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[57] ABSTRACT

In order to prevent tilting and torsional stresses from
entering the actual sensor element of a pressure sensor
comprising a supporting part and an integrated sensor
part, the proposal is put forward that the corresponding
surfaces of a shoulder of the supporting part and of a
fastening element screwed into the measuring bore be
configured as the lateral surfaces of cones whose gener-
ating lines intersect with the longitudinal axis of the
supporting part, or as parts of the surface of a sphere
whose center is situated on the longitudinal axis of the
sensor part. The two corresponding faces transmitting
the pressure from the fastening element onto the sup-
porting part, and permitting a slight tilt of the longitudi-
nal axis of the supporting part relative to the axis of the
internal thread of the measuring bore.

12 Claims, 2 Drawing Sheets
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1
PRESSURE SENSOR

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

BACKGROUND OF THE INVENTION

This invention relates to a pressure sensor, in particu-
lar for measuring high pressures, comprising a support-
ing part held in a measuring bore of a component, and
an integrated sensor part holding a sensor element,

which 1s 1n at least indirect contact with 8 membrane .

subject to the pressure to be determined, the sensor part
being provided with a sealing area for sealing the pres-
sure sensor against the measuring bore.

DESCRIPTION OF THE PRIOR ART

A pressure sensor of the above type is described in
EP-A10230491, FIG. 1, for example, and is referred to
as state of the art in this paper. The pressure sensor is
mounted In a measuring bore in a component surround-
ing a measuring chamber, e.g. a hydraulic line, an injec-
tion line, or a combustion chamber, the measuring bore
consisting of a lower section with a smaller diameter
and an upper section with a larger diameter. A step is
formed where the two sections meet, against which is
pressed the sealing area or zone of a flange surrounding
the sensor part, in order to seal off the measuring cham-
ber. The sealing area itself either is self-sealing or it is
sealed by means of an additional gasket. The step should
be normal to the axis of the internal thread of the mea-
suring bore.

The section of the bore with the larger diameter has
an internal thread corresponding to an external thread
on the supporting part of the pressure sensor, which
may thus be screwed into the measuring bore.

The sensor part holds the actual sensor element,
which 1s preferably configured as one or more suitable
piezoelectric measuring elements, whose electrical
charges are carried off via a signal lead running through
the supporting part. The bottom of the pressure sensor,
which is subject to the pressure of the medium to be
examined, includes a part containing a membrane with a
thickened center area, transmitting the force generated
by the pressure of the medium to the sensor element.

With its level top surface facing the supporting part,
the sensor part is contiguous with a corresponding level
surface of the supporting part, to which it is welded.
The separating plane defined by the level top surface of
the sensor part is normal to the mean axis of the pressure
$ensor.

In order to obtain a satisfactory sealing effect the
sealing surface of the sensor part must be pressed
against the step in the measuring bore with considerable
force. For this purpose sufficiently high tightening
torques of up to 60 Nm are required when the pressure
sensor 1s screwed into position. The extremely high
sealing forces resulting therefrom will also act upon the
sensor part. It should be noted in this context that the
above demand concerning a normal position of the step
in the measuring bore relative to the axis of the thread
cannot always be met with sufficient accuracy, which
will result 1n an inhomogeneous distribution of forces
along the flange of the sensor part. This will cause un-
balanced loading of the sensor element, with new imbal-
ances each time 1t is inserted, leading to signal errors. In
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addition, large torsional stresses will occur in the sensor
area when the pressure sensor is screwed in, which will
also have unfavorable effects on the measured result.
In FIG. 2 of the above EP-A1 0 230 491 is presented
a pressure sensor which s intended to eliminate these
problems. The supporting part is provided with a seal-
ing shoulder which is in contact with the step in the
measuring bore and constitutes the actual sealing site.
The supporting part has a tube-like projection axially
extending beyond the sealing shoulder, to which is
bonded the sensor part. This will reduce the transmis-
sion of mounting and sealing forces on the sensor ele-
ment of the sensor part. But even this variant will not
prevent torsional forces from entering via the tube-like
projection tightly surrounding the sensor part to which
it is welded, nor will it guarantee a homogeneous distri-
bution of forces in the area of the sealing shoulder.

SUMMARY OF THE INVENTION

It is an object of this invention to develop a pressure
sensor of the above type in such a way as to permit the
sealing surface of the sensor part to be pressed against
the step in the measuring bore with a force that is com-
paratively constant along the circumference of the seal-
ing site, while largely eliminating the influence of tor-
sional forces upon the sensor part, or rather, the sensor
element.

In the invention this object is achieved by configur-
ing the corresponding surfaces of a shoulder of the
supporting part and of a fastening element that is
screwed into the measuring bore as lateral surfaces of a
cone whose generating lines intersect with the longitu-
dinal axis of the supporting part, or as parts of the sur-
face of a sphere whose center is situated on the longitu-
dinal axis of the sensor part, the corresponding surfaces
transmitting the pressure from the fastening element
onto the supporting part, and permitting a slight tilt of
the longitudinal axis of the supporting part relative to
the axis of the internal thread of the measuring bore.

This will permit a slight tilting of the supporting part
in order to adjust it to the plane of the step in the mea-
suring bore, thus ensuring homogeneous distribution of
the exerted pressure. As the supporting part and the
sensor part attached to it are not subject to any rota-
tional movement when they are sealed in place during
assembly, no torsional forces are generated in this area.

The invention would also permit that only one of the
surfaces be configured as a cone or as part of the sur-
faces of a sphere, and that its corresponding surface,
which is made from a non-hardened material, be de-
formed to assume a conical or spherical shape only
when the tightening screw is tightened.

Slight torsional forces, which are transmitted to the
supporting part when the fastening element is screwed
in, may be largely compensated by the supporting part
if an extreme pressure lubricant film is provided be-
tween the corresponding surfaces.

The fastening element may be configured as a tight-
ening screw, whose center opening is penetrated by a
projection of the supporting part, an annular gap being
provided between tightening screw and projection,
which is tapered towards the compensating element.
Due to this conical gap the supporting part has enough
freedom of movement within the tightening screw to be
allowed to tilt. ‘

According to the invention a permanently deform-
able compensating element may be provided between
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the two corresponding surfaces, a further proposal pro-
viding that one of the surfaces of the fastening element
or the shoulder of the supporting part that are in contact
with the deformable compensating element, have ridges
with a semi-circular or trapezoidal profile, which may
be pressed into the compensating element. The perma-
nent deformation, e.g. of the sealing ring, may be used
for determining the axial deviation or tilt of the pressure
sensor in the measuring bore after its removal.

In a preferred variant at least one of the surfaces of
the deformable compensating element that are in
contact with the fastening element or the shoulder of
the supporting part, has ridges with a semi-circular or
trapezoidal profile, which extend either radially or cir-
cularly. The main advantage of this variant is its low
manufacturing cost due to the fact that the angular or
rounded ridges are provided on the compensating ele-
ment itself,

It has proved to be of advantage if the deformable
compensating element has a cross-section in the shape
of a Z or H.

In order to facilitate frequent re-insertion of the pres-
sure sensor the deformable compensating element
should be replaceable and should be made of copper
alloy, preferably brass, or of soft steel.

BRIEF DESCRIPTION OF THE DRAWINGS

Following is a brief description of the invention as
illustrated by the accompanying drawings, in which

FIGS. 1 to 3 show different variants of a pressure
sensor as described by the invention, presented as longi-
tudinal sections.

FIGS. 4a and 4b give a section and a view from above
of a compensating element of a pressure sensor as

shown in FIGS. 1 to 3,
FIG. 5§ represents a variant of FIG. 4a.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The pressure sensor shown in FIG. 1 comprises a
supporting part 1 which is in contact with the sensor
part 4 via a face 3 normal to its longitudinal axis 2. The
supporting part 1 and the sensor part 4 are welded to-
gether. The sealing area 7 of a continuous flange 8
around the sensor part 4, which is formed in the sealing
plane 6, is pressed against a step 11 after the pressure
sensor has been inserted into the measuring bore 9 of a
component 10, which step 11 separates the two sections
of the bore 9, i.e. one with a larger diameter, which has
an interior thread, and one with a smaller diameter. The
membrane part 15 of the sensor, which extends beyond
the sealing plane 6, comprises a membrane 16 with a
reinforced center area, which is in contact with the
sensor element 17, pressing it against the supporting
part 1 on account of a certain pre-load. The electrical
charges which are built up in the sensor element 17
when it is subjected to pressure, are carried off through
electric leads (not shown here) running in the center
bore 18 of the supporting part 1.

The supporting part 1 is not directly screwed into the
measuring bore 9, preferably, but is provided with a
shoulder 19 whose surface 27 cooperates with a fasten-
ing element 21 configured as a tightening screw to be
screwed into the measuring bore 9. The surface of the
fastening element facing the shoulder 19 has the refer-
ence number 26. In order to compensate deviations of
the longitudinal axis 2 of the supporting part 1 from the
thread axis 22 of the internal thread of the measuring
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bore 9 (which coincide in this drawing), and to permit a
slight tilting of the supporting part 1 in the measuring
bore 9, the corresponding surfaces 26 and 27 are config-
ured as the lateral surfaces of cones, whose generating
lines 31 intersect with the longitudinal axis 2 of the
supporting part 1. In addition, a deformable compensat-
ing element 23 may be inserted between the shoulder 19
of the supporting part 1 and the tightening screw 21, for
example, a deformable ring.

The center opening 28 of the fastening element 21 is
penetrated by a projection 29 of the supporting part 1,
an annular gap 30 being provided between the fastening
element 21 and the projection 29, which is tapered
towards the compensating element 23, and which per-
mits a slight tilting of the supporting part 1 and the
sensor part 4 in the measuring bore 9.

In the following variants identical parts have identi-
cal reference numbers.

FIGS. 2 and 3 show a pressure sensor in which both
the surface 26 of the fastening element 21 facing the
supporting part 1, and the corresponding surface 27 of
the shoulder 19 are configured as parts of the surface of
a sphere, whose center is situated on the longitudinal
axis 2 of the sensor part 4. In the variant of FIG. 2 the
center of the sphere is located in the area of the sealing
plane 6, in that of FIG. 3—with the direction of curva-
ture reversed—in the area of the projection 29. In both
instances the tilting movement 1s facilitated by an ex-
treme pressure lubricant film between the two surfaces
26 and 27.

FIGS. 4a and 4b show a detail of a variant of a com-
pensating element 23 according to FIG. 1, i.e. FIG. 4b
a view from above and FIG. 4a a section along line
A—A in FIG. 4b. In this variant radially extending
ridges 35 with sharp edges are provided for deforma-
tion. It would be possible of course, to place corre-
sponding ridges 35 on the fastening element 21 or the
shoulder 19 as well. ‘

FIG. § shows a variant of FIG. 4a, in which the
compensating element 23 has circularly extending
ridges 34 of semi-circular cross-section.

As an additional benefit the compensating elements of
all variants will largely prevent normal forces from
entering the supporting part 1 or the sensor part 4, when
the fastening element configured as a tightening screw
1s tightened.

We claim: -

1. A pressure sensor comprising a supporting part
insertable in a measuring bore having an internal thread,
and an integrated sensor part holding a sensor element,
which is in at least indirect contact with a membrane
subject to the pressure to be determined, said sensor
part being provided with a sealing area for sealing said
pressure sensor against said measuring bore, wherein
corresponding surfaces of a shoulder of said supporting
part and of a fastening element which can be screwed
into said measuring bore are configured as lateral sur-
faces of a cone whose generating lines intersect with the
longitudinal axis of said supporting part, said corre-
sponding surfaces transmitting the pressure from said
fastening element onto said supporting part, permitting
a slight tilt of the longitudinal axis of said supporting
part relative to the axis of said internal thread of said
measuring bore.

2. A pressure sensor according to claim 1, wherein an
extreme pressure lubricant film 1s provided between
said corresponding surfaces.
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3. A pressure sensor according to claim 1, wherein a
deformable compensating element is provided between
said corresponding surfaces.

4. A pressure sensor according to claim 3, wherein
one of said corresponding surfaces of said fastening
element or said shoulder of said supporting part being in
contact with said deformable compensating element,
have ridges with a semi-circular or trapezoidal profile,
which are pressed into said compensating element.

3. A pressure sensor according to claim 3, wherein at
least one of the surfaces of said deformable compensat-
ing element being in contact with said fastening element
or said shoulder of said supporting part, has ridges with

a semi-circular or trapezoidal! profile, which extend .

either radially or circularly.

6. A pressure sensor according to claim 3, wherein
said deformable compensating element is replaceable
and 1s made of copper alloy, preferably brass, or of soft
steel.

7. A pressure sensor comprising a supporting part
Insertable in a2 measuring bore having an internal thread,
and an integrated sensor part holding a sensor element,
which is 1n at least indirect contact with a membrane
subject to the pressure to be determined, said sensor
part being provided with a sealing area for sealing said
pressure sensor against said measuring bore, wherein
corresponding surfaces of a shoulder of said supporting
part and of a fastening element which can be screwed
mnto said measuring bore are configured as parts of the
surface of a sphere whose center is situated on the longi-
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tudinal axis of said supporting part, said corresponding
surfaces transmitting the pressure from said fastening
element onto said supporting part, permitting a slight
tilt of the longitudinal axis of said supporting part rela-
tive to the axis of said internal thread of said measuring
bore.

8. A pressure sensor according to claim 7, wherein an
extreme pressure lubricant film is provided between
said corresponding surfaces.

9. A pressure sensor according to claim 7, wherein a
deformable compensating element is provided between
said corresponding surfaces.

10. A pressure sensor according to claim 9, wherein
one of said corresponding surfaces of said fastening
element or said shoulder of said supporting part being in
contact with said deformable compensating element,
have ridges with a semi-circular or trapezoidal profile,
which are pressed into said compensating element.

11. A pressure sensor according to claim 9, wherein
at least one of the surfaces of said deformabie compen-
sating element being in contact with said fastening ele-
ment or said shoulder of said supporting part, has ridges
with a semi-circular or trapezoidal profile, which ex-
tend either radially or circularly.

12. A pressure sensor according to claim 9, wherein
said deformable compensating element is replaceable
and is made of copper alloy, preferably brass, or of soft

steel.
x ¥ W ] %
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