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Description 

This  invention  relates  to  air  flow  sensors  in 
general  and  more  particularly  to  a  sensor  using 
proportional  air  flow  in  a  by-pass  chamber  to 
determine  the  rate  of  air  flow  by  circuit  means. 

In  fuel  management  systems  many  calculations 
are  made  to  determine  the  amount  of  fuel  which 
should  be  injected  in  the  engine  to  maintain  a 
predetermined  air/fuel  ratio.  Ideally,  a  direct  read- 
ing  of  the  amount  of  air  flowing  into  an  engine 
and  the  mass  of  the  air  is  desired  to  use  in 
calculations  for  fuel  consumption,  ignition,  etc. 

Measurement  of  the  flow  of  liquids  such  as  air 
has  been  tried  by  many  different  types  of  meters. 
An  air  meter  with  the  fewest  or  no  moving  parts 
can  best  withstand  the  environments  wherein  an 
internal  combustion  engine  must  operate. 

US—  A—  4,381,668  issued  on  May  3,  1983  to 
Sato  et  al  and  entitled  "Gas  Flow  Measuring 
Apparatus"  teaches  a  flow  meter  having  no  mov- 
ing  parts  having  a  by-pass  section  to  sample  flow. 
The  section  samples  flow  along  the  wall  in  a  low 
pressure  area  and  exhausts  the  flow  from  the  by- 
pass  area  in  the  center  of  a  venturi;  both  locations 
are  low  pressure  locations. 

US—  A—  4,304,128  issued  on  December  8,  1981 
to  Hafner  et  al  and  entitled  "Apparatus  for 
Measuring  the  Mass  of  a  Flowing  Medium" 
teaches  the  use  of  a  temperature  dependent 
resistor  placed  in  a  bridge  circuit  and  the  com- 
plete  electronics  package  mounted  on  the  meter. 
Airflow  is  sampled  in  a  cylinder  located  along  the 
axis  and  not  across  the  total  flow.  Since  the 
resistor  is  in  the  mainstream  of  the  airth  rough  the 
meter,  any  reverse  flow  is  measured  giving  rise  to 
inaccurate  measurements. 

US—  A—  4,304,129  issued  on  December  8,  1981 
to  Kawai  et  al  and  entitled  "Gas  Flow  Measuring 
Apparatus"  uses  an  electric  heater  placed 
between  two  measuring  resistances  and  all  three 
are  located  in  the  main  flow.  Reverse  flow  of  the 
gas  is  measured  giving  rise  to  inaccurate 
measurements. 

In  each  of  the  above  patents  there  is  no  immun- 
ity  to  reverse  or  back  flow,  therefore,  the 
measurements  are  not  accurate.  In  none  is  the 
flow  across  the  whole  meter  measured,  only  flow 
along  a  surface  or  along  an  axially  centered 
circular  area. 

EP—  A—  0,082,484  from  which  the  preamble  of 
present  Claim  1  has  been  derived,  discloses  an  air 
flow  meter  wherein  a  part  of  the  air  flowing 
through  a  passage  flows  in  a  by-pass  passage 
where  a  flow  rate  detector  is  provided.  The  by- 
pass  passage  is  communicated  with  a  pressure- 
accumulating  chamber  which  is  communicated 
with  the  main  passage  at  the  portion  thereof 
which  is  on  the  downstream  side  of  a  venturi 
structure.  Accordingly,  the  air  flow  rate  detected 
does  not  contain  a  component  representative  of  a 
backward  flow  of  the  air.  However,  the  by-pass 
passage  is  adapted  to  only  receive  a  peripherical 
part  of  air  flowing  through  the  passage,  and  it  is 
known  that  the  air  flow  velocity  at  the  wall  is 

lower  than  along  the  axis  of  the  passage.  This 
results  in  a  not  accurate  measurement.  Moreover, 
a  protective  plate  provided  on  the  upstream  side 
of  the  by-pass  passage  decreases  once  more  this 

5  velocity.  Such  a  protective  plate  is  provided  to 
prevent  dust  from  entering  the  by-pass  passage. 
However  a  large  part  of  dust  is  not  prevented 
from  entering  the  by-pass  passage  by  that  means. 

An  object  of  the  present  invention  is  to  provide 
10  an  air  flow  sensor  without  such  disadvantages. 

Accordingly,  the  invention  relates  to  an  air  flow 
sensor  for  measuring  the  rate  of  air  flow,  the 
sensor  comprising: 

an  air  flow  body  being  a  substantially  cylindri- 
15  cal  hollow  tubular  member  having  at  least  two 

different  internal  diameters  and  adapted  to 
exhaust  air  at  the  first  end  and  receive  air  at  the 
other  end,  said  body  having  a  shoulder  formed  at 
the  junction  of  said  diameters,  an  input  port 

20  intermediate  said  other  end  and  said  shoulder 
and  an  exhaust  port  intermediate  said  shoulder 
and  said  first  end  and  axially  aligned  with  said 
input  port; 

a  cylindrical  venturi  insert  member  inserted 
25  into  said  first  end  of  said  air  flow  body  and  into 

abutment  with  said  shoulder,  said  venturi  insert 
member  having  a  ring  slot  on  the  outer  surface 
thereof  with  at  least  two  spaced  slots  therein 
extending  through  the  minor  diameter  of  the 

30  venturi  section; 
an  air  by-pass  housing  mounted  on  said  air 

flow  body  and  enclosing  said  input  and  exhaust 
ports  providing  an  air  flow  by-pass  chamber 
therebetween; 

35  first  and  second  sensors  in  said  air  by-pass 
housing,  said  sensors  being  located  to  receive  the 
maximum  velocity  of  the  by-pass  air;  and 

electronic  circuit  means  electrically  connected 
to  said  sensors  and  operable  to  generate  electri- 

40  cal  signals  proportional  to  the  rate  of  air  flow 
through  said  air  flow  sensor. 

According  to  the  invention,  the  air  flow  sensor 
comprises  moreover  an  impact  tube  extending 
from  the  inner  wall  of  said  air  flow  body  through 

45  said  input  port  to  the  outer  surface  of  said  airflow 
body,  said  impact  tube  having  first  and  second 
oppositely  disposed  slots  for  receiving  air  flow 
into  said  first  slot  and  exhausting  air  flow  from 
said  second  slot,  said  impact  tube  being  adapted 

so  to  divert  air  flow  from  said  first  slow  to  a  passage- 
way  along  the  axis  of  said  impact  tube,  the  first 
and  second  sensors  being  aligned  substantially 
along  said  axis  of  said  impact  tube,  said  first  slot 
in  said  impact  tube  extending  from  the  axis  of 

55  said  air  flow  body  to  the  inner  surface  of  said  air 
flow  body  diametrically  opposite  said  input  port. 

Other  characteristics  of  the  invention  are 
described  in  the  sub-claims. 

An  air  flow  sensor  adaptable  for  use  in  the  air 
60  intake  system  of  an  automotive  internal  combus- 

tion  engine,  measures  the  rate  of  air  flow  and 
calculates  the  mass  of  the  air  entering  the  engine. 
Air  flow  sensors  as  described  herein  are  used  to 
provide  the  correct  mass  air  measurements  for 

65  electronic  fuel  injection  calculations.  The  air  flow 
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msor  according  to  the  invention  nas  a  cynnancai 
r  flow  body  with  a  straight  flow  section  and  a 
inturi  flow  section.  Interposed  the  ends  of  the 
raight  flow  section  is  an  impact  tube  extending 
:ross  the  full  diameter  of  the  section.  The  output 
:  the  tube  directs  by-pass  air  into  a  pneumatic 
lamber  (thereafter  called  "diode  chamber") 
aving  substantially  unidirectional  flow  charac- 
fistics  with  a  pair  of  sensing  elements  at  the 
terface  of  the  tube  and  the  diode  chamber. 
The  impact  tube  having  an  airfoil  section  cross 
jction,  has  a  pair  of  opposed  slots,  one  on  the 
ose  edge  and  one  on  the  trailing  edge.  The  nose 
ot  is  longer  and  wider  than  the  trailing  edge  slot 
fid  extends  from  the  longitudinal  axis  of  the 
xaight  section  to  the  wall  of  the  section.  Thus, 
le  slot  is  open  to  the  fastest  and  the  slowest  air 
ow  velocities  in  the  section.  The  trailing  edge 
ot  being  smaller  is  centrally  located  opposite  the 
rst  slot  and  permits  some  of  the  air  entering  the 
ose  slot  to  pass  through.  The  slots  are  posi- 
oned  at  the  greatest  distance  from  the  interface 
f  the  diode  chamber  and  the  impact  tube. 
The  exhaust  port  from  the  diode  chamber  is 

ositioned  at  the  middle  of  the  smallest  diameter 
f  the  venturi  section  of  the  meter.  As  the  main  air 
ow  passes  this  section,  a  pressure  differential  is 
reated  between  the  opening  of  the  first  slot  in  the 
npact  tube  and  the  exhaust  port  causing  an 
mount  of  by-pass  air  to  flow  through  the  diode 
hamber. 
The  positioning  of  the  impact  tube  normal  to 

he  axis  of  the  flow  meter  causes  the  by-pass  air 
o  turn  at  right  angles  to  its  normal  flow.  This 
liversion  of  by-pass  air  causes  most  of  the  dirt 
(articles  in  the  air  to  continue  in  the  normal  air 
itream  direction  and  not  in  the  by-pass  air  stream 
n  the  impact  tube. 

The  positioning  of  the  sensor  elements  at  the 
nterface  of  the  diode  chamber  and  the  impact 
ube  is  the  area  for  the  greatest  sensitivity  of  the 
sensor  element  to  the  amount  of  air  flow  in  the 
mpact  tube.  One  boundary  surface  of  the  diode 
:hamber  is  the  electronic  circuit  module  for  con- 
/erting  the  by-pass  air  flow  into  data  signals. 

It  is  by  the  positioning  and  cooperation  of  the 
several  elements  of  the  air  flow  sensor  that  the 
data  signals  generated  accurately  indicate  the 
mass  of  the  air  flowing  into  the  engine. 

These  and  other  objects  and  advantages  will 
become  apparent  in  the  following  detailed 
description  and  drawings. 

In  the  drawings 
Figure  1  is  an  exploded  view  of  the  air  flow 

sensor. 
Figure  2  is  an  end  view. 
Figure  3  is  a  sectional  view  of  the  impact  tube 

taken  along  line  3—3  of  Figure  2. 
Figure  4  is  a  sectional  view  taken  along  line 

4  —  4  of  Figure  2. 
Figure  5  is  a  plan  view  of  the  venturi  insert 

members  of  the  air  flow  sensor. 
Figure  6  is  a  sectional  view  taken  along  line 

6  —  6  of  Figure  5. 

riljUIG  /  IO  Ull  ouiuiy^u  yiw.w  v  
impact  tube  interface. 

Figure  8  is  a  block  diagram  schematic  of  the 
circuit  connecting  the  air  flow  sensing  elements. 

Figure  9  is  a  schematic  view  partially  in  section 
illustrating  the  air  flow  sensor  mounted  to 
measure  the  air  intake  to  an  internal  combustion 
engine. 

i  Detailed  description 
Figure  1  is  an  exploded  view  of  the  air  flow 

sensor  10  of  the  preferred  embodiment.  Most  of 
the  major  components  of  the  air  flow  sensor  10 
are  fabricated  or  molded  from  a  plastic  material. 

;  The  air  flow  sensor  10  of  this  embodiment  is 
typically  found  in  the  air  intake  system  for  internal 
combustion  engines  such  as  are  used  in  motor 
vehicles.  Therefore,  the  extremes  of  the  environ- 
ment  must  be  considered  in  the  selection  of  a 

?  material.  In  all  the  Figures  the  direction  of  air  flow 
is  indicated  by  an  arrow  12. 

The  air  flow  sensor  10  comprises  an  air  flow 
body  14,  an  impact  tube  16,  a  venturi  insert 
member  18,  and  an  air  by-pass  housing  20.  The 

5  air  by-pass  housing  20  has  an  electrical  connector 
22  mounted  thereon,  a  cover  member  24,  a 
sensing  element  housing  26  having  a  first  sensor 
28  and  second  sensor  30  or  collectively  called 
sensing  elements,  and  an  electronic  circuit 

o  module  32. 
The  air  flow  body  14,  in  the  preferred  embodi- 

ment,  is  substantially  a  cylindrical  hollow  tubular 
member  having  one  or  more  ribs  34  formed  on 
the  outer  surface.  The  inside  surface  36  of  the  air 

5  flow  body  14  has  at  least  two  different  diameters 
at  the  junction  of  which  a  shoulder  38  is  formed. 
The  shoulder  38  is  interposed  the  ends  40,  42  of 
the  air  flow  body  14  and  in  the  preferred  embodi- 
ment  is  substantially  at  its  midpoint.  The  shoulder 

(0  38  forms  a  location  for  the  venturi  insert  member 
18  which  is  positioned  adjacent  the  first  end  40 
having  the  largest  diameter.  Positioned  between 
the  shoulder  38  and  the  other  end  42  in  the 
section  of  the  airflow  body  14  having  the  smaller 

ts  diameter,  is  an  input  port  44  centered  along  in 
aligning  diameter  which  corresponds  to  the  line 
4—4  of  Figure  2  and  extending  through  the  wall  of 
the  air  flow  body  14. 

Located  between  the  shoulder  38  and  the  first 
jo  end  40  and  centered  along  a  diameter  in  the  same 

axial  plane  as  the  aligning  diameter  of  the  input 
port  44,  is  a  slot  or  exhaust  port  46  extending 
through  the  wall  of  the  air  flow  body  14.  The 
cross-sectional  area  of  the  exhaust  port  46  is 

55  larger  than  the  cross-sectional  area  of  the  input 
port  44. 

The  impact  tube  16  is  a  member  having  a  cross 
section  normal  to  its  axis  in  the  shape  of  an  airfoil. 
The  blunt  or  nose  edge  48  of  the  airfoil  is 

60  positioned  to  receive  the  airflow.  The  impact  tube 
16  in  the  preferred  embodiment,  is  molded  into 
the  air  flow  body  14  as  illustrated  in  Figures  2,  4 
and  7  and  not  a  separate  piece  as  shown  in  Figure 
1. 

65  Viewing  the  cross  section  of  the  impact  tube  16 
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in  Figure  3,  first  and  second  slots  50,  52  are 
respectively  formed  at  each  end  of  the  foil.  The 
first  slot  50,  at  the  nose  edge  48  of  the  airfoil  cross 
section,  is  wider  than  the  second  slot  52  at  the 
trailing  edge  54.  It  is  imperative  that  the  first  slot 
50  length  is  equal  to  the  radius  of  the  inside 
diameter  of  the  air  flow  body  14  and  that  it  be 
provided  between  the  axis  of  air  flow  body  and 
the  inner  wall  36  of  the  air  flow  body. 

The  second  slot  52  is  centered  between  the 
extremes  of  the  first  slot  50  and  its  length  is  less 
than  the  first  slot  50.  Referring  to  Figure  3,  which 
is  a  cross-sectional  view  of  the  impact  tube  16 
taken  in  a  direction  toward  the  sensor  elements 
28,  30,  the  relationship  of  the  impact  tube 
passageway  56  to  the  first  and  second  slots  50,  52 
is  shown.  The  impact  tube  passageway  56  ter- 
minates  along  the  axis  of  the  air  flow  body  14 
which  is  at  the  top  of  the  first  slot  50.  From  the 
trailing  edge  54  of  the  impact  tube  passageway  56 
the  walls,  all  four,  within  the  impact  tube  16 
extending  from  the  first  slot  50  to  the  second  slot 
52  are  tapered.  The  reason  for  the  tapered  sides 
or  walls  is  to  gather  and  transmit  dust  and  dirt  in 
the  air  flow  that  enters  the  first  slot  50  and 
exhaust  it  out  of  the  second  slot  52.  The  termina- 
tion  of  the  impact  tube  passageway  56  at  the  top 
of  the  first  slot  50  is  to  prevent  the  collected  dust 
and  dirt  from  entering  the  diode  chamber  of  the 
air  by-pass  housing  20.  Thus,  the  purpose  of  the 
second  slot  52  is  to  dispose  or  exhaust  the  dust 
and  dirt  particles  that  are  centrifuged  out  of  the 
sample  air  by  the  90°  turn  the  sampled  air  makes 
entering  the  impact  tube  passageway  56. 

The  venturi  insert  member  18  is  a  separate 
member  in  the  preferred  embodiment  having  a 
length  that  is  approximately  equal  to  the  axial 
distance  from  the  first  end  40  of  the  air  flow  body 
14  to  the  shoulder  38.  The  venturi  insert  member 
18  is  inserted  into  the  air  flow  body  14  and  into 
abutment  with  the  shoulder  38. 

The  air  by-pass  housing  20  serves  many  func- 
tions.  First,  it  is  a  housing  to  mount  the  electrical 
connector  22  which  is  used  to  connect  the  air  flow 
sensor  10  to  an  electronic  control  unit  or  ECU  58 
as  illustrated  in  Figure  9. 

The  first  function  of  the  air  by-pass  housing  20 
is  to  support  and  locate  the  air  flow  sensing 
elements  28,  30  which  are  illustrated  as  two 
cylindrical  elements  in  Figure  7. 

The  second  function  of  the  air  by-pass  housing 
20  is  to  locate  and  support  the  electronic  circuit 
module  32.  As  will  hereinafter  be  shown,  the 
module  32  may  be  fabricated  by  thick  film  tech- 
niques  although  any  electronic  construction  may 
be  used.  In  the  preferred  embodiment,  the  air  by- 
pass  housing  20  is  cast  aluminum  to  provide  a 
heat  sink  for  the  electronic  circuit  module  32. 

The  third  function  of  the  air  by-pass  housing  20 
is  to  provide  an  air  by-pass  flow  chamber  60 
between  the  input  port  44  and  the  exhaust  port 
46.  This  chamber  60  is  formed  by  inner  walls  of 
the  air  by-pass  housing  20,  the  outer  surface  of 
the  air  flow  body  member  14  and  the  electronic 
circuit  module  32.  The  volume  of  the  chamber  60 

must  be  large  enough  so  as  to  not  to  provide  any 
restriction  to  the  flow  of  by-pass  air. 

The  fourth  function  of  the  air  by-pass  housing 
20  is  to  have  the  air  by-pass  flow  chamber  60  act 

5  as  a  pneumatic  diode  in  that  its  construction  and 
its  location  on  the  air  flow  body  14  will  minimize 
any  reverse  air  flow  such  as  an  engine  backfire 
from  flowing  from  the  exhaust  port  46  to  the  input 
port  44.  By  so  functioning,  the  information 

io  generated  by  the  electronic  circuit  module  32  will 
be  less  affected  by  reverse  air  flow. 

The  air  by-pass  housing  cover  member  24  is 
used  to  seal  the  interior  from  adverse  effects  of 
the  environment.  In  addition,  the  air  by-pass 

15  housing  20  is  sealed  on  the  outer  surface  of  the  air 
flow  body  14. 

The  venturi  insert  member  18,  as  previously 
stated,  is  a  cylindrical  member  having  an  axially 
extending  venturi  cross  section  as  illustrated  in 

20  Figure  6.  Circumferentially  located  at  the  middle 
of  the  minor  diameter  62  of  the  venturi  are  a 
plurality  of  equally  and  angularly  spaced  venturi 
slots  64  extending  through  the  wall  of  the  insert 
into  a  ring  slot  66  on  the  outside  surface.  When 

25  the  venturi  insert  member  18  is  inserted  in  the  aif 
flow  body  10,  the  ring  slot  66  is  axially  positioned 
by  the  shoulder  38  to  be  aligned  with  the  exhaust 
port  46. 

A  key  and  keyway  68  between  the  venturi  insert 
30  member  18  and  the  air  flow  body  14  is  used  to 

align  the  venturi  insert  member  18  in  such  a 
manner  that  none  of  the  venturi  slots  64  will  be 
aligned  with  the  exhaust  port  46  in  the  air  flow 
body  14.  This  is  to  prevent  a  direct  opening  to  any 

35  pressure  wave  that  is  generated  as  a  result  of  an 
engine  backfire  from  going  into  the  by-pass  flow 
chamber  60.  In  this  manner,  the  by-pass  air  flows 
out  of  the  chamber  60  through  the  exhaust  port 
46,  around  the  ring  slot  66  and  exits  through  the 

40  venturi  slots  64  and  on  into  the  engine. 
The  air  foil  cross  section  of  the  impact  tube  16 

reduces  air  flow  interference.  The  first  slot  50 
along  the  nose  edge  48  of  the  air  foil  receives  the 
air  flow  and  extends  from  the  axis  of  the  air  flow 

45  body  14  to  the  inside  surface  36  of  the  air  flow 
body  14.  The  first  slot  50  is  positioned  as  far  from 
the  input  port  44  as  possible  to  shield  the  sensing 
elements  28,  30  from  dirt  particles  that  are  in  the 
airflow.  It  is  known  that  the  airflow  velocity  along 

so  the  axis  of  the  highest  and  at  the  wall  it  is  the 
lowest.  Therefore,  to  determine  the  complete  air 
flow,  the  first  slot  50  extends  for  a  full  radius  of 
the  air  flow  tube  and  functions  to  integrate  the 
velocity. 

55  The  distance  between  the  input  port  44  and  the 
exhaust  port  46  satisfies  the  conflicting  require- 
ments  of  being  as  short  as  possible  while  at  the 
same  time  being  long  enough  to  avoid  any 
reaction  due  to  the  impact  tube  16  on  the  air 

60  flowing  through  the  venturi  section. 
As  is  well  known,  a  lower  pressure  is  created  by 

the  venturi  section  thereby  a  pressure  differential 
is  formed  between  the  first  slot  50  in  the  impact 
tube  16  and  the  venturi  slots  64  in  the  venturi 

65  insert  member  18.  The  magnitude  of  the  pressure 
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lifferential  is  proportional  to  the  amount  ot  air 
lowing  through  the  air  flow  sensor  10. 

Figure  7  illustrates  the  location  of  thefirstorflow 
;ensor  28  and  the  second  or  ambient  sensor  30 
vith  respect  to  the  input  port  44.  The  flow  sensor 
!8  is  positioned  closest  to  the  input  port  44  and  is 
ypically  centered  on  the  longitudinal  axis  of  the 
mpact  tube  passageway  56.  The  location  of  the 
lighest  velocity  of  by-pass  air  is  on  the  longi- 
udinal  axis  of  the  passageway,  therefore,  a  step 
esponse  is  generated  by  the  action  of  the  airflow 
lowing  across  the  sensors  28,  30.  In  addition,  the 
lust  and  dirt  which  may  still  be  in  the  area  has  a 
ninimum  effect  due  to  the  velocity.  The  ambient 
iensor  30  is  generally  positioned  downstream  and 
earward  of  the  flow  sensor  28. 

The  flow  sensor  28  and  the  ambient  sensor  30 
lave  a  finite  length  which  is  not  greater  than  the 
arcuate  length  of  the  input  port  44  to  covertheflow 
jut  of  the  impact  tube  passageway  56.  If  the 
sensors  were  longer,  their  ability  to  accurately 
espond  to  the  effects  of  the  air  flow  would  be 
naterially  diminished. 

The  flow  sensor  28  and  the  ambient  sensor  30 
are  fabricated  as  temperature  sensitive  resistors 
such  as  nickel  or  platinum  by  the  techniques  of 
sputtering  on  a  substrate,  winding  wire  around  a 
substrate,  or  supporting  wire  in  free  space.  Sput- 
:ing  is  accomplished  by  using  thin  film  circuit 
:echniques.  When  the  sensors  28,  30  are 
/virewound  around  a  substrate  or  supported  in 
:ree  space,  bare  wire  is  used  and  each  turn  is 
spaced  from  the  adjacent  turns.  In  any  case,  the 
snds  of  the  sensors  28,  30  are  supported  and  the 
wire  leads  from  the  sensors  are  attached  to  the 
slectronic  circuit  module  32,  and  the  sensors  are 
coated  with  a  protective  substance  such  as  glass, 
by  means  of  sputtering,  or  dipped  in  an  epoxy 
resin. 

The  flow  sensor  28  is  heated,  by  the  application 
of  current  therethrough  to  a  temperature  that  is 
controlled  to  a  specified  increment  above  the 
temperature  of  the  ambient  sensor  30.  This  heat- 
ing  is  controlled  by  means  of  electronic  circuit 
means  70  including  a  bridge  circuit  68  as 
illustrated  in  Figure  8. 

The  electronic  circuit  means  70  of  Figure  8 
functions  as  a  constant  temperature  hot  sensor 
anemometer  via  feedback  signal  from  a  differen- 
tial  error  integrating  amplifier  72. 

The  error  signal  is  used  to  heat  the  flow  sensor 
element  28  component  to  maintain  balance  in  the 
Wheatstone  bridge  68  circuit.  The  resistance  ratio 
of  the  series  resistor  74  to  the  flow  sensor  28 
determines  the  amount  of  temperature  elevation 
for  the  flow  sensor  28.  As  air  passes  over  the  flow 
sensor  28,  it  cools  the  sensor  28  thereby  creating 
an  error  signal  by  unbalancing  the  bridge  circuit 
68,  which  signal  is  supplied  to  the  differential  error 
integrating  amplifier  72.  The  output  of  the  ampli- 
fier  72  increases  the  current  heating  the  flow 
sensor  28  through  the  pass  transistor  76  to  reduce 
the  error  signal  to  zero  thereby  balancing  the 
bridge  circuit  68.  By  this  means  the  voltage,  or 
current,  at  the  bridge  circuit  68  becomes  an 

ettective  measurement  ot  air  now  at  ine  uuw 
sensor  28.  This  voltage  is  scaled  by  the  output 
stage  or  scaler  78  to  provide  a  current  signal 
proportional  to  the  mass  air  flow.  In  essence,  the 

5  output  is  a  current  source.  By  having  the  output  a 
current  source,  this  maintains  a  high  noise  and 
ground  potential  immunity  for  the  low  level  signal 
from  the  bridge  circuit  68. 

In  order  for  the  sensors  28,  30  to  function 
o  properly  at  any  incoming  air  temperature,  the 

second  leg  of  the  bridge  circuit  68  must  be  an 
unheated  ambient  sensor  30  identical  to  the  flow 
sensor  28.  This  identical  match  of  both  the  ambient 
sensor  30  and  the  flow  sensor  28  provides  excel- 

5  lent  transient  temperature  compensation  as  well 
as  steady-state  signals.  The  rescstor  80  in  series 
with  the  ambient  sensor  30  is  added  to  modify  the 
temperature  coefficient  (TCR)  to  equal  that  of  the 
flow  sensor  28  inasmuch  as  the  effective  TCR  of 

;o  the  flow  sensor  28  decreases  when  it  is  heated  up. 
To  avoid  self  heating  of  ambient  sensor  30,  the 

bridge  circuit  voltage  and  is  scaled  down  by  a  10:1 
ratio  in  one  amplifier  82  and  then  restored  by 
scaling  up  by  a  1  :10  ratio  in  a  second  amplifier  84. 

!5  These  circuits,  by  their  construction  permit  adjust- 
ment  of  sensor  gain  and  offset  as  well  as  the 
system  damping  factor  for  overshoot  and  stability 
control. 

Figure  9  illustrates  an  example  of  connecting  the 
?o  air  flow  sensor  10  to  the  throttle  body  86  of  an 

internal  combustion  engine.  In  this  Figure  the  air 
flow  sensor  10  is  mounted  in  an  air  cleaner  88  and 
receives  air  as  shown  by  the  arrow  12  from  the  air 
cleaner  filter  90.  Support  for  the  air  flow  sensor  1  0 

is  may  be  by  means  of  one  or  more  mounting  tabs  92 
as  illustrated  in  Figures  1  and  2.  Another  alterna- 
tive  may  be  to  connect  the  air  flow  sensor  1  0  to  an 
air  filter  90  by  means  of  a  tube  so  that  the  air  filter 
90,  air  flow  sensor  10  and  throttle  body  86  are 

40  effectively  connected  in  line. 
There  has  thus  been  shown  and  described  an  air 

flow  sensor  1  0  utilizing  by-pass  airflowing  form  an 
impact  tube  16,  through  a  by-pass  flow  chamber 
60  to  a  venturi  section.  The  arrangement  between 

45  the  exhaust  port  46  and  the  venturi  slots  64 
minimizes  or  obstructs  reverse  air  flow  from 
effecting  the  output  of  the  sensors  28,  30.  The 
velocity  of  the  air  flowing  through  the  air  flow 
sensor  10  is  integrated  across  a  full  radius  of  the 

so  inside  diameter  of  the  air  flow  body  14. 

Claims 

1.  Airflow  sensor  (10)  for  measuring  the  rate  of 
55  air  flow,  the  sensor  comprising: 

an  air  flow  body  (14)  being  a  substantially 
cylindrical  hollow  tubular  member  having  at  least 
two  different  internal  diameters  and  adapted  to 
exhaust  air  at  the  first  end  (40)  and  receive  air  at  the 

so  other  end  (42),  said  body  having  a  shoulder  (38) 
formed  at  the  junction  of  said  diameters,  an  input 
port  (44)  intermediate  said  other  end  (42)  and  said 
shoulder  (38)  and  an  exhaust  port  (46)  inter- 
mediate  said  shoulder  (38)  and  said  first  end  (40) 

65  and  axially  aligned  with  said  input  port  (44); 
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a  cylindrical  venturi  insert  member  (18)  inserted 
into  said  first  end  (40)  of  said  air  flow  body  (14) 
and  into  abutment  with  said  shoulder  (38),  said 
venturi  insert  member  (18)  having  a  ring  slot  (66) 
on  the  outer  surface  thereof  with  at  least  two 
spaced  slots  (64)  therein  extending  through  the 
minor  diameter  (62)  of  the  venturi  section; 

an  air  by-pass  housing  (20)  mounted  on  said  air 
flow  body  (14)  and  enclosing  said  input  and 
exhaust  ports  (44,  46)  providing  an  air  flow  by- 
pass  chamber  (60)  therebetween; 

first  and  second  sensors  (28,  30)  in  said  air  by- 
pass  housing  (20),  being  located  to  receive  the 
maximum  velocity  of  the  by-pass  air;  and 

electronic  circuit  means  (70)  electrically  con- 
nected  to  said  sensors  (28,  30)  and  operable  to 
generate  electrical  signals  proportional  to  the  rate 
of  air  flow  through  said  air  flow  sensor  (10),  said 
air  flow  sensor  (10)  being  characterized 

in  that  it  comprises  moreover  an  impact  tube 
(16)  extending  from  the  inner  wall  (36)  of  said  air 
flow  body  (14)  through  said  input  port  (44)  to  the 
outer  surface  of  said  air  flow  body  (14),  said 
impact  tube  (16)  having  first  and  second  oppo- 
sitely  disposed  slots  (50,  52)  for  receiving  air  flow 
into  said  first  slot  (50)  and  exhausting  air  flow 
from  said  second  slot  (52),  said  impact  tube  (16) 
being  adapted  to  divert  air  flow  from  said  first  slot 
(50)  to  a  passageway  (56)  along  the  axis  of  said 
impact  tube  (16),  in  that  the  first  and  second 
sensors  (28,  30)  are  aligned  substantially  along 
said  axis  of  said  impact  tube  (16),  and 

in  that  said  first  slot  (50)  in  said  impact  tube  (1  6) 
extends  from  the  axis  of  said  air  flow  body  (14)  to 
the  inner  surface  (36)  of  said  air  flow  body  (14) 
diametrically  opposite  said  input  port  (44). 

2.  Air  flow  sensor  according  to  claim  1  wherein 
said  slots  (64)  in  said  ring  slot  (66)  on  said  venturi 
insert  member  (18)  are  circumferentially  located 
in  order  to  block  reverse  air  flow  to  said  exhaust 
port  (46)  from  said  first  end  (40)  of  said  air  flow 
body  (14). 

3.  Air  flow  sensor  according  to  Claim  1  wherein 
said  sensors  (28,  30)  are  two  cylindrical  resistive 
elements  wherein  said  first  sensor  (28)  is  respon- 
sive  to  air  flow  and  is  positioned  upstream  from 
said  second  sensor  (30)  and  adjacent  to  said  input 
port  (44). 

4.  Air  flow  sensor  according  to  Claim  3  wherein 
said  first  and  second  sensors  (28,  30)  are  wire 
wound  cylindrical  elements  having  an  axial 
length  not  greater  than  the  arcuate  length  of  said 
input  port  (44)  on  said  airflow  body  (14). 

5.  Air  flow  sensor  according  to  Claim  3  wherein 
said  first  and  second  sensor  elements  (28,  30) 
comprise  nickel  sputtered  on  a  non-conductive 
cylinder  in  such  a  pattern  having  an  axial  length 
not  greater  than  the  arcuate  length  of  said  input 
port  (44)  on  said  air  flow  body  (14). 

6.  Air  flow  sensor  according  to  Claim  1  wherein 
said  impact  tube  (16)  has  an  air-foil  cross  section. 

7.  Air  flow  sensor  according  to  Claim  1  wherein 
said  electronic  circuit  means  comprises  a  bridge 
circuit  (68)  having  said  first  and  second  sensors 
(28,  30)  electrically  connected  in  two  different 

circuit  legs  thereof,  an  amplifier  means  (76) 
adapted  to  maintain  said  first  sensor  (28)  at  a 
temperature  greater  than  the  temperature  of  said 
second  sensor  (30),  and  an  error  signal  means 

5  (72)  responsive  to  changes  in  said  temperature  of 
said  first  sensor  (28)  to  generate  an  output  signal 
indicating  the  rate  of  air  flow  through  said  airflow 
sensor  (10). 

8.  Air  flow  sensor  according  to  Claim  7  charac- 
10  terized  in  that  it  additionally  includes  a  first 

scaling  amplifier  (82)  electrically  connected  in  the 
second  sensor  (30)  circuit  of  said  bridge  circuit 
(68)  and  a  second  scaling  amplifier  (84)  electric- 
ally  connected  to  the  output  of  said  second  sensor 

15  (30)  circuit. 
9.  Air  flow  sensor  according  to  Claim  8  wherein 

said  output  signal  is  a  current  signal  having  a  high 
noise  and  ground  potential  immunity  capability. 

20  Patentanspriiche 

1.  Luftstromungsfiihler  (10)  zum  Messen  des 
Luftdurchsatzes  mit 

einem  Luftstromungskorper  (14),  bei  dem  es 
25  sich  um  ein  im  wesentlichen  zylindrisches  hohles 

rohrformiges  Element  handelt,  das  mindestens 
zwei  unterschiedliche  Innendurchmesser  auf- 
weist  und  Luft  am  ersten  Ende  (40)  abgeben 
sowie  Luft  am  anderen  Ende  (42)  aufnehmen 

30  kann,  wobei  dieser  Korper  eine  an  der  Uber- 
gangsstelle  zwischen  den  Durchmessern  ausge- 
bildete  Schulter  (38),  eine  Eintrittsoffnung  (44) 
zwischen  dem  anderen  Ende  (42)  und  der  Schul- 
ter  (38)  und  eine  Austrittsoffnung  (46)  zwischen 

35  der  Schulter  (38)  und  dem  ersten  Ende  (40),  die 
zur  Eintrittsoffnung  (44)  axial  ausgerichtet  ist, 
aufweist; 

einem  zylindrischen  Venturi-Einsatzelement 
(18),  das  in  das  erste  Ende  (40)  des  Luftstro- 

40  mungskorpers  (14)  im  Anschlag  an  die  Schulter 
(38)  eingesetzt  ist  und  an  seiner  AulSenflache 
einen  Ringschlitz  (66)  besitzt,  von  dem  sich  min- 
destens  zwei  beabstandete  Schlitze  (64)  durch 
den  kleineren  Durchmesser  (62)  des  Venturi- 

45  Abschnittes  erstrecken; 
einem  Luft-Bypassgehause  (20),  das  am  Lufts- 

tromungskorper  (14)  montiert  ist,  die  Eintritts- 
und  Austrittsoffnung  (44,  46)  umgibt  und  dazwi- 
schen  eine  Luftstromungs-Bypasskammer  (60) 

so  ausbildet; 
einem  ersten  und  zweiten  Sensor  (28,  30)  im 

Luft-Bypass-Gehause  (20),  die  so  angeordnet 
sind,  daS  sie  die  maximale  Geschwindigkeit  der 
Bypass-Luft  erfassen;  und 

55  einer  elektronischen  Schaltung  (70),  die  an  die 
Sensoren  (28,  30)  elektrisch  geschaltet  ist  und 
elektrische  Signale  erzeugt,  die  zum  Durchsatz 
der  Luftstromung  durch  den  Luftstromungsfiihler 
(10)  proportional  sind, 

60  dadurch  gekennzeichnet,  dalS  der  Luftstro- 
mungsfiihler  (10)  desweiteren  umfalSt. 

ein  Prallrohr  (16),  das  sich  von  der  Innenwand 
(36)  des  Luftstromungskorpers  (14)  durch  die 
Eintrittsoffnung  (44)  bis  zur  AulSenflache  des 

65  Luftstromungskorpers  (14)  erstreckt  und  einen 
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srsten  und  zweiten  entgegengesetzt  ange- 
>rdneten  Schlitz  (50,  52)  zur  Aufnahme  der  Lufts- 
romung  vom  ersten  Schlitz  (50)  und  zur  Abgabe 
ler  Luftstromung  aus  dem  zweiten  Schlitz  (52) 
lufweist  sowie  die  Lufstrdmung  vom  ersten 
Schlitz  (50)  in  einen  Kanal  (56)  entlang  der  Achse 
ies  Prallrohres  (16)  ablenken  kann, 

dalS  der  erste  und  zweite  Sensor  (28,  30)  im 
vesentlichen  entlang  der  Achse  des  Prallrohrs  (18) 
lusgerichtet  sind  und 

dalS  sich  der  erste  Schlitz  (50)  im  Prallrohr  (16) 
'on  der  Achse  des  Luftstromungskorpers  (14)  bis 
:ur  Innenflache  (36)  des  Luftstromungskorper  dia- 
netral  gegenuber  der  Eintrittsoffnung  (44) 
irstreckt. 

2.  Luftstromungsfuhler  nach  Anspruch  1,  bei 
iem  die  Schlitze  (64)  im  Ringschlitz  (66)  am 
/enturi-Einsatzelement  (18)  in  Umfangsrichtung 
ingeordnet  sind,  um  eine  mckwarts  gerichtete 
.uftstromung  vom  ersten  Ende  (40)  des  Luftstro- 
nungskorpers  (14)  zur  Austrittsoffnung  (46)  zu 
jlockieren. 

3.  Luftstromungsfuhler  nach  Anspruch  1,  bei 
Jem  die  Sensoren  (28,  30)  zwei  zylindrische  Wider- 
standselemente  sind,  von  denen  der  erste  Sensor 
28)  auf  die  Luftstromung  anspricht  und  aufstrom- 
seitig  des  zweiten  Sensors  (30)  sowie  benachbart 
:ur  Eintrittsoffnung  (44)  angeordnet  ist. 

4.  Luftstromungsfuhler  nach  Anspruch  3,  bei 
dem  der  ersten  und  zweite  Sensor  (28,  30)  zylindri- 
sche  Drahtwicklungselemente  sind,  die  eine  axiale 
.ange  besitzen,  die  nicht  grolSer  ist  als  die  Bogen- 
ange  der  Eintrittsoffnung  (44)  am  Luftstromungs- 
<6rper  (14). 

5.  Luftstromungsfuhler  nach  Anspruch  3,  bei 
dem  das  erste  und  zweite  Sensorelement  (28,  30) 
auf  einen  nicht  leitenden  Zylinder  in  einem  Muster 
gufgedampftes  Nickel  umfassen,  wobei  dieses 
Muster  eine  axiale  Lange  aufweist,  die  nicht 
grofSer  ist  als  die  Bogenlange  der  Eintrittsoffnung 
(44)  am  Luftstromungskorper  (14). 

6.  Luftstromungsfuhler  nach  Anspruch  1,  bei 
dem  das  Prallrohr  (16)  einen  tragflugelfdrmigen 
Querschnitt  besitzt. 

7.  Luftstromungsfuhler  nach  Anspruch  1,  bei 
dem  die  elektronische  Schaltung  eine  Brucken- 
schaltung  (68),  bei  der  der  erste  und  zweite  Sensor 
(28,  30)  in  zwei  unterschiedlichen  Bruckenschal- 
tungsabschnitten  elektrisch  geschaltet  sind,  eine 
Verstarkungseinrichtung  (76),  die  den  ersten  Sen- 
sor  (28)  auf  einer  Temperatur  halten  kann,  die 
grolSer  ist  als  die  Temperatur  des  zweiten  Sensors 
(30),  und  eine  Fehlersignaleinrichtung  (72)  auf- 
weist,  die  auf  Anderungen  in  der  Temperatur  des 
ersten  Sensors  (28)  anspricht  und  ein  Ausgangssi- 
gnal  erzeugt,  das  den  Luftdurchsatz  durch  den 
Luftstromungsfuhler  (10)  anzeigt. 

8.  Luftstromungsfuhler  nach  Anspruch  7, 
dadurch  gekennzeichnet,  dalS  er  desweiteren 
einen  ersten  Verstarker  (82),  der  im  Abschnitt  der 
Bruckenschaltung  (68)  des  zweiten  Sensors  (30) 
elektrisch  geschaltet  ist,  und  einen  zweiten  Ver- 
starker  (84)  aufweist,  der  an  den  Ausgang  des 
Abschnitts  der  Bruckenschaltung  des  zweiten  Sen- 
sors  (30)  angeschlossen  ist. 

3.  LUTtstromungsTumer  nacn  Mnsprucn  o, 
dadurch  gekennzeichnet,  dalS  das  Ausgangssignal 
ein  Stromsignal  mit  hoher  Rausch-  und  Erdpot- 
ential-lmmunitat  ist. 

5 
Revendications 

1.  Debitmetre  d'air  destine  a  la  mesure  du  debit 
d'air  comprenant: 

o  un  corps  (14)  constitue  par  un  element  cylindri- 
que  tubulaire  creux  comprenant  au  moins  deux 
diametres  interieurs  differentes  et  prevu  pour 
evacuer  de  I'air  par  une  premiere  extremite  (40)  et 
recevoir  de  I'air  par  I'autre  extremite  (42),  le  dit 

<5  corps  comprenant  un  epaulement  (38)  dispose  au 
point  de  jonction  des  dits  diametres,  un  orifice 
d'entree  (44)  dispose  entre  I'autre  extremite  (42)  et 
le  dit  epaulement  (38)  et  un  orifice  de  sortie  (46) 
dispose  entre  I'epaulement  (38)  et  la  premiere 

>o  extremite  (40)  situe  a  la  peripheric  du  corps  (14); 
Un  element  Venturi  cylindrique  (18)  insere  entre 

la  premiere  extremite  (40)  du  corps  (14)  et  un  butee 
contre  le  dit  epaulement  (38)  une  rainure  circulaire 
(66)  etant  pratiquee  dans  le  dit  element  Venturi 

?5  (18)  dans  laquelle  sont  pratiquees  au  moins  deux 
fentes  espacees  (64)  situees  dans  le  diametre  le 
plus  faible  (62)  de  I'element  Venturi; 

un  boftier  by-pass  (20)  monte  sur  le  corps  du 
debitmetre  (14)  et  entourant  Ies  orifices  d'entree  et 

;o  d'evacuation  (44,  46)  et  constituant  entre  ces 
derniers  une  chambre  by-pass  (60)  de  debit  d'air; 

un  premier  et  un  second  capteurs  (28,  30)  dans  le 
dit  bottier  (20)  by  pass,  etant  disposes  pour 
recevoir  le  flux  d'air  le  plus  rapide  du  by-pass;  et 

35  des  moyens  electroniques  (70)  relies  electrique- 
ment  aux  capteurs  (28)  (30)  et  engendrant  des 
signaux  electriques  proportionnels  au  taux  de  flux 
d'air  dans  le  debitmetre  (10),  le  dit  debitmetre  (10) 
etant  caracterise  en  ce  qu'il  comprend  en  outre: 

40  Un  tube  d'impact  (16)  penetrant  dans  le  corps 
(14)  du  debitmetre  par  I'orifice  d'entree  (44)  a  la 
surface  exterieure  du  corps  (14),  le  dit  tube  ayant 
une  premiere  et  une  seconde  fentes  opposee  (50, 
52)  recevant  le  flux  d'air  par  la  dite  premiere  fente 

45  (50)  et  I'evacuant  par  la  dite  seconde  fente  (52),  le 
dit  tube  d'impact  (16)  etant  prevu  pour  deriver  le 
flux  d'air  de  la  premiere  fente  (50)  a  un  passage 
(56)  le  long  de  I'axe  du  dit  tube  d'impact  (16),  et  en 
ce  que  Ies  premier  et  second  capteurs  (28,  30)  sont 

so  pratiquement  alignes  le  long  du  dit  tube  d'impact 
(16)  et  en  ce  que  la  premiere  fente  (50)  dans  le  dit 
tube  d'impact  (16)  s'etend  de  I'axe  du  corps  (14)  a 
la  surface  interieure  (36)  du  corps  (14)  du  debitme- 
tre  diametralement  opposee  a  I'orifice  d'entree 

55  (44). 
2.  Debitmetre  d'air  selon  la  revendication  1  ,  dans 

lequel  Ies  fentes  (64)  dans  la  rainure  annulaire  (66) 
du  dit  element  Venturi  (18)  sont  placees  circonfe- 
rentiellement  de  maniere  a  bloquer  le  flux  d'air 

60  inverse  a  la  sortie  d'evacuation  (46)  de  la  dite 
premiere  extremite  (40)  du  dit  corps  (14). 

3.  Debitmetre  d'air  selon  la  revendication  1  ,  dans 
lequel  Ies  dits  capteurs  (28;  30)  sont  constitues  par 
deux  elements  resistants  cylindriques  et  ou  le 

65  premier  capteur  (28)  agit  sous  Taction  du  flux  d'air 
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et  est  place  en  amont  du  second  capteur  (30)  et 
adjacent  au  dit  orifice  d'entree  (44). 

4.  Debitmetre  d'air  selon  la  revendication  3, 
dans  lequel  Ies  premier  et  second  capteurs  (28, 
30)  sont  des  enroulements  de  fil  cylindrique 
metallique  ayant  une  longueur  axiale  pas  plus 
grande  que  la  longueur  en  forme  d'arc  de  I'orifice 
d'entree  (44)  sur  le  corps  (14). 

5.  Debitmetre  d'air  selon  la  revendication  3, 
dans  lequel  Ies  premier  et  second  capteurs  (28, 
30)  comprennent  du  nickel  pulverise  sur  un  cylin- 
dre  non  conducteur  ayant  une  longueur  axiale 
pas  plus  grande  que  la  longueur  en  forme  d'arc 
du  dit  orifice  d'entree  (44)  sur  le  dit  corps  (14). 

6.  Debitmetre  d'air  selon  la  revendication  1, 
dans  lequel  le  tube  d'impact  (16)  presente  une 
coupe  en  forme  de  fuselage. 

7.  Debitmetre  d'air  selon  la  revendication  1, 
dans  lequel  Ies  moyens  electroniques  compren- 
nent  un  pont  (68)  un  premier  et  un  second 

10 

15 

20 

capteurs  (28,  30)  relies  electriquement  en  deux 
branches  differentes,  un  amplificateur  (76)  pour 
maintenir  le  premier  capteur  (28)  a  une  tempera- 
ture  superieure  a  la  temperature  du  second  cap- 
teur  (30),  et  des  moyens  de  signalisation  d'erreur 
(72)  agissant  en  fonction  des  variations  de  tempe- 
rature  du  dit  premier  capteur  (28)  en  engendrant 
un  signal  de  sortie  indiquant  ledebit  d'air  traver- 
sal   le  debitmetre  (10). 

8.  Debitmetre  selon  la  revendication  7,  caracte- 
rise  en  ce  qu'il  inclut  en  outre  un  premier  amplifi- 
cateur  a  echelle  relie  electriquement  au  circuit  du 
second  capteur  (30)  du  dit  circuit  en  point  (68)  en 
un  second  amplificateur  a  echelle  (84)  relie  electri- 
quement  a  la  sortie  du  circuit  du  second  capteur 
(30). 

9.  Debitmetre  d'air  selon  la  revendication  8, 
dans  lequel  le  signal  de  sortie  est  un  signal  de 
bruit  eleve  et  exempt  de  potentiei  de  masse. 
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