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(54)  Air  regulating  valve. 

(57)  A  valve  for  regulating  air  flow  delivered  to  an 
internal  combustion  engine  from  a  compressor 
has  a  body  (2)  defining  a  bore  (3)  through  which 
an  air  flow  is  established.  A  vane  (6)  is  pivotally 
connected  to  the  body  and  moveable  between  a 
deployed  position  within  the  bore  in  which  the 
vane  presents  a  resistance  to  air  flow  and  a 
retracted  position  in  which  the  resistance  is 
reduced.  The  vane  is  biassed  by  a  spring  (24) 
into  the  deployed  position.  A  pressure  respon- 
sive  diaphragm  (17)  is  connected  to  the  vane 
and  urges  the  vane  into  the  retracted  position  in 
response  to  excess  pressure  within  the  bore. 
The  valve  provides  improved  mixture  of  re- 
circulated  exhaust  gases  with  air  delivered  to 
the  engine's  intake  manifold. 
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This  invention  relates  to  an  air  regulating  valve 
for  regulating  the  airflow  delivered  to  an  internal  com- 
bustion  engine  from  a  compressor  in  situations 
where  the  airflow  is  mixed  with  re-circulated  exhaust 
gases  before  being  input  to  the  engine's  air  intake 
manifold. 

The  need  for  such  a  valve  arises  because,  when 
operating  under  idling  or  low  load  conditions,  it  is  de- 
sirable  to  enhance  the  proportion  of  exhaust  gas  de- 
livered  to  the  intake  manifold  so  as  to  minimise  nox- 
ious  exhaust  emissions  from  the  engine.  It  has  hither- 
to  been  proposed  that  a  valve  be  provided  upstream 
of  an  exhaust  gas  re-circulation  mixer  to  restrict  the 
flow  of  air  in  response  to  command  signals  from  an 
engine  management  system  which  actuates  the  valve 
to  restrict  flow  under  such  idling  or  low  load  condi- 
tions. 

According  to  the  present  invention  there  is  dis- 
closed  a  valve  for  regulating  air  flow  delivered  to  an 
internal  combustion  engine  from  a  compressor,  the 
valve  comprising  a  body  defining  a  bore  through 
which  an  airflow  is  established  in  use,  a  vane  pivotally 
connected  to  the  body  and  movable  between  a  de- 
ployed  position  within  the  bore  in  which  the  vane 
presents  a  resistance  to  the  air  flow  and  a  retracted 
position  in  which  the  vane  presents  a  reduced  resis- 
tance  to  airflow,  biassing  means  urging  the  vane  into 
the  deployed  position  and  a  pressure  responsive  dia- 
phragm  connected  to  the  vane  and  operable  to  urge 
the  vane  into  the  retracted  position  in  response  to  ex- 
cess  pressure  within  the  bore. 

An  advantage  of  such  a  valve  is  that  it  operates 
in  a  self-contained  manner  without  the  need  for  con- 
trol  from  external  sources  such  as  an  engine  man- 
agement  system.  The  engine  layout  is  thereby  simpli- 
fied  by  removing  the  need  for  connection  between  the 
valve  and  an  external  controlling  device. 

Preferably  the  biassing  means  exerts  a  biassing 
force  which  varies  as  a  function  of  vane  position  so 
as  to  increase  progressively  from  the  deployed  posi- 
tion  to  the  retracted  position. 

A  smooth  transition  between  the  deployed  and 
retracted  positions  can  thereby  be  effected  and  inter- 
mediate  operating  conditions  of  the  engine  can  be  ac- 
commodated  by  intermediate  vane  positions  of  the 
valve. 

Preferably  the  biassing  force  in  the  deployed  pos- 
ition  has  a  value  greater  than  zero  and  the  biassing 
force  increases  substantially  linearly  with  excess 
pressure  between  the  deployed  position  and  the  re- 
tracted  position. 

Conveniently  the  body  defines  a  chamber  com- 
municating  with  the  bore,  the  diaphragm  being  dis- 
posed  within  the  chamber  so  as  to  partition  the  cham- 
ber  into  an  inner  portion  communicating  with  the  bore 
and  an  outer  portion  isolated  therefrom,  the  housing 
further  comprising  an  aperture  communicating  be- 
tween  the  outer  portion  and  ambient  air. 

The  diaphragm  is  thereby  made  responsive  to  the 
excess  pressure  within  the  bore  (and  communicated 
to  the  inner  portion)  relative  to  ambient  air  pressure 
as  communicated  to  the  outer  portion. 

5  Preferably  the  biassing  means  comprises  a 
spring  located  in  the  outer  portion  of  the  chamber. 

The  required  characteristics  of  the  biassing 
means  may  thereby  be  achieved  by  selecting  a  suit- 
ably  calibrated  spring. 

10  Preferably  the  diaphragm  is  connected  to  the 
vane  by  means  of  a  push  rod  having  a  first  end  con- 
nected  to  the  diaphragm  for  movement  therewith  and 
a  second  end  connected  to  a  crank  portion  of  the 
vane  such  that  linear  movement  of  the  push  rod  is 

15  transmitted  as  rotational  movement  to  the  vane. 
Preferably  the  position  of  the  vane  in  the  retract- 

ed  position  is  such  that  it  is  substantially  retracted 
from  the  bore  as  viewed  axially  with  respect  to  the 
bore. 

20  The  retracted  bore  thereby  does  not  impede  air 
flow. 

Further  in  accordance  with  the  present  invention 
an  internal  combustion  engine  comprises  a  valve  as 
disclosed  above  and  wherein  the  bore  communicates 

25  air  flow  between  an  air  compressor  and  the  air  intake 
of  an  exhaust  gas  recirculation  mixer. 

The  valve  may  thereby  be  used  in  a  method  of 
regulating  the  proportion  of  air  and  exhaust  gas  input 
to  an  internal  combustion  engine  incorporating  such 

30  a  valve  and  in  which  the  flow  of  air  through  the  bore 
is  attentuated  by  deployment  of  the  vane  in  response 
to  the  air  pressure  in  the  bore  being  less  than  a  pre- 
determined  lower  value. 

The  air  pressure  will  in  general  be  less  than  the 
35  predetermined  lower  value  only  when  the  engine  is 

idling  or  under  low  load  conditions.  Deployment  of  the 
vane  to  attentuate  the  air  flow  thereby  results  in  the 
proportion  of  exhaust  gas  input  to  the  engine  being 
enhanced. 

40  Preferably  in  such  a  method  the  vane  is  deployed 
to  a  varying  extent  so  as  to  variable  attenuate  the  air 
flow  in  a  linear  manner  with  respect  to  the  air  pressure 
in  the  bore  between  the  lower  value  and  a  predeter- 
mined  upper  value  of  air  pressure,  the  vane  being 

45  held  in  its  retracted  position  when  the  air  pressure  is 
greater  than  the  upper  value. 

A  smooth  transmission  is  thereby  effected  in  the 
operating  conditions  of  the  valve  as  the  air  pressure 
progressively  increases  under  conditions  of  increas- 

50  ing  load. 
A  preferred  embodiment  of  the  present  invention 

will  now  be  described  by  way  of  example  only  and 
with  reference  to  the  accompanying  drawings  of 
which:- 

55  Figure  1  is  a  sectioned  elevation  of  a  valve  in  ac- 
cordance  with  the  present  invention  showing  the 
vane  in  the  deployed  position; 
Figure  2  is  a  sectioned  elevation  of  the  valve  of 
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Figure  1  showing  the  vane  in  the  fully  retracted 
position;  and 
Figure  3  is  a  schematic  diagram  of  an  engine  in- 
corporating  the  valve  of  Figures  1  and  2. 
In  Figure  1  a  valve  1  has  a  body  2  defining  a  cyl- 

indrical  bore  3  through  which  an  airflow  is  established 
from  an  upstream  end  4  to  a  downstream  end  5  in 
use. 

A  vane  6  is  shown  in  Figure  1  in  a  deployed  pos- 
ition  in  which  it  projects  into  the  bore  3  so  as  to  par- 
tially  obturate  the  bore  and  present  a  restriction  to  the 
flow  of  air. 

The  vane  6  consists  of  a  leaf  portion  7  connected 
to  a  free  end  8  of  a  crank  portion  9  which  is  pivotally 
mounted  on  a  shaft  10.  The  free  end  8  of  the  crank 
portion  9  is  formed  with  a  cylindrical  boss  11  within 
which  a  first  end  portion  12  of  a  rod  13  is  journalled. 
The  first  end  portion  12  is  bent  at  right  angles  to  the 
longitudinal  extent  of  the  rod  such  that  the  vane  6  is 
pivotally  movable  about  the  shaft  10  by  crank  action 
when  the  rod  13  is  longitudinally  reciprocated. 

The  body  2  includes  a  tubular  projection  15  de- 
fining  a  generally  cylindrical  chamber  16  and  extend- 
ing  at  right  angles  to  the  bore  3. 

A  rubber  diaphragm  17  is  located  in  the  chamber 
1  6  so  as  to  partition  the  chamber  into  an  inner  portion 
18  and  an  outer  portion  19  such  that  the  diaphragm 
is  movable  in  response  to  pressure  differential  be- 
tween  the  inner  and  outer  portions. 

A  central  portion  20  of  the  diaphragm  is  clamped 
between  inner  and  outer  discs  21  and  22  respectively 
which  are  clamped  together  so  as  to  grip  the  dia- 
phragm  by  fastening  formations  23  provided  on  the 
second  end  portion  of  the  rod  13. 

A  coil  spring  24  located  within  the  outer  portion 
19  of  the  chamber  16  is  held  in  compression  between 
an  outer  end  wall  25  of  the  tubular  projection  15  and 
a  spring  locating  disc  26  formed  integrally  with  the 
outer  disc  22. 

The  central  portion  of  the  diaphragm  20  is  there- 
by  spring  biassed  in  a  direction  towards  the  inner  por- 
tion  18  of  the  chamber  16  and  in  its  normal  rest  pos- 
ition  as  shown  in  Figure  1  the  diaphragm  1  7  is  biassed 
into  contact  with  a  support  plate  27  extending  trans- 
versely  within  the  cylindrical  chamber  16  within  the  in- 
ner  portion  18.  The  support  plate  27  includes  aper- 
tures  28  allowing  air  pressure  to  be  equalised  within 
the  inner  portion  18  on  each  side  of  the  support  plate 
27.  The  apertures  28  are  small  relative  to  the  cross- 
section  of  the  inner  portion  18  and  are  located  both 
upstream  and  downstream  with  respect  to  the  posi- 
tion  of  the  vane  6  in  the  bore  3. 

The  support  plate  27  is  also  provided  with  a  cen- 
tral  bore  29  within  which  the  rod  13  is  slidably  re- 
ceived  so  as  to  be  co-axially  movable  in  unison  with 
the  central  portion  20  of  the  diaphragm. 

The  outer  end  wall  25  of  the  tubular  projection  15 
is  provided  with  an  air  vent  30  allowing  air  pressure 

within  the  outer  portion  19  of  the  chamber  16  to  be 
equalised  with  ambient  air  pressure. 

The  leaf  portion  7  of  the  vane  6  is  formed  integral- 
ly  with  stiffening  ribs  31  and  32  which  can  be  seen 

5  from  Figure  3. 
The  spring  24  is  of  the  conical  helical  type  and  is 

selected  to  provide  in  its  extended  position  corre- 
sponding  to  the  rest  position  of  Figure  1  a  compres- 
sion  force  of  13  Newtons  and  in  a  fully  compressed 

10  state  as  shown  in  Figure  2  a  compression  force  of  38 
Newtons.  The  diaphragm  will  begin  to  move  from  the 
rest  position  when  the  force  exerted  by  the  dia- 
phragm  exceeds  13  Newtons  and  for  the  valve  1  this 
occurs  when  the  pressure  differential  between  the  in- 

15  ner  and  outer  portion  18  and  19  of  the  chamber  ex- 
ceeds  5kPa.  The  fully  compressed  state  shown  in  Fig- 
ure  2  is  reached  when  the  pressure  differential  is 
15kPa  and  the  degree  of  spring  compression  varies 
substantially  linearly  between  these  extremes. 

20  As  shown  schematically  in  Figure  4  the  valve  1  is 
fitted  to  an  engine  33  such  that  air  flow  from  a  com- 
pressor  34  of  a  turbo  charger  35  flows  through  the 
valve  into  an  exhaust  gas  re-circulating  mixer  36  be- 
fore  being  input  to  the  engine  inlet  manifold  37.  The 

25  air  passes  through  an  inter  cooler  38  before  entering 
the  valve  1  . 

Exhaust  gas  exiting  a  turbine  39  of  the  turbo 
charger  35  is  conducted  to  the  exhaust  input  40  of  the 
exhaust  gas  re-circulation  mixer  36  via  a  pipe  41  . 

30  Prior  to  starting  the  engine  the  valve  assumes  its 
rest  configuration  as  shown  in  Figure  1  in  which  the 
vane  6  is  fully  deployed.  During  engine  operation  the 
air  pressure  within  bore  3  varies  according  to  the  op- 
erating  conditions  of  the  engine  33  and  is  influenced 

35  by  the  rate  at  which  the  compressor  34  is  delivering 
air,  the  rate  at  which  exhaust  is  output  from  the  tur- 
bine  39  and  the  rate  determined  by  engine  speed  at 
which  air  is  sucked  into  the  inlet  manifold. 

When  the  pressure  within  bore  3  is  less  than  a 
40  predetermined  lower  value  of  5kPa  the  valve  remains 

in  its  rest  position  as  shown  in  Figure  1  in  which  the 
vane  7  presents  a  restriction  to  the  flow  of  air  thereby 
tending  to  reduce  the  air  pressure  downstream  of  the 
valve  and  enhancing  the  rate  at  which  exhaust  gas  is 

45  drawn  into  the  exhaust  gas  re-circulating  mixer  36  to 
be  re-circulated  into  the  inlet  manifold  37.  When  the 
air  pressure  lies  within  the  range  5  to  15kPa  the  dia- 
phragm  position  varies  linearly  as  a  function  of  air 
pressure  between  the  rest  position  of  Figure  1  and 

so  the  retracted  position  of  Figure  2  so  that  the  vane  pos- 
ition  varies  accordingly,  the  restriction  to  the  flow  be- 
ing  progressively  reduced  with  increasing  pressure 
within  this  range. 

Forair  pressure  greaterthan  a  predetermined  up- 
55  per  value  of  1  5kPa  the  vane  remains  in  its  retracted 

positon  as  shown  in  Figure  2  in  which  resistance  to 
the  flow  is  a  minimum. 

3 
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Claims 

1.  A  valve  (1)  for  regulating  airflow  delivered  to  an 
internal  combustion  engine  (33)  from  a  compres- 
sor  (34),  the  valve  comprising  a  body  (2)  defining 
a  bore  (3)  through  which  an  airflow  is  established 
in  use,  a  vane  (6)  pivotally  connected  to  the  body 
and  movable  between  a  deployed  position  within 
the  bore  in  which  the  vane  presents  a  resistance 
to  the  air  flow  and  a  retracted  position  in  which 
the  vane  presents  a  reduced  resistance  to  air 
flow,  biassing  means  (24)  urging  the  vane  into  the 
deployed  position  and  a  pressure  responsive  dia- 
phragm  (1  7)  connected  to  the  vane  and  operable 
to  urge  the  vane  into  the  retracted  position  in  re- 
sponse  to  excess  pressure  within  the  bore. 

2.  A  valve  as  claimed  in  claim  1  wherein  the  biass- 
ing  means  exerts  a  biassing  force  which  varies  as 
a  function  of  vane  position  so  as  to  increase  pro- 
gressively  from  the  deployed  position  to  the  re- 
tracted  position. 

8.  An  internal  combustion  engine  having  a  valve  as 
claimed  in  any  preceding  claim  wherein  the  bore 
communicates  air  flow  between  an  air  compres- 
sor  (34)  and  the  air  intake  of  an  exhaust  gas  re- 

5  circulation  mixer  (36). 

9.  A  method  of  regulating  the  proportion  of  air  and 
exhaust  gas  input  to  an  internal  combustion  en- 
gine  as  claimed  in  claim  8  in  which  the  flow  of  air 

10  through  the  bore  is  attenuated  by  deployment  of 
the  vane  in  response  to  the  air  pressure  in  the 
bore  being  less  than  a  predetermined  lower  val- 
ue. 

15  10.  A  method  as  claimed  in  claim  9  wherein  the  vane 
is  deployed  to  a  varying  extent  so  as  to  variably 
attenuate  the  air  flow  in  a  linear  manner  with  re- 
spect  to  air  pressure  in  the  bore  between  the  low- 
er  value  and  a  predetermined  upper  value  of  air 

20  pressure,  the  vane  being  held  in  its  retracted  pos- 
ition  when  the  air  pressure  is  greater  than  the  up- 
per  value. 

3.  A  valve  as  claimed  in  claim  2  wherein  the  biass- 
ing  force  in  the  deployed  position  has  a  value  25 
greater  than  zero  and  wherein  the  biassing  force 
increases  substantially  linearly  with  excess  pres- 
sure  between  the  deployed  position  and  the  re- 
tracted  position. 

30 
4.  A  valve  as  claimed  in  any  preceding  claim  where- 

in  the  body  defines  a  chamber  (16)  communicat- 
ing  with  the  bore,  the  diaphragm  being  disposed 
within  the  chamber  so  as  to  partition  the  chamber 
into  an  inner  portion  (18)  communicating  with  the  35 
bore  and  an  outer  portion  (1  9)  isolated  therefrom, 
the  housing  further  comprising  an  aperture  (28) 
communicating  between  the  outer  portion  and 
ambient  air. 

40 
5.  A  valve  as  claimed  in  claim  4  wherein  the  biass- 

ing  means  comprises  a  spring  (24)  located  within 
the  outer  portion  of  the  chamber. 

6.  Avalve  as  claimed  in  any  preceding  claim  where-  45 
in  the  diaphragm  is  connected  to  the  vane  by 
means  of  a  push  rod  (13)  having  a  first  end  (12) 
connected  to  the  diaphragm  for  movement  there- 
with  and  a  second  end  (14)  connected  to  a  crank 
portion  (9)  of  the  vane  such  that  linear  movement  so 
of  the  push  rod  is  transmitted  as  rotational  move- 
ment  to  the  vane. 

7.  Avalve  as  claimed  in  any  preceding  claim  where- 
in  the  position  of  the  vane  in  the  retracted  posi-  55 
tion  is  such  that  it  is  substantially  retracted  from 
the  bore  as  viewed  axially  with  respect  to  the 
bore. 
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