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() Safety check valve for unit fuel pump injector.

@ In a fuel injector including an injector housing {10)
having spray orifices (70), a valve seat (68) within the body
{10} and closely adjacent the spray orifices (70}, a valve (66)
movable within the body (10) between positions seated
against the seat (68) and spaced from the seat {68), means
{80) within the body (10) biasing the valve (66} towards the
position against the seat (68), means (22) for receiving fuel at
a first pressure, means (12) for increasing the pressure of the
fuel to a second pressure higher than the first pressure, -
means {46, 60, 58, 62) for delivering the fuel at the second
pressure to the valve {66), means (74) responsive to the
receipt of fuel at the second pressure for moving the valve
{66) from the position against the seat (68) to the position
spaced from the seat {68}, the improvement inciuding means
{50, 54) for limiting the delivery of fuel at the first pressure
from the receiving means (22} to the valve {66) and for
limiting the flow of fuel from the valve {66) to the receiving
means (22).
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Description

Safety Check Valve for Unit Fuel Pump-Injector

Technical Field

This invention relates to a fuel injection
apparatus and particularly to unit type fuel pump-

injectors for diesel and other engines.

Background Art

Many internal .combustion engines, particu-
larly those operating on the diesel cycle, require
an apparatus to inject a predetermined amount of fuel
into the engine combustion chamber at the proper
time in the operating cycle.

One device for accomplishing this result
is a unit fuel ‘pump-injector which performs the dual
functions of injecting fuel into the engine combus-
tion space and metering the amount of fuel to be
injected.

4 Typically, the fuel injector housing contains
a cylindrical bore in which a plunger is reciprocable.
Clamped to the lower end of the housing is a spacer
block which defines a pump cylinder for the plunger.
This spacer block contains an annular groove connected
to a plurality of passageways which lead to a fuel
chamber surrounding a needle valve located in the tip
of the fuel injector.

In the usual case, low pressure fuel is
supplied to the plunger cylinder and on each downward
or injection stroke of the plunger, this fuel is forced
under high pressure through the passageways and into
the fuel chamber located in the injector tip. This
high pressure fuel forces the needle valve off its
valve seat and uncovers multiple orifices leading

to the combustion space. Fuel is thus injected from
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the plunger cylinder to the engine combustion s
When pressure on the fuel in the injector tip fuel
chamber is relieved, the needle valve is returned to

a closed position by a spring.

The upper surface of the spacer block defining
the plunger cylinder (chamber)usually includes a check wvalve
in the form of a circular flat disc which prevents com-
bustion gases from entering the plunger cylinder if
the needle valve fails to close or closes too slowly.

This check valve is necessary since proper
engine performance depends upon the proper amount of
fuel being injected at the proper point in the engine
cycle. Combustion gas in the pump cylinder will de-
lay and reduce the amount, oxr completely prevent the
injection of fuel during the succeeding injection
cycle because the gas must be forced into the com-
bustion space before fuel may be injected.

In addition, if a large amount of gas
enters the fuel supply system, sudden and unpredic-
table power loss and/or engine failure may result:’

During engine operation, it sometimes hap-
pens ghat the needle valve becomes stuck in the open
position or the injector tip becomes damaged orx
broken off entirely.

In the typical system, there is no way to
prevent low pressure fuel from leaking from the
plunger cylinder into the combustion space when this
occurs. Consequently, low pressure fuel will be al-
lowed to flow from the plunger cylinder into the com-
bustion space during the upward and dwell portions of
the plunger cycle.

This constant fuel flow will have seriously
adverse effects on engine mechanical condition and per-
formance since it will result in fuel waste, exces—-
sive localized engine heating, and excessive hydro-

carbon exhaust emissions.
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Disclosure of Invention

In one aspect of the present invention, there
is provided means to resiliently,urgerthe check valve
against the lower surface of the plunger housing with
sufficient force to limit the flow of low pressure
fuel from the plunger cyiinder to the injector tip.

-The check valve will thus provide the dual
functions of limiting both éombustion gas from enter-
ing the plunger chamber and low pressure fuel from
escaping from the plunger cylinder to the combustion
space in the event that the injector tip is damaged
or the needle valve malfunctions. |

Brief Description of the Drawing

- Fig. 1 iéjan enlarged partial section of a
uhit'fuel;pump—injectOr made according to one embodi-
ﬁentrof the invention. |

Best Mode for Carrying out the Invention

An exemplary embodiment of a unit fuel pump-
injector is illustrated in Fig. 1 and comprises a hous-
ing 10 in which a plunger 12 is reciprocable. The
lower ¢nd of the hdusing 10 supports a bushing 14
which forms a cylinder 22 for the plunger 12. An
annulér space 16 surrounding the bushing 14 is sup-
plied with low pressure'fuél by a fuel pump 18 (shown
schematically) via a fuel inlet port 20. This low
préssure fuel is'subsequently deliveréd to the plunger
cylinder 22 by two bushing ports 24, 26. Ahy excess
fuel delivered to the injector by the fuel pump 18 is
returned to a fuel system tank 28 (shown schematically)
by an exit port 30. ' ' ]

The,plungerrl2 has the usual by-pass means
including an external groove 32 or so-called "scroll”,

by which opening - and closing of the ports 24, 26 in
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the bushlng 14 is controlled and. connectlng axial.

and transverse passages 34, 36 for by—pa551ng fuel

from the plunger cyllnder 22 to the annular fuel spacef'
16 when the groove 32 is in reglstry w1th one or the '

other of the ports 24,26.

Thus, durlng each downward,or lnjectlon |
stroke of the plunger 12 from its p051t10n shOWn, fueli
is initially by-passed to the ahnular'space,16 from

“the plunger cylinder 22 through the plunger 12, 'but

after the groove 32 has. moved out of reglstry w1th the
upper port 24 and the lower port 26 1s closed by the
plunger 12, fuel is displaced under hlgh pressure '
through an opening 38 in the lower end of the bushing
14 until the groove 32 moves intofregiétry with the
lower port 26 to again by;pass fuel and ehdfinjéctioh.—
Other details of the upper or pump part of
the unlt form no part of the present 1nventlon, and
are common to the constructlons shown and descrlbed
in such Unlted;States patents as Engel Jr.'
2,951,643, issued September 6, 1960 and Pelchert 7
2,898 051, issued August 4, 1959, hence w111 not re- 7
quire further descrlptlon here. - - o "
Clamped in the lower portlon of the houSLng B
10 by the bushlng 14, are the remalnder of the ele~- :
ments comprlslng the fuel injector, which 1nclude a
spray tip 40, a spring chamber 42'and a spacer block o
44. The Spacer block 44 has an annular cavity 46 -
facing the lower—opehing 38_of bushing 14}ﬂandrprof
jecting'centrally'upwerd from the bottomfofrthe cav-
ity 46 is a protuberance 48 which forms a*srop for a
circular flat disc check valve_SO.,'Theiérotuberance
48 includes a circular recess 52 cohtaining a springr'
54 for resxllently urglng the check valve 50 toward -
the opening 38 in the bushing 14. The check valve 50
has a greater diameter than the'cyllnderrzz SO as_to:
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seal about the opening 38 when urged tﬁereagainst by
the spring 54. .

The cavity 46 is connectad to an annular
groove 56 located in the lower face of the spring re-
tainer 42 by a plurality of passageways 58,60. A plu-
rality of inclined passages 62 connect the annular
groove 56 and a fuel chamber 64 which surrounds a
needle valve 66 located in the spray tip 40. At the
lower end of the fuel chamber 64 is an outlet for fuel
delivery in the form of a tapered seat 68 for the
needle valve 66, below which seat 68 are located a
plurality of spray orifices 70.

The upper end of the spray tip 40 is pro-
vided with a bore 72 for guiding opening and closing
movements of the needle valve 66. A piston portion
74 of the needle valve 66 slidably fits this bore 72,
and has its lower end exposed to fuel pressure in the
fuel chamber 64. A reduced portion 75 of the needle
valve 66 upper end extends through an opening 76 and
the lower portion of the spring chamber 42' and abuts
a spring seat 78. Compressed between this spring seat
78 and lower surface of the spacer block 44 is a coil
compression spring B0 which biases the needle valve

66 to its closed position as shown.

Industrial Applicability

In operation, low pressure fuel is supplied
by the fuel pump 18 to the intake port 20, the annu-
lar space 16, the bushing ports 24,26 and the plung-

er chamber (cylinder) 22. This fuel is at a relatively low

pressure (approximately 80 psi) and is retained in the
plunger chamber by the check valve 50 and the check
valve spring 54 which is suitably selected to insure
such retention.

When it is desired to inject fuel into the

combustion space, the plunger 12 begins a downward
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or injection stroke which directs fuel at a mych high-
er presgsure against the check valve 350 which opens
against the bias of the spring 54. Fuel flows past
the check valve 50, through the passages 60, 58, 62
and to the fuel chamber 64. This fuel then acts upon
the piston portion 74 of the needle valve 66 and
raises the needle valve 66 away from the valve seat
68. Tie spray tip orifices 70 are then placed in
fluid communication with the fuel chamber 64 and fuel

is injected into the engine combustion space (not

.shown).

When the groove 32 registexs with the bush-
ing port 26, pressure on the fuel in the tip 40 is
relieved and the compression spring 80 overcomes the
force provided by the fuel in the fuel chamber 64 to
return the needle valve 66 to the closed position and
interrupt the flow of fuel to the combustion space.

Simultaneously, pressure on the fuel lo-
cated in the plunger chamber 22 is relieved thus
allowing the check valve spring 54 to force the check
valve 50 against the lower surface of the bushing 14
to seal thereagainst and halt fuel flow from the
chamber 22.

In the event that the needle valve 66 be-
comes stuck in the open position or the injector (spray)
40 becomes damaged, fuel will not be allowed to es-
cape into the engine combustion chamber except during
a downward or injection stroke of the plunger 12,
thereby providing approximately normal operation.

Thus, in addition to performihg the usual
function of preventing combustion gas from entering
the fuel supply, the unique construction of the check
valve/check valve spring unit 50, 54 limits any un-
desired flow of fuel to the injector tip.

Other aspects, objects and advantages of

this invention may be obtained from a study of the

tip
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drawing, the disclosure and the appended claims.
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- Claims -

V, 1. a fuel 1njector comprlslng-f’l o :
an injector housing (body) (10) 1nclud1ng spray

h ,orlfices (70), T L ,
a valve seat (68) w1th1n Sald body (10) close- o
,1y adjacent sald spray orlflces (70), R

a valve (66) movable w1th1niSéid:56dY;?lQY7ﬁ'
between positions seated against said seat (68) and =~
spaced from said seat (63),‘ ' R ,

means (80). w1th1n sald bcdy?(lbflfotibiasingf'

(68) ;

L

 said valve (66) towards sald p051tlonfa§aihsrfsaid;Seaﬁ' ;

.~ means (22) w;thln Sald bOdyﬁlid),f¢?éfe¢§ini,,fjiif

-means (12) for 1ncrea51ng the pressure of

'sald fuel to a second pressure hlgher than Sald flrst

means (45 60 58 62) for dellverlng sald
fuel at said second pressure to sald valve (66),

. means: (74) respons1ve to the recelpt of fuel
at said second pressure for mov1ng said valve (66)

from said pOSlthﬂ agalnst sa1d seat (68) to sald po—f'ii
,51t10n spaced from Sald seat (68),'and S

means (50 54) for 11m1t1ng the dellvery of o
(22) to sald valve (66), for lrmltlng flow from- sald

mlttlng dellvery of fuel at sald second pressure to

2. A fuel lnjector comprlslng

fuel at sald flrst pressure from sald rece1v1ng means o

- valve. (66) to sald rece1v1ng means (22), and for per—iilirr_

an 1njector hou51ng (10) lnCludlng Spray aeiﬁ?;;i'

orlflces (70), : .- - e -
a valve seat (69) w1th1n sald body (10)
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a valve (66) movable within said body (10)
between position seated against said seat (68).and
spaced from said seat (68);

- means (80) within said body (10) for biasing
said valve (66) towards said position against said

seat (68);

means (22) within said body (10) for recei-
ving fuel at a first pressure;

means (12) for increasing the pressure of
said fuel to a second pressure higher than said first
pressure;

means (46,60,58,62) for delivering said
fuel at said second pressure to said valve (66) ]

means (74) responsive to the receipt of fuel
at said second pressure for moving said valve (66)
from said position against said seat (68) to said po-
sition spaced from said seat (68);

a check valve (50) located within said de-
livery means (46, 60, 58, 62); and

means (54) biasing said check valve {(50)
against said receiving means (22) at a force suf-~
ficient to limit the flow of fuel at said first
pressure from said receiving means (22) to said valve

(66) while permitting fuel at said second pressure to
flow thereto.

7 3. The fuel injector of claim 2 wherein
said check valve (50) is a flat, relatively thin, disc
abutting said receiving means (22).

4. The fuel. injector of claim 2 wherein
said biasing means (54) is a spring.

5. A fuel injector comprising:
an injector housing (10) including spray
orifices (70); '
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r,rat sald second pressure for mov1ngrsa1d valve (66),

51t10n spaced from sald seat (68),;1'f

) valve (50), and -

'ithereto.

a valve seat (68) W1th1n sald body (10)

,closely adjacent sald spray orlflces (70),

I

‘a valve (66) movable w1th1n sard body (lD),jﬁfﬁfilffw

between p051t10n seated agalnst Sald seat*(68) and
spaced from Sald seat (68), '

means (80) w1th1n sald body (10) for b1a51ngeii;f :

Sald valve (66) towards sald p051tlon agalnst sald

means (22) w1th1n sald body (10) for re—l:;legﬁ

ce1v1ng fuel at_ a flrst pressure,,_g*

‘means - (12) for 1ncreas1ng the pressure of

:sald fuel to a second pressure hlgher than sald flrst

fuel at said second pressure to sald valve (66),

means (74) responsrve to ‘the recelpt of fuelfgfjrff'

'from said p051tlon agalnst ‘said seat (68) to Sald po—' =

a flat,:relatlvely thln,rdlsc shaped check

means (54) for blaS1ng sald check valve (SO)f,éfff:f

agalnst sald rece1v1ng means. (22)- w1th sufflclent

force to llmlt the flow of fuel at sald flrst pressureff;*

'from said- rece1v1ng means (22) to sald valve (66)

while permlttlng fuel at sald second pressure to flow

"means (46 60 58 62) for dellverlng sald L
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