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57 ABSTRACT 

An electromagnetic fuel injector for a fuel injection 
system is provided with a solenoid winding which, 
when fed with electrical operating current, produces a 
saturated magnetic field in at least part of a magnetic 
circuit, which field is used to attract a member con 
trolling the valve means of the injector and hence the 
fuel flow. The valve means may include a plunger hav 
ing a tip portion of a plastics or rubber-like material to 
engage the valve seat. Methods of attaching the tip 
portion to the plunger are also described. 

6 Claims, 3 Drawing Figures 
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1. 

ELECTROMAGNETIC FUEL INJECTORS 

This invention relates to fuel injectors, and particu 
larly, but not exclusively, to fuel injectors for supplying 
fuel to an internal combustion piston engine. 
According to one aspect of the invention, in an elec 

tromagnetic fuel injector a winding, when fed with 
electrical operating current, produces a saturated mag 
netic field in at least part of a magnetic circuit, the 
magnetic field being arranged to produce a force to 
move a member controlling the flow of fuel from the 
injector. 
Preferably means are provided for optionally adjust 

ing the force produced on the member by the magnetic 
field. 
Conveniently the position of a ferromagnetic satura 

table body is adjustable in an aperture in that portion 
of the magnetic circuit which becomes saturated in op 
eration, whereby to adjust the magnetic field obtained 
when the portion of the magnetic circuit is saturated. 

Suitably the magnetic circuit includes a central core 
which becomes saturated, the core having an axial bore 
extending into the saturated portion, and a ferromag 
netic rod axially adjustable along the bore. 
According to another aspect of the invention, a fuel 

injector in which pressurized fuel is periodically admit 
ted to or cut off from an injector orifice by a valve 
means includes a seating face against which a plunger 
is urged to seal the pressurised fuel from the orifice and 
from which seating face the plunger is withdrawn to 
admit the pressurised fuel to the orifice, and in which 
the portion of the plunger which contacts the seating 
face is of a plastics or rubber-like material. 
The plunger is generally of metal and has a tip por 

tion fast thereto of plastics or rubber-like material for 
making sealing contact with the seating face. 
Suitably the seating face is of hollow conical form. 

Preferably the said portion of the plunger which con 
tacts the seating face is of part-spherical form. 
Conveniently the metal portion of the plunger has an 

axial bore into which a stem on the plastics or rubber 
like tip is fastened. Preferably the stem is a press fit into 
the bore. 

Desirably the stem is additionally fastened in the bore 
by a diametral pin passing through the stem and the 
surrounding metal. 
Advantageously the tip has a coaxial bore extending 

through the stem and to a point in the tip adjacent the 
portion which contacts the seating face. 
Preferably the plastics material is an acetal copoly 
e. 

According to a further aspect of the invention, a 
method of making a fuel injector of the kind having a 
plunger of which a metal portion has a bore into which 
is fastened a stem of a tip of plastics or rubber-like ma 
terial, said tip being for sealing against a seating face of 
the fuel injector, includes inserting the stem into the 
bore, loading the tip towards the metal portion with a 
load at which the tip material just starts to plastic flow, 
and mechanically securing the stem to the metal por 
tion while so loaded. 
Suitably the method includes drilling a diametral 

bore through the stem and metal portion and inserting 
a fastening pin therein while the tip is still loaded. 
Conveniently the method includes subsequently re 

moving the load on the tip, rough shaping the portion 
of the tip for contacting the seating face, annealing the 
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2 
plunger at an annealing temperature for the plastics or 
rubber-like material, cooling the plunger and finish 
shaping the portion of the tip. 

Preferably the method includes raising the assembled 
injector with the tip subject to its normal working load 
against the seating face, to a temperature at which the 
plastics or rubber-like material just starts to plastic 
flow. 
The invention is described, by way of example only, 

with reference to the accompanying drawings in which 

FIG. 1 is a longitudinal section through a fuel injec 
tor, 
FIG. 2 is a longitudinal section through a solenoid 

shown in part of FIG. 1, and 
FIG. 3 shows part of FIG. 1 to an enlarged scale. 
In FIG. 1 a fuel injector has a tubular metal body 10 

into the lower end of which is pressed a metal thimble 
11. A conical seating face 12 is formed inside the thim 
ble 11 from which a central passage 13 leads to a thin 
metal disc 14, held by peening into a depression in the 
end of the thimble 11. A very fine hole of carefully se 
lected diameter serves as a metering spray orifice 
through the centre of the disc 14. 

In use the fuel injector is located in an unshown injec 
tor housing positioned so that fuel issuing from the 
spray orifice discharges into an inlet duct of an internal 
combustion engine. The injector is located in two con 
centric bores in the injector housing and is sealed in the 
bores by two O-rings 15, 16. The junction between the 
injector housing bores forms a step against which a 
flexible flange 17 seals. The space in the injector hous 
ing between the O-ring 15 and flexible flange 17 forms 
a fuel inlet chamber to the injector, and the space be 
tween the flexible flange 17 and the O-ring 16 forms a 
fuel outlet chamber. The flexible flange 17 forms an in 
tegral part of the nylon filter 18 having a circumferen 
tial band of fine integral filter panels above and below 
the flexible flange 17 so that fuel is filtered before en 
tering the injector and again before leaving it. 
The filtered fuel passes to the interior of the injector 

body 10 through radial drillings 19. As described be 
low, some fuel passes downwardly and out through the 
passage 13 and metering orifice in the disc 14. Surplus 
fuel rises to a chamber 20 and thence passes down 
wardly through passages 21 and out through the filter 
18, as shown by the arrows. 
Passage of fuel through the orifice in the disc 14 is 

controlled by an axially movable plunger having a tubu 
lar metal shaft 22 into the lower end of which is fas 
tened a hemi-spherical ended tip 23 of an acetal co 
polymer, such as "Delrin' or other suitable plastics or 
rubber-like material. The metal shaft 22 is guided by 
guide blocks 24, 25 fast in the injector body 10 and the 
thimble 11 respectively. A precompressed low rate he 
lical spring 26 acts between the guide block 24 and a 
collar 27, held to the shaft 22 by a spring clip 28, to 
urge the tip 23 against the conical seating face 12 to cut 
off the supply of fuel to the passage 13. 
At the upper end of the shaft 22 is fastened a soft iron 

mushroom-shaped head 29 having a top face 30 which 
is accurately normal to the axis of the shaft 22. This ac 
curacy is achieved, without expensively accurate ma 
chining of the shaft 22 and head 29, by providing a bore 
31 in the head 29 which is a clearance fit on the shaft 
22. The head 29 and shaft 22 are assembled in an accu 
rate jig, with the face 30 normal to the shaft axis, and 
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the gap between the shaft 22 and the bore 31 is filled 
by a bonding agent which fastens the components to 
gether. This may be achieved by induction brazing or 
by the use of an appropriate adhesive. 
A solenoid unit 32 is held in a counterbore 33 against 

a shoulder 34 in the injector body 10, by a nut 35. The 
solenoid has electrical terminals 36, and when fed with 
electrical current, generates a magnetic field which at 
tracts the head 29 and shaft 22 upwards to close a small 
accurately set gap between the face 30 of the head 29 
and the lower opposing face of the solenoid 32. As long 
as the electrical current flows the shaft 22 will hold the 
plastics tip 23 a fixed distance off the conical seating 
face 12 so that fuel will flow through the orifice in the 
plate 14 at a constant rate, if the fuel pressure differ 
ence across the orifice is constant. 

In order to achieve a good sealing of the tip 23 to the 
seating face 12 and reliable operation, it has been 
found necessary to take special precautions in the de 
sign and assembly of the components. The design of the 
tip 23 is shown in greater detail in FIG. 3. It has been 
found advantageous to form the tip 23 with an oversize 
head 37 and a stem 38. A bore 40 extends downwards 
through the stem 38 and to a point in the head 37 adja 
cent the eventual position of the hemi-spherical end of 
the tip 23. 
The plunger is assembled by inserting the stem 38 

into the shaft 22 and loading the tip axially towards the 
shaft 22 with a load at which the tip material just starts 
to plastic flow. In one design of plunger we have found 
25 lb. to be a suitable load. A diametral drilling is made 
through the shaft 22 and stem 38 and a pin 39 is 
pressed therethrough. 
The axial load is then removed from the tip 23 and 

it is rough turned to its hemi-spherical shape. The 
plunger is next annealed, conveniently at aroung 60 C. 
After cooling the tip 23 is formed to its final hemi 
spherical shape. 
After the injector is completely assembled it is pref 

erably raised to a temperature such as 130°C at which 
the material of the tip 23 just begins to plastic flow, to 
ensure good sealing of the tip 23 against the seating 
face 12. 

If preferred suitable shapes other than hemi-spherical 
for the tip 23 and conical for the seating face 12 may 
be used. Furthermore other suitable ways may be used 
for fastening the tip 23 to the shaft 22. 

FIG. 2 shows in more detail one solenoid unit 32 ac 
cording to the present invention. The solenoid unit has 
a cylindrical body 50 and integral base 51, both of 
Swedish iron. A coaxial Swedish iron core 52 is held in 
a bore in the base 51 by a ring of braze 53. The ring of 
braze also serves as a magnetic gap causing the lines of 
magnetic force between the base 51 and core 52 to pass 
out of the solenoid unit 32 and through the mushroom 
shaped head 29 which is thereby attracted upward until 
it contacts the lower face of the solenoid unit 32. The 
terminals 36 are connected to a wire winding 54. The 
upper part of the magnetic circuit is completed by 
Swedish iron lamina 55 which are a press fit on the core 
52 and inside the body 50 to ensure magnetic continu 
ity. The solenoid unit 32 is sealed by a plastics capping 
56. A ferromagnetic rod 57 typically approximately 
one-sixteenth inch diameter is a sliding fit in an axial 
bore 58 extending most of the way down the core 52. 
The rod 57 has an enlarged threaded head 59 engaged 
in a threaded bore in the plastics capping 56, the upper 
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4. 
part of the core 52 or in both, whereby a fine adjust 
ment may be made of the axial position of the rod 57 
inside the core 52. 

In normal operation the fuel injector solenoid unit 32 
is fed with a stream of electrical pulses, during each of 
which the fuel is to be injected into the engine. As the 
voltage of the leading edge of the pulse starts to rise the 
magnetic flux in the magnetic circuit starts to rise cor 
respondingly producing a rising force on the head 29 of 
the plunger and corresponding acceleration thereof. 
The acceleration and motion of the plunger depends 

inter alia on the difference between the simultaneous 
upwards magnetic force and downwards force due to 
the spring 26. The force pattern would therefore be ex 
pected to depend on the value of the voltage of the rel 
atively flat top of the electrical pulse, and variations in 
this peak voltage will produce some variation in the 
time pattern of magnetic field and ensuing force and 
plunger motion. This sensitivity of fuel flow to varia 
tions in the pulse peak voltage can be reduced by ar 
ranging for at least a part of the magnetic circuit of the 
solenoid unit 32 and head 29 to become magnetically 
saturated at an electrical input voltage less than the 
pulse peak voltage. In this way the magnetic field, ensu 
ing force and pattern of plunger movement will be sig 
nificantly less sensitive to pulse peak voltage. 
Since several fuel injectors are commonly fed with 

the same electrical pulses on a multi-cylinder engine it 
is necessary fo the injectors to pass simultaneously 
equal quantities of fuel per pulse. We have found that 
a fine adjustment to the fuel flow versus pulse length 
characteristic of each injector can be made by altering 
the magnetic field in the magnetic circuit when satura 
tion is reached. This is done by axial movement of the 
rod 57, the core 52 being saturated by normal pulses. 
Due to the bore 58, the core 52, will become saturated 
at a lower upwards force on the head 29 as the rod 57 
is withdrawn. The magnetic core 52 is said to be “satu 
rated' when an increase in voltage in the coil 54 pro 
duces no further increase in the force which attracts 
the head 29. Screwing the rod 57 either inward or out 
ward respectively increases or decreases the effective 
cross-section of the core 52, and this change in effec 
tive cross-section alters the value of the voltage at 
which the core becomes saturated. Thus it is possible 
by adjustment of the rod 57 either to reduce the voltage 
and thereby to reduce the maximum force attracting 
the head 29, or to increase the voltage, thereby increas 
ing the force attracting the head 29. 

I claim: 
1. An electromagnetic fuel injector including a wind 

ing, means for feeding said winding with an electrical 
operating current to produce a saturated magnetic field 
in at least part of a magnetic circuit, said magnetic field 
being arranged to produce a force to move a member 
controlling the flow of fuel from the injector, and 
means for adjusting the force produced on the member 
by the magnetic field. 

2. An injector as claimed in claim 1, including a fer 
romagnetic saturatable body whose position is adjust 
able in an aperture in that portion of the magnetic cir 
cuit which becomes saturated in operation, whereby to 
adjust the magnetic field obtained when the portion of 
the magnetic circuit is saturated. 

3. An injector as claimed in claim 3, wherein the 
magnetic circuit includes a central core which becomes 
saturated, the core having an axial bore extending into 
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the saturated portion, and the ferromagnetic saturata 
ble body is a ferromagnetic rod axially adjustable along 
the bore. 

4. An injector as claimed in claim 1, wherein the 
electromagnet is constructed as a solenoid unit which 
is detachably secured to the top of the injector body. 

5. An injector as claimed in claim 4, wherein the 
electromagnet operates to attract a member of mag 
netic material secured to one end of a plunger whose 
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6 
other end is urged against a seating face to seal the fuel 
outlet orifice from th injector by means of a spring act 
ing on the plunger. 

6. an injector as claimed in claim 1, wherein said 
member includes a plunger having its tip made of a 
plastics material which is capable of plastic flow, said 
tip being urged against a valve seating by a spring act 
ing in opposition to the force of the magnetic field. 
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