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@  Internal  combustion  engine  exhaust  system  provided  with  a  probe  for  measuring  the  oxygen  in  the  exhaust  gas. 

  In  an  internal  combustion  engine  exhaust  system  provided 
with  a  catalytic  muffler,  at  least  one  probe  is  provided  for 
measuring  the  oxygen  concentration  in  the  exhaust  gas  down- 
stream  of  said  catalytic  muffler. 



This  invention  relates   to  a  system  for  discharging  the  exhaust  gas 

of  an  internal   combustion  engine  to  atmosphere,  the  system  being 

provided  with  a  t r iva len t   ca ta ly t ic   muffler  and  at  least  one  sensor  

for  measuring  the  oxygen  present  in  said  exhaust  gas. 

In  order  to  remove  the  pollutants   present  at  the  engine  outlet  from 

the  exhaust  gas,  ie  to  simultaneously  eliminate  the  three  harmful 

components,  namely  HC,  CO  and  NOx,  so-called  t r iva lent   c a t a l y t i c  

mufflers  are  disposed  in  the  exhaust  systems  in  order  to  ox id i se  

HC  and  CO  to  H2O  and  CO2,  and  to  reduce  the  NOx  components  to  N  ,  

they  being  formed  either  with  a  single  oxidising  and  reducing  c a t a l y t i c  

bed  or  with  two  ca ta ly t ic   beds,  one  being  oxidising  and  the  o the r  

reducing.  

The  pur i f ica t ion   efficiency  of  the  catalyst   cons t i tu t ing   the  c a t a l y t i c  

bed  is  a  maximum  when  the  a i r / pe t ro l   ratio  of  the  mixture  fed  to  the 

engine  cylinders  is  equal  to  the  s toichiometric  r a t i o .  

Consequently,  when  a  t r iva len t   ca ta ly t ic   muffler  is  used,  the  mixture 

ratio  must  be  kept  as  close  as  possible  to  the  s toichiometric   r a t i o .  

In  order  to  produce  a  signal  related  to  the  a i r /pe t ro l   ra t io ,   an 

exhaust  gas  composition  sensor  is  generally  used  const i tuted  by  a 

probe  able  to  measure  the  oxygen  concentration  in  said  exhaust  gas 

and  to  provide  a  signal  indicat ive  of  a  rich  or  lean  mixture.  

Probes  of  this  type  are  essen t ia l ly   const i tuted  by  a  layer  of  so l i d  

e lec t ro ly te   which  conducts  oxygen  ions,  such  as  zinconic  oxide 

s tab i l i sed   with  calcium  oxide,  a  layer  which  forms  a  measurement 

electrode,   generally  of  porous  platinum  and  disposed  on  one  of  the  

faces  of  the  solid  e l ec t ro ly te ,   and  a  layer  which  forms  a  re fe rence  



electrode,   disposed  on  the  other  face  of  said  e l e c t r o l y t e .  

The  solid  e lec t ro ly te   layer  is  in  the  form  of  a  tube  closed  at  one 

end  so  that  the  reference  electrode  layer,  which  is  located  on  the 

inside,   can  be  exposed  to  the  air  used  as  the  source  of  r e fe rence  

oxygen  par t ia l   pressure,  while  the  measurement  electrode  layer,  which 

is  located  on  the  outside,  is  exposed  to  the  engine  exhaust  gas. 

The  probe  generates  an  electromotive  force  when  a  difference  e x i s t s  

between  the  par t ia l   pressure  of  the  oxygen  in  the  air  in  contact  with 

the  reference  electrode  and  the  variable  par t ia l   pressure  of  the  a i r  

present  in  the  exhaust  gas  applied  to  the  measurement  e l e c t rode .  

The  value  of  the  electromotive  force  generated  by  the  probe,  which 

indicates  the  a i r / pe t ro l   ratio  of  the  mixture  fed  to  the  engine,  

remains  constant  at  a  high  level  if  said  a i r /pe t ro l   ratio  is  l e s s  

than  the  s toichiometric   ratio  (rich  mixture),  whereas  it  remains 

p rac t i ca l ly   constant  at  a  low  level  if  the  ratio  exceeds  the  s t o i c h i o -  

metric  (lean  mix ture ) .  

In  devices  for  regulating  the  a i r / pe t ro l   ra t io ,   in  which  feedback 

control  is  provided  under  certain  engine  operating  conditions,   the 

electromotive  force  generated- by  the  probe  for  measuring  the  oxygen 

present  in  the  exhaust  gas  is  fed  to  an  e lectronic   c i rcu i t   which 

provides  a  control  signal  to  the  engine  fuel  feed  means  on  the  bas i s  

of  the  resul t   of  a  comparison  between  a  predetermined  r e fe rence  

voltage  corresponding  to  the  s toichiometric   ra t io ,   and  the  value  of 

the  electromotive  fo rce .  

In  order  to  provide  a  re l iab le   indicat ion,   the  oxygen  measurement 

probe  must  be  located  at  a  point  in  the  exhaust  system  to  which  the 

gas  discharged  from  all  the  engine  cylinders  flows,  so  that  the  probe 



is  able  to  measure  the  total  oxygen  concentration  in  the  engine 

exhaust  gas.  

Now  if  it  is  required  to  maintain  an  exhaust  duct  sizing  which  i s  

optimised  to  obtain  maximum  power  from  the  engine  at  determined 

operational  speeds,  it  can  be  advantageous  to  dispose  the  converging 

point  of  the  ducts  from  the  individual  cylinders  in  a  position  upstream 

of  the  ca ta ly t i c   muffler  and  very  close  to  the  muffler  i t s e l f ,   or 

indeed  to  dispense  with  the  converging  point  completely  and  make  the  

ducts  open  di rect ly   into  the  ca ta ly t ic   muff le r .  

In  this  case  there  is  a  problem  in  locating  the  oxygen  measurement 

probe  because-the  only  space  which  remains  available  for  its  mounting 

lies  in  one  or  other  of  the  ducts  which  open  into  the  muffler.  However, 

this  means  that  the  probe  would  sense  only  part  of  the  exhaust  gas ,  

namely  that  or iginat ing  from  the  cylinders  which  discharge  into  the  

duct  in  which  the  probe  is  disposed,  and  would  not  be  struck  by  the 

entire  engine  exhaust  gas.  

The  object  of  the  present  invention  is  therefore  to  provide  a  l o c a t i o n  

for  the  probe  which  does  not  penalise  the  design  or  construction  of 

the  exhaust  system  ducts,  while  at  the  same  time  enables  the  probe 

to  make  contact  with  the  entire  engine  exhaust  gas; 

With  at  least  one  ca ta ly t i c   muffler  provided  with  at  least  one  c a t a -  

lytic  bed,  this  object  is  attained  according  to  the  invention  by 

disposing  at  least  one  oxygen  concentration  measurement  probe  down- 

stream  of  said  at  least  one  ca ta ly t ic   bed,  and  possibly  immediately 

downstream  the reo f .  

In  this  manner,  the  probe  location  does  not  influence  the  design  of 

the  ducts  upstream  of  the  muffler,  while  at  the  same  time  having  the 



advantage  of  correct  location  with  respect  to  the  exhaust  gas  stream. 

Charac te r i s t ics   and  advantages  of  the  invention  will  be  more  apparent 

here inaf ter   with  reference  to  the  accompanying  drawing,  the  s i n g l e  

figure  of  which  represents  by  way  of  non-limiting  example  a  p re fe r red  

embodiment  of  an  exhaust  system  according  to  the  invention  for  an 

internal   combustion  engine.  

I n   the  figure,  the  reference  numeral  10  indicates  the  engine  a i r  

intake  f i l t e r ,   and  11,  12,  13,  14  indicate  the  intake  ducts,  each 

provided  with  a  t h ro t t l e   valve  15,  16,  17,  18.  The  e l c t r i c a l l y  

operated  in jec tors   19,  20,  21,  22,  which  feed  petrol  to  the  engine 

cyl inders ,   are  disposed  in  the  intake  ducts.  The  figure  also  diagram- 

matically  indicates   the  cylinder  block,  indicated  by  23,  and  the  

cylinders,   indicated  by  24,  25,  26,  27. 

The  reference  numerals  28,  29,  30,  31  indicate  the  exhaust  ducts  of 

the  individual  cylinders,   the  ducts  28  and  31  converging  into  the 

common  duct  indicated  by  32,  and  the  ducts  29  and  30  converging  i n t o  

the  common  duct  33.  The  ducts  32  and  33  open  into  the  c a t a l y t i c  

muffler  34,  which  in  this  case  is  provided  with  a  t r i va l en t   c a t a l y t i c  

bed  35,  ie  a  catalyst   able  to  simultaneously  eliminate  the  p o l l u t a n t  

C0,  HC  and  NOx  components. 

A  duct  36  emerges  from  the  ca ta ly t ic   muffler  34  for  conveying  the  gas 

to  the  normal  s i lencers  (not  shown)  and  then  to  atmosphere. 

A  probe  37  for  measuring  the  oxygen  concentration  in  the  exhaust  gas 

is  disposed  in  the  duct  36,  immediately  downstream  of  the  c a t a l y t i c  

muffler  34. 

Said  probe  37  could  also  be  disposed  immediately  downstream  of  the  

ca ta ly t ic   bed  35  as  shown  by  dashed  lines.  The  signal  provided  by 



the  probe  37  is  fed  by  the  line  38  to  the  regulator  device  represented  

by  the  central  e lectronic  unit  45,  which  processes  it  together  with 

tne  signals  indicat ive  of  the  engine  parameters,  such  as  the  r .p .m.  

and  th ro t t l e   valve  angles,  represented  diagrammatically  by  the  arrows 

39  and  40. 

The  central  unit  45,  which  could  be  constructed  as  described  in  the  U .K.  

of  the  present  a p p l i c a n t , , c a l c u l a t e s  

the  petrol  quantity  to  be  delivered  by  the  e l e c t r i c a l l y - a c t u a t e d   in jec tor   as  a 

function  of  the  engine  parameters,  and  in  the  case  of  feedback  opera t ion  

corrects  the  calculated  values  on  the  basis  of  the  signal  provided  by  the  probe 

37,  in  order  to  enrich  or  weaken  the  mixture  fed  to  the  engine  if  i t s  

ratio  deviates  from  the  s toichiometric  value,  so  as  to  restore  it  to  

said  s toichiometric   va lue .  

The  other  signals  indicat ive  of  other  engine  parameters  are  not  shown 

for  s implici ty  of  representa t ion,   these  including  for  example  the 

engine  cooling  water  temperature,  and  which  could  be  fed  to  the  c e n t r a l  

unit  45  for  processing,  to  give  the  e l e c t r i c a l l y - a c t u a t e d   in jec tor   c o n t r o l  

s ignals ,   represented  by  the  petrol   quantity  to  be  injected,   these  s i g n a l s  
being  fed  to  said  e l e c t r i c a l l y - a c t u a t e d   in jector   through  the  lines  41,42,43,44'.  

Arranging  the  probe  37  downstream  of  the  ca ta ly t ic   bed  gives  a  double 

advantage.  On  the  one  hand,  maximum  freedom  is  obtained  in  choosing 

the  sizing  of  the  ducts  28,  29,  30,  31  and  32,  33,  and  on  the  o the r  

hand  the  probe  comes  into  contact  with  the  entire  engine  exhaust  gas 

and  can  operate  e f fec t ively   in  providing  a  signal  indicat ive  of  the  

a i r /pe t ro l   ratio  (rich.,  lean,  s toichiometric)   of  the  mixture  fed  to  

the  engine. 



1.  An  internal   combustion  engine  exhaust  system  provided  with 

an  air  and  petrol  feed  arrangement  and  with  a  device  for  r e g u l a t i n g  

the  petrol  as  a  function  of  prechosen  engine  parameters,  said  exhaust 

system  being  formed  from  individual  exhaust  ducts  deriving  from  the  

engine  cylinders,   from  common  exhaust  ducts  into  which  the  exhaust 

gas  of  at  least  two  individual  exhaust  ducts  flows,  and  from  at  l e a s t  

one  ca ta ly t ic   muffler  provided  with  at  least  one  ca ta ly t i c   bed,  and 

to  which  said  exhaust  ducts  are  connected,  the  system  being  provided 

with  at  least  one  probe  for  measuring  the  oxygen  concentration  in  the  

exhaust  gas  and  operat ional ly  connected  to  said  regulator  device ,  

character ised  in  that  said  probe  is  disposed  downstream  of  said  c a t a -  

lyt ic   bed. 

2.  An  exhaust  system  as  claimed  in  claim  1,  character ised  i n  

that  said  at  least  one  probe  is  disposed  in  a  common  exhaust  duct 

which  emerges  from  said  ca ta ly t ic   muff ler .  

3.  An  exhaust  system  as  claimed  in  claim  1,  character ised  i n  

that  said  at  least  one  probe  is  disposed  immediately  downstream  of 

said  ca ta ly t ic   bed. 
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