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Introduction 

For the automatic monitoring of machine components a system, consisting of a glass fibre 
based interferometer and a computer for the digital signal analysis, will be described. The 
interferometer is entirely composed of glass fibre components, starting with a diode laser, 
internal glass fibre components and a detector head. This set-up, which is very flexible, results 
in an almost adjustment and maintenance free optical system. Since it is a contact-free 
monitoring system, moving components such as rotating shafts can be supervised. The 
heterodyne laser interferometer detects vibrations in a broad spectrum from DC to 20 MHz. 

The first signal coming from the interferometer will be digitised and further processed 
with digital signal analysis methods. In particular, the first signal is demodulated and the 
spectrum is analysed. The basis of the spectrum analysis is the calculation of characteristical 
numbers and their graphical display. Changes within the characteristical numbers lead to the 
conclusion that the vibration pattern of the supervised machine has changed. These changes 
may be caused by uncritical different operating modes, as well as developing material defects. 
After the software has been calibrated for each application, such changes can be automatically 
detected, correctly interpreted and the appropriate information will be displayed. The operator 
will be informed either about the correct machine operation, displayed in green colour, or 
about a material defect, displayed in red. 

Laser Interferometer 

 
Diagram 1: Scheme of the heterodyne Interferometers 
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By the Photonik-Zentrum Kaiserslautern (PZKL), a specific laser interferometer has been 
developed, exclusively for the above-mentioned applications, taking into account the specific 
process requirements. Diagram 1 shows the composition scheme. The interferometer is 
entirely fibre coupled and heterodyne, resulting in an 80 MHz shift between the reference 
leaser beam and the beam coming from the object. The result is a frequency modulated signal.  
Due to the frequency modulation, varying intensities of the reflected laser beam do not matter 
since the amplitude of the signal carries no information. Furthermore, vibrations with high 
frequencies can be measured; the cut-off frequency is determined by the value of the 
frequency shift and the sample rate [1]. 

Within the interferometer, the laser light is transported entirely within fibres and fibre 
coupled components. The laser light leaves the detector head only in a short distance to the 
test object. Therefore, the interferometer is robust and free of internal calibration 
requirements. All components have normal screw couplings for the fibre connections. The 
wavelength of the laser (1550 nm) is commonly used in the telecommunication industry.  

Having left the detector head, the laser light will be focused onto the surface of the 
supervised object. Since the main part of the detector head is a small objective, the positioning 
at the various measurement points is very flexible. The glass fibre may have a maximum 
length of about 100 m. Therefore, if necessary the actual detector device may be positioned in 
a far distance to the measured object. Since there is no physical contact to the test object, also 
rotating objects can be monitored. This might be advantageous under problematic 
environmental conditions. With one interferometer, up to 8 measurement points can be 
controlled. 

Hardware 

The photodiode provides an analogue voltage signal which allows the reconstruction of the 
surface movements at the measuring point in the direction of the laser beam. Due to the 
frequency shift within the interferometer this information is provided as a frequency-
modulated signal with a carrier frequency of 80 MHz. This signal will be digitized with 25 or 
200 MHz and a 16 bit resolution. The natural noise will be minimized by avoiding more 
analogue electronic components and by digitizing it straight after the photodiode. Due to 
parallel computing the signal analysis happens more or less in real time, depending on the 
application and the data rate. The computer used for the analysis has 12 cores and a 24 GB 
RAM. Due to the high sampling rate and the high carrier frequency, it is possible to detect 
vibrations in the range of DC up to 20 MHz. 

Data Analysis 

In numerous machines, there are rotating components such as motors, shafts, bearings, gear 
boxes or even several of such components, which produce characteristical vibrations. Material 
failure, wear or other damages may typically affect and change the vibration patterns. 

A bearing, of which the inner ring has been damaged due to pitting, produces an 
additional periodic vibration pattern. This is caused by the balls of the ball-bearings, rolling 
over the damaged area. Such additional vibrations in the spectrum are a direct indicator for 
the damage of or in the bearing. With this very sensitive measurement system the operator can 
get an early warning. If the machine operator is not experienced with vibration analysis, an 
automatic data analysis is required. Furthermore, other damages, apart from damages in ball-
bearings, are difficult to identify in the noise spectrum. Therefore, the data analysis is 
automated and the user or the operator gets a simple colour coded signal.  
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How does the automatic data analysis work? 
 
After the original signal has been demodulated as mentioned above, a time dependent curve is 
obtained which corresponds with the movement of the measuring point in the direction of the 
Laser beam. Depending on the type of demodulation, there is a choice between a 
displacement signal and a speed signal. The analysis of vibration data can be carried out in 
either time- or frequency-dependency. The human eye and ear is in combination with training 
and experience a very sensitive instrument for supervising a technical machine. However, 
there are numerous applications, where the supervision of a machine is necessary, but the 
knowledge for analysing vibration spectra is not available - thus, the demand for automatic 
data analysis is growing. While applying automatic data analysis algorithms, the amount of 
data can be significantly reduced by using characteristical operating numbers, such as 
maximal amplitudes or so called crest factors. These numbers have special informative value. 
There are also characteristical spectral numbers such as mean values or higher moments of the 
spectrum which are known in the context of condition monitoring as indicators for damages 
or material failures, see [2] ,[3] ,[4]. In total, we are using more than 20 characteristical time- 
or frequency-dependent numbers. An appropriate combination of such numbers allows to 
automatically distinguish between different operating modes, as well as normal operations, 
developing defects or damages. A special field of activity is the cluster analysis of various 
characteristical numbers [5]. Each new application requires the adaptation and calibration of 
the software, since not all characteristical operating figures are relevant. In addition, one has 
to be aware of the normal operating modes of the machine to be supervised. After such a 
calibration phase, the described system will automatically inform the machine operator about 
the actual operating modes as well as the overall conditions of the machine. 

Example of use 

In the following a typical measurement problem for the SeLasCo monitoring system will be 
described. A user of several water pumps with a pump capacity of 3000 l/sec should 
consistently monitor the operation. A breakdown of a pump not only results in high 
maintenance cost but also high safety risks. Generally speaking, an operator does not have the 
special knowledge to make an analysis of vibration data. Under normal conditions, the pump 
is working with a constant rotation speed. Special operating modes for this pump are only the 
start or the disconnection of it, which will be recognized as special operating modes, without 
giving cause for providing an alarm. Diagram 2 shows the graph of the cubical variance of the 
spectrum during disconnection. This diagram demonstrates that just one operating figure 
would be sufficient to recognise the deactivation of the pump, without taking into account 
more operating figures or clusters. 

 
Diagram 2: Cubical variance of spectrum during disconnection 
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Yet it is of course much better to additionally use the data of several curves at the same time 
in order to eliminate the possibility of not detecting a malfunction. 

We have confirmed with our measurement that the pump possesses an inner structure 
with nine vanes. As diagram 3 shows, a spectrum of the vibration data reveals dominant peaks 
at the ninth harmonic of the rotational frequency as well as integer multiples of this ninth 
harmonic. Indeed the pump consists of three stages with nine vanes each. Consequently the 
third harmonic of the nine fold rotational frequency also causes a dominant peak.  
 

 
 

Diagram 3: Dominant peaks at the ninth harmonic of the rotational frequency 
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