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©  The  present  invention  relates  to  a  method  for 
catalytically  cleaning  the  exhaust  gas  of  an  internal 
combustion  engine  and  an  exhaust  gas  system 
wherein  a  multi-staged  cleaning  of  exhaust  gas  takes 
place  by  means  of  that  the  total  flow  of  exhaust  gas 
is  sub-divided  into  a  plurality  of  partial  flows  of 
exhaust  gas,  at  least  in  two  flows  of  exhaust  gas,  fed 
through  a  catalytic  converter  means  in  successively 
varying  amounts  of  volume  through  different  parts  of 
the  catalytic  converter  means.  In  this  way  cleaning 
activity  of  the  catalytic  converter  means  can  be 
improved  and  more  even  heat  distribution  across  the 
catalytic  converter  means  can  be  obtained  and  a 
small  sized  construction  of  a  muffler  of  the  exhaust 
gas  system  is  possible. 
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The  present  invention  relates  to  a  method  for 
catalytically  cleaning  the  exhaust  gas  of  an  internal 
combustion  engine  using  a  catalyst  disposed  in  a 
muffler  of  an  exhaust  gas  system  thereof.  More- 
over,  the  present  invention  relates  also  to  an  ex- 
haust  gas  system  of  an  internal  combustion  engine, 
particularly  for  performing  said  method. 

For  the  purification  of  exhaust  gas  of  an  inter- 
nal  combustion  engine  the  use  of  catalytic  convert- 
ers  having  catalysts,  disposed  in  the  exhaust  gas 
system  of  the  engine  is  conventional.  Such  cata- 
lytic  converters  are  subject  to  extreme  thermal 
conditions  which  shortens  the  lifetime  of  the  cata- 
lysts  and,  moreover,  also  require  a  certain  operat- 
ing  temperature  in  order  to  clean  the  exhaust  gas- 
es  from  the  engine  sufficiently.  Finally,  there  is  a 
certain  drop  of  chemical  activity  from  the  upstream 
entry  side  to  the  downstream  discharge  side  of  the 
catalytic  converter  resulting  from  a  reduction  of  the 
oxygen  content  in  the  exhaust  gas  which  renders 
combustion  of  the  unburnt  hydrocarbons  at  the 
downstream  discharge  side  of  the  catalytic  con- 
verter  insufficient. 

So  far,  mufflers  have  been  equipped  with  a 
catalytic  converter  and  also  motorcycles  have  been 
equipped  with  such  mufflers.  In  some  cases  cata- 
lytic  converters  have  been  installed  on  both  up- 
stream  and  downstream  portions  of  the  exhaust 
passage  in  order  to  promote  the  cleaning  of  the 
exhaust  gas  exhausted  from  the  engine.  In  order  to 
avoid  the  engine  performance  from  being  affected 
an  upstream  side  catalytic  converter  should  be 
disposed  in  the  exhaust  passage  as  remote  as 
possible  from  the  engine. 

For  such  reasons  it  has  already  been  delib- 
erated  to  install  two  catalytic  converters,  i.e.  an 
upstream  side  converter  and  a  downstream  side 
converter  inside  a  muffler.  However,  this  would 
considerably  add  to  the  size  of  the  muffler  render- 
ing  same  relatively  large  sized. 

Moreover,  it  is  already  known  from  a  Japanese 
examined  patent  publication  JP-53-412  89  that  a 
muffler  may  comprise  a  relatively  large-sized  cata- 
lytic  converter  which  is  separated  into  an  upstream 
part  and  a  downstream  part  thereof  with  opposite 
flow  conditions  wherein  the  exhaust  gas  is  intro- 
duced  from  one  end  either  into  its  centre  portion  or 
into  its  lower  half  portion,  reversing  the  exhaust  gas 
which  has  passed  through  said  portion  of  the  cata- 
lytic  converter  at  the  other  end  thereof  and  rein- 
troducing  the  flow  of  exhaust  gas  into  the  catalytic 
converter  for  opposite  flow  either  along  a  annular 
peripheral  portion  of  the  catalytic  converter  or  an 
upper  half  thereof. 

However,  such  a  design  also  does  not  only 
lead  to  a  relatively  bulky  component  but  was  also 
found  to  have  drawbacks  in  view  of  an  inefficiently 
cleaning  activity  despite  the  separation  of  the  cata- 

lytic  converter  into  upstream  and  downstream  flow 
portions.  As  the  exhaust  gas  is  fed  totally  through 
the  upstream  and  downstream  portions  of  the  cata- 
lytic  converter,  respectively,  and  a  the  oxygen  re- 

5  quired  for  after  burning  of  the  unburnt  content  of 
hydrocarbons  in  the  exhaust  gas  substantially  is 
consumed  in  the  upstream  portion  of  the  catalytic 
converter  the  availability  of  oxygen  in  the  down- 
stream  portion  became  insufficient  causing  a  drop 

io  of  converter  performance. 
Moreover,  as  the  upstream  portion  of  the  con- 

verter  is  rapidly  subjected  to  high  temperatures 
because  of  the  rapid  progress  of  the  reactions  and 
the  high  temperature  of  the  exhaust  gas  introduced 

75  therein  sometimes  a  problem  occurred  in  that  such 
a  catalytic  converter  was  susceptible  to  be  broken 
by  thermal  distortion.  On  the  other  hand,  the  tem- 
perature  rise  in  the  downstream  portion  of  the 
catalytic  converter  is  less  because  of  the  unburnt 

20  content  of  hydrocarbons  and  a  less  rapid  burning 
process. 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  a  method  for  catalytically  clean- 
ing  the  exhaust  gas  of  an  internal  combustion  en- 

25  gine  and  to  provide  an  exhaust  gas  system  suited 
to  perform  such  a  method  which  allows  a  more 
efficient  cleaning  of  the  exhaust  gas  to  take  place 
and  to  prevent  the  catalytic  converter  from  being 
thermally  overstressed.  Finally  a  bulky  muffler 

30  should  be  avoided. 
According  to  the  present  invention  the  afore- 

indicated  objective  in  view  of  its  method  aspects  is 
performend  in  that  a  total  flow  of  exhaust  gas  is 
sub-divided  into  a  plurality  of  partial  flows  of  ex- 

35  haust  gas  fed  through  a  catalytic  converter  means 
in  successively  varying  amounts  of  volume  through 
successively  different  parts  of  the  catalytic  con- 
verter  means  having  successively  varying  catalytic 
cleaning  capacities.  In  this  way  it  is  not  the  total 

40  amount  of  exhaust  gas  which  flows  into  the  cata- 
lytic  converter  means  or  a  part  thereof  but  it  is  only 
a  partial  flow  of  said  exhaust  gas  whereas  another 
flow  part  or  some  other  flow  parts  pass  through 
another  or  several  other  parts  of  the  catalytic  con- 

45  verter  means  thus,  balancing  the  thermal  load  of 
the  converter  and  leaving  sufficient  amounts  of 
oxygen  still  to  be  present  at  the  different  parts  of 
the  converter  to  perform  a  more  complete  combus- 
tion  of  the  unburnt  hydrocarbonie  constituents  of 

50  the  exhaust  gas. 
According  to  a  preferred  embodiment  of  the 

present  invention  in  the  muffler  of  the  exhaust  gas 
system  a  part  of  the  incoming  flow  of  exhaust  gas 
is  branched  off  of  the  total  flow  of  exhaust  gas,  said 

55  part  being  fed  through  an  upstream  cleaning  cata- 
lyst  and,  then,  the  recombined  total  flow  of  exhaust 
gas  is  fed  through  a  downstream  cleaning  catalyst 
disposed  in  said  muffler. 

2 
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Morevoer,  it  is  preferred  that  a  pre-cleaning  of 
a  part  of  the  total  flow  of  exhaust  gas  takes  place 
at  the  area  of  the  upstream  cleaning  catalyst  and 
that  said  pre-cleaned  part  of  the  exhaust  gas  is 
then  recombined  with  the  rest  of  the  total  flow  of 
the  exhaust  gas  to  be  fed  through  the  downstream 
cleaning  catalyst  disposed  in  said  muffler.  In  this 
way,  recombination  of  a  pre-cleaned  part  with  the 
remainder  part  of  the  total  flow  of  exhaust  gas 
takes  place,  said  pre-cleaned  part  was  fed  through 
a  portion  of  the  catalytic  converter  only  while  then 
recombination  of  the  two  flows  of  exhaust  gas 
takes  place  for  feeding  said  partially  treated  flow, 
total  flow  of  exhaust  gas  to  the  remainder  part  of 
the  catalytic  converter  which  defines  a  downstream 
part  thereof.  In  this  way  not  only  balanced  thermal 
and  burning  conditions  are  obtained  but  also  a  very 
slanted  muffler  construction  can  be  obtained. 

According  to  another  preferred  method  aspect 
of  this  invention  a  part  of  the  catalytic  converter  is 
subject  to  a  part  of  the  crossectional  volume  of  the 
total  flow  of  exhaust  gas  whereas  downstream  of 
the  catalytic  converter  recombination  takes  place  to 
feed  the  remainder  portion  of  the  catalytic  con- 
verter.  This,  preferrably,  can  be  obtained  by  either 
partially  disposing  the  catalytic  converter  into  a  part 
of  the  crosssection  of  the  exhaust  pipe  or,  for 
example,  by  branching  off  a  partial  flow  of  exhaust 
gas  from  the  exhaust  pipe  by  a  separate  guide 
means  and  feeding  a  part  of  the  cross-section  of 
the  catalytic  converter  therewith. 

In  order  to  perform  the  afore-indicated  objec- 
tives  in  terms  of  an  exhaust  gas  system  which 
comprises  an  exhaust  pipe  extending  into  a  muffler 
which  accommodates  a  catalytic  converter  means 
and  which  has  a  plurality  of  exhaust  gas  receiving 
expansion  chambers,  the  present  invention  sets 
forth  an  improvement  in  that  an  upstream  part  of 
the  catalytic  converter  means  is  subject  to  a  partial 
flow  of  an  incoming  flow  of  exhaust  gas  only  and 
another  downstream  part  of  the  catalytic  converter 
means  is  subject  to  the  recombined  total  flow  of 
the  exhaust  gas. 

Accordingly  the  exhaust  gas  is  partly  cleaned 
by  the  catalytic  converter  when  passing  through  a 
part  of  the  catalytic  converter  (upstream  portion) 
whereas  the  total  volume  of  exhaust  gas  is  further 
cleaned  when  passing  through  the  remainder  part 
of  the  catalytic  converter.  Accordingly  the  partially 
pre-treated  total  volume  of  exhaust  gas  is  intro- 
duced  in  a  downstream  side  part  of  the  catalytic 
converter  with  a  sufficient  amount  of  oxygen  left 
therein  so  that  the  cleaning  performance  of  the 
catalytic  converter  will  not  be  deteriorated  even 
though  a  single  catalytic  converter  is  only  used  to 
clean  the  exhaust  gas  in  two  stages.  Therefore  a 
superior  cleaning  effect  can  be  obtained  even  be- 
yond  a  structure  of  two  catalytic  converters  dis- 

posed  in  an  exhaust  passage  whereas  the  muffler 
is  prevented  from  becoming  bulky. 

Morover,  the  temperature  difference  along  the 
catalytic  converter  is  considerably  reduced  be- 

5  cause  the  exhaust  gas  is  efficiently  cleaned  in  both 
sections  of  the  catalytic  converter  without  over- 
stressing  the  entry  portion  thereof.  Moreover,  be- 
cause  the  heat  of  the  exhaust  gas  at  the  upstream 
part  of  the  catalytic  converter  is  transmitted 

io  through  heat  conduction  to  the  downstream  side 
part  of  the  catalytic  converter  temperature  differ- 
ence  along  the  converter  is  reduced.  Thus,  malfun- 
ctin  of  the  catalytic  converter  due  to  thermal  over- 
stress  can  be  avoided.  Moreover,  balanced  con- 

15  ditions  for  buring  unburnt  hydrocarbon  constituents 
also  adds  to  a  more  equal  temperature  profile 
along  the  catalytic  converter. 

Finally,  since  the  upstream  portion  of  the  cata- 
lytic  converter  (through  which  the  branched  off 

20  partial  flow  of  the  exhaust  gas  flows)  is  disposed  to 
the  exhaust  gas  at  a  more  upstream  position  where 
the  exhaust  gas  has  a  relatively  high  temperature 
the  cold  starting  cleaning  capabilities  of  the  cata- 
lytic  converter  are  improved  as  the  exhaust  gas 

25  can  be  cleaned  even  in  a  more  early  stage  after 
starting  of  the  engine.  Moreover,  as  the  exhaust 
gas  is  sent  to  the  downstream  portion  of  the  cata- 
lytic  converter  in  a  already  partly  cleaned  and 
heated  condition  its  temperature  drop  is  small. 

30  Therefore,  the  exhaust  gas  can  also  efficiently  be 
cleaned  even  in  the  second  downstream  stage  of 
the  catalytic  converter. 

According  to  a  preferred  embodiment  of  the 
new  exhaust  gas  system  the  catalytic  converter 

35  means  comprises  a  single  catalytic  converter  dis- 
posed  within  said  muffler. 

A  preferred  disposal  of  the  catalytic  converter 
is  that  it  partially  projects  into  an  end  portion  of  the 
exhaust  pipe  through  a  recessed  side  wall  of  said 

40  pipe.  In  this  way  a  part  of  the  total  flow  of  exhaust 
gas  passes  through  that  part  of  the  catalytic  con- 
verter  which  projects  into  the  exhaust  pipe.  Accord- 
ing  to  yet  another  alternative  embodiment  of  the 
present  invention  the  catalytic  converter  is  dis- 

45  posed  laterally  outwardly  of  the  exhaust  pipe  and  a 
exhaust  gas  passageway  means  is  provided 
branching  off  of  the  exhaust  pipe  upstream  of  the 
catalytic  converter  to  lead  a  part  of  the  exhaust  gas 
to  an  upstream  part  of  the  catalytic  converter 

50  which,  on  the  other  hand,  establishing  a  down- 
stream  portion  of  said  branching  of  guiding  exhaust 
gas  passageway  means.  At  the  downstream  side  of 
the  catalytic  converter  then  more  preferrably,  a 
recombination  of  said  partial  flow  of  pre-cleaned 

55  exhaust  gas  with  the  remainder  un-treated  parts  of 
the  exhaust  gas  volume  is  performed. 

According  to  yet  another  preferred  embodi- 
ment  of  the  present  invention  said  muffler  com- 
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prises  a  plurality  of  expansion  chambers  which  are 
separated  by  recessed  baffle  plates  and  are  dis- 
posed  successively  along  a  longitudinal  axis  of  the 
muffler. 

In  this  way  a  very  slanted  design  of  the  muffler 
is  specifically  promoted. 

Advantageously  the  catalytic  converter  is  dis- 
posed  to  connect  an  upstream  expansion  chamber 
to  a  more  downwardly  disposed  expansion  cham- 
ber  of  the  muffler  reaching  a  downstream  expan- 
sion  chamber  from  which  an  exhaust  gas  discharge 
extends  forward  outside. 

According  to  a  specifically  preferred  design  of 
the  muffler  of  the  exhaust  gas  system  the  outlet  of 
the  exhaust  pipe  opens  into  the  rearmost  expan- 
sion  chamber  from  which  a  reverse  flow  of  the 
exhaust  gas  forwardly  is  established  through  a  cen- 
tre  expansion  chamber,  then  through  a  main  por- 
tion  of  the  catalytic  converter  to  a  front  expansion 
chamber  and  then  to  the  downstream  expansion 
chamber  toward  outside. 

Other  preferred  embodiments  of  the  present 
invention  are  laid  down  in  the  further  sub-claims. 

In  the  following  the  present  invention  is  ex- 
plained  in  greater  details  by  means  of  several 
embodiments  thereof  in  conjunction  with  the  ac- 
companying  drawings,  wherein: 

Figure  1  is  a  side  view  of  a  motor  scooter 
provided  with  an  exhaust  gas  system  according 
to  an  embodiment  of  the  present  invention, 
Figure  2  is  a  vertical  sectional  view  of  a  muffler 
of  said  exhaust  gas  system  comprising  a  cata- 
lytic  converter  according  to  a  first  embodiment 
of  the  present  invention,  Figure  3  is  a  cross 
Figure  3  is  a  cross  sectional  view  taken  along 
the  line  Ill-Ill  in  Figure  2, 
Figure  4  is  a  cross  sectional  view  showing  an- 
other  example  of  a  catalytic  converter, 
Figure  5  is  a  vertical  sectional  view  similar  to 
that  of  Figure  2,  showing  another  embodiment  of 
the  muffler,  and 
Figure  6  is  a  cross  sectional  view  along  the  line 
Iv-IV  of  Figure  5. 
A  first  embodiment  of  the  exhaust  gas  system 

of  an  internal  combustion  engine,  specifically  used 
for  a  motor  scooter  and  performing  the  new  ex- 
haust  gas  cleaning  method  is  explained  therein 
after  referring  to  Figures  1  to  3.  In  said  drawing  a 
motor  scooter  1  comprises  an  internal  combustion 
engine  2  forming  a  swing-type  unit  for  driving  a 
rear  wheel  3.  Said  internal  combustion  engine  2  is 
supported  on  a  frame  1a  of  the  motor  scooter  1  for 
vertical  swinging.  Said  engine  2  is  oriented  such 
that  its  cylinder  may  be  directed  generally  for- 
wardly  so  as  to  be  accommodated  in  a  space 
saving  manner.  A  container  box  1c  is  installed 
under  a  drivers  seat  1b. 

Connected  to  an  exhaust  port  (not  shown)  of 
the  internal  combustion  engine  2  is  an  exhaust  gas 
pipe  4  terminating  into  a  muffler  5  disposed  on  a 
rear  end  portion  of  the  exhaust  pipe  4.  The  exhaust 

5  pipe  4  extends  rearwardly  under  the  engine  2  from 
a  lower  portion  of  the  forwardly  directed  cylinder  of 
the  engine  2. 

The  muffler  5  is  composed  of  muffler  bodies  6, 
7  formed  separately  as  left  and  right  halves  and  a 

io  catalytic  converter  8  is  accommodated  within  this 
in  this  space  defined  through  said  muffler  bodies  6, 
7  as  shown  in  Fugures  2  &  3.  Each  muffler  half  6 
or  7  is  shaped  generally  circularly  in  cross  section 
and  such  that  its  diameter  may  gradually  reduce 

is  towards  its  front  end  rear  ends,  respectively. 
Each  muffler  half  body  6  or  7  comprises  flanys 

6a,  7a  formed  along  its  margins.  The  muffler  5  is 
formed  and  assembled  by  seam-welding  of  these 
flanses  6a,  7a  to  each  other  after  installing  the 

20  catalytic  converter  8  and  buffle  plates  9,  10  &  11 
(described  hereinafter)  are  disposed  spaced  along 
the  longitudinal  axis  of  the  muffler  half  bodies  6  & 
7.  The  exhaust  pipe  4,  more  specifically  the  end 
portion  4b  thereof  is  inserted  and  secured  on  the 

25  muffler  5  with  its  outlet  opening  4c  to  the  rear  end 
of  the  interior  of  the  muffler  5. 

Within  the  muffler  5  four  expansion  chambers 
(A,B,C  and  D)  are  formed  by  means  of  three  fixed 
baffle  plates  9,10  and  11)  which  are  penetrated  by 

30  the  exhaust  pipe  4.  The  rearmost  expansion  cham- 
ber  (D)  to  which  the  rear  end  opening  4c  of  the 
exhaust  pipe  4  faces  is  communicated  to  a  centre 
expansion  chamber  C  through  an  opening  11a 
formed  through  the  baffle  plate  1  1  and  said  central 

35  expansion  chambers  C,  in  turn  is  communicated  to 
the  frontmost  expansion  chamber  A  through  the 
catalytic  converter  8  supported  through  the  cross- 
walls  or  separating  baffle  plates  9,10. 

In  other  words  said  muffler  (5)  is  provided  with 
40  a  reversing  passage  having  a  catalytic  converter  (8) 

installed  in  it  as  a  bridging  member  and  is  formed 
such  that  the  length  of  the  exhaust  pipe  may  be 
become  as  long  as  possible. 

The  foremost  expansion  chamber  A  into  which 
45  a  front  portion  of  the  catalytic  converter  8  (actually, 

under  flow  conditions,  it  is  the  downstream  side  of 
the  catalytic  converter  8)  opens  is  communicated 
to  a  downstream  expansion  chamber  B  (which  is 
bypassed  through  the  catalytic  converter  8)  through 

50  a  communicating  pipe  12  supported  by  the  fore- 
most  baffle  plate  9.  The  downstream  expansion 
chamber  B,  in  turn,  is  communicated  to  the  exterior 
of  the  muffler  5  through  an  exhaust  discharge  pipe 
13  which  penetrates  the  baffle  plates  10  and  11 

55  and  the  muffler  body  6  to  be  supported  by  said 
elements. 

The  catalytic  converter  8  is  formed  generally 
cylindrically  as  shown  in  Figures  2  &  3  penetrating 

4 



7 EP  0  563  882  A1 8 

the  baffle  plates  9  and  10  to  be  supported  by  same 
bridging  the  downstream  expansion  chamber  B  to 
connect  the  centre  expansion  chamber  C  fluidly  to 
the  more  downwardly  disposed,  forward  expansion 
chamber  A. 

The  catalytic  converter  8,  in  a  cross  sectional 
direction,  comprises  an  upstream  part  8A  and  a 
downstream  part  8B,  said  upstream  part  8A  projec- 
ting  into  the  end  portion  4b  of  the  exhaust  pipe  4. 
Accordingly  said  end  portion  4b  of  the  exhaust 
pipe  4  is  partly  cut-out  to  allow  the  catalytic  con- 
verter  8  to  be  inserted  through  said  recess  for 
partially  projecting  into  the  exhaust  gas  flow  chan- 
nel  as  defined  by  the  exhaust  pipe  b.  Along  the 
portion  of  contact  between  the  periphery  of  the 
catalytic  converter  8  and  the  recessed  cut-out  por- 
tion  of  the  exhaust  pipe  4  an  intimate  connection  is 
formed  sealingly  by  welding.  As  shown  in  Figure  2 
the  catalytic  converter  8,  specifically  its  upstream 
part  8A,  projecting  into  the  rear  end  4b  of  the 
exhaust  pipe  4  is  disposed  and  oriented  such  that 
there  is  a  smooth  permability  for  the  exhaust  gas 
from  an  entry  side  of  said  upstream  part  8A  to  an 
outlet  side  thereof. 

Each  of  the  two  baffle  plates  9,10  supporting 
the  catalytic  converter  8  has  a  generally  gourd- 
shaped  hole  formed  therethrough  as  shown  in  Fig- 
ure  3  and  the  downstream  expansion  chamber  B  is 
partitioned  from  the  adjacent  expansion  chambers 
A  and  C  by  sealingly  leading  said  catalytic  con- 
verter  8  and  the  exhaust  pipe  4  through  said  gourd- 
shaped  holes. 

It  is  desirable  to  set  the  cross  sectional  area  of 
the  projecting  part  8A  of  the  catalytic  converter  8 
facing  the  exhaust  gas  within  the  rear  end  4b  of  the 
exhaust  pipe  4  to  be  smaller  than  two  thirds  of  the 
total  cross  section  of  the  catalytic  converter  8. 
Moreover,  the  cross  section  of  said  projecting  part 
8A  of  the  catalytic  converter  8  should  be  smaller 
than  two  thirds  of  the  cross  section  of  the  exhaust 
pipe  4  at  that  region  so  as  to  set  the  quantity  of 
volume  of  exhaust  gas  flowing  through  said  projec- 
ting  upstream  portion  8A  of  the  catalytic  converter 
8  projecting  into  the  exhaust  pipe  4  to  be  smaller 
than  two  thirds  of  the  total  quantity  of  exhaust  gas 
flowing  through  said  exhaust  pipe  4.  If  a  too  large 
amount  of  exhaust  gas  would  be  allowed  to  flow 
through  the  projecting  upstream  portion  8A  of  the 
catalytic  converter  8  a  greater  part  of  unburnt  hy- 
drocarbons  contained  in  the  exhaust  gas  would  be 
burnt  in  that  portion  and  the  quantity  of  oxygen  still 
contained  in  the  exhaust  gas  for  after-burning  in 
the  downstream  part  8B  of  the  catalytic  converter  8 
would  be  inevitably  reduced. 

In  the  cross  section  of  Figure  3  one  configura- 
tion  of  the  catalytic  converter  8  is  shown  having  a 
honeycomb-shaped  structure.  Figure  4  shows  an- 
other  embodiment  of  the  catalytic  converter  8.  In 

said  Figure  4  the  central  portion  is  shown  in  a 
larger  scale  in  order  to  facilitate  understanding  and 
explanation  of  the  structure  of  said  other  embodi- 
ment  of  a  catalytic  converter  8  which,  of  course, 

5  could  also  be  used  in  the  embodiment  of  Figure  3 
instead  of  the  catalytic  converter  8  having  a  net-like 
honeycomb-shaped  structure. 

The  catalytic  converter  8  according  to  Figure  4 
is  also  formed  cylindrically  with  a  wound 

io  honeycomb-like  cross  section  by  winding  a  flat 
band  foil  8a  and  corrugated  band  foil  8b  spirally 
lapping  one  above  the  other.  When  assembling  the 
catalytic  converter  8  as  shown  in  Figure  4  first, 
both  surfaces  of  either  the  flat  foil  8a  or  the  cor- 

15  rugated  foil  8b  are  covered  with  a  thin  flat  plate-like 
solder  and  the  solder  covered  foil  is  piled  over  the 
other  foil  with  their  front  ends  trued  up  and  nipped 
together  with  a  chig  to  form  a  band-like  material 
which,  when  being  wound  up,  forms  a  wound 

20  honeycomb-like  structure.  Then  the  flat  foil  8a  and 
the  corrugated  foil  8b  are  wound  up  around  them- 
selves  together  with  the  solder  and  the  foils  thus 
formed  cylindrically  are  soldered  on  each  other  by 
heating  said  wound  bobbin  in  a  furnace. 

25  After  winding  such  a  cylindrical  member  spi- 
rally  it  is  soaked  in  a  suspension  mixed  with  cata- 
lytic  metals  such  as  platinum,  palladium  copper, 
chromium,  iron,  nickel  etc.,  and  with  aluminium  so 
that  the  catalysts  may  be  carried  by  the  column- 

30  like  spirally  wound  member. 
For  adhering  the  catalysts  to  the  column-like 

support  member  to  carry  same  not  only  the  fore- 
described  method  can  be  used  but  one  of  various 
conventional  methods  can  be  applied,  for  example 

35  a  method  in  which  the  wound  up  cylindrical  support 
structure  at  first  is  coated  only  with  aluminium  and 
then  is  subject  to  carry  catalytic  metals  as  cata- 
lysts. 

In  the  muffler  5  constructed  as  described 
40  above  and  shown  in  Figure  2,  the  exhaust  gas 

discharged  from  the  engine  2  enters  from  the  ex- 
haust  pipe  4  through  the  rear  end  4b  thereof  and 
the  outlet  opening  4c  into  the  rearmost  expansion 
chamber  D  and  the  muffler  5  and  is  reversed  from 

45  there  into  the  centre  expansion  chamber  C  through 
an  opening  11a  of  the  baffle  plate  11.  Partly,  the 
exhaust  gas  flowing  into  the  expansion  chamber  D 
through  the  exhaust  pipe  4  passes  through  said 
projecting  upstream  part  8A  of  the  catalytic  con- 

50  verter  8  projecting  into  the  exhaust  pipe  4  (or  the 
rear  end  4b  thereof)  and  is  cleaned  in  that  up- 
stream  part  8A.  Since  the  catalytic  converter  8  is 
designed  to  have  a  honeycomb-like  gas  cleaning 
structure  and  its  gas  flowing  portions  are  partioned 

55  from  each  other  (as  derivable  from  the  different 
cross  sections  of  the  two  embodiments  shown  in 
Figures  3  &  4),  the  exhaust  gas  in  the  exhaust  pipe 
4  will  never  leak  out  into  the  downstream  expan- 

5 
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sion  chamber  B  bypassed  by  the  catalytic  con- 
verter  8.  Accordingly  the  total  flow  of  exhaust  gas 
fed  from  the  expansion  chamber  D  to  the  centre 
expansion  chamber  C  is  in  a  partly  cleaned  state. 

Moreover,  said  upstream  part  8A  of  the  cata- 
lytic  converter  8  projecting  into  the  exhaust  pipe  4 
is  heated  by  the  exhaust  gas  having  a  relatively 
high  temperature.  Preferably  when  a  catalytic  con- 
verter  8  having  a  structure  as  shown  in  Figure  4  is 
used,  the  heat  is  conducted  to  the  downstream  part 
8B  on  the  side  of  the  expansion  chamber  B 
through  the  flat  foil  8a  and  the  corrugated  foil  8b. 
I.E.  when  the  catalytic  converter  8  as  shown  in 
Figure  4  is  employed  the  overall  temperature  of  the 
catalytic  converter  8  rises  and  is  distributed  more 
evenly  across  the  catalytic  converter  8  and  the 
exhaust  gas  is  sufficiently  cleaned  from  an  early 
stage  at  once  after  engine  starting. 

The  exhaust  gas  supplied  from  the  rear  expan- 
sion  chamber  A  to  the  centre  expansion  chamber  C 
through  the  opening  11a  of  the  baffle  plate  11  then 
passes  through  the  remainder  downstream  part  8B 
of  the  catalytic  converter  8,  is  cleaned  there  and  is 
discharged  from  the  outlet  of  the  downstream  part 
8B  of  the  catalytic  converter  8  facing  to  the  fore- 
most  expansion  chamber  A  thereinto,  is  reversed 
therein  and  flows  from  the  expansion  chamber  A 
into  the  downstream  expansion  chamber  B  through 
the  communicating  pipe  12  and  is  discharged 
therefrom  and  out  of  the  muffler  5  through  the 
exhaust  gas  discharge  pipe  13. 

Thus,  through  the  muffler  5  comprising  the 
catalytic  converter  8  the  exhaust  gas  is  partly 
cleaned  by  the  upstream  part  8A  of  the  catalytic 
converter  8  projecting  into  the  exhaust  pipe  4  and 
is  recombined  downstream  of  said  upstream  part 
8A  of  the  catalytic  converter  8  to  be  discharged 
from  the  outlet  4c  into  the  expansion  chamber  C  in 
a  partly  cleaned  condition.  Then  the  total  flow  of 
exhaust  gas  is  competely  cleaned  passing  through 
the  downstream  part  8B  of  the  catalytic  converter  8 
from  the  central  expansion  chamber  C.  Therefore, 
as  the  exhaust  gas  is  introduced  from  the  central 
expansion  chamber  (C)  into  the  catalytic  converter 
8  (namely  the  downstream  part  8B  thereof)  in  a 
state  with  a  sufficient  content  of  oxygen  still 
present  therein  the  cleaning  performance  of  the 
catalytic  converter  means  will  not  be  lowered  al- 
though  exhaust  gas  is  cleaned  in  two  stages  by 
allowing  a  part  of  the  total  flow  of  exhaust  gas  to 
pass  through  the  upstream  part  8A  of  the  catalytic 
converter  and  by  passing  through  the  recombined 
total  flow  of  exhaust  gas  through  the  downstream 
part  8B  of  the  catalytic  converter  8  establishing 
said  cleaning  in  two  stages  by  said  single  catalytic 
converter  8. 

Moreover,  specifically  by  means  of  employing 
a  catalytic  converter  8  having  a  structure  shown  in 

cross  section  Figure  4  the  temperature  difference 
across  the  catalytic  converter  8  between  its  up- 
stream  part  8A  projecting  into  the  exhaust  pipe  4 
and  its  downstream  part  8B  extending  outside  of 

5  the  exhaust  pipe  4  and  subject  to  the  total  flow  of 
exhaust  gas  which  is  in  a  partly  pre-cleaned  state 
becomes  smaller  as  the  exhaust  gas  is  sufficiently 
cleaned  in  both  sections  8A,  8B  of  the  catalytic 
converter  8.  A  more  even  distribution  of  tempera- 

io  ture  is  triggered  also  by  the  fact  that  the  heat  of 
the  exhaust  gas  flowing  through  the  exhaust  pipe  4 
and  from  the  heated  wall  portions  of  the  rear  end 
4b  of  the  exhaust  pipe  4  in  contact  with  the  cata- 
lytic  converter  8  is  transmitted  from  said  upstream 

is  part  8A  to  the  downstream  part  8B  of  the  catalytic 
converter  8  by  heat  conduction  with  very  low  heat 
resistance.  Said  more  even  temperature  profile  re- 
sults  from  the  fact  that  the  exhaust  gas  is  suffi- 
ciently  cleaned  generating  heat  also  with  a  suffi- 

20  cient  amount  of  oxygen  in  the  downstream  part  8B 
of  the  catalytic  converter  8  so  that  a  temperature 
difference  between  the  upstream  and  downstream 
parts  8A,  8B  of  the  catalytic  converter  is  reduced. 

Although  an  upstream  end  of  the  exhaust  pipe 
25  is  positioned  on  the  lower  side  of  the  engine  and 

its  overall  length  is  apt  to  become  shorter  when  a 
container  box  is  installed  under  the  seat  11b  of  the 
motor  scooter  1  disposing  the  engine  to  such  that 
its  cylinder  is  directed  forward  as  shown  in  Figure 

30  1  ,  the  effective  length  of  the  exhaust  pipe  4  can  be 
expanded  and  sufficiently  assured  by  means  that  a 
reversing  passage  can  be  formed  in  the  muffler  5 
utilising  the  catalytic  converter  8  within  said  flow 
passage. 

35  Another  embodiment  of  the  present  invention  is 
shown  in  Figures  5  and  6  which  differs  from  the 
afore-described  embodiment  of  Figure  2  substan- 
tially  in  that  the  catalytic  converter  8  does  no 
longer  project  into  the  exhaust  pipe  4  but  is  in  its 

40  entirety  disposed  separately  laterally  of  the  exhaust 
pipe  establishing  a  sub-divided  upstream  and 
downstream  regions  8A,  8B  of  the  catalytic  con- 
verter  by  means  of  a  specific  exhaust  gas  passage 
means  21  through  which  a  branched  off  partial  flow 

45  of  exhaust  gas  is  fed  to  the  upstream  part  8A  of 
the  catalytic  converter  8. 

In  the  embodiment  of  Figures  5  and  6  the 
same  reference  numerals  denote  the  same  parts  as 
in  the  preceding  embodiment  and,  so  far  a  re- 

50  peated  description  thereof  is  not  considered  to  be 
necessary  again. 

As  already  indicated  above  and  shown  in  Fig- 
ures  5  and  6,  the  catalytic  converter  8  is  disposed 
outside  of  the  exhaust  pipe  4  laterally  thereof.  The 

55  baffle  plates  9  and  10  supporting  the  catalytic 
converter  8  are  formed  similar  to  that  used  in  the 
embodiment  of  Figure  4. 

6 
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The  reference  numeral  21  denotes  an  exhaust 
gas  passageway  means  21  for  introducing  a  part  of 
the  exhaust  gas  from  the  exhaust  pipe  4  into  the 
upstream  part  8A  of  the  catalytic  converter  8.  As 
shown  in  Figure  6  said  passageway  means  21 
guiding  a  partial  flow  of  the  exhaust  gas  to  the 
upstream  part  8A  of  the  catalytic  converter  8  is 
formed  in  an  inversed  U-shaped  cross  section  and 
is  welded  onto  the  outer  surface  of  the  exhaust 
pipe  4  at  the  lower  end  portions  of  two  side  walls 
21a  extending  downwards  in  Figure  6.  The  rear 
end  of  the  side  wall  21a  is  pushed  against  and 
welded  on  the  baffle  plate  9.  The  connections 
between  the  side  walls  21a  with  the  exhaust  pipe  4 
and  the  baffle  plate  9  are  sealed  by  welding. 

An  upper  wall  21b  of  said  exhaust  gas  in- 
troducing  passageway  means  21  extends  from  a 
position  opposite  to  an  exhaust  gas  outlet  port  4a 
opening  through  the  wall  of  the  exhaust  pipe  4  to  a 
front  end  portion  of  the  catalytic  converter  8  with  a 
rear  upwards  inclination.  The  rear  end  of  the  upper 
wall  21b  is  positioned  at  the  front  end  of  the 
catalytic  converter  8  below  a  centre  of  same  as 
shown  in  Figures  5  and  6,  thus  defining  the  up- 
stream  part  8A  and  the  downstream  part  8B  of  the 
catalytic  converter  8. 

Through  the  gas  introducing  passageway 
means  21  a  portion  of  the  total  flow  of  exhaust  gas 
through  the  exhaust  pipe  4  is  branched  off  to  be 
fed  from  the  exhaust  pipe  4  through  the  exhaust 
gas  outlet  port  4a  and  along  the  exhaust  gas  pas- 
sageway  means  21  to  the  inlet  of  the  upstream  part 
8A  of  the  catalytic  converter  8.  Accordingly, 
through  the  structure  of  the  catalytic  converter  al- 
lowing  gas  flow  only  in  sub-divided  sections  from 
the  entry  side  to  the  outlet  side  of  the  catalytic 
converter  8  (substantially  in  parallel  to  the  main 
flow  through  the  exhaust  pipe  4)  but  blocking  any 
gas  transfer  in  a  direction  rectangular  thereto  that 
portion  of  the  lower  half  of  the  catalytic  converter  8 
covered  and  fluidly  connected  to  the  passageway 
means  21  to  establish  communication  to  the  gas 
outlet  port  4a  defines  the  upstream  part  8A  of  the 
catalytic  converter  8  whereas  the  portion  above 
said  section  defines  the  downstream  part  8B  of  the 
catalytic  converter  8. 

In  this  embodiment  also  it  is  desirable  to  set 
the  sectional  area  of  the  upstream  part  8A  of  the 
catalytic  converter  8  smaller  than  two  thirds  of  the 
whole  cross  section  of  the  catalytic  converter  8  and 
to  set  the  quantity  of  exhaust  gas  passing  through 
the  exhaust  gas  passageway  means  21  and  the 
upstream  part  8A  of  the  catalytic  converter  8  to  be 
smaller  than  two  thirds  of  the  total  quantity  of 
exhaust  gas  flowing  through  the  exhaust  gas  pipe 
4. 

With  the  structure  as  indicated  above  and 
shown  in  Figures  5  and  6  a  part  of  the  exhaust  gas 

flowing  through  the  exhaust  pipe  4  is  branched  off 
and  fed  through  the  exhaust  gas  opening  port  4a 
through  the  exhaust  gas  passageway  defined  by 
the  upper  and  lower  walls  21a,  21b  to  the  upstream 

5  part  8A  of  the  catalytic  converter  8  to  be  cleaned 
therein  and  is  then  to  be  discharged  into  the  centre 
expansion  chamber  C  as  indicated  in  small  arrows 
in  Figure  5. 

In  the  centre  expansion  chamber  C  the  partial 
io  flow  of  exhaust  gas  passing  through  the  upstream 

part  8A  of  the  catalytic  converter  8  and  cleaned 
therein  and  the  main  flow  of  exhaust  gas  passing 
through  the  exhaust  pipe  and  the  rear  outlet  4c 
thereof  to  be  reversed  in  the  rearmost  expansion 

is  chamber  D  to  be  fed  from  the  rear  into  the  centre 
expansion  chamber  C  through  the  opening  11a  of 
the  baffle  plate  11  join  in  the  centre  expansion 
chamber  C  to  flow  for  substantial  cleaning  into  the 
downstream  part  8B  of  the  catalytic  converter  8. 

20  Thus,  also  with  a  structure  as  shown  in  Figures 
5  and  6  the  exhaust  gas  is  partly  cleaned  by  the 
upstream  part  8A  of  the  catalytic  converter  8  when 
a  branched  off  partial  flow  of  the  exhaust  gas  is 
passed  through  the  catalytic  converter  8  to  the 

25  centre  expansion  chamber  C  and,  then,  complete 
cleaning  of  the  total  flow  of  exhaust  gas  after  said 
partial  flow  of  pre-cleaned  exhaust  gas  is  recom- 
bined  with  the  reaminder  main  flow  of  exhaust  gas 
in  the  central  expansion  chamber  C  the  catalytic 

30  converter  8,  namely  the  downstream  part  8B  there- 
of  takes  place  when  the  total  flow  of  exhaust  gas 
flows  from  the  centre  expansion  chamber  C 
through  the  downstream  part  8B  of  the  catalytic 
converter  8  to  the  front  side  expansion  chamber  A. 

35  When  a  partial  flow  of  exhaust  gas  is  intro- 
duced  into  the  upstream  part  of  the  catalytic  con- 
verter  8  using  the  passageway  means  21  as  shown 
in  Figures  5  and  6  it  is  easy  to  keep  the  tempera- 
ture  of  the  total  flow  of  exhaust  gas  which  flows 

40  through  the  downstream  part  8B  of  the  catalytic 
converter  8  relatively  high  as  said  partial  flow  of 
exhaust  gas  pre-cleaned  in  the  upstream  part  8A  of 
the  catalytic  converter  8  flows  into  the  centre  ex- 
pansion  chamber  C  at  a  relatively  high  temperature 

45  and  mixes  therein  with  the  main  flow  of  exhaust 
gas  coming  from  the  rear  expansion  chamber  D 
through  the  opening  11a  into  the  centre  expansion 
chamber  C,  said  main  flow  of  exhaust  gas  having  a 
relatively  low  temperature. 

50  Summarising  the  The  advantageous  main  ef- 
fects  of  the  embodiments  of  the  present  invention 
which  are  based  on  the  basic  flow  regime,  namely 
by  branching  off  a  partial  flow  from  the  total  flow  of 
exhaust  gas  and  delivering  same  to  an  upstream 

55  part  of  the  catalytic  converter,  pre-cleaning  said 
partial  flow  and  recombining  same  with  the  rest  of 
the  exhaust  gas  for  further  cleaning  treatment  in 
the  downstream  part  of  the  catalytic  converter, 

7 
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same  are  as  follows: 
As  the  exhaust  gas  is  introduced  from  the  up- 
stream  side  expansion  chamber  into  the  catalytic 
converter  with  oxygen  left  therein,  the  cleaning 
performance  will  not  be  deteriorated  although  a 
single  catalytic  converter  is  being  used  and  clean- 
ing  of  the  exhaust  gas  is  sub-divided  in  upstream 
and  downstream  parts  through  the  catalytic  con- 
verter.  Aside  from  a  sufficient  cleaning  effect  and 
capacity  of  such  a  structure  the  muffler  is  pre- 
vented  from  becoming  larger  sized  due  to  the 
specific  design  and  flow  conditions  inside  the  muf- 
fler. 

Morevoer,  the  temperature  difference  across 
the  catalytic  converter,  specifically  between  its  up- 
stream  part  through  which  exhaust  gas  is  allowed 
to  flow  at  an  upstream  area  and  its  downstream 
portion  through  which  exhaust  gas  is  allowed  to 
flow  after  having  partially  passed  through  the  up- 
stream  part  of  the  catalytic  converter  is  reduced  as 
the  exhaust  gas  is  efficiently  cleaned  in  both  the 
upstream  and  downstream  portions  of  the  catalytic 
converter  and,  moreover,  as  the  heat  of  the  up- 
stream  part  of  the  catalytic  converter  is  effectively 
transmitted  through  heat  conduction  to  the  down- 
stream  part  of  the  catalytic  converter  through  which 
the  exhaust  gas  at  a  downstream  side  is  passed 
through.  Therefore,  thermal  distortion  of  the  cata- 
lytic  converter  does  not  occure  and  the  catalytic 
converter  is  prevented  from  being  broken  of  de- 
formed.  Said  effect  is  promoted  by  a  sufficient 
afterburning  of  unburnt  hydrocarbons  in  the  down- 
stream  part  of  the  catalytic  converter  resulting  from 
a  sufficient  amount  of  oxygen  being  present  there 
so  that  a  temperature  difference  between  the  up- 
stream  and  downstream  parts  8A,  8B  of  the  cata- 
lytic  converter  8  is  reduced.  This  adds  to  avoid 
thermal  distortion  or  break,  deformation  etc.,  of  the 
catalytic  converter. 

Moreover,  since  the  upstream  part  8A  of  the 
catalytic  converter  8  is  disposed  in  the  region  of  a 
relatively  high  temperature  the  exhaust  gas  rapid 
warming  up  of  said  part  8A  of  the  catalytic  con- 
verter  takes  place  and  the  exhaust  gas  can  be 
cleaned  even  in  a  very  early  stage  after  engine 
starting.  Moreover,  as  the  temperature  of  the  ex- 
haust  gas  forwarded  to  the  downstream  part  8B  of 
the  catalytic  converter  8  is  elevated  due  to  the 
mixture  with  the  pre-cleaned  partial  flow  having  a 
high  temperature,  the  temperature  drop  of  the  ex- 
haust  gas  is  small,  this  also  adds  to  an  efficient 
cleaning  of  the  exhaust  gas  in  the  downstream  part 
8B  of  the  catalytic  converter  8. 

Finally,  providing  a  reverse  passageway  in  the 
muffler  5  utilising  the  catalytic  converter  8  as  a 
partition  bridging  one  (downstream)  expansion 
chamber  contributes  to  keep  the  muffler  5  small 
sized  even  if  said  structure  allows  to  increase  the 

length  of  the  exhaust  pipe  and  dispite  using  two 
catalytic  converters  or  converter  sections  to  be 
installed. 

The  present  invention  relates  to  a  method  for 
5  catalytically  cleaning  the  exhaust  gas  of  an  internal 

combustion  engine  and  an  exhaust  gas  system 
wherein  a  multi-staged  cleaning  of  exhaust  gas 
takes  place  by  means  of  that  the  total  flow  of 
exhaust  gas  is  sub-divided  into  a  plurality  of  partial 

io  flows  of  exhaust  gas,  at  least  in  two  flows  of 
exhaust  gas,  fed  through  a  catalytic  converter 
means  in  successively  varying  amounts  of  volume 
through  different  parts  of  the  catalytic  converter 
means.  In  this  was  cleaning  activity  of  the  catalytic 

is  converter  means  can  be  improved  and  more  even 
heat  distribution  across  the  catalytic  converter 
means  can  be  obtained  and  a  small  sized  construc- 
tion  of  a  muffler  of  the  exhaust  gas  system  is 
possible. 

20 
Claims 

1.  Method  for  catalytically  cleaning  exhaust  gas 
of  an  internal  combustion  engine  having  a 

25  catalyst  disposed  in  a  muffler  of  an  exhaust 
gas  system  of  the  engine  characterised  in 
that,  a  total  flow  of  exhaust  gas  is  sub-divided 
into  a  plurality  of  partial  flows  of  exhaust  gas 
fed  through  a  catalytic  converter  means  (8)  in 

30  successively  varying  amounts  of  volume 
through  successively  different  parts  of  the 
catalytic  converter  means  (8)  having  succes- 
sivley  varying  catalytic  cleaning  capacities. 

35  2.  Method  as  claimed  in  claim  1,  characterised 
in  that,  in  the  muffler  (5)  a  part  of  the  incom- 
ing  flow  of  exhaust  gas  is  branched  off  of  the 
total  flow  of  exhaust  gas,  said  part  being  fed 
through  an  upstream  cleaning  catalyst  and 

40  then,  the  recombined  total  flow  of  exhaust  gas 
is  fed  through  a  downstream  cleaning  catalyst 
disposed  in  said  muffler. 

3.  Method  as  claimed  in  claims  1  or  2  charac- 
45  terised  in  that,  a  pre-cleaning  of  a  part  of  the 

total  flow  of  exhaust  gas  is  performed  in  the 
upstream  cleaning  catalyst  and  that  said  pre- 
cleaned  part  of  the  exhaust  gas  is  then  recom- 
bined  with  the  rest  of  the  total  flow  of  exhaust 

50  gas  to  be  fed  through  the  downstream  cleaning 
catalyst  disposed  in  the  muffler  (5). 

4.  Method  as  claimed  in  at  least  one  of  the  pre- 
ceding  claims  1  to  3,  characterised  in  that, 

55  that  part  of  the  total  flow  of  exhaust  gas  is  fed 
through  a  portion  of  a  single  catalytic  converter 
(8),  said  portion  projecting  into  an  end  portion 
(4b)  of  an  exhaust  pipe  (4)  extending  into  the 

8 
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muffler  (5). 

7.  Method  as  claimed  in  at  least  one  of  the  pre- 
ceding  claims  1  to  6  characterised  in  that, 
the  flow  of  exhaust  gas  is  reversed  along  a 
longitudinal  axis  of  the  muffler  (5)  therein  from 
a  rearmost  expansion  chamber  (D)  toward  a 
front  expansion  chamber  (A)  to  be  treated 
through  the  catalytic  converter  (8)  and  is  then 
returned  to  the  rear  of  the  muffler  (5)  through  a 
separating  passageway  means  (13)  and  is  dis- 
charged  from  the  rear  of  the  muffler  (5). 

8.  Exhaust  gas  system  of  an  internal  combustion 
engine  comprising  an  exhaust  pipe  (4)  extend- 
ing  into  a  muffler  (5)  which  accommodates  a 
catalytic  converter  means  (8)  and  which  has  a 
plurality  of  exhaust  gas  receiving  expansion 
chambers,  (A  to  D)  characterised  in  that,  an 
upstream  part  (8A)  of  the  catalytic  converter 
means  (8)  is  subject  to  a  partial  flow  of  an 

11.  Exhaust  gas  system  as  claimed  in  claims  8  or 
9,  characterised  in  that,  the  catalytic  con- 
verter  (8)  is  disposed  aside  of  the  exhaust  pipe 
(4)  and  that  an  exhaust  gas  passageway 

5  means  (21)  is  provided  branching  off  of  the 
exhaust  pipe  (4)  upstream  of  the  catalytic  con- 
verter  (8)  and  communicating  to  an  upstream 
part  (8A)  of  the  catalytic  converter  (8)  said 
upstream  part  (8A)  establishing  a  downstream 

io  portion  of  said  exhaust  gas  passageway  means 
(21). 

12.  Exhaust  gas  system  as  claimed  in  a  least  one 
of  the  preceding  claims  8  to  11,  characteris- 

15  ed  in  that,  said  muffler  (5)  comprises  a  plural- 
ity  of  expansion  chambers  (A  to  D)  separated 
by  recessed  baffle  plates  (9,10,11)  said  expan- 
sion  chambers  (A  to  D)  are  disposed  succes- 
sively  along  a  longitudinal  axis  of  the  muffler 

20  (5). 

13.  Exhaust  gas  system  as  claimed  in  claim  12, 
characterised  in  that,  the  baffle  plates 
(9,10,11)  define  cross-walls  of  the  muffler  (5). 

25 
14.  Exhaust  gas  system  as  claimed  in  at  least  one 

of  the  preceding  claims  8  to  13,  characteris- 
ed  in  that,  the  catalytic  converter  (8)  is  dis- 
posed  to  connect  an  upstream  expansion 

30  chamber  (C)  to  a  more  downwardly  disposed 
expansion  chamber  (A). 

15.  Exhaust  gas  system  as  claimed  in  claim  14, 
characterised  in  that,  said  catalytic  converter 

35  (8)  is  disposed  to  bridge  a  downstream  expan- 
sion  chamber  (B)  from  which  an  exhaust  gas 
discharge  pipe  (13)  extends  out  of  the  muffler 
(5)  . 

40  16.  Exhaust  gas  system  as  claimed  in  at  least  one 
of  the  preceding  claims  8  to  15,  characteris- 
ed  in  that,  an  outlet  (4b)  of  the  exhaust  pipe 
(4)  extends  into  the  rearmost  expansion  cham- 
ber  (D)  from  which  a  return  flow  of  the  exhaust 

45  gas  forwardly  is  established  through  a  centre 
expansion  chamber  (C),  the  catalytic  converter 
(8)  and  a  front  expansion  chamber  (A)  to  the 
downstream  expansion  chamber  (B). 

50  17.  Exhaust  gas  system  as  claimed  in  claim  13, 
characterised  in  that,  the  catalytic  converter 
(8)  is  supported  through  the  cross-walls  (9,10  ) 
defining  the  downstream  expansion  chamber 
(B)  to  extend  through  a  recess  of  the  exhaust 

55  pipe  (4)  to  project  partially  into  the  interior  of 
said  exhaust  pipe  (4)  so  as  to  allow  the  flow  of 
a  part  of  the  exhaust  gas  through  said  projec- 
ting  part  (8A)  of  the  catalytic  converter  (8)  from 

incoming  flow  of  exhaust  gas  only  and  another  45 
downstream  part  (8B)  of  the  catalytic  converter 
means  (8)  is  subject  to  the  recombined  total 
flow  of  exhaust  gas. 

9.  Exhaust  gas  system  as  claimed  in  claim  8,  50 
characterised  in  that  the  catalytic  converter 
means  comprises  a  single  catalytic  converter 
(8)  disposed  within  said  muffler  (5) 

10.  Exhaust  gas  system  as  claimed  in  claims  8  or  55 
9,  characterised  in  that,  the  catalytic  con- 
verter  (8)  is  disposed  to  partially  project  into  an 
end  portion  (4b)  of  the  exhaust  pipe  (4). 

5.  Method  as  claimed  in  at  least  one  of  the  pre- 
ceding  claims  1  to  4,  characterised  in  that, 
that  a  part  of  the  total  flow  of  exhaust  gas  is  5 
fed  through  a  portion  (8A)  of  a  single  catalytic 
converter  (8),  said  portion  (8A)  forming  part  of 
an  exhaust  gas  side  passageway  branching  off 
of  an  end  portion  (4b)  of  the  exhaust  pipe  (4). 

10 
6.  Method  as  claimed  in  at  least  one  of  the  pre- 

ceding  claims  1  to  5,  characterised  in  that,  a 
main  portion  of  the  total  flow  of  exhaust  gas  is 
fed  without  pre-cleaning  to  a  rearmost  end 
portion  of  the  muffler  (5),  reversing  said  flow  of  is 
exhaust  gas  to  a  centre  expansion  chamber 
(C)  wherein  recombination  of  said  main  flow  of 
exhaust  gas  and  said  pre-cleaned  part  of  the 
exhaust  gas  takes  place  feeding  said  recom- 
bined  total  flow  of  exhaust  gas  through  that  20 
part  (8B)  of  a  single  catalytic  converter  (8) 
which  was  not  subject  to  the  flow  of  a  part  of 
said  total  flow  of  exhaust  gas  for  conducting 
pre-cleaning  of  said  part. 

9 
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an  upstream  entry  side  to  a  downstream  dis- 
charge  side  thereof. 

18.  Exhaust  gas  system  as  claimed  in  at  least  one 
of  the  preceding  claims  1  to  17,  characteris-  5 
ed  In  that,  that  part  (8A)  of  the  catalytic  con- 
verter  (8)  which  defines  a  pre-cleaning  up- 
stream  part  of  the  cataltic  converter  (8)  com- 
prises  a  sectional  area  which  is  equal  or  less 
than  two  thirds  of  the  cross  section  of  the  10 
whole  catalytic  converter  (8)  and  the  part  of  the 
exhaust  gas  passing  through  said  upstream 
part  (8A)  of  the  catalytic  converter  (8)  amounts 
maximally  to  two  thirds  of  the  quantity  of  the 
exhaust  gas  flowing  through  the  exhaust  pipe  is 
(4). 

19.  Exhaust  gas  system  as  claimed  in  at  least  one 
of  the  preceding  claims  8  to  18,  characteris- 
ed  In  that,  the  catalytic  converter  (8)  com-  20 
prises  a  honeycomb  catalyst  structure  having 
catalytic  substances  carried  on  its  active  sur- 
face. 

20.  Exhaust  gas  system  as  claimed  in  a  least  one  25 
of  the  preceding  claims  8  to  19,  characteris- 
ed  In  that,  the  catalytic  converter  (8)  com- 
prises  a  winding  structure  by  winding  a  flat 
bent  foil  (8a)  and  a  corrugated  bent  foil  (8b) 
spirally  lapping  one  above  the  other,  said  foils  30 
(8a,8b)  being  bonded  by  soldering  to  each 
other. 

35 
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