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MECHANICAL SEAL ASSEMBLY WITH MONITORING FUNCTION,
AND METHOD FOR THE SAME

Description

The present invention relates to a mechanical seal arrangement with monitoring function by

sound and/or vibration and a method for monitoring a mechanical seal.

End-face mechanical seal arrangements are known from prior art in various designs. During
operation, for example, solid particles can get between the sliding surfaces of rotating and
stationary slide rings and cause damage to the sliding surfaces. This may reduce the tightness
of the mechanical seal, which can lead to increase in leakage. This leakage may subsequently
be detected in the recirculated barrier fluid, for example, and replacement of the mechanical
seal may be carried out. In practice, however, a certain amount of time is required before such
mechanical seal replacement may be carried out. This may lead to a longer standstill of the
machine where the mechanical seal is arranged for sealing, and is of great annoyance to the

operator of the machine.

It is therefore the object of the present invention to provide a mechanical seal arrangement and
a method which detects wear and/or damage or the like to the mechanical seal as early as

possible and enables the mechanical seal arrangement to be prematurely replaced.

This object will be solved by a mechanical seal arrangement and a method having the features

of claim 1, the respective subclaims showing preferred further embodiments of the invention.

In contrast, the mechanical seal arrangement according to the invention having the features of
claim 1 has the advantage that any change occurring in the mechanical seal may prematurely
be detected. This enables decision to be taken well in advance of any actual failure event of
the mechanical seal arrangement as to whether the mechanical seal arrangement should be
replaced or not. Thus, an appropriate mechanical seal arrangement may already be prepared
and may subsequently be replaced within a short downtime of the machine at the machine user
site. According to the invention, this will be achieved by the mechanical seal arrangement
comprising a mechanical seal comprising a rotating slide ring and a stationary slide ring, which
define a sealing gap between them. The rotating slide ring comprises a first sliding surface
including first information structures and the stationary slide ring comprises a second sliding
surface including second information structures. The first and second information structures
are provided on the two sliding surfaces such that at least partial overlap at an overlap region
will be provided. Overlap in this case means that the first and second information structures are
arranged at least partially at the same radial height in the radial direction. Preferably, the first

and second information structures overlap completely. Furthermore, the mechanical seal
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arrangement comprises at least one sensor for detecting sound and/or vibration, the sound
and/or vibration being generated by moving the first information structures past the second
information structures. Since the information structures at the two sliding surfaces at least
partially overlap, characteristic sound noises and/or vibrations result, which can be detected by
means of the sensor. Furthermore, an evaluation unit is provided which is installed to compare
the detected sound waves and/or the detected vibrations with stored nominal values and to
output a comparison result. Thus, by providing the information structures, it is possible to
specifically detect waves and vibrations that change in the event of wear and/or the presence
of solid particles or changes in other physical values such as pressure and/or temperature
and/or density of the medium in the sealing gap. Based on the change in the sound and/or
vibration detected, a condition of the mechanical seal arrangement can then be deduced and,

if necessary, replacement may be imposed.

Preferably, the first and second information structures comprise defined recesses in the sliding
surfaces of the rotating and stationary slide rings. The recesses on the sliding surface of the
rotating slide ring may have a depth different from the depth of the information structures on
the sliding surface of the stationary slide ring. Moreover, individual information structures
themselves in the sliding surface may have a different height profile, for example a stepped
height profile within the information structure or an arcuate or wavy height profile within the
recess. Further preferably, a plurality of separate recesses are provided in the sliding surfaces

forming the information structures.

Providing the information structures in the form of recesses is particularly easy and inexpensive
to implement and enables changes in the mechanical seal to be reliably detected. If, for
example, small solid particles are present in the sealing gap between the two sliding surfaces
of the stationary and rotating slide ring, said solid particles preferably settle in the information
structures formed as recesses, changing sound generation and/or vibration generation when
sliding the sliding surfaces past each other, which can then be detected by means of the sensor.
The same applies if, for example, the density of the medium in the sealing gap changes, e.g.
due to leakage of a product medium that enters the sealing gap.

Especially preferably, the information structures are inserted into the sliding surface as
rectangular recesses. They are very easy and inexpensive to manufacture enabling reliable
sound and/or vibration detection.

Especially preferably, the first information structure comprises first and second substructures
arranged on the sliding surface of the rotating slide ring at different heights in the radial direction
of the slide ring. Further preferably, the second information structure comprises third and fourth

substructures arranged on the sliding surface of the stationary slide ring at heights differing in
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the radial direction of the slide ring. In this case, the substructures are arranged such that, when
rotating, the first substructure moves past the third substructure and the second substructure

moves past the third substructure.

To detect oscillations and/or vibrations most accurately, the sensor is preferably arranged
directly on one of the slide rings, especially on the stationary slide ring or a stationary
component. Further preferably, the sensor is arranged directly on a rear side of one of the slide

rings, especially the rear side of the stationary slide ring.

In order for the information structure to not greatly disturb the sliding surface and thus the
sealing ability of the mechanical seal, the information structures are preferably arranged in
grooves provided in the sliding surface. The grooves are, for example, spiral grooves, which
serve to enable the slide rings to be lifted off each other as quickly as possible when the
machine is started. Alternatively, the information structures are arranged adjacent to grooves

in the sliding surface.

According to a particularly preferred embodiment of the invention, the information structures
are arranged on the sliding surfaces of the rotating and stationary slide rings such that a
characteristic signal or melody is generated when the information structures move past each
other. Thus, for example, a singing slide ring seal can be provided and any changes in the slide
rings or the sliding surfaces can reliably be detected by changing the characteristic signal or

melody.

An especially fast and simple approach to evaluation will be provided if the evaluation unit is
preferably arranged to determine an amplitude ratio of a plurality of amplitudes generated by
an information structure. This enables rapid evaluation of the detected sound signals and/or

vibration signals.

Preferably, the sensor for detecting sound and/or vibration is a structure-borne sound sensor
or an acceleration sensor. The structure-borne sound sensor is preferably arranged on the

housing or a fixed component.

The present invention further relates to a method for monitoring a mechanical seal comprising
a rotating slide ring and a stationary slide ring, wherein at least one information structure is
present on each sliding surface of the slide rings. During operation, the method comprises the
steps of recording sound signals and/or vibration signals generated by the information
structures when moving past each other and comparing the recorded sound signals and/or

vibration signals with stored sound signals and/or vibration signals to determine deviations.

Preferably, the state of the mechanical seal is inferred from the recorded sound signals and/or

vibration signals.
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Further preferably, when a predetermined deviation of the sound signals and/or the vibration
signals from stored sound signals and/or vibration signals is detected, a maintenance message
is issued. The message can, for example, be sent directly to a manufacturer of the mechanical
seal arrangement or to a company in charge of maintenance, so that measures for a possible

replacement of the mechanical seal arrangement can be started immediately.

To achieve the highest possible level of accuracy of the signals detected, the sound and/or
vibration is preferably detected directly at one of the slide rings, especially the stationary slide

ring or a slide ring carrier.

In the following, preferred embodiments of the invention will be described in detail while making

reference to the accompanying drawing, wherein:

Fig. 1 is a schematic representation of a mechanical seal arrangement according to a
first embodiment of the invention,

Fig. 2 is a schematic partial top view of a sliding surface of a rotating slide ring of Fig. 1,

Fig. 3 is a schematic partial plan view of a sliding surface of a stationary slide ring of Fig.
1 ’

Fig. 4 is a diagram showing a sound pressure versus time generated by the information

structures on the slide rings of Figs. 2 and 3,

Fig. 5 is a schematic, partial plan view of a sliding surface of a rotating slide ring according
to a second embodiment of the invention,

Fig. 6 is a schematic, partial plan view of a sliding surface of a stationary slide ring
according to the second embodiment of the invention,

Fig. 7 is a schematic top view of a sliding surface of a rotating slide ring according to a

third embodiment of the invention,
Fig. 8 is a schematic sectional view along line VIII-VIII of Fig. 7, and

Fig. 9 is a schematic plan view of a sliding surface of a rotating slide ring according to a

fourth embodiment of the invention.

In the following, a mechanical seal arrangement 1 according to a first preferred embodiment of
the invention is described in detail, while making reference to Figures 1 to 4.

As may be seen from Figure 1, the mechanical seal arrangement 1 comprises a mechanical
seal 2 having a central axis X-X, a rotating slide ring 3 and a stationary slide ring 4. A sealing

gap 5 is defined between the rotating slide ring 3 and the stationary slide ring 4.
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The mechanical seal 2 seals a product region 12 from an atmosphere region 13.

Figures 2 and 3 each show a sliding surface of the rotating slide ring and stationary slide ring
3, 4, respectively. As can be seen from Figure 2, a first information structure 6 is provided on a
sliding surface 30 of the rotating slide ring 3. A second information structure 7 is provided on a
sliding surface 40 of the stationary slide ring 4. In this example embodiment, three individual
information structures 7a, 7b, 7c form the second information structure 7.

As may further be seen from Figures 2 and 3, the information structures 6, 7 are partially
arranged on the sliding surfaces 30, 40 at the same radial height.

As may be seen in detail from Figure 1, this results in an overlap area 16 for the information
structures 6, 7 in the radial direction, the center of which lies on the radius R1. This ensures
that, during operation, when the rotating slide ring 3 rotates with a shaft 11, the information
structures are moved past each other during the rotation process.

As may be seen further from Figure 1, the information structures 6, 7 of this embodiment are
rectangular recesses on the sliding surface. The recesses are preferably about one to two ym
in depth. The information structures provided as recesses can have the same width or different
widths. As can be seen from Figure 3, the information structures may also have different lengths
in the radial direction.

When the first information structures 6 provided on the rotating slide ring 3 slide past the second
information structure 7 comprising three individual information structures during operation, a

characteristic sound signal is produced. This is shown in the diagram in Figure 4.

Figure 4 shows the sound pressure P in Pascal over the time t in seconds s as a sound pressure
curve 14. As may be seen from the diagram, the characteristic amplitudes 15 result. Since the
second information structure 7 comprises three different individual information structures 71,
72, 73, different heights of the amplitude 15 result.

As shown in Figure 1, a sensor 8 is arranged directly on a rear side 41 of the stationary slide
ring 4. The sensor 8 detects sound and/or vibration generated by the first and second
information structures 6, 7 sliding past each other. The sensor 8 is connected to an evaluation

unit 10, which is arranged on a housing 9 together with the stationary slide ring 4.

The evaluation unit 10 is arranged to compare the detected sound signals and/or the detected
vibration signals with stored target values and to output a comparison result. If the comparison
shows that deviation between the set values and the actual values is expressively high, the
manufacturer of the mechanical seal or any company commissioned to carry out maintenance

can react immediately.
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Thus, monitoring of the mechanical seal arrangement 1 can be made possible in order to detect
a risk of failure as early as possible and to take appropriate countermeasures, such as replacing
the mechanical seal arrangement. In this context, the monitoring can be very inexpensive and
simple in design. Especially a mean gap height, i.e. a vertical distance between the sliding
surfaces of the slide rings 3, 4 in the direction of the central axis X-X can be determined in a
simple way. Thus, even when monitoring the mechanical seal over the operating time, it can
be determined whether the sealing gap 5 changes, especially as a so-called A-gap, i.e. the
sealing gap 5 opens radially inwards, or as a so-called V-gap, i.e. the sealing gap opens radially

outwards.

Furthermore, monitoring based on amplitude ratios can be carried out so that an absolute
calibration of a signal level can be omitted. Also, the signals generated by the information
structures 6, 7 can be easily distinguished from possible other existing signals from other

sources.

It should also be noted that the sensor for detecting signals from the information structures, for
example a structure-borne sound sensor, can also already be present on the machine to be
sealed and can be connected to the evaluation unit 10. It is also possible to enable retrofitting

of existing mechanical seal arrangements by installing slide rings with information structures.

It should further be noted that the first and second information structures 6, 7 can also be
designed in such a way that a sound actually audible to a human ear is produced. In this
connection, it would also be conceivable to generate certain melodies by means of the
information structures, so that changes in this way can also be easily detected by human

hearing.

Figures 5 and 6 show a mechanical seal arrangement 1 according to a second embodiment of
the invention. As can be seen from Figures 5 and 6, the first information structure 6, which is
arranged on the rotating slide ring 3, comprises a first substructure 61 and three second
substructures 62, 63, 64. As can be further seen from Figure 6, the stationary slide ring 4 has
a second information structure 7 comprising three third substructures 71, 72, 73 and a fourth

substructure 74.

As can be seen from Figures 5 and 6, regions of the first substructure 61 and the third
substructures 71, 72, 73 are thereby arranged on the same first radius R1. Regions of the
second substructures 62, 63, 64 and the fourth substructure 74 are arranged on the same
second radius R2. The second radius R2 is significantly smaller than the first radius R1. Thus,
a first sound signal and/or a first vibration signal can be generated by the substructures
arranged on the first radius R1 and a second sound signal and/or vibration signal can be

generated by the substructures arranged on the second radius R2. In this way, an accuracy of
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a monitoring can be significantly improved and especially a gap height of the sealing gap 5 can

be reliably detected.

Figures 7 and 8 show a mechanical seal arrangement according to a third embodiment of the
invention. As can be seen from Figure 7, a first information structure 6 with three substructures
65, 66, 67 is shown on the rotating slide ring 3 in the third example embodiment. As can be
seen from the sectional view of Figure 8, the three substructures 65, 66, 67 each have different
depths T1, T2 and T3.

Thus, in this embodiment, three substructures are integrated in a first information structure 6
formed as a recess. As it is shown in Figure 8, the depths of the substructures vary in steps.
The second information structure on the stationary slide ring, which is not shown, may then be
formed in the same way as on the rotated slide ring 3 or, as in the previous example
embodiments, may be formed by several, separate recesses in the sliding surface of the
stationary slide ring.

Figure 9 shows a mechanical seal arrangement according to a fourth embodiment of the
invention. In the fourth example embodiment, a plurality of grooves 17 are provided in the
sliding surface. The grooves 17 have a depth of only a few ym, wherein a first information
structure 6' is arranged in the groove 17 and another first information structure 6" is provided
outside the groove 17 in the sliding surface 30 of the rotating slide ring. The information
structures 6', 6" in turn are formed on different radiuses R1, R2 so as to reliably detect

especially a gap height of the sealing gap.

In other respects, this example embodiment is similar to the previous example embodiments,

so that reference may be made to the description given above.

Generally, it should be noted for all embodiment examples that any combination of the designs
of the first and second information structures 6, 7 is allowed. The first and second information
structures 6, 7 formed as recesses may also assume any geometric shape. For example,
recesses having continuously changing height profiles may also be provided as information
structures 6, 7. Further alternatively, in addition to rectangular information structures, square
information structures or circular or oval information structures or triangular information

structures may also be provided.



10

15

20

25

List of reference numbers

4
5
6, 6', 6"
7

Ta, 7b, 7c

10
11
12
13
14
15
16
17
30
40
41
61
62, 63, 64
65, 66, 67
71,72, 73
74
R1

R2

mechanical seal arrangement
mechanical seal

rotating slide ring

stationary slide ring

sealing gap

first information structure
second information structure
single information structure
sensor

housing

evaluation unit

shaft

product region

atmosphere region

sound pressure curve
amplitude

overlap area

groove

sliding surface of rotating slide ring

sliding surface of the stationary slide ring

rear side of stationary slide ring
first substructure

second substructure

substructures having different depths

third substructure
fourth substructure
first radius

second radius



T1

T2

T3

X-X

first depth
second depth
third depth

axial direction/central axis of the mechanical seal



10

15

20

25

30

10

Claims

1.

A mechanical seal arrangement comprising:

« amechanical seal (2) comprising a rotating slide ring (3) and a stationary slide ring
(4) defining a sealing gap (5) therebetween,

« wherein the rotating slide ring (3) comprises a first sliding surface (30) having a
first information structure (6)

« wherein the stationary slide ring (4) comprises a second sliding surface (40) having
a second information structure (7),

- wherein the first information structure (6) and the second information structure (7)
at least partially overlap in an overlap area (16),

. atleast one sensor (8) for detecting sound and/or vibration, the sound and/or
vibration being generated by the first information structure (6) when moving past
the second information structure (7), and

. an evaluation unit (10), which is arranged to compare the sound and/or the
vibrations detected with set values and to output a comparison result, wherein
based on a change of the detected sound signals and/or vibration signals, it is
inferred about the condition of the mechanical seal and an exchange thereof is

arranged.

The mechanical seal arrangement according to claim 1, wherein the first information
structure (6) and the second information structure (7) comprise defined recesses in the

sliding surfaces (30, 40).

The mechanical seal arrangement according to claim 2, wherein the recesses are

rectangular recesses or the like.

The mechanical seal arrangement according to one of the preceding claims, wherein
the first information structure (6) comprises a first substructure (61) and a second
substructure (62, 63, 64), the first and second substructures being arranged on the
sliding surface of the rotating slide ring (3) at different heights in the radial direction, and
the second information structure (7) comprises a third substructure (71 72, 73) and a
fourth substructure (74), the third and fourth substructures being arranged on the sliding
surface of the stationary slide ring (4) at radially different heights, such that the first
substructure and the third substructure have an overlap area (16) on a first radius R1
and the second substructure and the fourth substructure have an overlap area (16) on a

second radius R2.
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The mechanical seal arrangement according to one of the preceding claims, wherein

the sensor (8) is arranged directly on one of the slide rings.

The mechanical seal arrangement according to claim 5, wherein the sensor (8) is
arranged directly on a rear side (41) of the stationary slide ring (4) or on a slide ring

carrier.

The mechanical seal arrangement according to one of the preceding claims, wherein at
least one sliding surface (30, 40) comprises grooves (17) provided in the sliding
surface, wherein the first information structures and/or the second information

structures are arranged in the groove (17).

The mechanical seal arrangement according to one of the preceding claims, wherein,
during operation, a characteristic signal or melody is generated by the first information

structure (6) when moving past the second information structure (7).

The mechanical seal arrangement according to one of the preceding claims, wherein
the evaluation unit (10) is arranged to determine an amplitude ratio of a plurality of

amplitudes generated by an information structure (6, 7).

The mechanical seal arrangement according to one of the preceding claims, wherein

the sensor (8) is a structure-borne sound sensor or an acceleration sensor.

The mechanical seal arrangement according to one of claims 1 to 9, wherein the sensor
is a structure-borne sound sensor arranged on the housing or on the stationary

component.

A method of monitoring a mechanical seal (2) having a rotating slide ring (3) and a

stationary slide ring (4), at least one information structure (6, 7) being provided on each

of the sliding surfaces (30, 40) of the slide rings, in which method

¢ during operation, sound signals and/or vibration signals are generated by the first
information structure (6) when moving past the second information structure (7), and
the generated sound signals and/or vibration signals are compared with sound
signals and/or vibration signals stored in an evaluation unit (10), wherein based on a
change of the detected sound signals and/or vibration signals it is inferred about the

condition of the mechanical seal and an exchange thereof is arranged.

The method according to claim 12, wherein a message is output in the event of any
predetermined deviation of the sound signals and/or the vibration signals detected from

the sound signals and/or the vibration signals stored.



12

14. The method according to one of the claims 12 to 13, wherein the sound signals and/or
the vibration signals are detected directly at a slide ring or a slide ring carrier, especially

the stationary slide ring.



