EP O 026 060 A1

Europaisches Patentamt

0 European Patent Office @ Publication number: 0 026 060
Office européen des brevets A1l
(2 EUROPEAN PATENT APPLICATION

@) Application number: 80303089.9

@) Date of filing: 04.09.80

® mciz: F 02 M 51/08
F 16 K 31/06

Priority: 20.09.79 GB 7932662

@ Date of publication of application:
01.04.81 Bulletin 81/13

Designated Contracting States:
DE FR GB IT

@ Applicant: LUCAS INDUSTRIES LIMITED
Great King Street

Birmingham, B19 2XF(GB)

@ Inventor: Hill, William Frank
2 Oakridge Close
Stafford{GB)

Representative: Carpenter, David et al,
MARKS & CLERK Alpha Tower ATV Centre
Birmingham B1 17T{GB}

@ Fuel injector.

@ A fuel injector including a body (11) having therein a fuel
flow path {15) controlled by a valve incorporating a disc-like
closure member {17). The member (17} is guided by an inter-
nal circular cylindrical surface (23) of the body for movement
between an open position and a ciosed position. The
peripheral surface (24) of the closure member (17} is part-
spherical, and co-operates with the internal cylindrical surface
(23).

7 ﬁMQ/W
g % 2
231815 &\ gLVZT 13 i

%
Q\@
Q\a
=0 [\
{’:','o’/, 2 o ” :W’%
RN 7R 7
N\ \
il
14
L 1
1] \ T I {
221 o 2

Croydon Printing Company Ltd.



0026060

This invention relates to a fuel injector for an

internal combustion engine.

In a previously proposed fuel injector the inject~
or body has therein a fuel flow passage terminating at one
end in a shaped orifice through which, in use, fuel issues
into the dinlet manifold of the internal combustion en-
gine. Within the body.the fuel flow to the orifice is con-
trolled by a valve including a valve closure member movable
relative to a valve seat. Movement of the closure member in
one direction to engage the seat, and thus cut off the flow
of fuel through the injector, is generated by a spring, and
movement in the opposite direction to open the wvalve is gen-
erated by energisation of an electromagnet. In the previous-
ly proposed injector the closure member is in the form of a
circular disc the peripheral edge of which defines a cylindr-
ical surface. The disc is guided for movement in the direct-
jon of the axis of said cylindrical edge surface by a corres-

ponding internal circular cylindrical surface of the injector
body.

The use of a closure member having a cylindrical
edge surface supported as a sliding fit in a corresponding
cylindrical part of the injector body gives rise in partic-
ular to/PRcblems. Firstly it is found to be difficult to
assemble the closure member to the body owing to the similar-
ity of the diameters of the closure member and the region of
the body within which the closure member is received, and
secondly when the closure member is assembled within the body,
the presence, in use, of fuel in the bearing defined by the
cylindrical surface of the closure member and the internal
cylindrical surface of the body impedes the movemert of the
closure member, It is believed that this latter problem
results from "fluid" or "viscous" drag exhibited by the thin
film of fuel in the bearing when subjected to shear forces
during movement of the closure member relative to the body,

It is an object of the present invention to provide an in-
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jector of the kind wherein a dise—like closure member'is
slidably received in the 1nJector body, dn Whlch the afore-
mentioned problems are minimised,

A fuel injector according to the invention includes a
body having therein a fuel flow path, a valve in said fuel
flow path, said valve including a disc-like closure member
"guided by an internal circular cyliﬁdricel surface of the
body for movement relative to the body'iﬁ a direetion parall-
el to the axis of said eylindrical surface, between a closed
position wherein the member engages a:mating ralve seat to
prevent fuel flowing thrqugh said peth, ahd aﬁ OPen'position
wherein the rember is spaced from said'eeat to permit fuel
~ flow along said path, the peripheral surface of said cibsure
member, which . co-operates w1th said 1nternal cyllndrlcal
surface, being so shaped +that con51der1ng the member and
said cylindrical surface in axlal-sectlon (as opposed to
cross-sectlon) the peripheral edge of the membexr includes a .
region which is curved, w1th,the'stralghtrlxne,deflned by
the axial-section of said cylindrical surface tangential 7
thereto, the perlpheral surface of the closure member thus
having a peripheral, substantlally, 11ne-contact, at its
region of greatest diameter, with said intermal cylindrical

surface,

Conveniently said reglon of the perlpheral surface of

said closure member is part-spherlcal.

Preferably. the whole of the peripheral surface of said

closure member is part-spherical.

Desirably the centre of curvature of sald part spnerlcal
surface of the closure member coincides with - the centre point
of the region of the closure member bounded by said part=-

spherical surface.,

The accompahying drawing is an axial sectional view of
part of an injector in accordance with one example of the

pres + invention.,
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Referring to the drawing the injector includes a mul-
Vti-part body 11 including a main body 12, an annular bear-
ing plate 13, and a nozzle assembly 14, A fuel flow path
15 extends through the body 11 from an inlet union (not
shown) to an outlet orifice 16 defined by the nozzle assembly
14k, The bearing plate 13 is interposed between the nozzle
assembly 14 and the main body part 12, and the portion of
the fuel flow path 15 defined within the main body part 12
communicates with the orifice 16 by way of the central
éperture of the annular bearing plate 13, However, within
the central aperture of the bearing plate 13 is supported a

circular, disc-like valve closure member 17.

The outlet end of the portion of the fuel flow path
within the main body part 12 is defined by an annular aper-
ture 18 which is aligned with the central aperture of the
plate 13, The orifice 16 of the nozzle assembly 14 is dis-
posed on the axis of the injector, and surrounding the ori-
fice 16 is a raised valve seat 19 against which the closure
member 17 is urged by a compression spring 21. The valve
closure member 17 is formed with a circular row of through
bores 22 which communicate at one end with the annular outlet
18 of the main body part 1l2. The circular row of through
bores 22 lies radially outwardly from the valve seat 19, and
thus when the central solid part of the closure member 17 en-
gages the valve seat 19 then flow of fuel from the bores 22
to the orifice 16 is prevented. However, when the closure
member 17 is raised from the valve seat 19 fuel can flow
from the outlet 18 of the main body part 12, through the
bores 22, between the lower face of the closure member 17 and
the seat 19, and through the orifice 16 into the inlet tract

of the internal combustion engine utilizing the injector.

As previously mentioned the valve defined by the clo-
sure member 17 and the seat 19 is closed by the action of the
spring 21 which urges the closure member 17 firmly against
the seat 19. The valve is opened by energisation of an elec-
tromagnet the fixed inner pole of which is defined by a cen-

trally disposed hollow spigot 12a of the main body part 12,and
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the movable armature of which is definedrﬁf,the‘closure mem-f
ber 17. As will be apparent from the drawing the spring 21
is housed within the hollow spigot 12a. The electromagnet
winding (which is not shown in ‘the drawing) encifcles the
spigot 12a,and when the winding 13 energlsed the closure
member 17 which is formed from ferro-magnetlc mater1a1 is
moved towards the lower end of the spigot 12a against the

action of the spring 21 to open the valve.

The wall 23 of the central ébertufe,injthe plate

13 is cylindrical, and is of circular cross-section, the axis

of the cylindrical sﬁrface 23 beihg coincidenf with the axis

of the spigot 12a. The peripheral, outer surface 24 of the
closure member 17, for which the surface 23 constitutes a 7
bearing, is part spherical, haVing'its centre 6f'cﬁrvaturé
coincident with the centre point of the closure member, Thus,
the region of the closure member 17 of greatest dlameter is
on the median plane of therclosure member 17 and makes sub-
stantially line contact, around thé'periphéry éf the closure’
member 17;1with the surface 23, 'Whenzconsidéréd in axial

section, (as shown in the drawing) the periphéral edge of the

closure member isrpart'circular,rénd therlinerdéfined'by,the,

axial section of the cylindrical surface 23 is tangential

thereto. It should be noted that in the interesfs of'clarityr

no contact is shown in the draw1ng between the surface 24 and
the surface 23. In”practlce howaver bearlng contact can
occur and by virtue of the curved naturerof the surface 24
the contact between thérsurfacerzh and the SﬁrfaéeVZB is
restricted to a peripheral, éﬁbstantially line contacf. It-
will be recognised therefore that on either side of the line
of contact between the surface 24 and;the surface 237the
closure member is in effect relieved to provide é clearance
between the surfaces 23 and 24, This clearance facilitates
insertion of the élésure member 17 into'the,apefture'of;thé
bearing plate 13 during assembly Of the injector, and also
minimizes the "fluid" or "viscous" dragron'thérclosufe member

17 resulting from the presehce of liquid fuel in the béaring

N s 1 e et e
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defined between the closure member 17 and the bearing plate
13, by comparison with the drag which would be exhibited by
the fuel film in the bearing if the outer peripheral surface
of the closure member 17 were cylindrical and a sliding fit

in the bearing plate 13.

While it is preferable for the surface 24 of the
closure member 17 to be part spherical, having its centre of
curvature coincident with the centre of the closure member 17,
it is to be understood that it is not essential that the sur-
face 24 is part spherical, and it is not essential that even
if the surface 24 is part spherical then its centre of curv-
ature is coincident with the actual centre pbint of the
closure member. For example, it would be possible to produce
the closure member 17 having the surface 24 part spherical,
but with the centre of curvature of the surface 24 coincident
with the centre of one or other of the axial end faces of the
closure member 17. In such an arrangement of course the reg-
ion of greatest diameter of the closure member would be at
one or other of the axial ends of the closure member, and all
of the clearance between the surface 24 and the surface 23
would be to one side of the peripheral line of contact between
the surface 24 and the surface 23. Equally of course the
surface 24 may if desired by part elipsoidal or the like
rather than part spherical. Nevertheless, it is preferable
for the surface 2h_to be part spherical having its centre of
curvature coincident with the actual centre of the closure
member so that misalignment of the closure member within the
plate 13 can be accommodated in use, It will be recognised
that in such an arrangement the closure member and plate 13
will act in the manner of a ball and cup joint and the effects

of any misalignment will be minimal,
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CLAIMS:

Te A fuel injector xncludlng a: body hav1ng thereln a

fuel flow path, a valve in said fuel flow path, Sald valve
including a disc-like closure member gulded by an 1nterna1
circular cylindrical surface of the body for movement
relative to the body in a dlrectlon parallel to the axis of
said cyllndrlcal surface between a closed position whereln
said member engages a mating valve seat to prevent fuel 7
flow along Sald path, and an open p051tlon whereln the member
is spaced from said seat to permit fuel to flow. along said
path characterized 1n that the perlpheral surface 2L of

said closure member 17, which co—operates with said 1nternal
cylindrical surface 23, be;ng ‘50 shaped that con51dermngr' '
the member 17 and said cylindrical surface 23 in axial
section the peripheral edge of said member 17 includes a
region which is curved, with the straight line defined by

the axial section of said chindricalfsurfaca'ZB tangential
thereto, the peripheral surface 24 of the member 17 thus
having a peripheral substantlally line contact, at its. reg—
ion of greatest diameter, with said 1nternalreyl;ndr1cal

surface 23,

2. An injector as claimed in claim 1 eharacterized in
that said region of the peripheral surface 24 of the

member 17 is part-spherical.

3. An injector as claimed in claim 2 charactefized‘in
that the whole of the perlpheral surface 23 of ‘the member

17 is part-spherlcal.r

L, An injector as claimed in claim 2 or claim 3 wherein
the centre of curvature of said part spherical surface 24 7
of the member 17 coincides with the'centrerpoiut of the region

of the member 17 bounded by said part spherical surface 24,
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