher  than  previ- 

55  ous  such  units  (the  pendulum  beam  being  made  less 
flexible,  to  thereby  exhibit  lower  flexure  per  unit  iner- 
tial  load). 

Further,  and  of  considerable  importance  to  the 
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underlying  concept  and  structure  of  apparatus  in  ac- 
cordance  with  the  invention,  a  novel  and  advanta- 
geous  type  of  mounting  means  is  provided  for  the  in- 
ertial  sensing  pendulum,  pursuant  to  which  elastome- 
ric  damping  is  perfected  and  made  uniform,  such  that 
the  advantages  of  this  effect  are  finally  realized  and 
made  possible.  In  addition,  the  invention  contem- 
plates  the  provision  of  a  new  and  advantageous  form 
of  pendulum-mounting  structure,  which  provides  for 
high  efficiency  and  reliability  in  the  manufacture  and 
assembly  of  the  resulting  unit,  while  at  the  same  time 
achieving  increased  effectiveness  and  ease  in  ach- 
ieving  attitude  correction  for  pendulum  positioning,  by 
which  the  pendulum  may  be  readily  adjusted  to  a  vert- 
ical  orientation  following  installation  of  the  control  unit 
in  the  tow  vehicle,  during  which  the  particularities  of 
the  position  in  which  the  control  is  mounted  often  are 
such  as  to  otherwise  place  the  pendulum  in  a  non- 
vertical  position  and  thus  interfere  with  normal  sens- 
ing  of  horizontally-directed  inertia  forces,  as  normally 
occur  during  vehicle  braking. 

The  invention  may  be  carried  into  practice  in  va- 
rious  ways  but  one  inertial  sensor  embodying  the  in- 
vention  will  now  be  described  by  way  of  example  with 
reference  to  the  accompanying  drawings,  in  which: 

Fig.  1  is  an  enlarged  side  elevational  view  show- 
ing  the  inertial  pendulum  and  its  supporting 
structure; 
Fig.  2  is  an  overhead  plan  view  of  the  apparatus 
as  shown  in  Fig.  1; 
Fig.  3  is  an  end  view  thereof; 
Fig.  4  is  an  end  view  similar  to  Fig.  3,  but  showing 
the  apparatus  repositioned  for  attitude  adjust- 
ment  of  the  pendulum  in  a  first  direction; 
Fig.  5  is  an  enlarged,  fragmentary  end  view  of  the 
apparatus  showing  how  the  pendulum  is  mount- 
ed; 
Fig.  6  is  an  end  view  pictorially  showing  the  prior- 
art  pendulum-mounting  arrangement  as  well  as 
showing  the  resulting  flexural  bending  mode  ex- 
hibited  by  the  pendulum  under  some  circum- 
stances;  and 
Fig.  7  is  an  end  view  similar  to  Fig.  4  but  showing 
the  apparatus  repositioned  for  altitude  adjust- 
ment  of  the  pendulum  in  a  second  direction. 
As  indicated  previously,  the  general  nature  of  the 

pendulum-type  inertial  sensor  used  in  what  is  per- 
haps  the  most  successful  and  most  frequently-en- 
countered  electric  braking  system  is  shown  in  US-A- 
3981544  and  its  related  US-A-3967863.  As  may  be 
seen  in  such  patents,  this  form  of  inertial  sensing 
pendulum  comprises  a  multiple-layered  "sandwich" 
comprising,  in  the  preferred  embodiment,  a  pair  of 
beryllium  copper  strips  which  are  disposed  along  op- 
posite  sides  of,  and  adhesively  secured  along  their 
length  to  a  layer  of  elastomeric  material  (for  example, 
"double-faced"  rubber-based  or  other  such  elastome- 
ric  tape,  preferably  a  thin,  adhesively-coated  polyest- 

er  film  such  as  that  manufactured  by  Morgan  Adhe- 
sive  Company  of  Stow,  Ohio,  and  identified  as  "IB- 
1190"). 

As  illustrated  in  the  aforementioned  prior  patents, 
5  the  way  such  a  pendulum  is  typically  mounted  is  by 

bending  the  top  end  extremities  of  the  beryllium  cop- 
per  strips  laterally  at  right  angles,  so  that  the  pendu- 
lum  may  be  supported  from  its  top  by  resting  such  off- 
sets  upon  a  slot-like  support,  and  then  rigidly  clamp- 

10  ing  the  pendulum  blade  against  an  adjacent  vertical 
surface  located  immediately  beneath  the  splayed  top 
of  the  pendulum.  Such  a  mounting  arrangement  is 
shown  pictorially  or  schematically  in  Fig.  6,  in  which 
the  pendulum  is  designated  by  the  numeral  1,  the 

15  support  2,  and  the  clamp  3.  In  such  a  mounting,  the 
splayed  upper  portion  of  the  pendulum  is  merely  to 
help  initially  suspend  the  pendulum  from  correspond- 
ing  support,  and  is  not  in  and  of  itself  suitable  for  ac- 
tual  operation  in  a  vehicle  since,  in  the  first  place, 

20  such  a  suspension  would  merely  permit  the  pendu- 
lum  to  rock  back  and  forth  under  the  influence  of 
braking  inertia,  and  would  not  produce  any  flexure  of 
the  pendulum  blade  or  any  resilient  damping  effect, 
etc.,  and,  in  the  second  place,  such  a  mounting  would 

25  not  secure  the  pendulum  against  vertical  forces  gen- 
erated  when  the  vehicle  encountered  road  surface  ir- 
regularities,  etc. 

The  present  invention  recognizes  that  the  typical 
prior  art  pendulum  mounting,  such  as  that  illustrated 

30  in  Fig.  6,  severely  inhibits  consistent  and  gradual  pen- 
dulum  flexure  in  response  to  inertial  loading,  since  it 
forces  the  pendulum  to  act,  in  effect,  as  a  multi-leaf 
spring  having  both  of  its  ends  rigidly  secured  togeth- 
er.  In  such  a  situation,  the  resulting  spring  action  is  ir- 

35  regular  and  erratic,  for  the  reasons  noted  previously. 
Indeed,  the  pattern  of  flexure  for  such  a  pendulum  is 
likely  to  be  that  indicated  in  Fig.  6,  in  which  the  pen- 
dulum  blade  1  actually  defines  a  somewhat  S-shaped 
curve  rather  than  the  anticipated  and  desired  smooth 

40  arcuate  curve  which  would  result  from  a  single  leaf  or 
from  multiple  leaves  which  are  not  fixed  to  one  an- 
other  at  both  ends.  As  may  be  appreciated,  the  mo- 
tion  pattern  characteristic  of  a  pendulum  which  exhib- 
its  such  flexure  is  complex  and  non-uniform;  conse- 

45  quently,  this  erratic  pattern  will  also  be  present  in  the 
analog  output  of  any  sensor  used  to  monitor  and  rep- 
resent  the  pendulum  motion,  as  well  as  in  the  resul- 
tant  actuation  of  the  brake  system  so  controlled, 
which  will  thus  embody  irregular  application,  chatter, 

so  and  other  undesirable  attributes. 
While  the  lower  extremity  of  the  pendulum  used 

in  accordance  with  the  present  invention  continues  to 
maintain  the  presence  of  a  centred  weight  or  mass 
which  enhances  pendulum  flexure  under  the  influ- 

55  ence  of  braking  inertia,  the  pendulum  itself  is  mount- 
ed  in  an  entirely  different  way  at  the  top,  providing  for 
free  longitudinal  movement  of  the  metal  leaves  rela- 
tive  to  one  another,  under  the  influence  of  viscous 
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damping  provided  by  the  interposed  elastomeric  ad- 
hesive  layer  which  interconnects  the  two  metal  strips. 
Furthermore,  as  may  be  seen  in  the  appended  draw- 
ings,  the  inertial  sensing  pendulum  10  in  accordance 
with  the  present  invention  is  comparatively  short  with 
respect  to  its  width,  particularly  in  relation  to  prior  art 
structures  (in  which  the  "free"  portion  of  which,  be- 
tween  the  mounting  at  the  top  and  the  weight  block 
at  the  bottom,  was  of  the  order  of  about  three  times 
longer).  In  this  regard,  the  preferred  length-width  ra- 
tio  for  this  "free"  portion  of  the  pendulum  in  accor- 
dance  herewith  is  of  the  order  of  about  1:2,  for  the 
particular  embodiment  being  described.  Other  impor- 
tant  attributes  of  this  form  of  pendulum  are  set  forth 
in  more  detail  hereinafter. 

The  pendulum  10  is  mounted  on  a  pivotal  or  sup- 
port  assembly  12  comprising  a  pair  of  mutually-spa- 
ced  upwardly-extending  support  arms  14  and  16 
which  carry  a  crossbeam  18  from  which  the  pendu- 
lum  10  is  suspended,  preferably  in  a  particular  man- 
ner  described  more  fully  hereinafter.  The  mutually- 
spaced  support  arms  14  and  16  are  also  intercon- 
nected  by  a  small-section  blocking  bar20  which  is  dis- 
posed  directly  in  alignment  with  a  weighting  block  22 
secured  at  the  bottom  of  the  pendulum,  so  as  to  pre- 
vent  undue  excursion  of  the  pendulum  in  that  direc- 
tion.  The  block  22  comprises  a  rectangular  member 
mounted  on  the  end  of  the  pendulum  10  and  having 
a  transverse  passage  24  in  which  a  metal  or  other 
weight  is  secured.  In  this  connection,  it  is  to  be  noted 
that  the  weighting  block  22  receives  the  bottom  of  the 
pendulum  in  a  slot  and  is  secured  in  place  by  adhesive 
orthe  like  in  a  manner  which  provides  a  unified  struc- 
ture  that  captures  the  lower  end  of  the  pendulum  and 
secures  its  different  component  layers  with  respect  to 
one  another.  An  alternative  arrangement  will  be  noted 
hereinafter. 

It  is  to  be  expressly  noted  that  the  mounting  as- 
sembly  12  preferably  comprises  an  integrally-mould- 
ed  structure  which  includes  not  only  the  elements 
mentioned  above  (i.e.,  suspension  arms  14  and  16, 
and  crossarm  18)  but,  in  addition,  a  support  base  por- 
tion  26  having  mutually-spaced  support  arms  28  and 
30,  upon  which  the  suspension  arms  14  and  16  are 
mounted.  The  manner  in  which  this  is  preferably  ac- 
complished  is  by  moulding  the  entire  assembly  as  an 
integral  one-piece  unit  and  providing  a  thin  "living 
hinge"  section  32,  which  allows  for  pivotal  movement 
of  the  suspension  arms  with  respect  to  their  corre- 
sponding  support  arms,  the  extent  of  such  movement 
being  limited  to  a  predetermined  range  by  corre- 
sponding  angularly-disposed  shoulders  34,  36  and 
38,  40,  respectively.  A  suitable  material  for  the  inte- 
grally-moulded  mounting  assembly  12  is  nylon,  but 
other  generally  rigid  polymers  or  the  like  may  be 
equally  suitable. 

As  illustrated  in  the  various  Figures,  the  support 
base  26  is  preferably  formed  so  as  to  be  directly 

mountable  upon  a  printed  circuit  (i.e.,  "p.c")  board  42, 
such  that  the  entire  inertial  sensor  may  be  so  mount- 
ed  for  rapid  assembly  procedures.  Previously,  pendu- 
lum  attitude  adjustment  was  provided  by  mounting 

5  the  pendulum  in  a  manner  permitting  relative  angular 
motion  of  the  entire  pendulum  support  structure  with 
respect  to  the  instrument  housing  in  which  it  was  con- 
tained,  as  opposed  to  the  more  limited  type  of  adjust- 
ment  provided  in  accordance  herewith,  asjustdescri- 

10  bed.  This  change  brings  about  significant  advantages 
during  assembly,  since  the  approach  used  previous- 
ly,  as  just  described  (and  as  may  be  seen  in  the  vari- 
ous  prior  patents  identified  above)  requires  the  use  of 
elongated,  flexible  electrical  conductors  between  the 

15  optical  components  and  the  remainder  of  the  circui- 
try,  in  orderto  permit  the  large-scale  motion  of  the  en- 
tire  apparatus  just  noted.  This  in  turn  mandates  the 
use  of  manual  assembly  procedures,  which  are  com- 
paratively  expensive  and  which  also  represent  a 

20  source  of  potential  defect  as  a  result  of  human  error. 
In  contrast  with  the  foregoing,  the  present  inven- 

tion  provides  for  mounting  of  the  optical  components 
(here  designated  by  the  numerals  44  and  46,  and  con- 
stituting  an  "optical  pair,"  i.e.,  a  light  source  such  as  a 

25  photodiode  and  a  light  detector  such  as  a  phototran- 
sistor)  directly  upon  the  pendulum  mounting  assem- 
bly  support  base  26,  in  a  manner  whereby  the  height 
of  the  light  beam  provided  by  the  optical  pair  (here  in- 
dicated  by  the  circular  passage  48)  is  readily  aligned 

30  and  located  in  its  desired  position  with  respect  to  the 
pendulum.  That  is,  the  electrical  conductors  50  and 
52  of  the  optical  pair  extend  downwardly  through  ap- 
propriate  passages  in  support  base  26  and  through 
the  p.c.  board  42,  where  they  are  accessible  for  con- 

35  nection  to  the  other  electrical  components  of  the 
brake-actuation  system. 

Furthermore,  in  a  preferred  embodiment  of  the 
invention,  the  optical  pair  is  positioned  and  mounted 
by  use  of  a  support  base  26  having  a  separately-for- 

40  med,  and  separable,  mounting  block  26a  (Figs.  1  and 
2),  which  fits  into  a  recess  defined  between  leg  por- 
tions  26b  of  the  support  base.  This  facilitates  mount- 
ing  of  the  optical  pair  44,  46,  since  one  need  only 
place  the  mounting  block  26a  atop  the  circuit  board 

45  in  the  desired  position,  separate  and  apart  from  the 
remainder  of  the  mounting  assembly  12,  and  insert 
the  leads  50,  52  through  the  corresponding  passag- 
es  in  the  mounting  block  and  the  p.c.  board,  bending 
the  protruding  portions  laterally  as  shown  in  Fig.  1  to 

so  hold  the  optical  devices  and  mounting  block  in  posi- 
tion  on  the  circuit  board  and  at  the  same  time  auto- 
matically  set  the  desired  location  of  the  optical  path 
48.  That  is,  the  thickness  of  mounting  block  26a  may 
be  made  such  that  the  optical  pair  is  automatically  in- 

55  dexed  in  position  at  a  desired  level  above  the  top  of 
the  support  base  26  when  they  are  mounted  in  the 
manner  just  stated. 

The  mounting  assembly  12  is  secured  to  the  p.c. 
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board  42  with  leg  portions  26b  disposed  on  each  side 
of  mounting  block  26a,  as  shown  in  Fig.  2.  Preferably, 
the  attachment  of  support  base  26  to  circuit  board  42 
is  accomplished  by  one  or  more  pairs  of  spaced  posts 
54  which  are  moulded  integrally  as  part  of  the  pendu- 
lum  mounting  assembly  12  and  are  of  a  stiffly  flexible 
nature,  the  preferred  assembly  procedure  being  to 
place  the  integral  mounting  assembly  12  upon  the 
p.c.  board  42  in  the  position  just  noted,  and  push  the 
posts  54  through  corresponding  passages  provided 
in  the  p.c.  board  for  this  purpose.  Thus,  virtually  no 
assembly  is  required  for  the  pendulum  mounting  as- 
sembly  12,  apart  from  the  simple  mounting  of  the  opt- 
ical  pair  44,  46  upon  mounting  block  26a  in  the  man- 
ner  described,  after  which  the  electrical  leads  50,  52 
may  be  flow-soldered  in  place  to  establish  their  elec- 
trical  connections  and  secure  the  mounting  block  and 
optical  pair  to  the  circuit  board. 

As  previously  indicated,  the  pendulum  10  is  se- 
cured  to  the  mounting  assembly  12  in  a  novel  and  dis- 
tinctive  manner.  More  particularly,  the  entire  secure- 
mentforthe  pendulum  is  preferably  accomplished  by 
adhesive  attachment  of  one  of  its  metal  leaves  to  the 
face  of  the  crossbeam  18  in  the  desired  location 
(which  may  be  denoted  by  an  integrally-moulded  re- 
cess  in  the  face  of  crossbeam  18,  or  by  a  slightly  pro- 
truding  peripheral  frame  68  [Figs.  1  and  2]  having  a 
size  substantially  corresponding  to  that  of  the  end  of 
pendulum  10).  In  this  manner,  only  one  of  the  metal 
strips  comprising  the  laminate  pendulum  structure  10 
is  actually  secured  to  the  mounting  assembly  12,  i.e., 
the  metal  strip  1  0c  (Fig.  5)  disposed  closest  to  cross- 
beam  18.  The  other  laminate  components  in  the  pen- 
dulum  10  are  therefore  only  secured  to  one  another 
at  the  top  of  the  pendulum  by  their  integral  structure, 
i.  e.,  the  adhesively-connected  elastomeric  strip  lob 
disposed  between  the  two  metal  layers.  A  preferred 
adhesive  70  for  use  in  mounting  the  pendulum  10  in 
this  manner  is  the  resin  adhesive  sold  by  Morgan  Ad- 
hesive  Company  and  identified  as  "Dymax  029,"  us- 
ing  activator  535;  however,  many  commercial  adhe- 
sives  would  no  doubt  be  satisfactory  for  such  an  ap- 
plication. 

With  the  weight-carrying  pendulum  end  block  22 
secured  in  place  (adhesively,  with  the  end  of  the  pen- 
dulum  disposed  within  a  slot,  as  illustrated)  at  the  bot- 
tom  of  the  pendulum  10,  it  will  therefore  be  under- 
stood  that  the  particular  manner  in  which  the  pendu- 
lum  is  preferably  secured  to  the  crossbeam  1  8,  as  de- 
scribed  above,  provides  for  damped  but  unrestricted 
floating  movement  of  the  different  layers  of  the  pen- 
dulum  longitudinally  with  respect  to  one  another  dur- 
ing  flexure  of  the  pendulum.  That  is,  as  the  pendulum 
weight  22,  24  swings  the  lower  part  of  the  pendulum 
to  the  left,  as  seen  in  Fig.  3,  under  the  influence  of  in- 
ertia  created  by  tow  vehicle  braking,  a  flag  or  shutter 
56  carried  with  the  weight  block  22  moves  corre- 
spondingly  to  the  left,  thereby  progressively  opening 

a  light  passage  between  the  optical  pair  44,  46,  along 
path  48.  As  this  occurs,  the  pendulum  10  flexes  lat- 
erally  in  a  smooth  arcuate  bending  mode,  requiring 
that  the  metal  strip  10a  disposed  on  the  left  as  seen 

5  in  Fig.  5  begins  to  describe  a  curve  of  shorter  radius 
than  the  metal  strip  10c  disposed  on  the  right  side  of 
the  pendulum  as  seen  in  that  Figure.  Consequently, 
the  metal  strip  1  0a  located  on  the  left  must  not  be  pre- 
cluded  from  moving  longitudinally  upwardly  with  re- 

10  spect  to  the  other  strip  10c,  as  seen  in  such  Figure, 
and  this  capability  is  provided  by  the  novel  mounting 
in  accordance  with  the  present  invention.  Although 
not  shown  in  Figure  5,  suitable  clearance  may  need 
to  be  provided  between  the  upper  edge  of  the  metal 

15  strip  10a  and  the  overhang  of  the  block  18  to  facilitate 
this  or  the  overhang  may  be  omitted. 

Accordingly,  as  may  be  understood  upon  reflec- 
tion,  if  the  upper  portion  of  the  pendulum  10  is  rigidly 
secured  across  all  of  its  layers  in  the  manner  shown 

20  by  Fig.  6,  as  was  in  fact  done  heretofore,  and  if  the 
bottom  of  the  pendulum  is  also  secured  across  all  of 
its  layers,  as  was  also  done  heretofore,  the  left-hand 
strip  of  metal  in  the  pendulum  would  have  to  exhibit 
compound  flexure,  potentially  including  even  certain 

25  bending  in  the  nature  of  elastic  buckling,  in  respond- 
ing  to  the  inertial  forces  applied  (e.g.,  as  illustrated  at 
least  partially  in  Fig.  6). 

Accordingly,  the  manner  in  which  the  pendulum 
mounting  provided  by  the  present  invention  facilitates 

30  the  free  flexure  of  the  two  metal  strips  in  the  pendu- 
lum,  together  with  enabling  the  consistent  and  unre- 
stricted  viscous  damping  characteristic  provided  by 
the  elastomeric  connecting  layer,  will  be  appreciated 
by  those  skilled  in  the  art.  At  the  same  time,  it  should 

35  be  noted  that  the  bottom  extremity  of  the  pendulum 
may  also  be  secured  in  this  general  manner,  i.e.,  by 
securing  only  one  of  the  metal  leaves  to  the  weight 
block  22,  leaving  the  other  free  to  move  longitudinally 
with  respect  thereto.  If  this  approach  is  used,  the  top 

40  end  of  the  pendulum  may,  if  desired,  be  secured  in  a 
different  manner,  even  by  clamping,  but  it  will  also  be 
understood  that  the  preferred  adhesive  mounting 
structure  for  the  top  of  the  pendulum  disclosed  above 
is  a  significant  improvement,  in  and  of  itself,  from  the 

45  standpoint  of  effective,  efficient,  and  reliable  manu- 
facturing  techniques,  the  upper  portion  of  the  mount- 
ing  assembly  (suspension  arms  14  and  16,  cross- 
beam  18,  etc.)  already  being  secured  to  the  lower 
portion  (including  the  support  base  26  and  support 

so  arms  28,  30,  etc.)  upon  initial  forming  of  the  compo- 
nent  parts. 

Similarly,  it  will  be  noted  that  the  means  for  rotat- 
ing  the  pendulum  suspension  arms  14  and  16  with  re- 
spect  to  the  support  base,  etc.,  in  order  to  adjust  the 

55  attitude  (e.g.,  verticality)  of  the  pendulum  in  a  given 
setting,  is  preferably  comprised  of  an  integrally- 
moulded  stub  shaft  and  eccentric  assembly  60  (Figs. 
1  and  2),  which  includes  an  adjustment  shaft  62  which 
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is  secured  to  suspension  arm  16  through  an  eccentric 
connecting  link  64  and  a  stub  shaft  66,  the  axis  of 
shaft  62  being  centred  upon  the  hinge  pivot  axis  48a. 
An  operating  knob  68a  is  also  preferably  moulded  in- 
tegrally  with  the  adjustment  shaft  62,  to  provide  a 
convenient  means  for  the  vehicle  operator  to  effect 
rotational  adjustment  as  required,  shaft  62  extending 
outward  through  the  case  wall  of  the  instrument  by 
means  of  an  appropriate  aperture  (not  specifically 
shown).  Preferably,  shaft  62  is  encircled  by  an  appro- 
priate  split  grommet  (not  shown)  which  interposes  fric- 
tional  forces  between  the  shaft  and  the  housing  wall 
through  which  it  extends,  such  that  the  entire  adjust- 
ment  assembly  60,  together  with  support  arms  14 
and  16  and  crossbeam  18,  will  automatically  be  held, 
by  such  frictional  forces,  in  desired  positions  of  adjust- 
ment  once  rotational  correction  has  been  made. 

In  the  foregoing  regard,  it  is  important  to  note  that 
the  axis  48a  of  the  living  hinge  32  is  preferably 
aligned  directly  upon  the  axis  of  the  light  beam  pas- 
sage  48.  Consequently,  corrective  pendulum  attitude 
adjustment  comprises  rotation  about  the  optical  axis 
of  the  detection  pair  44,  46,  so  that  the  verticality  of 
the  pendulum  may  be  corrected  under  any  anticipat- 
ed  mounting  position  without  changing  the  relative 
position  of  the  shutter  flag  56  with  respect  to  such  opt- 
ical  axis  and  thereby  changing  the  inertial  sensitivity 
of  the  device.  In  order  to  accommodate  such  correc- 
tive  pendulum  attitude  adjustment,  the  support  base 
26  (in  particular,  the  mounting  block  portion  26a 
thereof)  forms  a  recess  72  (Figs.  1  and  2)  into  which 
the  projecting  end  of  pendulum  flag  56  may  move 
upon  corresponding  rotational  movement  of  adjust- 
ment  knob  66.  At  the  same  time,  the  need  for  hand- 
wiring  during  assembly  which  was  characteristic  of 
prior  art  devices  in  order  to  provide  the  requisite  long 
flexible  conductors  which  enabled  pendulum  attitude 
adjustment,  is  completely  obviated. 

It  should  be  noted  that  a  preferred  optical  pair  44, 
46  for  use  in  connection  with  the  invention  is  that 
manufactured  by  Motorola  and  identified  as  MLED  71 
(infrared  L.E.D.)  and  MRD  701  (phototransistor),  or 
equivalent,  which  provides  a  highly  restricted  (small 
diameter)  optical  beam  for  interaction  with  the  pendu- 
lum  shutter  56.  In  particular,  such  an  optical  pair  pro- 
vides  a  detection  beam  which  has  a  width  of  the  order 
of  only  about  0.5  mm  (twenty  thousandths  of  an  inch), 
and  this  makes  possible  the  use  of  the  relatively 
short,  stiff  (minimum  deflection)  pendulum,  as  noted 
above.  In  turn,  use  of  such  a  short  pendulum,  with  a 
length-to-width  aspect  ratio  as  noted  above  (i.e.,  on 
the  order  of  about  1:2,  where  the  metal  strips  are 
about  .025  mm  [0.001"]  thick  and  the  elastomeric  lay- 
er  about  .075  mm  [0.003"]  thick),  provides  a  highly 
desired  stiffness  modulus  for  the  pendulum  by  which 
it  merely  deflects  (flexes)  enough  to  clear  the  optical 
path  48,  i.e.,  of  the  order  of  .5  to  .75  mm  (0.020"  to 
0.030")  under  the  influence  of  about  one  unit  of  grav- 

itational  force  (i.e.,  one  "G"),  which  contributes  sub- 
stantially  to  detection  stability.  In  combination  with 
the  novel  pendulum-mounting  arrangement  dis- 
cussed  above  and  the  resulting  unrestricted  viscous 

5  damping  provided  by  the  elastomeric  interlayer  and 
made  possible  in  this  manner  (by  which  critical  damp- 
ing  of  the  pendulum  is  achieved),  inertial  sensing  sta- 
bility  is  so  improved  that  the  braking  control  unit  may 
entirely  omit  the  customary  interconnection  with  the 

10  vehicle  brake  light  circuit,  heretofore  considered  an 
indispensable  part  of  electric  brake  control  apparatus 
whet  her  inertially-responsive  or  ot  herwise.  Nonet  he- 
less,  there  is  no  need  to  fear  the  presence  of  erratic 
or  inadvertent  actuation  resulting  from  rough  driving 

15  surfaces,  etc.,  due  to  the  extreme  stability  provided 
by  the  present  improvements.  At  the  same  time,  brak- 
ing  actuation  of  the  towed  vehicle  occurs  smoothly 
and  effectively,  and  only  as  a  result  of  intentional  or 
intended  actuation,  and  is  of  substantially  better  qual- 

20  ity  and  resolution  than  that  characteristically  provided 
by  prior  art  devices. 

It  is  to  be  understood  that  the  foregoing  descrip- 
tion  of  a  preferred  embodiment  of  the  invention  is  pro- 
vided  for  purposes  of  the  description  and  illustration, 

25  and  not  as  a  measure  of  the  invention,  whose  scope 
is  to  be  defined  by  reference  to  the  ensuing  claims. 
Thus,  those  skilled  in  the  art  may  devise  embodi- 
ments  of  the  particular  concepts  presented  in  the 
foregoing  illustrative  disclosure  which  differ  some- 

30  what  from  the  particular  embodiment  shown  and  de- 
scribed  in  detail  herein,  or  may  make  various  changes 
in  structural  details  to  the  illustrated  embodiment, 
without  departing  from  the  invention. 

35 
Claims 

1  .  A  multi-layer  cantilever-type  inertial  sensor,  com- 
prising  a  flexible  multi-layer  beam  (10)  having 

40  first  and  second  sides;  a  generally  rigid  support 
structure  for  the  beam,  said  support  structure 
having  a  beam-mounting  surface  disposed  adja- 
cent  said  beam  near  one  end  thereof;  means  for 
securing  said  beam  to  said  support  structure  at 

45  said  beam-mounting  surface;  and  means  for  fix- 
edly  connecting  the  layers  of  said  beam  to  one 
another  at  not  more  than  one  common  place 
along  their  mutual  length  so  as  to  preclude  rela- 
tive  longitudinal  shifting  of  said  different  layers  of 

so  said  beam  at  said  common  place  but  allow  such 
shifting  at  all  other  points  along  their  correspond- 
ing  lengths  upon  arcuate  flexure  of  said  beam  in 
response  to  inertial  forces. 

55  2.  Apparatus  according  to  claim  1  in  which  the  said 
layers  are  connected  to  one  another  at  one  com- 
mon  place,  said  common  place  being  near  one  or 
the  other  end  thereof. 

7 
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3.  Apparatus  according  to  claim  1  in  which  the 
means  for  securing  the  beam  to  the  support 
structure  extends  between  and  interconnects  the 
beam-mounting  surface  and  a  selected  number 
of  layers  of  the  flexible  multi-layer  beam  which  is 
less  than  the  total  number  thereof. 

4.  Apparatus  according  to  claim  1  or  claim  2  in  which 
the  securing  means  comprises  an  adhesive  (70). 

5.  Asensor  according  to  any  of  claims  1  to4  in  which 
one  side  of  the  beam  and  the  beam-mounting 
surface  are  disposed  generally  parallel  and  con- 
tiguous  to  one  another  and  are  secured  together 
by  the  securing  means. 

6.  Asensor  according  to  any  of  the  preceding  claims 
which  includes  a  weighting  member  secured  to 
the  beam  at  a  point  spaced  from  the  location  at 
which  the  beam  is  secured  to  the  beam-mounting 
surface. 

7.  Asensor  according  to  claim  6  in  which  the  weight- 
ing  member  is  secured  to  only  one  layer  of  the 
beam. 

8.  Apparatus  according  to  any  of  claims  1  to  7  in 
which  the  support  structure  comprises  in  combin- 
ation:  an  integrally-moulded  structure  of  polymer- 
ic  material  defining  a  support  base  (26)  and  at 
least  one  generally  rigid  support  arm  (14,15)  pro- 
jecting  from  the  base;  a  support  beam  (18)  ex- 
tending  from  the  arm  and  providing  the  beam- 
supporting  surface;  means  (32)  for  movably  con- 
necting  the  support  beam  (18)  to  at  least  one  of 
said  support  arm  and  support  base  to  provide  a 
range  of  attitude-adjustment  motion  for  said  iner- 
tial  sensor;  and  means  for  securing  the  integrally- 
moulded  structure  to  a  fixed  support  in  a  substan- 
tially  non-movable  manner  whereby  non-flexing 
electrical  conductors  may  be  used  to  connect 
components  carried  by  said  support  means  with 
other  components  carried  by  said  fixed  support. 

9.  Apparatus  according  to  claim  8  in  which  means 
for  movably  connecting  the  support  beam  (18) 
comprises  an  integrally-moulded  hinge  (32) 
formed  unitarily  with  said  integrally-moulded 
structure. 

1  0.  Apparatus  according  to  claim  8  or  claim  9  in  which 
the  integrally-moulded  structure  includes  means 
for  mounting  an  optical  component  pair  (44,46) 
comprising  a  light  source  and  a  light  receiver  dis- 
posed  in  mutually-aligned  relation  along  a  light 
axis. 

11.  Apparatus  according  to  claim  9  or  claim  10  in 

which  the  fixed  support  comprises  a  circuit  board 
and  the  means  for  securing  the  moulded  struc- 
ture  comprises  at  least  one  integrally-formed 
member  for  engaging  portions  of  said  circuit 

5  board  and  in  which  the  means  for  securing  the  in- 
tegrally-moulded  structure  to  a  fixed  support 
comprises  at  least  one  integrally-moulded  attach- 
ment  member  formed  unitarily  with  moulded 
structure  and  comprising  a  projecting  lug  adapted 

10  to  extend  into  a  recess  formed  in  said  circuit 
board. 

12.  Apparatus  according  to  any  of  claims  1  to  11  in 
which  the  multi-layer  beam  (10)  is  sufficiently 

15  stiff  to  have  a  deflection  of  less  than  about  1  .27 
mm  (0.050")  when  subjected  to  inertial  forces  of 
about  1.0  G. 

13.  Apparatus  according  to  any  of  claims  1  to  11  in 
20  which  the  multi-layer  beam  (10)  is  sufficiently 

stiff  to  have  a  deflection  of  from  about  0.5  mm  to 
0.76  mm  (0.020"  to  0.030")  under  an  inertial 
force  of  about  1.0  G. 

25  14.  Apparatus  according  to  any  of  claims  1  to  13  in 
which  the  multi-layer  beam  (10)  comprises  at 
least  two  thin  blades  juxtaposed  with  respect  to 
one  another  and  secured  on  opposite  sides  of  a 
resilient  damping  member. 

30 

Patentanspruche 

1.  Mehrlagiger  Tragheitssensor  des  freitragenden 
35  Typs,  welcher  folgendes  umfalit: 

einen  flexiblen  mehrlagigen  Trager  (10)  miteiner 
ersten  und  einerzweiten  Seite;  eine  im  wesentli- 
chen  starre  Aufnahmestrukturfurden  Trager,  wo- 
bei  diese  Aufnahmestruktur  mit  einer  am  Trager 

40  in  der  Nahe  eines  seiner  Enden  angeordneten 
Trageraufnahmeflache  ausgefuhrt  ist;  eine  Ein- 
richtung  zur  Befestigung  des  Tragers  uber  die 
Aufnahmeflache  an  der  Aufnahmestruktur;  und 
eine  Einrichtung  zurfesten  Verbindung  der  Lagen 

45  des  Tragers  untereinander  an  nicht  mehr  als  ei- 
ner  gemeinsamen  Stelle  uberderen  gemeinsame 
Lange,  urn  eine  relative  Langsverschiebung  der 
verschiedenen  Lagen  des  Tragers  an  dieser  ge- 
meinsamen  Stelle  zu  verhindern,  jedoch  eine  sol- 

50  che  Verschiebung  an  alien  anderen  Punkten  uber 
deren  einander  entsprechende  Langen  bei  bo- 
genformiger  Biegung  des  Tragers  als  Reaktion 
auf  Tragheitskrafte  zu  gestatten. 

55  2.  Vorrichtung  nach  Anspruch  1,  bei  welcher  diese 
Lagen  untereinander  an  einer  gemeinsamen 
Stelle  verbunden  sind,  wobei  sich  diese  gemein- 
same  Stelle  in  der  Nahe  des  einen  oder  des  an- 
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deren  Vorrichtungsendes  bef  indet. 

3.  Vorrichtung  nach  Anspruch  1,  bei  welcher  sich 
die  Einrichtung  zur  Befestigung  des  Tragers  an 
der  Aufnahmestruktur  zwischen  der  Tragerauf-  5 
nahmef  lache  und  einer  ausgewahlten  Anzahl  von 
Lagen  des  mehrlagigen  f  lexiblen  Tragers,  welche 
kleiner  ist  als  deren  Gesamtzahl,  erstreckt  und 
diese  miteinander  verbindet. 

10 
4.  Vorrichtung  nach  Anspruch  1  oder  2,  bei  welcher 

die  Befestigungseinrichtung  einen  Kleber  (70) 
umfalit. 

5.  Sensor  nach  einem  der  Anspruche  1  bis  4,  bei  15 
welchem  eine  Seite  des  Tragers  und  die  Trager- 
aufnahmeflache  im  allgemeinen  parallel  und  ein- 
anderberuhrendangeordnetund  mitHilfe  der  Be- 
festigungseinrichtung  miteinander  fest  verbun- 
den  sind.  20 

6.  Sensor  nach  einem  der  vorhergehenden  Anspru- 
che,  welcher  ein  am  Trager  in  einem  im  Abstand 
zu  der  Stelle,  an  welcher  der  Trager  an  der  Tra- 
geraufnahmeflache  befestigt  ist,  angeordnetes  25 
Gewichtselement  enthalt. 

7.  Sensor  nach  Anspruch  6,  bei  welchem  das  Ge- 
wichtselement  nur  an  einer  Lage  des  Tragers  be- 
festigt  ist.  30 

8.  Vorrichtung  nach  einem  der  Anspruche  1  bis  7, 
bei  welcher  die  Aufnahmestruktur  folgende  Kom- 
bination  umfalit: 
eine  einstuckig  ausgebildete  Struktur  aus  poly-  35 
merem  Material,  die  einen  Aufnahmesockel  (26) 
und  mindestens  einen  im  allgemeinen  steifen  aus 
dem  Sockel  ragenden  Tragarm  (14,  15)  umfalit; 
einen  aus  dem  Arm  herausgefuhrten  und  die  Tra- 
geraufnahmef  lache  bildenden  Stutztrager  (18);  40 
eine  Einrichtung  (32)  zur  beweglichen  Verbin- 
dung  des  Stutztragers  (18)  mit  mindestens  ent- 
weder  dem  Stutzarm  oder  dem  Aufnahmesockel, 
urn  fur  den  Tragheitssensor  einen  Bereich  der 
Schwimmwinkelverstellbewegung  zu  erhalten;  45 
und  eine  Einrichtung  zur  Befestigung  der  ein- 
stuckig  ausgebildeten  Struktur  an  einer  festste- 
henden  Aufnahme  in  einer  im  wesentlichen  un- 
verschieblichen  Weise,  so  dali  nichtf  lexible  elek- 
trische  Leiter  verwendet  werden  konnen,  urn  die  50 
von  der  Aufnahmeeinrichtung  getragenen  Kom- 
ponenten  mitanderen  von  der  feststehenden  Auf- 
nahme  getragenen  Komponenten  zu  verbinden. 

9.  Vorrichtung  nach  Anspruch  8,  bei  welcher  ein  55 
Einrichtung  zur  beweglichen  Verbindung  des 
Stutztragers  (18)  ein  einstuckig  ausgebildetes 
Scharnier  (32)  enthalt,  welches  als  Bestandteil 

der  einstuckig  ausgebildeten  Struktur  ausgebil- 
det  ist. 

10.  Vorrichtung  nach  Anspruch  8  oder  9,  bei  welcher 
die  einstuckig  ausgebildete  Struktureine  Einrich- 
tung  zur  Montage  eines  Paares  optischer  Kompo- 
nenten  (44,  46)  umfalit,  welches  eine  Lichtquelle 
und  einen  Lichtempfanger,  welche  relativ  zuein- 
ander  entlang  einer  Lichtachse  angeordnet  sind, 
enthalt. 

11.  Vorrichtung  nach  Anspruch  9  oder  10,  bei  wel- 
cher  die  feststehende  Aufnahme  eine  Platine  und 
die  Einrichtung  zur  Befestigung  der  ausgebilde- 
ten  Struktur  mindestens  ein  einstuckig  ausgebil- 
detes  Element  zum  Eingriff  in  Abschnitte  der  Pla- 
tine  umfalit,  und  bei  welchem  die  Einrichtung  zur 
Befestigung  der  einstuckig  ausgebildeten  Struk- 
tur  an  einer  feststehenden  Aufnahme  mindestens 
ein  einstuckig  ausgebildetes  Befestigungsele- 
ment  enthalt,  welches  als  Bestandteil  der  ein- 
stuckig  ausgebildeten  Struktur  ausgebildet  ist 
und  eine  hervorstehende  Nase  umfalit,  welche 
so  ausgefuhrt  ist,  dali  sie  in  eine  in  die  Platine 
eingeformte  Aussparung  eingreift. 

12.  Vorrichtung  nach  einem  der  Anspruche  1  bis  11, 
bei  welcher  der  mehrlagige  Trager  (10)  hinrei- 
chend  steif  ist,  dali  seine  Durchbiegung  bei  Ein- 
wirkung  von  Tragheitskraften  von  etwa  1,0  G 
kleiner  ist  als  ca.  1,27  mm  (0,050  Zoll). 

13.  Vorrichtung  nach  einem  der  Anspruche  1  bis  11, 
bei  welcher  der  mehrlagige  Trager  (10)  hinrei- 
chend  steif  ist,  dali  seine  Durchbiegung  bei  Ein- 
wirkung  von  Tragheitskraften  von  etwa  1  ,0  G  zwi- 
schen  etwa  0,5  mm  und  0,76  mm  (0,020  Zoll  bis 
0,030  Zoll)  liegt. 

14.  Vorrichtung  nach  einem  der  Anspruche  1  bis  13, 
bei  welcher  der  mehrlagige  Trager  (10)  minde- 
stens  zwei  relativ  zueinander  benachbart  ange- 
ordnete  dunne  Blatter  umfalit,  welche  an  gegen- 
uberliegenden  Seiten  eines  elastischen  Damp- 
fungselements  befestigt  sind. 

Revendications 

1.  Capteur  inertiel  multicouche  du  type  en  porte  a 
faux,  comprenant  une  lame  multicouche  souple 
(10)  ayant  une  premiere  et  une  deuxieme  face; 
une  structure  de  support,  sensiblement  rigide 
pour  la  lame,  cette  structure  de  support  ayant 
une  surface  de  montage  de  la  lame  situee  a  cote 
de  la  lame,  pres  de  I'une  de  ses  extremites;  un 
moyen  de  fixation  de  la  lame  a  la  structure  de 
support  sur  la  surface  de  montage  de  la  lame,  et 
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un  moyen  pour  reunir  a  demeure  les  couches  de 
la  lame  les  unes  aux  autres  en  pas  plus  d'un  en- 
droit  commun  sur  leur  longueurcommune,  de  ma- 
niere  a  empecher  le  decalage  longitudinal  des 
differentes  couches  de  la  lame  les  unes  par  rap- 
port  aux  autres  en  cet  endroit  commun  mais  a 
permettre  un  tel  decalage  en  tous  les  autres 
points  de  leurs  longueurs  correspondantes  lors- 
que  se  produit  une  flexion  en  arc  de  cercle  de  la 
lame  sous  I'effet  de  forces  d'inertie. 

2.  Appareil  suivant  la  revendication  1,  dans  lequel 
les  couches  sont  reunies  les  unes  avec  les  autres 
en  un  endroit  commun,  cet  endroit  commun  etant 
situe  pres  de  I'une  ou  de  I'autre  de  leurs  extremi- 
tes. 

3.  Appareil  suivant  la  revendication  1  ,  dans  lequel  le 
moyen  de  fixation  de  la  lame  a  la  structure  de 
support  s'etend  entre  la  surface  de  montage  de 
la  lame  et  un  nombre  choisi  de  couches  de  la 
lame  souple  multicouche  et  les  relie,  ce  nombre 
de  couches  etant  inferieur  au  nombre  total  de 
couches. 

4.  Appareil  suivant  la  revendication  1  ou  2,  dans  le- 
quel  le  moyen  de  fixation  comprend  un  adhesif 
(70). 

5.  Capteur  suivant  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  I'une  des  faces  de  la  lame 
et  la  surface  de  montage  de  la  lame  sont  sensi- 
blement  paralleles  et  contigues  et  sont  fixees 
I'une  a  I'autre  par  le  moyen  de  fixation. 

6.  Capteur  suivant  I'une  quelconque  des  revendica- 
tions  precedentes,  qui  comprend  un  element  de 
lestage  fixe  a  la  lame  en  un  point  eloigne  de  I'en- 
droit  oil  la  lame  est  f  ixee  a  la  surface  de  montage 
de  la  lame. 

7.  Capteur  suivant  la  revendication  6,  dans  lequel 
I'element  de  lestage  est  fixe  a  une  seule  couche 
de  la  lame. 

8.  Appareil  suivant  I'une  quelconque  des  revendica- 
tions  1  a  7,  dans  lequel  la  structure  de  support 
comprend,  en  combinaison  :  une  structure  mou- 
lee  d'une  piece  en  matiere  polymere,  def  inissant 
une  base  de  support  (26)  et  au  moins  un  bras  de 
support  (14,  15)  sensiblement  rigide  qui  depasse 
de  la  base;  une  poutre  de  support  (1  8)  partant  du 
bras  et  fournissant  la  surface  de  support  de  la 
lame;  un  moyen  (32)  servant  a  relier  de  facon  mo- 
bile  la  poutre  de  support  (18)  a  au  moins  les  bras 
de  support  ou  a  la  base  de  support  af  in  de  fournir 
un  domaine  de  mouvement  pour  le  reglage  d'at- 
titude  pour  le  capteur  inertiel;  et  un  moyen  de 

fixation  de  la  structure  moulee  d'une  piece  a  un 
support  fixe  d'une  facon  sensiblement  non  mobi- 
le,  des  conducteurs  electriques  non  sou  pies  pou- 
vant  etre  utilises  pour  relier  des  elements  portes 

5  par  le  moyen  de  support  et  d'autres  elements 
portes  par  le  support  fixe. 

9.  Appareil  suivant  la  revendication  8,  dans  lequel  le 
moyen  servant  a  relier  de  facon  mobile  la  poutre 

10  de  support  (18)  comprend  une  charniere  (32) 
moulee  d'une  piece  et  solidaire  de  la  structure 
precitee  moulee  d'une  piece. 

10.  Appareil  suivant  la  revendication  8  ou  9,  dans  le- 
ys  quel  la  structure  moulee  d'une  piece  comprend 

un  moyen  pour  monter  un  couple  de  composants 
optiques  (44,  46)  comprenant  une  source  lumi- 
neuse  et  un  recepteur  de  lumiere  alignes  I'un  sur 
I'autre,  par  rapport  a  un  axe  lumineux. 

20 
11.  Appareil  suivant  la  revendication  9  ou  10,  dans  le- 

quel  le  support  fixe  comprend  une  carte  a  circuit 
imprime  et  en  ce  que  le  moyen  de  fixation  de  la 
structure  moulee  comprend  au  moins  un  element 

25  qui  en  fait  partie  integrants  pour  attaquer  certai- 
nes  parties  de  la  carte  a  circuit  imprime,  et  que 
le  moyen  servant  a  fixer  la  structure  moulee 
d'une  piece  a  un  support  fixe  comprend  au  moins 
un  element  de  fixation  venu  de  moulage  avec  la 

30  structure  moulee  et  comprenant  une  languette 
qui  fait  saillie,  etudiee  pour  se  loger  dans  une 
echancrure  que  presents  la  carte  imprimee. 

12.  Appareil  suivant  I'une  quelconque  des  revendica- 
35  tions  1  a  1  1  ,  dans  lequel  la  lame  multicouche  (1  0) 

est  suffisamment  rigide  pour  presenter  une  de- 
viation  de  moins  d'environ  1,27  mm  (0,050  pou- 
ce)  quand  elle  subit  des  forces  d'inertie  d'environ 
1,0  G. 

40 
13.  Appareil  suivant  I'une  quelconque  des  revendica- 

tions  1  a  11,  dans  lequel  la  lame  multicouche  (10) 
est  suffisamment  rigide  pour  devier  d'environ  0,5 
a  0,76  mm  (0,020  a  0,030  pouce)  sous  I'effet 

45  d'une  force  d'inertie  due  a  environ  1  ,0  G. 

14.  Appareil  suivant  I'une  quelconque  des  revendica- 
tions  1  a  13,  dans  lequel  la  lame  multicouche  (10) 
comporte  au  moins  deux  lamelles  minces  juxta- 

50  posees  I'une  a  I'autre  et  fixees  sur  les  faces  op- 
posees  d'un  element  amortisseur  elastique. 
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