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(57) ABSTRACT

A monitoring system for an assembly that is subject to vibra-
tions. The system has a first unit for monitoring vibrations.
The monitoring system permits the connection of a sensor
unit that detects one or more measured values. A measured
value converter with inputs for one or more measured values
is provided to convert the values into a temporally variable
analogue signal, in which at least one frequency portion rep-
resents one measured value. Other detected measured values
and status parameters can thus be processed in one vibration
monitoring unit.

11 Claims, 2 Drawing Sheets
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MONITORING SYSTEM FOR AN ASSEMBLY
THAT IS SUBJECT TO VIBRATIONS

This application is a 371 of PCT/DE2009/000833 filed
Jun. 17,2009, which in turn claims the priority of DE 10 2008
029 087 .4 filed Jun. 20, 2008, the priority of both applications
is hereby claimed and both applications are incorporated by
reference herein.

FIELD OF THE INVENTION

The invention lies in the field of mechanical engineering,
specifically in the field of monitoring and control devices for
assemblies and machines.

Technological development not only makes assemblies
and machines more efficient, inexpensive and reliable, but
also increases the demands for assemblies to allow them-
selves to be monitored along with their performance require-
ments.

BACKGROUND OF THE INVENTION

This also applies in particular to machines that are subject
to mechanical or electrical loads, in particular those that are
subject to vibrations, such as for example motors, generators
and gear mechanisms.

Particularly when operating rotating machines, the occur-
rence of vibrations can scarcely be avoided. On the other
hand, the detection of vibrations occurring allows many
analyses to be carried out, for example of imbalances or
bearing states.

Frequency measurements can therefore be used both for
obtaining findings on the state of the bearings and for predict-
ing future necessary maintenance and renewal work.

In order to monitor such machines, there are known moni-
toring devices for vibration analysis, which pick up corre-
sponding combined acoustic or mechanical analog signals
from machines and carry out afrequency analysis in the sense
of a Fourier transformation or fast Fourier transformation in
order to establish how strongly individual frequencies or fre-
quency ranges are represented in the spectrum. The evalua-
tion of the signal strengths of individual frequency ranges
allows findings about the machine to be obtained, in particu-
lar by comparison with reference values.

Such vibration monitoring systems therefore have one or
more inputs for analog signals, which are subjected to a
frequency analysis.

Moreover, such monitoring units may also have inputs for
other detected variables, but this is often not the case or there
are only a small number of such inputs.

On the other hand, as far as assemblies are concerned, in
particular assemblies that are subject to vibrations, there are a
multitude of parameters that can be monitored apart from or
in addition to vibrations, such as for example temperatures or
the state of a cooling fluid or an oil.

In the case of the analysis of an oil, particle counting
devices, which register various types of particles and detect
their frequency or density in the oil/cooling fluid, may be
provided for example.

The frequency of specific types of particle allows findings
to be obtained as to the state of the oil/cooling fluid or the
lubricated components (for example gear wheels, rolling
hearings).

Such sensor devices with counting devices for the types/
sizes of particles often present the corresponding measured
values in digital form, for example at a serial interface, the
transmission taking place by way of data packets or vector-

10

15

20

25

30

35

40

45

50

55

60

2

like data structures. A data vector may, for example, contain at
least two different scalar values, for example different par-
ticle concentrations.

The processing of such values with a vibration monitoring
device is often difficult.

The present invention is therefore based on the object of
detecting such measured values and passing them on or pro-
cessing them further in a way that is as simple as possible. It
should at the same time be taken into consideration that
frequency monitoring devices often do not have suitable sig-
nal inputs for such sensor devices.

SUMMARY OF THE INVENTION

The object is achieved according to the invention by a
monitoring system for an assembly, which comprises a first
device for monitoring frequencies, at least one sensor device,
which detects one or more measured values, at least one
frequency component and a measured value converter which
has inputs for the one or more measured values. The measured
value converts the one or more measured values into a com-
bined, time-variable analog signal, in which the at least one
frequency component represents a measured value.

Therefore, the individual measured values are converted
into relative signal strengths of individual periodic, in par-
ticular sinusoidal, signals, which have different frequencies,
depending on the measured value to be determined, and
which are combined within the measured value converter into
a single, time-dependent analog signal with a periodic struc-
ture.

In this form, the signals can, for example, be entered into a
standard input of the vibration monitoring device and be
shown separately again and further processed in a frequency
analysis device thereof. This takes place by a Fourier trans-
formation or Fourier analysis, in particular a fast Fourier
transformation, which separates the individual frequency
ranges from one another and can assign them individual
intensities. The individual intensities of the various frequen-
cies or frequency ranges thereby represent the measured val-
ues to be transmitted.

An advantageous refinement of the invention provides here
that the measured value converter converts at least two mea-
sured values into different periodic, in particular sinusoidal,
signals with different frequencies, the amplitudes of which
represent the measured values and which are output as an
aggregate signal.

It is advantageously provided that the output of the mea-
sured value converter is connected to an analog input of a
vibration monitoring device.

To realize the invention, it is also advantageously provided
that the vibration monitoring device has a frequency analysis
unit, which divides the signal up into different frequency
components and outputs the partial signal strengths of the
frequency components.

Corresponding supplementary monitoring systems, such
as for example oil quality analysis units, often have digital
signal processing, which has the effect that corresponding
measured values are provided in digital form at an output. As
already stated, it may be advantageously provided that the
sensor device is an oil monitoring device.

It may also be advantageously provided that the sensor
device has sensors for determining the content of one or more
types of particle in the oil.

The sensor device may have for this purpose various filters
for counting particles of different types or else use different
technologies to detect different individual types of particle.
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The vibration monitoring system usually has monitored
alarm thresholds for specific vibration components, which
can likewise be used when the system is used for monitoring
other measured values. This may, for example, lead to alarms
being set off at specific particle concentrations, which can be
variously set as threshold values for different particles, in
order for example to warn an operator of a deterioration in the
hydraulic or lubricating fluid or the occurrence of wear, and
consequently of a failure of the machines.

The invention is shown below on the basis of an exemplary
embodiment in a drawing and is subsequently described.

BRIEF DECRIPTION OF THE DRAWINGS

In the drawing:

FIG. 1 shows a schematic representation of a monitoring
system with a measured value converter and

FIG. 2 schematically shows the transformation of the rep-
resentation of measured values.

DETAILED DECRIPTION OF THE IN VENTION

An application of the invention given by way of example is
that, in addition to the vibration diagnosis, an ongoing diag-
nosis of lubricating oils is carried out for monitoring the state
of a rotating machine. Corresponding oil monitoring devices
are available in the form of particle counting devices. The
corresponding measured values of such devices have the form
of groups comprising numbers of particles, for four or more
particle classes for example, which may be in the form of
measured value vectors. These are typically passed on to
evaluation devices via digital serial interfaces.

Since corresponding interfaces are often not available on
vibration monitoring devices, the invention has set itself the
objective of connecting such digital interfaces to vibration
monitoring devices which at least provide free inputs for
analog signals that are typically used for vibration analysis.

Vibration monitoring devices sometimes also have inputs
for additional individual measured values, but these are often
also used for monitoring other aspects in addition to the
quality of the oil and are therefore often not free.

FIG. 1 shows a vibration monitoring device 1, which is
connected by means of a measured value converter 2 to a
sensor device 3, which has oil particle sensors 4, 5 for a
machine 6 that is subject to vibrations.

For this purpose, the sensor device 3 has for example, in the
sensors, optical counters with corresponding filters or elec-
trical measuring devices, which can detect the concentration
of various types of particles in the oil of the machine 6. The
corresponding measured values are passed on by means of
measuring lines 7 to the sensor device and are made available
there at a digital interface 8.

A vibration monitoring device 1, which has various analog
signal inputs 9, 10, 11, is available for the evaluation. The
input 9 is connected for example to a vibration detection
device 12, which picks up a time-dependent analog signal in
the form of mechanical vibrations. Starting from the analog
signal input 9, the signal is passed on to a vibration analysis
device 13, which carries out what is known as a fast Fourier
transformation and transforms the signal into the frequency
domain, so that vibration intensities in three frequency
ranges, for example, are passed on to the modules 14, 15, 16.
The corresponding variables designate the intensity of indi-
vidual isolated vibration modes in the various frequency
ranges. These intensities can be passed to an alarm threshold
monitoring device 17, which emits signals as soon as specific
vibration modes in separate, defined frequency ranges exceed
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specific intensities. It does this because it may mean that
specific changes to the machine have occurred, for example
due to bearing damage, and maintenance of the machine
therefore has to be undertaken.

Analog input channels similar to the channel 9 are addi-
tionally available on the vibration monitoring device 1, and a
further analog input channel 11 may serve for processing the
signals delivered by the sensor device 3.

Necessary for this purpose is the measured value converter
2, which picks up the digital signal from the interface 8 and
transforms it into an analog signal, which can be processed by
the vibration monitoring device 1. For this purpose, the mea-
sured value converter 2 assigns each individual measured
value, that is to say for example each individual particle
concentration, a frequency or a frequency range and forms,
for example, a sinusoidal oscillation of the corresponding
frequency with an intensity that corresponds to the respective
measured value. This is schematically represented in the fig-
ure by the various oscillators 18, 19, the signals of which are
brought together and passed on as an analog aggregate signal
to the analog input 11 of the vibration monitoring device.

There, the aggregate signal is divided up again into the
individual vibrations by frequency analysis and these are
analysed with respect to their individual intensities, so that
the individual measured values can be monitored in a thresh-
old monitoring device 20.

Ifthe threshold monitoring device 20 indicates that specific
particle concentrations or combinations of concentrations
that have previously been fixed as reference values are
exceeded, it outputs a signal calling for servicing or mainte-
nance or repair of the electrical machine or a change of the oil.

Itis consequently possible by means of the invention to use
the signal processing devices that are present in any case in
the vibration monitoring device 1 to process other types of
measured values, which have nothing to do directly with the
detection of vibrations, by a frequency-division multiplexing
method.

In this way, the use of additional measured value detection
and evaluation devices of different types becomes unneces-
sary.

All that is needed for this purpose in the measured value
converter, apart from a number of oscillators, which may also
be of a digital form, is a digital/analog converter for the
forming of a time-dependent analog signal. In addition to the
scalar measured values with respect to the particle concentra-
tions measured, further status information on the system may
also be converted in accordance with the method described
above into frequency signals or intensities of specific fre-
quency ranges in order to be able to obtain further status
information about the system and process it by means of the
frequency monitoring device.

When choosing the frequencies used, it must be ensured
that they are separate from corresponding carrier frequencies
and, as far as possible, are also not integral multiples of carrier
frequencies, and that coupling together of the frequencies
used is also minimized.

FIG. 2 shows firstly a set 21 of measured values that are to
be evaluated and are converted within the measured value
converter 2 into an analog, time-dependent signal 22.

This signal is passed on to the vibration monitoring device
1 and, in method step 23, is transformed there in a frequency
analysis device 13 into the frequency domain, so as to obtain
there individual intensities K1 to Kn of individual vibrations,
which in turn correspond to the corresponding measured val-
ues or state parameters and can be evaluated further. The
analog signal 22 corresponds for example in its composition
to the formula s(t) indicated in FIG. 2.
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LIST OF DESIGNATIONS

1 vibration monitoring device
2 measured value converter

US 8,826,741 B2
6

9. The monitoring system as claimed in claim 1, wherein
the first device is a vibration monitoring device that has at
least one threshold monitoring device for monitoring the at
least one frequency component.

3 sensor device

4, 5 oil particle sensors

6 machine

7 measuring lines

8 digital interface

9, 10, 11 analog signal inputs
12 vibration detection device

13 vibration analysis device

14, 15, 16 modules

17 alarm threshold monitoring device
18, 19 oscillators

20 threshold monitoring device
21 set of measured values

22 analog time-dependent signal
23 method step

The invention claimed is:

1. A monitoring system for an assembly, comprising:

a first device for monitoring frequencies;

a vibration detection device, which picks up mechanical

vibrations from a rotating machine;

at least one sensor device, which detects one or more mea-

sured values, other than a vibration, from the rotating
machine; and

a measured value converter having inputs for the one or

more measured values, the measured value converter

being operative to convert the one or more measured

values into a combined, time-variable analog signal, in

which at least one frequency component represents a

measured value, wherein:

the combined, time-variable analog signal of the mea-
sured value converter and the mechanical vibrations
detected by the vibration detection device are input to
the first device;

the first device is configured to perform an analysis of
the rotating machine; and,

the sensor device has a digital signal output for the
measured values detected.

2. The monitoring system as claimed in claim 1, wherein
the measured value converter converts at least two measured
values into different periodic signals with different frequen-
cies that have amplitudes which represent the measured val-
ues and which are output as an aggregate signal.

3. The monitoring system as claimed in claim 2, wherein
periodic signals are sinusoidal signals.

4. The monitoring system as claimed in claim 3, wherein
the first device is a vibration monitoring device having an
analog input, wherein an output of the measured value con-
verter is connected to the analog input of the vibration moni-
toring device.

5. The monitoring system as claimed in claim 4, wherein
the vibration monitoring device has a frequency analysis unit,
which divides the signal into different frequency components
and outputs a partial signal strength of the frequency compo-
nents.

6. The monitoring system as claimed in claim 1, wherein
the digital signal output is formed by a serial interface.

7. The monitoring system as claimed in claim 1, wherein
the sensor device is an oil monitoring device.

8. The monitoring system as claimed in claim 7, wherein
the sensor device has sensors for determining a content of at
least one type of particle in oil.
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10. A monitoring system for an assembly, comprising:
a first device for monitoring vibration from a rotating
machine and including first and second analog signal
inputs;
a vibration detection device arranged to detect mechanical
vibrations from the rotating machine;
at least one sensor device, which detects one or more mea-
sured values, from the rotating machine, other than a
vibration; and
a measured value converter:
having at least one input for the one or more measured
values; and,

being operative to convert the one or more measured
values into a combined, time-variable analog signal,
in which at least one frequency component represents
a measured value, wherein:

the first device is arranged to:

receive the combined, time-variable analog signal at the
first analog input;

pick up, at the second analog input, a time-dependent
analog signal, in the form of the mechanical vibra-
tions, from the vibration detection device; and,

transform the time-dependent analog signal into a plu-
rality of frequency ranges; and,

the sensor device has a digital signal output for the
measured values detected.
11. A monitoring system for an assembly, comprising:
a first device for monitoring vibration from a rotating
machine and including first and second analog signal
inputs;
a vibration detection device arranged to detect mechanical
vibrations from the rotating machine;
at least one sensor device, which detects one or more mea-
sured values, from the rotating machine, other than a
vibration;
an alarm threshold monitoring device; and
a measured value converter:
having at least one input for the one or more measured
values; and,

being operative to convert the one or more measured
values into a combined, time-variable analog signal,
in which at least one frequency component represents
a measured value, wherein:

the first device is arranged to:

receive the combined, time-variable analog signal at the
first analog input;

pick up, at the second analog input, a time-dependent
analog signal, in the form of the mechanical vibra-
tions, from the vibration detection device;

transform the time-dependent analog signal into a plu-
rality of frequency ranges; and,

transmit the plurality of frequency ranges to the alarm
threshold monitoring device;

the alarm threshold monitoring device is arranged to a
signal when a frequency range exceeds a specific inten-
sity; and,

the sensor device has a digital signal output for the mea-
sured values detected.
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