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Fiber-optic Vibration Monitoring System 
  

Detection and transmission of vibrations by invisible light beam 
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Light beam services safety and productivity 
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Monitoring of your machines and protection of your investment 

 
The economic performance of turbo generators and hydro generators can be con-
siderably enhanced by on-line monitoring techniques. Because vibration is an 
important index showing the soundness of rotating electrical machines, they can be 
used for early detection of anomalies and troubles. Beside end-winding and shaft 
vibration, other parameters can be monitored and integrated for comprehensive 
condition assessment of the entire generator. The extent of such additional data 
depends on individual generator design.  
 
Generator end-windings experience mechanical vibration during operation. The 
frequency of this vibration is twice the electrical synchronous frequency of the 
generator. High vibration can lead to loosening of entire end-winding support system, 
wear of insulation material, rupture of coil, and fatigue cracking of conductors, all of 
which require extensive out-of-service repairs. 
          Fig. 1  Cooling towers 
On-line monitoring system can considerably enhance the economical operation of turbo and hydro generators  Its 
database is helpful to anticipate generator end-winding vibration problems, predict future maintenance needs, ex-
tend intervals between inspections, and minimise maintenance downtime.  
Vibration and process data (e.g. temperature, partial discharge, hydrogen pressure, hydrogen purity, flow rate,  
shaft voltage and field winding shorted-turns etc.) can be monitored and used for evaluation of complete  genera-
tor condition. This is very significant when users tend to stretch the overhaul intervals more and more: ten (10) to 
twelve (12 ) year intervals are not rare. 

Implementation at Beznau nuclear power plant 

The next pictures shows the Beznau Nuclear Power Plant (KKB) in Switzerland who is owned and operated by 
Nordostschweizerischen Kraftwerke (NOK).   
 

 
 

Fig. 2 Overview of a Nuclear Power Plant, Switzerland 
 
The KKB nuclear power plant in Beznau, Switzerland consists of two identical blocks equipped with Pressurised 
Water Reactors. The secondary circuit of each reactor is connected to two turbo-sets. The KKB plant produces 
base load power for the grid and generates a nominal net power of 365 MW per reactor.  
A total of four two-pole generators, each rated at 228 MVA with stator voltage of 15.5 kV, are installed. The rotor 
and stator windings are hydrogen cooled (Fig. 7). Each turbo-set has accumulated more than 200'000 operating 
hours. Normally, inspections are done in the summer when power demand is ensured by NOK hydro power plants. 
The introduction of necessary improvements has allowed the extension of overhaul intervals of the generators 
from four to eight years representing a reduction of approximately 30 to 40% of total revision costs. In order to fol-
low-up the end-winding vibrations, a fiber-optic vibration monitoring system has been installed on the four ma-
chines. for continuous surveillance and analysis of the end-winding vibrations.  
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End-winding vibration application 

Nuclear power plants provide about 17 percent of the 
world's electricity. Some countries depend more on 
nuclear power for electricity than others. In France, for 
instance, about 75 percent of the electricity is gener-
ated from nuclear power, according to the International 
Atomic Energy Agency. In the United States, nuclear 
power supplies about 15 percent of the electricity 
overall, but some states get more power from nuclear 
plants than others. There are more than 400 nuclear 
power plants around the world, with more than 100 in 
the United States. 
 
For economic reasons, the current trend among ma-
chinery users is to extend the life of their rotating ma-
chinery and increase plant availability and reliability. 
Instead of replacing 20 to 30 year old machinery, plant 
life extension programmes are being implemented to 
operate machinery up to and beyond its original life-
span. However, current operating practices impose 
severe voltage, thermal and mechanical stresses on 
the rotors and stators. One such practice involves the 
run-up and run-down of machines two or more times 
per day which can lead to premature ageing and cycle-
related stator winding deterioration. 
 
Hydro generator application of fiber-optic vibration sys-
tem is more or less limited to generator-motors of 
pump storage plants because of their very demanding 
operating regime; several starts and mode 
changes(e.g. SpinGen to Generate) a day. This 
causes the generator-motors to undergo high thermal 
and mechanical stress causing quick deterioration of 
the bar insulation, bar solder joints, and bar wedging. 
 

Fig. 3 Insulation abrasion between end-winding support
                elements  

 
 

 
 
By fact, pump-storage hydro generator and nuclear 
turbo generator designs exhibit very long end-windings 
and complex bracing system which are submitted to 
strong mechanical and electrical stresses.  
 
The following generic failures have been reported 
which could affect generators availability: 
 

• progressive wear of insulation; 
• structural weakness and electrical disruption; 
• stator bar rupture due to mechanical fatigue 

from machine vibration. 
 
Life extension and increased availability can only be 
achieved through condition monitoring of vital machine 
parameters. This includes the continuous monitoring of 
end-winding structures for anticipated degradation. 
 
A key factor in the diagnostic monitoring of end-
windings in particular is the selection of appropriate 
sensors and measuring systems. The sensors must 
comply with accuracy, reliability and repeatability re-
quirements and must be isolated for safety. 
 
 

Fig. 4 Sensor on the endwindings cap 
 
By design and because of the fiber-optic transmission 
ensuring high voltage insulation, the FAS acceleration 
sensor is perfectly adapted for this application of vibra-
tion measurements of elements under high voltage like 
stator bars and end-windings. Also, the non-metallic 
head of the sensor does not disturbe the magnetic 
field distribution at the end-windings. No active elec-
tronic elements are used in the sensor head but only 
optics. 
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Fiber-optic Acceleration Sensor 

The sensor is a single piece consisting of three key 
parts: optical sensor head, fiber-optic integral cable 
and sealed feed through connector/conditioner. The 
sensor body is made of ceramic material providing ex-
cellent thermal stability and insulation. The fiber-optic 
integral cable is 5mm diameter, six (6) or ten (10) me-
ters long, and protected in PTFE tubing with an 80mm 
bend radius. The sealed feed-through connec-
tor/conditioner contains the optoelectronic conditioning 
circuitry. A single+ 24Vdc external power supply is re-
quired. The 100mV/g output voltage is directly propor-
tional to vibration acceleration and is transmitted to the 
centralized vibration monitoring system. 
 
A current version of the fiber-optic acceleration sensor 
has a built-in double integrator providing a displace-
ment output proportional to measured acceleration. 
Both, acceleration signal and displacement signal out-
puts are provided. 
 

 
Fig. 5 FAS 106 / 110 : Sensor with integral PTFE 
               conduit and sealed feed-trough conditioner 

Sealed flange 

A flange is welded on the generator casing providing 
the mounting surface of a well machined stainless 
steel flange for the sensors feed-trough conditioners.  
The sealed feed-through has been designed to with-
stand hydrogen pressure up to 10 bars. 
 
Depending on the generator casing design and the 
amount of sensors per side (turbine or collector side) 
of the generator, the flange can be designed to accept 
one (1), three (3), six (6) or seven (7) sensors. 
 
 

 
 

 
Fig. 6 Sealed Flange with six (6) Fiber-optic 
                sensors and connector.  [Turbo generator] 

A modern Technology Compact Module 

The system offers a novel and efficient solution for the 
vibration and air gap protection for monitoring of the 
electrical machines. Thanks to the field proven PMS-
100 Top Message data acquisition unit used and 
proven in the industrial automation and robotics, this 
material offers all guarantee concerning the reliability, 
robustness and performances in the industrial envi-
ronment. PMS-100 data acquisition and processing 
cards are mass products with a very large worldwide 
diffusion ensuring long term production and support. 
 
 

 
Fig. 7 PMS-100 Acquisition Module 
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The end-winding raw vibration signal acquisition, moni-
toring and analysis is performed by a modern technol-
ogy compact module. Up to eight (8) respectively six-
teen (16) simultaneous channels per DIN rail mount 
unit is possible. In addition, the process variables like 
temperature, load, and pressures can be monitored 
same time for correlation purposes. In such case and 
depending on the channel number and monitoring re-
quirements, a slave module can be added and inter-
connected via CAN-Bus. This stand alone and net-
workable unit performs a continuous monitoring of the 
stator end-winding vibration occurring at 100 respec-
tively 120 Hz.  
 
Thanks to the two free slots, other acquisition card can 
be implemented like OTPT (digital outputs), ADIT 
(analogue inputs), etc. The PMS-100 data acquisition 
unit is fully programmable via RS-232 or Ethernet link 
when connected to a PC running the Bus Manager 
software. In addition, the unit offers a MODBUS port 
for connection to Digital Control System of the ma-
chine. 

Networking capability 

The Ethernet link using TCP/IP protocol provided by 
the acquisition module permits the transmission of the 
data where needed locally, at your desktop, and within 
the user network. If you do not use the company’s 
network, you can easily set up a data network with 
standard components parts and can then evaluate the 
data on several computers. 
 
PMS-100 Top Message hardware and the Vibrolab and 
ProfiSignal software provide the benefits of quality as-
surance, diagnosis capabilities required functions for 
efficient machine monitoring.  
 
 

Fig. 8 Company network LAN 
 

 
Modular and user’s friendly software  

Fully compatible German/English software modules 
operating on PC under WINDOWS XP PRO are avail-
able for: 

• Process graphics, operating and monitoring  
• Acquisition, monitoring, trending and analysis 
• Vibration analysis of raw signals and display 

as time record, frequency spectra, waterfall 
graph, polar graph, orbit graphh, ,short trend, 
etc. 

• Historical and events driven trend of data  
• Acquisition and Monitoring System is deliv-

ered fully configured in accordance with the 
system requirements. 

 

 
Fig. 9 Sample of  Historical Trend Graph 

 
PROFISIGNAL Process Visualization module allows 
the user to create diagrams for the operation and 
monitoring of a HMI Human Man Machine Interface 
adapted for the application. It enables the realization of 
any number of applications by using just one software 
package.  
 
Hereafter, a simple mimic of the machine, digital dis-
plays, alarm and trip lamps, bargraphs and selection 
buttons has been created using the tools of the 
ProfiSignal editor.  
 
 
 

 
Fig. 10 HMI created with ProfiSignal 
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Installation of the system 

A complete fiber-optic vibration monitoring system 
consists of fiber-optic acceleration sensors and cables 
the feed-through flanges, the power supply and a pro-
grammable data acquisition monitoring system. 
 
Such a system can be installed on generators during 
an overhaul. Usually, twelve (12) fiber-optic accelera-
tion sensors are installed per turbo generators, six (6) 
sensors on each side. 
 

 
Fig. 11 FAS-106 installed on a hydro generator 

 
The acceleration sensor is sensitive in only one direc-
tion. Consequently, it is possible to monitor vibrations 
of an installation in radial, axial and tangential direc-
tions. The installation of the fiber-optic acceleration 
sensors requires firstly the selection of the points to 
the monitored on the end-windings. With regard to the 
positioning of the fiberoptic sensors, it is advisable to 
consider both the design and the actual conditions of 
the stator end-winding bracing system.  
 
While the technique for their installation may differ 
from machine to machine, each sensor must always 
be rigidly attached to its monitoring point. The connect-
ing fiber-optic cables are normally fastened to the end-
winding bracing rings and routed to the exit flange. 
The electrical signals proportional to the acceleration 
or displacement of the measured objects are available 
at the feedthrough conditioning unit. 
 
In the case of hydrogen cooled turbo generators, the 
feed trough units shall be equipped with O-ring with-
standing the hydrogen environment of the generator 
and shall be mounted on a flange. Acceleration or dis-
placement electrical signals are transmitted by means 
of individual twisted pair cables or single multicore 
shielded cable to the centralized monitoring unit.  

 
 
Sensor Installation location 
 
As shown on this picture FAS sensor installation can 
be done on the end-winding collector link in radial, and 
tangential directions or directly on the end-windings 
cap in radial and tangential direction.  
 
When six (6) sensors are installed on the collector end 
and six (6) sensors on the turbine end they shall be 
uniformly distributed around the end-windings basket 
in the radial directions.  
 

 
Fig. 12 Sensors uniformly distributed on the end-winding
                cap in radial direction. 

 
Normally and in order to determine the installation lo-
cations of the sensors, following elements shall be 
considered: 
• Visual inspection for the presence of white powder 

of the bars and end-windings basket might indi-
cate progressive wear and bar movements 
against structure. 

•  Bar resonance frequency close to excitation fre-
quency of 50 Hz (60Hz) or 100 Hz (120Hz) shall 
be considered because large vibration amplitude 
might appear when excited by the magnetic forces 
at the same frequency.  

• High vibration amplitudes might appear at certain 
operating conditions when the temperature gen-
erate a shift of the resonance frequency of the 
bars. 

• The best results can be achieve with a bump test  
to define the vibration modes of the bars and the 
locations of the peak and valleys of the end-
winding basket assembly.  
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Main features of the Fiber-optic Vibration 
Monitoring System 

Fiberoptic Acceleration Sensor – FAS106/110 

Frequency range : 30 to 350Hz 
Measuring range : to 40g / 1mm pp@100Hz 
Sensitivity : 100mV/g  
Operating temp. : 20°C to +90°C (68°F to 194°F) 
Power supply : +24VDC/approx. 40mA 
 
Detailed specs : see data sheet 
 
FAS-106/100 Version M2 with built-in double inte-
grator and Stainless steel body. Signal output 10 
mV/micrometer. 

Data Acquisition and Monitoring Unit 

• Acquire measurement data, data logger 
• Fully programmable via LAN and PC 
• Local display and programming  
• Ethernet link, TCP/IP protocol 
• Modular, up to two acquisition boards per unit 
• 8 (16) synchronous/parallel sampled  
               analogue inputs 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
• Bandwidth DC to 10kHz 
• Digital filters (LP, BP)  
• FFT analysis (in device) 
• Narrowband monitoring of the fundamental    
               100 (120) Hz as well as two other 
                frequencies. 
• Broadband monitoring  
• When required relays output for alarming 
• DIN Rail mount, detachable terminals  
• 19” rack mount 3 U or 6 U height 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig. 13 Rack 19” data acquisition system 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Fig.14 Dimensions of the FAS Fiber-optic Acceleration Sensor 

For detailed technical information please refer to individ-
ual data sheet of the products you can find on our web 
site www.mc-monitoring.com 


