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Description

[0001] The present invention relates to a fiber optic
pressure sensor, and an internal combustion engine fuel
injector with such a pressure sensor.

[0002] Four stroke direct-injection engines have been
under recent Intense development for both diesel and
gasoline fuel applications due to significant fuel econo-
my improvements and reduced emission levels in com-
parison to engines with conventional fuel injection. Di-
rectinjection diesel engines have a higher baseline ther-
mal efficiency (about 40% peak), 20-35% better fuel ef-
ficiency, 10-20% lower CO, emissions, near-zero evap-
orative emissions, and low cold-start emissions. Fuel
economy improvements of as much as 35% have been
recently reported, combined with a simultaneous in-
crease in engine power and torque of 10%, for a direct
gasoline injection engine. Such remarkable perform-
ance has been realized through a combination of very
lean burn combustion (Air-fuel ratios as high as 40:1)
and stratified charge mixing inside each engine com-
bustion chamber.

[0003] A key component that is required for both Di-
rect Diesel Injected (DDI) and Direct Gasoline Injected
(DGI) engines is an accurate and cost-effective fuel in-
jector. In diesel engines, the new injection must operate
at extremely high pressures (as high as 30,000 psi), pro-
vide accurate and repeatable spray patterns, and be
precisely timed. In addition, such an injector must oper-
ate for as many as 0.5 million miles and be of low cost.
[0004] US-A-4.521.683 discloses a fibre optic pres-
sure sensor having a diaphragm which snaps from con-
cave to convex when pressure exerted on the dia-
phragm exceeds a defined pressure.

[0005] EP-A-0.528.657 discloses a fibre optic pres-
sure sensor using a flat diaphragm.

[0006] US-A-4.633.842 discloses a fuel injection
method using detection of the intensity of the burning
flame in a combustion chamber of a combustion engine
without using pressure sensing.

[0007] US-A-5.452.087 discloses a fibre optic sensor
for measuring, amongst others, mechanical force using
birefringence induced by this mechanical force and
based upon determination of changes of the state of po-
larisation of light.

[0008] In DGl applications, in particular, the very poor
lubricating nature of gasoline and critical injector spec-
ifications make gasoline injectors difficult and expensive
to manufacture.

[0009] To provide the required performance, reliabili-
ty, and low-cost for both DDI and DGl injectors, dis-
closed below are approaches based on closed loop con-
trol of injector operating parameters, where combustion
chamber and fuel pressures are used as control param-
eters. The presentinvention provides a pressure sensor
accordingto claim 1, and an internal combustion engine
fuel injector according to claim 12. As detailed below a
preferred way of obtaining these two pressures is to in-
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tegrate two miniature fiber optic pressure sensors inside
an injector. Such a "smart" injector does not need to be
individually calibrated, as currently done, so its price can
be significantly lower. Differences caused by manufac-
turing variability, aging, pressure line fluctuations, orfuel
quality can be compensated for by using closed-loop
control of fuel injection timing, duration and pressure.
The combustion chamber pressure sensor of the smart
injector provides, in addition, real-time information
about cylinder pressure including peak pressure (PP),
indicated mean effective pressure (IMEP), start of com-
bustion (SOC) and location of peak pressure (LPP).
When inputs from both fuel and combustion pressure
sensors are used to control the injector, simultaneous
benefits of reduced emissions, improved fuel economy,
increased injector reliability, and reduced cost can be
achieved. Further embodiments are also described in
the dependent claims.

Invention Overview

[0010] The fiber optic sensors utilized in the smart in-
jector are of a novel construction aimed at high accuracy
in a very small device exposed to extremely high pres-
sures and temperatures. The sensor tip may be as small
as 2.5mm in diameter or smaller. By using a specially
shaped diaphragm in the sensor and two D-shaped op-
tical fibers, high levels of optical modulation can be re-
alized at small diaphragm deflections. Small diaphragm
deflections are required to permit high diaphragm yield
strength and long fatigue life. Using a two photodiode
detection technique, each sensor's signal interface/con-
ditioner can operate accurately over a temperature
range of -50 to 150°C.

[0011] In a preferred configuration two types of sen-
sors are used in the smart injector: (1) a high pressure
sensor for monitoring static fuel pressures inside the in-
jector and (2) a sensor for detecting dynamic combus-
tion chamber pressures.

[0012] To compensate for changing sensor response
with temperature, a temperature compensation tech-
nique utilizes a combination of a thin film deposited on
the diaphragm inner surface and a temperature probe
mounted in the sensor housing. The thin film reflection
coefficient changes with temperature thereby compen-
sating for any intra cycle (short term) diaphragm tem-
perature excursions above its average temperature.
Any longer term errors, resulting from increased dia-
phragm deflection at higher average temperature and
other thermal effects on the sensor head, are compen-
sated for by adjusting the pressure sensor's gain, based
on the temperature probe output.

[0013] While most direct injectors require dynamic fu-
el pressure information, only static pressures must be
known in such approaches asfuel rails. Disclosed below
is a static pressure sensor utilizing two optical fiber
pairs, with one pair acting as a reference device to com-
pensate for errors that may result from temperature ef-
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fects on opto-electronic components, fiber bending, or
other sources of undesirable light intensity fluctuations.
[0014] As above, to compensate for errors arising
from intra-cycle diaphragm heating due to the nearby
combustion gasses, the compensation technique is sim-
ilar to the technique used for dynamic sensors. For the
static sensor one pair of fibers is exposed to diaphragm
deflection and the other pair of fibers is installed in front
of a non-deflecting reflector coated with a reflection tem-
perature dependent thin film. A separate temperature
probe provides input information for additional compen-
sation for sensor gain and offset changes arising from
varying inter-cycle average diaphragm and housing
temperatures.

Brief Description of the Drawings

[0015]

FIG. 1 is a schematic cross-section view of a smart
injector with both fuel pressure and combustion
pressure sensors;

FIG. 2 is a schematic cross-section of a preferred
fiber pair;

FIG. 3 is a schematic cross-section of a preferred
sensor tip;

FIG. 4 is a schematic cross-section of the sensor
tip of FIG. 3 under increased pressure;

FIG. 5 is a graphical comparison of the responses
of the preferred sensor tip to a conventional flat di-
aphragm sensor tip;

FIG. 6 is a block diagram of the opto-electronic cir-
cuity for a dynamic pressure sensor;

FIG. 7 is a schematic cross-section of a preferred
sensor tip including a temperature dependent re-
flective thin film;

FIG. 8 is a schematic cross-section of the preferred
sensor tip of FIG. 7 further including a temperature
probe;

FIG. 9 is a block diagram of the opto-electronic cir-
cuity for the sensor tip of FIG. 8 in a dynamic pres-
sure setting;

FIG. 10is a block diagram of the opto-electronic cir-
cuity for the sensor tip of FIG. 8 in a static pressure
setting;

FIG. 11 is a schematic cross-section of the pre-
ferred sensor tip incorporating separate dual fiber
pairs of differing distances from the diaphragm;
FIG. 12 is a schematic cross-section of the pre-
ferred sensor tip with an alternate form of the dual
fiber pairs of FIG. 11;

FIG. 13 is a graphical illustration of two fiber output
versus distance from the sensor diaphragm;

FIG. 14 is a block diagram of the opto-electronic cir-
cuity for the sensor tips of FIGs. 12 and 13;

FIG. 15 is a block diagram of alternative sum/differ-
ence error correction opto-electronic circuity for the
sensor tips of FIGs. 12 and 13;

10

15

20

25

30

35

40

45

50

55

FIG. 16 is a schematic cross-section of the pre-
ferred sensor tip having means to compensate for
intra-cycle, thermal shock related errors;

FIG. 17 is a schematic cross-section of the pre-
ferred sensor tip further including means for com-
pensation of longer term temperature changes in
the sensor tip of FIG. 16; and

FIG. 18 is ablock diagram of the opto-electronic cir-
cuity for the sensor tip of FIG. 17.

Description of the Preferred Embodiments

[0016] In FIG. 1 the modified smart injector 10 is fitted
with both a fuel pressure sensor 12 and a combustion
pressure sensor 14. The fuel sensor 12 may be mounted
in a modified existing injector opening 16 as shown. The
opening 16 comprises a channel communicating with
the axial fuel channel 18 of the injector 10. The sensor
12 may be approximately 5mm in diameter and thread-
ed into the channel 16 whereby the sensor diaphragm
is directly exposed to the fuel pressure in the channel
and also the axial fuel channel 18 when the injector
plunger 20 is retracted.

[0017] The combustion pressure sensor 14 is ex-
posed to combustion chamber gases through a short
channel 22. The fiber optic lead 24 for this sensor 14 is
located inside a 1 mm diameter cylindrical hole 26 ex-
tending from the sensor 14 to the strain relief 28 at-
tached to the injector 10 near the top of the injector.
[0018] Each of the sensors is connected to its own op-
to-electronic module or connector as further discussed
below. The connections are by the fiber optic cables 30
and 32. The opto-electronic modules contain circuity
which in turn is connected to the engine Electronic Con-
trol Module (ECM). The ECM controls the injector tim-
ing, duration, and fuel line pressure in response to the
output of the sensors 12 and 14 as well as other engine
sensors and controls.

[0019] The preferred sensor design for the fuel and
combustion pressure sensors above utilizes two or
more optical fibers. These fibers are modified as illus-
trated in FIG. 2. Rather than using fibers with circular
cross-sections, as is conventionally done in fiber optic
pressure sensors for other purposes, the fibers are gen-
erally D-shaped on the outer surface as shown at 34
where the cladding 36 is substantially reduced in thick-
ness. The multimode fibers are coupled by their flat sur-
faces 34 to minimize the distance between fiber cores
38.

[0020] The minimum distance between fiber cores 38
is highly desired for reduced sensor power loss and in-
creased optical modulation, both resulting in improved
sensor resolution, signal to noise ratio and output accu-
racy. In a typical configuration the fibers have core 38
diameters of 140 microns, cladding 36 of 170 microns
and flat surfaces 34 separated from the cores by 5-10
microns. For ease of sensor assembly and repeatability,
the fibers are semi-permanently bonded together during
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the fiber manufacturing process by a thin layer of polya-
mide or other temperature-capable bonding adhesive
material.

[0021] InFIG.3 aspecially shapeddiaphragm 40 sen-
sor tip is shown. The diaphragm 40 is sculptured and is
afurtherimprovement on the hat shaped diaphragm first
disclosed in application Serial No. 08,390,970, now U.
S. Pat. No. 5,600,070. The sculptured shape of the di-
aphragm 40 provides for increased light coupling be-
tween the delivering 42 and collecting 44 optical fibers
mounted in the sensor body 46. The result is increased
sensor sensitivity to diaphragm 40 deflection. As shown
in FIG. 3 the inner diaphragm surface 48 is concave at
the center of the diaphragm 40 to focus light emitted
fromthe delivering fiber 42 as indicated by arrow 50 onto
the collecting fiber 44 as indicated by arrow 52. By de-
sign the focus is best when there is no additional exter-
nal pressure applied to the outside of the diaphragm 40.
[0022] Under optimized conditions, the curvature of
the reflecting surface 48 is ellipsoidal to focus the light
from the delivering fiber 42 onto the collecting fiber 44
with no external pressure applied. With the application
of external pressure, the diaphragm 40 deflects and the
ends of the delivering 42 and collecting 44 fibers are no
longer at the foci 54 of the ellipsoidal curved reflecting
surface 48 as shown in FIG. 4. As a result the collected
light is diminished. The diaphragm 40 thickness is sub-
stantially retained by curving the outside thereof to gen-
erally match the inner curvature and thereby substan-
tially maintain the diaphragm yield strength over the en-
tire diaphragm.

[0023] The ellipsoidal curvature surface 48 and foci
54 locations are optimized for a given fiber size, core
separation, and optical fiber numerical aperture. Al-
though the ellipsoidal shape is optimum, more practical
to manufacture parabolic or spherical surfaces for sur-
face 48 may be substituted. FIG. 5 compares the re-
sponse 56 of the sculptured diaphragm 40 to the re-
sponse 58 of a substantially flat or regular diaphragm.
Clearly the sculptured diaphragm sensor is significantly
more sensitive to external pressure changes than a con-
ventional flat diaphragm sensor.

[0024] Another aspect of the present invention com-
prises a novel design of the sensor electronic and opto-
electronic circuity for a dynamic pressure sensor, as
shown in FIG. 6. The circuity permits an increase in the
operating temperature of the sensor and interface con-
ditions module of up to a 150°C working temperature.
[0025] The new design uses one LED source and two
photodiode detectors in contrast to previous single de-
tector designs. A single detector design is adequate for
a maximum electronics operating temperature of ap-
proximately 80°C, however, at a maximum operating
temperature of 150°C the dark current of a PIN photo-
diode becomes so large as to dominate the total photo-
diode output.

[0026] At temperatures up to 80°C, the dark current
of a typical photodiode is on the order of 1% of the total
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signal with 99% of the signal being proportional to the
light delivered to the detector by the collecting fiber. But
at 150°C the dark current increases more than three or-
ders of magnitude and may represent as much as 500%
of the photodiode signal that remains proportional to the
light delivered to the detector. At such high levels of dark
current the sensor calibration is significantly compro-
mised.

[0027] To combat the dark current effect, the second
photodiode is used for the purpose of providing a differ-
entiating dark current input to a differential amplifier. In
a preferred design disclosed below, the second diode is
packaged inside a common enclosure with both photo-
diodes formed from the same silicon wafer, so their dark
currents change identically with temperature changes.
One photodiode is exposed to the light delivered by the
collecting fiber while the second diode is covered so its
output is only due to the dark current.

[0028] In FIG. 6 the current outputs from the photodi-
odes, one of which is the dark current correction, are
combined at 60 to correct for the dark current output of
the sensor. The voltage output therefrom is applied
through the peak and hold circuit 62 and integrator 64
to the LED drive circuit 66 to thereby adjust the photonic
output of the LED to the sensor. The voltage output is
also passed through an inverting difference amplifier 68
and gain amplifier 70 to provide a suitable voltage range
of output to the ECM of the engine.

[0029] One of the most difficult challenges in devel-
oping accurate combustion pressure sensors is the
need to overcome the effect of temperature changes on
the sensor's diaphragm. Under changing temperature,
the diaphragm's Young's modulus and Poisson's
number change resulting in increased deflection at ele-
vated temperatures. Two types of temperature errors re-
sult: increased deflection due to increased average di-
aphragm temperature over many cylinder pressure cy-
cles and the intra-cycle diaphragm temperature excur-
sions. Disclosed below are compensation techniques
that correct for both of the temperature change errors.
[0030] The short term, intra-cycle, error due to what
is sometimes called thermal shock effect is compensat-
ed by virtually instantaneously reducing diaphragm re-
flectivity as the diaphragm temperature changes. In FIG.
7 a thin film 72 with a temperature-dependent co-effi-
cient of reflectivity is deposited on the ellipsoidal surface
48 of the diaphragm 40 to cover the area illuminated by
the delivery fiber 42.

[0031] The thin film 72 material is appropriately se-
lected for a decreasing reflection co-efficient as the di-
aphragm deflection rate increases with temperature in-
creases. The light intensity received by the collecting
fiber 44 can be described by

Veol (P:T) = 1+C*R(T)*D(p, ),

where | is light intensity emerging from the delivering
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fiber42, C is the collection efficiency dependent on fiber
parameters and fiber to diaphragm distance but not de-
pendent on diaphragm characteristics, R(T) is the re-
flection co-efficient of the diaphragm, and D(p,T) is the
function describing diaphragm deflection as a function
of pressure and temperature.

[0032] Through either thin film 72 light transmission
or absorption dependence on temperature, the product
of the reflection co-efficient R and deflection function D
can be maintained independent of temperature if:

RM=D"(T)

In practice, R(T) may not be exactly an inverse of D but
at least should approximate the inverse function.
[0033] At least two types of thin films 72 are suitable
for temperature compensation as described above. In
one type, a dielectric thin film with dichroic mirror-like
characteristics is used. In this type reflection decreases
with increased temperature due to the thermal expan-
sion of the thin film material. In the alternative type, a
semiconductor material such as Silicon or Gallium Ar-
senide is used. In this type the absorption co-efficient
increases with increasing temperature. In either type of
thin film 72 the film is deposited over the area illumated
by the delivering fiber 42, however, to minimize internal
stresses in the film, the film area should be as small as
possible as should the film thickness.

[0034] The temperature compensation technique de-
scribed above does not correct for increased diaphragm
deflection resulting from an increased average temper-
ature of the diaphragm-sensor assembly over many
pressure cycles. To correct for this type of error a com-
pensation technique which relies on the electronic con-
trol of sensor gain is based on the output of a tempera-
ture probe mounted inside the sensor housing as shown
schematically in FIG. 8. A temperature probe 74, such
as a thermocouple, is mounted inside the sensor as-
sembly in the sensorbody 46 preferably as close as pos-
sible to the sensor diaphragm 40. A pair of wires 76 lead
from the thermocouple 74 along side the optical fibers
42 and 44.

[0035] A schematic block diagram of the temperature-
compensating opto-electronic circuitry for the sensor of
FIG. 8 is shown in FIG. 9. Compared to the circuitry of
a temperature uncompensated sensor, a thermocouple
amplifier 78 receives input from the thermocouple 74
and outputs to the photodiode amplifier 80 to adjust the
gain value of the photodiode amplifier. This is in contrast
to a fixed gain photodiode amplifier used for an uncom-
pensated sensor. The calibration co-efficients relating
the sensor-gain to temperature change are obtained
during an initial calibration and are uniquely assigned to
each sensor when it is calibrated.

[0036] A number of innovative designs for a high ac-
curacy static pressure sensor suitable for fuel pressure
detection in a smart injector are disclosed below. The
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first design utilizes a two-fiber construction similar to
what is shown in FIG. 3. The processing electronics dif-
ferentiate between the dynamic and static sensors.
[0037] The difference between the sensor electronics
is in the LED current control. While in a dynamic pres-
sure sensor version the current is continuously adjusted
based on the differential output of a minimum-maximum
detector, in the static pressure sensor version the cur-
rent is adjusted only during discrete periods of time
when the injector is filled with fuel and the sensor is only
exposed to atmospheric pressure. Suitable electronic
circuitry is shown in FIG. 10, wherein when the LED cur-
rent is adjusted the nominal light intensity is restored
and any potential offset and gain drifts of the sensor are
corrected. The timing trigger 82 for the current reset is
provided by the engine ECM to the LED level control at
84.

[0038] The second design of a static sensor uses
three or four optic fibers, two detectors and one LED.
One pair of optic fibers is used to detect diaphragm de-
flection as above and the other pair serves as a com-
pensation device to correct for potential errors due to
fiber bending, coupling efficiency changes between the
LED and fibers, the temperature dependence of LED in-
tensity or photodiode sensitivity, as well as diaphragm
deflection temperature dependence.

[0039] In atemperature non-compensated version of
the second design as shown in FIG. 11, both fiber pairs
86 and 88 are located with tips 90 and 92 in optical view
of the reflecting surface 48 of the diaphragm 40. In FIG.
11 each pair 86 or 88 is embedded in its own ferrule 94
or 96. The ferrules 94 and 96 are spaced apart so that
the tips 90 and 92 are approximately separated by 500
microns.

[0040] Alternatively, as shown in FIG. 12 both fiber
pairs 86 and 88 are embedded in one, larger ferrule 98
andthe separation between the tips 90 and 92 is formed
by the center of the ferrule 100 and polishing the ferrule
tip at an angle to provide a separation distance between
the fiber pairs 86 and 88 of approximately 500 microns.
[0041] In both FIG. 11 and FIG. 12, the tip 90 of fiber
pair 86 is spaced further from the reflecting surface 48
than the tip 92 of fiber pair 88. With this geometry the
sensors of FIG. 11 and FIG. 12 make use of both slopes
104 and 106 of the two fiber sensor response curve of
FIG. 13 where one fiber pair operates on the ascending
part of the curve while the other fiber pair uses the de-
scending part of the curve.

[0042] By appropriately locating the pairs 86 and 88
with the tips 90 and 92 at different distances from the
diaphragm 40, the pairs are positioned to straddle the
peak intensity 102. The maximum slope or sensor sen-
sitivity occurs if the fiber tip 92 is positioned inside of the
peak intensity 102 at about 250 microns. With the fiber
pair tip 92 positioned on the first slope 104, the distance
between the diaphragm 40 and the fiber pair tip decreas-
es as pressure increases and the sensor output is
caused to decrease.
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[0043] If the second fiber pair tip 90 is positioned on
the second slope 106 at approximately 600 microns the
sensor output is caused to increase with pressure ap-
plied to the diaphragm 40. In what is sometimes called
a "push-pull" effect, the sensor output is essentially a
ratio of the two outputs from the pairs of fibers 86 and
88 resulting in increased sensor sensitivity to deflection
compared to a sensor operated on one slope only with
a single fiber optic pair.

[0044] In the processing scheme of FIG. 14 the light
intensity detected by the reference pair tip 90 is main-
tained at a constant level by changing a LED driving cur-
rent as illustrated in this block diaphragm. The sensor
46 output is proportioned to the light intensity detected
by the measurement detector 108. Similar to the two fib-
er dynamic sensor above, the LED 110 light intensity is
continuously adjusted by changing the current level to
keep the reference photodiode 112 output at a constant
level. As the light intensity is restored in the reference
fiber pair 86, so is the light intensity in the measurement
fiber pair 88 thereby compensating for any offset or gain
errors of the sensor 46.

[0045] Alternatively, as shown in FIG. 15the LED 110
current level is based on the sum 114 of the measure-
ment detector 108 output and reference detector 112
output. In this configuration the zero relative pressure
outputs of the two fiber pairs 86 and 88 are made equal
by providing gain 116 to one output and summing 114
to provide current level control to the LED 110. If an en-
vironmental condition causes a light intensity change in
the fiber pairs 86 and 88, both light intensities decrease
or increase in the same direction and approximately the
same amount. Thus, this light intensity change is directly
corrected by changing the LED 110 light intensity.
[0046] By contrast, a relative pressure change ap-
plied to the sensor 46 will cause one output to increase
and the other output to decrease having a net result of
no change in the summing 114 of the outputs. The dif-
ference 118 of the two outputs passes through offset,
filtering and gain 120 to provide the corrected sensor
output. With the use of a sensor 46 also having a ther-
mocouple therein, in addition to the two fiber pairs 86
and 88, correction 122 may be made for the average
temperature of the sensor 46 and applied to the offset,
filtering and gain 120 of the corrected sensor output.
[0047] In FIGs. 16 and 17 two additional versions of
temperature-compensated static pressure sensors are
described. The version in FIG. 16 is intended to com-
pensate for intra-cycle, thermal shock related errors on-
ly. As above, one fiber pair 88 is exposed at its tip 124
for reflection of light off the thin film 72 to measure dia-
phragm 40 deflection. The other fiber pair 86 or refer-
ence pair is terminated by a non-deflecting reflector 126
with the surface covered by a temperature dependent
thin film. The processing circuitry may be the same as
disclosed in FIG. 14 above with the reference fiber pair
86 connected to photodiode 112. Depending on the ap-
plication, both temperature dependent thin films 72 and
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on reflector 126 may be used or only on reflector 126.
[0048] InFIG. 17 the sensor 46 incorporates compen-
sation for both short- and long-time constant tempera-
ture errors. The sensor 46 incorporates a combination
of the temperature dependent reflectivity of the thin film
72 on the diaphragm 40 and the thin film on reflector
126 with the thermocouple temperature probe 74 all in-
side the sensor with the measurement fiber pair 88. As
noted above, the thin films are used to compensate for
the short time constant temperature change induced di-
aphragm deflection errors and the temperature probe is
used to compensate for long time constant sensor av-
erage temperature errors. While the thin film correction
is inherent in the temperature change induced reflectiv-
ity changes, the temperature probe correction is
achieved through adjustment of the sensor opto-etec-
tronic control circuitry gain and offset as illustrated in
FIG. 18.

[0049] The opto-electronic control circuitry of FIG. 18
is similar to the circuitry of FIG. 14, however, the ther-
mocouple amplifier 78 and an Eraseable Programmable
Read Only Memory (EPROM) 128 are added. In addi-
tion to correcting for short- and long-time constant tem-
perature changes, differing responses amongfiber pairs
arising from temperature changes can be countered.
This non-identical response among fiber pairs may re-
sult in both sensor offset and sensor gain errors. The
resistance of certain components in the circuitry may be
adjusted to calibrate an individual sensor and thereby
compensate forthe inherent differences among the fiber
pairs. Alternatively, the EPROM 128 may be used to
store and provide the electronic calibration values.

Claims

1. Afiber optic pressure sensor (14, 12) comprising a
body, at least one pair of optical fibers (42,44)
mounted in the body (46), said pair of optical fibers
(42, 44) terminating at tips, a diaphragm (40)
mounted on the body (46) to form an enclosed vol-
ume with the body, said diaphragm having an un-
derside (48) facing the volume, and said tips being
in optical communication with the underside (48),
characterised in that

at least a portion of the underside having a
concave curved surface that remains concave upon
application of external pressure; said curved sur-
face being reflective and positioned to reflect light
emitted from the tip of the first fiber to the tip of the
second fiber, such as to focus the light onto the tip
of the second fiber when no pressure is applied
whereas the focus (54) of the concave surface is
shifted away from the position of the tip of the sec-
ond fiber when external pressure is applied.

2. The sensor of claim 1 wherein the light reflected is
maximized when the pressure differential across
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the diaphragm is a minimum.

The sensor of claim 1 wherein movement of the di-
aphragm toward the tips reduces the light received
by the tip of the other fiber.

The sensor of claim 1 wherein the curved surface
is ellipsoidal.

The sensor of claim 1 wherein the curved surface
is spherical.

The sensor of claim 1 wherein a thin film (72) is ap-
pliedto the curved surface to provide the reflectivity,
said thin film having a coefficient of reflectivity that
decreases with increasing temperature.

The sensor of claim 1 wherein the pair of optical fib-
ers (42, 44) are bonded together along a common
interface (34) with each optical fiber comprising a
core (38) and a cladding (36) the cladding being de-
creased in thickness at the common interface rela-
tive to cladding lacking the common interface.

The sensor of claim 1 including temperature sens-
ing means (76, 74) mounted in the body.

The sensor of claim 1 including a second pair of op-
tical fibers mounted in the body, said second pair
(86) of optical fibers terminating at tips, said tips in
optical communication with a non-deflecting reflec-
tive surface..

The sensor of claim 1 including a second pair of op-
tical fibers mounted in the body, said second pair of
optical fibers terminating at a second pair of tips,
said second pair of tips in optical communication
with the volume at a distance from the reflective
curved surface different from the tips of the one pair
of optical fibers.

An internal combustion engine fuel injector having
a fuel chamber therein, a fiber optic fuel pressure
sensor accordingto any one of the preceding claims
being provided in the injector, said fiber optic fuel
pressure sensor being in communication with the
fuel chamber.

The fuel injector of claim 11 wherein the sensor in-
cludes a diaphragm, the diaphragm being in com-
munication with the fuel chamber.

An internal combustion engine fuel injector accord-
ing to claims 11 or 12 and having a fuel chamber
therein, a channel formed in the fuel-injector sepa-
rate from the fuel chamber, said channel opento an
engine combustion chamber upon installation of the
injector and the fiber optic combustion pressure
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sensor in said channel.

The fuel injector of claim 13 wherein the combustion
pressure sensor includes a diaphragm, the dia-
phragm being in communication with the channel
and combustion chamber.

The fuel injector of claim 11 including a channel
formed in the injector, said channel open to an en-
gine combustion chamber upon installation of the
injector and the fiber optic combustion pressure
sensor in said channel.

The fuel injector of claims 11, 13 or 15 wherein at
least one pressure sensor includes two pair of op-
tical fibers, a diaphragm having an underside, a thin
film applied to the underside to provide reflectivity,
said thin film having a coefficient of reflectivity that
decreases with increasing temperature, a reflective
non-deflecting surface, said reflective non-deflect-
ing surface having a coefficient of reflectivity that
decreases with increasing temperature, one of said
pair of optical fibers in optical communication with
the diaphragm and the other of said pair of optical
fibers in optical communication with the reflective
non-deflecting surface.

The fuel injector of claim 16 including circuit means
in opto-electronic communication with the pressure
sensor having two pairs of optical fibers, said circuit
means including means to inject light into one fiber
of each pair of optical fibers, means to detect light
arriving from the other fiber of each pair of optical
fibers and provide response thereto, means to com-
bine the responses to the light detected from the
other fibers and in response thereto to provide an
output corrected for temperature changes in the
pressure sensor having two pairs of optical fibers.

The fuel injector of claim 17 wherein said circuit
means in response to the output corrected for tem-
perature changes adjusts the means to inject light
into one fiber of each pair.

The fuel injector of claims 11, 13 or 15 including
temperature sensingmeans mounted in atleast one
pressure sensofr,

circuit means in opto-electronic communica-
tion with the sensor having the temperature sensing
means therein, said circuit means including means
to inject light into the at least one pressure sensor,
means to detect light arriving from the at least one
pressure sensor and provide a response thereto
and means to detect and respond to temperature
induced changes in the temperature sensing
means,

means to combine the responses to the light
detected and temperature induced changes and in
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response thereto to provide an output corrected for
the temperature induced changes.

The fuel injector of claim 19 wherein said circuit
means in response to the output corrected for tem-
perature induced changes adjusts the means to in-
ject light into the at least one pressure sensor.

The fuel injector of claims 11, 13 or 15 including cir-
cuit means in opto-electronic communication with
at least one pressure sensor, said circuit means in-
cluding means to inject light into the at least one
pressure sensor, means to detect light arriving from
the at least one pressure sensor and provide a re-
sponse thereto,

and means actuated by an external trigger to
adjust the means to inject light into the at least one
pressure sensor.

The fuel injector of claims 11, 13 and 15 wherein at
least one pressure sensor includes two pairs of op-
tical fibers and a diaphragm, both said pair of optical
fibers having tips in optical reflective communica-
tion with the diaphragm,

the tip of one pair of optical fibers spaced from
the diaphragm at a distance different from the tip of
the other pair of optical fibers.

The fuel injector of claim 22 wherein each pair of
optical fibers is mounted in a separate ferrule.

The fuel injector of claim 22 wherein both pairs of
optical fibers are mounted in the same ferrule.

The fuel injector of claim 22 wherein the diaphragm
has an underside, at least a portion of the underside
comprising a reflective surface, whereby movement
of the diaphragm nearer to both tips causes the light
output of the nearest tip to the diaphragm to de-
crease and the light output of the furthest tip to in-
crease.

The fuel injector of claim 25 including circuit means
in opto-electronic communication with the at least
one pressure sensor having two pairs of optical fib-
ers, said circuit means including means to inject
light into one fiber of each pair of optical fibers,
means to detect light arriving from the other fiber of
each pair of optical fibers and provide responses
thereto,

whereby the response corresponding to the
tip furthest from the diaphragm is caused to adjust
the means to inject light into one fiber of each pair
of optical fibers and the response corresponding to
the tip nearest to the diaphragm provides an output
corrected by the response of the tip furthest from
the diaphragm.
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The fuel injector of claim 26 wherein the means to
inject light is adjusted to provide a substantially con-
stant response from the tip furthest from the dia-
phragm.

The fuel injector of claim 25 including circuit means
in opto-electronic communication with the at least
one pressure sensor having two pairs of optical fib-
ers, said circuit means including means to inject
light into one fiber of each pair of optical fibers,
means to detect light arriving from the other fiber of
each pair of optical fibers and provide responses
thereto, summing means to combine the responses
and adjust the means to inject light into one fiber of
each pair of optical fibers and differencing means
to combine the responses to provide a corrected
output.

The fuel injector of claim 28 including temperature
sensing means mounted in the at least one pres-
sure sensor,

and means in said circuit means adapted to
respond to temperature induced changes in the
temperature sensing means and in response there-
to to adjust the corrected output.

The fuel injector of claim 26 including means to pro-
grammably calibrate the responses among a plural-
ity of optical fiber pairs.

Patentanspriiche

1.

Faseroptischer Drucksensor (14,12) umfassend ei-
nen Kérper, zumindest ein Paar in dem Kérper (46)
angeordnete optische Faser (42,44), wobei das
Paar optische Faser (42,44) an Spitzen endet, eine
auf dem Koérper (46) angeordnete Membran (40),
um ein umschlossenes Volumen mit dem Kérper zu
bilden, wobei die Membran eine dem Volumen ge-
genuberstehende Unterseite (48) hat und die Spit-
zen in optischer Verbindung mit der Unterseite (48)
sind, dadurch gekennzeichnet, daB

zumindest ein Teil der Unterseite eine konka-
ve gebogene Oberflache hat, die bei Anwendung
von externem Druck konkav bleibt, wobei die gebo-
gene Oberflache reflektierend ist und positioniert ist
um von der Spitze der ersten Faser zu der Spitze
der zweiten Faser ausgestrahltes Licht zu reflektie-
ren, um das Licht auf die Spitze der zweiten Faser
zu fokussieren, wenn kein Druck angewandt wird,
wéhrend der Fokus (54) der konkaven Oberflache
von der Position der Spitze der zweiten Faser weg-
geschoben wird wenn externer Druck angewandt
wird.

Sensor nach Anspruch 1, wobei das reflektierte
Licht maximiert wird wenn der Differentialdruck
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Uiber die Membran ein Minimum ist.

Sensor nach Anspruch 1, wobei Bewegung der
Membran zu den Spitzen das von der Spitze der
anderen Faser erhaltene Licht verringert.

Sensor nach Anspruch 1, wobei die gebogene
Oberflache ellipsoid ist.

Sensor nach Anspruch 1, wobei die gebogene
Oberflache kugelférmig ist.

Sensor nach Anspruch 1, wobei eine diinne Folie
(72) an der gebogenen Oberflache angewandt wird
um die Reflexion zu verschaffen, wobei die diinne
Folie einen Reflexionskoeffizient hat, der bei zu-
nehmender Temperatur verringert.

Sensor nach Anspruch 1, wobei das Paar optische
Faser (42, 44) entlang einem gemeinsamen Inter-
face (34) zusammengebunden ist, wobei jede opti-
sche Faser einen Kern (38) und einen Mantel (36)
umfaft, wobei der Mantel an dem gemeinsamen In-
terface bezlglich des das gemeinsame Interface
ermangelnden Mantels in Dicke verringert wird.

Sensor nach Anspruch 1, einschlieBlich in dem Kér-
per angeordneter Temperaturfuhlmittel (76, 74).

Sensor nach Anspruch 1, einschlieBlich einem
zweiten Paar in dem Kérper angeordnete optische
Faser, wobei das zweite Paar (86) optische Faser
an Spitzen endet, wobei die Spitzen in optischer
Verbindung mit einer nicht-ablenkenden reflektie-
renden Oberflache sind.

Sensor nach Anspruch 1, einschlieBlich einem
zweiten Paar in dem Kérper angeordnete optische
Faser, wobei das zweite Paar optische Faser an ei-
nem zweiten Paar Spitzen endet, wobei das zweite
Paar Spitzen in optischer Verbindung mit dem Vo-
lumen auf einem Abstand von der reflektierenden
gebogenen Oberflache abweichend von den Spit-
zen von dem einen Paar optische Faser ist.

Interne  Verbrennungsmotorkraftstoffeinspritzein-
heit mit darin einer Kraftstoffkammer, wobei ein fa-
seroptischer Kraftstoffdrucksensor nach einem der
vorhergehenden Anspriiche in der Einspritzeinheit
vorgesehen ist, wobei der faseroptische Kraftstoff-
drucksensor in Verbindung mit der Kraftstoffkam-
mer ist.

Kraftstoffeinspritzeinheit nach Anspruch 11, wobei
der Sensor eine Membran umfaf3t, wobei die Dia-

gram mit der Kraftstoffkammer in Verbindung ist.

Interne  Verbrennungsmotorkraftstoffeinspritzein-
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heit nach den Anspriichen 11 oder 12, mit darin ei-
ner Kraftstoffkammer, wobei ein Kanal gebildet ist
in der Kraftstoffeinspritzeinheit von der Kraftstoff-
kammer getrennt, wobei der Kanal bei Installation
der Einspritzeinheit und des faseroptischen Ver-
brennungsdrucksensors in dem Kanal zu einer Mo-
torverbrennungskammer offen ist.

Kraftstoffeinspritzeinheit nach Anspruch 13, wobei
der Verbrennungsdrucksensor eine Membran um-
faBt, wobei die Membran in Verbindung mit dem Ka-
nal und der Verbrennungskammer ist.

Kraftstoffeinspritzeinheit nach Anspruch 11, ein-
schlieBlich einem in der Einspritzeinheit gebildeten
Kanal, wobei der Kanal bei Installation der Ein-
spritzeinheit und eines faseroptischen Verbren-
nungsdrucksensors in dem Kanal zu einer Motor-
verbrennungskammer offen ist.

Kraftstoffeinspritzeinheit nach Anspriichen 11, 13
oder 15, wobei zumindest ein Drucksensor zwei
Paar optische Faser umfaBt, eine Membran mit ei-
ner Unterseite, eine auf der Unterseite angeordnete
diinne Folie um Reflexion zu verschaffen, wobei die
diinne Folie einen Reflexionskoeffizient hat, der bei
zunehmender Temperatur verringert, eine reflektie-
rende nicht-ablenkende Oberflache, wobei die re-
flektierende nicht-ablenkende Oberflache einen
Reflexionskoeffizient hat der bei zunehmender
Temperatur verringert, wobei ein Paar optische Fa-
ser in optischer Verbindung mit der Membran ist
und das andere Paar optische Faser in optischer
Verbindung mit der reflektierenden nicht-ablenken-
den Oberflache ist.

Kraftstoffeinspritzeinheit nach Anspruch 16, ein-
schlieBlich Schaltkreismittel in optoelekironischer
Verbindung mit dem Drucksensor mit zwei Paar op-
tische Faser, wobei die Schaltkreismittel Mittel um-
fassen um Licht in eine Faser von jedem Paar op-
tische Faser einzukuppeln, Mittel zum Detektieren
von Licht von der anderen Faser von jedem Paar
optische Faser und dazu Reaktion verschaffen, Mit-
tel um die Reaktionen zu dem detektierten Licht von
den anderen Fasern zu kombinieren und als Reak-
tion darauf einen Output, fir Temperaturdnderun-
gen in dem Kraftstoffsensor mit zwei Paar optische
Faser korrigiert, zu verschaffen.

Kraftstoffeinspritzeinheit nach Anspruch 17, wobei
die Schaltkreismittel als Reaktion auf den fir Tem-
peraturdnderungen korrigierten Output die Mittel
zum Einkuppeln von Licht in eine Faser jedes Paars
anpasst.

Kraftstoffeinspritzeinheit nach Anspriichen 11, 13
oder 15, einschlieBlich in zumindest einem Druck-
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sensor angeordneter Temperaturfihlmittel,

Schaltkreismittel in optoelekironischer Ver-
bindung mit dem Sensor mit darin den Temperatur-
fuhimitteln, wobei die Schaltkreismittel Mittel zum
Einkuppelnvon Licht in den zumindest einen Druck-
sensor umfassen, Mittel um von dem zumindest ei-
nen Drucksensor eintreffendes Licht zu detektieren
und dazu eine Reaktion zu verschaffen und Mittel
um Temperatur induzierte Anderungen in den Tem-
peraturfihimitteln zu detektieren und zu beantwor-
ten,

Mittel um die Reaktionen auf die Licht detek-
tierten und Temperatur induzierten Anderungen zu
kombinieren und dazu als Reaktion einen Output
fiir die Temperatur induzierten Anderungen korri-
giert zu verschaffen.

Kraftstoffeinspritzeinheit nach Anspruch 19, wobei
die Schaltkreismittel als Reaktion auf den fur Tem-
peratur induzierte Anderungen korrigierten Output
die Mittel zum Einkuppeln von Licht in den zumin-
dest einen Drucksensor anpassen.

Kraftstoffeinspritzeinheit nach Anspriichen 11, 13
oder 15 einschlieBlich Schaltkreismittel in optoelek-
tronischer Verbindung mit zumindest einem Druck-
sensor, wobei die Schaltkreismittel Mittel umfassen
um Licht in den zumindest einen Drucksensor ein-
zukuppeln, Mittel um von dem zumindest einen
Drucksensor eintreffendes Licht zu detektieren und
eine Reaktion darauf zu verschaffen,

und Mittel, durch einen externen Trigger an-
getrieben, um die Mittel zum Einkuppeln von Licht
in den zumindest einen Drucksensor anzupassen.

Kraftstoffeinspritzeinheit nach Ansprichen 11, 3
und 15, wobei zumindest ein Drucksensor zwei
Paar optische Faser und eine Membran umfaBt,
wobei beide Paare optische Faser Spitzen in opti-
scher reflektierender Verbindung mit der Membran
haben,

die Spitze eines Paars optische Faser auf ei-
nem anderen Abstand von der Membran entfernt
als die Spitze des anderen Paars optische Faser.

Kraftstoffeinspritzeinheit nach Anspruch 22, wobei
jedes Paar optische Faserin einer getrennten Zwin-
ge angeordnet sind.

Kraftstoffeinspritzeinheit nach Anspruch 22, wobei
beide Paare optische Faser in derselben Zwinge
angeordnet sind.

Kraftstoffeinspritzeinheit nach Anspruch 22, wobei
die Membran eine Unterseite hat, wobei zumindest
ein Teil der Unterseite eine reflektierende Oberfla-
che hat, wobei Bewegung der Membran in Richtung
auf die beiden Spitzen den Lichtoutput von der
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néchsten Spitze zu der Membran verringern 1483t
und den Lichtoutput von der weitesten Spitze zu-
nehmen IaBt.

Kraftstoffeinspritzeinheit nach Anspruch 25, ein-
schlieBlich Schaltkreismittel in optoelekironischer
Verbindung mit dem zumindest einen Drucksensor
mit zwei Paar optische Faser, wobei die Schalt-
kreismittel Mittel umfassen um Licht in eine Faser
von jedem Paar optische Faser einzukuppeln, Mit-
tel um von der anderen Faser von jedem Paar op-
tische Faser eintreffendes Licht zu detektieren und
Reaktionen darauf zu verschaffen,

wobei die mit der Spitze am weitesten von der
Membran korrespondierende Reaktion die Mittel
zum Einkuppeln von Licht in eine Faser von jedem
Paar optische Faser anpassen 143t und die mit der
Spitze néhest zu der Membran korrespondierende
Reaktion einen durch die Reaktion der Spitze am
weitesten von der Membran korrigierten Output ver-
schafft.

Kraftststoffeinspritzeinheit nach Anspruch 26, wo-
bei das Mittel zum Einkuppeln von Licht angepasst
ist um eine hauptséchliche konstante Reaktion von
der Spitze am weitesten von der Membran zu ver-
schaffen.

Kraftstoffeinspritzeinheit nach Anspruch 25 ein-
schlieBlich Schaltkreismittel in optoelekironischer
Verbindung mit dem zumindest einen Drucksensor
mit zwei Paar optische Faser, wobei die Schalt-
kreismittel Mittel umfassen um Licht in eine Faser
von jedem Paar optische Faser einzukuppeln, Mit-
tel um von der anderen Faser von jedem Paar op-
tische Faser eintreffendes Licht zu detektieren und
Reaktionen darauf zu verschaffen, Summiermittel
um die Reaktionenen zu kombinieren und die Mittel
zum Einkuppeln von Licht in eine Faser von jedem
Paar optische Faser anzupassen und Differenzmit-
tel zum Kombinieren der Reaktionen um einen kor-
rigierten Output zu verschaffen.

Kraftstoffeinspritzeinheit nach Anspruch 28, ein-
schlieBlich in dem zumindest einen Drucksensor
angeordneter Temperaturfihimittel,

und Mittel in den Schaltkreismitteln ange-
passt zum Reagieren auf Temperaturinduzierte An-
derungen in den Temperaturfihlmitteln und als Re-
aktion darauf zum Anpassen des Kkorrigierten Out-
puts.

Kraftstoffeinspritzeinheit nach Anspruch 26, ein-
schlieBlich Mittel zum programmierbar Kalibrieren
der Reaktionen unter einer Mehrheit von optischen
Faserpaaren.
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Revendications

Un capteur (14, 12) de pression a fibres optiques
comprenant un corps, au moins une paire de fibres
optiques (42, 44) montées dans le corps (46), ladite
paire de fibres optiques (42, 44) se terminant & des
pointes, un diaphragme (40) monté sur le corps (46)
pour former avec le corps un volume enfermé, ledit
diaphragme comportant une face inférieure (48)
tournée vers le volume, et lesdites pointes étant en
communication optique avec la face inférieure (48),

caractérisé en ce que

au moins une fraction de la face inférieure
comporte une surface incurvée concave qui reste
concave lors de I'application d'une pression exter-
ne, ladite surface incurvée étant réfléchissante et
positionnée pour réfléchir une lumiére émise par la
pointe de la premiére fibre vers la pointe de la
deuxiéme fibre, de facon & focaliser la lumiére sur
la pointe de la deuxiéme fibre lorsque aucune pres-
sion n'est appliquée, tandis que le foyer (54) de la
surface concave est décalé a |'écart de la position
de la pointe de la deuxiéme fibre lorsqu'une pres-
sion externe est appliquée.

Le capteur selon la revendication 1, dans lequel la
lumiére réfléchie est maximisée lorsque le différen-
tiel de pression entre les c6tés du diaphragme est
minimal.

Le capteur selon la revendication 1 dans lequel un
déplacement du diaphragme vers les pointes réduit
la lumiére recue par la pointe de l'autre fibre.

Le capteur selon la revendication 1 dans lequel la
surface incurvée est ellipsoidale.

Le capteur selon la revendication 1 dans lequel la
surface incurvée est sphérique.

Le capteur selon la revendication 1 dans lequel un
mince film (72) est appliqué a la surface incurvée
pour conférer la réflectivité, le coefficient de réflec-
tivité dudit film mince diminuant lorsque la tempé-
rature s'éléve.

Le capteur selon la revendication 1 dans lequel les
deux fibres optiques (42, 44) de la paire sont atta-
chées ensemble le long d'une interface commune
(34), et dans lequel chaque fibre optique comprend
un noyau (38) et un gainage (36), I'épaisseur du gai-
nage étant moindre a l'interface commune que celle
du gainage aux emplacements autres que l'interfa-
ce commune.

Le capteur selon la revendication 1 qui inclut un
moyen capteur (76, 74) de température monté dans
le corps.
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Le capteur selon la revendication 1 qui inclut une
deuxieme paire de fibres optiques montée dans le
corps, ladite deuxieme paire (86) de fibres optiques
se terminant a des pointes, lesdites pointes étant
en communication optique avec une surface réflé-
chissante non défléchissante.

Le capteur selon la revendication 1 qui inclut une
deuxieme paire de fibres optiques montée dans le
corps, la deuxieéme paire de fibres optiques se ter-
minant a une deuxiéme paire de pointes, ladite
deuxiéme paire de pointes étant en communication
optique avec le volume & une distance de la surface
incurvée réfléchissante qui est différente des poin-
tes de la premiére paire de fibres optiques.

Un injecteur de carburant pour moteur & combus-
tion interne qui inclut une chambre de carburant, un
capteur de pression de carburant a fibres optiques
conforme a l'une quelconque des précédentes re-
vendications monté dans l'injecteur, ledit capteur de
pression de carburant a fibres optiques étant en
communication avec la chambre de carburant.

L'injecteur de carburant selon la revendication 11
dans lequel le capteur inclut un diaphragme, le
diaphragme étant en communication avec la cham-
bre de carburant.

Un injecteur de carburant pour moteur & combus-
tioninterne selon larevendication 11 ou 12 quiinclut
une chambre, un canal formé dans l'injecteur de
carburant et séparé de la chambre de carburant, le-
dit canal étant ouvert vers une chambre de combus-
tion du moteur lors de l'installation de I'injecteur et
du capteur de pression de combustion a fibres op-
tiques monté dans ledit canal.

L'injecteur de carburant selon la revendication 13
dans lequel le capteur de pression de combustion
inclut un diaphragme, le diaphragme étant en com-
munication avec le canal et la chambre de combus-
tion.

L'injecteur de carburant selon la revendication 11
qui inclut un canal formé dans l'injecteur, ledit canal
étant ouvert vers une chambre de combustion de
moteur lors de l'installation de l'injecteur, et du cap-
teur de pression de combustion & fibres optiques
monté dans ledit canal.

L'injecteur de carburant suivant l'une quelconque
des précédentes revendications 11, 13 ou 15 dans
lequel au moins un capteur de pression inclut deux
paires de fibres optiques, un diaphragme a face in-
férieure, un film mince appliqué sur la face inférieu-
re pour conférer une réflectivité, le coefficient de ré-
flectivité dudit film mince diminuant lorsque la tem-
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pérature s'éléve, une surface réfléchissante non
défléchissante, le coefficient de réflectivité de ladite
surface réfléchissante non défléchissante dimi-
nuant lorsque la température s'éléve, 'une desdites
paires de fibres optiques étant en communication
optique avec le diaphragme et I'autre desdites pai-
res de fibres optiques étant en communication op-
tique avec la surface réfléchissante non défléchis-
sante.

L'injecteur de carburant selon la revendication 16
qui inclut un moyen de circuit en communication op-
toélectronique avec le capteur de pression a deux
paires de fibres optiques, ledit moyen de circuit in-
cluant un moyen d'injection d'une lumiére dans
I'une des fibres de chaque paire de fibres optiques,
un moyen destiné & détecter une lumiére arrivant
de l'autre fibre de chaque paire de fibres optiques
et a envoyer une réponse a cette lumiére, un moyen
destiné & combiner les réponses a la lumiére détec-
tée provenant des autres fibres et & envoyer en ré-
ponse a celles-ci une sortie corrigée quant aux va-
riations de température dans le capteur de pression
a deux paires de fibres optiques.

L'injecteur de carburant selon la revendication 17
dans lequel ledit moyen de circuit ajuste, en répon-
se a la sortie corrigée quant aux variations de tem-
pérature, le moyen d'injection de lumiére dans l'une
des fibres de chaque paire.

L'injecteur de carburant selon I'une quelconque des
revendications 11, 13 ou 15 qui inclut un moyen
capteur de température monté dans au moins un
capteur de pression,

un moyen de circuit en communication optoé-
lectronique avec le capteur dans lequel est monté
le moyen capteur de température, ledit moyen de
circuit incluant un moyen d'injection de lumiére
dans au moins un capteur de pression, un moyen
de détection de lumiere provenant du au moins un
capteur de pression et d'envoi d'une réponse a cet-
te détection, et un moyen destiné a détecter des va-
riations induites par la température dans le moyen
capteur de température et a y répondre,

un moyen destiné a combiner les réponses a
la lumiére détectée et aux variations induites de
température, et & envoyer, en réponse a cette com-
binaison, une sortie corrigée quant aux variations
induites par la température.

L'injecteur de carburant selon la revendication 19
dans lequel ledit moyen de circuit ajuste, en répon-
se a la sortie corrigée quant aux variations induites
par la température, le moyen d'injection de lumiére
dans I'au moins un capteur de pression.

L'injecteur de carburant selon |'une quelconque des
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22.

23.

24.

25,

26.

22

revendications 11, 13 ou 15 qui inclut un moyen de
circuit en communication optoélectronique avec au
moins un capteur de pression, ledit moyen de circuit
incluant un moyen d'injection de lumiére dans l'au
moins un capteur de pression, un moyen destiné a
détecter une lumiére arrivant du au moins un cap-
teur de pression et a envoyer une réponse a cette
détection,

et un moyen actionné par un déclencheur ex-
terne pour ajuster le moyen d'injection de lumiére
dans 'au moins un capteur de pression.

L'injecteur de carburant selon l'une quelconque des
revendications 11, 13 ou 15 dans lequel au moins
un capteur de pression inclut deux paires de fibres
optiques et un diaphragme, lesdites deux paires de
fibres optiques comportant des pointes en commu-
nication optique réfléchissante avec le diaphragme;

lapointe de I'une des paires defibres optiques
étant & une distance du diaphragme qui différe de
la distance de la pointe de I'autre paire de fibres op-
tiques.

L'injecteur de carburant selon la revendication 22
dans lequel chaque paire de fibres optiques est
montée dans un embout séparé.

L'injecteur de carburant selon la revendication 22
dans lequel les deux paires de fibres optiques sont
montées dans le méme embout.

L'injecteur de carburant selon la revendication 22
dans lequel le diaphragme comporte une face infé-
rieure, au moins une fraction de la face inférieure
comprenant une surface réfléchissante, agencée
d'une maniere telle qu'un déplacement du
diaphragme le rapprochant des deux pointes pro-
voque une réduction de la lumiére sortie de la pointe
la plus proche du diaphragme et un accroissement
de la lumiére sortie de la pointe la plus éloignée.

L'injecteur de carburant selon la revendication 25
quiinclut un moyen de circuit en communication op-
toélectronique avec I'au moins un capteur de pres-
sion a deux paires de fibres optiques, ledit moyen
de circuit incluant un moyen d'injection de lumiére
dans l'une des fibres de chaque paire de fibres op-
tiques, un moyen destiné a détecter la lumiére arri-
vant de |'autre fibre de chaque paire de fibres opti-
ques et a envoyer des réponses a ces détections,

de sorte que la réponse correspondant a la
pointe la plus éloignée du diaphragme est amenée
a ajuster le moyen d'injection de la lumiére dans
l'une des fibres de chaque paire des fibres optiques
et que la réponse correspondant & la pointe la plus
proche du diaphragme envoie une sortie corrigée
par la réponse de la pointe la plus éloignée du
diaphragme.
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L'injecteur de carburant selon la revendication 26
dans lequel le moyen d'injection de lumiére est ajus-
té pour envoyer une réponse sensiblement cons-
tante a partir de la pointe la plus éloignée du
diaphragme.

L'injecteur de carburant selon la revendication 25
qui inclut un moyen de circuit en communication op-
toélectronique avec l'au moins un capteur de pres-
sion & deux paires de fibres optiques, ledit moyen
de circuit incluant un moyen d'injection de lumiére
dans l'une des fibres de chaque paire de fibres op-
tiques, un moyen destiné a détecter une lumiére ar-
rivant de |'autre fibre de chaque paire de fibres op-
tiques et a envoyer des réponses & ces détections,
un moyen de sommation pour combiner les répon-
ses et ajuster le moyen d'injection de la lumiére
dans l'une des fibres optiques de chaque paire et
un moyen de différenciation pour combiner les ré-
ponses pour envoyer une sortie corrigée.

L'injecteur de carburant selon la revendication 28
qui inclut un moyen capteur de température monté
dans I'au moins un capteur de pression,

et un moyen, inclus dans ledit moyen de cir-
cuit, apte a répondre a des variations induites par
la température dans le moyen capteur de tempéra-
ture et & ajuster en réponse a cecila sortie corrigée.

L'injecteur de carburant selon la revendication 26
qui inclutun moyen de calibrage programmable des
réponses entre des paires de fibres optiques d'une
série.
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