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@ Improved electroinjector for feeding fuel to an internal combustion engine.

@ An electroinjector suitable to supply fuel in internal
combustion engines, with intermittent delivery rate, com-
prising a shoulder element (24), of substantial annular shape
and of substantially amagnetic material, said shoulder
element being positioned between the armature {12) and the
core of {(10) said electroinjector.
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The rereeted shcoulder knocks tend te ennul the nmi-
cero-unevennesses of working, until the shoulder surfeces
become perfectly smooth and coplanar, to that the effec
tive contact aree tetweer. the surfaces of the srmesture
er.d of the certrzl core increeses with time and a remar
re¥le ircrease heprens of the edhecion forces, of both
magnetic and hydraulic characters.

“he increzce of the effrrotive erntect erea hetween
tlie ermeturs ena the ccre irvelvee ern increase beoth of
the remanence force, erc¢ of the recsistarce =sgainst sepa-
retion Gue tc the adhecion, 2lse celled gs gttresction

force between contacting srocth surfeces.

‘
i

L= & concequence of these phenomencre, the drift ap-

s

o
1

2gere of electroinjecteors, in that their response time

Tt closure incressec.,

o\

In viev of what hecs been previcusly exposed, a par-
ticular object of the present invention is to reslize an
electroinjector in which the magnetic and hydresulic stick
ineg effect is elimineted between the shoulder surfeces
cf the erretures en¢ of the core, such object being a-
chieved by resorting to e range of measures consisting
of placing a shoulder element in en intermediate posi-
tion between the ermeture end the core, in such a way as
to leave a gap which prevents the magnetic sticking, of
reducing to the minimum the contact arez between the ar-
mzture and the shoulder element, and of hardening at
lez2st one of the meting surfeces, so e&s to reduce the
ednesion feorce, and at the same time to maintain unchang
eé wiih time ihe effeciive contact eres.

¥ore preccisely, &n electroinjector reslized accord-

ing to the principles of the present invention is charec
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Disclosure
The present invention relates to an electroinjector
structurally consiceting of & centrel core of ferromag-
netic meterial, of & coil wound or. said core, of & mo-
vable armature of ferromagnetic materiel containing at
its end en insert of materiel suitable to build a tight
hydreulic seal when the same ia pressed by a return

spring on an injection nozzle beneath, of 2 pipe insert

ed 1nside

0}

€id cerntrel core, which rrotrudes inrnwerd, pe-
netreting inside 2 hollow pert of the erm=iure, so es *c
ect et the seme time gc¢ é guide meens for the srnsture
itself, end pertly as means for feecding the fuel to the
nozzle, and finelly of er. outside body which closes the
megnetic loop witk the centrel ccre and the armeture.

Generzl purpose of the inverntion is of providing
an electrecinjector designed in such » wey as to meke the
armeture opening and closing transients quick and repe-
titive, thé armature being of reduced mass, the frictior
coefficients between the armaﬁure and its reclevant guide
being low, the geps being charecterized in order to op-
timising the efficiency toth in the opening stage and
in the closing stzge of the ermature, the load of the
spring being optimised by intervening from the outside
of the injector.

As it is known tco those sizilled in the art, the tire
duration of the closing trensient of the armature/stop-
per cen be influenced by the effects of the so-called
"hydreulic end magnetic sticking" which is experienced
when a direct shoulder of end of stroke between armature
and centrazl core exists, due to the relative wear which

takes plece betweer shoulder surfaces.
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terized in that between its ermature and its core a
shoulder element is interplaced, having & substantial-
ly ennular shape, at least partly consisting of practi-
celly smagnetic material, said shoulder element being
provided of a8 substantially annular end wall suitable
to come into contact, at least partly, with a portion
of the end wall, the lattier too being of substantially
annuler shepe, of one of seid armature snd core, at least
one of said substantially annular well being formed with
a shock reéistant material.

The structural and functionasl charscteristics of
the invention and its advantages in comparison to the
(present art will appear still more evident from the fol
lowing disclosure, re¥erred to the schematic drawings
ettached, which show examples of embodiments of the in-
vention itself.

In the drewings:

Fig. 1 is 8 longitudinal section view showing an e-
lectroinjector designed according to the invention; and

Figs. from 2 to 9 are enlarged details illustrating
components and alternatives of the invention itself.

Referring first to Fig. 1 of the drawings, the elec-
troinjector according to the invention is structurally
consisting of a core 10 of ferromagnetic material, an
outside shell 11, it too consisting of ferromagnetic ma
terial, and of an armature 12, which form altogether
& magnetic loop.

By 13 & coil is indicated, wound on a bobbin 14,
which surrounds the central core 10 and can be electric
ally powered with intermittent power by means of the con

nectors 15 housed within a casing of plastics 16.
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The ermeture 12, which is coupled with & sealing
insert 17 of»suitable material, with the interplacing
of & washer 18, ies guided by & small tube 19 inserted
with interference on the central core, and ie pressed
by a spring 20 against the shoulder of & nozzle 21 e-
quipped with & geuged bore for the outlet of fuel.

Seid spring 20 interacts with an insert 22 insert
ed with interference inside the central core 10.

A packing 23 defines the value of the stroke "H" of
ermeture 12, which ends its stroke ageinst a second ean-
nular element 24 essembled on core 10 in such a way &s
to protrude outward by the same value of desired "T"
air gap (Fig. 2).

Rings 25, 26 and 36 guarantee the hydraulic tight-
ness, whilst the calkings of the shell 11 on the core
10 and on the nozzle 21 render monolithic the electro-
injector.

An electroinjector provided as above described ac-
cording to the principles of the invention operates e&s
follows. |

Fuel is fed through the outer tubular well of core
10, passes through the central bore of insert 22, then
through bores 27 in the core and bores 28 in the arma-
ture, it arrives externaslly to nozzle 21.

Until the electroinjector is not electrically power
ed, the spring 20 holds the armature 12 with its sealing
insert 17 pressed ageinst the sealing flat surface of
the nozzle, which is thus closed.

When, by means of the electrical connectors 15, e-
lectrical current is fed to the coil 13, a flux is ge-

nerated in the magnetic loop, which draws back armasture
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12 from its sealing position to its position of stroke
end, defined by the shoulder on the annulsr element 24
of non magnetic hardened materiel. This lifting of ar-
mature 12, which takes place within e very short time

(opening transient) allows the fuel to flow out of the
nozzle in a quantity which, at each cycle, for a given
gauging of the nozzle, is 8 function of fuel pressure,
ard of electrical excitation of the coil.

When the electrical powering is turned off, the ar-
meture returns to its shoulder position on the sealing
seat of the nozzle, pushed by spring 20 within & time
which characterizes the closure transient.

{  The armature 12 may be manufactured with a harder
meterial then pure iron, such as for instance PERMENORNM
S5000E3. The annular inserted element 24 (Figs. 2 and 3)
can be made of course from AISI 310 or bronze , and it
can be assembled both outside and inside of the centrel
core 10 itself.

Moreover, the inserted annular element 24 cen be as-
sembled in such a way &8 to rest against a flat surface
29 of central core 10 (Figs. 1, 6, 7 and 8), or it can
be pushed so as to define the desired value of “I" air
gap (Figs. 2 and 3), fixing the reached position by di-
mensional interference, or by other known means, such
as by soldering or by glueing means. Another way of fix
ing the position of element 24 is to provide & longitu
dinal slot, such as in 30 (Fig. 4) in it, or as in 31
(Fig. 5), along its whole lenght, or along & part of it,
then slindingly forcing it on to the central body, ex-
ploiting its elasticity within the limits of & given di-

mensional interference.
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Xorepver, to the purpose of reducing still more the
wear effect of the annular element 24 by the etroke end
shoulder surface of the armature 12, a surface layer can
be placed of very reduced thickness, of hard material,on
the shoulder surface 32 of armature (Fig. 9), said ma-
terial could be e.g. titanium nitride.

In addition, by ensuring the hardening of the should
er surfaces of element 24, as well as of armature 12, the
said surfaces can be provided in such a way as to be posi
tioned, instead of parallel, so as to form & given o &n
gle between each other (¥ig. 7), of e.g. 1°, or the shoul
der surface of the same element 24 can be mede radiused,
as in 33 (Fig. 6).

By both these solutions, the contact surface between
the two components of the shoulder is as reduced as pos
sible. |

In any cases, the introduction of the annular element
inserted 24, which defines the "T" air gap and the end of
the stroke "H" of armature, eliminates the magnetic stick
ing effect, whilst the hydraulic sticking effect is mini
mised by the reduced thickness of the wall of element 24
itself and by the hardness of contact surfaces, being it
possible to increase such hardness &s previously explain
ed.

¥oreover, by increasing the hardness of the shoulder
surfaces, it becomes possible to further on reduce the
contact geometry of said surfaces, by varying the shape
of either or of both the surfaces said.

In addition, in order to avoiding & possible pumping
effect of the liquid present inside the snnular chamber
34 (Fig. 2), which, during the initial stage of downward
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motion of armature could give rise to & delay of closu-
re transient, providing id projected of at least a slot
35 on the upper end of armature itself (Fig. 9).
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1. Electroinjector for the feeding of intermittent
1y delivered quantities of fuel to an internal combus
tion engine, consisting of & core of ferromagnetic ma-
terial, of a coil surrounding the core, of an injection
nozzle, of a movable armature acting as a stopper, posi
tioned between the core and the injection nozzle, coax-
igl with both, of & return spring which pushes the ar-
mature towards the injection nozzle, of a tube partly
inserted iﬁside the core, acting as an inside guide for
the armature, ©of a delivery duct of the fuel to the in-

jection nozzle, of an external shell which closeas the

{
pagnetic loop together with the core and with the arma-

ture, said electroinjector being characterized in that
between the armature and the core & shoulder element is
provided, of essentially annular shape, at least partly
consisting of practically amagnetic material, said should
er element being provided with = substantially annular
end portion fitted to come in contact, at least partly,
with a portion of the end wall, it too being of substan
tially snnular shape, of either of said armature and co-
re, a8t least one of substantially annular walls being
consisting of shock resistant materisl.,

2. Electroinjector as claimed in eclaim 1, characte-
rized in that said shoulder element consists of an annular
element mounted on an outer c¢ylindrical wall of core.

3. Electroinjector as claimed in claim 1, characte-
rized in that said shoulder element consists of an annu-
lar element mounted on the inside cylindrical wall of
core.

4. Electroinjector as claimed in claims 2 and 3, cha-
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racterized in that said annular element is slidingly
forced on the core, with interference.

5. Electroinjector as claimed in claims 2 and 3,
characterized in that said annular element is assembl-
ed against a shoulder provided on the core.

6. Electroinjector as clasimed in claims 2 and 3,
charecterized in that said annular element is at least
partly split in a longitudinal direction, &nd is elas-
tically slidingly forced on the core.

7. Electroinjector as claimed in c¢laim 1, characte-
rized in that said annular element consists of practi-
cally asmagnetic shock resistant material.

8. Electroinjector as claimed in claim 1, charac-
terized in that said shoulder element consists of an an
nular projection provided on the end wall, of practical
ly annular shape, of said core, said annular projection
jutting out towards the armasture, snd its surface being
hardened. _

9. Electroinjecfor as claimed in claim 1, characte-
rized in that said shoulder element consists of an an-
nular projection provided on the end wall, practically
of snnuler shape, said annular projectiom Jjutting out
towards the core, and its surface being hardened.

10. Electroinjector as ciaimed in claim 1, characte
rized in that the said end annular wall is superficial
ly hardened.

11. Electroinjector as claimed in claim 1, characte-
rized in that the said annular end wall of the armature
is coated by means of applied hard material, preferably

titaniom nitride.

12. Electroinjector as claimed in claims 8 and 9,
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characteriged in that said annular projection is coated

by means of an applied hard material, preferably tita-
nium nitride.

13. Electroinjector as claimed in claim 1,chareacte~

rized in that one of said annular end walls is radius-
ed.

14. Electroinjectors as claimed in claim 1,
characterized in that at least one of said annular end
walls is inclined through a certain angle.

15. Electroinjectors as claimed in claim 1, characte-
rized in that said en wall of the armature is
provided with at least a notch.
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