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©  Carburettor  needle  valve  adjustment  limiter  cap  and  method  of  adjusting  fuel  flow. 

©  A  cap  (40)  and  method  for  limiting  the  range  of 
adjustment  of  a  fuel  flow  metering  valve  (36)  in  a 
carburetor.  The  cap  (40)  has  a  body  (82)  with  an  arm 
(84)  projecting  generally  radially  outwardly  therefrom 
to  abut  against  a  stop  carried  by  the  carburetor  to 
limit  valve  rotation  and  a  passage  (86)  therein  for 
telescopically  axially  receiving  the  head  end  (62)  of 
a  shank  (60)  of  the  valve  (36).  Portions  within  the 
passage  (86)  enable  the  cap  (40)  to  be  retained  on 
the  shank  (60)  of  the  valve  (36)  in  a  freely  rotating 
first  position  during  assembly  and  arm  orientation,  in 
a  second  position  securing  the  cap  (40)  to  the  valve 
(36)  to  limit  adjustment  and  maintain  emissions  cali- 
bration,  and  in  a  third  position  to  releasably  drivingly 
engage  the  valve  (36)  to  perform  fuel  flow  adjust- 
ment  before  securing  the  cap  (40)  to  the  valve  (36). 

FIG.2 
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Field  of  the  Invention 

This  invention  relates  to  carburetors  for  internal 
combustion  engines  and  more  particularly  to  a  lim- 
iter  of  the  rotational  adjustment  of  a  fuel  flow  me- 
tering  valve  of  the  carburetor. 

Background 

In  response  to  relatively  recent  federal  and 
state  "clean  air"  regulations,  carburetor  limiter  caps 
have  been  used  to  restrict  carburetor  fuel  flow 
metering  valve  adjustment  to  prevent  the  excessive 
emission  of  carbon  monoxide  and  unburned  hy- 
drocarbons  from  internal  combustion  engines.  Pri- 
marily,  limiters  have  been  used  with  conventional 
float  bowl  carburetors  to  control  automobile  exhaust 
emissions.  More  recently  their  use  has  been  ex- 
tended  to  diaphragm-type  carburetors  in  small  en- 
gines  simply  to  prevent  gross  misadjustment  of 
fuel  flow.  However,  future  emissions  regulations  are 
expected  to  extend  the  role  of  limiter  caps  to 
control  engine  emissions. 

Fuel  flow  within  a  carburetor  is  commonly  me- 
tered  during  no  load  or  idle  engine  operation  by  a 
first  "idle"  needle  valve  and  during  part  or  full  load 
operation  by  a  second  "main"  needle  valve.  Typi- 
cally,  each  valve  has  a  threaded  cylindrical  body 
with  an  enlarged  knurled  head  at  one  end  and  a 
conical  or  needle  shaped  valve  control  surface  at 
the  opposite  end  which  is  received  within  an  open- 
ing  in  the  carburetor  body.  To  calibrate  fuel  flow, 
each  valve  is  rotatively  adjusted  to  axially  extend  or 
retract  the  valve  control  surface  within  a  fuel  pas- 
sage  in  the  carburetor  until  optimum  fuel  flow 
through  the  passage  is  achieved.  Pre-calibration  of 
the  carburetor  on  a  flow  test  bench  may  be  per- 
formed  prior  to  being  assembled  to  an  engine. 
Subsequent  overadjustment  of  fuel  flow  is  pre- 
vented  by  affixing  a  limiter  cap  over  the  head  of 
each  valve.  After  assembly  to  an  engine,  it  is 
customary  to  adjust  the  metering  valves,  if  needed, 
to  fine  tune  fuel  flow  to  actual  engine  demand. 

These  limiter  caps  generally  consist  of  a  cylin- 
drical  body  having  an  opening  at  one  end  for 
axially  receiving  the  valve  head  in  tight  fitting  en- 
gagement  to  prevent  removal  and  promote  rotation 
of  both  in  unison.  A  recess  in  the  opposite  end  of 
the  cap  is  provided  to  enable  an  adjustment  tool  to 
engage  the  valve  directly  or  the  cap  alone  to  rotate 
both  in  unison  to  make  fuel  flow  adjustments.  Pro- 
jecting  radially  outwardly  from  the  cap  body  is  an 
arm  for  abutting  against  a  fixed  stop  extending 
from  the  carburetor  to  limit  valve  rotation.  Repre- 
sentative  limiter  caps  are  described  in  U.  S.  Pat- 
ents  Charron  3,618,906  and  Araki  5,055,238. 

Stop  members  such  as  an  integrally  cast  pro- 
jection  of  the  carburetor  or  the  body  of  another  cap 

press-fit  on  an  adjacent  needle  valve  may  be  used 
to  limit  valve  and  cap  rotation  and  hence  adjust- 
ment.  Similarly,  Japanese  Patent  Publication  Jit- 
suko  Sho  61-13455,  discloses  a  hollow  cylindrical 

5  collar  limiter  which  has  an  outwardly  extending  arm 
for  abutting  directly  against  the  head  of  an  adjacent 
valve  to  limit  adjustment. 

Previous  to  the  use  of  these  limiting  devices, 
fuel  flow  metering  valves  in  carburetors  were  freely 

io  adjustable  without  limitation.  At  present,  however, 
limiters  have  not  been  universally  adopted  for  car- 
buretors  for  small  engine  applications.  Particularly, 
because  of  numerous  difficulties,  caps  of  conven- 
tional  construction  have  not  been  used  in  applica- 

75  tions,  such  as  hand-held  tools  like  weed  trimmers, 
edgers,  blowers,  chain  saws,  and  hedge  trimmers, 
where  carburetor  access  is  restricted  by  an  engine 
shroud  enclosing  the  engine  compartment. 

While  access  openings  are  provided  in  the 
20  shroud  by  a  grommet  to  adjust  each  valve,  they 

are  not  large  enough  to  allow  limiter  cap  installation 
after  final  calibration  without  removing  the  shroud. 
Further,  limited  accessibility  adds  to  the  difficulty  of 
accurately  orienting  the  arm  of  the  cap  with  respect 

25  to  the  optimum  valve  position  and  the  stop  or  stops 
of  the  carburetor  to  provide  the  appropriate  range 
of  adjustability.  Removal  and  reorientation  of  the 
cap  after  calibration  with  the  cap  secured  to  the 
valve  is  impractical  and  time  consuming  as  it  would 

30  require  the  application  of  considerable  force  to 
remove  the  limiter  possibly  damaging  the  cap.  Pro- 
duction  time  may  also  be  lost  if  the  shroud  or 
grommet  must  be  disassembled  to  gain  sufficient 
access  to  the  cap.  Unfortunately,  disturbing  the 

35  valve  in  this  manner  to  remove  the  cap  would  likely 
require  recalibration  before  reinstalling  the  same  or 
a  different  limiter  cap. 

For  example,  if  a  two-stroke  engine  is  sold  with 
the  adjustment  range  incorrectly  set,  subsequent 

40  user  adjustment  could  increase  emissions  or  de- 
prive  the  engine  of  lubrication  entrained  in  the  fuel 
flow  leading  to  overheating  or  even  catastrophic 
failure.  In  any  event,  a  user  or  operator  of  the 
power  tool  may  lack  the  necessary  range  of  fuel 

45  flow  adjustment  to  keep  the  engine  efficiently  op- 
erating  under  the  full  range  of  temperature,  humid- 
ity,  altitude  or  other  engine  operating  conditions 
which  may  be  encountered. 

With  or  without  an  enclosure  or  shroud,  assem- 
50  bly  and  proper  orientation  of  these  caps  is  difficult 

and  requires  considerable  dexterity.  If  improperly 
oriented,  its  tamper  proof  construction  virtually  pre- 
vents  removal  without  damaging  the  cap  and  dis- 
turbing  the  optimum  fuel  flow  setting  of  the  valve. 

55 
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Summary  of  the  Invention 

A  cap  and  method  for  limiting  the  range  of 
adjustment  of  a  fuel  flow  metering  valve  in  a  car- 
buretor.  The  limiter  cap  has  a  body  with  a  passage 
for  telescopically  axially  receiving  the  head  end  of 
a  shank  of  the  metering  valve  therein.  At  the  free 
end,  the  cap  may  have  a  face  with  a  recess  or 
opening  therein  for  receiving  an  adjustment  tool  to 
rotate  the  cap,  valve  or  both.  An  arm  projects 
generally  radially  outwardly  from  the  body  to  abut 
against  a  stop  carried  by  or  operably  associated 
with  the  carburetor  to  limit  valve  rotation  and  hence 
adjustment. 

In  the  passage,  the  cap  has  a  retainer  which 
retains  the  cap  on  the  valve  shank  in  a  first  position 
while  allowing  the  cap  to  freely  rotate  relative  to  the 
valve.  The  cap  is  axially  movable  on  the  shank  to  a 
second  position  where  a  portion  in  the  passage 
firmly  engages  the  shank  so  that  the  cap  and  valve 
rotate  only  in  unison  to  thereby  limit  adjustment  of 
the  valve  by  the  arm  engaging  a  stop.  Preferably, 
the  cap  is  movable  to  a  third  position  in  which  a 
drive  portion  releasably  engages  the  shank  for  ro- 
tating  the  shank  to  adjust  the  valve  before  the  cap 
is  moved  to  the  second  position  to  limit  further 
adjustment  of  the  valve.  Preferably,  the  cap  is 
locked  in  the  second  position  to  prevent  removal  of 
the  cap  from  the  shank  to  thereby  insure  continu- 
ous  or  tamper  proof  limiting  of  further  adjustment 
of  the  valve.  Preferably,  a  cam  portion  in  the  pas- 
sage  facilitates  movement  of  the  cap  to  the  second 
position. 

In  typical  use,  the  cap  is  pressed  onto  the 
valve  shank  to  a  first  position  where  it  is  retained 
on  the  shank  and  can  rotate  freely  relative  to  the 
valve.  On  the  shank,  it  may  be  moved  from  this 
position  to  releasably  engage  the  valve  for  adjust- 
ing  fuel  flow.  After  carburetor  performance  has 
been  optimized,  the  limiter  arm  is  angularly  or 
circumferentially  positioned  on  the  valve  to  provide 
the  desired  limits  of  user  fuel  flow  adjustment. 
Once  the  arm  is  properly  oriented,  the  cap  is 
further  pressed  axially  inwardly  to  a  second  posi- 
tion  securing  the  cap  to  the  valve  in  tight  engage- 
ment  therewith  so  the  cap  and  valve  can  rotate 
only  in  unison.  Any  subsequent  rotational  adjust- 
ment  of  the  valve  is  limited  in  either  direction  by 
the  limiter  arm  striking  a  stop  carried  by  or  op- 
erably  associated  with  the  carburetor. 

An  object  of  the  limiter  cap  of  this  invention  is 
to  restrict  adjustment  of  a  valve  to  prevent  exces- 
sive  engine  exhaust  emissions  and  engine  over- 
heating  or  failure. 

Another  object  is  to  facilitate  quick  and  easy 
assembly  of  the  cap  to  a  needle  valve  of  a  carbure- 
tor  body  and  final  calibration  of  the  carburetor  while 
operating  on  an  engine  without  requiring  the  re- 

moval  of  the  grommet  and  engine  shroud  after  final 
carburetor  calibration. 

Another  advantage  is  this  limiter  cap  may  be 
installed  after  initial  calibration  of  an  assembled 

5  carburetor  on  a  flow  test  bench  and  prior  to  per- 
forming  final  calibration  of  the  carburetor  on  an 
engine. 

A  further  object  of  the  present  invention  is  that 
it  allows  assembly  of  the  limiter  cap  onto  a  needle 

io  valve  of  the  carburetor  to  enable  rotational  adjust- 
ment  of  each  valve  during  carburetor  calibration, 
simple  and  accurate  positioning  of  the  arm  of  each 
cap  relative  to  the  final  adjusted  position  of  the 
valve  and  carburetor  stops,  and  easy  assembly  of 

is  the  cap  into  secure  locking  engagement  with  the 
valve  to  allow  rotation  of  the  cap  and  valve  only  in 
unison  while  limiting  rotational  adjustment  of  the 
valve  in  either  direction. 

Another  object  of  this  cap  is  to  allow  limited 
20  fuel  flow  adjustment  to  enable  a  user  of  an  engine 

powered  tool  to  adequately  adjust  carburetor  per- 
formance  to  fine  tune  engine  operation  under  a 
variety  of  operating  conditions  while  preventing  fuel 
flow  overadjustment  possibly  causing  excessive  ex- 

25  haust  gas  emissions  or  engine  overheating. 
A  still  further  advantage  of  this  invention  is  that 

it  allows  quick  and  easy  limiter  arm  orientation 
when  mounted  in  a  freely  rotating  position  on  the 
valve  to  expediently,  yet  accurately,  fix  the  allowa- 

30  ble  range  of  valve  rotation. 
Another  advantage  is  that  the  cap  may  be 

carried  on  the  valve  during  assembly  without  dis- 
lodging  or  vibrating  free.  These  and  other  objects, 
features  and  advantages  of  this  invention  will  be 

35  apparent  from  the  following  detailed  description 
and  appended  claims  in  which  the  invention  is  set 
forth  together  with  sufficient  details  to  enable  per- 
sons  skilled  in  the  art  to  practice  the  invention  all  in 
connection  with  the  best  mode  presently  contem- 

40  plated  of  the  invention. 

Brief  Description  of  the  Drawings 

DRAWINGS  accompany  the  disclosure  and  the 
45  various  views  thereof  may  be  briefly  described  as: 

FIG.  1  is  a  fragmentary  perspective  view  of  a 
hedge  trimmer  having  a  two-stroke  engine  with 
a  carburetor  with  fuel  flow  metering  needle 
valves  and  limiters  of  this  invention; 

50  FIG.  1A  is  an  exploded  perspective  view  of  the 
carburetor,  main  and  idle  needle  valves,  and 
limiter  caps  for  each  valve; 
FIG.  2  is  an  exploded  side  view  of  a  needle 
valve  and  a  cap  in  section  of  this  invention; 

55  FIG.  3  is  a  front  view  of  the  cap; 
FIG.  4  is  a  sectional  view  of  the  cap  assembled 
in  a  driving  position  on  a  head  of  the  valve; 

3 
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FIG.  5  illustrates  the  cap  assembled  in  a  retainer 
position  on  the  valve; 
FIG.  6  illustrates  the  cap  secured  in  a  limiter 
position  on  the  valve; 
FIG.  7  is  a  perspective  view  of  a  carburetor 
assembly  illustrating  caps  of  this  invention 
mounted  on  both  the  main  and  idle  needle 
valves; 
FIG.  8  is  a  front  view  of  a  second  carburetor 
configuration; 
FIG.  9  is  a  side  sectional  view  of  a  second  cap 
embodiment  assembled  in  a  retainer  position  on 
the  valve; 
FIG.  10  is  a  front  view  of  the  second  cap; 
FIG.  11  illustrates  the  second  cap  in  a  releas- 
able  driving  position  on  the  valve; 
FIG.  12  illustrates  the  second  cap  securely  as- 
sembled  in  a  limiter  position  on  the  valve; 
FIG.  13  is  a  side  sectional  view  of  a  third  cap 
embodiment  assembled  in  a  retainer  position  on 
a  valve; 
FIG.  14  is  a  front  view  of  the  third  cap; 
FIG.  15  illustrates  the  third  cap  securely  assem- 
bled  in  a  limiter  position  on  the  valve; 
FIG.  16  is  a  side  sectional  view  of  a  fourth  cap 
embodiment  assembled  in  a  driving  position  on 
the  valve; 
FIG.  17  illustrates  the  fourth  cap  assembled  in  a 
retainer  position  on  the  valve;  and 
FIG.  18  shows  the  fourth  cap  securely  assem- 
bled  in  a  limiter  position  on  the  valve. 

Detailed  Description  of  the  Invention  and  the 
Manner  and  Process  of  Using  It 

With  reference  to  the  drawings,  FIGS.  1  &  1A 
illustrate  a  typical  assembly  of  a  hand-held  power 
tool  30  such  as  a  hedge  trimmer  with  a  two-stroke 
gasoline  engine  32  having  a  carburetor  34  with  idle 
36  and  main  38  needle  valves  and  limiter  caps  40, 
42  of  this  invention.  The  idle  36  and  main  38  valves 
meter  fuel  flow  during  low  speed  and  high  speed 
engine  operation  respectively. 
The  carburetor  34  has  an  air  inlet  44  attached  to  an 
air  cleaner  46  and  an  outlet  48  in  communication 
with  an  intake  manifold  50  of  the  engine  32.  The 
engine  32  and  carburetor  34  are  enclosed  by  a 
housing  or  shroud  52  with  a  grommet  54  having  a 
pair  of  access  openings  56  axially  aligned  with 
each  cap  40,  42  to  enable  limited  valve  adjustment 
while  preventing  tampering  with  or  removal  of  ei- 
ther  cap. 

As  shown  in  FIGS.  1A  and  2,  each  valve  36,  38 
has  an  elongated  generally  cylindrical  shank  60 
with  a  head  62  at  one  end  and  a  generally  conical 
valve  control  surface  64  at  the  other  end.  The 
shank  60  has  a  plurality  of  threads  66  about  its 
outer  periphery  to  engage  with  complementary 

threads  (not  shown)  within  the  carburetor  body  to 
enable  secure  insertion  of  the  valve  36  therein  and 
axial  adjustment  of  the  needle  valve  36  within  a 
fuel  flow  passage. 

5  Typically,  a  recess  or  slot  68  is  provided  in  the 
free  end  of  the  valve  36  for  receiving  an  adjustment 
tool,  such  as  the  blade  of  a  screwdriver,  for  facili- 
tating  rotational  adjustment  of  the  valve  36.  Alter- 
natively,  a  plurality  of  axial  ridges  or  knurls  70  in 

io  the  outer  peripheral  surface  of  the  head  62  may  be 
engaged  by  a  tool  or  manually  for  adjustment. 
Unintentional  valve  rotation  during  engine  vibration 
is  prevented  by  a  spring  72  received  over  the  valve 
shank  60  and  disposed  between  the  carburetor 

is  body  34  and  a  flange  74  on  the  valve  shank  60 
adjacent  the  head  62. 

Preferably,  the  head  62  of  each  needle  valve 
36,  38  is  separated  into  a  first  segment  or  shoulder 
76  at  the  end  of  the  valve  and  a  second  segment 

20  78  adjacent  the  spring  retaining  flange  74  by  a 
circumferentially  continuous  groove  80.  Preferably, 
for  firm  engagement  with  the  cap,  the  head  seg- 
ments  76,  78  may  also  be  knurled  with  axially 
extending  flutes.  Each  cap  40,  42  has  a  body  82 

25  with  an  arm  84  projecting  therefrom  for  limiting 
valve  rotation  and  hence  adjustment.  The  location 
of  the  arm  84,  84'  on  the  body  is  the  only  dif- 
ference  between  these  caps.  For  axially  telescop- 
ing  the  cap  40  over  the  end  of  a  valve  36,  the  body 

30  82  has  a  passage  86  therein.  Portions  within  the 
passage  86  enable  the  cap  40  to  be  carried  on  a 
valve  36  in  a  freely  rotating  first  position  during 
assembly  and  limiter  arm  84  orientation,  in  a  sec- 
ond  position  securing  the  cap  40  to  the  valve  36  to 

35  limit  adjustment  and  maintain  emissions  calibration, 
and  in  a  third  position  to  releasably  drivingly  en- 
gage  the  valve  36  to  perform  fuel  flow  adjustment. 
The  body  82  also  has  a  generally  slotted  recess  88 
in  the  face  of  the  free  end  of  the  cap  40  for 

40  receiving  an  adjustment  tool  therein. 
The  limiter  arm  84  is  an  arcuate  flanged  pro- 

jection  which  extends  generally  radially  outwardly 
from  the  body  82  for  abutting  against  a  stop  90 
carried  by  or  operably  associated  with  the  carbure- 

45  tor  to  limit  rotation  to  less  than  a  complete  revolu- 
tion.  The  stop  may  be  an  adjacent  valve  shank,  a 
cap  mounted  thereon  (FIG.  7)  90,  a  fixed  stop  90' 
projecting  from  the  carburetor  body  (FIG.  8),  a 
projection  extending  from  the  housing  52,  grommet 

50  54,  or  engine  32  (not  shown),  or  the  like.  Prefer- 
ably,  the  am  84  is  set  axially  back  from  the  cap 
face  to  allow  adjustment  without  the  surrounding 
grommet  54  objectionably  interfering  with  the  arm 
84.  However,  in  applications  where  the  carburetor 

55  34  is  not  enclosed  by  a  grommet  54  or  shroud  52, 
the  arm  84  may  be  located  anywhere  along  the 
axial  length  of  the  body  82.  Preferably,  the  angle 
subtended  by  the  flange  arm  84  is  sufficient  to  limit 

4 
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the  extent  to  which  the  valve  36  can  be  rotated  to 
fine  tune  the  engine,  or  to  conform  with  any  re- 
quired  emissions  regulation.  The  arm  84  may  have 
a  locator  indention  92  in  its  outer  periphery  to 
facilitate  its  use  in  an  automatic  cap  feeding  de- 
vice. 

As  shown  in  FIG.  4,  the  cap  40  may  be  moun- 
ted  on  the  valve  36  in  a  driving  position  with  a  first 
portion  or  circumferentially  continuous  rib  94  within 
the  passage  86  adjacent  the  opening  releasably 
drivingly  engaging  the  knurled  head  62.  When  re- 
leasably  drivingly  mounted  in  this  position,  the  cap 
40  and  hence  the  valve  36  can  be  rotated  in  unison 
to  perform  initial  calibration  adjustments.  The 
mouth  of  the  passage  86  has  a  chamfer  96  to 
facilitate  entry  of  the  valve  head  62  into  the  rib  94. 

Frequently,  however,  the  cap  40  is  first  placed 
on  the  head  62  in  the  retainer  position  shown  in 
FIG.  5  which  allows  the  cap  40  to  rotate  freely  with 
respect  to  the  valve  36  while  retained  thereon. 
When  mounted  in  this  position,  the  first  segment 
76  of  the  valve  head  62  is  received  in  a  circum- 
ferentially  continuous  recess  98  in  the  passage  86 
with  sufficient  clearance  to  enable  free  rotation. 
Preferably,  the  rib  94  of  the  passage  86  and  the 
shoulder  76  of  the  valve  36  have  an  interference  fit 
to  retard  removal  from  this  freely  rotating  position. 
If  desired,  to  releasably  drivingly  couple  the  cap  40 
to  the  shank  60  of  the  valve  36  for  adjusting  it,  the 
cap  40  can  be  pushed  slightly  axially  inwardly  to 
engage  the  chamfer  96  with  the  second  head  seg- 
ment  78  to  adjust  the  valve  36  by  rotating  the  cap 
40.  When  in  this  releasable  driving  position,  the 
chamfer  102  and  portion  of  the  first  rib  94  adjacent 
chamfer  96  within  the  cap  passage  86  may  also 
releasably  engage  the  knurled  first  76  and  second 
78  head  segments  respectively.  Upon  releasing  the 
cap  40,  it  will  normally  return  to  the  retainer  posi- 
tion  where  it  can  freely  rotate  relative  to  the  valve 
36. 

As  shown  in  FIG.  6,  to  securely  couple  the  cap 
40  to  the  valve  36,  the  cap  40  may  be  pressed 
further  axially  onto  the  valve  36  so  the  head  62 
frictionally  engages  and/or  intermeshes  with  a  cir- 
cumferentially  continuous  rib  in  a  third  portion  100 
of  the  passage  86.  To  facilitate  insertion  of  the 
head  62  into  the  third  portion  100,  it  has  an  inclined 
camming  surface  102.  Preferably,  the  rib  100  has 
an  interference  fit  and  when  received  in  this  posi- 
tion  the  material  of  the  inner  peripheral  surfaces  of 
the  first  94  and  third  100  portions  deform  around 
the  knurls  of  the  second  head  segment  78  to 
securely  couple  together  the  valve  36  and  cap  40 
for  simultaneous  rotation  and  to  resist  removal  of 
the  cap  40.  An  interference  fit  between  an  adjacent 
shoulder  of  a  circumferentially  continuous  recess 
1  04  at  the  end  of  the  passage  86  and  the  adjacent 
edge  of  the  first  segment  76  of  the  head  62  se- 

curely  locks  the  cap  40  to  the  valve  36  further 
preventing  removal. 

FIGS.  9-12  illustrate  a  second  form  of  a  needle 
36'  and  a  cap  40'.  The  needle  valve  36'  is  essen- 

5  tially  the  same  as  needle  36  except  that  the  first 
head  segment  76'  has  a  slot  68  therein  for  receiv- 
ing  the  blade  of  a  tool,  such  as  a  screwdriver,  to 
rotate  the  valve  36'  and  a  peripheral  cam  surface 
106.  To  facilitate  insertion  of  a  tool  through  the  cap 

io  40'  to  engage  the  slot  68  of  the  needle  valve  36', 
the  body  82  has  an  access  hole  108  through  the 
free  end  thereof.  In  all  other  respects,  the  cap  40' 
has  essentially  the  same  construction  as  cap  40. 

As  shown  in  FIG.  9,  the  cap  40'  can  be  dis- 
15  posed  in  a  first  position  on  the  needle  valve  36' 

where  it  is  retained  thereon  while  being  freely 
rotatable  relative  to  the  valve  36'  so  that  it  does  not 
drivingly  engage  it.  As  illustrated  in  FIG.  11,  the 
cap  36'  can  be  pushed  slightly  axially  inward  of 

20  this  position,  either  manually  or  with  a  tool  engag- 
ing  slot  88'  or  an  arcuate  relief  indentation  89  in 
flange  84,  to  releasably  drivingly  engage  the  cham- 
fer  surface  96  with  the  adjacent  end  of  the  second 
head  segment  78  to  drivingly  turn  the  valve  36'  by 

25  rotating  the  cap  40'.  If  necessary,  a  portion  of  the 
first  rib  94  adjacent  the  chamfer  96  may  also 
releasably  engage  the  second  head  segment  78  to 
facilitate  adjusting  the  valve  36'.  When  released, 
the  cap  40'  will  normally  return  to  the  retained 

30  position  (FIG.  9)  where  it  can  freely  rotate  relative 
to  the  valve  36'.  Alternatively,  the  valve  can  be 
directly  adjusted  by  inserting  a  tool  through  bore 
108  and  engaging  slot  68.  As  shown  in  FIG.  12,  the 
cap  40'  can  be  pressed  further  axially  onto  the 

35  valve  36'  to  a  second  position  where  the  valve  36' 
and  cap  40'  are  securely  coupled  together  to  limit 
rotation  of  the  valve  36'.  If  desired,  fine  adjustment 
may  be  made  by  using  a  tool  to  engage  slot  88'  or 
indention  89  in  the  cap  or  slot  68  in  the  first 

40  segment  76'  of  the  valve  head  62'. 
FIGS.  13-15  illustrate  a  third  form  of  the  inven- 

tion  with  needle  valve  36'  and  cap  40.  Since  the 
cap  40  has  a  closed  free  end  with  a  driving  slot  88 
therein,  once  the  cap  40  is  received  on  the  needle 

45  valve  36',  the  slot  88  in  the  head  62'  of  the  valve 
36'  cannot  be  directly  engaged  to  rotate  the  valve 
36'. 

As  shown  in  FIG.  13,  in  a  first  position  the  cap 
40  is  retained  on  the  valve  36'  while  being  freely 

50  rotatable  relative  to  the  valve  36'  and  can  be  push- 
ed  slightly  axially  inward  of  this  position  to  engage 
the  chamfered  portion  96  with  the  head  62'  to 
drivingly  turn  the  valve  36'  by  rotating  the  cap  40. 
As  shown  in  FIG.  15,  the  cap  40  can  be  pushed 

55  further  axially  onto  the  valve  36'  to  a  second  posi- 
tion  to  couple  and  secure  the  cap  40  and  valve  36' 
for  rotation  therewith  to  limit  adjustment  of  the 
valve  36'. 

5 
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A  fourth  form  of  the  invention  is  shown  in  FIGS. 
16-18  with  a  needle  valve  36"  and  a  cap  40".  As 
shown  in  FIG.  17,  the  cap  40"  is  releasably  re- 
tained  and  freely  rotates  in  a  first  position  on  the 
valve  36"  by  the  cooperation  of  a  circumferentially 
continuous  recess  98"  in  the  passage  of  the  cap 
40"  and  a  head  62"  on  the  free  end  of  the  valve 
36".  The  cap  40"  is  retained  on  the  head  62"  in 
the  freely  rotating  position  by  the  cooperation  of 
the  adjacent  edge  or  shoulder  of  the  recess  98" 
which  has  a  slight  interference  fit  with  the  adjacent 
edge  of  the  head  62".  As  shown  in  FIG.  18,  in  a 
second  position,  the  cap  40"  is  securely  coupled  to 
the  valve  36"  by  frictional  or  intermeshing  engage- 
ment  of  the  head  62"  with  a  third  portion  100"  of 
the  passage  to  limit  adjustment  of  the  valve  36". 
Insertion  of  the  head  62"  into  the  inner  rib  100"  is 
facilitated  by  a  chamfer  102"  at  the  entrance  there- 
to.  As  shown  in  FIG.  16,  if  desired,  initially  the  cap 
40"  can  be  releasably  drivingly  engaged  with  the 
head  62"  of  the  needle  valve  36"  by  pushing  the 
shoulder  of  the  first  passage  portion  94"  into  en- 
gagement  with  the  leading  portion  of  the  head  62". 
The  chamfer  96"  facilitates  engaging  the  shoulder 
with  the  head  62". 

Assembly  and  Use 

In  use,  the  caps  may  be  pressed  onto  the 
valve  36  to  a  position  where  the  first  segment  76  of 
the  valve  head  62  engages  with  the  rib  94  of  the 
cap  passage  86.  While  in  this  position,  the  valve  36 
may  be  adjusted,  such  as  during  flow  testing  or 
final  calibration.  To  adjust  the  valve  36,  torque  is 
applied  to  the  cap  40  through  an  adjustment  tool 
engaging  the  cap  recess  88. 
Usually,  however,  the  cap  40  is  initially  mounted  to 
and  carried  by  the  valve  36  in  the  freely  rotating 
retainer  position.  Advantageously,  the  cap  40  may 
be  attached  in  this  retainer  position  any  time  after 
flow  testing  so  that  the  carburetor  34  may  be 
shipped  or  other  assembly  operations  performed 
without  inadvertently  disturbing  the  valve  calibra- 
tion.  For  example,  it  may  be  desirable  to  assemble 
the  grommet  54,  shroud  52  or  both  after  attaching 
the  cap  40  in  this  retainer  position.  During  this 
stage  of  assembly,  fine  adjustment  of  fuel  flow  to 
tune  actual  engine  operation  in  compliance  with 
emissions  requirements  may  be  simply  and  easily 
achieved. 

To  fine  tune  fuel  flow  while  in  the  freely  rotat- 
ing  retainer  position,  the  slotted  cap  face  88  is 
engaged  by  an  adjustment  tool  and  a  sufficient 
axially  inward  force  is  applied  against  the  cap  40 
causing  the  first  passage  section  94  to  releasably 
engage  the  knurled  second  segment  78  enabling 
rotation  in  unison.  While  engaged,  the  cap  40  and 
valve  36  may  be  rotated  until  engine  exhaust  emis- 

sions  fall  within  the  desired  range.  If  the  limiter  arm 
84  abuts  against  a  stop  90  and  more  adjustment  is 
needed,  the  applied  force  can  be  withdrawn  releas- 
ing  the  cap  40  from  frictional  engagement  and  the 

5  arm  84  freely  rotated  away  from  the  stop  90  with- 
out  rotating  the  valve  36  to  provide  an  additional 
range  of  adjustment.  To  further  adjust  the  valve  36, 
sufficient  force  may  be  once  again  applied  to  en- 
gage  the  head  62  and  a  torque  applied  to  rotate 

io  the  cap  40  and  valve  36  in  unison.  In  this  manner, 
the  cap  40  may  be  used  to  ratchet  the  valve  36  in 
either  direction  to  provide  an  unlimited  range  of 
adjustment.  However,  if  the  cap  40'  has  a  through- 
opening  108,  as  in  FIGS.  9-12,  emissions  calibra- 

15  tion  may  also  be  performed  at  this  assembly  stage 
simply  by  directly  engaging  the  valve  36  with  an 
adjustment  tool. 

Before  securing  the  cap  40  to  the  valve  36,  the 
cap  40  is  freely  rotated  to  easily  and  accurately 

20  orient  the  limiter  arm  84  relative  to  the  calibrated 
valve  36  and  stop  member  90.  To  stay  within 
emissions  restrictions  while  allowing  sufficient  user 
adjustment  to  keep  the  engine  efficiently  operating, 
the  limiter  arm  position,  arm  flange  width  and  stop 

25  configuration  and  position  are  selected,  designed 
and  constructed  as  will  be  apparent  to  skilled  per- 
sons  and  need  not  be  described  in  further  detail. 

Once  the  limiter  arm  84  is  circumferentially 
positioned  on  the  valve  36,  a  force  is  applied  to 

30  axially  move  the  cap  40  into  firm  frictional  engage- 
ment  with  the  knurled  head  62  preventing  removal 
and  tampering.  Optionally,  valve  adjustment  may 
be  performed  after  final  cap  assembly  if  the  allowa- 
ble  range  of  rotation  is  sufficient  to  properly  cali- 

35  brate  fuel  flow.  In  this  final  position,  valve  36  rota- 
tion  in  either  direction  is  restricted  by  the  arm  84 
abutting  with  a  stop  90  preventing  emissions-violat- 
ing  overadjustment  by  an  end  user  while  enabling 
a  sufficient  adjustment  range  to  fine  tune  engine 

40  performance  in  response  to  a  wide  range  of  operat- 
ing  conditions. 

Preferably,  the  limiter  caps  are  of  one  piece, 
unitary  construction  for  simpleness  and  ease  of 
manufacture,  and  are  constructed  from  a  generally 

45  homogeneous  material  such  as  Zytel  or  Minion, 
nylon  formulations  which  are  both  registered  trade- 
marks  of  E.  I.  Du  Pont  De  Nemours  and  Company, 
a  different  nylon  formulation,  Delrin  (a  POM  ther- 
moplastic)  also  a  Du  Pont  material,  or  another  high 

50  temperature  thermoplastic  material.  A  cap  con- 
structed  of  any  of  these  materials  is  strong  and 
resilient  and  able  to  deform  around  the  knurls  of 
the  valve  head  to  more  positively  frictionally  secure 
the  cap  to  the  valve  while  resisting  brittle  fracture  if 

55  tampered  with.  More  generally,  however,  the  caps 
could  also  be  composed  of  a  phenolic,  polyure- 
thane,  polyacrylic,  rubber  or  some  other  plastic 
material. 

6 
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While  the  present  invention  has  been  disclosed 
in  connection  with  the  preferred  embodiments 
thereof,  it  should  be  understood  that  there  may  be 
other  embodiments  which  fall  within  the  spirit  and 
scope  of  the  invention  and  that  the  invention  is 
susceptible  to  modification,  variation  and  change 
without  departing  from  the  proper  scope  or  fair 
meaning  of  the  following  claims. 

Claims 

1.  A  cap  for  limiting  adjustment  of  fuel  flow  in  a 
carburetor  by  a  valve  having  a  rotatable  shank 
with  a  head  end  projecting  from  the  carburetor 
comprising:  a  body  having  a  passage  therein 
constructed  and  arranged  to  be  telescopically 
received  over  the  head  end  of  the  shank  of  the 
valve,  retainer  means  on  said  passage  and 
constructed  and  arranged  to  retain  said  body 
in  a  first  telescoped  position  on  the  shank  with 
the  shank  being  freely  rotatable  relative  to  said 
body,  engagement  means  in  said  passage  and 
constructed  and  arranged  to  engage  with  the 
head  end  when  said  body  is  telescoped  over 
the  shank  and  in  a  second  position  axially 
spaced  from  said  first  position  to  couple  the 
shank  with  said  body  so  that  the  shank  and 
said  body  can  rotate  only  in  unison  when  said 
body  is  in  said  second  position,  an  arm  fixed 
to  said  body  and  projecting  generally  radially 
thereof  and  constructed  and  arranged  to  limit 
the  extent  of  rotation  of  the  shank  to  less  than 
one  revolution  when  said  body  is  in  said  sec- 
ond  position  by  engagement  of  said  arm  with 
at  least  one  stop  operably  associated  there- 
with,  whereby  when  said  body  is  telescoped 
over  the  shank  and  in  said  a  first  position  the 
shank  can  rotate  relative  to  said  body  and 
when  in  said  second  position  said  body  and 
the  shank  can  only  be  rotated  in  unison  and 
said  arm  is  engageable  with  at  least  one  stop 
to  limit  the  rotation  of  the  shank  and  cap  to 
less  than  one  complete  revolution  to  thereby 
limit  adjustment  of  the  valve. 

2.  The  cap  of  claim  1  wherein  said  passage  ex- 
tends  completely  through  said  body  and  is 
constructed  and  arranged  to  permit  an  adjust- 
ment  tool  to  be  disposed  therein  and  engaged 
with  a  slot  in  the  head  end  of  the  shank  for 
rotating  the  shank  relative  to  the  carburetor 
when  the  cap  is  telescopically  received  on  the 
shank. 

3.  The  cap  of  claim  1  which  also  comprises  a 
recess  in  an  end  of  said  body,  having  a  non- 
circular  cross-section  and  constructed  and  ar- 
ranged  to  receive  a  tool  therein  for  rotating  the 

cap  relative  to  the  carburetor,  and  wherein 
when  said  body  is  telescoped  over  the  shank 
and  in  a  third  position  axially  displaced  from 
said  first  and  second  positions,  said  body 

5  drivingly  engages  the  shank  so  that  rotating 
said  body  also  rotates  the  shank  in  unison 
therewith  to  adjust  fuel  flow  of  the  carburetor. 

4.  The  cap  of  claim  1  which  also  comprises  a 
io  recess  in  an  end  of  said  body,  having  a  non- 

circular  cross-section  and  constructed  and  ar- 
ranged  to  receive  a  tool  therein  for  rotating  the 
cap  relative  to  the  carburetor,  and  drive  means 
in  said  passage  constructed  and  arranged  to 

is  engage  with  the  shank  for  drivingly  rotating  the 
shank  in  unison  with  rotation  of  said  body 
when  said  body  is  telescoped  over  the  shank 
and  in  a  third  position  thereon  axially  spaced 
from  both  said  first  and  second  positions, 

20  whereby  when  said  body  is  in  the  third  position 
rotation  of  said  cap  by  a  tool  disposed  in  said 
recess  of  said  body  drivingly  rotates  the  shank 
of  the  valve  to  adjust  fuel  flow  of  the  carbure- 
tor. 

25 
5.  The  cap  of  claim  1  which  also  comprises  a 

ramp  disposed  in  said  passage  adjacent  said 
retainer  means  and  constructed  and  arranged 
to  facilitate  engagement  of  the  shank  with  said 

30  engagement  means  when  said  body  is  gen- 
erally  axially  moved  from  said  first  position  to 
said  second  position  on  the  shank. 

6.  The  cap  of  claim  1  which  also  comprises  a 
35  locator  notch  in  the  outer  periphery  of  said  arm 

for  facilitating  the  location  and  orientation  of 
the  cap  for  assembly. 

7.  The  cap  of  claim  1  wherein  at  least  one  stop 
40  carried  by  the  carburetor  comprises  a  shank  of 

another  fuel  flow  adjusting  valve  of  the  car- 
buretor  which  projects  into  the  arcuate  path  of 
rotation  of  said  arm  of  said  body  at  least  when 
said  body  is  in  its  second  position. 

45 
8.  The  cap  of  claim  1  wherein  at  least  one  stop 

carried  by  the  carburetor  comprises  a  body  of 
another  limiter  cap  telescopingly  received  over 
a  shank  of  another  fuel  flow  adjusting  valve  of 

50  the  carburetor  which  projects  into  the  arcuate 
path  of  rotation  of  said  arm  of  said  body  at 
least  when  said  body  is  in  its  second  position. 

9.  The  cap  of  claim  1  wherein  at  least  one  stop 
55  carried  by  the  carburetor  comprises  a  projec- 

tion  fixed  to  the  body  of  the  carburetor  and 
disposed  in  the  arcuate  path  of  said  arm  at 
least  when  said  body  is  in  said  second  position 

7 
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on  the  shank. 

10.  The  cap  of  claim  1  wherein  said  body  and  arm 
are  of  one  homogeneous  piece  of  a  plastic 
material  which  is  at  least  somewhat  resilient.  5 

11.  The  cap  of  claim  1  wherein  said  engagement 
means  is  constructed  and  arranged  to  have  a 
press  fit  with  the  shank  when  said  body  is  in 
said  second  position  to  the  shank.  10 

12.  The  cap  of  claim  1  which  also  comprises  a 
recess  in  an  end  of  said  body,  having  a  non- 
circular  cross-section  and  constructed  and  ar- 
ranged  to  receive  a  tool  therein  for  rotating  the  is 
cap  relative  to  the  carburetor,  and  wherein 
when  said  body  is  telescoped  over  the  shank 
and  in  a  third  position  axially  spaced  from  said 
first  and  second  positions,  drive  means  in  said 
passage  for  engaging  the  shank  for  rotating  20 
said  body  and  the  shank  in  unison  therewith 
when  in  said  third  position  to  adjust  fuel  flow  of 
the  carburetor,  latching  means  in  said  passage 
and  constructed  and  arranged  to  latch  with  the 
shank  when  said  body  is  telescoped  over  the  25 
shank  and  in  said  second  position  to  retard 
removal  of  the  cap  from  the  valve. 

13.  The  cap  of  claim  1  which  also  comprises  a 
recess  in  an  end  of  said  body,  having  a  non-  30 
circular  cross-section  and  constructed  and  ar- 
ranged  to  receive  a  tool  therein  for  rotating 
said  cap  relative  to  the  carburetor  when  said 
body  is  telescoped  over  the  shank  and  in  a 
third  position  axially  displaced  from  said  first  35 
and  second  positions. 

8 
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