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Description 

The  present  invention  relates  to  spark  plugs  for 
spark  ignited  internal  combustion  engines. 

Considerable  variations  in  combustion  are  no- 
ticed  from  one  cycle  of  operation  of  an  internal 
combustion  engine  to  another  even  when  there  is 
no  irregularity  in  the  breathing  or  fuelling  of  the 
engine.  Some  cycles  have  rapid  flame  propagation 
while  others  have  slower  flame  propagation  making 
it  difficult  to  achieve  precise  ignition  timing  in  all 
cycles. 

This  effect  has  previously  been  noted  and  at- 
tempts  have  been  made  to  predict  fast  and  slow 
burn  cycles  in  order  to  adjust  the  ignition  timing 
accordingly  but  these  ignition  systems  have  not 
proved  simple  to  implement. 

Rather  than  combat  the  cycle  to  cycle  vari- 
ations  after  they  have  occurred,  the  present  inven- 
tion  seeks  to  remove  a  major  cause  of  these  vari- 
ations. 

According  to  the  present  invention,  there  is 
provided  a  spark  plug  having  a  metal  body,  a 
centre  electrode  and  an  insulator  surrounding  the 
centre  electrode,  the  end  of  the  insulator  nearer  the 
spark  gap  being  spaced  by  an  annular  gap  from 
the  metal  body  of  the  spark  plug  characterized  in 
that  at  least  the  part  of  the  annular  gap  remote 
from  the  spark  gap  is  filled  with  a  filler  of  low 
thermal  conductivity  to  prevent  combustion  gases 
from  entering  between  the  insulator  and  the  body 
of  the  spark  plug. 

In  a  spark  plug,  it  is  important  that  the  centre 
electrode  run  at  a  high  temperature,  to  prevent  its 
fouling.  It  is  also  important  to  ensure  that  the  sur- 
face  path  from  the  centre  electrode  to  the  body  of 
the  spark  plug  should  be  as  long  as  possible  in 
order  to  prevent  arcing  or  tracking  along  the  sur- 
face  of  the  insulator,  which  would  prevent  the  spark 
from  flying  across  the  spark  gap.  For  these  rea- 
sons,  it  is  usual  for  the  centre  electrode  to  be 
surrounded  by  an  insulator  which  is  itself  spaced 
from  the  body  of  the  plug.  This  configuration  pro- 
longs  the  surface  of  the  insulator  to  prevent  track- 
ing  and  also  creates  a  thermal  barrier  preventing 
the  cooling  of  the  insulator  surrounding  the  centre 
electrode  by  the  body  of  the  plug  to  permit  the 
plug  to  run  at  the  required  elevated  temperature. 

However,  it  is  believed  that  the  poor  scaven- 
ging  of  gases  from  this  small  gap,  which  forms  part 
of  the  combustion  chamber,  results  in  an  erratic 
flow  in  the  vicinity  of  the  spark  gap.  It  is  known  that 
the  flow  conditions  and  the  mixture  strength  in  the 
immediate  vicinity  of  the  spark  gap  are  responsible 
to  a  great  extent  for  the  initiation  of  the  flame  and 
this  in  turns  affects  the  speed  of  combustion  and 
flame  propagation  in  the  burn  cycle. 

Various  previously  unexplained  experimental 
facts  suggest  that  the  presence  of  an  air  gap  in  the 
spark  plug  is  a  cause  of  cycle  to  cycle  variations. 
For  example,  it  has  been  found  that  injecting  air 

5  into  the  spark  plug  air  gap  reduces  such  variations. 
Also,  measured  values  of  mixture  strength  at  the 
spark  plug  gap  have  been  found  to  remain  sub- 
stantially  constant  despite  significant  changes  in 
overall  mixture  strength.  A  still  further  fact  in  sup- 

io  port  of  the  conclusion  that  cycle  to  cycle  variations 
are  caused  by  the  spark  plug  air  gap  is  that  high 
swirl  combustion  chambers,  having  better  scaven- 
ging,  are  less  prone  to  such  variations. 

The  invention  recognizes  this  cause  of  vari- 
75  ations  between  burn  cycles  and  alleviates  the  prob- 

lem  by  preventing  gazes  trapped  in  the  spark  plug 
from  participating  in  the  combustion  process. 

There  have  been  previous  proposals  to  place 
an  insert  in  the  gap  between  the  insulator  surround- 

20  ing  central  electrode  and  the  body  of  the  spark 
plug  or  to  restrict  the  flow  into  the  gap  surrounding 
the  insulator.  However,  none  of  the  prior  art  ar- 
rangements  reduces  cycle  to  cycle  variations  and 
instead  they  are  mostly  concerned  with  the  tem- 

25  perature  characteristics  of  the  spark  plug  or  with 
the  prevention  of  fouling. 

US-A-3,61  2,931  and  US-A-3,743,877  describe 
spark  plugs  incorporating  a  heat  shunt  to  give  the 
effect  of  a  hot  plug  at  lower  operating  tempera- 

30  tures.  The  heat  shunt  is  a  thermally  conductive  ring 
bonded  on  the  insulator  nose. 

In  GB-2  146  071  B,  a  heat  pipe  is  disposed  in 
the  space  between  the  insulator  and  the  body  of 
the  plug.  This  is  done  to  provide  means  for  varying 

35  the  heat  range  of  the  spark  plug  automatically  to 
keep  the  plug  at  its  most  effective  temperature. 

In  US-A-4,269,990  and  US-A-4,21  1  ,952  a  con- 
striction  is  formed  in  the  gap  which  surrounds  the 
insulator  to  hinder  the  flow  of  gases  in  order  to 

40  prevent  a  build  up  of  carbon  on  the  insulator. 
In  the  preferred  embodiment  of  the  invention, 

the  gap  between  the  insulator  and  the  body  of  the 
spark  plug  is  filled  with  a  cellular  filler  of  poor 
thermal  conductivity  capable  of  withstanding  the 

45  combustion  temperatures  and  pressures  yet  able  to 
accommodate  thermal  expansion.  A  paint  formed 
of  micro-balloons  of  ceramic  material  is  known 
which  has  extremely  poor  thermal  conductivity.  A 
filler  formed  of  such  micro-balloons  suspended  in  a 

50  binder  can  ensure  that  the  centre  electrode  is  not 
cooled  by  heat  flow  through  the  filler. 

The  invention  will  now  be  described  further,  by 
way  of  example,  with  reference  to  the  accompany- 
ing  drawing  which  is  a  partial  section  through  a 

55  spark  plug  of  the  invention. 
The  spark  plug  in  the  drawing  comprises  a 

metal  body  18,  and  a  centre  electrode  16  spaced 
from  the  body  18  by  an  insulator  14.  The  earth 
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electrode  which  defines  the  spark  gap  lies  in  a 
plane  different  from  that  of  the  drawing  and  is  not 
shown. 

In  a  conventional  spark  plug,  the  gap  between 
the  insulator  14  and  the  metal  body  18  is  empty. 
This,  as  earlier  described,  was  done  in  the  prior  art 
to  maintain  a  desired  temperature  of  the  insulator 
surface  to  prevent  fouling  and  to  ensure  that  track- 
ing  does  not  occur  over  the  surface  of  the  insulator 
14. 

It  has  now  been  found  that  the  gap  within  the 
spark  plug  forms  a  part  of  the  combustion  chamber 
which  is  poorly  scavenged.  Burnt  gases  remain  in 
this  gap  at  the  end  of  the  combustion  cycle  and 
can  interfere  with  the  initiation  of  combustion  in  the 
next  cycle.  In  the  present  invention,  it  is  required  to 
prevent  gases  from  entering  the  gap  between  the 
insulator  14  and  the  body  18  of  the  spark  plug, 
without  at  the  same  time  cooling  the  centre  elec- 
trode  or  providing  a  short  circuit  path  over  which 
tracking  can  occur. 

To  meet  these  objectives,  at  least  the  part  of 
the  gap  between  the  insulator  14  and  the  body  18 
remote  from  the  spark  gap  is  filled  with  a  filler  12 
having  very  poor  thermal  conductivity.  The  insula- 
tor  14  is  still  allowed  to  heat  up  as  little  heat  flows 
across  the  filler  12  and  furthermore  the  surface  of 
the  filler  12,  being  poorly  cooled,  attains  high  tem- 
peratures  (essentially  the  same  temperature  as  the 
combustion  gases)  and  prevents  any  carbon  de- 
posits  which  can  cause  tracking. 

A  paint  (a  spin-off  from  space  technology)  has 
recently  become  available  which  exhibits  extremely 
poor  thermal  conductivity.  A  red  hot  sheet  of  steel 
having  a  coating  of  such  a  paint  at  one  end,  can 
safely  be  hand  held  at  its  painted  end.  This  paint  is 
believed  to  comprise  micro-balloons  of  a  ceramic 
material,  the  trapped  air  being  the  cause  of  the 
very  poor  conductivity. 

If  such  micro-balloons  are  mixed  with  a  binder 
to  form  a  filler,  then  the  resulting  filler  should  have 
comparable  thermal  conductivity  and  should  be 
particularly  suitable  for  filling  the  gap  between  the 
insulator  14  and  the  body  18  of  the  spark  plug. 

Apart  from  the  presence  of  the  filler  12,  the 
spark  plug  is  essentially  conventional  and  for  this 
reason  further  explanation  of  the  construction  and 
the  manufacture  of  the  spark  plug  is  not  deemed 
necessary. 

Claims 

1.  A  spark  plug  having  a  metal  body  (18),  a 
centre  electrode  (16)  and  an  insulator  (14)  sur- 
rounding  the  centre  electrode,  the  end  of  the 
insulator  (14)  nearer  the  spark  gap  being 
spaced  by  an  annular  gap  from  the  metal  body 
(18)  of  the  spark  plug,  characterised  in  that  at 

least  the  part  of  the  annular  gap  remote  from 
the  spark  gap  is  filled  with  a  filler  (12)  of  low 
thermal  conductivity  to  prevent  combustion 
gases  from  entering  deeply  between  the  in- 

5  sulator  (16)  and  the  body  (18)  of  the  spark 
plug. 

2.  A  spark  plug  as  claimed  in  claim  1,  wherein 
the  filler  is  formed  of  a  binder,  and  a  suspen- 

io  sion  of  micro-balloons  of  ceramic  material. 

Patentanspruche 

1.  Zundkerze  mit  einem  metallenen  Gehause 
is  (18),  einer  Mittelelektrode  (16)  und  einem  die 

Mittelelektrode  umgebenden  Isolator  (14),  wo- 
bei  das  Ende  des  Isolators  (14),  das  naher  an 
der  Funkenstrecke  liegt,  von  dem  metallenen 
Gehause  (18)  der  Zundkerze  uber  einen 

20  Ringspalt  beabstandet  ist,  dadurch  gekenn- 
zeichnet,  dal3  wenigstens  der  von  der  Funken- 
strecke  entfernte  Teil  des  Ringspaltes  mit  ei- 
nem  Fullmaterial  (12)  ausgefullt  ist,  welches 
eine  niedrige  Warmeleitfahigkeit  besitzt,  urn 

25  das  tiefere  Eindringen  der  Verbrennungsgase 
in  den  zwischen  Isolator  (14)  und  metallenem 
Gehause  (18)  der  Zundkerze  liegenden  Spalt 
zu  verhindern. 

30  2.  Zundkerze  nach  Anspruch  1,  worin  das  Full- 
material  aus  einem  Bindemittel  und  einer  Su- 
spension  von  Mikro-Blaschen  aus  einem  Kera- 
mikwerkstoff  besteht. 

35  Revendications 

1.  Bougie  d'allumage  comprenant  un  corps  me- 
tallique  (18),  une  electrode  centrale  (16)  et  un 
isolateur  (14)  entourant  I'electrode  centrale, 

40  I'extremite  de  I'isolateur  (14),  qui  est  situee 
plus  pres  de  I'espace  interelectrode,  etant  es- 
pacee  du  corps  metallique  (18)  de  la  bougie 
d'allumage,  par  I'intermediaire  d'un  espace  an- 
nulare, 

45  caracterisee  en  ce  qu'au  moins  la  partie  de 
I'espace  annulaire,  qui  est  eloignee  de  I'espa- 
ce  interelectrode,  est  remplie  d'un  materiau  de 
remplissage  (12)  ayant  une  faible  conductivity 
thermique,  afin  d'empecher  les  gaz  de  com- 

50  bustion  d'entrer  en  profondeur  dans  I'espace 
compris  entre  I'isolateur  (16)  et  le  corps  (18) 
de  la  bougie  d'allumage. 

2.  Bougie  d'allumage  selon  la  revendication  1, 
55  dans  laquelle  le  materiau  de  remplissage  est 

constitue  par  un  liant  et  une  suspension  de 
micro-bulles  d'une  matiere  ceramique. 
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