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(54)  Fuel  injection  systems  for  diesel  engines  

(57)  A  fuel  injection  system  for  a  diesel  engine  with 
a  DeNOx  catalyst  comprises  a  fuel  injection  pump  ar- 
ranged  to  produce  periodic  pressure  pulses  and  at  least 
one  fuel  injector  connected  to  the  fuel  pump  by  a  respec- 
tive  outlet  assembly  (4)  and  a  supply  line.  The  outlet  as- 
sembly  (4)  includes  a  reverse  flow  damping  valve  (6,  8) 
and  an  unloading  valve  (2,  24).  Disabling  means  (18, 
22;  30;  32,  34)  is  arranged  selectively  to  reduce  or  elim- 
inate  the  reverse  flow  damping  function  of  the  reverse 
flow  damping  valve  (6,  8). 
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Description 

The  present  invention  relates  to  diesel  engines,  par- 
ticularly  of  indirect  injection  (IDI)  type,  and  is  concerned 
with  fuel  injection  systems  for  such  engines.  s 

IDI  diesel  engines  are  those  engines  in  which  the 
fuel  injectors  are  positioned  to  inject  the  fuel  into  the  pre- 
combustion  chambers  which  communicate  with  the 
main  combustion  chambers  by  passages  through  which 
the  burning  fuel/air  mixture  passes  into  the  main  com-  10 
bustion  chambers  of  the  engine.  These  engines  contrast 
with  direct  injection  (Dl)  engines  in  which  the  fuel  injec- 
tors  are  positioned  to  inject  the  fuel  directly  into  the  main 
combustion  chambers,  e.g.  are  positioned  in  the  cylin- 
der  head  to  inject  fuel  into  the  cylinders.  15 

The  exhaust  gases  of  all  engines  contain  a  certain 
proportion  of  nitrogen  oxides  (NOx)  and  these  are  inju- 
rious  to  health  and  are  increasingly  proscribed  by  law. 
The  NOx  emissions  from  diesel  engines  are  somewhat 
higher  from  Dl  engines  than  IDI  engines  and  it  is  known  20 
to  provide  Dl  engines  with  a  catalyst,  referred  to  as  a 
DeNOx  catalyst,  in  the  exhaust  path  whose  function  is 
to  chemically  reduce  the  NOx.  Such  catalysts  are  well 
known  and  typically  comprise  platinum  and/or  other  cat- 
alyst  materials  which  are  carried  on  a  suitable  carrier  or  25 
matrix  and  over  which  the  exhaust  gases  flow. 

It  is  a  characteristic  of  DeNOx  catalysts  that  they 
only  operate  effectively  if  the  exhaust  gases  also  contain 
at  least  a  certain  minimum  content  of  unburnt  hydrocar- 
bon  material  (HC)  and  this  requirement  is  inherently  f  ul-  30 
filled  by  Dl  engines  under  most  operating  conditions. 

The  NOx  emissions  from  IDI  engines  are  somewhat 
lower  than  from  Dl  engines  and  it  has,  therefore,  previ- 
ously  not  been  necessary  for  I  Dl  engines  to  be  fitted  with 
a  DeNOx  catalyst.  However,  exhaust  emission  regula-  35 
tions  are  becoming  progressively  stricter  and  this  fact 
coupled  with  the  continuing  popularity  of  IDI  engines 
now  renders  it  desirable  to  fit  at  least  certain  IDI  engines 
with  a  DeNOx  catalyst.  However,  the  unburnt  HC  mate- 
rial  in  the  exhaust  gases  from  IDI  engines  is  typically  40 
below  the  minimum  value  which  is  necessary  for  a  De- 
NOx  catalyst  to  operate  effectively,  at  least  under  certain 
operating  conditions,  and  this  means  that  if  a  DeNOx 
catalyst  is  simply  provided  in  the  exhaust  gas  path  of  an 
IDI  engine  it  will  not  operate  effectively  to  reduce  the  45 
NOx  in  the  exhaust  gases,  at  least  under  certain  engine 
operating  conditions. 

Whilst  the  content  of  unburnt  HC  in  the  exhaust  gas- 
es  of  Dl  diesel  engines  is  generally  sufficient  for  a  De- 
NOx  catalyst  to  operate  effectively,  it  is  found  that  under  so 
certain  operating  conditions  the  HC  concentration  in  the 
exhaust  gas  is  in  fact  not  sufficient  for  the  catalyst  to 
operate  with  its  maximum  potential  efficiency.  It  is, 
therefore,  desirable,  from  the  point  of  view  of  minimising 
unreduced  NOx  emissions,  to  be  able  selectively  to  in-  55 
crease  the  concentration  of  unburnt  HC  in  the  exhaust 
gases  of  a  Dl  diesel  engine  also. 

Accordingly  it  is  the  object  of  the  present  invention 

to  provide  a  diesel  engine,  particularly  of  IDI  type,  with 
a  DeNOx  catalyst,  and  more  particularly  to  provide  a  fuel 
injection  system  for  such  an  engine,  which  is  such  that 
the  DeNOx  catalyst  can  operate  effectively  under  all  op- 
erating  conditions  to  reduce  the  NOx  in  the  exhaust  gas- 
es  of  the  engine. 

According  to  the  present  invention  a  fuel  injection 
system  for  a  diesel  engine,  particularly  of  IDI  type,  with 
a  DeNOx  catalyst  comprises  a  fuel  injection  pump  ar- 
ranged  to  produce  periodic  pressure  pulses  and  at  least 
one  fuel  injector  connected  to  the  fuel  pump  by  a  respec- 
tive  outlet  assembly  and  supply  line,  the  supply  line  in- 
cluding  a  reverse  flow  damping  valve  and  an  unloading 
valve,  and  is  characterised  by  disabling  means  ar- 
ranged  selectively  to  reduce  or  eliminate  the  reverse 
flow  damping  function  of  the  reverse  flow  damping 
valve.  The  invention  also  embraces  a  diesel  engine  with 
a  DeNOx  catalyst  and  a  fuel  injection  system  of  the  type 
referred  to  above. 

Conventional  fuel  injection  systems  comprise  a  ro- 
tary  fuel  injection  pump  connected  to  the  fuel  injectors 
of  the  engine  by  respective  supply  lines.  The  pump  sup- 
plies  pressure  pulses  to  the  supply  lines  sequentially 
which  results  in  the  associated  fuel  injectors  injecting 
fuel  into  the  associated  inlet  ducts  at  the  appropriate 
times.  When  the  pressure  in  each  supply  line  drops  be- 
low  the  threshold  pressure  at  which  the  fuel  injector  op- 
erates,  injection  of  the  fuel  is  terminated  but  subsequent 
pressure  waves  and  transients  can  frequently  lead  to 
the  pressure  at  the  inlet  to  the  fuel  injector  briefly  ex- 
ceeding  the  threshold  pressure  again  and  thus  in  so- 
called  secondary  injection  briefly  occurring,  that  is  to  say 
in  the  fuel  injector  injecting  a  small  amount  of  fuel  into 
the  associated  inlet  duct  or  combustion  chamber  at 
some  time  after  the  principal  or  primary  injection  of  fuel 
has  terminated.  This  is  generally  thought  to  be  highly 
undesirable  and  it  is  therefore  usual  to  include  a  reverse 
flow  damping  valve,  or  a  so-called  snubber  valve,  in  the 
supply  line.  This  valve  permits  the  substantially  unthrot- 
tled  flow  of  fuel  towards  the  fuel  injector  but  significantly 
damps  or  throttles  any  flow  in  the  reverse  direction.  This 
valve  substantialy  damps  pressure  transients  after  the 
termination  of  the  primary  fuel  injection  and  prevents  the 
occurrence  of  secondary  injection.  The  snubber  valve 
is  typically  somewhat  similar  to  a  non-return  valve  in  that 
it  includes  a  movable  valve  member  which  is  biased  by 
a  spring  in  a  direction  opposite  to  that  of  the  fuel  flow 
into  sealing  contact  with  a  valve  seat.  However,  the 
valve  member  has  a  restricted  orifice  formed  in  it.  When 
fuel  flows  towards  the  fuel  injector  the  valve  body  lifts 
away  from  the  valve  seat  and  the  flow  is  substantially 
unthrottled.  However,  if  fuel  attempts  to  flow  in  the  op- 
posite  direction  the  valve  member  is  pressed  into  con- 
tact  with  the  valve  seat  and  can  only  flow  through  the 
restricted  orifice  which  substantially  throttles  the  flow 
and  damps  any  pressure  waves  and  thus  suppresses 
secondary  fuel  injection. 

It  is  also  common  to  provide  each  outlet  of  the  fuel 
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injection  pump  with  a  so-called  unloading  valve  which 
is  biassed  into  the  closed  position  but  which  is  opened 
when  a  pressure  pulse  is  applied  to  it  by  the  pump  to 
permit  fuel  to  flow  towards  the  associated  fuel  injector. 
As  the  pressure  pulse  dies  away  the  unloading  valve 
moves  under  the  action  of  the  biasing  force  into  the 
closed  position.  This  would  normally  result  in  the  fuel  in 
the  supply  line  remaining  under  a  pressure  substantially 
equal  to  that  at  which  the  fuel  injector  operates  to  inject 
fuel.  However,  the  movable  valve  member  of  the  unload- 
ing  valve  is  so  shaped  that  as  it  moves  into  the  closed 
position  it  returns  a  small  volume  of  fuel  from  the  supply 
line  to  the  pump,  thereby  reducing  the  pressure  in  the 
supply  line  and  further  reducing  the  risk  of  secondary 
fuel  injection  occurring. 

The  present  invention  is  based  on  the  surprising 
recognition  that  secondary  fuel  injection,  which  was  pre- 
viously  thought  to  be  undesirable,  can  be  very  beneficial 
under  certain  circumstances  because  it  results  in  an  in- 
crease  in  the  unburnt  HC  content  of  the  exhaust  gases 
and  the  increase  is  preferably  selected  to  be  just  suffi- 
cient  to  ensure  that  the  DeNOx  catalyst  can  operate  ef- 
fectively. 

Thus  the  reverse  flow  damping  valve  is  selectively 
disabled  after  primary  injection  has  occurred,  e.g.  under 
the  control  of  an  electronic  control  unit,  such  as  the  en- 
gine  management  system  of  the  vehicle  accommodat- 
ing  the  engine,  such  that  secondary  injection  occurs  un- 
der  certain  engine  operating  conditions  and  the  DeNOx 
catalyst  is  thus  provided  with  the  appropriate  conditions 
to  operate  effectively. 

Whilst  the  volume  of  the  fuel  injected  during  the  sec- 
ondary  injection  should  be  sufficient  to  increase  the 
amount  of  unburnt  HC  in  the  exhaust  gases  to  a  level  at 
which  the  catalyst  may  operate  effectively,  it  is  desirable 
that  it  is  not  significantly  larger  than  this  otherwise  the 
secondary  injection  would  unnecessarily  impair  the  fuel 
consumption  of  the  engine.  It  is  therefore  preferred  that 
the  volume  of  fuel  injected  during  the  secondary  injec- 
tion  is  between  2  and  10%  of  that  injected  during  the 
primary  injection. 

The  timing  at  which  the  secondary  injection  occurs 
should  not  be  too  soon  after  termination  of  the  primary 
injection  otherwise  all  the  secondary  fuel  is  simply  burnt 
and  does  not  lead  to  an  increase  in  unburnt  HC  in  the 
exhaust  gases.  Subject  to  this,  however,  the  timing  is 
not  critical  and  may  be  during  the  expansion  stroke  or 
the  exhaust  stroke  of  a  four  stroke  diesel  engine.  It  is 
preferred  that  the  secondary  injection  commences  at 
between  30  and  90°  crankshaft  revolution  after  the  top 
dead  centre  position  of  the  associated  piston. 

The  timing  and  volume  of  the  secondary  injection 
may  be  varied  by  varying  the  length  of  the  fuel  supply 
pipe  between  the  snubber  valve  and  the  fuel  injector. 

The  supply  pipe  is  preferably  between  200  and  600 
mm  long  and  preferably  has  an  internal  diameter  of  be- 
tween  1  and  3  mm.  It  is  also  preferred  that  the  fuel  in- 
jection  pump  communicates  with  each  supply  pipe  via 

an  unloadingvalve  of  the  type  described  above.  Thetim- 
ing  and  volume  of  the  secondary  injection  may  also  be 
varied  by  adjustment  of  the  unloading  valve,  that  is  to 
say  by  adjusting  the  pressure  at  which  the  unloading 

5  valve  closes  and  the  volume  of  fuel  which  it  returns  to 
the  fuel  pump  when  it  does  so.  The  volume  of  fuel  re- 
turned  by  the  unloading  valve  to  the  fuel  pump  is  pref- 
erably  between  20  and  50  mm3. 

The  reverse  flow  damping  valve  preferably  com- 
10  prises  a  movable  valve  member  which  defines  a  throt- 

tling  orifice  and  is  biased,  e.g.  by  a  spring  in  a  direction 
opposite  to  the  direction  of  flow  of  fuel  towards  the  fuel 
injector  into  the  closed  position  in  contact  with  a  valve 
seat.  The  flow  of  fuel  towards  the  fuel  injector  results  in 

is  the  valve  member  lifting  away  from  the  valve  seat  and 
thus  in  the  fuel  flow  being  substantially  unthrottled.  How- 
ever,  once  this  flow  of  fuel  terminates,  the  valve  member 
normally  moves  under  the  biasing  force  into  the  closed 
position  and  if  any  fuel  should  attempt  to  flow  in  the  re- 

20  verse  direction  it  is  substantially  throttled  by  the  throt- 
tling  orifice  through  which  it  is  obliged  to  flow. 

The  disabling  means  may  take  various  forms  but  in 
one  embodiment  of  the  invention  it  comprises  an  elec- 
tromagnet  which  is  e.g.  selectively  controlled  by  the  en- 

25  gine  management  system  and  is  arranged  to  hold  the 
valve  member  of  the  reverse  flow  damping  valve  in  the 
open  position  even  when  no  fuel  is  flowing  towards  the 
fuel  injector.  When  thus  held  open,  the  valve  will  not 
throttle  any  reverse  flow  of  fuel  and  secondary  injection 

30  by  the  fuel  injector  can  take  place. 
In  a  further  embodiment  of  the  invention  the  disa- 

bling  means  comprises  a  mechanical  member  which  is 
selectively  movable  into  engagement  with,  or  into  the 
path  of  movement  of,  the  valve  member  so  as  physically 

35  to  prevent  it  from  moving  into  the  closed  position. 
In  yet  a  further  embodiment  the  disabling  means 

comprises  a  bypass  passage  communicating  with  the 
fuel  supply  passage  upstream  and  downstream  of  the 
reverse  flow  damping  valve  and  a  control  valve  in  the 

40  bypass  passage.  The  control  valve  is  movable  between 
a  closed  position,  in  which  the  bypass  passage  is  closed 
and  the  reverse  flow  damping  valve  thus  operates  in  the 
conventional  manner,  and  an  open  position  in  which  the 
reverse  flow  damping  valve  is  effectively  short-circuited 

45  and  thus  does  not  throttle  the  flow  of  fuel  in  either  direc- 
tion.  The  control  valve  may  also  be  caused  to  adapt  in- 
termediate  positions  in  which  the  reverse  flow  of  fuel  is 
throttled,  but  to  a  selected  reduced  extent,  thereby  in- 
fluencing  the  timing  and/or  magnitude  of  the  secondary 

so  fuel  injection.  A  similar  effect  can  also  be  achieved  in 
the  other  embodiments  by  constructing  the  valve  mem- 
ber  and  valve  seat  of  the  reverse  flow  damping  valve  so 
that  they  define  a  flow  opening  of  progressively  increas- 
ing  area  as  the  valve  moves  towards  the  fully  open  po- 

55  sition,  e.g.  by  making  one  of  them  of  conical  or  of  con- 
verging  shape  in  the  direction  of  the  flow  of  fuel,  and  by 
arranging  the  disabling  means  to  be  capable  of  retaining 
the  valve  member  in  any  desired  intermediate  position. 

3 
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When  used  on  a  diesel  engine  of  IDI  type,  the  dis- 
abling  means  will  typically  be  operated  under  most  op- 
erating  conditions,  that  is  to  say  under  all  operating  con- 
ditions  other  than  at  start-up  of  the  engine  and  under 
high  load  conditions.  s 

When  the  engine  is  started  up  the  DeNOx  ctalyst  is 
cold  and  thus  inoperative  and  there  is  therefore  no  point 
in  deliberately  further  increasing  the  unburnt  HC  content 
of  the  exhaust  gases.  Under  high  engine  load  conditions 
the  DeNOx  catalyst  tends  to  be  too  hot  to  operate  effec-  10 
tively  and  there  is  therefore  again  no  point  in  further  in- 
creasing  the  unburnt  HC  content  of  the  exhaust  gases. 

Further  features  and  details  of  the  invention  will  be 
apparent  from  the  following  description  of  certain  spe- 
cific  embodiments  which  is  given  by  way  of  example  with  15 
reference  to  the  accompanying  diagrammatic  drawings, 
in  which: 

Referring  firstly  to  Figures  1  and  2,  the  fuel  injection  30 
system  is  suitable  for  a  diesel  engine  of  either  Dl  or  IDI 
type  and  includes  a  fuel  injection  pump  (not  shown)  of 
rotary  or  other  type  known  perse  which  has  a  number 
of  outlet  assemblies,  of  which  only  one,  which  is  desig- 
nated  4,  is  shown  which  corresponds  to  the  number  of  35 
the  cylinders  in  the  engine.  Each  such  outlet  assembly 
4  is  connected  to  an  associated  fuel  injector  (not  shown) 
by  a  respective  supply  pipe  (not  shown)  and  the  fuel  in- 
jection  system  will  be  described  in  relation  to  only  one 
fuel  injector  and  associated  outlet  assembly  since  these  40 
are  all  identical.  Situated  in  the  outlet  assembly  4  is  a 
reverse  flow  damping  valve  or  snubber  valve  comprising 
a  stationary  valve  seat  6  and  a  movable  valve  member 
8.  Formed  in  the  valve  member  8  is  a  small  throttling 
orifice  1  0.  The  valve  member  8  is  biased  into  the  closed  45 
position  in  sealing  contact  with  the  seat  6  by  a  spring 
12.  Formed  in  the  snubber  valve  housing  14  are  two 
openings  16  into  which  respective  portions  of  the  iron 
core  18  of  an  electromagnet  extend.  The  iron  core  18 
passes  through  the  wall  of  the  outlet  assembly  through  so 
respective  high  reluctance  bushings  20.  The  electro- 
magnet  also  includes  an  exciting  winding  22.  The  por- 
tions  of  the  iron  core  1  8  which  extend  through  the  open- 
ings  1  6  are  positioned  to  be  engaged  by  the  valve  mem- 
ber  8,  when  in  the  open  position,  as  shown  in  Figure  1  55 
or  to  be  closely  adjacent  to  the  valve  member  8,  when 
in  the  open  position,  as  shown  in  Figure  2. 

Also  situated  in  the  outlet  assembly  4  of  the  fuel  in- 

jection  pump  is  an  unloading  valve  comprising  a  barrel 
2  and  a  piston  24,  which  is  biased  into  the  closed  posi- 
tion  by  a  spring  26.  The  unloading  valve  piston  24  is  ar- 
ranged  to  be  opened  by  the  pressure  pulses  applied  to 
it  by  the  fuel  injection  pump  to  permit  fuel  to  flow  from 
the  pump  into  the  outlet  assembly  and  to  be  closed 
again  under  the  action  of  the  spring  26  as  the  pressure 
pulse  dies  away.  The  side  surface  of  the  unloading  valve 
piston  24  is  provided  with  an  annular  recess  28  which 
is  situated  within  the  barrel  2  when  the  valve  is  closed 
and  outside  the  barrel  2  when  the  valve  is  opened  and 
is  arranged  to  trap  fuel  within  it  and  thus  to  return  fuel 
from  within  the  outlet  assembly  to  the  barrel  2  as  the 
unloading  valve  closes,  thereby  reducing  the  pressure 
prevailing  in  the  outlet  assembly  4  and  the  associated 
connecting  pipe  at  those  times  when  the  fuel  injector  is 
not  injecting  fuel  into  the  associated  cylinder. 

The  operation  of  the  fuel  injection  system  if  the  dis- 
abling  means  constituted  by  the  electromagnet  18,  22 
is  not  actuated  is  conventional.  Thus  the  unloading 
valve  piston  24  opens  periodically  under  the  action  of 
the  pressure  applied  to  it  by  the  fuel  injection  pump  to 
admit  fuel  into  the  outlet  assembly  4.  This  fuel  flows  to- 
wards  the  fuel  injector  and  causes  the  snubber  valve 
member  8  to  lift  off  its  seat  whereby  the  flow  of  fuel  to- 
wards  the  injector  is  effectively  unthrottled.  As  the  pres- 
sure  in  the  outlet  assembly  4  and  the  connecting  pipe 
rises  above  a  threshold  value  injection  of  fuel  into  the 
associated  cylinder  by  the  fuel  injector  commences. 
This  fuel  injection  ceases  once  the  pressure  falls  below 
the  threshold  value  again  and  the  unloading  valve  piston 
24  is  then  closed  by  the  spring  26.  As  it  does  so,  a  certain 
amount  of  fuel  is  returned  to  the  outlet  2  within  the  re- 
cess  28  and  this  results  in  a  reduction  in  the  pressure 
in  the  supply  pipe  4.  At  substantially  the  same  time  the 
snubber  valve  member  8  is  moved  by  the  spring  1  2  into 
the  closed  position.  Any  pressure  waves  caused  by  the 
termination  of  the  primary  injection  of  fuel  are  damped 
by  the  throttling  orifice  1  0  to  the  effect  that  the  pressure 
fluctuations  that  occur  are  not  sufficient  to  result  in  sec- 
ondary  injection  of  fuel  occurring  at  some  time  after  the 
primary  injection  has  ceased.  The  fuel  injection  system 
will  typically  be  operated  in  this  manner  when  fitted  to 
an  IDI  diesel  engine  when  the  engine  is  started  and  for 
a  brief  period  thereafter  and  when  the  engine  is  operat- 
ing  under  high  load  conditions. 

However,  when  an  IDI  diesel  engine  fitted  with  this 
fuel  injection  system  is  operated  under  e.g.  low  load 
conditions  it  is  desirable  for  the  unburnt  HC  content  of 
the  exhaust  gases  to  be  increased  to  a  level  at  which 
the  DeNOx  catalyst  in  the  exhaust  system  can  operate 
with  maximum  efficiency.  This  is  achieved  by  applying 
a  voltage  to  the  exciting  coil  22  of  the  electromagnet, 
under  the  control  of  the  engine  management  system, 
which  results  in  the  snubber  valve  member  8  being  re- 
tained  in  the  open  position  on  the  next  occasion  that  it 
opens.  Accordingly,  when  primary  injection  of  fuel  by  the 
fuel  injector  is  subsequently  terminated,  pressure 

Figure  1  is  a  view  of  part  of  a  fuel  injection  system 
in  accordance  with  the  present  invention;  20 

Figure  2  is  a  schematic  view  on  an  enlarged  scale 
of  a  modified  construction  of  the  reverse  flow  damp- 
ing  valve  shown  in  Figure  1  ;  and 

25 
Figures  3  and  4  are  schematic  views  similar  to  Fig- 
ure  2  of  modified  constructions  of  the  reverse  flow 
damping  valve. 
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waves  and  transients  which  occur  in  the  fuel  injection 
system  are  not  damped  by  the  snubber  valve.  The  sys- 
tem  is  tuned,  e.g.  by  adjusting  the  size  of  the  annular 
recess  28  in  the  unloading  valve  piston  24  and  the  length 
and  internal  diameter  of  the  connecting  pipe  between  s 
the  outlet  assembly  4  and  the  fuel  injector  to  ensure  that 
these  pressure  transients  result  in  a  brief  secondary  in- 
jection  of  fuel  occurring.  This  secondary  injection  occurs 
at  a  time  and  in  a  volume  which  is  sufficient  to  result  in  2. 
the  unburnt  HC  content  of  the  exhaust  gases  being  sub-  10 
stantially  at  that  level  which  is  necessary  for  the  DeNOx 
catalyst  to  operate  with  maximum  efficiency. 

If  the  engine  should  subsequently  enter  a  high  load 
condition  in  which,  as  explained  above,  there  is  no  ben- 
efit  from  increasing  the  unburnt  HC  content  of  the  ex-  15  3. 
haust  gases,  this  fact  is  sensed  by  the  engine  manage- 
ment  system  which  de-energises  the  coil  22  and  the 
snubber  valve  is  then  permitted  to  operate  in  the  con- 
ventional  manner  until  the  coil  22  is  re-energised. 

The  modified  embodiment  of  the  snubber  valve  20  4. 
shown  in  Figure  3  is  very  similar  to  that  shown  in  Figure 
2  but  in  this  case  the  electromagnet  is  replaced  by  a 
pivotal  stop  member  30  which  may  be  moved  by  means 
of  an  actuator  (not  shown)  under  the  control  of  the  en- 
gine  management  system  between  the  position  shown  25 
in  Figure  3,  in  which  it  physically  prevents  the  snubber  5. 
valve  member  8  returning  to  the  closed  position,  and  an 
inoperative  position  in  which  the  snubber  valve  member 
is  permitted  to  open  and  close  in  the  conventional  man- 
ner.  30 

The  further  modified  embodiment  of  the  snubber 
valve  shown  in  Figure  4  is  again  similar  to  that  shown 
in  Figure  2  but  in  this  case  there  are  no  means  arranged 
selectively  to  prevent  the  snubber  valve  member  8  from  6. 
closing  and  it  therefore  always  opens  and  closes  in  the  35 
conventional  manner.  However,  the  snubber  valve  is  by- 
passed  by  a  bypass  passage  32  which  is  provided  with 
a  valve  34,  which  is  shown  in  this  case  as  a  gate  valve,  7. 
which  is  movable  between  an  open  and  a  closed  posi- 
tion  by  an  actuator  (not  shown)  under  the  control  of  the  40 
engine  management  system.  As  will  be  clear,  the  by- 
pass  passage  32  and  valve  34  constitute  the  disabling 
means  in  this  embodiment  and  if  it  is  desired  to  suppress 
secondary  fuel  injection  the  valve  34  is  closed  and  the 
snubber  valve  operates  in  the  conventional  manner.  If  45 
however,  secondary  fuel  injection  is  desired,  the  valve 
34  is  opened  and  whilst  the  snubber  valve  still  opens 
and  closes  in  the  conventional  manner,  backflow  of  fuel 
is  not  throttled  because  the  open  bypass  passage  con- 
stitutes  an  unconstricted  flow  path  for  such  flow.  so 

6. 

7. 

by  a  respective  outlet  assembly  (4)  and  supply  line, 
the  outlet  assembly  (4)  including  a  reverse  flow 
damping  valve  (6,  8)  and  an  unloading  valve  (2,24), 
characterised  by  disabling  means  (18,  22;  30;  32, 
34)  arranged  selectively  to  reduce  or  eliminate  the 
reverse  flow  damping  function  of  the  reverse  flow 
damping  valve  (6,  8). 

A  system  as  claimed  in  Claim  1  in  which  the  reverse 
flow  damping  valve  comprises  a  movable  valve 
member  (8)  in  which  a  throttling  orifice  (10)  is 
formed  and  which  is  biassed  into  the  closed  position 
in  contact  with  a  valve  seat  (6). 

A  system  as  claimed  in  Claim  2  in  which  the  disa- 
bling  means  comprises  an  electromagnet  (18,  22) 
arranged  selectively  to  hold  the  valve  member  (8) 
in  the  open  position. 

A  system  as  claimed  in  Claim  2  in  which  the  disa- 
bling  means  comprises  a  mechanical  member  (30) 
which  is  selectively  movable  into  a  position  in  which 
it  physically  prevents  the  valve  member  (8)  moving 
into  the  closed  position. 

A  system  as  claimed  in  Claim  2  in  which  the  disa- 
bling  means  comprises  a  bypass  passage  (32) 
communicating  with  the  fuel  flow  passage  in  the 
outlet  assembly  (2)  upstream  and  downstream  of 
the  reverse  flow  damping  valve  (6,  8)  and  a  control 
valve  (34)  arranged  selectively  to  close  the  bypass 
passage  (32). 

A  diesel  engine  including  a  DeNOx  catalyst  and  a 
fuel  injection  system  as  claimed  in  any  one  of  the 
preceding  claims. 

A  diesel  engine  as  claimed  in  Claim  6  which  is  of 
Indirect  Injection  type. 

Claims 

1.  A  fuel  injection  system  for  a  diesel  engine  with  a  55 
DeNOx  catalyst  comprising  a  fuel  injection  pump  ar- 
ranged  to  produce  periodic  pressure  pulses  and  at 
least  one  fuel  injector  connected  to  the  fuel  pump 
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