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relatively  low  by  providing  a  paniculate  filter 
having  only  particulates-trapping  function  but  no 
catalytic  effect  in  the  exhaust  system  instead  of 
the  catalytic  filter  and  by  injecting  into  the 
exhaust  passage  upstream  of  the  particulate  filter 
a  material  for  promoting  combustion  of  the  com- 
bustible  particulates.  The  combustion  promoting 
material  may  generally  comprise  an  emulsion  of  a 
mixture  of  a  catalytic  component  and  a  hydro- 
carbon  component.  By  injecting  the  combustion 
promoting  material  into  the  exhaust  system 
upstream  of  the  particulate  filter,  the  catalytic 
component  and  the  hydrocarbon  component  uni- 
formly  adhere  to  the  surface  of  the  combustible 
particulates  trapped  by  the  particulate  filter.  This 
substantially  lowers  the  ignition  point  of  the 
combustible  particulates.  However,  this  tech- 
nique  has  been  found  to  be  disadvantageous  in 
that  when  the  combustion  promoting  material  is 
injected  during  the  high  speed  operation  of  the 
engine  in  which  the  amount  of  exhaust  gas  is 
large,  the  injection  flow  of  the  combustion  pro- 
moting  material  is  disturbed  by  the  high-speed 
exhaust  gas  and  the  combustion  promoting 
material  does  not  uniformly  adhere  to  the  surface 
of  the  combustible  particulates  over  the  entire 
area  thereof. 

Further,  when  the  amount  of  exhaust  gas  is 
large,  the  exhaust  gas  temperature  is  generally 
high  and  the  combustion  temperature  is  apt  to 
become  abnormally  high.  As  a  result,  cracks  are 
liable  to  be  produced  in  the  filter. 

Summary  of  the  Invention 
In  view  of  the  foregoing  observations  and 

description,  the  primary  object  of  the  present 
invention  is  to  provide  an  exhaust  gas  cleaning 
system  in  which  the  combustible  particulates 
trapped  by  the  filter  can  be  satisfactorily  burnt 
even  when  the  exhaust  gas  temperature  is  rela- 
tively  low  and  at  the  same  time  the  combustion  of 
the  combustible  particulates  can  be  reliably  con- 
trolled  if  the  exhaust  gas  temperature  should 
become  high. 

In  accordance  with  the  present  invention  an 
exhaust  gas  system  according  to  the  generic  part 
of  claim  1  is  characterized  in  that  the  principal 
component  of  said  combustion  promoting 
material  is  a  mixture  of  a  catalytic  liquid  and  a 
liquid  hydrocarbon,  in  that  the  injecting  device  is 
controllable  in  such  a  way  that  the  amount  of  the 
combustion  promoting  material  to  be  injected  is 
reduced  as  the  number  of  injections  increases,  in 
that  said  control  means  compares  the  exhaust 
gas  temperature  with  an  acceptable  limit 
temperature  of  the  exhaust  gas,  which  is  deter- 
mined  taking  into  account  the  lower  limit  of  the 
exhaust  gas  temperature  below  which  no  crack- 
ing  of  the  filter  occurs  during  combustion  of  the 
particulates,  and  inhibits  injection  of  the  combus- 
tion  promoting  material  when  the  exhaust  gas 
temperature  upstream  of  the  filter  is  higher  than 
said  limit  temperature  and  interrupts  injection  of 
the  combustion  promoting  material  when  the 
exhaust  gas  temperature  downstream  of  the  filter 

Description 

Field  of  the  Invention 
This  invention  relates  to  an  exhaust  gas  clean- 

ing  system  for  an  internal  combustion  engine,  5 
and  more  particularly  to  an  exhaust  gas  cleaning 
system  which  traps  and  burns  combustible  par- 
ticulates  contained  in  exhaust  gas  of,  for  instance, 
a  diesei  engine. 

10 
Description  of  the  Prior  Art 

There  have  been  known  various  exhaust  gas 
cleaning  systems.  In  the  system  disclosed  in 
Japanese  Unexamined  Patent  Publication  No. 
56(1981)-98519,  a  catalytic  filter  for  trapping  and  15 
oxidizing  combustible  particulates  in  the  exhaust 
gas  is  provided  in  the  exhaust  system  of  an 
engine,  and  an  auxiliary  fuel  injection  system  for 
injecting  liquid  or  gaseous  auxiliary  fuel  is  pro- 
vided  in  the  exhaust  system  upstream  of  the  20 
catalytic  filter,  whereby  the  exhaust  gas  tempera- 
ture  is  raised  above  the  ignition  point  of  the 
combustible  particulates  by  oxidization  under 
catalytic  action  of  the  catalytic  filter  and  combus- 
tion  promoting  effect  of  the  auxiliary  fuel  so  that  25 
the  combustible  particulates  are  burnt  and 
removed  from  the  catalytic  filter  to  refresh  the 
filter. 

A  similar  exhaust  gas  cleaning  system,  the 
features  of  which  are  stated  in  the  generic  part  of  30 
claim  1,  is  disclosed  in  GB  —  A  —  2  134408.  Therein 
is  provided  a  bypass  in  the  exhaust  gas  line  and  a 
control  valve  by  which  the  exhaust  gas  can  be 
bypassed  around  the  filter  when  a  clogging  detec- 
tor  indicates  that  combustible  particulates  have  35 
accumulated  in  the  filter.  Auxiliary  fuel  is  then 
injected  upstream  of  the  filter  and  ignited  so  as  to 
produce  a  hot  gas  stream  the  temperature  of 
which  is  higher  than  the  ignition  temperature  of 
the  particulates  in  the  filter.  40 

Both  the  conventional  exhaust  gas  cleaning 
systems  described  above  are  disadvantageous.  In 
the  first  one  described,  when  the  engine  is  in  the 
steady  operating  range,  the  exhaust  gas  tempera- 
ture  is  relatively  low  (200  to  300°C  in  the  case  of  45 
diesei  engines)  and  therefore  the  exhaust  gas 
cannot  be  heated  above  the  ignition  point  of  the 
combustible  particulates  regardless  of  the  com- 
bustion  promoting  effect  of  the  auxiliary  fuel  and 
the  catalyst.  Therefore  the  particulates  cannot  be  so 
sufficiently  burnt.  In  the  second  system  described 
above,  wherein  during  regeneration  of  the  filter 
the  exhaust  gas  is  bypassed  around  the  filter  and 
hot  gas  produced  by  combustion  of  additional 
fuel  is  blown  through  the  filter  to  heat  same  55 
above  the  ignition  point  of  the  particulates,  the 
heating  temperature  cannot  be  controlled  pre- 
cisely  in  such  a  way  that  overheating  and  cracking 
of  the  filter  can  be  prevented. 

As  disclosed  in  our  Japanese  Patent  Applica-  so 
tion  No.  59(1984)—  64627,  the  ignition  point  of  the 
combustion  particulates  can  be  lowered  so  that 
the  combustible  particulates  can  be  positively 
burnt  even  during  the  steady  operation  of  the 
engine  in  which  the  exhaust  gas  temperature  is  65 
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is  higher  than  a  limit  which  is  determined  taking 
into  account  the  critical  exhaust  gas  temperature 
downstream  of  the  filter  above  which  cracking  of 
the  filter  can  occur. 

When  the  combustion  promoting  material  is  5 
injected,  the  flow  control  valve  means  controls 
the  amount  of  exhaust  gas  flowing  into  the 
paniculate  filter  so  that  the  combustion  promot- 
ing  material  can  uniformly  adhere  to  the  surface 
of  the  combustible  particulates  over  the  entire  10 
area  thereof  and  so  that  the  combustion  tempera- 
ture  of  the  combustible  particulates  is  prevented 
from  rising  abnormally  high. 

In  one  embodiment  of  the  present  invention, 
the  flow  control  valve  means  controls  the  amount  15 
of  exhaust  gas  flowing  into  the  filter  so  as  to  keep 
it  at  a  preset  value.  In  another  embodiment  of  the 
present  invention,  the  flow  control  valve  means 
closes  the  passage  to  the  filter  so  that  all  exhaust 
gas  flows  through  the  bypass  exhaust  passage  20 
and  the  combustion  promoting  material  is 
injected  with  no  exhaust  gas  flowing  into  the  filter 
when  the  temperature  upstream  of  the  filter 
becomes  lower  than  a  preset  temperature  which 
is  determined,  for  instance,  taking  into  account  25 
the  boiling  temperature  of  the  solvent  used  in  the 
combustion  promoting  material. 

Brief  Description  of  the  Drawings 
Figure  1  is  a  schematic  view  of  a  diesel  engine  30 

provided  with  an  exhaust  gas  cleaning  system  in 
accordance  with  a  first  embodiment  of  the 
present  invention, 

Figures  2  and  3  are  flow  charts  for  illustrating 
the  operation  of  the  control  circuit  employed  in  35 
the  exhaust  gas  cleaning  system  of  Figure  1, 

Figure  4  shows  a  characteristic  curve  employed 
in  the  embodiment  of  Figure  1  to  determine  the 
amount  of  combustion  promoting  material 
according  to  the  number  of  injections,  40 

Figure  5  is  a  graph  showing  the  relation 
between  the  electric  resistance  and  the  amount  of 
catalytic  component  accumulated  in  the  particu- 
late  filter, 

Figure  6  is  a  fragmentary  schematic  view  for  45 
illustrating  a  modification  of  the  embodiment 
shown  in  Figure  1, 

Figure  7  is  a  schematic  view  of  a  diesel  engine 
provided  with  an  exhaust  gas  cleaning  system  in 
accordance  with  a  modification  of  the  first  so 
embodiment. 

Figures  8  and  9  are  flow  charts  for  illustrating 
the  operation  of  the  control  circuit  employed  in 
the  exhaust  gas  cleaning  system  of  Figure  7, 

Figures  10  and  1  1  are  flow  charts  for  illustrating  ss 
the  operation  of  the  control  circuit  employed  in  an 
exhaust  gas  cleaning  system  in  accordance  with 
another  modification  of  the  first  embodiment. 

Figure  12  is  a  schematic  view  of  a  diesel  engine 
provided  with  an  exhaust  gas  cleaning  system  in  so 
accordance  with  still  another  modification  of  the 
first  embodiment, 

Figures  13  and  14  are  flow  charts  for  illustrating 
the  operation  of  the  control  circuit  employed  in 
the  exhaust  gas  cleaning  system  of  Figure  12,  ss 

Figure  15  is  a  schematic  view  of  a  diesel  engine 
provided  with  an  exhaust  gas  cleaning  system  in 
accordance  with  still  another  modification  of  the 
first  embodiment, 

Figures  16  and  17  are  flow  charts  for  illustrating 
the  operation  of  the  control  circuit  employed  in 
the  exhaust  gas  cleaning  system  of  Figure  15, 

Figure  18  is  a  schematic  view  of  a  diesel  engine 
provided  with  an  exhaust  gas  cleaning  system  in 
accordance  with  still  another  modification  of  the 
first  embodiment, 

Figures  19  and  20  are  flow  charts  for  illustrating 
the  operation  of  the  control  circuit  employed  in 
the  exhaust  gas  cleaning  system  of  Figure  18, 

Figures  21  and  22  are  flow  charts  for  illustrating 
the  operation  of  the  control  circuit  employed  in  an 
exhaust  gas  cleaning  system  in  accordance  with 
still  another  modification  of  the  first  embodiment, 

Figure  23  is  a  view  similar  to  Figure  1  but 
showing  a  diesel  engine  provided  with  an  exhaust 
gas  cleaning  system  in  accordance  with  another 
embodiment  of  the  present  invention,  and 

Figure  24  is  a  flow  chart  for  illustrating  the 
operation  of  the  control  circuit  employed  in  the 
exhaust  gas  cleaning  system  of  Figure  23. 

Description  of  the  Preferred  Embodiment 
In  Figure  1,  reference  numerals  2  and  3  respec- 

tively  denote  a  combustion  chamber  and  a  swirl 
chamber  of  a  swirl  chamber  type  diesel  engine  1  . 
The  swirl  chamber  3  is  provided  with  a  fuel 
injection  nozzle  5  which  injects  fuel  from  a  fuel 
pump  4  into  the  swirl  chamber  3.  The  fuel  pump  4 
is  driven  by  the  engine  1. 

Exhaust  gas  in  the  combustion  chamber  2  is 
discharged  through  an  exhaust  passage  6  which 
is  provided,  at  an  intermediate  portion  thereof, 
with  a  paniculate  filter  7  for  trapping  combustible 
particulates  containing  carbon  as  the  major  com- 
ponent.  The  paniculate  filter  7  is  in  the  form  of  a 
known  honeycomb  structure  of  porous  material. 
That  is,  the  honeycomb  structure  has  a  plurality  of 
passages  axially  extending  in  parallel  to  each 
other,  each  of  the  passages  being  opened  at  one 
end  and  closed  at  the  other  end  so  that,  in  each 
end  face  of  the  honey  comb  structure,  the 
passages  are  alternately  opened  and  closed. 
When  exhaust  gas  passes  through  the  partition 
wall  between  adjacent  passages,  the  particulates 
contained  therein  are  filtered  off. 

Reference  numeral  8  denotes  a  combustion 
promoting  material  injection  device  for  injecting  a 
material  for  promoting  combustion  of  the  com- 
bustible  particulates  into  the  exhaust  passage  6 
upstream  of  the  paniculate  filter  7.  The  material  is 
a  liquid  in  this  particular  embodiment,  and  com- 
prises  an  aqueous  emulsion  of  a  catalytic  com- 
ponent  which  may  be  of  0.05  to  0.5  %  by  weight 
of  a  water-soluble  compound  of  one  or  more 
platinum  group  metals  (Pt,  Pd,  Rh,  Ir)  or  of  1  to 
10  %  by  weight  of  water-soluble  salt  of  one  or 
more  base  metals  (V,  Cu,  Cr,  Fe,  Ni,  Mo,  Ca,  Ba); 
10  to  50  %  by  weight  of  a  hydrocarbon  such  as 
kerosine,  gas  oil,  heavy  oil,  alcohol,  ketone 
(oxygen-containing  hydrocarbon)  and  or  like;  and 
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1  to  10  %  by  weight  of  a  surface-active  agent  for 
bringing  the  hydrocarbon  into  solution. 

The  combustion  promoting  material  injecting 
device  8  comprises  a  reservoir  9  for  storing  the 
combustion  promoting  liquid,  an  injector  10  5 
which  is  provided  with  a  solenoid  valve  10b  and  is 
disposed  in  the  exhaust  passage  6  upstream  of 
the  particulate  filter  7  with  its  injecting  hole  10a 
directed  toward  the  particulate  filter  7,  a  com- 
municating  pipe  11  for  connecting  the  injector  10  w 
to  the  reservoir  9  and  an  electric  pump  12  dis- 
posed  in  the  communicating  pipe  11  at  an  inter- 
mediate  portion  thereof.  The  combustion  promot- 
ing  liquid  stored  in  the  reservoir  9  is  injected 
toward  the  filter  7  in  a  predetermined  amount  15 
(e.g.,  10  to  100  cc)  by  operating  the  pump  12  and 
opening  the  solenoid  valve  10b. 

The  portion  of  the  exhaust  passage  6  upstream 
of  the  injector  10  and  the  portion  of  the  same 
downstream  of  the  particulate  filter  7  are  con-  20 
nected  with  each  other  by  a  bypass  exhaust 
passage  13  so  that  the  exhaust  gas  from  the 
engine  1  can  bypass  the  injector  10  and  the 
particulate  filter  7  by  flowing  through  the  bypass 
exhaust  passage  13.  25 

A  flow  control  valve  14,  which  is  in  the  form  of  a 
butterfly  valve,  is  disposed  in  the  bypass  exhaust 
passage  13  near  the  upstream  side  junction  of  the 
bypass  exhaust  passage  13  with  the  exhaust 
passage  6.  The  flow  control  valve  1  4  is  operatively  30 
connected  to  a  diaphragm  device  16  by  way  of  a 
rod  15.  The  diaphragm  device  16  has  a  negative 
pressure  chamber  16a  communicated  with  a 
vacuum  pump  18  by  way  of  a  negative  pressure 
introduction  passage  17.  The  negative  pressure  35 
introduction  passage  17  is  provided,  at  an  inter- 
mediate  portion  thereof,  with  a  duty  solenoid 
valve  20  which  is  adapted  to  linearly  change  the 
ratio  of  the  effective  area  by  which  the  negative 
pressure  chamber  16a  opens  to  the  atmosphere  40 
(by  way  of  a  pipe  19)  to  the  effective  area  by 
which  the  negative  pressure  chamber  16a  is 
communicated  with  the  vacuum  pump  18, 
thereby  linearly  changing  the  magnitude  of  the 
vacuum  force  applied  to  the  negative  pressure  45 
chamber  16a  to  drive  the  flow  control  valve  14. 
Thus,  the  diaphragm  device  16,  the  negative 
pressure  introduction  passage  17,  the  vacuum 
pump  18  and  the  duty  solenoid  valve  20  form  a 
driving  means  21  for  driving  the  flow  control  so 
valve  14. 

Reference  numeral  22  denotes  a  control  circuit 
for  controlling  the  solenoid  valve  10b  of  the 
injector  10,  the  electric  pump  12  and  the  duty 
solenoid  valve  20.  Into  the  control  circuit  22  are  ss 
input  a  pump  rpm  signal  representing  the  rpm  of 
the  shaft  of  the  fuel  pump  4  corresponding  to  the 
engine  speed,  and  a  control  sleeve  position  signal 
representing  the  engine  load.  Further,  into  the 
control  circuit  22  are  input  outputs  of  a  first  60 
exhaust  gas  temperature  sensor  23  for  detecting 
the  temperature  T1  of  the  exhaust  gas  in  the 
exhaust  passage  6  upstream  of  the  particulate 
filter  7,  a  back  pressure  sensor  24  for  detecting  the 
pressure  of  the  exhaust  gas  in  the  exhaust  65 

passage  6  immediately  upstream  of  the  particu- 
late  filter  7,  i.e.,  the  back  pressure  of  the  engine  1, 
and  a  second  exhaust  gas  temperature  sensor  25 
for  detecting  burning  condition  of  the  combust- 
ible  particulates  in  the  particulate  filter  7  by  way 
of  the  temperature  T2  of  the  exhaust  gas  in  the 
exhaust  passage  6  immediately  downstream  of 
the  particulate  filter  7.  The  control  circuit  22 
detects  the  operating  range  of  the  engine  1  on  the 
basis  of  the  pump  rpm  signal  and  the  control 
sleeve  position  signal  and  reads  out  a  proper  back 
pressure  for  the  detected  operating  range,  that  is, 
the  value  which  the  back  pressure  should  assume 
when  the  particulate  filter  7  is  not  clogged.  The 
read-out  proper  back  pressure  is  compared  with 
the  actual  back  pressure  detected  by  the  back 
pressure  sensor  24  to  determine  whether  the 
particulate  filter  7  is  clogged.  When  the  actual 
back  pressure  is  higher  than  the  proper  back 
pressure  and  it  is  determined  that  the  filter  7  is 
clogged,  the  control  circuit  22  actuates  the 
solenoid  valve  10b  of  the  injector  10  and  the 
electric  pump  12  of  the  combustion  promoting 
material  injecting  device  8,  and  controls  the  duty 
solenoid  valve  20  to  control  the  flow  control  valve 
14  so  that  the  amount  of  the  exhaust  gas  flowing 
through  the  filter  7  is  fixed  to  a  preset  value,  i.e., 
so  that  the  back  pressure  detected  by  the  back 
pressure  sensor  24  is  substantially  fixed. 

The  operation  of  the  control  circuit  22  will  be 
described  in  more  detail  with  reference  to  the 
flow  charts  shown  in  Figures  2  and  3,  herein- 
below. 

In  Figure  2,  step  S1  is  an  initializing  step  in 
which  the  flow  control  valve  14  is  closed  to  close 
the  bypass  exhaust  passage  13.  In  steps  S2  and 
S3,  the  engine  speed  and  the  engine  load  are 
respectively  detected  on  the  basis  of  the  shaft 
rpm  and  the  control  sleeve  position  of  the  fuel 
pump  4.  In  step  S4,  the  back  pressure  of  the 
engine  1  is  detected  on  the  basis  of  the  output 
signal  of  the  back  pressure  sensor  24,  and  in  step 
S5,  it  is  determined  whether  the  back  pressure 
has  ever  been  lowered  to  a  proper  value  which  is 
predetermined  for  the  operating  range  of  the 
engine  1  detected  in  the  steps  S2  and  S3,  that  is,  it 
is  determined  whether  the  combustible  par- 
ticulates  trapped  by  the  filter  7  have  ever  been 
burnt.  When  it  is  not  determined  that  the  back 
pressure  has  been  once  lowered  to  the  predeter- 
mined  proper  back  pressure,  the  control  circuit  22 
returns  to  the  step  S4  to  repeat  the  steps  S4  and 
S5.  When  it  is  determined  in  the  step  S5  that  the 
back  pressure  has  been  once  lowered  to  the 
predetermined  proper  back  pressure,  it  is  deter- 
mined  in  step  S6  whether  the  back  pressure 
detected  in  the  step  S4  is  higher  than  the  pre- 
determined  proper  back  pressure,  that  is,  whether 
the  particulate  filter  7  is  clogged  by  the  combust- 
ible  particulates  trapped  thereby.  When  it  is  deter- 
mined  that  the  filter  7  is  clogged,  the  control 
circuit  22  proceeds  to  step  S7.  Otherwise,  the 
control  circuit  22  returns  to  the  step  S2  to  repeat 
the  steps  S2  to  S6. 

In  the  step  S7,  the  number  of  injections  N  of  the 
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combustion  promoting  material  which  have  been 
made  by  that  time  is  counted,  and  in  step  S8,  the 
amount  of  the  combustion  promoting  material  to 
be  injected  at  that  time  Q  is  read  out  from  a  map 
shown  in  Figure  4  in  which  the  amount  of  the  5 
combustion  promoting  material  to  be  injected  Q 
is  related  to  the  number  of  injections  N.  In  the 
injection  amount  characteristics  shown  in  Figure 
4,  the  injection  amount  is  reduced  as  the  number 
of  injections  N  increases.  This  is  because  catalytic  w 
component  in  the  combustion  promoting 
material  is  accumulated  in  the  paniculate  filter  7 
as  the  number  of  injections  N  increases  and  the 
accumulated  catalytic  component  can  contribute 
to  promotion  of  combustion.  This  is  advan-  15 
tageous  in  that  consumption  of  the  catalytic 
component  can  be  reduced,  this  lowering  the 
operating  cost. 

Instead  of  determining  the  injection  amount  Q 
taking  into  account  the  number  of  injections  N,  no 
the  injection  amount  Q  may  be  determined  taking 
into  account  the  electrical  resistance  of  the  par- 
ticulate  filter  7.  That  is,  since  the  catalytic  com- 
ponent  is  conductive,  the  resistance  of  the  par- 
ticulate  filter  7  is  reduced  as  the  amount  of  zs 
accumulated  catalytic  component  increases  as 
shown  in  Figure  5.  Accordingly,  by  embedding  a 
pair  of  electrodes  in  end  portions  of  the  particu- 
late  filter  7  and  measuring  the  electrical  resistance 
between  the  electrodes  after  refreshing  the  filter  30 
7,  the  amount  of  the  accumulated  catalytic  com- 
ponent  can  be  directly  detected. 

After  the  injection  amount  Q  is  thus  deter- 
mined,  the  exhaust  gas  temperature  T1  of  the 
engine  1  is  detected  on  the  basis  of  the  output  of  35 
the  first  exhaust  gas  temperature  sensor  23  in 
step  S9.  Further,  in  step  S10,  it  is  determined 
whether  the  exhaust  gas  temperature  T1  is  lower 
than  an  acceptable  limit  of  the  exhaust  gas 
temperature  TA  which  is  determined  taking  into  <to 
account  the  lower  limit  of  the  exhaust  gas 
temperature  below  which  cracking  of  the  filter  7 
does  not  occur  during  combustion  of  the  com- 
bustible  particulates  caused  by  injection  of  the 
combustion  promoting  material.  When  it  is  not  45 
determined  that  the  former  is  lower  than  the 
latter,  it  is  considered  that  cracks  will  be  produced 
in  the  filter  7  if  the  combustion  promoting 
material  is  injected  to  burn  the  combustible  par- 
ticulates  in  the  filter  7,  and  the  control  circuit  22  so 
returns  to  the  step  S9  to  repeat  the  steps  S9  and 
S10  until  the  former  becomes  lower  than  the 
latter. 

When  it  is  determined  that  the  former  is  lower 
than  the  latter  in  the  step  S10,  a  combustion  55 
promoting  material  injecting  routine  is  carried  out 
according  to  steps  S1  1  to  S21,  and  an  exhaust  gas 
amount  control  sub-routine  is  carried  out  in  paral- 
lel  according  to  steps  S51  to  S56  shown  in  Figure 
3.  In  the  step  S11,  the  electric  pump  12  of  the  60 
combustion  promoting  material  injecting  device  8 
is  energized,  and  then  in  the  step  S12,  the 
solenoid  valve  10b  of  the  injector  10  is  opened  to 
inject  the  combustion  promoting  material  toward 
the  filter  7.  This  condition  is  memorized  by  setting  65 

a  flag  F  to  1  in  the  step  S13,  and  then  a  timer  is  set 
in  the  step  S14.  In  the  step  S15,  it  is  determined, 
on  the  basis  of  the  timer  set  in  the  step  S14, 
whether  a  predetermined  time  has  lapsed  since 
injection  of  the  combustion  promoting  material 
began,  the  predetermined  time  being  determined 
taking  into  account  the  time  required  for  the 
combustible  particulates  to  be  satisfactorily 
burnt.  When  the  time  gas  lapsed,  the  timer  is 
reset  in  the  step  S16  and  the  exhaust  gas 
temperature  T2  downstream  of  the  filter  7,  that  is, 
the  exhaust  gas  temperature  raised  by  the  com- 
bustion  of  the  combustible  particulates,  is 
detected  on  the  basis  of  the  output  signal  of  the 
second  exhaust  gas  temperature  sensor  25.  In  the 
step  S18,  it  is  determined  whether  the  exhaust 
gas  temperature  T2  downstream  of  the  filter  7  is 
higher  than  a  limit  of  the  exhaust  gas  temperature 
TB  downstream  of  the  filter  7  which  is  determined 
taking  into  account  the  lower  limit  of  the  exhaust 
gas  temperature  downstream  of  the  filter  7  below 
which  cracking  of  the  filter  7  does  not  occur 
during  combustion  of  the  combustible  par- 
ticulates.  When  it  is  not  determined  that  the 
former  is  higher  than  the  latter,  it  is  determined  in 
the  step  S19  whether  the  electric  pump  12  has 
been  energized  for  a  time  interval  which  is  deter- 
mined  corresponding  to  the  injection  amount  Q 
determined  in  the  step  S8.  When  it  is  not  deter- 
mined  that  the  electric  pump  12  has  been  ener- 
gized  for  the  time  interval,  or  it  is  determined  that 
the  injection  of  the  combustion  promoting 
material  by  the  amount  Q  is  not  completed  yet, 
the  control  circuit  22  returns  to  the  step  S17  to 
continue  the  injection.  Otherwise,  the  control 
circuit  22  proceeds  to  the  step  S20,  and  closes  the 
solenoid  valve  10b  of  the  injector  10.  In  the  step 
S21,  the  electric  pump  12  is  deenergized  to  stop 
injection  of  the  combustion  promoting  material. 
Finally,  the  flag  F  set  to  1  in  the  step  S13  is 
changed  to  0  in  the  step  S22,  and  then  the  control 
circuit  22  returns  to  the  step  S1.  On  the  other 
hand,  when  it  is  determined  that  the  exhaust  gas 
temperature  T2  downstream  of  the  filter  7  is 
higher  than  the  limit  of  the  exhaust  gas  tempera- 
ture  TB  downstream  of  the  filter  7,  it  is  considered 
that  the  burning  temperature  of  the  combustible 
particulates  has  become  abnormally  high,  and  the 
injection  of  the  combustion  promoting  material  is 
immediately  stopped  according  to  the  steps  S20 
to  S22. 

In  the  exhaust  gas  amount  control  sub  routine, 
the  back  pressure  upstream  of  the  filter  7  is  first 
detected  by  the  back  pressure  sensor  24  to 
indirectly  detect  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  7  in  the  step  S51.  In  the  next 
step  S52,  it  is  determined  whether  the  back 
pressure  detected  in  the  step  S51  is  lower  than  a 
predetermined  value  which  is  determined  corre- 
sponding  to  a  proper  amount  of  exhaust  gas 
flowing  through  the  filter  7.  When  it  is  determined 
that  the  former  is  lower  than  the  latter,  a  duty 
signal  for  reducing  the  opening  degree  of  the  flow 
control  valve  14  to  thereby  increase  the  amount  of 
exhaust  gas  flowing  through  the  filter  7  is 

6 
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delivered  to  the  duty  solenoid  valve  20  in  the  step 
S53.  Otherwise,  as  is  generally  the  case  when  the 
engine  speed  is  high,  a  duty  signal  for  increasing 
the  opening  degree  of  the  flow  control  valve  14  to 
thereby  reduce  the  amount  of  exhaust  gas  flow-  5 
ing  through  the  filter  7  is  delivered  to  the  duty 
solenoid  valve  20  in  the  step  S54.  Thus,  the 
amount  of  exhaust  gas  flowing  through  the  filter 
is  kept  at  a  preset  value.  In  the  step  S55,  it  is 
determined  whether  the  flag  F  in  the  combustion  10 
promoting  material  injection  routine  is  1  and  the 
steps  S51  to  S55  are  repeated  until  it  is  deter- 
mined  that  the  flag  F  is  not  1  in  the  step  S55. 
When  it  is  determined  that  the  flag  F  is  not  1  but  0 
in  the  step  S55,  the  flow  control  valve  14  is  closed  is 
to  close  the  bypass  exhaust  passage  13  in  the  step 
S56,  and  thus,  the  exhaust  gas  amount  control  is 
ended. 

Thus,  in  this  embodiment,  while  the  combus- 
tion  promoting  material,  which  is  liquid  in  this  20 
particular  embodiment,  is  injected  toward  the 
paniculate  filter  7,  the  amount  of  exhaust  gas 
flowing  through  the  filter  7  is  kept  at  a  preset 
value  by  controlling  the  flow  control  valve  14. 
Accordingly,  the  combustion  promoting  material  25 
can  be  injected  in  an  optimal  manner  so  that  the 
material  can  uniformly  adhere  to  the  surface  of 
the  filter  7  over  the  entire  area  thereof,  whereby 
the  filter  7  can  be  refreshed  in  an  optimal  manner. 

Further,  since  the  amount  of  exhaust  gas  fed  to  30 
the  filter  during  injection  of  the  combustion  pro- 
moting  material  is  kept  substantially  constant 
even  during  the  high  speed  operation  of  the 
engine  in  which  the  amount  of  exhaust  gas 
discharged  from  the  engine  is  very  large,  the  35 
burning  temperature  of  the  combustible  par- 
ticulates  can  be  prevented  from  becoming  abnor- 
mally  high  and  causing  cracks  to  be  produced  in 
the  filter  7. 

In  the  modification  shown  in  Figure  6,  a  plu-  40 
rality  of  elongated  electrodes  26  are  inserted  into 
the  passages  of  the  filter  7  from  the  downstream 
side  end  thereof.  The  length  of  the  electrode  is  the 
maximum  at  the  center  of  the  filter  7  and 
decreases  toward  the  periphery.  To  the  electrodes  45 
26  and  the  injector  10  is  applied  a  voltage  of  the 
same  polarity  by  a  booster  winding  27  so  that  the 
injected  combustion  promoting  material  can  be 
distributed  to  the  peripheral  portion  of  the  filter  7 
by  the  repulsion  force  caused  by  electrostatic  so 
induction. 

Generally,  the  temperature  of  the  filter  is  higher 
at  the  center  than  the  peripheral  portion  due  to 
the  large  amount  of  exhaust  gas  passing  through 
the  filter  7  before  injection  of  the  combustion  55 
promoting  material,  and  accordingly  the  com- 
bustible  particulates  accumulated  at  the  center  of 
the  filter  7  begins  to  burn  before  those  accumu- 
lated  in  the  peripheral  portion  of  the  same  and  the 
passage  resistance  at  the  center  of  the  filter  7  is  so 
first  lowered  so  that  the  flow  of  the  injected 
material  tends  to  converge  on  the  center  of  filter. 
This  tendency  can  be  reduced  by  the  repulsion 
force  caused  by  the  electrostatic  induction.  Thus, 
in  accordance  with  the  modification  shown  in  65 

Figure  6,  the  combustible  particulates  can  be 
burnt  more  uniformly. 

In  the  case  that  the  catalytic  component  of  the 
combustion  promoting  material  can  be  mag- 
netized,  a  magnetic  field  may  be  established 
between  the  injector  10  and  the  filter  7  to  guide 
the  flow  of  the  injected  material  for  the  same 
purpose  as  the  modification  shown  in  Figure  6. 

A  modification  of  the  system  shown  in  Figure  1 
will  be  described  with  reference  to  Figures  7  to  9, 
hereinbelow. 

The  exhaust  gas  cleaning  system  of  this  modifi- 
cation  is  very  similar  to  that  shown  in  Figure  1 
except  that  there  is  provided,  instead  of  the  back 
pressure  sensor  24,  a  total  odometer  24'  in  order 
to  determine  the  time  the  combustion  promoting 
material  is  to  be  injected.  Accordingly,  the  parts 
analogous  to  the  parts  shown  in  Figure  1  are 
given  the  same  reference  numerals  and  will  not 
be  described  here.  The  total  odometer  24'  is 
arranged  to  output  a  signal  to  the  control  circuit 
22a  every  predetermined  travel  distance,  and  the 
control  circuit  22a  controls  the  combustion  pro- 
moting  material  injecting  device  8  and  the  flow 
control  valve  14  to  inject  the  combustion  promot- 
ing  material  upon  receipt  of  the  output  signal  of 
the  total  odometer  24'. 

The  operation  of  the  control  circuit  22a  will  be 
described  in  more  detail  with  reference  to  the 
flow  charts  shown  in  Figures  8  and  9,  herein- 
below. 

In  Figure  8,  step  S1  is  an  initializing  step  in 
which  the  flow  control  valve  14  is  closed  to  close 
the  bypass  exhaust  passage  13.  In  steps  S2  and 
S3,  the  engine  speed  and  the  engine  load  are 
respectively  detected  on  the  basis  of  the  shaft 
rpm  and  the  control  sleeve  position  of  the  fuel 
pump  4.  In  step  S4,  the  travel  distance  is  detected 
on  the  basis  of  the  output  signal  of  the  total 
odometer  24'  and  in  step  S5,  it  is  determined 
whether  the  travel  distance  has  reached  a  pre- 
determined  value  since  the  preceding  injection  of 
the  combustion  promoting  material.  When  it  is 
determined  that  the  travel  distance  has  reached 
the  predetermined  value,  the  control  circuit  22a 
proceeds  to  step  S6.  Otherwise,  the  control  circuit 
22a  returns  to  the  step  S2  to  repeat  the  steps  S2  to 
S5. 

In  the  step  S6,  the  number  of  injections  N  of  the 
combustion  promoting  material  which  have  been 
made  by  that  time  is  counted,  and  in  step  S7,  the 
amount  of  the  combustion  promoting  material  to 
be  injected  at  that  time  Q  is  read  out  from  a  map 
shown  in  Figure  4  in  which  the  amount  of  the 
combustion  promoting  material  to  be  injected  Q 
is  related  to  the  number  of  injections  N. 

After  the  injection  amount  Q  is  determined,  the 
exhaust  gas  temperature  T1  of  the  engine  1  is 
detected  on  the  basis  of  the  output  of  the  first 
exhaust  gas  temperature  sensor  23  in  step  S8. 
Further,  in  step  S9,  it  is  determined  whether  the 
exhaust  gas  temperature  T1  is  lower  than  an 
acceptable  limit  of  the  exhaust  gas  temperature 
TA  which  is  determined  taking  into  account  the 
lower  limit  of  the  exhaust  gas  temperature  below 
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which  cracking  of  the  filter  7  does  not  occur 
during  combustion  of  the  combustible  par- 
ticufates  caused  by  injection  of  the  combustion 
promoting  material.  When  it  is  not  determined 
that  the  former  is  lower  than  the  latter,  it  is  s 
considered  that  cracks  will  be  produced  in  the 
filter  7  if  the  combustion  promoting  material  is 
injected  to  burn  the  combustible  particulates  in 
the  filter  7,  and  the  control  circuit  22a  returns  to 
the  step  S8  to  repeat  the  steps  S8  and  S9  until  the  w 
former  becomes  lower  than  the  latter. 

When  it  is  determined  that  the  former  is  lower 
than  the  latter  in  the  step  S9,  a  combustion 
promoting  material  injecting  routine  is  carried  out 
according  to  steps  S10  to  S21,  and  an  exhaust  gas  ts 
amount  control  sub-routine  is  carried  out  in  paral- 
lel  according  to  steps  S51  to  S56  shown  in  Figure 
9.  In  the  step  S10,  the  electric  pump  12  of  the 
combustion  promoting  material  injecting  device  8 
is  energized,  and  then  in  the  step  S1  1,  the  20 
solenoid  valve  10b  of  the  injector  10  is  opened  to 
inject  the  combustion  promoting  material  toward 
the  filter  7.  This  condition  is  memorized  by  setting 
a  flag  F  to  1  in  the  step  S12,  and  then  a  timer  is  set 
in  the  step  S13.  In  the  step  S14,  it  is  determined,  25 
on  the  basis  of  the  timer  set  in  the  step  S13, 
whether  a  predetermined  time  has  lapsed  since 
injection  of  the  combustion  promoting  material 
began,  the  predetermined  time  being  determined 
taking  into  account  the  time  required  for  the  30 
combustible  particulates  to  be  satisfactorily 
burnt.  When  the  time  has  lapsed,  the  timer  is 
reset  in  the  step  S15  and  the  exhaust  gas 
temperature  T2  downstream  of  the  filter  7,  that  is, 
the  exhaust  gas  temperature  raised  by  the  com-  35 
bustion  of  the  combustible  particulates,  is 
detected  on  the  basis  of  the  output  signal  of  the 
second  exhaust  gas  temperature  sensor  25.  In  the 
step  S17,  it  is  determined  whether  the  exhaust 
gas  temperature  T2  downstream  of  the  filter  7  is  40 
higher  than  a  limit  of  the  exhaust  gas  temperature 
Ta  downstream  of  the  filter  7  which  is  determined 
taking  into  account  the  lower  limit  of  the  exhaust 
gas  temperature  downstream  of  the  filter  7  below 
which  cracking  of  the  filter  7  does  not  occur  45 
during  combustion  of  the  combustible  par- 
ticulates.  When  it  is  not  determined  that  the 
former  is  higher  than  the  latter,  it  is  determined  in 
the  step  S18  whether  the  electric  pump  12  has 
been  energized  for  a  time  interval  which  is  deter-  50 
mined  corresponding  to  the  injection  amount  Q 
determined  in  the  step  S7.  When  it  is  not  deter- 
mined  that  the  electric  pump  12  has  been  ener- 
gized  for  the  time  interval,  or  it  is  determined  that 
the  injection  of  the  combustion  promoting  55 
material  by  the  amount  Q  is  not  completed  yet, 
the  control  circuit  22a  returns  to  the  step  S16  to 
continue  the  injection.  Otherwise,  the  control 
circuit  22a  proceeds  to  the  step  S19,  and  closes 
the  solenoid  valve  10b  of  the  injector  10.  In  the  eo 
step  S20,  the  electric  pump  12  is  deenergized  to 
stop  injection  of  the  combustion  promoting 
material.  Finally,  the  flag  F  set  to  1  in  the  step  S12 
is  changed  to  0  in  the  step  S21,  and  then  the 
control  circuit  22a  returns  to  the  step  S1.  On  the  65 

other  hand,  when  it  is  determined  that  the 
exhaust  gas  temperature  T2  downstream  of  the 
filter  7  is  higher  than  the  limit  of  the  exhaust  gas 
temperature  TB  downstream  of  the  filter  7,  it  is 
considered  that  the  burning  temperature  of  the 
combustible  particulates  has  become  abnormally 
high,  and  the  injection  of  the  combustion  promot- 
ing  material  is  immediately  stopped  according  to 
the  steps  S1  9  to  S21. 

In  the  exhaust  gas  amount  control  sub  routine, 
the  travel  distance  is  detected  on  the  basis  of  the 
output  signal  of  the  total  odometer  24'  in  the  step 
S51  and  in  step  S52,  it  is  determined  whether  the 
travel  distance  has  reached  a  predetermined 
value  since  the  preceding  injection  of  the  com- 
bustion  promoting  material.  When  it  is  deter- 
mined  that  the  travel  distance  has  reached  the 
predetermined  value,  a  duty  signal  for  reducing 
the  opening  degree  of  the  flow  control  valve  14  to 
thereby  increase  the  amount  of  exhaust  gas 
flowing  through  the  filter  7  is  delivered  to  the  duty 
solenoid  valve  20  in  the  step  S53.  Otherwise  a 
duty  signal  for  increasing  the  opening  degree  of 
the  flow  control  valve  14  to  thereby  reduce  the 
amount  of  exhaust  gas  flowing  through  the  filter  7 
is  delivered  to  the  duty  solenoid  valve  20  in  the 
step  S54.  Thus,  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  is  kept  at  a  preset  value.  In 
the  step  S55,  it  is  determined  whether  the  flag  F  in 
the  combustion  promoting  material  injection 
routine  is  1  and  the  steps  S51  to  S55  are  repeated 
until  it  is  determined  that  the  flag  F  is  not  1  in  the 
step  S55.  When  it  is  determined  that  the  flag  F  is 
not  1  but  0  in  the  step  S55,  the  flow  control  valve 
14  is  closed  to  close  the  bypass  exhaust  passage 
13  in  the  step  S56,  and  thus,  the  exhaust  gas 
amount  control  is  ended. 

Instead  of  the  travel  distance,  the  amount  of 
fuel  consumption  can  be  used  for  determining  the 
time  the  combustion  promoting  material  is  to  be 
injected.  In  this  case,  the  combustion  promoting 
material  is  injected  every  predetermined  amount 
of  fuel  consumption.  This  can  be  accomplished  by 
providing  an  integrating  fuel  consumption  meter 
to  the  fuel  reservoir  or  taking  out  a  signal  from  a 
float  connected  to  the  fuel  gauge,  for  instance. 
This  arrangement  is  advantageous  in  that  the 
amount  of  the  combustible  particulates  trapped 
by  the  filter  7  is  substantially  related  to  fuel 
consumption.  Now  the  operation  of  the  control 
circuit  22a  when  the  amount  of  fuel  consumption 
is  used  for  determining  the  time  the  combustion 
promoting  material  is  to  be  injected  instead  of  the 
travel  distance  will  be  described  with  reference  to 
Figures  10  and  11. 

In  Figure  10,  step  S1  is  an  initializing  step  in 
which  the  flow  control  valve  14  is  closed  to  close 
the  bypass  exhaust  passage  13.  In  steps  S2  and 
S3,  the  engine  speed  and  the  engine  load  are 
respectively  detected  on  the  basis  of  the  shaft 
rpm  and  the  control  sleeve  position  of  the  fuel 
pump  4.  In  step  S4,  the  amount  of  fuel  consump- 
tion  is  detected  and  in  step  S5,  it  is  determined 
whether  the  amount  of  fuel  consumption  has 
reached  a  predetermined  value  since  the  preced- 
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ing  injection  of  the  combustion  promoting 
material.  When  it  is  determined  that  the  amount 
of  fuel  consumption  has  reached  the  predeter- 
mined  value,  the  control  circuit  22a  proceeds  to 
step  S6.  Otherwise,  the  control  circuit  22a  returns  5 
to  the  step  S2  to  repeat  the  steps  S2  to  S5. 
Thereafter,  the  control  circuit  22a  accomplishes 
steps  S6  to  S21  which  are  the  same  as  the  steps 
S6  to  S21  in  Figure  8. 

in  the  exhaust  gas  amount  control  sub  routine  w 
shown  in  Figure  11,  the  amount  of  fuel  consump- 
tion  is  detected  in  the  step  S51,  and  in  step  S52  it 
is  determined  whether  the  amount  of  fuel  con- 
sumption  has  reached  a  predetermined  value 
since  the  preceding  injection  of  the  combustion  is 
promoting  material.  When  it  is  determined  that 
the  amount  of  fuel  consumption  has  reached  the 
predetermined  value,  a  duty  signal  for  reducing 
the  opening  degree  of  the  flow  control  valve  14  to 
thereby  increase  the  amount  of  exhaust  gas  20 
flowing  through  the  filter  7  is  delivered  to  the  duty 
solenoid  valve  20  in  the  step  S53.  Otherwise  a 
duty  signal  for  increasing  the  opening  degree  of 
the  flow  control  valve  14  to  thereby  reduce  the 
amount  of  exhaust  gas  flowing  through  the  filter  7  25 
is  delivered  to  the  duty  solenoid  valve  20  in  the 
step  S54.  Thus,  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  is  kept  at  a  preset  value.  In 
the  step  S55,  it  is  determined  whether  the  flag  F  in 
the  combustion  promoting  material  injection  30 
routine  is  1  and  the  steps  S51  to  S55  are  repeated 
until  it  is  determined  that  the  flag  F  is  not  1  in  the 
step  S55.  When  it  is  determined  that  the  flag  F  is 
not  1  but  0  in  the  step  S55,  the  flow  control  valve 
14  is  closed  to  close  the  bypass  exhaust  passage  35 
13  in  the  step  S56,  and  thus,  the  exhaust  gas 
amount  control  is  ended. 

In  the  exhaust  gas  cleaning  system  in  accord- 
ance  with  still  another  modification  shown  in 
Figure  12,  the  time  the  combustion  promoting  40 
material  is  to  be  injected  is  determined  according 
to  the  total  of  the  actual  operating  time  of  the 
engine.  The  total  of  the  actual  operating  time  can 
be  detected  by  integrating  the  time  that  the 
ignition  switch  24"  is  on  or  the  time  that  the  45 
alternator  24"a  (shown  by  the  dotted  line  in 
Figure  12)  is  operated. 

Now  the  operation  of  the  control  circuit  22b 
when  the  total  of  the  actual  operating  time  of  the 
engine  is  used  for  determining  the  time  the  so 
combustion  promoting  material  is  to  be  injected 
will  be  described  with  reference  to  Figures  13  and 
14. 

In  Figure  13,  step  S1  is  an  initializing  step  in 
which  the  flow  control  valve  14  is  closed  to  close  55 
the  bypass  exhaust  passage  13.  In  steps  S2  and 
S3,  the  engine  speed  and  the  engine  load  are 
respectively  detected  on  the  basis  of  the  shaft 
rpm  and  the  control  sleeve  position  of  the  fuel 
pump  4.  In  step  S4,  the  total  of  the  actual  60 
operating  time  is  detected  on  the  basis  of  the 
output  signal  of  the  ignition  switch  24"  or  the 
alternator  24"  a  and  in  step  S5,  it  is  determined 
whether  the  total  operating  time  has  reached  a 
predetermined  value  since  the  preceding  injec-  65 

tion  of  the  combustion  promoting  material.  When 
it  is  determined  that  the  total  operating  time  has 
reached  the  predetermined  value,  the  control 
circuit  22b  proceeds  to  step  S6.  Otherwise,  the 
control  circuit  22b  returns  to  the  step  S2  to  repeat 
the  steps  S2  to  S5.  Thereafter,  the  control  circuit 
22b  accomplishes  steps  S6  to  S21  which  are  the 
same  as  the  steps  S6  to  S21  in  Figure  8. 

In  the  exhaust  gas  amount  control  sub  routine 
shown  in  Figure  14,  the  total  operating  time  is 
detected  in  the  step  S51  and  in  step  S52,  it  is 
determined  whether  the  total  operating  time  has 
reached  a  predetermined  value  since  the  preced- 
ing  injection  of  the  combustion  promoting 
material.  When  it  is  determined  that  the  total 
operating  time  has  reached  the  predetermined 
value,  a  duty  signal  for  reducing  the  opening 
degree  of  the  flow  control  valve  14  to  thereby 
increase  the  amount  of  exhaust  gas  flowing 
through  the  filter  7  is  delivered  to  the  duty 
solenoid  valve  20  in  the  step  S53.  Otherwise  a 
duty  signal  for  increasing  the  opening  degree  of 
the  flow  control  valve  14  to  thereby  reduce  the 
amount  of  exhaust  gas  flowing  through  the  filter  7 
is  delivered  to  the  duty  solenoid  valve  20  in  the 
step  S54.  Thus,  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  is  kept  at  a  preset  value.  In 
the  step  S55,  it  is  determined  whether  the  flag  F  in 
the  combustion  promoting  material  injection 
routine  is  1  and  the  steps  S51  to  S55  are  repeated 
until  it  is  determined  that  the  flag  F  is  not  1  in  the 
step  S55.  When  it  is  determined  that  the  flag  F  is 
not  1  but  0  in  the  step  S55,  the  flow  control  valve 
14  is  closed  to  close  the  bypass  exhaust  passage 
13  in  the  step  S56,  and  thus,  the  exhaust  gas 
amount  control  is  ended. 

In  the  exhaust  gas  cleaning  system  in  accord- 
ance  with  still  another  modification  shown  in 
Figure  15,  the  time  the  combustion  promoting 
material  is  to  be  injected  is  determined  according 
to  the  total  of  the  number  of  revolutions  of  the 
engine.  In  this  modification,  the  control  circuit  22c 
integrates  the  output  of  an  engine  revolution 
detector  124  and  permits  injection  of  the  combus- 
tion  promoting  material  every  predetermined 
number  of  revolutions  of  the  engine. 

Now  the  operation  of  the  control  circuit  22c  in 
this  modification  will  be  described  with  reference 
to  Figures  16  and  17. 

In  Figure  16,  step  S1  is  an  initializing  step  in. 
which  the  flow  control  valve  14  is  closed  to 

close  the  bypass  exhaust  passage  13.  In  steps  S2 
and  S3,  the  engine  load  and  the  engine  speed  are 
respectively  detected  on  the  basis  of  the  shaft 
rpm  and  the  control  sleeve  position  of  the  fuel 
pump  4.  In  step  S4,  the  total  number  of  the  engine 
revolutions  is  detected  and  in  step  S5,  it  is 
determined  whether  the  total  number  of  engine 
revolutions  has  -reached  apredetermined  value 
since  the  preceding  injection  of  the  combustion 
promoting  material.  When  it  is  determined  that 
the  total  number  of  engine  revolutions  has 
reached  the  predetermined  value,  the  control 
circuit  22c  proceeds  to  step  S6.  Otherwise,  the 
control  circuit  22c  returns  to  the  step  S2  to  repeat 
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the  steps  S2  to  S5.  Thereafter,  the  control  circuit 
22c  accomplishes  steps  S6  to  S21  which  are  the 
same  as  the  steps  S6  to  S21  in  Figure  8. 

In  the  exhaust  gas  amount  control  sub  routine 
shown  in  Figure  17,  the  total  number  of  engine  5 
revolutions  is  detected  in  the  step  S51  and  in  step 
552,  it  is  determined  whether  the  total  number  of 
engine  revolutions  has  reached  a  predetermined 
value  since  the  preceding  injection  of  the  com- 
bustion  promoting  material.  When  it  is  deter-  w 
mined  that  the  total  number  of  engine  revolutions 
has  reached  the  predetermined  value,  a  duty 
signal  for  reducing  the  opening  degree  of  the  flow 
control  valve  14  to  thereby  increase  the  amount  of 
exhaust  gas  flowing  through  the  filter  7  is  15 
delivered  to  the  duty  solenoid  valve  20  in  the  step 
553,  Otherwise  a  duty  signal  for  increasing  the 
opening  degree  of  the  flow  control  valve  14  to 
thereby  reduce  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  7  is  delivered  to  the  duty  20 
solenoid  valve  20  in  the  step  S54.  Thus,  the 
amount  of  exhaust  gas  flowing  through  the  filter 
is  kept  at  a  preset  value.  In  the  step  S55,  it  is 
determined  whether  the  flag  F  in  the  combustion 
promoting  material  injection  routine  is  1  and  the  25 
steps  S51  to  S55  are  repeated  until  it  is  deter- 
mined  that  the  flag  F  is  not  1  in  the  step  S55. 
When  it  is  determined  that  the  flag  F  is  not  1  but  0 
in  the  step  S55,  the  flow  control  valve  14  is  closed 
to  close  the  bypass  exhaust  passage  13  in  the  step  30 
S56,  and  thus,  the  exhaust  gas  amount  control  is 
ended. 

The  electrical  resistance  of  the  paniculate  filter 
7  is  reduced  as  the  amount  of  the  catalytic 
component  increases  as  described  above  in  con-  35 
junction  with  Figure  5.  Accordingly,  the  time  the 
combustion  promoting  material  is  to  be  injected 
can  be  determined  by  detecting  the  resistance  of 
the  paniculate  filter  7.  In  a  still  another  embodi- 
ment  of  the  present  invention,  the  control  circuit  40 
22d  receives  the  output  of  a  resistance  sensor 
which  may  comprise  a  pair  of  opposed  terminals 
disposed  in  the  paniculate  filter  7  and  detects  the 
electrical  resistance  of  the  paniculate  filter  7,  and 
permits  injection  of  the  combustion  promoting  45 
material  when  reduction  in  the  electrical 
resistance  of  the  paniculate  filter  7  has  reached  a 
predetermined  value. 

Now  the  operation  of  the  control  circuit  22d  will 
be  described  with  reference  to  Figures  19  and  20.  so 

In  Figure  19,  step  S1  is  an  initializing  step  in 
which  the  flow  control  valve  14  is  closed  to  close 
the  bypass  exhaust  passage  13.  In  steps  S2  and 
S3,  the  engine  speed  and  the  engine  load  are 
respectively  detected  on  the  basis  of  the  shaft  55 
rpm  and  the  control  sleeve  position  of  the  fuel 
pump  4.  In  step  S4,  the  reduction  in  the  electrical 
resistance  of  the  paniculate  filter  7  is  detected  on 
the  basis  of  the  output  signal  of  the  resistance 
sensor  224  and  in  step  S5,  it  is  determined  60 
whether  the  reduction  in  electrical  resistance  of 
the  paniculate  filter  7  due  to  deposition  of  the 
catalytic  component  has  reached  a  predeter- 
mined  value  since  the  preceding  injection  of  the 
combustion  promoting  material.  When  it  is  deter-  65 

mined  that  the  reduction  in  electrical  resistance 
has  reached  the  predetermined  value,  the  control 
circuit  22d  proceeds  to  step  S6.  Otherwise,  the 
control  circuit  22d  returns  to  the  step  S2  to  repeat 
the  steps  S2  to  S5.  Thereafter,  the  control  circuit 
22d  accomplishes  steps  S6  to  S21  which  are  the 
same  as  the  steps  S6  to  S21  in  Figure  8. 

In  the  exhaust  gas  amount  control  sub  routine 
shown  in  Figure  20,  the  reduction  in  electrical 
resistance  is  detected  in  the  step  S51  and  in  step 
552,  it  is  determined  whether  the  reduction  in 
electrical  resistance  has  reached  a  predetermined 
value  since  the  preceding  injection  of  the  com- 
bustion  promoting  material.  When  it  is  deter- 
mined  that  the  reduction  in  electrical  resistance 
has  reached  the  predetermined  value,  a  duty 
signal  for  reducing  the  opening  degree  of  the  flow 
control  valve  14  to  thereby  increase  the  amount  of 
exhaust  gas  flowing  through  the  filter  7  is 
delivered  to  the  duty  solenoid  valve  20  in  the  step 
553.  Otherwise  a  duty  signal  for  increasing  the 
opening  degree  of  the  flow  control  valve  14  to 
thereby  reduce  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  7  is  delivered  to  the  duty 
solenoid  valve  20  in  the  step  S54.  Thus,  the 
amount  of  exhaust  gas  flowing  through  the  filter 
is  kept  at  a  preset  value.  In  the  step  S55,  it  is 
determined  whether  the  flag  F  in  the  combustion 
promoting  material  injection  routine  is  1  and  the 
steps  S51  to  S55  are  repeated  until  it  is  deter- 
mined  that  the  flag  F  is  not  1  in  the  step  S55. 
When  it  is  determined  that  the  flag  F  is  not  1  but  0 
in  the  step  S55,  the  flow  control  valve  14  is  closed 
to  close  the  bypass  exhaust  passage  1  3  in  the  step 
S56,  and  thus,  the  exhaust  gas  amount  controljs 
ended. 

Figures  21  and  22  show  the  operation  of  the 
control  circuit  of  an  exhaust  gas  cleaning  system 
in  accordance  with  still  another  modification.  The 
exhaust  gas  cleaning  system  of  this  modification 
is  mechanically  the  same  as  that  shown  in  Figure 
1  except  that  the  back  pressure  sensor  24  is  not- 
necessary.  In  this  modification,  the  control  circuit 
calculates  a  function  formula  including  the  engine 
speed  and  the  engine  load  as  two  parameters, 
and  permits  injection  of  the  combustion  promot- 
ing  material  when  the  integration  of  the  function 
formula  exceeds  a  predetermined  value.  In  Figure 
21,  step  S1  is  an  initializing  step  in  which  the  flow 
control  valve  14  is  closed  to  close  the  bypass 
exhaust  passage  13.  In  steps  S2  and  S3,  the 
engine  speed  and  the  engine  load  are  respectively 
detected  on  the  basis  of  the  shaft  rpm  and  the 
control  sleeve  position  of  the  fuel  pump  4.  In  step 
S4,  the  integration  C  of  a  predetermined  function 
formula  C=/f(x1,  xz)dx  (wherein  x,  and  x2  respec- 
tively  represent  the  engine  speed  and  the  engine 
load)  is  calculated,  and  in  step  S5,  it  is  determined 
whether  the  value  of  the  integration  C  exceeds  a 
predetermined  value  since  the  preceding  injec- 
tion  of  the  combustion  promoting  material.  When 
it  is  determined  that  the  value  of  the  integration  C 
exceeds  the  predetermined  value,  the  control 
circuit  proceeds  to  step  S6.  Otherwise,  the  control 
circuit  returns  to  the  step  S2  to  repeat  the  steps  S2 

10 
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to  S5.  Thereafter,  the  control  circuit  accomplishes 
steps  S6  to  S21  which  are  the  same  as  the  steps 
S6  to  S21  in  Figure  8. 

In  the  exhaust  gas  amount  control  sub  routine 
shown  in  Figure  22,  the  value  of  the  integration  C 
is  calculated  in  the  step  S51  and  in  step  S52,  it  is 
determined  whether  the  value  of  the  integration  C 
exceeds  a  predetermined  value  since  the  preced- 
ing  injection  of  the  combustion  promoting 
material.  When  it  is  determined  that  the  value  of 
the  integration  C  exceeds  the  predetermined 
value,  a  duty  signal  for  reducing  the  opening 
degree  of  the  flow  control  valve  14  to  thereby 
increase  the  amount  of  exhaust  gas  flowing 
through  the  filter  7  is  delivered  to  the  duty 
solenoid  valve  20  in  the  step  S53.  Otherwise  a 
duty  signal  for  increasing  the  opening  degree  of 
the  flow  control  valve  14  to  thereby  reduce  the 
amount  of  exhaust  gas  flowing  through  the  filter  7 
is  delivered  to  the  duty  solenoid  valve  20  in  the 
step  S54.  Thus,  the  amount  of  exhaust  gas  flow- 
ing  through  the  filter  is  kept  at  a  preset  value.  In 
the  step  S55,  it  is  determined  whether  the  flag  F  in 
the  combustion  promoting  material  injection 
routine  is  1  and  the  steps  S51  to  S55  are  repeated 
until  it  is  determined  that  the  flag  F  is  not  1  in  the 
step  S55.  When  it  is  determined  that  the  flag  F  is 
not  1  but  0  in  the  step  S55,  the  flow  control  valve 
14  is  closed  to  close  the  bypass  exhaust  passage 
13  in  the  step  S56,  and  thus,  the  exhaust  gas 
amount  control  is  ended. 

Instead  of  the  function  formula  including  the 
engine  speed  and  the  engine  load  as  parameters, 
a  function  formula  including  at  least  two  of  travel 
distance,  fuel  consumption,  engine  operating 
time,  engine  revolution  number,  engine  load  and 
electrical  resistance  of  the  particulate  filter  may 
be  used  in  order  to  more  properly  determine  the 
time  the  combustion  promoting  material  is  to  be 
injected. 

Still  another  embodiment  of  the  present  inven- 
tion  will  be  described  with  reference  to  Figures  23 
and  24. 

The  exhaust  gas  cleaning  system  of  this 
embodiment  is  very  similar  to  that  shown  in 
Figure  1  except  that  there  is  provided,  instead  of 
the  flow  control  valve  14,  a  change-over  valve  14' 
which  is  moved  between  a  first  position  shown  by 
the  solid  line  in  Figure  23  in  which  it  prevents  the 
exhaust  gas  from  flowing  into  the  filter  7  and 
causes  all  the  exhaust  gas  to  flow  through  the 
bypass  exhaust  passage  13,  and  a  second  posi- 
tion  in  which  it  prevents  the  exhaust  gas  from 
flowing  into  the  bypass  exhaust  passage  13  and 
causes  the  whole  exhaust  gas  to  flow  into  the 
filter  7.  Accordingly,  the  parts  analogous  to  the 
parts  shown  in  Figure  1  are  given  the  same 
reference  numerals  and  will  not  be  described 
here.  The  change-over  valve  14'  is  driven  by  the 
diaphragm  device  16  under  the  control  of  the 
three-way  solenoid  valve  20  similarly  to  the  flow 
control  valve  14  in  the  first  embodiment. 

When  it  is  determined  that  the  filter  7  is  clog- 
ged,  the  control  circuit  22'  controls  the  three-way 
solenoid  valve  20  to  move  the  change-over  valve 

14'  to  the  first  position  so  that  no  exhaust  gas 
flows  into  the  filter  7,  and  compares  the  actual 
exhaust  gas  temperature  T1  upstream  of  the  filter 
7  with  a  preset  temperature  TA  which  is  deter- 

5  mined  taking  into  account  the  boiling  tempera- 
ture  of  the  solvent  of  the  combustion  promoting 
material,  and  when  the  former  is  not  higher  than 
the  latter,  the  control  circuit  22'  permits  injection 
of  the  combustion  promoting  material. 

10  The  operation  of  the  control  circuit  22'  will  be 
described  in  more  detail  with  reference  to  the 
flow  chart  shown  in  Figure  24,  hereinbelow. 

In  Figure  24,  step  S1  is  an  initializing  step  in 
which  the  change-over  valve  14'  is  moved  to  the 

75  first  position  to  close  the  bypass  exhaust  passage 
13.  In  steps  S2  and  S3,  the  engine  speed  and  the 
engine  load  are  respectively  detected  on  the  basis 
of  the  shaft  rpm  and  the  control  sleeve  position  of 
the  fuel  pump  4.  In  step  S4,  the  back  pressure  of 

20  the  engine  1  is  detected  on  the  basis  of  the  output 
signal  of  the  back  pressure  sensor  24,  and  in  step 
S5  it  is  determined  whether  the  back  pressure  has 
ever  been  lowered  to  a  proper  value  which  is 
predetermined  for  the  operating  range  of  the 

25  engine  1  detected  in  the  steps  S2  and  S3,  that  is,  it 
is  determined  whether  the  combustible  par- 
ticulates  trapped  by  the  filter  7  have  ever  been 
burnt.  When  it  is  not  determined  that  the  back 
pressure  has  been  once  lowered  to  the  predeter- 

30  mined  proper  back  pressure,  the  control  circuit 
22'  returns  to  the  step  S4  to  repeat  the  steps  S4 
and  S5.  When  it  is  determined  that  the  back 
pressure  has  been  once  lowered  to  the  predeter- 
mined  proper  back  pressure  in  the  step  S5,  it  is 

35  determined  in  step  S6  whether  the  back  pressure 
detected  in  the  step  S4  is  higher  than  the  pre- 
determined  proper  back  pressure,  that  is,  whether 
the  particulate  filter  7  is  clogged  by  the  combust- 
ible  particulates  trapped  thereby.  When  it  is  deter- 

40  mined  that  the  filter  7  is  clogged,  the  control 
circuit  22'  proceeds  to  step  S7.  Otherwise,  the 
control  circuit  22'  returns  to  the  step  S2  to  repeat 
the  steps  S2  to  S6. 

In  the  step  S7,  the  three-way  solenoid  valve  20 
45  is  energized  to  move  the  change-over  valve  14'  to 

the  second  position,  thereby  opening  the  bypass 
exhaust  passage  13  and  preventing  the  exhaust 
gas  from  entering  the  filter  7.  In  the  next  step  S8, 
the  number  of  injections  N  of  the  combustion 

so  promoting  material  which  have  been  made  by 
that  time  is  counted,  and  in  step  S9,  the  amount  of 
the  combustion  promoting  material  to  be  injected 
at  that  time  Q  is  read  out  from  the  map  shown  in 
Figure  4  in  which  the  amount  of  the  combustion 

55  promoting  material  to  be  injected  Q  is  related  to 
the  number  of  injections  N. 

After  the  injection  amount  Q  is  thus  deter- 
mined,  the  exhaust  gas  temperature  T1  of  the 
engine  1  is  detected  on  the  basis  of  the  output  of 

so  the  first  exhaust  gas  temperature  sensor  23  in 
step  S10.  Further,  in  step  S1  1,  it  is  determined 
whether  the  exhaust  gas  temperature  T1  is  lower 
than  said  preset  temperature  TA  which  is  deter- 
mined  taking  into  account  the  boiling  tempera- 

65  ture  of  the  solvent  of  the  combustion  promoting 
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material.  When  it  is  not  determined  that  the 
former  is  lower  than  the  latter,  the  control  circuit 
22'  returns  to  the  step  S10  to  repeat  the  steps  S10 
and  S1  1  until  the  former  becomes  lower  than  the 
latter.  5 

When  it  is  determined  that  the  former  is  lower 
than  the  latter  in  the  step  S11,  a  combustion 
promoting  material  injecting  routine  is  carried  out 
according  to  steps  S12  to  S24,  and  an  exhaust  gas 
amount  control  sub-routine  is  carried  out  in  paral-  io 
lei  according  to  steps  S51  to  S56  shown  in  Figure 
3.  In  the  step  S12,  the  electric  pump  12  of  the 
combustion  promoting  material  injecting  device  8 
is  energized,  and  then  in  the  step  S13,  the 
solenoid  valve  10b  of  the  injector  10  is  opened  to  15 
inject  the  combustion  promoting  material  toward 
the  filter  7.  This  condition  is  memorized  by  setting 
a  flag  F  to  1  in  the  step  S14,  and  then  a  timer  is  set 
in  the  step  S15.  In  the  step  S16,  it  is  determined, 
on  the  basis  of  the  timer  set  in  the  step  S15,  20 
whether  a  predetermined  time  has  lapsed  since 
injection  of  the  combustion  promoting  material 
begins,  the  predetermined  time  being  determined 
taking  into  account  the  time  required  for  the 
combustible  particulates  to  be  satisfactorily  25 
burnt.  When  the  time  has  expired,  the  timer  is 
reset  in  the  step  S17  and  the  exhaust  gas 
temperature  T2  downstream  of  the  filter  7,  that  is, 
the  exhaust  gas  temperature  raised  by  the  com- 
bustion  of  the  combustible  particulates,  is  30 
detected  on  the  basis  of  the  output  signal  of  the 
second  exhaust  gas  temperature  sensor  25  in  the 
step  S18.  In  the  step  S19,  it  is  determined  whether 
the  exhaust  gas  temperature  T2  downstream  of 
the  filter  7  is  higher  than  a  limit  of  the  exhaust  gas  35 
temperature  TB  downstream  of  the  filter  7  which 
is  determined  taking  into  account  the  lower  limit 
of  the  exhaust  gas  temperature  downstream  of 
the  filter  7  below  which  cracking  of  the  filter  7 
does  not  occur  during  combustion  of  the  com-  40 
bustible  particulates.  When  it  is  not  determined 
that  the  former  is  higher  than  the  latter,  it  is 
determined  in  the  step  S20  whether  the  electric 
pump  12  has  been  energized  for  a  time  interval 
which  is  determined  corresponding  to  the  injec-  45 
tion  amount  Q  determined  in  the  step  S9.  When  it 
is  not  determined  that  the  electric  pump  12  has 
been  energized  for  the  time  interval,  or  it  is 
determined  that  the  injection  of  the  combustion 
promoting  material  by  the  amount  Q  is  not  so 
completed  yet,  the  control  circuit  22'  returns  to 
the  step  S18  to  continue  the  injection.  Otherwise, 
the  control  circuit  22'  proceeds  to  the  step  S21, 
and  closes  the  solenoid  valve  10b  of  the  injector 
10.  In  the  step  S22,  the  electric  pump  12  is  55 
deenergized  to  stop  injection  of  the  combustion 
promoting  material.  Finally,  the  flag  F  set  to  1  in 
the  step  S14  is  changed  to  0  in  the  step  S23,  and 
then  the  three-way  solenoid  valve  20  is  deener- 
gized  to  return  the  change-over  valve  14'  to  the  60 
second  position.  Thereafter,  the  control  circuit  22' 
returns  to  the  step  S1  .  On  the  other  hand,  when  it 
is  determined  that  the  exhaust  gas  temperature 
T2  downstream  of  the  filter  7  is  higher  than  the 
limit  of  the  exhaust  gas  temperature  TB  down-  65 

stream  of  the  filter  7,  it  is  considered  that  the 
burning  temperature  of  the  combustible  par- 
ticulates  has  become  abnormally  high,  and  the 
injection  of  the  combustion  promoting  material  is 
immediately  stopped  according  to  the  steps  S21 
to  S24. 

Thus,  in  this  embodiment,  while  the  combus- 
tion  promoting  material,  which  is  liquid  in  this 
particular  embodiment,  is  injected  toward  the 
particulate  filter  7,  flow  of  the  exhaust  gas  into  the 
filter  is  stopped  by  moving  the  change-over  valve 
to  the  first  position.  Accordingly,  the  combustion 
promoting  material  can  be  injected  in  an  optimal 
manner  so  that  the  material  can  uniformly  adhere 
to  the  surface  of  the  filter  7  over  the  entire  area 
thereof,  whereby  the  filter  7  can  be  refreshed  in 
an  optimal  manner. 

Further,  since  the  combustion  promoting 
material  is  injected  only  when  the  exhaust  gas 
temperature  T1  upstream  of  the  filter  7  is  lower 
than  the  preset  temperature  determined  taking 
into  account  the  boiling  temperature  of  the 
solvent,  vaporization  of  the  solvent  is  limited  and 
growth  of  crystal  of  the  catalytic  component  is 
limited.  Therefore,  the  combustion  promoting 
material  can  be  uniformly  deposited  on  the  sur- 
face  of  the  combustible  particulates  over  the 
entire  area  thereof,  whereby  the  filter  7  can  be 
refreshed  more  efficiently. 

Claims 

1.  An  exhaust  gas  cleaning  system  for  an 
internal  combustion  engine,  comprising  a  particu- 
late  filter  (7)  which  is  provided  in  the  exhaust 
system  of  the  engine  (1)  to  trap  combustible 
particulates  contained  in  exhaust  gas  of  the 
engine,  a  combustion  promoting  material  inject- 
ing  device  (8)  which  is  disposed  in  the  exhaust 
system  upstream  of  the  filter  (7)  to  inject  a 
combustion  promoting  material  for  promoting 
combustion  of  the  particulates  trapped  in  the  filter 
(7),  a  bypass  exhaust  passage  (13)  which  con- 
nects  a  portion  of  the  exhaust  passage  (6) 
upstream  of  the  injecting  device  (8)  and  a  portion 
of  the  same  downstream  of  the  filter  (7),  a  control 
valve  means  (14,  16)  for  controlling  flow  of  the 
exhaust  gas  into  the  filter  (7),  a  control  means  (22, 
22a  to  22d,  22'),  which  causes  the  injecting  device 
(8)  to  inject  the  combustion  promoting  material  in 
response  to  an  output  signal  of  a  clogging  detect- 
ing  means  (24,  24',  24",  24a",  124,  224)  which 
represents  a  clogged  state  of  the  filter  (7),  which 
further  controls  the  time  during  which  the  inject- 
ing  device  (8)  injects  the  combustion  promoting 
material,  which  further  controls  the  control  valve 
means  (14,  16)  so  that  the  amount  of  the  exhaust 
gas  flowing  into  the  filter  (7)  is  adjusted  to  a 
preset  amount  while  the  injecting  device  (8) 
injects  the  combustion  promoting  material  and 
which  receives  output  signals  of  an  exhaust  gas 
temperature  detecting  means  (23,  25),  comprising 
a  first  temperature  sensor  (23)  upstream  of  the 
filter  (7)  and  a  second  temperature  sensor  (25) 
downstream  of  the  filter  (7)  for  detecting  the 
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exhaust  gas  temperature  upstream  and  down- 
stream  of  the  filter,  respectively,  and  stops  injec- 
tion  of  the  combustion  promoting  material  when 
the  exhaust  gas  temperature  downstream  of  the 
filter  (7)  is  higher  than  a  predetermined  limit,  5 
characterized  in  that  the  principal  component  of 
said  combustion  promoting  material  is  a  mixture 
of  a  catalytic  liquid  and  a  liquid  hydrocarbon,  in 
that  the  injecting  device  (8)  is  controllable  in  such 
a  way  that  the  amount  of  the.combustion  promot-  w 
ing  material  to  be  injected  is  reduced  as  the 
number  of  injections  increases,  in  that  said  con- 
trol  means  (22,  22a  to  22d,  22')  compares  the 
exhaust  gas  temperature  with  an  acceptable  limit 
temperature  of  the  exhaust  gas,  which  is  deter-  w 
mined  taking  into  account  the  lower  limit  of  the 
exhaust  gas  temperature  below  which  no  crack- 
ing  of  the  filter  occurs  during  combustion  of  the 
particulates,  and  inhibits  injection  of  the  combus- 
tion  promoting  material  when  the  exhaust  gas  20 
temperature  upstream  of  the  filter  (7)  is  higher 
than  said  limit  temperature  and  interrupts  injec- 
tion  of  the  combustion  promoting  material  when 
the  exhaust  gas  temperature  downstream  of  the 
filter  (7)  is  higher  than  a  limit  which  is  determined  25 
taking  into  account  the  critical  exhaust  gas 
temperature  downstream  of  the  filter  (7)  above 
which  cracking  of  the  filter  can  occur. 

2.  An  exhaust  gas  cleaning  system  as  defined  in 
claim  1,  characterized  in  that  said  flow  control  30 
valve  means  (14,  16)  is  a  flow  control  valve  (14) 
which  is  disposed  in  the  bypass  exhaust  passage 
(13)  to  control  the  amount  of  the  exhaust  gas 
flowing  through  the  bypass  exhaust  passage  (13), 
thereby  controlling  the  flow  of  exhaust  gas  into  35 
the  filter  (7). 

3.  An  exhaust  gas  cleaning  system  as  defined  in 
claim  2,  characterized  in  that  the  control  means 
(22,  22a  to  22d,  22')  controls  the  flow  control  valve 
means  (14,  16)  so  that  the  amount  of  exhaust  gas  40 
flowing  through  the  bypass  exhaust  passage  (13) 
increases  as  the  engine  speed  increases. 

4.  An  exhaust  gas  cleaning  system  as  defined  in 
claim  1,  characterized  in  that  it  further  comprises 
means  (26,  27)  for  establishing  an  electromagne-  45 
tic  field  between  the  injecting  device  (8)  and  the 
filter  (7)  and  means  for  charging  the  combustion 
promoting  material. 

5.  An  exhaust  gas  cleaning  system  as  defined  in 
claim  4,  characterized  in  that  the  filter  (7)  is  of  a  so 
honeycomb  structure  and  said  means  (26)  for 
charging  the  combustion  promoting  material 
comprise  a  plurality  of  elongated  electrodes 
which  are  inserted  into  the  passages  of  the  filter 
(7)  from  the  downstream  end  thereof,  the  length  55 
of  the  electrodes  being  a  maximum  at  the  center 
of  the  filter  (7)  and  decreasing  toward  the 
periphery,  and  in  that  means  (27)  are  provided  for 
applying  a  voltage  of  the  same  polarity  to  the 
injecting  device  (8)  and  the  electrodes.  so 

6.  An  exhaust  gas  cleaning  system  as  defined  in 
claim  1,  characterized  in  that  the  control  means 
(22,  22a  to  22d,  22')  first  controls  the  control  valve 
means  (14,  16)  to  adjust  the  amount  of  the 
exhaust  gas  flowing  into  the  filter  (7)  and  then  65 

permits  the  injecting  device  (8)  to  inject  the 
combustion  promoting  material  when  same  is  to 
be  injected. 

7.  An  exhaust  gas  cleaning  system  as  defined  in 
any  one  of  claims  1  to  6,  characterized  in  that  the 
clogging  detecting  means  comprises  a  pressure 
sensor  (24)  for  detecting  the  pressure  of  exhaust 
gas. 

8.  An  exhaust  gas  cleaning  system  as  defined  in 
claim  7,  characterized  in  that  the  pressure  sensor 
(24)  is  disposed  in  the  exhaust  system  upstream 
of  the  filter  (7). 

9.  An  exhaust  gas  cleaning  system  as  defined  in 
claims  7  or  8,  characterized  in  that  the  control 
means  (22,  22a  to  22d,  22')  determines  a  proper 
back  pressure  for  the  detected  engine  speed 
represented  by  an  output  signal  of  an  engine 
speed  sensor  (4)  and  compares  the  proper  back 
pressure  with  the  detected  back  pressure  input 
from  the  pressure  sensor  (24)  to  control  the 
injecting  device  (8)  and  the  control  valve  means 
(14,  16)  on  the  basis  of  the  comparison. 

10.  An  exhaust  gas  cleaning  system  as  defined 
in  any  one  of  claims  1  to  6,  characterized  in  that 
the  clogging  detecting  means  comprises  an 
odometer  (24')  and  outputs  said  output  signal 
every  predetermined  travel  distance. 

11.  An  exhaust  gas  cleaning  system  as  defined 
in  any  one  of  claims  1  to  6,  characterized  in  that 
the  clogging  detecting  means  comprises  an 
integrating  fuel  consumption  meter  and  outputs 
said  output  signal  every  predetermined  amount 
of  fuel  consumption. 

12.  An  exhaust  gas  cleaning  system  as  defined 
in  any  one  of  claims  1  to  6,  characterized  in  that 
the  clogging  detecting  means  comprises  means 
for  detecting  the  total  of  the  actual  operating  time 
of  the  engine  (1)  and  outputs  said  output  signal 
every  predetermined  operating  time  interval  of 
the  engine. 

13.  An  exhaust  gas  cleaning  system  as  defined 
in  anyone  of  claims  1  to  6,  characterized  in  that 
the  clogging  detecting  means  comprises  means 
(124)  for  detecting  the  total  of  the  number  of  the 
engine  revolutions  and  outputs  said  output  signal 
every  predetermined  number  of  engine  revolu- 
tions. 

14.  An  exhaust  gas  cleaning  system  as  defined 
in  any  one  of  claims  1  to  6,  characterized  in  that 
the  clogging  detecting  means  comprises  means 
(224)  for  detecting  the  electrical  resistance  of  the 
filter  (7)  and  outputs  said  output  signal  when 
reduction  in  the  electrical  resistance  exceeds  a 
predetermined  value. 

15.  An  exhaust  gas  cleaning  system  as  defined 
in  any  one  of  claims  1  to  6,  characterized  in  that 
the  clogging  detecting  means  outputs  said  output 
signal  when  the  value  of  a  predetermined  func- 
tion  formula  including  the  engine  speed  and  the 
engine  load  as  parameters  exceeds  a  predeter- 
mined  value. 

16.  An  exhaust  gas  cleaning  system  as  defined 
in  any  one  of  claims  1  to  15,  characterized  in  that 
the  control  valve  means  is  a  change-over  valve 
(14')  which  is  movable  between  a  first  position,  in 
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which  it  prevents  the  exhaust  gas  from  flowing 
into  the  filter  (7)  and  causes  all  the  exhaust  gas  to 
flow  through  the  bypass  exhaust  passage  (13), 
and  a  second  position,  in  which  it  prevents  the 
exhaust  gas  from  flowing  into  the  bypass  exhaust  5 
passage  (13)  and  causes  all  the  exhaust  gas  to 
flow  into  the  filter  (7),  and  in  that  the  control 
means  moves  the  change-over  valve  (14')  to  the 
first  position. 

17.  An  exhaust  gas  cleaning  system  as  defined  10 
in  claim  16,  characterized  in  that  the  control 
means  moves  the  change-over  valve  (14')  to  the 
first  position,  when  the  combustion  promoting 
material  is  to  be  injected,  and  permits  the  inject- 
ing  device  (8)  to  inject  the  combustion  promoting  15 
material  when  the  temperature  in  the  exhaust 
system  upstream  of  the  filter  (7)  is  lower  than  a 
preset  temperature. 

Patentanspruche  20 

1.  Einrichtung  zur  Reinigung  des  Abgases  einer 
Brennkraftmaschine,  mit  einem  Teilchenfilter  (7), 
das  in  der  Auspuffanlage  der  Maschine  vorgese- 
hen  ist,  um  in  dem  Abgas  enthaltene  brennbare  25 
Teilchen  einzufangen,  mit  einer  Einspritzeinrich- 
tung  (8)  fur  ein  verbrennungsfordemdes  Material, 
die  stromauf  von  dem  Filter  (7)  in  der  Auspuffan- 
lage  angeordnet  ist,  um  das  verbrennungsfor- 
dernde  Material  zur  Forderung  der  Verbrennung  30 
der  in  dem  Filter  (7)  eingefangenen  Teilchen 
einzuspritzen,  mit  einer  BypaS-Auspuffleitung 
(13),  die  einen  Abschnitt  der  Auspuffleitung  (6) 
stromauf  von  der  Einspritzeinrichtung  (8)  mit 
einem  Abschnitt  der  Auspuffleitung  (6)  stromab  35 
von  dem  Filter  (7)  verbindet,  mit  einer  Steuerven- 
tileinrichtung  (14,  16)  zur  Steuerung  des  in  das 
Filter  (7)  eintretenden  Abgasstromes  und  mit 
einer  Steuereinrichtung  (22,  22a  bis  22d,  22'), 
welche  die  Einspritzeinrichtung  (8)  auf  ein  Aus-  40 
gangssignal  eines  Verstopfungsdetektors  (24,  24', 
24",  24a",  124,  224)  hin,  das  einen  verstopften 
Zustand  des  Filters  (7)  signalisiert,  zur  Einsprit- 
zung  des  verbrennungsfordemden  Materials  ver- 
anlasst,  ferner  die  Zeitdauer  steuert,  wahrend  der  45 
die  Einspritzeinrichtung  (8)  das  verbrennungsfor- 
dernde  Material  einspritzt,  weiterhin  die  Steuer- 
ventileinrichtung  (14,  16)  derart  steuert,  daS  wah- 
rend  des  Einspritzens  des  verbrennungsfordem- 
den  Materials  durch  die  Einspritzeinrichtung  (8)  so 
die  in  das  Filter  (7)  einstrdmende  Abgasmenge 
auf  einen  festgesetzten  Wert  eingestellt  wird,  und 
Ausgangssignale  einer  Abgastemperatur-Abta- 
steinrichtung  (23,  25)  aufnimmt,  welche  einen 
ersten  Temperaturfuhler  (23)  stromauf  von  dem  ss 
Filter  (7)  und  einen  zweiten  Temperaturfuhler  (25) 
stromab  von  dem  Filter  (7)  beinhaltet,  um  die 
Abgastemperatur  stromauf  bzw.  stromab  von 
dem  Filter  zu  ermitteln,  sowie  die  Einspritzung 
des  verbrennungsfordemden  Materials  beendet,  60 
wenn  die  Abgastemperatur  stromab  von  dem 
Filter  (7)  uber  einem  vorbestimmten  Grenzwert 
liegt,  dadurch  gekennzeichnet,  daB  die  Haupt- 
komponente  des  verbrennungsfordemden  Mate- 
rials  ein  Gemisch  aus  einer  Katalysatorflussigkeit  65 

und  einem  fliissigen  Kohlenwasserstoff  ist,  dalS 
die  Einspritzeinrichtung  (8)  derart  steuerbar  ist, 
daB  die  Menge  an  einzuspritzendem  verbren- 
nungsforderndem  Material  mit  zunehmender 
Anzahl  von  Einspritzungen  verringert  wird,  daS 
die  genannte  Steuereinrichtung  (22,  22a  bis  22d, 
22')  die  Abgastemperatur  mit  einer  zulassigen 
Abgas-Grenztemperatur  vergleicht,  die  unter 
Berucksichtigung  derjenigen  Untergrenze  der 
Abgastemperatur  festgelegt  ist,  unter  der  bei  der 
Teilchenverbrennung  noch  keine  RilSbildung  in 
dem  Filter  auftritt,  und  eine  Einspritzung  des 
verbrennungsfordemden  Materials  unterbindet, 
wenn  die  Abgastemperatur  stromauf  von  dem 
Filter  (7)  uber  der  genannten  Grenztemperatur 
liegt,  sowie  die  Einspritzung  des  Verbrennungs- 
fordemden  Materials  unterbricht,  sobald  die 
Abgastemperatur  stromab  von  dem  Filter  (7)  iiber 
einer  Grenze  liegt,  die  unter  Berucksichtigung  der 
kritischen  Abgastemperatur  stromab  von  dem 
Filter  (7),  bei  der  eine  RiSbildung  in  dem  Filter 
auftreten  kann,  festgelegt  ist. 

2.  Abgas-Reinigungseinrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  dalS  die 
genannte  Steuerventileinrichtung  (14,  16)  zur 
Steuerung  des  Abgasstromes  ein  Durchsatz-Steu- 
erventil  (14)  ist,  welches  in  der  BypaS-Auspufflei- 
tung  (13)  angeordnet  ist,  um  den  Abgas-Mengen- 
strom  durch  die  BypaB-Auspuffleitung  (13)  zu 
steuern,  wodurch  der  in  das  Filter  (7)  eintretende 
Abgasstrom  gesteuert  wird. 

3.  Abgas-Reinigungseinrichtung  nach 
Anspruch  2,  dadurch  gekennzeichnet,  da  (3  die 
Steuereinrichtung  (22,  22a  bis  22d,  22')  die  Steu- 
erventileinrichtung  (14,  16)  zur  Steuerung  des 
Abgasstromes  derart  steuert,  daK  der  Abgas- 
Mengenstrom  durch  die  BypaS-Auspuffleitung 
(13)  mit  steigender  Maschinendrehzahl  zunimmt. 

4.  Abgas-Reinigungseinrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  da  IS  sie 
weiterhin  eine  Einrichtung  (26,  27)  zur  Erzeugung 
eines  elektromagnetischen  Feldes  zwischen  der 
Einspritzeinrichtung  (8)  und  dem  Filter  (7)  sowie 
eine  Einrichtung  zur  Aufladung  des  verbren- 
nungsfordemden  Materials  aufweist. 

5.  Abgas-Reinigungseinrichtung  nach 
Anspruch  4,  dadurch  gekennzeichnet,  daS  das 
Filter  (7)  eine  Wabenstruktur  hat  und  die 
genannte  Einrichtung  (26)  zur  Aufladung  des  ver- 
brennungsfordemden  Materials  eine  Mehrzahl 
langgestreckter  Elektroden  aufweist,  welche  in 
die  Kanale  des  Filters  (7)  von  deren  abstrbmseiti- 
gem  Ende  aus  eingesetzt  sind,  wobei  die  Lange 
der  Elektroden  im  Zentrum  des  Filters  (7)  ein 
Maximum  hat  und  in  Richtung  auf  den  Umfang 
abnimmt,  und  daS  eine  Einrichtung  (27)  vorgese- 
hen  ist,  um  an  die  Einspritzeinrichtung  (8)  und  die 
Elektroden  eine  Spannung  derselben  Polaritat 
anzulegen. 

6.  Abgas-Reinigungseinrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  daB  die 
Steuereinrichtung  (22,  22a  bis  22d,  22')  zunachst 
die  Steuerventileinrichtung  (14,  16)  dahingehend 
steuert,  daS  der  in  das  Filter  (7)  eintretende 
Abgas-Mengenstrom  eingestellt  wird  und 
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anschlielSend  der  Einspritzeinrichtung  (8)  das  Ein- 
spritzen  des  verbrennungsfordernden  Materials 
gestattet,  sofern  dieses  eingespritzt  werden  soil. 

7.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspriiche  1  bis  6,  dadurch  gekennzeichnet,  5 
daK  der  Verstopfungsdetektor  einen  Druckfuhler 
(24)  zur  Feststellung  des  Abgasdruckes  beinhal- 
tet. 

8.  Abgas-Reinigungseinrichtung  nach 
Anspruch  7,  dadurch  gekennzeichnet,  daS  der  10 
Druckfuhler  (24)  in  der  Auspuffanlage  stromauf 
von  dem  Filter  (7)  angeordnet  ist. 

9.  Abgas-Reinigungseinrichtung  nach 
Anspruch  7  oder  8,  dadurch  gekennzeichnet,  daS 
die  Steuereinrichtung  (22,  22a  bis  22d,  22')  einen  15 
zutreffenden  Staudruck  entsprechend  der  abgeta- 
steten  Maschinendrehzahl,  reprasentiert  durch 
ein  Ausgangssignal  eines  Drehzahlfuhlers  (4), 
bestimmt  und  den  zutreffenden  Staudruck  mit 
dem  durch  den  Druckfuhler  (24)  eingegebenen  20 
abgetasteten  Staudruck  vergleicht,  um  die  Ein- 
spritzeinrichtung  (8)  und  die  Steuerventileinrich- 
tung  (14,  16)  auf  der  Basis  des  Vergleiches  zu 
steuern. 

10.  Abgas-Reinigungseinrichtung  nach  einem  25 
der  Anspruche  1  bis  6,  dadurch  gekennzeichnet, 
daS  der  Verstopfungsdetektor  einen  Wegmesser 
(24')  beinhaltet  und  das  genannte  Ausgangssi- 
gnal  nach  einer  jeden  vorbestimmten  Wegstrecke 
ausgibt.  30 

11.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspruche  1  bis  6,  dadurch  gekennzeichnet, 
da(S  der  Verstopfungsdetektor  einen  integrieren- 
den  Brennstoff-Verbrauchsmesser  beinhaltet  und 
das  genannte  Ausgangssignal  nach  jedem  Ver-  35 
brauch  einer  vorbestimmten  Brennstoffmenge 
ausgibt. 

12.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspruche  1  bis  6,  dadurch  gekennzeichnet, 
daB  der  Verstopfungsdetektor  eine  Einrichtung  40 
zur  Feststellung  der  Gesamtheit  der  tatsachlichen 
Betriebsdauer  der  Maschine  (1)  beinhaltet  und 
das  genannte  Ausgangssignal  nach  jedem  vorbe- 
stimmten  Betriebsdauer-Zeitintervall  der 
Maschine  ausgibt.  45 

13.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspruche  1  bis  6,  dadurch  gekennzeichnet, 
daS  der  Verstopfungsdetektor  eine  Einrichtung 
(124)  zur  Feststeilung  der  Gesamtanzahl  der 
Maschinenumdrehungen  beinhaltet  und  das  50 
genannte  Ausgangssignal  nach  jeder  vorbe- 
stimmten  Anzahl  von  Maschinenumdrehungen 
ausgibt. 

14.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  55 
dalS  der  Verstopfungsdetektor  eine  Einrichtung 
(224)  zur  Feststellung  des  elektrischen  Widerstan- 
des  des  Filters  (7)  beinhaltet  und  das  genannte 
Ausgangssignal  ausgibt,  sobald  die  Verringerung 
des  elektrischen  Widerstandes  einen  vorbe-  so 
stimmten  Wert  ubersteigt. 

15.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspruche  1  bis  6,  dadurch  gekennzeichnet, 
daB  der  Verstopfungsdetektor  das  genannte  Aus- 
gangssignal  dann  ausgibt,  wenn  der  Wert  einer  55 

vorbestimmten  Funktionsformel,  die  die  Maschi- 
nendrehzahl  und  die  Maschinenlast  als  Parameter 
beinhaltet,  einen  vorbestimmten  Wert  ubersteigt. 

16.  Abgas-Reinigungseinrichtung  nach  einem 
der  Anspruche  1  bis  15,  dadurch  gekennzeichnet, 
daB  die  Steuerventileinrichtung  ein  Umschaltven- 
til  (14')  ist,  das  zwischen  einer  ersten  Stellung,  in 
welches  es  das  Einstromen  des  Abgases  in  das 
Filter  (7)  verhindert  und  eine  Durchstrdmung  der 
BypaS-Auspuffleitung  (13)  durch  das  gesamte 
Abgas  bewirkt,  und  einer  zweiten  Stellung 
bewegbar  ist,  in  welcher  es  das  Einstromen  des 
Abgases  in  die  BypaB-Auspuffleitung  (13)  verhin- 
dert  und  ein  Einstromen  des  gesamten  Abgases 
in  das  Filter  (7)  bewirkt,  und  daB  die  Steuerein- 
richtung  das  Umschaltventil  (14')  in  die  erste 
Stellung  bewegt. 

17.  Abgas-Reinigungseinrichtung  nach 
Anspruch  16,  dadurch  gekennzeichnet,  daft  die 
Steuereinrichtung  das  Umschaltventil  (14')  in  die 
erste  Stellung  bewegt,  wenn  das  verbrennungs- 
fordernde  Material  eingespritzt  werden  soil,  und 
der  Einspritzeinrichtung  (8)  das  Einspritzen  des 
verbrennungsfordernden  Materials  gestattet, 
wenn  die  Temperatur  in  der  Auspuffanlage  stro- 
mauf  von  dem  Filter  (7)  unter  einer  festgesetzten 
Temperatur  liegt. 

Revendications 

1.  Systeme  depuration  des  gaz  d'echappement 
pour  moteur  a  combustion  interne,  comprenant 
un  filtre  a  particules  (7)  qui  est  prevu  dans  le 
systeme  d'echappement  du  moteur  (1)  pour 
emprisonner  les  particules  combustibles  conte- 
nues  dans  les  gaz  d'echappement  du  moteur,  un 
dispositif  (8)  d'injection  d'une  matiere  favorisant 
la  combustion,  qui  est  monte  dans  le  systeme 
d'echappement  en  amont  du  filtre  (7)  en  vue  de 
I'injection  d'une  matiere  favorisant  la  combustion 
des  particules  emprisonnees  dans  le  filtre  (7),  un 
conduit  d'echappement  en  derivation  (13)  qui 
relie  une  partie  de  la  tubulure  d'echappement  (6), 
situee  en  amont  du  dispositif  d'injection  (8)  et  une 
partie  de  cette  tubulure  situee  en  aval  du  filtre  (7), 
un  dispositif  a  vannesde  reglage  (14,  16)  pour  le 
reglage  de  la  circulation  des  gaz  d'echappement 
vers  le  filtre  (7),  un  dispositif  de  commande  (22, 
22a  a  22d,  22'),  qui  amene  le  dispositif  injecteur 
(8)  a  injecter  la  matiere  favorisant  la  combustion  a 
la  suite  d'un  signal  de  sortie  d'un  dispositif  de 
detection  d'obturation  (24,  24',  24",  24a",  124, 
224),  qui  represente  un  etat  obture  du  filtre  (7),  qui 
commande  en  outre  le  temps  durant  lequel  le 
dispositif  d'injection  (8)  injecte  la  matiere  favori- 
sant  la  combustion,  qui  commande  en  outre  le 
dispositif  a  vannes  de  reglage  (14,  16)  de  maniere 
que  la  quantite  des  gaz  d'echappement  circulant 
vers  le  filtre  (7)  soit  ajustee  a  une  quantity  prede- 
terminee,  tandis  que  le  dispositif  injecteur  (8) 
injecte  la  matiere  favorisant  la  combustion,  et  qui 
regoit  des  signaux  de  sortie  d'un  dispositif  de 
detection  de  la  temperature  des  gaz  d'echappe- 
ment  (23,  25),  comprenant  un  premier  d&ecteur 
de  temperature  (23)  situe  en  amont  du  filtre  (7)  et 
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longueur  des  electrodes  etant  maximale  au  centre 
du  filtre  (7)  et  diminuant  en  direction  de  la 
peripherie  et  en  ce  qu'un  dispositif  (27)  est  prevu 
pour  appliquer  une  tension  de  ia  meme  polarite  au 
dispositif  d'injection  (8)  et  aux  electrodes. 

6.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  1,  caracterise  en  ce  que  le 
dispositif  de  commande  (22,  22a  a  22d,  22') 
commande  d'abord  le  dispositif  a  vannes  de 
reglage  (14,  16)  pour  regler  la  quantite  de  gaz 
d'echappement  circulant  vers  le  filtre  (7)  et  permet 
ensuite  au  dispositif  d'injection  (8)  d'injecter  la 
matiere  favorisant  la  combustion  lorsque  cette 
derniere  doit  I'etre. 

7.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a  6, 
caracterise  en  ce  que  le  dispositif  detecteur  d'obtu- 
ration  comprend  un  detecteur  de  pression  (24) 
permettantde  deceler  la  pression  des  gaz  d'echap- 
pement. 

8.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  7,  caracterise  en  ce  que  le 
detecteur  de  pression  (24)  est  prevu  dans  le 
systeme  d'echappement  en  amont  du  filtre  (7). 

9.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  7  ou  8,  caracterise  en  ce 
que  le  dispositif  de  commande  (22,  22a  a  22d,  22') 
determine  une  contre-pression  appropriee  pour  la 
vitesse  decelee  du  moteur,  represented  par  un 
signal  de  sortie  d'un  detecteur  de  vitesse  du 
moteur  (4)  et  compare  la  contre-pression,  appro- 
priee  avec  I'entree  de  contre-pression  decelee 
provenant  du  detecteur  de  pression  (24)  pour 
regler  le  dispositif  injecteur  (8)  et  le  dispositif  a 
vannes  de  reglage  (14,  16)  sur  la  base  de  cette 
comparaison. 

10.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a  6, 
caracterise  en  ce  que  le  dispositif  detecteur  d'obtu- 
ration  comprend  un  odometre  (24')  et  debite  le 
signal  de  sortie  susdit  pour  chaque  distance  de 
parcours  predeterminee. 

11..Systeme  depuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a  6, 
caracterise  en  ce  que  le  dispositif  detecteur  d'obtu- 
ration  comprend  un  compteur  integrateur  de 
consommation  de  combustible  et  debite  le  signal 
de  sortie  susdit  pour  chaque  quantite  predetermi- 
nee  de  consommation  de  combustible. 

12.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a  6, 
caracterise  en  ce  que  le  dispositif  detecteur  d'obtu- 
ration  comprend  des  moyens,  pour  deceler  le  total 
du  temps  de  fonctionnement  effectif  du  moteur 
(1  ),  et  debite  le  signal  de  sortie  susdit  pour  chaque 
intervalle  de  temps  de  fonctionnement  predeter- 
mine  du  moteur. 

13.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a  6, 
caracterise  en  ce  que  le  dispositif  de  detection 
d'obturation  comprend  un  dispositif  (124)  permet- 
tant  de  deceler  le  total  du  nombre  des  tours  du 
moteur,  et  debite  le  signal  de  sortie  susdit  pour 
chaque  nombre  predetermine  de  tours  de  ce 
moteur. 

un  second  detecteur  de  temperature  (25)  situe  en 
aval  de  ce  filtre  (7)  pour  detecter  la  temperature 
des  gaz  d'echappement  en  amont  et  en  aval  de  ce 
filtre,  et  arrete  I'injection  de  la  matiere  favorisant  la 
combustion  lorsque  la  temperature  des  gaz  5 
d'echappement  en  aval  du  fiitre  (7)  est  superieure 
a  une  limite  predeterminee,  caracterise  en  ce  que 
le  composant  principal  de  la  matiere  favorisant  la 
combustion  est  un  melange  d'un  liquide  catalyti- 
que  et  d'un  hydrocarbure  iiquide,  en  ce  que  le  w 
dispositif  d'injection  (8)  est  reglable  de  maniere 
que  la  quantite  de  la  matiere  favorisant  la  combus- 
tion  a  injecter  soit  reduite  au  fur  et  a  mesure  de 
I'augmentation  du  nombre  des  injections,  en  ce 
que  le  dispositif  de  commande  susdit  (22,  22a  a  is 
22d,  22')  compare  la  temperature  des  gaz  d'echap- 
pement  avec  une  temperature  limite  acceptable  de 
ces  gaz,  qui  est  determinee  en  tenant  compte  de  la 
limite  inferieure  de  la  temperature  des  gaz 
d'echappement  en  dessous  de  laquelle  aucune  20 
fissuration  du  filtre  ne  se  produit  durant  la  com- 
bustion  des  particules,  etempeche  I'injection  de  la 
matiere  favorisant  la  combustion  lorsque  la  tem- 
perature  des  gaz  d'echappement  en  amont  du 
filtre  (7)  est  superieure  a  la  temperature  limite  2S 
susdite,  et  interrompt  I'injection  de  la  matiere 
favorisant  I'injection  lorsque  la  temperature  des 
gaz  d'echappement  en  aval  du  filtre  (7)  est  supe- 
rieure  a  une  limite  qui  est  determinee  en  tenant 
compte  de  la  temperature  critique  des  gaz  30 
d'echappement  en  aval  du  filtre  (7),  au-dessus  de 
laquelle  une  fissuration  du  filtre  (7)  peut  se  pro- 
duire. 

2.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  1,  caracterise  en  ce  que  le  35 
dispositif  a  vannes  de  reglage  (14,  16)  comprend 
une  vanne  de  reglage  de  circulation  (14),  qui  est 
disposee  dans  le  conduit  d'echappement  en  deri- 
vation  (13)  pour  controler  la  quantite  des  gaz 
d'echappement  circulant  a  travers  le  conduit  40 
d'echappement  en  derivation  (13),  pour  controler 
ainsi  le  debit  des  gaz  d'echappement  vers  le  filtre 
(7). 

3.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  2,  caracterise  en  ce  que  le  45 
dispositif  de  commande  (22,  22a  a  22d,  22') 
commande  le  dispositif  a  vannes  de  reglage  de 
circulation  (14,  16),  de  maniere  que  la  quantite  des 
gaz  d'echappement  circulant  par  le  conduit 
d'echappement  en  derivation  (13)  augmente  au  fur  so 
et  a  mesure  que  la  vitesse  du  moteur  s'accrott. 

4.  Systeme  d'epuration  de  gaz  suivant  la  reven- 
dication  1,  caracterise  en  ce  qu'il  comprend  en 
outre  des  moyens  (26,  27)  pour  I'etablissement 
d'un  champ  electromagnetique  entre  le  dispositif  ss 
d'injection  (8)  et  le  filtre  (7),  et  des  moyens  pour 
charger  la  matiere  favorisant  fa  combustion. 

5.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  4,  caracterise  en  ce  que  le 
filtre  (7)  est  d'une  structure  en  nid  d'abeilles,  et  en  so 
ce  que  les  moyens  susdits  (26)  prevus  pour  le 
chargement  de  la  matiere  favorisant  la  combus- 
tion  comprennent  une  serie  d'electrodes  allon- 
gees,  qui  sont  introduites  dans  les  passages  du 
filtre  (7)  depuis  I'extremitd  aval  de  celui-ci,  la  65 
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14.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a 
6,  caracterise  en  ce  que  le  dispositif  de  detection 
d'obturation  comprend  un  dispositif  (224)  pour  la 
detection  de  la  resistance  electrique  du  filtre  (7)  et  5 
debite  le  signal  de  sortie  susdit  lorsque  la  reduc- 
tion  de  la  resistance  electrique  depasse  une 
valeur  predeterminee. 

15.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1a  10 
6,  caracterise  en  ce  que  le  dispositif  de  detection 
d'obturation  debite  le  signal  de  sortie  susdit 
lorsque  la  valeur  d'une  formule  de  fonction  pre- 
determinee,  engiobant  la  vitesse  du  moteur  et  la 
charge  de  celui-ci  a  titre  de  parametres,  depasse  is 
une  valeur  predeterminee. 

16.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  I'une  quelconque  des  revendications  1  a 
15,  caracterise  en  ce  que  le  dispositif  a  vanne  de 
reglage  comprend  une  vanne  de  commutation  20 
(14)  qui  est  deplagable  entre  une  premiere  posi- 

tion  dans  laquelle,,  elle  empeche  la  circulation 
des  gaz  d'echappement  vers  le  filtre  (7)  et  amene 
la  totalite  des  gaz  d'echappement  a  circuler  dans 
le  conduit  d'echappement  en  derivation  (13),  et 
une  seconde  position  dans  laquelle  elle  empeche 
les  gaz  d'echappement  de  circuler  dans  le  conduit 
d'echappement  en  derivation  (13)  et  amene  la 
totalite  de  ces  gaz  d'echappement  a  circuler  vers 
le  filtre  (7),  et  en  ce  que  le  dispositif  de  commande 
deplace  la  vanne  de  commutation  (14')  vers  la 
premiere  position. 

17.  Systeme  d'epuration  de  gaz  d'echappement 
suivant  la  revendication  16,  caracterise  en  ce  que 
le  dispositif  de  commande  deplace  la  vanne  de 
commutation  (14')  vers  la  premiere  position,  lors- 
que  la  matiere  favorisant  la  combustion  doit  etre 
injectee,  et  permet  au  dispositif  d'injection  (8) 
d'injecter  la  matiere  favorisant  la  combustion 
lorsque  la  temperature  dans  le  systeme  d'echap- 
pement  en  amont  du  filtre  (7)  est  inferieure  a  une 
temperature  predeterminee. 
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