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(54)  A  device  for  the  electronic  control  of  a  coupling  electromagnet,  particularly  for  a  starter 
motor 

(57)  A  device  for  controlling  a  coupling  electromag- 
net  (EM),  particularly  for  a  starter  motor  (MA)  of  a  motor  r-.p   ̂ 1 
vehicle,  can  regulate  the  speed  at  which  the  pinion  (P) CM  —  ̂  
engages  the  ring  gear  (C)  so  as  to  prevent  stresses, 
wear  and  noise  due  to  excessive  speed  of  engagement  - 
in  the  initial  stage  of  the  starting  operation.  The  device  uc  v  
operates  with  a  closed  loop,  with  a  signal  generated  by  V  >* 
a  tachometric  sensor  (SENS)  associated  with  the  elec- 
tromagnet  (EM). 
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Description 

The  present  invention  relates  in  general  to  coupling 
devices  and,  more  specifically,  relates  to  a  device  for 
controlling  a  coupling  electromagnet  for  association  s 
with  starter  motors  used  to  start  internal  combustion 
engines. 

As  is  known,  the  use  of  electric  motors  for  starting 
combustion  engines,  particularly  internal  combustion 
engines,  is  very  widespread.  In  the  case  of  motor-vehi-  10 
cle  internal  combustion  engines,  this  starting  system 
has  in  fact  now  become  standard. 

In  order  to  start  an  internal  combustion  engine  by 
means  of  an  electric  starter  motor,  the  motor  and  the 
engine  are  coupled  by  means  of  gears.  A  gear  com-  is 
monly  known  as  a  pinion  is  keyed  to  the  shaft  of  the 
starter  motor  and  a  gear  known  as  a  ring  gear  and  hav- 
ing  a  markedly  larger  diameter  than  the  pinion  is  keyed 
to  the  engine  shaft. 

When  the  starter  motor  is  supplied,  it  sets  the  20 
engine  shaft  in  motion  by  means  of  the  meshed  pinion 
and  ring  gear,  starting  the  engine.  Clearly,  however,  the 
pinion  and  the  ring  gear  cannot  be  meshed  perma- 
nently.  In  fact,  if  this  were  the  case,  once  the  engine  had 
started,  it  would  rotate  the  starter  motor  at  high  speed  25 
certainly  damaging  the  two  gears  and/or  the  starter 
motor.  For  this  reason,  the  starter  motor  therefore  has 
an  electromagnet  for  bringing  about  the  meshing  of  the 
axially-slidable  pinion  with  the  ring  gear  so  that  their 
respective  teeth  mesh  solely  during  the  starting  stage.  30 

Although  this  system  is  approved  and  universally 
used  in  the  automotive  field,  it  is  not  without  disadvan- 
tages.  Starting  systems  according  to  the  prior  art  do  not 
in  fact  provide  for  any  control  of  the  supply  to  the  elec- 
tromagnet  so  that  the  pinion  and  the  ring  gear  are  sub-  35 
ject  to  large  stresses  due  to  the  excessive  speed  with 
which  the  pinion  comes  into  contact  with  the  ring  gear. 
This  excessive  speed  also  causes  an  annoying  noise 
particularly  when  the  teeth  of  the  pinion  strike  those  of 
the  ring  gear.  Moreover,  since  the  engine  tends  always  40 
to  stop  in  certain  positions,  the  same  teeth  of  the  ring 
gear  tend  always  to  be  affected  by  these  impacts,  result- 
ing  in  localized  wear. 

Further  problems  may  occur,  for  example,  if,  in 
operating  the  starter,  the  user  keeps  the  starting  contact  45 
closed  for  a  longer  period  of  time  than  necessary,  thus 
causing  the  starter  motor  to  be  driven  at  high  speed  by 
the  engine  which,  by  that  time,  has  started. 

The  object  of  the  present  invention  is  to  provide  a 
device  for  controlling  a  coupling  electromagnet  which  so 
solves  all  of  the  problems  indicated  above  in  a  satisfac- 
tory  manner. 

According  to  the  present  invention,  this  object  is 
achieved  by  virtue  of  a  control  device  having  the  charac- 
teristics  indicated  in  the  claims  which  follow  the  present  ss 
description. 

Further  advantages  and  characteristics  of  the 
present  invention  will  become  clear  from  the  following 
detailed  description,  given  with  the  aid  of  the  appended 

drawings,  provided  purely  by  way  of  non-limiting  exam- 
ple,  in  which: 

Figure  1  is  a  block  diagram  of  a  starting  system 
comprising  a  device  according  to  the  present  inven- 
tion, 

Figure  2  is  a  functional  diagram  of  a  component  of 
the  device  according  to  the  invention, 

Figure  3  is  a  functional  diagram  of  an  alternative 
embodiment  of  the  component  of  Figure  2, 

Figure  4  is  a  functional  diagram  of  a  further  alterna- 
tive  embodiment  of  the  component  of  Figure  2. 

The  present  invention  thus  consists  essentially  of  a 
device  for  controlling  a  coupling  electromagnet  and  hav- 
ing  the  function  of  controlling  the  speed  of  operation  of 
the  electromagnet  in  order  to  eliminate  the  problems 
described  above.  Figure  1  is  a  block  diagram  of  a  start- 
ing  system  for  a  combustion  engine  comprising  a  con- 
trol  device  of  the  type  according  to  the  present 
invention. 

Naturally,  the  system  comprises  an  electric  starter 
motor  MA  to  the  shaft  of  which  a  pinion  P  is  keyed.  The 
pinion  P  can  slide  along  its  axis  so  as  to  be  meshed  with 
or  disengaged  from  a  ring  gear  C.  The  ring  gear  C  is 
connected  to  the  shaft  of  the  engine  to  be  started  (not 
shown).  Normally,  the  pinion  P  and  the  ring  gear  C  are 
connected,  that  is,  are  meshed  with  one  another,  solely 
during  the  starting  stage  whereas,  for  the  rest  of  the 
time,  they  are  disconnected,  that  is,  they  are  not 
meshed. 

Typically,  the  pinion  P  is  slid  along  its  axis  so  as  to 
mesh  with  the  ring  gear  C  by  means  of  a  lever  operated 
by  an  electromagnet  EM.  The  electromagnet  EM  is  usu- 
ally  of  the  type  with  a  drawn-in  movable  core.  The  mov- 
able  core  of  the  electromagnet  EM  also  operates  a 
switch  INT  by  means  of  which  the  starter  motor  MA  is 
supplied.  After  it  has  brought  about  the  working  travel 
with  possible  meshing  of  the  pinion  P  with  the  ring  gear 
C,  the  electromagnet  EM  thus  also  causes  the  starter 
motor  MA  to  be  supplied.  Naturally  both  the  electromag- 
net  EM  and  the  starter  motor  MA,  like  all  of  the  compo- 
nents  of  the  starter  system,  are  supplied  by  an  electrical 
storage  battery  BAT.  This  type  of  starting  system  is 
widely  known  and  is  conventional  for  vehicles  driven  by 
internal  combustion  engines. 

In  the  case  of  the  present  invention,  the  electro- 
magnet  EM  is  no  longer  supplied,  as  in  the  prior  art, 
simply  by  the  closing  of  a  switch,  for  example,  by  means 
of  the  ignition  key  of  the  vehicle,  but  is  supplied  by 
means  of  an  operating  device  DC.  The  operating  device 
DC,  which  is  controlled  by  an  electronic  control  unit  UC, 
has  the  function  of  controlling  the  current  supplied  to  the 
electromagnet  EM.  The  control  unit  UC  can  thus  control 
the  speed  of  operation  of  the  electromagnet  EM  and 
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consequently  the  operation  of  coupling  the  pinion  P  with 
the  ring  gear  C. 

In  the  present  embodiment,  the  control  unit  UC  is 
constituted  by  an  electronic  circuit  and  the  operating 
device  DC  is  constituted  by  a  semiconductor  switch  s 
device,  for  example  a  MOSFET. 

In  the  specific  embodiment,  the  control  unit  UC  is 
configured  so  as  to  implement  a  closed-loop  control 
system.  The  control  unit  UC  therefore  has  to  have  a 
module  CR  for  supplying  a  feedback  signal  indicative  of  10 
the  speed  of  operation  of  the  electromagnet  EM.  The 
purpose  of  the  control  unit  UC  is,  in  fact,  to  control  the 
speed  of  movement  of  the  movable  core  of  the  electro- 
magnet  EM  and  the  feedback  signal  supplied  by  the 
module  CR  therefore  has  to  be  a  signal  indicative  of  the  is 
speed  of  movement  of  the  movable  core. 

In  a  currently-preferred  embodiment,  the  control 
unit  UC  is  also  connected  to  a  sensor  PUT  which  can 
provide  a  signal  indicative  of  the  speed  of  rotation  of  the 
engine.  The  sensor  PUT  may,  for  example,  be  an  elec-  20 
tromagnetic  sensor  associated  with  a  phonic  wheel 
which,  typically,  is  already  present  in  engines  fitted  in 
vehicles  currently  in  production.  This  signal  enables  the 
control  unit  UC  to  detect  the  starting  of  the  engine  which 
can  be  considered  to  have  occurred  when  the  speed  of  25 
rotation  exceeds  a  predetermined  threshold  value,  for 
example  1000  revolutions  per  minute,  for  a  certain 
period  of  time.  Once  it  has  detected  the  starting  of  the 
engine,  the  control  unit  UC  cuts  off  the  supply  to  the 
electromagnet  EM  to  de-activate  the  starter  motor  MA  30 
and  to  disengage  the  pinion  P  from  the  ring  gear  C. 
Risks  of  damage  owing  to  spinning  of  the  starter  motor 
are  thus  excluded. 

Moreover,  in  a  currently-preferred  embodiment, 
there  is  a  further  sensor  ST  which  measures  the  tern-  35 
perature  of  the  starter  motor  which  is  considered  to  be 
the  most  important  temperature,  for  example,  that  of  the 
brush-holder  plate.  This  measurement  serves  to  disen- 
gage  the  motor,  as  in  the  previous  case,  to  prevent  ther- 
mal  damage  in  the  event  of  excessively  prolonged  40 
starting  and,  at  the  same  time,  prevents  the  battery  from 
being  completely  discharged  in  the  event  of  difficulty  in 
starting  the  engine,  for  example,  because  of  carburation 
anomalies  and  persistent  excessive  starting  by  the  user. 

The  control  unit  UC  may  also  be  interfaced  with  an  45 
engine  management  unit  CM.  This  connection  can 
serve  for  various  purposes,  for  example,  for  the 
exchange  of  signals  and  data  between  the  manage- 
ment  unit  CM  and  the  unit  UC  in  order  to  automate  the 
starting  operation,  in  order  to  implement  diagnostic  so 
functions,  to  integrate  the  management  unit  CM  and  the 
unit  UC,  etc. 

The  control  unit  UC  will  now  be  described  in  greater 
detail.  As  stated  above,  the  control  unit  UC  operates 
with  a  closed  loop.  In  the  simplest  case,  the  control  unit  55 
UC  regulates  the  current  through  the  electromagnet  EM 
in  a  manner  such  that  its  movable  core  moves  at  a  con- 
stant  predetermined  speed.  This  type  of  closed-loop 
control  is  well  known  in  the  art  and,  as  already  stated, 

requires  a  signal  indicative  of  the  actual  speed  of  the 
movable  core  of  the  electromagnet  EM.  The  actual 
speed  of  the  movable  core  may  be  measured  (by  means 
of  a  sensor),  or  estimated  (by  means  of  a  model).  Figure 
2  is  a  functional  block  diagram  of  an  embodiment  of  the 
device  according  to  the  present  invention  using  a  sen- 
sor. 

In  this  embodiment,  the  control  unit  UC  comprises 
a  voltage-control  module  CDT  which  is  supplied  with  the 
battery  voltage  VBAT  and  can  control  the  supply  voltage 
V  of  the  winding  A  of  the  electromagnet  EM.  The  volt- 
age-control  module  CDT  operates  on  the  basis  of  an 
error  signal  ER  generated  by  a  subtraction  node  SUB. 
The  subtraction  node  SUB  receives  an  input  signal  SI 
indicative  of  the  desired  constant  speed  of  the  movable 
core  from  which  a  feedback  signal  SE,  indicative  of  the 
actual  speed  of  the  movable  core,  is  subtracted.  The 
signal  SE  is  generated  by  a  tachometric  sensor  SENS 
associated  with  the  electromagnet  EM.  This  type  of  con- 
trol  system,  which  is  known  in  the  art,  thus  allows  the 
desired  speed  of  the  movable  core  (the  signal  SI)  to  be 
set,  the  system  then  providing  for  this  speed  to  be 
reached  and  maintained. 

Figure  3  shows  an  alternative  embodiment  in  which 
a  model  is  used  to  estimate  the  actual  speed  of  the 
movable  core  instead  of  a  measurement  sensor  SENS. 
In  Figure  3,  parts  and  elements  already  described  with 
reference  to  Figure  2  have  again  been  given  the  same 
alphanumeric  symbols.  As  can  be  seen  from  Figure  3, 
the  embodiment  shown  therein  differs  essentially  in  the 
way  in  which  the  feedback  signal  SE  indicative  of  the 
actual  speed  of  the  movable  core  is  generated. 

A  measurement  resistor  RMIS  (also  called  a  shunt) 
in  series  with  a  winding  A  of  the  electromagnet  EM  can 
pick  up  a  signal  I  indicative  of  the  current  through  the 
winding  A.  This  signal  I  is  supplied  to  the  input  of  an 
estimator  module  MOD,  together  with  a  signal  V  indica- 
tive  of  the  supply  voltage  of  the  winding  A.  The  estima- 
tor  module  MOD  uses  a  model  of  the  electromagnet  EM 
and  is  configured  to  calculate  the  actual  speed  of  the 
core  from  the  signals  I  and  V.  The  estimator  module 
MOD  thus  generates  a  signal  SE  indicative  of  the  actual 
speed  of  the  core.  This  signal  SE  is  supplied  to  a  sub- 
traction  node  SUB.  As  can  be  seen  from  Figure  3,  the 
rest  of  the  system  is  as  described  with  reference  to  Fig- 
ure  2  and  operates  in  essentially  the  same  way. 

As  a  result  of  experimental  tests  carried  out  by  the 
Applicant,  the  embodiment  using  the  tachometric  sen- 
sor  SENS  is  considered  preferable.  In  fact,  it  is  possible 
to  use  a  tachometric  sensor  which  is  extremely  simple 
and  cheap  and,  at  the  same  time,  has  good  perform- 
ance  suitable  for  achieving  the  desired  aims. 

In  a  currently-preferred  embodiment,  the  tachomet- 
ric  sensor  SENS,  which  can  be  seen  in  Figure  4,  is  con- 
stituted  by  a  small  permanent  magnet  MAG  associated 
with  the  movable  core  of  the  electromagnet  EM  and 
cooperating  with  a  winding  W  carried  by  a  fixed  support. 
The  movement  of  the  permanent  magnet  MAG  pro- 
duces  an  electrical  voltage  at  the  ends  of  the  winding  W 

3 



5 EP  0  727  577  A1 6 

and  this  can  be  used  as  a  signal  indicative  of  the  speed 
of  movement  of  the  movable  core. 

A  possible  embodiment  of  the  tachometric  sensor 
SENS  which  can  be  used  advantageously  in  associa- 
tion  with  the  control  device  according  to  the  invention  is  5 
described  in  a  corresponding  patent  application  filed  in 
the  Applicant's  name  simultaneously  with  the  present 
application. 

The  control  device  according  to  the  invention  may 
conveniently  be  formed  so  as  to  operate  with  pulse  10 
amplitude  modulation.  Figure  4  shows  an  embodiment 
using  precisely  this  type  of  technique.  As  can  be  seen, 
the  current  in  the  winding  A  of  the  electromagnet  EM  is 
controlled  by  a  MOSFET  transistor  T.  The  transistor  T  is 
driven  by  a  hysteretic  comparator  circuit  AMP  which  is 
provides  for  the  pulse  amplitude  modulation  control. 
Naturally,  the  comparator  AMP  operates  on  the  basis  of 
an  error  signal  ER  derived  from  a  constant  signal  SI 
indicative  of  the  desired  speed  set  and  from  a  signal  SE 
indicative  of  the  actual  speed  of  the  core  generated  by  20 
the  tachometric  sensor  SENS  described  above. 

The  embodiment  of  the  device  according  to  the 
invention  shown  in  Figure  4  also  provides  for  the  use  of 
differential  feedback  to  improve  the  control  of  the  speed 
of  the  movable  core.  For  this  purpose,  a  signal  DER  25 
indicative  of  the  differential  of  the  current  passing 
through  the  winding  A  is  picked  up  from  the  winding  A. 
In  practice,  this  signal  DER  is  produced  by  the  measure- 
ment  of  the  differential  of  the  instantaneous  magnetic 
flux  which  passes  through  the  winding  of  the  sensor  30 
SENS  as  the  leakage  flux  from  the  main  solenoid  of  the 
electromagnet  EM,  which  is  indicative  of  the  current. 
The  differential  of  the  flux  is  obtained  simply  from  the 
voltage  induced  in  the  sensor  SENS. 

The  main  function  of  this  signal  DER  is  to  limit  the  35 
rise  or  fall  of  the  current  in  the  transistors  to  corrected 
values,  preventing  undesired  oscillations  of  the  control 
system.  The  signal  DER  thus  passes  through  a  first 
subtraction  node  SUB1  together  with  the  signal  SE 
indicative  of  the  actual  speed  of  the  movable  core.  In  40 
practice,  the  subtraction  node  SUB1  is  formed  in  the 
structure  of  the  sensor  SENS  itself. 

The  resulting  signal  generated  by  the  subtraction 
node  SUB1  is  then  sent  to  the  input  of  a  second  sub- 
traction  node  SUB2  which  also  receives  an  input  signal  45 
SI  indicative  of  the  speed  set.  As  described  above,  the 
subtraction  node  SUB2  generates  an  error  signal  ER  on 
the  basis  of  which  the  comparator  AMP  regulates  the 
supply  current  in  the  winding  A. 

The  device  according  to  the  invention  may  also  be  so 
formed  so  as  to  control  the  speed  of  movement  accord- 
ing  to  a  predetermined  curve  with  the  speed  being  vari- 
able  over  time  rather  than  at  a  constant  speed,  for 
example,  if  the  mechanical  characteristics  of  the  start- 
ing  system  make  this  appropriate.  In  this  case,  it  suf-  55 
f  ices  to  form  the  sensor  SENS  in  a  manner  such  that  the 
signal  generated  by  the  sensor  SENS  is  not  linear.  This 
can  be  achieved  by  means  of  a  non-linear  configuration 
of  the  sensor  SENS  achieved,  for  example,  by  tapering 

or  shaping  of  the  core  on  which  the  winding  W  of  the 
sensor  SENS  is  wound. 

The  use,  described  with  reference  to  the  present 
embodiment,  of  a  logic  signal  MAN  generated  by  means 
of  the  switch  INT  for  the  supply  of  the  starter  motor  MA 
is  also  advantageous.  The  signal  MAN  indicates  that 
the  starter  motor  has  been  supplied  and  consequently 
that  the  pinion  P  has  completed  its  travel.  In  practice, 
this  means  that  the  movable  core  of  the  electromagnet 
EM  has  reached  the  end  of  its  travel.  The  detection  of 
this  condition  is  useful  since,  once  the  core  has  reached 
the  end  of  its  travel,  it  suffices  for  the  control  device  to 
keep  the  movable  core  in  the  position  reached  by  con- 
trolling  the  current  in  the  winding  A  and  limiting  the 
power  dissipation  therein,  particularly  during  prolonged 
starting. 

The  signal  MAN  therefore  has  the  effect  of  modify- 
ing  the  operating  condition  of  the  control  device  and 
hence  the  reference  for  the  control  unit  UC  which,  in  this 
case,  will  be  a  speed  of  zero.  This  is  advantageous 
since  it  permits  the  use  of  electromagnets  EM  with  sin- 
gle  windings  instead  of  the  electromagnets  with  double 
windings  used  in  the  prior  art,  in  which  the  second  wind- 
ing  intervenes  upon  completion  of  the  travel  with  a  hold- 
ing  force  corresponding  to  a  relatively  low  current  (and 
hence  dissipation). 

As  stated  above,  moreover,  the  device  according  to 
the  invention  can  be  configured  so  as  to  cut  off  the  sup- 
ply  to  the  electromagnet  EM  when  it  detects  that  the 
engine  has  started.  In  order  to  detect  this  condition,  as 
disclosed  above,  the  device  may  use  a  sensor  PUT  for 
detecting  the  speed  of  rotation  of  the  engine. 

The  device  according  to  the  invention  thus  achieves 
many  advantages,  the  main  advantage  being  the  low 
speed  of  impact  of  the  pinion  P  on  the  ring  gear  C.  This 
consequently  limits  noise  and  mechanical  wear  of  these 
components,  improving  the  overall  reliability  and  life  of 
the  starting  system. 

The  device  according  to  the  invention  also  enables 
the  starting  operation  to  be  automated  with  a  conse- 
quent  overall  improvement  in  product  image  and  techni- 
cal  advantages  due,  for  example,  to  the  reduction  of 
emissions  caused  by  false  starts  which  were  possible 
with  systems  of  the  prior  art.  The  device  according  to 
the  invention  also  enables  diagnostic  functions  of  the 
starting  system  to  be  implemented,  for  example,  by 
making  use  of  the  data  obtained  by  the  tachometric  sen- 
sor  SENS. 

As  already  stated,  the  device  according  to  the 
invention  simplifies  the  production  of  the  winding  A  of 
the  electromagnet  EM  by  eliminating  the  holding  wind- 
ing  commonly  used  for  keeping  the  movable  core  in  its 
travel  limit  position.  This  reduces  the  cost  of  the  electro- 
magnet  EM  and,  moreover,  makes  it  less  sensitive  to 
production  parameters  by  virtue  of  the  fact  that  larger 
holding  currents  can  be  used. 

Naturally,  the  principle  of  the  invention  remaining 
the  same,  the  details  of  construction  and  forms  of 
embodiment  may  be  varied  widely  with  respect  to  those 
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described  and  illustrated,  without  thereby  departing 
from  the  scope  of  the  present  invention. 

Claims 

1.  A  device  for  controlling  the  speed  of  a  coupling 
electromagnet  (EM)  for  bringing  about  the  meshing 
of  a  first  gear  (P)  with  a  second  gear  (C)  by  means 
of  a  translational  movement  of  the  first  gear  (P), 
characterized  in  that  it  comprises: 

sensor  means  (CR)  for  generating  a  signal 
(SE)  indicative  of  the  actual  speed  of  move- 
ment  of  the  first  gear  (P)  or  of  the  electromag- 
net  (EM), 

processing  means  (UC)  receiving,  as  inputs, 
the  signal  (SE)  indicative  of  the  actual  speed  of 
movement  and  a  signal  (SI)  indicative  of  a  pre- 
determined  reference  speed  of  movement, 

switch  means  (DC)  driven  by  the  processing 
means  (UC)  for  controlling  the  passage  of  cur- 
rent  through  the  electromagnet  (EM), 

the  processing  means  (UC)  being  configured  for 
regulating  the  supply  current  of  the  electromagnet 
(EM)  so  as  to  render  the  actual  speed  of  movement 
substantially  equal  to  the  predetermined  reference 
speed. 

2.  A  device  according  to  Claim  1  ,  characterized  in  that 
the  sensor  means  (CR)  comprise  a  tachometric 
sensor  (SENS)  for  generating  a  voltage  signal  (SE) 
indicative  of  the  actual  speed  of  movement  of  a 
movable  core  of  the  electromagnet  (EM). 

3.  A  device  according  to  Claim  1  ,  characterized  in  that 
the  sensor  means  (CR)  comprise  a  sensor  (SENS) 
associated  with  the  electromagnet  (EM)  for  gener- 
ating  a  signal  (DER)  indicative  of  the  differential  of 
the  current  passing  through  the  winding  (A). 

4.  A  device  according  to  Claim  3,  characterized  in  that 
the  processing  means  (UC)  are  configured  so  as  to 
implement  a  differential  control  on  the  basis  of  the 
signal  (DER)  indicative  of  the  differential  of  the  cur- 
rent  passing  through  the  winding  (A). 

5.  A  device  according  to  any  one  of  Claims  1  to  4, 
characterized  in  that  it  is  configured  so  as  to  oper- 
ate  with  pulse  amplitude  modulation. 

6.  A  device  according  to  Claim  5,  characterized  in  that 
it  comprises  a  comparator  circuit  (AMP)  for  driving 
the  switch  means  (INT)  with  pulse  amplitude  modu- 
lation. 

7.  A  device  according  to  Claim  6,  characterized  in  that 
the  comparator  circuit  (AMP)  is  a  hysteretic  compa- 
rator  circuit. 

5  8.  A  device  according  to  any  one  of  Claims  1  to  7, 
characterized  in  that  the  sensor  (SENS)  is  config- 
ured  so  as  to  generate  the  voltage  signal  (SE)  indic- 
ative  of  the  actual  speed  of  movement  of  the 
movable  core  of  the  electromagnet  (EM)  in  a  non- 

10  linear  manner. 

9.  A  device  according  to  any  one  of  Claims  1  to  8,  in 
which  the  electromagnet  (EM)  is  a  coupling  electro- 
magnet  for  a  starter  motor  (MA)  for  a  combustion 

is  engine,  characterized  in  that  the  processing  means 
(UC)  receive  an  input  signal  indicative  of  the  fact 
that  the  combustion  engine  has  started  and  are 
configured  to  cut  off  the  supply  of  the  electromag- 
net  (EM)  when  this  situation  occurs. 

20 
1  0.  A  device  according  to  Claim  9,  characterized  in  that 

the  signal  indicative  of  the  fact  that  the  engine  has 
started  is  a  signal  indicative  of  the  speed  of  rotation 
of  the  combustion  engine  and  in  that  the  processing 

25  means  (UC)  are  configured  so  as  to  detect  the 
exceeding  of  a  predetermined  threshold  value  of 
the  speed  of  rotation. 

11.  A  device  according  to  Claim  9  or  Claim  10,  charac- 
30  terized  in  that  the  processing  means  (UC)  receive 

an  input  signal  indicative  of  the  temperature  of  the 
starter  motor  (MA)  and  are  configured  to  cut  off  the 
supply  of  the  electromagnet  (EM)  when  the  temper- 
ature  exceeds  a  predetermined  threshold  value. 

35 
1  2.  A  device  according  to  Claim  1  1  ,  characterized  in 

that  the  temperature  is  detected  by  means  of  a  tem- 
perature  sensor  associated  with  a  brush-holder 
plate  of  the  starter  motor  (MA). 

40 
13.  A  device  according  to  any  one  of  Claims  1  to  12, 

characterized  in  that  the  processing  means  (UC) 
receive  an  input  signal  (MAN)  indicative  of  the  fact 
that  a  travel  limit  position  of  the  first  gear  (P)  has 

45  been  reached  and  are  configured  to  control  the 
supply  of  the  electromagnet  (EM)  so  as  to  keep  the 
first  gear  (P)  in  that  position  when  this  condition 
occurs. 

so  14.  A  device  according  to  Claim  13,  characterized  in 
that  the  signal  (MAN)  indicative  of  the  fact  that  the 
travel  limit  position  has  been  reached  is  a  signal 
indicative  of  the  fact  that  the  starter  motor  (MA)  has 
been  supplied. 
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