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(54)  A  method  of  and  apparatus  for  determining  whether  a  leak  is  present  in  a  fuel  sys tem 

(57)  A  method  of  determining  whether  a  leak  is 
present  in  a  fuel  system  between  a  fuel  tank  10  and  a 
canister  1  4  for  removing  fuel  vapour  upstream  of  a  vent- 
ing  outlet  42,  the  method  comprising  the  steps  of:  sens- 
ing  the  level  of  fuel  in  the  fuel  tank  10  using  a  fuel  level 
sensor  16,  20,  reducing  the  pressure  between  the  fuel 
tank  and  the  canister,  and  subsequently  sensing  the 
pressure  rise  again  using  a  pressure  sensor  24,  the  de- 
termination  being  made  on  the  basis  of  the  sensed  pres- 
sure  and  signals  from  the  level  sensor  so  that  the  volume 
of  air  in  the  tank,  and  the  vibration  of  the  fuel  and  resulting 
accelerated  evapouration,  can  be  taken  into  account. 
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Description 

The  invention  relates  to  a  method  of  determining 
whether  a  leak  is  present  in  a  fuel  system  and  apparatus 
for  carrying  out  the  method. 

A  known  fuel  system  in  a  vehicle  includes  a  fuel  tank 
which  is  connected  through  a  passageway  to  a  charcoal 
canister  which  includes  a  normally  open  vent  valve  con- 
nected  to  atmosphere  and  a  normally  closed  purge  valve 
connected  to  the  engine  inlet  manifold.  A  pressure  sen- 
sor  is  provided  for  the  system.  In  order  to  check  for  a  leak 
in  the  system,  the  canister  vent  valve  is  closed  and  the 
purge  valve  is  opened  to  evacuate  the  system.  The 
purge  valve  is  then  closed  and  the  engine  management 
control  unit  monitors  the  decay  of  the  induced  vacuum 
in  the  fuel  system.  If  the  vacuum  decays  slowly  then  this 
is  an  indication  that  no  leaks  are  present. 

A  similar  system  is  disclosed  in  US  51  9351  2. 
A  problem  with  the  known  system  is  that,  if  there  is 

heavy  movement  of  fuel,  there  will  be  a  greater  rate  of 
evaporation  and  so  the  vacuum  will  be  caused  to  decay 
more  quickly,  or  the  over  pressure  more  slowly.  This  fac- 
tor  may  now  be  taken  into  account. 

According  to  one  aspect  of  the  invention  there  is  pro- 
vided  a  method  of  determining  whether  a  leak  is  present 
in  a  fuel  system  having  a  fuel  tank,  a  fuel  level  sensor,  a 
venting  line  with  a  venting  outlet,  fuel  vapour  removing 
means  in  the  venting  line  upstream  of  the  venting  outlet, 
the  method  comprising  the  steps  of:  changing  the  pres- 
sure  between  the  fuel  tank  and  the  fuel  vapour  removing 
means,  subsequently  sensing  the  pressure  between  the 
fuel  tank  and  the  fuel  vapour  removing  means,  and  mak- 
ing  a  determination  on  the  basis  of  the  sensed  pressure 
whether  a  leak  is  present,  wherein  the  method  further 
comprises  the  step  of  sensing  changes  in  the  level  of  fuel 
in  the  fuel  tank,  and  the  determination  is  also  dependant 
on  the  sensed  changes  in  the  level  of  fuel. 

Preferably  the  step  of  sensing  the  changes  in  the 
level  of  fuel  in  the  fuel  tank  comprises  sensing  the  am- 
plitude  of  vibrations  of  the  fuel,  and  the  determination  is 
also  dependant  on  said  amplitude. 

Preferably  the  step  of  sensing  the  changes  in  the 
level  of  fuel  in  the  fuel  tank  comprises  sensing  the  fre- 
quency  of  vibrations  of  the  fuel,  and  the  determination  is 
also  dependant  on  said  frequency. 

Preferably  the  step  of  sensing  the  changes  in  the 
level  of  fuel  in  the  fuel  tank  comprises  sensing  the  am- 
plitude  of  vibrations  of  the  fuel  within  a  range  of  frequen- 
cies  of  interest,  and  the  determination  is  also  dependent 
on  said  amplitude. 

The  step  of  changing  the  pressure  between  the  fuel 
tank  and  the  filter  most  conveniently  comprises  reducing 
the  pressure  between  the  fuel  tank  and  the  filter. 

The  present  invention  also  provides  fuel  system 
comprising  a  fuel  tank,  a  fuel  level  sensor,  a  venting  line 
for  the  fuel  tank  having  a  venting  outlet,  and  fuel  vapour 
removing  means  in  the  venting  line  upstream  of  the  vent- 
ing  outlet,  means  for  changing  the  pressure  between  a 

fuel  tank  and  the  fuel  vapour  removing  means,  a  pres- 
sure  sensor  and  a  control  unit,  wherein  the  control  unit 
is  arranged  to  cause  the  pressure  changing  means  to 
change  the  pressure  between  the  fuel  tank  and  the  fuel 

5  vapour  removing  means,  and  to  make  a  determination 
on  the  basis  of  the  sensed  pressure  whether  a  leak  is 
present,  wherein  the  method  further  comprises  the  step 
of  sensing  changes  in  the  level  of  fuel  in  the  fuel  tank, 
and  the  determination  is  also  dependant  on  the  sensed 

10  changes  in  the  level  of  fuel. 
The  system  may  be  arranged  to  carry  out  the  meth- 

od  of  any  aspect  of  the  present  invention  as  described. 
Most  conveniently  the  pressure  changing  means 

comprises  a  source  of  low  pressure  and  a  valve  to  es- 
15  tablish  communication  with  said  source,  which  may  com- 

prise  an  engine  inlet  manifold. 
The  present  invention  further  provides  a  vehicle  hav- 

ing  a  fuel  system  according  to  any  aspect  of  the  invention 
as  described. 

20  One  embodiment  of  the  invention  will  now  be  de- 
scribed  by  way  of  example  and  with  reference  to  Figure 
I  of  the  accompanying  drawing  which  is  a  schematic 
view.  The  drawing  shows  a  fuel  tank  10  containing  fuel 
II  connected  through  a  passageway  12  to  a  charcoal 

25  canister  14. 
A  float  1  6  is  provided  in  tne  fuel  tank  1  0  and  is  con- 

nected  by  an  arm  18  to  a  transducer  20  for  measuring 
fuel  level  and  fuel  movement.  The  transducer  20  is  con- 
nected  to  a  control  unit  22.  A  pressure  sensor  24  is  con- 

so  nected  to  the  volume  of  the  fuel  tank  10  through  a  pipe 
26  which  includes  a  fuel  trap  28.  The  pressure  sensor 
24  is  also  connected  to  the  control  unit  22.  A  fuel  pump 
30  is  provided  for  the  fuel  tank  10  and  is  connected 
through  pipes  32  to  the  engine  33. 

35  A  roll-over  valve  34  is  provided  between  the  fuel  tank 
10  and  the  passageway  12.  The  passageway  12  leads 
from  the  roll-over  valve  34  to  a  liquid/vapour  separator 
36.  The  passageway  1  2  then  forks  and  re-combines  and 
a  two-way  valve  38  and  a  bypass  valve  40  are  provided 

40  in  parallel.  The  bypass  valve  40  is  connected  to  the  con- 
trol  unit  22.  The  passageway  12  then  leads  to  the  char- 
coal  canister  1  4.  The  charcoal  canister  1  4  has  two  outlet 
valves  42,44  which  are  controlled  by  the  control  unit  22. 
The  first  valve  is  a  canister  vent  valve  42  which  is  con- 

45  nected  to  atmosphere  through  a  venting  outlet  43  and 
the  second  valve  is  a  purge  valve  44  which  is  connected 
to  the  inlet  manifold  45  of  the  vehicle  engine  33. 

In  use,  the  transducer  20  provides  a  continuous  sig- 
nal  to  the  control  unit  which  varies  with  the  fuel  level  in 

so  the  fuel  tank  1  0.  It  therefore  provides  the  control  unit  22 
with  information  about  the  level  of  fuel  at  any  particular 
time,  and  the  amount  of  movement  of  the  fuel  11  in  the 
tank.  The  pressure  sensor  24  provides  information  to  the 
control  unit  22  about  the  pressure  in  the  tank  10  and  is 

55  protected  by  the  fuel  trap  28  from  fuel  condensing  in  the 
sensor  24  and  upsetting  its  operation. 

The  roll-over  valve  34  prevents  fuel  from  entering 
the  passageway  12  if  the  vehicle  should  ever  be  upside 

2 
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down.  The  two-way  valve  38  prevents  vapour  from  pass- 
ing  through  from  the  tank  1  0  to  the  charcoal  canister  1  4 
unless  the  air/vapour  mixture  is  above  a  certain  pressure 
which  is  slightly  above  atmospheric  pressure.  This  helps 
to  retain  fuel  vapour  in  the  tank  10.  The  two-way  valve 
38  will  allow  the  air/vapour  mixture  back  towards  the  tank 
10  when  the  pressure  difference  across  the  valve  38  is 
above  a  certain  level.  The  bypass  valve  40  is  normally 
closed  so  that  the  two-way  valve  38  is  in  operation.  The 
purge  valve  44  is  normally  closed  and  the  canister  vent 
valve  42  normally  open. 

In  use,  then,  a  mixture  of  air,  fuel  vapour  and  liquid 
fuel  travels  through  the  passageway  12  to  the  liquid/va- 
pour  separator  36  where  the  liquid  fuel  is  removed.  If  the 
pressure  rises  above  a  certain  level,  the  air/vapour  mix- 
ture  will  pass  through  the  two-way  valve  38  to  the  char- 
coal  canister  14  which  will  absorb  vapour  so  that  a  min- 
imum  amount  of  fuel  is  emitted  through  the  canister  vent 
valve  42. 

In  order  to  test  the  system,  the  canister  vent  valve 
42  is  closed,  the  bypass  valve  40  is  opened  and  the 
purge  valve  44  is  opened  to  connect  the  system  to  the 
engine  inlet  manifold  45.  This  provides  suction  on  the 
system  to  evacuate  it  to  low  pressure.  The  purge  valve 
44  is  then  closed  and  the  rise  in  pressure  is  monitored 
by  the  control  unit  22  through  the  pressure  sensor.  The 
control  unit  22  determines  whether  a  leak  is  present  on 
the  basis  of  the  rate  of  change  of  pressure  as  air  re-en- 
ters  the  system.  The  critical  rate  if  change  which  is  taken 
to  indicate  a  leak  varies  to  take  into  account  the  signal 
from  the  transducer  20.  If  there  is  a  high  level  of  fuel  in 
the  tank,  then  the  critical  rate  of  change  is  high  because 
the  pressure  of  the  small  volume  of  air  in  the  tank  will 
change  rapidly  as  air  enters  the  tank.  If  there  is  a  low 
level  of  fuel,  then  the  critical  rate  of  change  will  be  lower. 
Similarly  if  there  is  a  lot  of  movement  of  the  fuel  in  the 
tank  then  the  critical  rate  of  change  will  be  higher  be- 
cause  the  pressure  will  be  increasing  as  a  result  of  fuel 
evapouration  as  well  as  air  re-entering  the  system.  The 
measurement  of  fuel  movement  can  be  simply  related  to 
the  total  movement  of  the  surface  of  the  fuel  over  a  set 
period,  or  can  be  frequency  and/or  amplitude  dependent 
to  account  for  the  fact  that  low  frequency  movement  is 
unlikely  to  affect  the  evapouration  rate,  whereas  higher 
frequency,  higher  amplitude  movement  causes  more 
disturbance  of  the  fuel  and  hence  increases  the  evap- 
ouration  rate. 

The  control  unit  22  samples  the  position  of  the  float 
16  continually  at  a  rate  of  about  200  times  per  second. 
From  the  resulting  data  the  control  unit  22  can  filter  out 
the  amplitude  of  vibrations  at  any  particular  frequency  or 
frequencies  or  the  mean  amplitude  over  a  range  of  fre- 
quencies.  Since  the  effect  on  the  evapouration  rate  var- 
ies  with  the  frequency  of  vibration  of  the  fuel,  the  control 
unit  can  have  stored  in  memory  one  or  more  frequencies 
of  interest  or  a  range  of  frequencies  of  interest  at  which 
vibrations  will  have  a  significant  effect  on  the  vibration 
rate.  The  amplitude  of  vibrations  at  those  frequencies 

can  then  be  taken  into  account  when  calculating  the  crit- 
ical  rate  of  change  of  pressure. 

The  control  unit  22  may  carry  out  the  check  auto- 
matically,  for  example,  being  triggered  by  an  engine  idle 

5  period  of  20  or  30  seconds. 

Claims 

10  1.  A  method  of  determining  whether  a  leak  is  present 
in  a  fuel  system  having  a  fuel  tank  (1  0),  a  fuel  level 
sensor  (1  6),  a  venting  line  (12)  with  a  venting  outlet, 
fuel  vapour  removing  means  (1  4)  in  the  venting  line 
upstream  of  the  venting  outlet  (43),  the  method  corn- 

's  prising  the  steps  of:  changing  the  pressure  between 
the  fuel  tank  (10)  and  the  fuel  vapour  removing 
means  (14),  subsequently  sensing  the  pressure 
between  the  fuel  tank  (10)  and  the  fuel  vapour 
removing  means,  and  making  a  determination  on 

20  the  basis  of  the  sensed  pressure  whether  a  leak  is 
present,  characterized  in  that  the  method  further 
comprises  the  step  of  sensing  changes  in  the  level 
of  fuel  (1  1  )  in  the  fuel  tank,  and  the  determination  is 
also  dependant  on  the  sensed  changes  in  the  level 

25  of  fuel  (11). 

2.  A  method  as  claimed  in  claim  1  ,  characterized  in  that 
the  step  of  sensing  the  changes  in  the  level  of  fuel 
(11)  in  the  fuel  tank  (10)  comprises  sensing  the 

30  amplitude  of  vibrations  of  the  fuel,  and  the  determi- 
nation  is  also  dependant  on  said  amplitude. 

3.  A  method  as  claimed  in  claim  1  or  claim  2,  charac- 
terized  in  that  the  step  of  sensing  the  changes  in  the 

35  level  of  fuel  (1  1  )  in  the  fuel  tank  (1  2)  comprises  sens- 
ing  the  frequency  of  vibrations  of  the  fuel,  and  the 
determination  is  also  dependant  on  said  frequency. 

4.  A  method  as  claimed  in  any  one  of  claims  1  to  3  char- 
40  acterized  in  that  the  step  of  sensing  the  changes  in 

the  level  of  fuel  (11)  in  the  fuel  tank  (1  2)  comprises 
sensing  the  amplitude  of  vibrations  of  the  fuel  within 
a  range  of  frequencies  of  interest,  and  the  determi- 
nation  is  also  dependent  on  said  amplitude. 

45 
5.  A  method  as  claimed  in  any  one  of  claims  1  to  4  char- 

acterized  in  that  the  step  of  changing  the  pressure 
between  the  fuel  tank  (12)  and  the  fuel  vapour 
removing  means  (14)  comprises  reducing  the  pres- 

50  sure  between  the  fuel  tank  (1  2)  and  the  fuel  vapour 
removing  means  (14). 

6.  Afuelsystemcomprisingafueltank(IO),  afuel  level 
sensor  (20),  a  venting  line  (12)  for  the  fuel  tank  hav- 

55  ing  a  venting  outlet,  and  fuel  vapour  removing 
means  (1  4)  in  the  venting  line  upstream  of  the  vent- 
ing  outlet,  means  (44)  for  changing  the  pressure 
between  a  fuel  tank  and  the  fuel  vapour  removing 

3 
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means,  a  pressure  sensor  (24)  and  control  means 
(22)  ,  wherein  the  control  means  is  arranged  to 
cause  the  pressure  changing  means  (44)  to  change 
the  pressure  between  the  fuel  tank  (10)  and  the  fuel 
vapour  removing  means  (14),  and  to  make  a  deter-  s 
mination  on  the  basis  of  the  sensed  pressure 
whether  a  leak  is  present,  characterized  in  that  the 
control  means  (22)  ,  is  further  arranged  to  sense 
changes  in  the  level  of  fuel  (1  1  )  in  the  fuel  tank  (1  2), 
and  the  determination  is  also  dependant  on  the  10 
sensed  changes  in  the  level  of  fuel. 

7.  A  system  as  claimed  in  claim  6,  characterized  in  that 
the  control  unit  (22)  is  arranged  to  carry  out  the 
method  according  to  any  one  of  claims  2  to  5.  15 

8.  A  system  as  claimed  in  claim  1  0  characterized  in  that 
the  pressure  changing  means  (44)  comprises  a 
source  of  low  pressure  and  a  valve  to  establish  com- 
munication  with  said  source.  20 

9.  A  vehicle  having  a  fuel  system  as  claimed  in  any  one 
of  claims  6  to  13. 
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