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(57) Abstract: A differential pressure sensor for measuring a pressure difference between two high-pressure environments is com-
prised of a sensor block (1) having internal, oil-filled channels (3, 4, 5) leading to an internally positioned differential pressure sensor
element (dp). Two process diaphragms (B, C) are provided for transferring pressure from the high-pressure environments for iso-
lating two distinct internal oil channels (4, 3) from the high-pressure environments. In order to achieve small internal oil volumes
in the sensor block (1), additionally two separating discs (A, D), which initially separate between the two internal oil channels (3,
4), are positioned in fluid communication with the high-pressure environments in order to block for the pressure from the high-pres-
sure environments against the oil channels "from behind". The separating discs (A, D) bear against abutment faces (9, 10) having
small openings (13,14) into the internal oil channels (3, 4). The separating discs (A, D) are preferably given a pre-tension, and the
abutment faces (9, 10) are then shaped correspondingly having a slightly convex shape. Preferably, separating discs (A, D) with no

corrugations are used.
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DIFFERENTIAL PRESSURE SENSOR

INTRODUCTION
The present invention relates to a differential pressure sensor for high static

pressures.

BACKGROUND

US Patent No. 6,796,185 introductorily describes a differential pressure sensor
based on older technology, wherein from a high-pressure side and a low-pressure
side (actually two high pressures, with one pressure being higher than the other),
two different pressures are transferred to two trapped oil volumes in channels
within the sensor. A desire exists to protect an internally located differential pres-
éure sensor (a) from being exposed to possible aggressive chemical substances,
and (b) from being exposed to an extreme differential pressure should one of the
two external pressures suddenly drop to zero, for example. Accordingly, in cons-
ideration of a), internal oil volumes are used, so that the internal pressure sensor
is located solely in an oil environment. As to b), a favorable design using
diaphragms with a deflection restriction ensures that an overpressure event cannot
be transferred to the internal pressure sensor. The older technology shown in Fig.
2 of the US Patent provides definitions of the diaphragms included: Two outer
diaphragms, being exposed to the external process environments which differ-
ential pressure is to be measured, is referred to as "process diaphragms”. These
diaphragms separate the internal oil environments within the sensor from the
external process environments and transfer the two pressures into the sensor.
Inside the sensor, a diaphragm is located that separates the two oil volumes/
pressures from each other and that is able to flex in both directions inside a
chamber. This diaphragm is referred to herein as a "separating disc.”

From JP 4-299230 a differential pressure sensor is known comprising two
diaphragms on a high-pressure side and one diaphragm on a low-pressure side. A
pressure sensor is connected to one of the diaphragms on the high-pressure side,
and from the pressure sensor a channel runs that branches to the other high-
pressure side diaphragm and to the diaphragm on the low-pressure side. In reality,
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this pressure sensor works according to a rather simple differential measurement
principle. All three diaphragms are process diaphragms, and it has to be assumed

that only a single separating disc is used, such as in the prior art referred to above.

US 6,796,185 then describes an improvement of the above technology, still comp-
rising two outer process diaphragms exposed to the external environments, but
wherein additionally two inner separating discs are used. Each of these discs is
only able to deflect in one direction, as both discs bear against a restricting sur-
face. That s, in this case the pressure transferring mechanism is a diaphragm
assembly that (from each process pressure side) is comprised of an outer, planar
process diaphragm transferring pressure from a process to the oil volume and a
pre-tensioned, corrugated separating disc bearing against a concave abutment
face within the sensor. The corrugated separating disc is pre-tensioned inwards
towards the abutment face. Both the high-pressure side and the low-pressure side
have a transferring mechanism consisting of a process diaphragm and a corrug-
ated separating disc. The diaphragm assembly of the high-pressure side is positi-
oned facing the diaphragm assembly of the low-pressure side in a lower part of the
sensor. The space between the separating disc and the process diaphragm on the
high-pressure side is filled with oil, and is connected with the differential pressure
sensor and backside of the corrugated separating disc on the low-pressure side
through a channel. There is also a similar channel connection from the space bet-
ween the separating disc and the process diaphragm on the low-pressure side
(the space being filled with oil) to the differential pressure sensor and the backside
of the corrugated separating disc on the high-pressure side. The problem with this
differential pressure sensor is that it contains large internal oil volumes. At a
change in the temperature or pressure, the volume of this oil will change, either
due to thermal expansion or compression or a combination thereof. This volume
change must be compensated for by the process diaphragms, so that these intro-
duce a pressure drop that will deteriorate the measurements. With a smaller oil
volume, this measurement inaccuracy will be reduced. This is particularly impor-
tant when the line pressure is many times greater than the differential pressure.
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The same volume change will cause the cutoff pressure to change. A smaller
volume results in a smaller volume change, providing a more precisely defined

cutoff pressure.

The publication WO 92/17757 also shows a differential pressure sensor compr-
ising two separating discs, in a similar manner as in the above US Patent, and
exhibiting similar problems with respect to internal oil volumes.

SUMMARY OF THE INVENTION

The object of the present invention is to solve the problems set out above.

Thus, according to the present invention, a differential pressure sensor is provided
comprising a sensor block having internal, oil-filled channels leading into a cavity
with a differential pressure sensor element arranged therein, and having two resp-
ective process diaphragms arranged on the sensor block directly exposed to resp-
ective high-pressure environments with respective pressures to separate between
the high-pressure environments and the internal oil channels and to transfer the
respective pressures to respective channels. The differential pressure sensor is
characterized in that two respective separating discs are arranged on the sensor
block in fluid communication with the respective high-pressure environments in
order to block for the respective pressures against reverse/opposite respective
internal oil channels, that each of the two respective separating discs bears
against a respective abutment face having a small opening into that of the oil-filled
channels that exhibits the other pressure, and that a transverse channel is provi-
ded between the two respective oil channels, in which transverse channel the

cavity containing the differential pressure sensor element is arranged.

Preferably, the separating discs are pre-tensioned to have a substantially compl-
ementary shape to the abutment faces, which have a slightly convex shape.

Preferably, substantially even separating discs are used, i.e. separating discs with

no corrugations.
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As apparent from the above, the configuration according to the present invention is
so that not only the two process diaphragms are exposed to the two respective
external process environments, but also the two separating discs face outwardly
against the respective two external environments. Since the two separating discs
bear against abutment faces/stop faces with only a thin oil film located there-
between, the oil volumes which in the prior art existed between the process
diaphragm and separating disc are replaced with volumes within the two process
diaphragms, i.e. between each process diaphragm and an inner abutment face.

As such a volume can be made much smaller than the volume necessary between
two diaphragms, a significant oil volume is disposed of. This provides for incre-

ased measurement accuracy as well as a more precisely defined cutoff pressure.

The present invention provides a less expensive and more robust and accurate
sensor. The oil volume may be kept at a minimum, and is less than half of the
volume necessary when using an internal separating disc. Also, the process
diaphragms do not need to service the volume needed by the separating disc(s),

and the error contribution is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, embodiments of the invention will be described with reference to
the attached drawings, in which:

Fig. 1 shows a differential pressure sensor according to an embodiment of the
invention,

Fig. 2 shows a differential pressure sensor according to another embodiment of
the invention,

Fig. 3 shows a differential pressure sensor according to a further embodiment of
the invention, and

Fig. 4 shows a sensor characteristic of internal pressure in the sensor as a

function of the process pressure.

DETAILED DESCRIPTION
In Fig. 1 is illustrated a principle drawing of a possible embodiment of a differential
pressure sensor according to the present invention. A housing or sensor block 100
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contains symmetrically disposed channels 1-7 for transferring pressure to a differ-
ential pressure sensor element located in a central chamber 8. The internal chan-
nels 3-5 have a small cross-section so that the volume of a hydraulic oil with which

they are filled is small.

The oil-filled internal channels 3-5 are shielded, by diaphragms, from two external
environments with high pressures p1 and p2; respectively, as shown with arrows
to the right in the figure. The purpose of the sensor is to measure the pressure
differential, dp, between pressures p1 and p2 in such a manner that the sensor
element itself, represented symbolically in the figure by the term dp in the central
chamber 8, is not exposed to any of the external environments (with chemicals,
temperatures) but only to pressure-transferring hydraulic oil. Additionally, the pres-
sure differential internally in the sensor must not be allowed to become so high
that the sensor element is damaged.

The shielding against the two external environments is provided by four
diaphragms A, B, C, D. Diaphragms B and C are referred to as "process
diaphragms”. The purpose of these diaphragms is to transfer the actual pressure
p1 or p2 to the internal oil volume. Diaphragms A and D are referred to as
"separating discs”, and are flat diaphragms, that is, planar or smooth in the sense
that they have no corrugations. In the case depicted, however, these diaphragms
are pre-tensioned and positioned adjacent to an adapted curved (convex) abut-
ment face/fitting surface 9, 10, and has a complementary shape to the abutment
face 9, 10. Between separating disc A/D and the underlying abutment face 9/10
there is only a thin hydraulic oil film. In abutment faces 9, 10 there are openings
13, 14 into oil channels 3, 4. It can be seen that high pressure p1 is transferred
through process diaphragm B to the internal channels 4 and &b, that is, the right
hand side of sensor element dp. Similarly (e.g. lower) high pressure p2 is trans-
ferred through process diaphragm C to the internal channels 3 and 5a, i.e. the left
hand side of dp.

If p1>p2, separating disc A will be pressed in the downward direction in the figure,
but will not be able to move. Separating diaphragm A will absorb the pressure
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difference p1-p2, i.e. the lower pressure p2 will remain on the left hand side of dp.
At the same time, the higher pressure p1 on the right hand side will force separ-
ating disc D downwards, away from abutment face 14. In a certain position, the
stresses in separating disc D absorb the pressure difference p1-p2, i.e. that is,
separating disc D will assume a position further down the larger the difference p1-
p2. If p1-p2 exceeds a certain limit, separating disc D in the shown case will come
to bear against a lower abutment face 12, which also has a form adapted shape,
i.e. a relatively correspondingly curved shape limits the space available for the

separating disc both on the upper and lower sides.

It should be noted that the volumes of the spaces around the separating discs and
process diaphragms in the exemplary embodiment shown is adapted to each
other, i.e. the volume above process diaphragm C (when in the center position) is
slightly smaller than the volume in the space above separating disc A, and likewise
for the spaces below B and D on the right hand side. Because the hydraulic oil
between the separating disc and process diaphragm is substantially income-
pressible, the separating disc and process diaphragm move "in concert’. It is im-
portant that any large pressure differentials occurring will not cause failure of the

central sensor element dp.

Typical values for the external pressure may be p1 = p2 = 1000 bar, while the
sensor element dp has a measurement range of 0-500 mbar and is not able to

resist high pressure differences.

If initially the pressure p2 was present as normally (i.e. having an ordinary, small
difference relative to p1) and then suddenly p2 drops to zero, separating disc A will
immediately balance the large pressure difference and the oil pressure on the left
hand side will drop to nearly zero. Process diaphragm C will not move to any great
extent due to the incompressibility of the oil, but it will transfer a pressure = 0
between the external environment at the downside and the oil in channel 3.

At the same time, on the right hand side, both process diaphragm B and separ-
ating disc D will rush downwardly to abutment against the respective abutment
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faces (16 resp. 12) on the underside. However, if the dimensions are chosen so
that process diaphragm B reaches the abutment first, then separating disc D will
stop before abutment due to the incompressibility of the oil. The pressure in chan-
nel 4 will then drop immediately to approximately zero (at the same time as in
channel 3), except for a small overpressure that is balanced by the stress forces in
separating disc D. The sensor dp is able to resist such a small pressure difference,

and is protected against an excessive overpressure.

In the case of a large overpressure in the opposite direction the device functions
on the same manner, but in the opposite directions with respect to separating

discs and process diaphragms.

In the above observation it appeared that if the volume inside a process
diaphragm, e.g. represented by the distance to abutment face 16 below process
diaphragm B, is small, separating disc D will only be able to move a limited dis-
tance outwards/downwards from abutment face 14. Therefore, it is not really
necessary to include abutment faces such as 11 and 12 outside of separating
discs A and D.

Similarly, it is also not necessary to include such abutment faces as shown on the
outer sides of process diaphragms B and C, which shows that channels 1, 2, 6,
and 7 can also be omitted.

In figs. 2 and 3, such simplified embodiments are shown.

Fig. 2 schematically shows an alternative embodiment of the present invention.
Also in this embodiment each high pressure p1 and p2 respectively acts on both a
process diaphragm B and C respectively and one separating disc A and D
respectively.

However, a difference as compared with the first embodiment is that there is no
"safety abutment/stop faces” outside all diaphragms, i.e. corresponding faces such
as the curved abutment face 11 above separating disc A in figure 1, for example.
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This means that should e.g. p1, increase strongly in Fig. 2, process diaphragm B
would move to the left and separating disc D would be lifted out to the right, per-
haps beyond the point of rupture. This means that the "chamber volume” to the left
of process diaphragm B must be kept so small that the diaphragms are only able
to move a short distance to the left before abutting against face 16, i.e. sufficiently
short so that the “bulging” of separating disc D will always remain well within its
limit of weakening. Of course, the same applies for the A-C pair.

It must be noted that the dimensions shown in Figs. 2 and 3 are not to scale. As
mentioned, abutment face 16 is located relatively close to process diaphragm B,
while the size of the space behind (to the right for) separating disc A is exag-
gerated. In reality, separating disc A is positioned in close vicinity to abutment
face 9 (and separating disc D close to face 10), with only an oil film located there-

between.

In Fig. 3, the latter feature can be clearly seen, as separating discs A and D
therein are shown to be situated adjacent to their respective abutment faces 9 and
10. The further feature separating the embodiment of Fig. 3 from the embodiment
of Fig. 2, is that separating discs A and D have been given a pre-tension and that
abutment faces 9 and 10 has been given a concave shape. Through the use of
pre-tensioned separating discs a similar advantage as the one pointed out in the
above referenced US Patent No. 6,796,185 is achieved, namely that the sepa-
rating discs will remain stationary until the pre-tensioning pressure is overcome,
and may thereafter be softer so that a volume change caused by pressure or tem-
perature does not alter the cutoff pressure significantly. This will facilitate the use

of more sensitive differential pressure sensor elements.
In other respects the embodiment of fig. 3 is identical to the one shown in fig. 2.

Figs. 1, 2, and 3 all show embodiments in which the internal channels 3, 4, 5 are

narrow channels filled with an hydraulic oil, and these channels lead into an inter-
nal space 8 wherein a differential pressure sensor dp is located, which sensor will
not be described in further detail herein. Channels 3 and 4 start and end in open-
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ings 13 and 14 in abutment faces 9 and 10 behind separating discs A and D, and
in corresponding openings of abutment faces 16 and 15 on the inside of process
diaphragms B and C. These openings must be small, i.e. sufficiently small for
separating discs A and D not to puncture even in the event of a maximum possible
pressure difference between the outside (process environment side) of the sepa-
rating disc and channels 3/4 on the inside thereof. (Separating discs in the form of
an "Inconel 625 foil having a thickness of 0.05 mm has been tested to be able to
resist an opening size with a diameter of 0,3 mm at a pressure of 2800 bars). The
same size requirements also apply to the openings on the inside of process
diaphragms B and C, which must also be protected from puncturing.

It should further be noted that it is possible also to use corrugated separating

discs, but separating discs without corrugations are cheaper.

In Fig. 4, the ability of the design to protect the sensor element with respect fo
avoiding excessively large differential pressures/overpressures is illustrated. The
measurement range of the sensor element mainly corresponds to the rising part of
the curve, showing internal (measured) pressure difference Ap as a function of

outside pressure difference p1-p2 = Ap process.

The rising part of the curve shows that the internal pressure difference corres-
ponds to the pressure difference of the external environment, but at the break
(cutoff) point process diaphragm B in Fig. 2, for example, runs into the wall 16, and
an increased overpressure for p1 relative to p2 does not result in any further pres-
sure increase in channel 4. The stress forces in separating disc D balance the

internal overpressure.

Sensor blocks 100, as shown in Figs. 1, 2, and 3, are preferably made of
INCONEL 625. The material used for process diaphragms B, C may also be
INCONEL 625 (foil). The sensor element may typically be based on silicon. Typical
dimensions for a sensor block may be & 70 mm, length 100 mm. The diameters of
the separating discs and process diaphragms are preferably in the range of 30-50

mm. The cross-section of the oil channels may be in the order of & 0.25 mm.
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CLAIMS

1. A differential pressure sensor, comprising a sensor block (1) having

internal, oil-filled channels (3, 4, 5) leading into a cavity (8) with a differential
pressure sensor element (dp) arranged therein, and having two respective process
diaphragms (B, C) arranged on the sensor block (1) being directly exposed to
respective high-pressure environments with respective pressures (p1, p2) to
separate between the high-pressure environments and the internal oil channels (3,
4, 5) and to transfer the respective pressures (p1, p2) to respective channels (4,
3),

characterized in that

- two respective separating discs (A, D) are arranged on the sensor block (1)
in fluid communication with the respective high-pressure environments in order to
block for the respective pressures (p1, p2) against the opposite respective (3, 4) of
said internal oil channels,

- each of the two respective separating discs (e.g. A) bears against a
respective abutment face (e.g. 9) having a small opening (e.g. 13) into that (e.g. 3)
of the oil-filled channels exhibiting the other pressure (e.g. p2), and in that

- a transverse channel (5) is provided between the respective two oil
channels (3, 4), in which transverse channel (5) the cavity (8) containing a

differential pressure sensor element (dp) is located.

2. The differential pressure sensor of claim 1,
characterized in thatthe separating discs (A, D) are pre-tensioned to
have a substantially complementary fit to the abutment faces (9, 10), which has a

slightly convex form.

3. The differential pressure sensor of claim 1,
characterized in thatthe separating discs (A, D) are substantially smooth.
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