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(54)  Exhaust  apparatus  for  an  internal  combustion  engine  of  a  motor-vehicle,  and  a  method  for 
production  of  this  apparatus. 

(57)  In  an  exhaust  apparatus  of  conventional  type 
for  an  internal  combustion  engine  of  a  motor- 
vehicle,  one  or  more  tubes  (4',10',12')  connect- 
ing  the  various  active  elements  (3  ,5',6')  of  the 
apparatus  are  modified  so  that  they  contribute 
to  the  silencing  and/or  catalytic  function,  which 
allows  for  a  reduction  of  the  volume  of  the 
active  components  of  the  apparatus  (catalytic 
converter  (3),  first  and  second  silencing  device 
(5',6')),  while  keeping  the  global  efficiency  of 
the  apparatus  unchanged. 
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The  present  invention  relates  to  exhaust  appara- 
tus  for  internal  combustion  engines,  of  the  known 
type  comprising: 

-  an  exhaust  manifold,  including  manifold  tubes, 
-  a  catalytic  converter, 
-  a  flexible  tubing  interposed  between  the  ex- 

haust  manifold  and  the  catalytic  converter, 
-  a  first  and  a  second  silencing  devices  arranged 

in  series  downstream  of  the  catalytic  converter 
(with  reference  to  the  direction  of  flow  of  the  en- 
gine  exhaust  gasses), 

-  connecting  tubes  interposed  between  the  cat- 
alytic  converter  and  the  first  silencing  device, 
as  well  as  between  the  first  silencing  device 
and  the  second  silencing  device. 

The  object  of  the  present  invention  is  that  of  pro- 
viding  a  system  of  the  above  indicated  type  which  al- 
lows  a  substantial  reduction  of  the  volume  of  the  cat- 
alytic  converter  and/or  the  silencing  devices,  while 
the  global  efficiency  of  the  system  remains  the  same. 

In  order  to  achieve  this  object,  the  invention  pro- 
vides  a  system  of  the  above  indicated  type,  charac- 
terized  in  that  at  least  part  of  said  exhaust  manifold 
tubes,  said  flexible  tubing  and  said  connecting  tubes 
have  a  construction  such  that  they  also  constitute  a 
silencing  means. 

In  a  preferred  embodiment,  one  or  more  connect- 
ing  tubes  of  the  system  have  a  tube  body  with  two  end 
portions  and  a  central  portion  which  is  enlarged  with 
respect  to  the  end  portions,  and  an  inner  tubular  ele- 
ment  arranged  through  said  tube  body  and  forced 
within  the  end  portions  of  the  latter,  so  as  to  define  an 
annular  chamber  between  the  enlarged  central  por- 
tion  of  the  tube  body  and  the  inner  tubular  element, 
said  inner  tubular  element  having  a  partition  wall 
which  is  transverse  to  the  axis  of  the  tubular  element 
and  defines  a  first  and  a  second  chambers  separate 
from  each  other  within  said  inner  tubular  element, 
said  inner  tubular  element  having  perforated  walls,  so 
that,  in  operation,  the  exhaust  gasses  which  enter  into 
the  tube  flow  from  said  first  chamber  of  the  inner  tub- 
ular  element  to  said  annular  chamber  through  the 
holes  of  the  inner  tubular  element,  and  from  said  an- 
nular  chamber  to  the  second  chamber  of  the  inner 
tubular  element,  again  through  the  holes  of  the  inner 
tubular  element,  whereupon  they  can  flow  out  of  the 
tube. 

Due  to  said  features,  the  tube  is  able  to  fulfil  a  si- 
lencing  function  in  addition  to  that  performed  by  the 
conventional  silencing  devices,  so  that  the  latter  may 
have  a  reduced  bulk  while  keeping  the  global  efficien- 
cy  of  the  silencing  system  the  same. 

Preferably,  the  body  of  the  tube  with  said  central 
enlarged  portion  is  formed  starting  from  a  cylindrical 
one-piece  tube,  by  "inflating"  permanently  the  mate- 
rial  of  the  tube  from  the  inside,  with  the  aid  of  rubber, 
according  to  a  technique  known  per  se,  or  by  the  so 
called  "hydroforming"  technique,  which  also  is  known 

perse,  which  makes  use  of  the  fluid  (e.g.  oil  or  water) 
as  the  means  to  obtain  the  inflating  pressure. 

If  one  wants  to  provide  also  a  catalytic  function 
by  the  tube,  said  two  chambers  of  the  inner  tubular 

5  element  are  provided,  according  to  the  invention,  with 
pellets  impregnated  with  catalytic  substances.  The 
details  relating  to  the  pellets  and  the  catalytic  sub- 
stances  are  not  illustrated  herein,  since  this  techni- 
que  is  also  known  per  se  and  does  not  fall,  taken 

w  alone,  within  the  scope  of  the  present  invention. 
Furthermore,  it  is  also  possible  to  arrange  within 

the  pellets  an  armoured  electric  resistance  in  order  to 
obtain  a  pre-heating  of  the  catalytic  device  obtained 
thereby. 

15  According  to  a  further  feature  of  the  invention, 
when  the  latter  is  applied  to  the  flexible  tubing  inter- 
posed  between  the  exhaust  manifold  and  the  catalyt- 
ic  device,  said  innertubular  element  is  inserted  within 
the  ends  of  the  tubing  with  interposition  of  metal  rings, 

20  e.g.  made  of  metal  mesh,  to  allow  for  expansion  of  the 
flexible  tube  during  operation. 

Naturally,  a  connecting  tubing  between  the  ele- 
ments  of  an  exhaust  apparatus  may  be  comprised  of 
many  tube  elements  connected  to  each  other. 

25  According  to  the  invention,  one  or  more  of  these 
elements  may  be  formed  in  the  above  described  man- 
ner.  Furthermore,  once  a  straight  tube  has  been 
formed  as  described  in  the  foregoing,  with  the  inner 
tubular  elements  inserted  therein,  the  tube  may  be 

30  sent  to  a  tube  bending  device  which  provides  for 
bending  of  the  initially  straight  portions  which  are  not 
affected  by  the  tube  inflating  operation,  according  to 
a  desired  configuration  of  the  apparatus. 

Furthermore,  the  above  described  solution  may 
35  also  be  provided,  rather  than  by  permanent  deforma- 

tion  of  a  cylindrical  tube,  by  coupling  two  pressed 
half-shells  seamed  and/or  welded  to  each  other. 

The  present  invention  also  provides  for  an  adap- 
tation  of  an  exhaust  system  of  the  conventional  type 

40  indicated  at  the  beginning  of  the  present  description, 
as  indicated  in  the  annexed  claim  6.  Alternatively,  the 
silencing  elements  and/or  catalytic  elements  may  be 
inserted  in  the  connecting  tubing  of  the  conventional 
system  as  additional  elements. 

45  Further  features  and  advantages  of  the  present 
invention  will  become  apparent  from  the  description 
which  follows  with  reference  to  the  annexed  drawings, 
given  purely  by  way  of  non  limiting  example,  in  which: 

figure  1  is  a  diagrammatic  view  of  an  exhaust  ap- 
50  paratus  according  to  the  prior  art, 

figure  2  is  a  view  of  the  apparatus  of  figure  1 
changed  according  to  the  present  invention, 
figures  3,  4  are  side  views  of  the  body  of  a  con- 
necting  tube  before  and  after  the  permanent  de- 

55  forming  operation  provided  with  the  method  ac- 
cording  to  the  invention, 
figures  5,  6  are  side  views  of  two  possible  em- 
bodiments  of  the  inner  tubular  element  which  is 
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inserted  within  the  tube  of  figure  4  according  to 
the  method  according  to  the  invention, 
figures  7,  8  are  two  side  views  of  two  possible 
embodiments  of  the  connecting  tube  changed 
according  to  the  present  invention,  5 
figure  9  shows  a  further  variant  of  figure  7,  and 
figure  10  is  a  cross-sectional  view  of  the  flexible 
connecting  tubing  of  the  exhaust  apparatus 
changed  with  the  method  according  to  the  inven- 
tion.  10 
In  figure  1,  reference  numeral  1  generally  desig- 

nates  an  exhaust  apparatus  of  known  type,  for  an  in- 
ternal  combustion  engine  of  a  motor-vehicle.  Appara- 
tus  1  comprises  an  end  portion  2  which  is  to  be  con- 
nected  to  the  exhaust  manifold  of  the  internal  com-  15 
bustion  engine,  a  catalytic  converter  3  connected  to 
the  front  part  2  through  a  flexible  tubing  4,  a  first  and 
a  second  silencing  devices  5,  6  arranged  in  series 
downstream  of  the  catalytic  converter  3  (with  refer- 
ence  to  the  direction  of  flow  of  the  exhaust  gasses)  20 
and  connecting  tubings  8,  9  constituted  by  connect- 
ing  tubes  10,  11,  12. 

The  details  of  construction  of  the  catalytic  con- 
verter  3  and  the  silencing  devices  5,  6  are  not  illustrat- 
ed  herein,  since,  as  already  indicated,  such  devices  25 
may  be  of  any  known  type  and  do  not  fall  within  the 
scope  of  the  present  invention. 

With  reference  to  figure  2,  according  to  the  inven- 
tion,  one  or  more  of  the  connecting  tubings  4,  8,  9  are 
modified  so  as  to  contribute  to  the  silencing  and/or  30 
catalytic  function,  as  will  be  illustrated  more  in  detail 
in  the  following.  In  this  manner,  the  modified  appara- 
tus,  generally  designated  by  reference  numeral  1', 
may  use  a  catalytic  converter  3'  and  silencing  devices 
5'  and  6'  which  have  reduced  size  with  respect  to  35 
those  of  the  apparatus  of  figure  1  ,  while  leaving  the 
global  efficiency  of  the  apparatus  the  same. 

As  shown  in  figure  2,  the  connecting  tube  10  of 
figure  1  has  been  changed  in  a  device  10'  which  will 
be  now  described.  40 

With  reference  to  figures  3,  4,  the  tubular  body 
10,  constituted  of  sheet  metal,  having  a  cylindrical 
configuration,  is  permanently  deformed  so  as  to  as- 
sume  the  configuration  shown  in  figure  4,  in  which  it 
has  a  central  portion  13  enlarged  with  respect  to  the  45 
two  end  portions  14. 

According  to  the  invention,  the  inflation  of  tube  10 
is  preferably  obtained  by  exerting  a  pressure  from  the 
inside  by  means  of  a  rubber  element  according  to  a 
technique  known  perse,  or  by  means  of  the  so  called  50 
"hydroforming"  technique,  also  known  per  se,  which 
provides  for  the  use  of  a  fluid  (e.g.  oil  or  water)  as  the 
means  for  exerting  the  inflating  pressure.  The  body  of 
the  tube  thus  deformed  is  obtained  as  indicated  by  15 
in  figure  4.  55 

Yet  according  to  the  invention,  within  the  tube 
body  15  there  is  inserted  a  tubular  element,  for  exam- 
ple  of  the  type  indicated  by  16  in  figure  5.  Inner  tub- 

ular  element  16  has  a  cylindrical  configuration  and 
also  is  constituted  of  sheet  metal.  It  has  a  transverse 
partition  wall  17,  constituted  by  a  sheet  metal  disk 
whose  edge  is  welded  to  the  inner  surface  of  element 
16  and  which  divides  the  inner  space  within  the  tub- 
ular  element  1  6  into  a  first  chamber  1  8  and  a  second 
chamber  1  9.  Furthermore,  the  wall  of  tubular  element 
16  has  an  array  of  through  holes  20  throughout  its 
length. 

Figure  6  shows  a  variant  of  configuration  of  tub- 
ular  element  16  having  an  intermediate  area  21  with 
reduced  cross-section  defining  the  inner  partition 
wall  which  separates  the  two  chambers  of  tubular  ele- 
ment  16  from  each  other. 

According  to  the  invention,  tubular  element  16  is 
inserted  within  tube  body  15  and  is  fixed  thereto  by 
being  forced  within  the  end  portions  14,  according  to 
what  is  illustrated  in  figures  7,  8  respectively  with  ref- 
erence  to  the  tubular  element  of  figure  5  and  the  tub- 
ular  element  of  figure  6. 

In  this  manner,  there  is  defined  an  annular  cham- 
ber  22  between  the  enlarged  portion  of  the  tube  body 
15  and  the  tubular  element  16.  Therefore,  in  opera- 
tion,  the  exhaust  gasses  which  enter  into  one  end  of 
tube  1  0'  flow  into  first  chamber  1  8  and  from  the  latter 
into  annular  chamber  22  through  holes  20,  where- 
upon  they  enter  again  into  chamber  19  flowing 
through  holes  20  and  are  directed  to  the  outlet  of  tube 
1  0'.  As  a  result,  a  silencing  effect  is  obtained  which  is 
added  to  that  of  silencing  devices  5',  6'. 

Naturally,  when  the  structure  is  designed,  the 
size  of  inner  tubular  element  16  and  holes  20,  as  well 
as  the  arrangement  of  the  latter  are  chosen  on  the  ba- 
sis  of  the  silencing  features  which  are  desired. 

If  also  a  catalytic  function  is  desired,  within  cham- 
bers  18,  19  of  tubular  element  16  there  are  arranged 
pellets  23  impregnated  with  catalytic  substances,  ac- 
cording  to  a  technique  known  per  se. 

Finally,  in  the  case  of  the  connecting  flexible  tube 
4  (figure  1),  this  is  changed  into  an  element  4'  (figure 
2)  having  the  structure  illustrated  in  figure  10.  As 
shown,  also  device  4'  has  the  tubular  element  16 
which  has  been  described  above  inside,  if  necessary 
with  the  addition  of  pellets  23.  The  difference  with  re- 
spect  to  what  has  been  described  above  lies  in  that 
the  tubular  element  16  is  arranged  within  the  end  por- 
tions  of  the  outer  flexible  tube,  indicated  by  4a,  with 
the  interposition  of  two  metal  rings  24  (for  example  of 
metal  mesh)  having  the  object  of  allow  for  expansion 
of  the  flexible  tube  4a  during  operation. 

Naturally,  while  the  principle  of  the  invention  re- 
mains  the  same,  the  details  of  construction  and  the 
embodiments  may  widely  vary  with  respect  to  what 
has  been  described  and  illustrated  purely  by  way  of 
example,  without  departing  from  the  scope  of  the 
present  invention. 
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5.  Apparatus  according  to  claim  1  ,  characterized  in 
that  within  said  two  chambers  (18,19)  of  the  inner 
tubular  element  (16)  there  are  arranged  pellets 
impregnated  with  catalytic  substances,  so  that 
such  tubes  also  constitute  additional  catalytic 
conversion  means. 

6.  Apparatus  according  to  claim  2,  characterized  in 
that  said  flexible  tubing  (4)  of  the  exhaust  appa- 
ratus  has  an  inner  tubular  element  (16)  arranged 
within  the  ends  of  said  flexible  tubing  (4a)  with 
the  interposition  of  two  metal  rings  (24). 

7.  Apparatus  according  to  claim  5,  characterized  in 
that  among  said  pellets  there  is  arranged  an  arm- 
oured  electric  resistance,  for  pre-heating  purpos- 
es. 

8.  Method  for  adapting  an  exhaust  apparatus  of  the 
conventional  type  comprising  an  exhaust  mani- 
fold,  a  catalytic  converter  (3),  a  flexible  tubing  (4) 
interposed  between  the  exhaust  manifold  and 
the  catalytic  converter  (3),  a  first  and  a  second  si- 
lencing  devices  (5,  6)  arranged  in  series  down- 
stream  of  said  catalytic  converter  (3)  and  con- 
necting  tubes  (10,  11,  12)  interposed  between 
the  catalytic  converter  (3)  and  the  first  silencing 
device  (5)  and  between  the  first  silencing  device 
(5)  and  the  second  silencing  device  (6), 

characterized  in  that  one  or  more  of  the 
tubes  forming  the  manifold,  said  flexible  tubing 
and  said  connecting  tubes  are  modified  so  as  to 
assume  a  configuration  with  a  tube  body  (15) 
having  a  central  portion  (13)  enlarged  with  re- 
spect  to  the  end  portions  (14)  and  a  tubular  ele- 
ment  (16)  is  inserted  within  said  tube  body  (15) 
and  forced  within  the  end  portions  (14)  of  the  lat- 
ter,  said  inner  tubular  element  (16)  having  a  par- 
tition  wall  (17)  transverse  to  its  axis  which  de- 
fines  a  first  and  a  second  chamber  (18,  19)  sep- 
arate  from  each  other,  said  tubular  element  hav- 
ing  perforated  walls  (20),  so  as  to  define  an  an- 
nular  chamber  (22)  between  the  enlarged  central 
portion  (13)  and  the  inner  tubular  element  (16) 
which  is  communicated  to  both  chambers  (1  8,  1  9) 
of  the  inner  tubular  element  (16)  through  holes 
(20)  of  the  latter. 

9.  A  method  according  to  claim  8,  characterized  in 
that  the  enlarged  central  portion  (13)  of  the  tube 
body  (15)  is  provided  by  permanently  deforming 
a  cylindrical  tube. 

10.  A  method  according  to  claim  9,  characterized  in 
that  said  permanent  deformation  is  obtained  by  a 
"hydroforming"  technique,  or  by  the  aid  of  a  rub- 
ber  element  inserted  within  the  initially  cylindrical 
tube. 

Claims 

1.  Exhaust  apparatus  foran  internal  combustion  en- 
gine  of  a  motor-vehicle,  comprising: 

an  exhaust  manifold,  including  manifold  5 
tubes, 

a  catalytic  converter  (3,  3'), 
a  flexible  tubing  (4,  4')  interposed  between 

the  exhaust  manifold  and  the  catalytic  converter 
(3,  3'),  10 

a  first  and  a  second  silencing  devices  (5, 
6;  5',  6')  arranged  in  series  downstream  of  the 
catalytic  converter  (3,  3')  with  reference  to  the  di- 
rection  of  flow  of  the  engine  exhaust  gasses,  and 

connecting  tubes  (10,  11,  12)  interposed  15 
between  the  catalytic  converter  (3,  3')  and  the 
first  silencing  device  (5,  5')  and  between  the  first 
and  the  second  silencing  devices  (5,  5';  6,  6'), 

characterized  in  that  at  least  part  of  said 
manifold  tubes,  said  flexible  tube  and  said  con-  20 
necting  tubes  have  a  construction  such  that  they 
also  constitute  a  silencing  means. 

2.  Apparatus  according  to  claim  1  ,  characterized  in 
that  one  or  more  connecting  tubes  (10,  11,  12)  of  25 
the  apparatus  have  a  tube  body  (1  5)  with  two  end 
portions  (14)  and  a  central  portion  (13)  enlarged 
with  respect  to  the  end  portions  (14)  and  an  inner 
tubular  element  (16)  arranged  through  said  tube 
body  (1  5)  and  forced  within  said  end  portions  (14)  30 
of  the  latter,  so  as  to  define  an  annular  chamber 
(22)  between  said  enlarged  central  portion  (1  3)  of 
the  tube  body  (15)  and  inner  tubular  element 
(16),  said  inner  tubular  element  having  a  partition 
wall  (19)  transverse  to  the  axis  of  the  tubular  ele-  35 
ment  defining  a  first  and  a  second  chambers  (18, 
19)  separate  from  each  other,  said  tubular  ele- 
ment  having  perforated  walls  (20),  so  that,  in  op- 
eration,  the  exhaust  gasses  which  enter  into  the 
connecting  tube  (10')  flow  from  said  first  cham-  40 
ber(18)  of  the  inner  tubular  element  (16)  to  said 
annular  chamber  (22),  through  said  holes  (29)  of 
the  inner  tubular  element  (16),  and  from  said  an- 
nular  chamber  (22)  to  said  second  chamber  (19) 
of  the  inner  tubular  element  (16),  again  through  45 
said  holes  (20)  of  the  inner  tubular  element  (16), 
whereupon  they  flow  out  of  the  connecting  tube 
(10'). 

3.  Apparatus  according  to  claim  2,  characterized  in  50 
that  said  enlarged  portion  (13)  of  said  inner  tub- 
ular  element  (16)  is  obtained  by  permanently  de- 
forming  a  cylindrical  tube. 

4.  Apparatus  according  to  claim  3,  characterized  in  55 
that  said  enlarged  portion  (13)  is  obtained  by  a 
hydroforming  technique. 
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