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(54) Fuel injector having extended voltage range

(57) A fuel injector apparatus includes an electro-
magnetic fuel injector having a housing and a magnetic
circuit in the housing. The magnetic circuit including an
electromagnetic coil constructed and arranged to oper-
ate at a nominal voltage to open the fuel injector. The

nominal voltage is substantially less that a supply volt-
age. Circuit structure is electrically coupled with the coil
and is constructed and arranged to step-down the sup-
ply voltage to be substantially the nominal voltage at the
coil.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application expressly claims the benefit of
earlier filing date and right of priority from the following
co-pending patent application: Provisional Application
Attorney Docket No. 98P7712 US entitled "Fuel Injector
Having Extended Voltage Rande," filed on 3 November
1998. Cited patent application is expressly incorporated
in its entirety by reference.

FIELD OF THE INVENTION

[0002] This invention relates to fuel injectors for inter-
nal combustion engines and more particularly to fuel in-
jectors having circuit structure to permit the fuel injector
to operate not only in a conventional 12 volt vehicle elec-
trical system but also in a higher voltage vehicle electri-
cal system, such as a nominal 42 volt electrical system.

BACKGROUND OF THE INVENTION

[0003] The application conventional 12 volt electronic
fuel injectors to automotive electrical systems of much
higher voltage such as, for example 42 volts, presents
problems to the fuel injector design. Assuming that the
typical size of the fuel injector cannot change, and that
the fuel injector will most likely be driven by a saturated
switch electronic control unit (ECU), major modifications
in the coil design of existing injectors will be required.
For example, if an existing 14 ohm fuel injector coil con-
sists of 525 turns of # 34.5 AWG copper wire, the cor-
responding coil for a 42 volt operation must be a 126
ohms consisting of 1575 turns of # 38.5 AWG copper
wire. These calculations follow from the requirement of
providing the same number of ampere-turns for an ac-
ceptable magnetic force and of maintaining the power
dissipation the same in the injector. The use of extreme-
ly fine gauge wire is not feasible in the rugged fuel in-
jector environment. For example, by way of comparison,
wire size #36 AWG is generally the same thickness as
a human hair. Alternate solutions such as adding a volt-
age dropping resistor in series with the fuel injector coil
are feasible, but this solution wastes power and gener-
ates substantial heat. Likewise, modifying the standard
ECU drivers to regulate injector current is an expensive
option, especially when systems of 12 volt and 42 volt
capacity may be co-existing in the automotive market
for several years.

[0004] Accordingly, there is a need to provide a fuel
injector having circuit structure to step-down a vehicle
electrical system voltage, which is substantially greater
than a nominal operating voltage of a fuel injector, to be
substantially the nominal operating voltage of the fuel
injector.
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SUMMARY OF THE INVENTION

[0005] An object of the presentinvention is to fulfill the
need referred to above. In accordance with the princi-
ples of the present invention, this objective is obtained
by providing a fuel injector apparatus including an elec-
tromagnetic fuel injector having a housing and a mag-
netic circuit in the housing. The magnetic circuit includes
an electromagnetic coil constructed and arranged to op-
erate at a nominal voltage to open the fuel injector. The
nominal voltage is substantially less than a supply volt-
age. Circuit structure is electrically coupled with the coil
and is constructed and arranged to step-down the sup-
ply voltage to be substantially the nominal voltage at the
coil.

[0006] In accordance with another aspect of the in-
vention, circuit structure is provided for controlling a volt-
age supplied to a fuel injector. The fuel injector has an
electromagnetic coil which, when actuated with a nom-
inal voltage, opens the fuel injector. The nominal voltage
is substantially less than a supply voltage. The circuit
structure includes a circuit constructed and arranged to
be electrically connected with the coil and to step-down
the source voltage to be substantially the nominal volt-
age at the coil.

[0007] In accordance with yet a further aspect of the
invention, a method is provided to step-down a supply
voltage directed to an electromagnetic coil of a fuel in-
jector. The coil is constructed and arranged to operate
at a nominal voltage which is substantially less than the
supply voltage. The method includes providing circuit
structure electrically coupled with the coil to step-down
the supply voltage to be substantially the nominal volt-
age at the coil.

[0008] Other objects, features and characteristic of
the present invention, as well as the methods of opera-
tion and the functions of the related elements of the
structure, the combination of parts and economics of
manufacture will become more apparent upon consid-
eration of the following detailed description and append-
ed claims with reference to the accompanying drawings,
all of which form a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is partially cut-away schematic illustration of
a fuel injector apparatus provided in accordance
with the principles of the present invention;

FIG. 2 is a perspective view of a circuit board as-
sembly of the fuel injector apparatus of FIG. 1;

FIG. 3 is a schematic diagram of an embodiment of
a circuit structure of the circuit board assembly of
FIG. 2, shown electrically connected to an injector
coil;
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FIG. 4 is a block diagram of the fuel injector appa-
ratus of the invention coupled with an electronic
control unit;

FIG. 5is a block diagram of a fuel injector apparatus
of the invention coupled with an electronic control
unit via an adapter containing the circuit structure
of the invention; and

FIG. 6 is a perspective view of a bottom feed fuel
injector apparatus provided in accordance with the
principles of the present invention.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EXEMPLARY EMBODIMENTS

[0010] Referring to FIG. 1, a fuel injector apparatus is
shown, generally indicated at 10, provided in accord-
ance with the principles of the present invention. The
fuelinjector apparatus 10 comprises an electromagnetic
fuel injector, generally indicated at 12, having a housing
14. A magnetic circuit is disposed in the housing 14. The
magnetic circuit includes an electromagnetic coil 16 for
opening the fuel injector. The fuel injector 12 is config-
ured to operate at a nominal voltage of 14 volts in a ve-
hicle electrical system employing a 12 volt battery. The
fuel injector 12 is of the conventional solenoid type
wherein when the solenoid is energized, a valve spring
20 is overpowered and an injector valve (not shown)
moves from a closed position to an opened position.
When the power to the solenoid is cut-off, the spring 20
returns the injector valve to the closed position prevent-
ing the flow of fuel to the intake manifold of the vehicle.
[0011] With reference to FIG. 1, the overall length of
the top-feed fuel injector apparatus is generally 75 mm,
while the diameter of the fuel injector apparatus is ap-
proximately 21 mm. These dimensions are merely ex-
emplary. Other sizes can of course be provided.
[0012] A circuit board assembly, generally indicated
at 22, is disposed in the housing 14 and is electrically
connected to the electromagnetic coil 16 to excite the
coil. The circuit board assembly 22 comprises a circuit
board 24 which carries circuit structure, generally indi-
cated at 26. As shown in FIG. 2, two connector pins 34
and 36 are required which are constructed and arranged
to mate with a conventional two-pin receiving wiring har-
ness 37, shown schematically in FIG. 4.

[0013] In the automobile industry, there is movement
towards employing a 36 volt electrical system instead of
the conventional 12 volt system. With a 36 volt system,
a nominal 42 volts is generally supplied during vehicle
operating conditions due to continuous charging of the
battery by an alternator. This supply voltage must be re-
duced to operate the conventional 14 volt fuel injector.
The circuit structure 26 of the fuel injector apparatus 10
steps the high supply voltage down to be a substantially
lower voltage at the injector coil 16. Thus, in accordance
with the principles of the present invention, the circuit
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structure 26 employs an electronic switchmode circuit
as a step-down (bucking) dc-dc voltage converter. The
coil 16 itself serves the function of the inductive (buck-
ing) coil of the circuit structure 26.

[0014] A preferred embodiment of the circuit structure
26 is shown schematically in FIG. 3. The circuit structure
26 includes a first terminal B+ which is connected to the
positive terminal of a 36 volt vehicle battery which pro-
vides a supply voltage of generally 42 volts to the circuit
structure 26 when the vehicle is operating. The high side
of the coil 16 is connected to the terminal B+. Terminal
"ECU" is connected to an electronic control unit(ECU)
30 of the vehicle (FIG. 4). The operation of the circuit
structure 26 is initiated when the terminal "ECU" is
switch to ground via the driver stage of the ECU 30 on
the vehicle. The operational amplifier 40, in conjunction
with voltage reference VR1 and equal value resistors R
establish a hysteresis voltage range of 1/3 VR to 2/3 VR.
Capacitor C will charge via R1 to the upper voltage
range and then discharge via R2 to the lower voltage
range. This charge/discharge oscillator action results in
a square wave signal appearing at the gate of the power
Mosfet transistor Q1 via resistor Rg. The low side of coll
16 is connected to the output of transistor Q1. The duty
cycle of the oscillation is controlled by the ratio of R1 a
to R2 and is selected to provide the desired dc-dc volt-
age down conversion. In the case of 42V to 14V con-
version, the duty cycle desired would be 33 1/3 %. The
absolute frequency of the hysteresis oscillator is select-
ed by the capacitor C to be approximately ten times fast-
er than the L/R ratio for the coil 16 of the fuel injector. In
the nominal case, the ratio is on the order of 1 millisec-
ond. Thus, the oscillator frequency is approximately 10
kilohertz. Power zener VR2 must be selected to be al-
ways greater than the operating range of the system
(42V in the embodiment). At the termination of the de-
sired fuel injection pulse period, terminal "ECU" is re-
leased by the vehicle ECU 30 and the current in the in-
jector coil 16 decays rapidly via VR2 and the internal
vehicle ECU driver state zener in the normal manner.
[0015] As noted above, the selection of resistor val-
ues of R1 and R2 determines the switchmode duty cycle
and thus the voltage step-down ratio. In the illustrated
embodiment, for 42 to 14 volt conversion, the value of
R1 must be three times the value of R2.

[0016] With reference to FIG. 4, the fuel injector ap-
paratus 10 having the circuit structure 26 is used in com-
bination with a readily available ECU 30 having a satu-
rated switch driver 32.

[0017] The entire circuit structure 26 is self-starting,
requiring only voltage from the vehicle's battery supply
and circuit continuity provided by the normal switch to
"ground" action of the ECU's saturated mode driver.
Since the operation of the circuit structure 26 is switch-
mode, power dissipation is minimized and will be less
than % watt for most applications.

[0018] Inthe illustrated embodiment, the circuit struc-
ture 26 is provided inside the fuel injector 12. However,
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it is within the contemplation of the invention to package
the circuit structure 26 with the step-down electronics in
a separate adapter 38 (FIG. 5) which interfaces directly
between the automobile wiring harness 37 and the pins
34 and 36 of the fuel injector 12. In this case, the fuel
injector 12 is unchanged for 12 or 42 volt applications.
[0019] Further, although a specific step-down from 42
volts to 14 volts has been described, it can be appreci-
ated that other conversion ratios are certainly possible
by employing the circuit structure 26 of the invention.
[0020] Although the illustrated embodiment depicts a
top-feed fuel injector apparatus, the invention is appli-
cable to a bottom-feed injector as well. An example of
a bottom feed fuel injector assembly is shown generally
indicated at 10' in FIG 6. The injector 10" includes the
voltage step-down circuit structure 26' as discussed
above.

[0021] The foregoing preferred embodiments have
been shown and described for the purposes of illustrat-
ing the structural and functional principles of the present
invention, as well as illustrating the methods of employ-
ing the preferred embodiments and are subject to
change without departing from such principles. There-
fore, this invention includes all modifications encom-
passed within the spirit of the following claims.

Claims
1. A fuel injector apparatus comprising:

an electromagnetic fuel injector having a hous-
ing and a magnetic circuit in said housing, said
magnetic circuit comprising an electromagnetic
coil constructed and arranged to operate at
nominal voltage to open the fuel injector, said
nominal voltage being substantially less than a
supply voltage, and

circuit structure electrically coupled with said
coil and constructed and arranged to step-
down the supply voltage to be substantially said
nominal voltage at said coil.

2. The fuel injector apparatus according to claim 1,
wherein said circuit structure is disposed with said
housing.

3. The fuel injector apparatus according to claim 1,
wherein said circuit structure is housed in an adapt-
er separate from said fuel injector apparatus, said
adapter being constructed and arranged to be elec-
trically connected to said fuel injector apparatus.

4. The fuel injector apparatus according to claim 2,
wherein said circuit structure is part of a circuit

board assembly.

5. The fuel injector apparatus according to claim 1, in
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10.

1.

12.

13.

combination with an electronic control unit having a
driver to operate said circuit structure.

The fuel injector apparatus and electronic control
unit combination according to claim 5, wherein said
driver is a saturated switch fuel injector driver.

The fuel injector apparatus according to claim 1,
wherein said electromagnetic coil defines a bucking
coil of said circuit structure.

The fuel injector apparatus according to claim 1,
wherein said circuit structure includes an operation-
al amplifier, a voltage reference, equal value resis-
tors, a capacitor, a transistor having an output di-
rected to said coil, and a pair of calibrating resistors
constructed and arranged such that said operation-
al amplifier in conjunction with said voltage refer-
ence and said equal value resistors establishes a
hysteresis voltage range including an upper voltage
and a lower voltage, said capacitor charges to said
upper voltage and then discharges to said lower
voltage to provide a voltage oscillation which results
in a square wave signal being directed to said tran-
sistor, a duty cycle of said voltage oscillation being
controlled by a ratio of said pair of calibrating resis-
tors to provide the voltage step-down from the sup-
ply voltage to said nominal voltage.

The fuel injector apparatus according to claim 8,
wherein said calibrating resistors are constructed
and arranged to provide a voltage step-down ratio
of 3to 1

The fuel injector apparatus according to claim 2,
wherein said housing and said circuit structure are
constructed and arranged so that said fuel injector
apparatus may function as a bottom-feed fuel injec-
tor.

The fuel injector apparatus according to claim 2,
wherein said housing and said circuit structure are
constructed and arranged so that said fuel injector
apparatus may function as a top-feed fuel injector.

Circuit structure for controlling a voltage directed to
a fuel injector, the fuel injector having an electro-
magnetic coil which, when actuated with a nominal
voltage, opens the fuel injector, said nominal volt-
age being substantially less than a supply voltage,
the circuit structure comprising:

a circuit constructed and arranged to be elec-
trically connected with said coil and to step-down
the supply voltage to be substantially said nominal
voltage at said coil.

The circuit structure according to claim 12, in com-
bination with a fuel injector having an electromag-
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16.

17.

18.
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netic coil, wherein said circuit is housed in an adapt-
er having electrical connections constructed and ar-
ranged to mate with connections of said fuel injector
to operate said coil.

The combination according to claim 13, wherein the
electromagnetic coil defines a bucking coil of said
circuit.

The combination according to claim 13, wherein
said circuit includes an operational amplifier, a volt-
age reference, equal value resistors, a capacitor, a
transistor having an output directed to said coil, and
a pair of calibrating resistors constructed and ar-
ranged such that said operational amplifier in con-
junction with said voltage reference and said equal
value resistors establishes a hysteresis voltage
range including an upper voltage and a lower volt-
age, said capacitor charges to said upper voltage
and then discharges to said lower voltage to provide
a voltage oscillation which results in a square wave
signal being directed to said transistor, a duty cycle
of said voltage oscillation being controlled by a ratio
of said pair of calibrating resistors to provide the
voltage step-down from the supply voltage to said
nominal voltage.

The combination according to claim 15, wherein
said calibrating resistors are constructed and ar-
ranged to provide a voltage step-down ratio of 3 to
1.

A method of stepping-down a supply voltage to an
electromagnetic coil of a fuel injector, said coil being
constructed and arranged to operate at a nominal
voltage substantially less than the supply voltage,
the method comprising:

providing circuit structure electrically coupled
with said coil to step-down the supply voltage to be
substantially said nominal voltage at said coil.

The method according to claim 17, wherein said cir-
cuit structure includes an operational amplifier, a
voltage reference, equal value resistors, a capaci-
tor, a transistor having an output directed to said
coil, and a pair of calibrating resistors, the method
including:

establishing a hysteresis voltage range includ-
ing an upper voltage and a lower voltage via
said operational amplifier in conjunction with
said voltage reference and said equal value re-
sistors,

charging said capacitor to said upper voltage
and then discharging said capacitor to said low-
er voltage to provide a voltage oscillation which
results in a square wave signal being directed
to said transistor, and
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controlling a duty cycle of said voltage oscilla-
tion by a ratio of said pair of calibrating resistors
to provide the voltage step-down from the sup-
ply voltage to said nominal voltage.
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