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(57 ABSTRACT

A fuel injection apparatus for delivering a2 metered
quantity of fuel to an engine comprising a valve con-
trolled port through which the metered quantity of fuel
is delivered to the engine the valve being resiliently
urged to a position to close said port. 4n [Electromag-
netic means] electromagnetic element is provided which is
operable when energized to displace said valve member
from the closed position to permit delivery of the me-
tered quantity of fuel through the port to the engine.
The electromagnetic [means including] element in-
cludes an armature member movable in a first direction
in response to energizing of the electromagnetic
[means] efement to effect the opening of the port. The
armature [having} kas a limited free movement in the
first and the opposite directions independent of the
valve member when the electromagnetic [means]
means is not energized and the valve member is in the
port closed position.

Knapp .

Rush et al. .
Minoura et al. .
Weinand .

11 Claims, 1 Drawing Sheet
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1
FUEL INJECTION APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to apparatus for the injecting of
an metered quantities of fuel to an internal combustion
engine, including such apparatus where the fuel is en-
trained in air or other suitable gas during injection.

In currently known fuel injecting apparatus, it is
customary to use a selectively openable port to regulate,
in relation to the engine cycle, the timing of admission
of the fuel and/or the period over which the fuel is
delivered to the engine. The port is normally controlled
by a valve, usually of the pintle or poppet type, with the
valve being actuated by a solenoid which is energised
under the control of an appropriate electronic circuit.
Having regard to the normal speed of operation of
modern internal combustion engines, particularly in the
automotive and outboard marine areas, the valve con-
trolling the injection of the fuel to an engine is required
to operate at a relatively high frequency and with sub-
stantial accuracy in regard to the timing of the opening
and closing of the valve.

It is therefore the principal object of the present in-
vention to provide, in a fuel injection apparatus for
delivering fuel to an internal combustion engine, a valve
controlled port and valve actuating mechanism which is
reliable in operation and can provide the required accu-
racy and durability demanded by modern high speed
engines.

With this object in view, there is provided a fuel
injection apparatus, for delivering a metered quantity of
fuel into the air induction system or combustion cham-
ber of an engine comprising a port through which the
metered quantity of fuel is delivered, a valve member
operable to open and close said port, means resiliently
urging said valve member to a position to close said
port, and selectively energisable electromagnetic means
operable when energised to displace said valve member
from a port closed position to permit delivery of the
metered quantity of fuel through the port, said electro-
magnetic means including an armature member mov-
able in a first direction in response to energising of the
electromagnetic means to effect said displacement of
the valve member to open the port, said armature hav-
ing limited free movement in said first and the opposite
directions independent of the valve member when the
electromagnetic means is not energised and the valve
member is in the port closed position.

The limited freedom of movement of the armature
member in the opposite direction enables the armature
member to continue movement in said opposite direc-
tion after the valve member has returned to the closed
position. This enables the kinetic energy of the armature
member, developed as the valve moves to the closed
position, to be dissipated at least in part without a direct
effect on the valve member.

The continued movement of the armature member
can be arrested by, for example, having it strike an
abutment whereupon further kinetic energy is dissi-
pated by the impact and the rebounding of the armature
member. During the rebound movement, which is in the
first direction, further energy is dissipated, and the ar-
mature member will again contact the valve member.
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The continued movement of the armature member after
the valve has reached the closed position, and the im-
pact of the armature member with the abutment both
contribute to the energy dissipation of kinetic energy
without influencing the state of the valve member.
When the valve member is again contact by the arma-
ture member, after the rebound movement, there will be
little energy available to effect bounce of the valve
member.

Conveniently, the electromagnetic means is a sole-
noid arranged co-axial with the direction of movement
of the valve member, which is preferably a poppet
valve opening to downstream of the fuel flow.

Preferably the fuel injection apparatus includes a
chamber in which a metered quantity of fuel is held,
said port through which the fuel is delivered being in
the wall of said chamber, with the stem of the valve
controlling the port extending across the chamber and
through the opposite wall. A flexible diaphragm seal is
provided between the valve stem and said opposite wall
to permit the relative movement therebetween as the
valve opens and closes the port. The diaphragm is seal-
ably secured about the inner periphery to the stem of
the valve and about the outer periphery to said opposite
wall of the chamber.

Having regard to the flexibility of a diaphragm, there
is a minimum of resistance to the movement of the valve
stem during the opening and closing of the port. The
low resistence nature of the seal between in valve stem
and chamber wall contributes to accuracy in the timing
of the opening and closing of the port, and the force
required to effect the movement of the valve. Also the
diaphragm seal is not subject to wear, as are other seals
such as ‘O’ ring seals and the like.

The use of an effective seal between the valve stem
and chamber wall enables the solenoid that drives the
valve to be effectively sealed from the chamber housing
the metered quantity of fuel and from any air or other
gas that effects delivery of the fuel from the chamber
through the port. In one embodiment the solenoid is
Jocated in an area flooded with fuel but isolated form
the chamber that receives the metered quantity of fuel.
This flooding of the solenoid area protects the metallic
components of the solenoid from exposure to water in
liquid or vapour form that may promote corrosion of
the metallic components. Also desirable damping ef-
fects on the free movement of the armature of the sole-
noid result from the flooding of the solenoid area with
fuel.

It is customary to arrange the chamber that holds the
metered quantity of fuel co-axial with the valve and
valve stem, and the fuel is delivered from a metering
device into a conduit extending laterally from the cham-
ber.

When air or another gas is admitted to the chamber to
displace a metered quantity of fuel from the chamber
for delivery to the engine, it is important that the quan-
tity of fuel metered into the chamber is the quantity
delivered to the engine. In particular, if there is not a
significant movement of air in the conduit between the
fuel metering device and the chamber, fuel can be left
there. Any fuel remaining in that conduit can reduce the
actual quantity of fuel delivered to the engine relative to
the metered quantity delivered into the conduit and
hence detract from the engine’s performance. This inac-
curacy in the quantity of fuel delivered to the engine
can be especially significant in small capacity engines,
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particularly at low fueling levels, such as a low load,
low speed operation,

Accordingly, it is proposed to provide in a fuel injec-
tion system, having a chamber from which fuel is deliv-
ered to an engine, means to supply air to the chamber to
displace the fuel therefrom, a conduit communicating a
fuel metering device with the chamber and through
which fuel delivered by the fuel metering device passes
to the chamber, and means to admit air to said conduit
adjacent the metering device to convey the fuel in said
conduit to the chamber.

The admission of the air to the conduit at or near
where the fuel is delivered thereinto, promotes an air
flow through the conduit to the chamber, the air carry-
ing with it fuel located in the conduit to be delivered to
the engine. If all of the air used to deliver the fuel is
delivered otherwise into the chamber, any fuel located
in the conduit is not entrained in the air, and so the total
of the metered quantity of fuel is not delivered to the
engine. Conveniently all of the air required to deliver
the fuel is admitted to the conduit adjacent the metering
device.

The invention will be more conveniently understood
from the following description of one practical arrange-
ment of the fuel injection and metering device with
reference to the accompanying drawing:

FIG. 1 is a longitudinal sectional view of the fuel
injection and metering device.

Referring to the drawing, the fuel injection and me-
tering apparatus comprises a body 10 having a project-
ing spigot 11 which in use is received in sealing relation-
ship via the ‘O’ ring 12 in a bore provided in the cylin-
der head or cylinder wall of an engine. When the spigot
11 is so located the port 13 is in a position to deliver fuel
into the engine combustion chamber when the valve 14
is in the open position as hereinafter described.

By suitable modification to the mounting arrange-
ment this metering and injection device may be fitted to
deliver fuel in the induction system of an internal com-
bustion engine.

The valve stem 15, which carries the valve 14, ex-
tends co-axially through the fuel chamber 16 in the
spigot 11, and the central cavity 17 in the solenoid as-
sembly 18 mounted in the body 10. The diaphragm seal
assembly 19 provides a seal between the valve stem 15
and the body 10 so the fuel chamber 16 is isclated from
the cavity 17 and the solenoid assembly 18 in general.
The solenoid assembly 18 is slidably received in the
cavity 17 with the ‘O’ ring seal 20 located therebetween.
The axial position of the solenoid assembly 18 in the
cavity 17 is controlled by the clamp bolts 21 and the
Belleville (Trade Mark) washers 22 so the axial position
of the solenoid relative to the valve stem 15 can be
adjusted as hereinafter described.

The valve 14 is held in the position to close the port
13 by the compression spring 25 which is compressed
between the spacer sleeve 26 and the spring cap 27,
which co-operates with the annular spring clip 28
seated in a peripheral groove in the valve stem 15. The
lower end of the spacer sleeve 26 rests on the clamp
plate 29 which is received in a recess 38 in the body 10
in which the seal assembly 19 is also located.

The washers 22 sit on the upper face of the clamp
plate 29 and when the washers 22 are compressed by the
tightening of the clamp bolts 21, the periphery of the
flexible diaphragm 45 is pressed against the body.

The armature 30 of the solenoid assembly 18 is of a
generally cylindrical form and has freedom for axial
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movement in the bore 31 in the cover plate 32. The
armature 30 has an internal annular shoulder 33 which
abuts the pressure pad 34 seated on the upper end of the
valve stem 15. The compression spring 35 is located
between the pad 34 and the adjustor block 36 thread-
ably received in the extension of the bore 31. The effec-
tive spring load holding the valve 14 closed is the differ-
ence between the upward force on the valve stem 15
derived from the spring 25 and the downward force on
the stem 15 derived from the spring 35. The degree of
compression of the spring 25 is fixed by the non-adjusta-
ble distance between the spring clip 28 and the upper
end of the sleeve 26 and the compression of the spring
35 is controlled by the position of the adjustor block 36.
The adjustment of the compression of the spring 35 is
effected after the stroke of the armature 30 has been set
as hereinafter described.

It will be noted that in the static condition as depicted
in the drawing, with the valve 14 closing the port 13,
the armature 30 is supported on the pad 34 by the en-
gagement of the pad with the shoulder 33. In this static
condition, the lower end of the armature 30 is spaced
axially from the solenoid core 40 as indicated by the gap
41, that gap being adjustable by means of the clamp
bolts 21 and the Belleville washers 22. It will be appreci-
ated that the gap 41 represents the extent of movement
of the valve 14 is opening the port 13 after the solenoid
assembly 18 is energised to create a magnetic force
which draws the armature 30 downwardly as viewed in
FIG. 1 until it abuts the upper end of the core 40. The
downward movement of the armature 30 is directly
transmitted through the pad 34 to the valve stem 15 to
effect the opening movement of the valve 14.

Upon de-energising the solencid assembly 18, the
resultant upward force developed by springs 25 and 35
will move the valve stem 15 upwardly so that the valve
14 again closes the port 13. During this closing move-
ment of the valve 14 kinetic energy is developed by the
valve, valve stem and armature as they move upwardly
under the influence of the springs. Upon the valve 14
seating in the port 13 upward [movment] movement of
the valve and valve stem is stopped and the kinetic
energy processed by them, being relatively small is
substantially dissipated by the impact of the valve with
the port. The armature 30 however has substantially
more Kinetic energy due to the greater mass thereof and
continues its upward movement until it contacts the
under face 37 of the adjustor block 36, thereby dissipat-
ing part at least of the kinetic energy independently of
the valve 14 and valve stem 15. Any subsequent re-
bound of the armature 30 downwardly from the adjus-
tor block 36 will be halted by the shoulder 33 contact-
ing the pad 34 on the end of the valve stem 15 thereby
dissipating further the kinetic energy of the armature
[3] 30. The contacting of the shoulder 33 with the pad
34 during the downward rebound movement of the
armature 30 may result in a minor degree of movement
of the valve 14 away from the port 13. However this
movement will be quite small in comparison with the
rebound movement that would have occurred in the
even that the armature 30 was rigid with the valve stem
15 and did not have the relative freedom of movement
above described. Under some operating conditions
there may be a further rebound of the armature 30 off
the pad 34 again in an upward direction before all the
energy is dissipated. In the event of a second rebound
there will be negligible effect on the valve 14.
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When the injection and metering device is in use the
cavity 17 may be flooded with liquid fuel so that the
movements of the armature 30 take place with the arma-
ture immersed in the liquid fuel, thus providing a damp-
ing effect on the movements and contributing to the
dissipation of the kinetic energy of the armature upon
closing of the valve 14, and hence a reduction in the
extent of bouncing of the valve 14 on the port 13. The
flooding of the cavity 17 with the liquid fuel also results
in the absence of air containing moisture within the
cavity and so contributes to the control of corrosion of
various components of the mechanism located within
the cavity 17. The provision of fuel to flood the cavity
17 is by the passages 38 and 39 in the body 10 that com-
municate with the fuel circulating through the metering
device 50.

Steps must be taken to ensure there is no leakage of
fuel from the cavity 17 into the chamber 15, as the latter
receives accurately metered quantities of fuel from the
fuel metering device 50 for delivery to the engine and
any leakage of fuel into or from the chamber 16 would
vary the amount of fuel from that so metered. To this
end the diaphragm seal assembly 19 is provided incor-
porating the flexible diaphragm member 45 having an
outer peripheral area clamped between the clamp plate
29 and the shoulder 46 in the base of the recess 38 in the
body 10 and an inner peripheral area gripped by the
clamp disc 47 having a central bore through which the
stem 15 extends and is sealably bonded.

The body 10 has mounted on the side thereof the fuel
metering device 50 which delivers individually metered
quantities of fuel into the passage 51 which is in direct
constant communication with the chamber 16. The fuel
device 50 is of a known construction and incorporates a
port 52 and associated ball valve 53 which is normally
held in a position to close the port 52 by the rod 54
operated by a suitable actuating mechanism (not shown
in detail). The fuel metering device may be of the form
as described in reference to FIG. 4 of the drawings of
our U.S. Pat. No. 4,693,224 and [pending} Austrailian
patent [application] No. 567037.

The passage 51 and chamber 16 are normally in com-
munication with a supply of compressed air or other
suitable gas maintained at a substantial pressure. Gas is
supplied from the pressurised source through the duct
57 and open port 58 in the wall of the passage 51 in close
proximity to the port 52 of the fuel metering device.
When the valve 14 is moved to open the port 13 an
airflow will be created which enters through the port 58
into the passage 51 and then travels into and through
the chamber 16 and outwardly through the port 13 into
the engine combustion chamber or air induction system.
The metered quantity of fuel which has previously been
delivered from the metering device 50 through the port
52 will be entrained in this air flow and be carried with
the air through the port 13 into the engine combustion
chamber or air induction system.

As this air enters the passage 51 in close proximity to
the point of entry of the fuel into that passage, the air
flow established in the passage 51 and chamber 16 upon
opening of port 13 will pick up and carry with it sub-
stantially all of the metered quantity of fuel delivered by
the metering device 50 so as to maintain sameness be-
tween the metered quantity of fuel delivered from the
metering device 50 and the quantity of fuel delivered to
the engine through the port 13. Accordingly, fuel that
may otherwise cling to the wall of the passage 51 is
entrained in the air flow and effectively carried through
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' 6
the chamber 16 and discharged through the port 13. If
the air was admitted to the chamber 16 at a location that
did not establish an air flow along the passage 51, fuel in
the passage may not be carried into the chamber and be
delivered through the port 13.

The claims defining the invention are as follows: We
claim:

1. A fuel injection apparatus for delivering a metered
quantity of fuel to an engine, comprising:

a port through which the metered quantity of fuel is

delivered;

a valve member operable to open and close said port;

biasing means for resiliently urging said valve mem-

ber in a rearward direction to a position to close
said port;

selectively energizable electromagnetic means for

displacing said valve member in a forward direc-
tion, upon energization, from a port closed position
to a port open position to permit the delivery of the
metered fuel through the port, wherein said elec-
tromagnetic means includes an armature in abut-
ting contact with said valve member, such that
upon energization of said electromagnetic means,
said armature and valve member move together in
the forward direction to open said port, and upon
deenergization, said armature has limited free
movement in the forward and rearward directions
independent from said valve member, when said
valve member is in the port closed position.

2. A fuel injection apparatus as claimed in claim 1,
including an abutment means independent of the valve
member and located in the path of the armature when
moving in said rearward direction to limit the extent of
free movement of the armature in said rearward direc-
tion when the valve member is in the port closed posi-
tion.

3. A fuel injection apparatus as claimed in claim 2,
wherein the valve member, armature and abutment
means are co-axially aligned in said forward and rear-
ward directions, said armature having an abutment
surface in an opposed relation to the abutment means
whereby the extent of said free movement of the arma-
ture in each direction is determined by the axial spacing
of the abutment means from the abutment surface on the
armature when the valve member is in the closed posi-
tion and the armature is in abutting contact with the
valve member.

4. A fuel injection apparatus as claimed in claim 2,
including a chamber having said port formed in one
wall thereof, means to deliver a metered quantity of fuel
into said chamber for delivery to the engine, said valve
member including a valve head adapted to sealably
co-operate with said port to close the port, a valve stem
rigidly secured to said valve head and extending
through said chamber and through a wall thereof oppo-
site the port, seal means between the valve stem and the
opposite wall to prevent the leakage of fuel therebe-
tween, the biasing means being operably connected to
the valve stem to urge the valve stem in said rearward
direction to maintain the valve head in sealing relation
with the port.

5. A fuel injection apparatus as claimed in claim 4,
wherein said electromagnetic means is mounted exter-
nally of the chamber and located such that said forward
and rearward directions of movement of the armature
are co-axial with the valve stem.

6. A fuel injection apparatus as claimed in claim 5,
wherein the armature is supported to have free move-



Re. 34,945

7
ment in the axial direction between that end of the valve
stem external of the [cavity] chamber and said abut-
ment means.

7. A fuel injection apparatus as claimed in claim 4,
wherein the seal means is an annular diaphragm having
the outer periphery thereof secured in fixed sealed rela-
tion to the wall of the [cavity] chamber and the inner
periphery thereof secured in fixed sealed relation to the
valve stem.

8. A fuel injection apparatus as claimed in claim 5 or
6, wherein the chamber is formed in a body with the
port opening through the body at one end of the cham-
ber, said valve stem extending from the opposite end of
the chamber into a cavity formed in said body, the
electromagnetic means being housed in said cavity.

9. A fuel injection apparatus as claimed in claim 8,
wherein the electromagnetic means is adjustably
mounted in the cavity co-axial with the valve stem so
that the relative axial disposition therebetween may be
adjusted to control the extent of axial movement of the
valve stem when the electromagnetic means is energ-
ised.

10. A fuel injection apparatus as claimed in claim 9,
wherein resilient means are operably interposed be-
tween the wall of the cavity and the electromagnetic
means to urge the latter axially in said rearward direc-
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tion, and clamp means are provided to displace the
electromagnetic means in said forward direction to
effect said adjustment of the relative axial disposition of
the electromagnetic means relative to the valve stem.
11. A method of delivering a metered quantity of fuel
to an engine comprising:
ejecting the fuel through a port to the engine;
resiliently urging a valve member to a position to
close the port;
selectively energizing an electromagnetic means to
move an armature member in a forward direction
to displace the valve member from the port closed
position to permit delivery of the metered quantity
of fuel through the port;
selectively de-energizing the electromagnetic means
such that the valve member moves to the port
closed position and displaces the armature member
in the rearward direction, opposite to said forward
direction; and
halting the movement of the valve member at the
port closed position and thereafter allowing the
armature member to continue in said rearward
direction until stopped by an abutment means inde-

pendent of the valve member.
* ¥ % £ =%
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