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(54)  Heating  spark  plugs  controller  for  diesel  engines  

(57)  The  heating  spark  plug  controller  for  diesel  en- 
gines  is  capable  of  controlling  the  activation  of  the  spark 
plugs  and  consists  of  a  set  of  electronic  relays  which  in 
addition  can  also  detect  failures  due  to  open  circuit  or 
short-circuit,  and  then  acting  in  under  1  millisecond 
since  electronic  relays  are  semiconductors  and  no  elec- 
tromechanical  elements  are  involved.  There  is  one  elec- 

tronic  relay  per  spark  plug  and  each  one  may  consist  of 
a  separate  semiconductor  wafer  or  alternatively,  several 
relays  may  be  integrated  in  a  single  semiconductor  wa- 
fer.  The  set  of  relays  is  in  turn  connected  to  controlling 
or  calculating  module,  and  may  even  be  included  in  the 
same  block  as  the  calculator  module  or  in  a  different  one 
connected  by  connectors  and  leads  to  the  calculator 
block. 
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Description 

OBJECT  OF  THE  INVENTION 

[0001]  The  present  invention  refers  to  an  electronic  s 
device  intended  for  controlling  the  heating  spark  plugs 
in  internal  combustion  engines  of  the  diesel  type. 
[0002]  The  control  performed  by  the  spark  plug  con- 
trolling  device  also  allows  detection  of  failures  which 
may  be  produced  in  spark  plugs  such  as  open  circuit  10 
and  short-circuit,  which  makes  it  a  safety  and  control 
measure  which,  in  the  event  these  situations  arise,  pre- 
vents  damage  to  the  leads,  connectors  and  the  device 
itself. 

15 
BACKGROUND  OF  THE  INVENTION 

[0003]  To  perform  the  control  function,  electrome- 
chanical  relays  are  being  used  which  make  it  possible 
to  stop  current  flow  through  the  spark  plug  in  the  event  20 
a  short-circuit  is  detected. 
[0004]  However,  these  electromechanical  relays 
have  a  high  response  time,  on  the  order  of  several  mil- 
liseconds,  so  they  are  not  able  to  open  the  circuit  with 
the  speed  required,  and  damages  due  to  overcurrents  25 
may  occur  in  the  few  milliseconds  in  which  the  relay  is 
still  closed  and  the  short-circuit  exists. 
[0005]  Certain  known  control  devices  of  this  type  al- 
ready  incorporate  semiconductors  to  reduce  the  re- 
sponse  time,  such  as  those  presented  in  U.S.  patent  30 
nos.  5.  1  22.968  and  4.500.775  and  German  patents  nos. 
38.06.649  and  40.04.400. 
[0006]  In  some  of  these  known  device,  the  spark 
plugs  are  connected  in  parallel  whether  in  groups  or  the 
entire  set,  making  diagnosis  of  failures  difficult  precisely  35 
because  of  this  connection. 

DESCRIPTION  OF  THE  INVENTION 

[0007]  Withtheheatingsparkplugcontrollerfordiesel  40 
engines,  response  times  to  minor  short-circuits  of  under 
1  millisecond  are  achieved,  which  removes  any  possi- 
bility  of  damages  to  the  electrical  system  of  the  vehicle 
or  to  the  device  itself  in  the  event  of  this  type  of  accident. 
[0008]  This  quick  response  in  order  to  open  the  circuit  45 
is  achieved  by  making  the  element  performing  this  ac- 
tion  be  an  electrical  component  with  very  short  commu- 
tation  times,  which  acts  as  an  electronic  relay,  one  of 
these  elements  existing  per  spark  plug.  The  current 
flowing  through  each  of  these  is  probed,  so  that  a  short-  so 
circuit  or  open  circuit  may  be  detected,  in  which  case  a 
status  line  informs  of  the  breakdown. 
[0009]  Each  of  the  electronic  relays  consists  of  a  pow- 
er  transistor  performing  the  functions  of  the  relay  itself, 
and  a  set  of  electronic  components  for  its  control  and  55 
failure  detection. 
[0010]  The  spark  plug  controller  therefore  consists  of 
a  set  of  electronic  relays,  one  per  spark  plug  existing  in 

the  engine,  there  may  be  any  number  of  spark  plugs  de- 
pending  on  the  number  of  cylinders,  although  the  most 
common  situation  is  four  spark  plugs  for  conventional 
passenger  cars. 
[0011]  The  set  of  electronic  relays  is  connected  to  a 
calculator  module  which  determines  the  need  or  not  to 
connect  the  spark  plugs  and  prepares  the  information 
for  the  breakdown  diagnosis. 
[001  2]  The  spark  plug  controller  is  made  of  integrated 
electronic  components  in  which  the  functions  of  control, 
diagnosis  and  power  are  carried  out.,  allowing  this  de- 
vice  to  be  compact  and  easily  handled,  occupying  a  min- 
imal  space  in  the  vehicle. 
[0013]  The  controller  which  is  the  object  of  this  inven- 
tion  has  been  designed  to  work  with  all  presently  exist- 
ing  models  of  heating  spark  plugs  for  diesel  engines. 

DESCRIPTION  OF  THE  DRAWINGS 

[0014]  In  order  to  complete  the  description  being  giv- 
en  and  to  aid  a  better  understanding  of  the  characteris- 
tics  of  the  invention,  attached  to  this  descriptive  memory 
and  as  an  integral  part  of  the  same  is  a  set  of  drawings 
in  which  with  an  illustrative  and  non-limiting  nature  the 
following  is  represented: 

Figure  1  shows  a  schematic  representation  of  the 
set  of  relays  which  control  the  loads,  together  with 
the  calculator  block  to  which  they  are  connected. 

Figure  2  is  an  internal  block  diagram  of  each  of  the 
electronic  relays. 

PREFERRED  EMBODIMENT  OF  THE  INVENTION 

[0015]  The  spark  plug  controller  basically  consists  of 
a  set  of  relays  (1  )  powered  by  the  battery  voltage  (Vbatt), 
and  is  composed  of  individual  electronic  relays  (T1  -T4), 
one  for  each  spark  plug  or  load  (R1  -R4)  existing,  which 
close  the  circuit. 
[001  6]  The  set  of  relays  (1  )  is  connected  to  the  calcu- 
lator  module  (2)  which  may  also  be  called  the  controller 
module  since  it  can  determine  the  need  for  connection 
of  loads  (R1-R4)  or  not,  in  addition  to  preparing  the  in- 
formation  of  breakdown  diagnosis  to  make  it  visible  to 
the  driver  or  even  to  the  repair  garage. 
[0017]  Each  of  the  electronic  relays  (T1-T4)  may  be 
integrated  in  a  semiconductor  wafer  or  optionally,  more 
than  one  or  all  may  be  integrated  in  a  single  integrated 
wafer. 
[0018]  The  set  of  relays  (I)  form  a  block  which  is  inde- 
pendent  of  the  calculator  module  (2),  each  of  them  being 
located  in  a  box  and  the  two  connected  by  connectors 
or  leads,  although  as  an  option  they  could  also  be  in- 
cluded  in  a  single  box  forming  a  single  block  (3)  in  order 
to  obtain  a  smaller  sized  device. 
[0019]  Also  reaching  the  set  of  relays  (1)  is  the  control 
signal  (in)  from  the  calculator  module  (2),  which  is  a  low 
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intensity  logic  signal  which  can  control  the  status  of  the 
electronic  relays  (T1-T4)  and  therefore  the  flow  of  the 
activation  current  through  the  loads  or  spark  plugs 
(R1-R4). 
[0020]  The  set  of  relays  (1  )  provides  the  diagnosis  sig- 
nal  (status)  which  is  a  logic  output  signal  triggered  by  a 
low  level  in  this  implementation  of  the  invention,  but 
which  could  be  triggered  by  a  high  level  in  another  em- 
bodiment  of  the  same.  This  signal  shows  whether  the 
spark  plugs  are  working  correctly  or  not  or  if  there  has 
been  a  breakdown  in  one  of  them,  whether  this  be  a 
short-circuit  or  an  open  circuit,  in  which  case  this  diag- 
nosis  signal  (status)  will  have  a  low  level.  This  signal  is 
sent  to  the  calculator  block  (2)  so  that  this  block  informs 
the  driver  of  the  vehicle  of  the  breakdown  status  if  this 
occurs. 
[0021]  In  the  preferred  embodiment  of  the  invention, 
a  single  control  signal  (in)  and  a  single  diagnosis  signal 
(status)  are  available,  but  as  shown  in  figure  1,  option- 
ally  a  diagnosis  signal  (status)  could  be  available  for 
each  of  the  electronic  relays  (T1-T4)  and  even  several 
diagnosis  signal  for  each  one,  so  that  it  may  be  known 
whether  the  breakdown  in  each  of  the  spark  plugs  is 
caused  by  an  open  circuit  or  a  short-circuit. 
[0022]  In  figure  2  can  be  seen  the  internal  circuit  (T1  ) 
of  which  each  electronic  relay  consists  (T1-T4),  where 
it  is  shown  that  the  element  which  opens  or  closes  each 
electronic  relay  (T1-T4)  is  a  transistor  (Q),  a  MOSFET 
power  transistor.  Each  of  these  transistors  (Q)  has  its 
drain  connected  to  the  positive  pole  of  the  battery  (Vbatt) 
and  out  of  the  source  comes  the  output  current  (lout;) 
towards  the  corresponding  load  (R1-R4)  which  is  the 
rated  working  current  for  the  spark  plugs. 
[0023]  Two  operational  amplifiers  are  used  as  com- 
parators,  the  short-circuit  comparator  (C1)  used  to  de- 
tect  a  short-circuit  and  the  open  circuit  comparator  (C2) 
used  to  detect  this  breakdown. 
[0024]  For  this  reason  the  output  current  (lout;)  is  tak- 
en  to  the  non  inverting  input  of  the  comparator  (C1) 
where  it  is  compared  to  a  reference  signal  (U1)  connect- 
ed  to  the  inverting  input,  in  a  normal  working  status  the 
reference  signal  (U1  )  is  greater  than  (lout;)  so  that  at  the 
comparator  (C1  )  output  there  is  a  low  level,  but  when  a 
short-circuit  occurs  (lout;)  increases  considerably,  mak- 
ing  the  voltage  at  the  non  inverting  input  greater  than 
that  at  the  inverting  one  and  therefore  the  short-circuit 
comparator  (C1)  output  produces  a  high  level  signal  in- 
dicating  the  short-circuit  status. 
[0025]  Similarly,  to  detect  an  open  circuit  failure  cur- 
rent  (loutj)  is  taken  to  the  inverting  input  of  the  open  cir- 
cuit  comparator  (C2)  and  the  reference  signal  (U2)  is 
taken  to  the  inverting  input.  In  normal  operation,  the  out- 
put  of  the  comparator  will  be  a  low  level,  since  the  volt- 
age  produced  by  current  (lout;)  in  this  input  is  greater 
than  the  reference  signal  (U2).  In  the  event  of  a  failure 
due  to  an  open  circuit,  reference  signal  (U2)  will  be 
greater  than  current  (lout;)  so  that  the  output  of  the  com- 
parator  will  have  a  high  level,  indicating  this  failure. 

[0026]  The  outputs  of  both  comparators  are  taken  to 
the  inputs  of  a  NOR  logical  gate,  labeled  (G)  in  figure  2; 
the  output  of  this  gate  constitutes  the  diagnosis  signal 
(status)  of  each  electronic  relay  (Tj),  or  optionally  the 

5  connection  of  all  of  these  make  up  the  general  diagnosis 
(status)  output  for  the  set  of  relays  (1  ). 
[0027]  In  this  way,  the  diagnosis  signal  (status)  will  be 
a  high  level  in  normal  operation  of  the  spark  plugs,  and 
shall  become  a  low  level  whenever  there  is  a  failure  in 

10  any  of  them  due  to  an  open  circuit  or  a  short-circuit,  in- 
forming  the  calculator  module  (2)  of  this  event. 
[0028]  The  output  of  the  short  circuit  comparator  (CI) 
is  also  taken  to  the  logic  control  block  (L),  which  also 
receives  the  control  input  (in)  common  to  all  relays 

is  (T1  -T4).  This  logic  control  block  (L)  basically  consists  of 
a  bi-stable,  so  that  when  this  control  input  allows  it,  tran- 
sistor  (Q)  is  activated,  making  it  conduct  via  the  driver 
(D). 
[0029]  The  output  of  the  short-circuit  comparator  (C1  ) 

20  interferes  in  the  bi-stable,  so  that  in  the  event  of  a  short- 
circuit  the  control  logic  block  (L)  places  transistor  (Q)  in 
the  cut-off  regime  even  if  the  control  signal  (in)  is  still 
active,  and  therefore  stops  current  flow  through  the  cor- 
responding  spark  plug,  to  prevent  damage  to  the  elec- 

ts  trical  system  and  the  semiconductor  itself  or  any  other 
component  of  the  device. 
[0030]  The  diagnosis  signal  (status)  will  thereby  show 
a  high  level,  i.e.  will  be  inactive,  while  the  spark  plug 
corresponding  to  that  signal  has  a  current  flow  lower 

30  than  an  estimated  upper  current  limit,  so  that  a  current 
greater  than  this  limit  shall  be  interpreted  as  a  short-cir- 
cuit,  which  will  also  transistor  (Q)  to  be  cut-off,  and  it  will 
also  be  inactive  while  the  current  flow  through  the  spark 
plug  is  above  a  certain  estimated  lower  limit,  so  that  a 

35  current  below  this  limit  is  interpreted  as  an  open  circuit. 
[0031]  These  upper  and  lower  limits  are  set  respec- 
tively  by  the  reference  signals  (U  1  )  and  (U2),  the  value 
of  which  may  vary  for  the  different  spark  plug  models 
depending  on  their  manufacturing  characteristics 

40  [0032]  Driver  (D)  is  needed  to  govern  transistor  (Q), 
since  this  is  a  power  transistor  requiring  a  high  excitation 
voltage  to  be  in  conducting  regime. 

45  Claims 

1.  Heating  spark  plugs  controller  for  diesel  engines, 
intended  for  detecting  failures  due  to  open  circuit  or 
short-circuit,  showing  a  time  of  response  under  1 

so  millisecond  until  the  circuit  is  interrupted  by  an  elec- 
tronic  component,  thus  preventing  damages  these 
failures  may  cause,  characterized  in  that  it  has  a  set 
of  relays  (1)  formed  by  electronic  relays  (T1-T4) 
each  of  them  intended  to  control  a  spark  plug,  as 

55  they  are  capable  of  allowing  or  stopping  current  flow 
to  the  spark  plugs  and  of  detecting  possible  failures 
of  open  circuit  or  short-circuit  which  may  occur  in 
them,  for  which  the  set  of  relays  (1  )  has  a  diagnosis 
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signal  output  (status)  in  charge  of  communicating 
this  event  to  a  calculator  module  (2)  which  is  in 
charge  of  preparing  the  failure  diagnosis  informa- 
tion  for  presenting  it  to  the  user  and  is  capable  of 
determining  the  need  to  connect  the  spark  plugs  or  s 
not  by  a  logic  control  signal  (in)  which  determines 
the  activation  of  each  electronic  relay  (T1-T4). 

2.  Heating  spark  plugs  controller  for  diesel  engines, 
as  in  claim  1  ,  characterized  in  that  the  commutation  10 
of  each  of  the  electronic  relays  (T1  -T4)  is  performed 
with  a  MOSFET  power  transistor  (Q),  powered  by 
the  battery  voltage  (Vbatt),  and  providing  the  cur- 
rent  (loutj)  for  each  of  the  spark  plugs,  which  is  com- 
pared  in  a  short-circuit  comparator  (C1  )  to  a  refer-  15 
ence  signal  (U1  )  so  that  when  a  short-circuit  is  pro- 
duced,  the  output  of  this  comparator  shall  be  a  high 
level,  and  in  that  current  (lout;)  is  compared  in  an 
open  circuit  comparator  (C2)  to  a  reference  signal 
(U2)  so  that  when  an  open  circuit  failure  occurs,  the  20 
output  of  this  comparator  is  also  a  high  level,  both 
outputs  being  taken  to  a  NOR  gate,  so  that  the  out- 
put  of  this  gate  constitutes  a  diagnosis  output  (sta- 
tus)  for  each  electronic  relay,  and  as  an  option  the 
connection  of  all  these  outputs  can  form  the  general  25 
output  (status)  of  the  set  of  relays  (1),  and  in  addi- 
tion  having  a  logic  control  block  (L),  basically  con- 
sisting  of  a  bistable,  which  receives  the  control  sig- 
nal  (in)  and  the  output  of  the  short-circuit  compara- 
tor  (C1),  which  regardless  of  the  status  of  the  control  30 
signal  (in)  and  when  a  short-circuit  occurs,  acts  on 
this  block  (L)  to  place  the  transistor  (Q)  in  cut-off, 
which  is  governed  by  block  (L)  through  driver  (D). 

3.  Heating  spark  plugs  controller  for  diesel  engines,  35 
as  in  previous  claims,  characterized  in  that  each  of 
the  electronic  relays  (T1  -T4)  may  be  made  in  a  sin- 
gle  integrated  wafer,  or  optionally  more  than  one  or 
all  of  these  may  be  integrated  on  the  same  wafer, 
and  in  that  the  set  of  electronic  relays  (1)  and  the  40 
calculator  module  (2)  may  be  placed  in  different 
boxes,  or  in  a  single  one  common  to  both. 
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