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 W  elcome to the Spring edition of 
Uptime. Taking advantage of 

the Spring season, we have seeded 
some thoughts that will enable you to 
flourish throughout the forthcoming 
months despite the impacts of the 
global economic downturn. 

The downturn has afforded many 
companies the opportunity to invest 
time in streamlining processes and 
maintenance activities.  Productivity 
and efficiency of your machinery and 
processes is in fact more critical now 
than in the preceding boom years.  
Cost reductions, such as reductions 
in proactive maintenance expendi-
ture, can adversely effect production 
availability, equipment reliability and 
plant integrity, thereby effecting prof-
itability, business performance and 
more importantly safety.

Machine condition and perform-
ance monitoring has been proven to 
be the most powerful tool available 
to increase productivity, efficiency 

and reliability of your plant. Bruel & 
Kjær Vibro is a company founded 
on condition monitoring excellence, 
augmented by an extensive condi-
tion monitoring product portfolio and 
continues to offer improved solutions 
for your specific needs to assist in 
optimising the performance of your 
machinery.  
To complement the existing Compass 
6000 integrated safety, condition and 
performance monitoring system, and 
to address the market need for an 
inexpensive monitoring product with 
powerful condition monitoring capa-
bility, we have recently released the 
VIBROCONTROL	�500 (VC 1500). 
This high-end compact monitor, like 
the VC-6000	compact	monitor, 
provides a cost-effective monitoring 
solution to a wide range of specific 
machine applications. 

Read more about the VC-1500 and 
other exciting items in this issue of 
Uptime!

Shohan	
Seneviratne
Vice President, 
Sales & 
Marketing
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For many years online 

machine monitoring was 

deceivably simple – critical 

machines were monitored 

by rack-based systems, 

and the rest – balance-of-

plant machines (BOP) - 

were monitored by vibration 

monitors. 

 T  he safety monitoring require-
ments for both types of ma-

chines has been relatively similar, 
hence the differentiation in function-
ality between these two products 
was minimal. However the gap in 
condition monitoring functionality has 
been enormous. This was partly due 
to cost constraints of the monitors 
down, and partly because the condi-
tion monitoring expectations for the 
BOP machines was quite low. Most 
traditional vibration monitors offer 
little more than a buffered output and 
a 4-20mA output signal.

A New Generation 
of Compact Monitors 
Fills	the	Gap

cal if one of the units is taken out for 
service. The importance for condition 
monitoring of these machines there-
fore increases. A time-based mainte-
nance strategy may be sufficient for 
many BOP pumps, compressors and 
motors that are operating at a con-
stant speed and a single duty-cycle, 
but what about the increasingly more 
prevalent flexible industrial processes 
that are being implemented in plants 
world-wide? Here, switching over to 
different process fluids, for example, 
may increase plant productivity and 
efficiency, but this also consequently 
results in different duty cycles and 
loading on the machines and hence 
different wear rates. This again puts 
more importance on the need for ef-
fective condition monitoring.

It was for these reasons why the 
“new” generation compact monitors 
with advanced condition monitoring 
capability were developed. These 
monitors offer the same advanced 
level of condition monitoring func-
tionality as the rack-based systems 
but at a fraction of the cost. The only 
difference, is that the compact moni-
tors are cost-effectively dedicated to 
specific applications, and therefore 
have less functionality. The rack-
based systems, which are intended 
for plant-wide applications with many 
different types of machines, require 
more functionality.

focus 

technical 

That was the past!

Today there are many machines 
that are critical to a process, but 
due to physical isolation from other 
machines or insufficient sensor input 
channels to fill up a rack, they are not 
conducive to a rack-based system. 
This becomes a dilemma because 
the condition monitoring capability of 
the traditional vibration monitor is not 
adequate for detecting and diagnos-
ing developing machine faults at an 
early stage. This dilemma applies to 
cooling tower motors, a single train 
critical pump, or an isolated gas tur-
bine. Even many spared machines 
which are normally monitored by 
vibration monitors may become criti-
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Brüel & Kjær Vibro offers two 
such new generation compact 
monitors:

n VC-6000 compact monitor 
n Newly released VC-1500 

The versatile VC-6000 cm can be 
configured in a number of ways 
for many different applications 
and includes variable bandpass 
and vector measurements (mag-
nitude and phase). See the 2008 
Spring-Summer issue of Uptime 
for more information on this prod-
uct. 
The second, and newly released 
VC-1500 is a small DIN-rail 
mounted unit that has on-board 
trending, frequency analysis, and 
post-mortem analysis! See the 
next article for more information 
on this product.

These new generation compact 
monitors play a new and critical  
role in online machine monitor-
ing, especially for the previously 
mentioned applications. But this 
“gap filling” role is only a compli-
mentary one. Traditional vibration 
monitors with basic condition 
monitoring capability are still 
effectively used in numerous 
applications, and by no means 
have suddenly become obsolete 
overnight. The traditional moni-
tors will continue to be used for 
many BOP machines where 
safety monitoring is the predomi-
nant strategy. Brüel & Kjær Vibro 
offers several vibration monitors 
with basic condition monitoring 
functionality, such as the VC-920, 
VC-1000 and VC-1100. 
To find out more about these 
monitors visit our website at 
www.bkvibro.com.  n

Brüel & Kjær Vibro  
launches the new	VC-�500		

compact	monitor

 T  he information needed to help 
make an accurate O&M decision 

concerning the condition of the ma-
chine, the rate of deterioration and/or 
what happened just before or imme-
diately after the machine tripped is 
essential. This information is not avail-
able in traditional vibration monitors. 
So where do you get it from? Here are 
your choices:

n Invest in a separate condition 
monitoring system that offers 
analysis techniques, trending and 
remote monitoring capability. This 
requires a capital invesment, plus 
training, support and IT manage-
ment

n Call for an engineer to come on-
site with a portable data analyzer 
to take measurements and make 

Why have condition monitoring capability in a 

safety monitor? Vibration monitors have tradition-

ally provided an inexpensive and simple solution for 

protecting balance-of-plant machines (BOP) such 

as pumps, fans, compressors, motors and other 

auxiliary machines. These instruments can reliably 

protect a machine from a catastrophic failure, but 

… do little else. If a machine has tripped, the Plant 

Manager has to make a operations and mainte-

nance (O&M) decision to start it up again and see 

if it can run to the next scheduled stop, or open up 

the machine immediatly to see what is wrong. Re-

gardless of the decision, it will have the impact of 

production downtime and/or maintenance costs.
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update
product

The VIBROCONTROL 1500 combines reliable safety mon-
itoring with advanced condition monitoring system capa-

bility – and this is at a fraction of the cost of what is nor-
mally offered in a rack-based system. It accepts inputs 
from two accelerometers and two temperature sensors 

and provides overall vibration, temperature and bearing 
condition measurements from each channel. In addition 

to this, it also offers trending capability, frequency analy-
sis, post mortem analysis and remote monitoring capabil-
ity! All of this is packed in a small DIN-rail box measuring 
90 x 75 x 115 mm. No expertise is needed to install, com-

mission or use this product!

a diagnosis. Several trips would 
have to be made for creating a 
trend. This method can’t be used 
for post mortem analysis. 

n Replace the old vibration monitors 
with a new unit that has condition 
monitoring capability included - the 
VIBROCONTROL 1500!

Powerful safety monitoring 
capability in a little box

The 2-channel VIBROCONTROL 
1500 (VC-1500) was specifically de-
signed for monitoring casing vibration 
(ISO 10816), rolling-element bear-
ing condition (vibration) and bearing 
temperature on a number of different 
kinds of BOP machines. There is an 
Alert and Danger relay that is activat-
ed if the respective alarm limits are 
violated for any of the three meas-
urements on any channels. There is 
also an OK relay that monitors the 
function of the instrument and sen-
sors. For DCS/SCADA interfacing, 

there is a 4-20mA DC output for each 
vibration channel. All setups and data 
display is done on the front panel via 
push buttons or remotely.

This is a lot of safety functionality for 
a vibration monitor, but the VC-1500 
can do more than just protect your 
machines! It can also help protect 
yourself from unecessary downtime.

Bearing condition

Early fault detection and diagnosis 
of rolling element bearings cannot 
be achieved through overall vibration 
measurements. The VC-1500 offers 
a special technique called the Bear-
ing Condition measurement, which 
is based on an envelope spectrum in 
the 500-5000 Hz frequency range. A 
special calculation algorithm is made 
on the incoming envelope spectra, 
which is then factored by an auto-
matically generated “good condition” 
reference value. This unitless result, 

called the Bearing Condition value, is 
“1” for a good condition bearing, and 
increases over time for a deteriorat-
ing bearing. No diagnotic expert or 
specialist is needed to work with this 
advanced condition monitoring meas-
urement!

Trending

A vibration monitor with a local data-
base! There are not many of those 
on the market! The VC-1500  au-
tomatically stores data for all three 
measurement types (overall vibra-
tion, bearing condition and tempera-
ture) for each channel on its onboard 
memory.

There are three types of buffer 
resolutions that are stored for each 
measurement on each channel (i.e. 
8 hours, 10 days, 10 months). This 
allows you to more easily identify 
both short and long term trends of 
a developing fault. An additional 
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Safety & Condition Monitoring 
DC Outputs

Live Data,
Trended Data
DFT Analyses,
Post-Mortem,
Alarm Status,
Relay Reset
Setup

Trip 
Multiplier

Accelerometer and 
Temperature Sensors

  Bearing Temperature

·
·
·

Casing Vibration  
  REB Condition

Alert

Trending
Casing Vibr., REB Vibr., Temp.:
   10 days to 10 months

Post-Mortem Logging
Casing Vibration:

-994 to +29 sec after Alarm

DFT Analysis
Casing Vibr.: 10-1000Hz
REB Condition: 500-5000Hz

Interface Converter
CAN-Bus/USB

CAN-Bus (up to 40x VC-1500)

Network
Interface

Danger OK

Relays

VC-1500
Control
Center
Software

feature calculates the lead time for 
the trend to reach the Danger alarm 
limits, together with the data quality 
evaluation.

Post Mortem

When a Danger alarm is activated, 
the VC-1500 automatically records all 
overall vibration data at one second 
intervals, 994 sec before the alarm 
and 29 seconds after, for each ac-
celerometer. This data can be dis-
played locally on the panel screen 
or remotely in a plot in the VC-1500 
Control Center software to enable 
the condition of the machine at the 
time of the alarm or trip to be visual-
ized. This takes the guesswork out of 
“what happened” before and after an 
alarm or trip.

Remote Monitoring

The VC-1500 has an easy-to-use 
local display for data visualiztion, 
setup and analysis.This can also 

be done remotely over the internet. 
The VC-1500 uses the CAN-bus 
fieldbus (Controller Area Network) 
for sending and receiving informa-
tion to the VC-1500 Control Center 
Basic software via an USB interface. 
CAN-bus, a multi-master serial net-
working protocol with error detection 
capability, is incredibly easy to use! 
It is the most widely used fieldbus in 
the world (with origins in the automo-
tive industry), and allows up to 40 
VC-1500’s to be interconnected in a 
network.

Frequency Analysis

When trended data shows an in-
crease in amplitude or an Alert alarm 
is activated, it is important to iden-
tify, localize or diagnose the fault in 
order to plan maintenenance ahead 
of time. The VC-1500 allows you to 
manually request a Discrete Fourier 
Transform analysis (DFT) to be done 
with 320 lines of resolution on sam-

ples of the following types of meas-
urements:
n Overall vibrations – Velocity units, 

RMS, frequency range 3-1000 Hz
n Rolling-element bearing condition 

– Acceleration units, RMS, fre-
quency range 500-5000 Hz

The VC-1500’s unique display shows 
the highest vibration peaks together 
with the associated frequencies for 
each type of measurement for each 
accelerometer. This frequency analy-
sis can be done at anytime so you 
can identify the fault and follow its 
development.

Conclusion

The primary task for any vibration 
monitor is to reliably protect your 
machines. But today’s technology al-
lows the VC-1500 to do this plus help 
optimise your machine uptime with its 
added advanced condition monitor-
ing capability. Rack-based condition 

Figure 1.  
VC-1500 inputs, 
outputs and 
functionality.
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monitoring systems will continue to 
be used for critical machine trains 
with high channel density. The VC-
1500 provides much of the same 
functionality for BOP and critical 
machines isolated at a fraction of the 

cost, and without the requirement for  
specialist knowledge to use it.
Contact us for more information on 
this product. For a list of local sales 
representatives closest to you, email 
us at info@bkvibro.com.   n

Accelerometer with built in  
temperature sensor

The unique AS-062/T1 accelerometer allows tempera-
ture to be simultaneously monitored together with the 
vibration. This is possible because the temperature 
sensor is built into the accelerometer housing. The ac-
celerometer is a constant current supply sensor, and 
the tempature sensor is a PT 100 type. Expensive ad-
ditional components and wiring costs are unnecessary. 
If needed, a standard accelerometer can be used with 
a separate temperture sensor (e.g. that is mounted 
closer to the bearing).

Figure 2. VC-
1500 Control 
Center software 
for data visu-
alization, setup 
and analysis

update
product
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VC-6000	compact	monitor	used 
for monitoring small hydroelectric 
generating units

The VC-6000 compact monitor is delivered to Andritz Hydro as 

an OEM product for monitoring their smaller hydro gener-

ating units. This vibration monitor proved to be well 

suited to this application since it has the functional-

ity normally found on the more expensive rack-

based systems.

Company

Andritz Hydro Srl. (formerly called 
VA-Tech Escher Wyss) is the Italian 
affiliate of the multi-national company 
Andritz Hydro (formally VA-Tech 
Hydro Andritz). The Andritz Hydro 
facilities in Schio (Vicenza), Italy, 
undertake the mechanical and elec-
trical engineering for procurement 
and workshop assembly of large and 
compact hydroelectric generating 
units, and Service & Rehabilitation of 
old hydroelectric power plants. This 
includes site erection and commis-
sioning. The Schio plant, with 110 
employees, assembles and works 
on most hydro generating unit com-
ponents, including turbines, pump-
turbines, governors, plant automa-
tion, protection, excitation, SCADA, 

Figure 1. Andritz Hydro workshop in Schio, Italy. (The 
spiral case and distributor shown in the photo is actually 
part of several older units that are being reconditioned to 
be installed in rural South American towns through a non-
profit organization. Retired Andritz Hydro factory workers 
are being asked to come back part time to do the recon-
ditioning and commissioning.)
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remote controls and low and medium 
voltage cubicles. The main custom-
ers include the Italian electric utilities 
ENEL, EDISON and EDIPOWER and 
the Spanish utility ENDESA.

Brüel & Kjær Vibro has delivered a 
full range of monitoring systems to 
Andritz Hydro over the years, which 
include the VC-6000 compact moni-
tor and the VC-4000 monitoring sys-
tem. These systems have been used 
on hydro generating units ranging 
from 4MW units to units over 150MW.

OEM Monitoring 
Requirements

The Italian workshop of Andritz Hydro 
has very special needs for a machine 
condition monitoring system for their 
smaller hydro generating units. Sev-
eral of their clients have small hydro-
electric generating units, sometimes 
less than 10MW, where there is only 
a single hydroelectric generating 
unit in the power station. A typical 
example of this is shown in Figure 
2. These power stations collectively 
play an important role in the local en-
ergy distribution. Despite their small 
size, the uptime of these machines is 
vital. But as a result of the hydro gen-
erating unit size and small numbers 
in the power station, it can be difficult 
to find a cost-effective monitoring so-

lution for these critical machines.

A typical rack-based safety and con-
dition monitoring system has all the 
necessary functionality and remote 
monitoring capability for these types 
of applications, but such a system 
would be too expensive for monitor-
ing a single hydro generating unit. 

There are many inexpensive vibra-
tion monitors in the market, but these 
do not have sufficient functionality 
for effective condition monitoring of 
hydro units. These types of vibra-
tion monitors are primarily designed 
for monitoring pump and fan motor 
trains. Moreover, these monitors of-
ten do not have a remote monitoring 
interface that can be accessed by a 
SCADA system.

Compact Monitor as an OEM 
Product

The Brüel & Kjær Vibro VC-6000 
compact monitor provided an optimal 
solution to this dilemma. This vibra-
tion monitor has wide-ranging condi-
tion monitoring measurement capac-
ity, and can be interfaced via OPC 
to a DCS/SCADA system for remote 
process visualization, acknowledging 
alarms, resetting relays and changing 
setup parameters.

The compact monitor is factory-con-
figured at Brüel & Kjær Vibro for the 
specific monitoring requirements at 
Andritz Hydro, which include the sen-
sor inputs and specialized measure-
ments. This pre-configured product 
is delivered as a standardized OEM 
product platform to Andritz Hydro, 
which can be used for many differ-
ent types and sizes of hydroelectric 
generating units. When the compact 
monitor is installed on-site at an end-
user’s power station, the measure-
ment parameters are “fine-tuned” to 
the particular characteristics of the 
generating unit, such as rotational 
speed, number of turbine blades, etc. 
The relay configuration and vibration 
data to be exported to the DCS are 
set up on-site according to the re-
quirements of that power station. An 
OPC interface is also set up on-site 
for exporting data to the SCADA sys-
tem, if needed.

Typical Monitoring 
Configuration for the 
Compact Monitor

For Andritz Hydro, the compact moni-
tor is typically used to monitor small 
hydroelectric generating units, many 
of which are under 10MW. Figure 3 
shows a typical configuration for the 
compact monitor for safety and con-
dition monitoring of a typical hydro-
electric generating unit. In this exam-
ple, four compact monitors are used 
for monitoring the upper and lower 
generator guide bearings, the turbine 
guide bearing, and for monitoring the 
axial vibration.

Figure 2. Typical Andritz Hydro com-
pact hydro generating unit (horizon-
tal Francis turbine, 9.2 MW).
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Installation

X-Y displacement sensors are in-
stalled on the three guide bearings 
as shown in Figure 3. In smaller 
hydro units such as in this example, 
access may be difficult for placing 
the displacement sensors directly 
at the bearing. This is the case for 
the lower generator guide bearing 
as shown in Figure 4 (right), where 
the radial X-Y sensors are placed as 
close as possible to the lower gen-
erator bearing housing. In this case 
a velocity sensor is used for monitor-
ing the axial vibration in place of the 
axial displacement sensor. The ve-
locity sensor is located on top of the 
generator cover housing, as shown 
in Figure 4 (left).
The four compact monitors are 
typically installed in a cabinet in the 
instrument room of the power sta-
tion, as shown in Figure 5. The tacho 
signal is wired to the three monitors 
at the bearings. This allows triggered 

Figure 3. Typical 
monitoring sys-
tem configura-
tion for the com-
pact monitor. 
Displacement 
sensors are 
shown in red, 
tacho in yellow 
and the velocity 
sensor in blue.

Figure 4. Examples showing sensor 
installation on the hydro generating 
units. On the upper left is the velocity 
sensor on the generator top cover for 
monitoring axial vibrations. The lower 
left and upper photos show the X-Y 

radial displacement sensors mounted 
just over the turbine guide bearing. 
On the lower right are the X-Y radial 
displacement sensors mounted below 
the lower generator guide bearing.

Figure 5. Typical 
cabinet installa-
tion for the com-
pact monitors.



   01/09 • uptime megazine    ��

vector measurements to be made for 
all the guide bearings for early fault 
detection and diagnosis by using a 
single tacho sensor.
Relay signals are wired to the emer-
gency shutdown system for tripping 

the machine if the vibrations indicate 
an impending catastrophic failure. A 
trip multiplier function in the compact 
monitor prevents the normal high vi-
brations due to start-up/synchroniza-
tion from triping the machine.

Measurements  
and Signal Conditioning

As shown in Figure 3, each compact 
monitor is set up for a specific moni-
toring task. Figure 6 shows the signal 
flow diagram for the compact moni-
tors used to monitor the generator 
and the turbine guide bearings.
The compact monitor has measure-
ments that are used for safety moni-
toring and machine condition moni-
toring, as summarized in Table 1.

Sensor	
(meas.	point)

Measurements Faults	that	can		
be	detected	and	diagnosed

Safety		
Monitoring

Condition		
Monitoring

Relative	radial		
vibration
(all	bearings)

n   Overall	
(ISO:1Hz/10Hz 
- 1kHz)

n   DC (shaft po-
sition)

n  	�x	magnitude
n   �x	phase

Bearing damage, lack of lubrica-
tion, overload, wear, misalignment, 
unbalance

Tacho - n   Speed,	phase Phase and triggering used in other 
measurements

Absolute	axial		
vibration	
(stator	casing)

n   Overall	
(ISO:1Hz/10Hz 
- 1kHz)

- Axial stator movement, thrust 
bearing problems

Table 1 Meas-
urements pro-
vided by the 
four compact 
monitors at a 
typical end-user 
hydro power 
station.

Figure 6. Signal flow diagram 
for the compact monitor for 
monitoring the generator and 
turbine guide bearings.
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Remote Monitoring

In addition to the relay outputs, the 
compact also has data outputs. The 
DC outputs are used for exporting 
the 4-20mA signals to the process 
control system at the power station. 
Operators use this information to 
keep an eye on the vibration levels of 
the generating unit. Using the setup 
software program that comes with the 
compact monitor, the Operators can 
also acknowledge incoming alarms, 
reset relays and change setups.
 
Vibration data is also exported from 
various power stations to the SCADA 
system at the Andritz Hydro Italian 
headquarters in Schio via an OPC 
interface. Here the factory is not 
authorized to change the setups, 
but they can keep an eye on the per-
formance of their machine during the 
warranty period. This makes it both 
easier and faster to react to machine 
problems should they arise. An ex-
ample of a SCADA screen display is 
shown in Figure 7.

Conclusion

The compact monitor plays an im-
portant role in filling the gap between 
inexpensive vibration monitors and 
the expensive rack-based monitoring 
systems. This is important for moni-
toring critical hydroelectric generating 

Giovanni	
Zampin
Project Manager 
   

Enrico		
Simonetto
Electrical 
Engineering 
Responsible 

Diego	Saccon
Hydro Service 
Mechanical 
Engineer

units that are relatively small, and 
where there are only one or two units 
in the power station. In this case the 
important functionality composes of:

n  Condition monitoring measure-
ments such as vectors

n  Remote monitoring capability

As an OEM product, it is also im-
portant that the compact monitor be 

limited to one or two standard config-
urations, that can be later fine-tuned 
on-site.
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Figure 7. Example of the vibration 
data exported to the SCADA sys-
tem via OPC interface. The screen 
capture above shows vibration data 
plotted against process parameters 
such as speed and active power. 
The compact monitor has its own 
remote monitoring software and da-
tabase (xms), but this is not needed 
for this application, as this is done by 
the SCADA system.
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Retrofit of wind 
turbines at	Horns	
Rev	Offshore	
Wind	Farm

 V  attenfall, in collaboration with 
Dong Energy, own and operate 

one of the world’s largest offshore 
wind farms, located in the North Sea. 
The farm comprises a total of 80 wind 
turbines with a production capacity of 
160MW. Brüel & Kjær Vibro has been 
selected to retrofit these wind tur-
bines with our wind turbine monitoring 
system, beginning in Autumn, 2009. 
This includes sensors, monitoring 
hardware and analyzer software. n

Horns Rev Offshore Wind Farm 
– Photo courtesy of Vattenfall

 news

     field

 A  n upgrade of the COMPASS Monitoring Sys-
tem software, incorporating the SCO UNIX 

OpenServer Release 6 operating system software, 
is available. This stable, dependable software, still 
the dominating platform for many servers worlwide, 
has been upgraded to a modern, high performance 
operating system at a lower-cost. It has greater mul-
ti-processor support, greater file size, increased 
memory and includes new kernel technolo-
gy. The new software can work on most 
modern, high performance computers 
and peripherals.

Contact us today to find out how 
simple it is to upgrade your  
existing COMPASS installation.  
For a list of local sales representa-
tives closest to you, email us at 
info@bkvibro.com. n

Upgrade your  
COMPASS system 

with	a	new	operating	
system	release

update

product
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renewableenergy

Remote	Condition		
Monitoring	of	Vestas	Turbines

This is a reprint of a paper 

written by Jacob Juhl Chris-

tensen from Vestas Wind Sys-

tems (Denmark) and Carsten 

Andersson from Brüel & Kjær 

Vibro (Denmark). It was pre-

sented at the European Wind 

Energy Conference and Ex-

hibition in Marseille, France, 

March 18, 2009 (EWEC 2009).

  

Jacob Juhl 
Christensen 
presenting the 
paper at the 
EWEC 2009 
conference.

Summary	
This paper presents the experience gained over a period 
of several years with Brüel & Kjær Vibro remote condi-
tion monitoring of a large number of Vestas turbines. The 
paper describes an efficient implementation of large-scale 
remote monitoring of wind turbines using characteristic 
scalar measurements combined with automatic tools to 
overcome the challenges of the massive amount of data 
and alarm information. The importance of transforming the 
complex condition monitoring data into actionable informa-
tion, which can easily be integrated into the workflow of 
the service organisation, is also addressed. Finally, real-
life examples of detected mechanical faults are presented.
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Introduction	
The operation of today’s large 
wind power plants require efficient 
maintenance strategies to ensure 
uninterrupted power production and 
controlled expenses to operation and 
maintenance.  
Essential to this effort is the ability to 
predict impending breakdowns in crit-
ical components as this enables the 
operator to avoid costly breakdowns 
and unscheduled interruptions of the 
power production. This predictive 
maintenance is enabled by condition 
monitoring which is the assessment 
of the “health” of a machine by analy-
sis of measured signals; typically 
temperatures, vibrations or lubrica-
tion oil quality or –wear debris con-
tent. This paper focuses on experi-
ences gained with vibration condition 
monitoring. 
 

The application of condition monitor-
ing techniques has for decades been 
an integral part of asset management 
in thermal power plants, and the 
technology has in recent years in-
creasingly been adopted by the wind 
power industry. The general capabili-
ties of the vibration condition moni-
toring technology are therefore well 
known, but the adaptation to wind 
turbines has proven challenging due 
to inherent physical conditions such 
as rapidly varying loads and non-rigid 
machine foundations. Also since wind 
parks are geographically dispersed 
and often located in remote areas, 
cost considerations have made it 
necessary to rethink the traditional 
monitoring setup with one or more 
on-site diagnostic specialists into a 
monitoring strategy with centralised 
remote monitoring of a large popula-
tion of identical machines.  
Centralised monitoring, however, 

separates the diagnostic special-
ists from the turbine operators and 
service managers and consequently 
necessitates the implementation of 
clear procedures for on-site handling 
of alarms raised by the condition 
monitoring centre and feed back to 
the same centre regarding the results 
of machine inspections or service ac-
tions performed due to alarms.  

On a system level, the typical geo-
graphic separation of turbines, park 
operator/owner and the diagnostic 
centre calls for a multi-user web-
based access to the databases 
holding the turbine alarm status and 
measurement data. This enables all 
stakeholders to access the data they 
need. 
 
Figure 1 summarises the setup for 
centralised monitoring of wind tur-
bines described above.  

Figure 1. 
Information 
and workflow 
in centralised 
condition moni-
toring of wind 
turbines  
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Condition	
monitoring		
on	wind	turbines	
  
Continuous remote condition moni-
toring on wind turbines requires a 
permanently installed measurement 
system for data acquisition and -
processing of the required physical 
parameters. This so-called condition 
monitoring system (CMS) consists of 
a dedicated electronic data acquisi-
tion board and - in the case of vibra-
tion condition monitoring - a number 
of accelerometers mounted on the 
turbine drive train, generator and 
main bed frame [Figure 2].   
 The primary functions of the data 
acquisition unit are: 

n Automatic	monitoring – Vibra-
tion, operating parameters and 
time waveforms are automatically 
recorded and monitored at fixed 
intervals and sent to a diagnostic 
server in the condition monitoring 
centre.

n User	requested	time	waveforms 
– Upon a user request the data 
acquisition units can record time 
waveforms used for detailed fre-
quency and time series analysis. 

n Automatic	event	recorder - Time 
waveform data is automatically 
stored before and after a user-
defined event, thus allowing the 
condition monitoring centre to do 
advanced vibration post-analysis 
to identify developing faults. 

A wired internet connection (DSL) 
with adequate bandwidth is used to 
transmit scalar data and time series 
over a web-server to the condition 
monitoring centre. The time series, 
sampled at 25.6 kHz, are not continu-
ously transmitted over the internet, 
but recordings of 10-40 seconds 
length are transferred at regular in-
tervals (typically every week or every 
month depending on the line quality).  
  
The scalar data are processed values 
extracted from the measured time 
waveforms. In each turbine more 
than 100 parameters (scalar values) 
are monitored, including overall RMS, 
bandpass values, speed depend-
ent parameters such as vibration at 
tooth mesh frequencies and their 
harmonics and vibration at one and 
two times shaft running speed. The 

analysis of these parameters and the 
underlying time waveforms allows 
the diagnostic experts to identify me-
chanical failure modes such as  
 

n Bearing Faults 
n Coupling Faults 
n Misalignment Faults 
n Gear Faults 
n Unbalance 
n Support Structure Faults 

Figure 2: Schematic representation 
of a vibration condition monitoring 
system comprised by a data acquisi-
tion unit and accelerometers (yellow 
circles) mounted on the drive train 
and generator. The purple circle 
indicates a proximity switch which 
measures the revolution speed of the 
generator shaft.

Figure 3. The measured vibration 
signals vary with the active power 
and must be separated into active 
power bins to facilitate trending.
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B. Bearing fault detected 
in generator bearing

Severity assessment by 
trending in Active Power 
Bins 

Wind turbines operate in widely vary-
ing conditions, and consequently the 
vibration response of the machine 
components also varies with the ex-
ternal loading. In order to facilitate a 
meaningful comparison of vibration 
levels recorded at different times and 
conditions the measurement data 
must be classified according to the 
turbine’s active power level at the 
time of recording. A group of active 
power bins and their corresponding 

alarm limits were defined by Brüel & 
Kjær Vibro and Vestas so that data 
can be stored in the diagnostic server 
and monitored in their correspond-
ing power bins. Figure 3 provides an 
illustration of this concept. Here the 
yellow lines indicate an alert level 
adapted to the individual turbine and 
the red lines indicate a turbine type 
specific danger level. This data cap-
ture strategy allows faults to be auto-
matically detected in any power class 
and the severity of the detected fault 
can be assessed from the relative 
strength of the vibration level. Also 

Figure 4.  Examples 
of mechanical faults 
detected using trend-
ing of fault symp- 
toms.

A. Inner ring fault detected 
in gearbox intermediate 
shaft bearing

the rate of change of the meas-
ured levels provides an estimate of 
the remaining useful lifetime of the 
affected component. 

Examples of Fault detection 
by historical trending of 
Fault Symptoms 

Figure 4 shows real life examples of 
faults detected in wind turbines using 
the above described trending of fault 
symptoms.
Example	A. is a detected inner ring 
fault in a gearbox intermediate shaft 
bearing. The RMS level departed from 
the reference level in early July, and 
in October the bearing was replaced 
as the vibration level approached the 
danger mark. Had this bearing run 
to complete failure, the entire gear-
box should have been replaced due 
consequential damage. This example 
thus illustrates the achievable lead 
time to maintenance and the potential 
repair savings which can be realised 
by the application of vibration condi-
tion monitoring. 
Example	B. is a detected inner ring 
fault in a drive-end generator bearing. 
Again the usage of condition monitor-
ing made it possible for the service 
department to plan the replacement 
of the component before catastrophic 
breakdown occurred. 
Finally,	example	C. illustrates that 
shaft misalignment can be detected 
by monitoring of the RMS 1st order 
magnitude. In this case the alignment 
was caused by a slowly developing 
coupling fault. 

It will be noted that in all three exam-
ples the vibration levels drop back to 
the reference levels after component 
replacement. 

C Coupling fault
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Severity Type Description Required	Action

1 Danger Severe progressing failure Immediate action. Operating the turbine has a serious risk of 
functional loss and possible severe consequential damage.

2 Alert Considerable progressing failure Action as soon as possible. Recommended within 2 weeks.

3 Alert Progressing failure Action when convenient. Recommended within 2 months.

4 Alert Small or no progressing failure Action at next service.

5 Good No abnormalities detected No action required.

6 System Hardware system problem Correct as soon as possible.

											
											

Cost efficient 	
implementation	
of	condition	
monitoring	on	
a	large	and	
geographically	
dispersed fleet  

The examples from the previous 
section clearly indicate the potential 
benefits which condition monitor-
ing can bring to the operation and 
maintenance of wind turbines. But 
as outlined in the introduction a cost 
efficient and successful condition 
monitoring programme requires both 
centralised monitoring and efficient 
integration into the information- and 
workflow of the service departments.  
 
On a technical level systems must be 
implemented which can cope with the 
fact that both transient events (wind 
gusts, yawing etc) and real faults can 
initiate a cascade of warnings and 
alarms. But the service department 

Table 1. Severity classification of 
alarms with estimated lead time to 
service action.

Figure 5. The Alarm Manager 
program evaluates incoming 
and previous alarms.  
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should not be burdened with more 
than one alarm per physical fault and 
an efficient alarm filtering system 
is therefore required to avoid alarm 
flooding. 

Alarm management – how to 
avoid alarm flooding 

In order to filter this multitude of 
alarms which can occur simultane-
ously, Brüel & Kjær Vibro has imple-
mented an alarm management sys-
tem - the Alarm Manager - in the cen-
tral diagnostic server. More than one 
hundred characteristic scalar values 
are monitored for each turbine. Each 
of these values is stored in a power 
class reflecting the running condi-
tions of the turbine when the value 
was recorded. Each of the power 
classes has its own alarm limits re-
sulting in 500 to 1000 alarm limits for 
each turbine. The diagnostic server 
closely monitors each of the recorded 
values and provides an alarm each 
time an alarm limit is exceeded. The 
combined pattern of these alarms 
indicates a progressing mechanical 
fault on one or more of the turbine 
components. The Alarm Manager 

programme looks for high-resolution 
alarm information in the diagnostic 
server database, as shown in Figure 
5. All incoming and previous alarms 
are evaluated and transformed into a 
single alarm notification for each part 
of the turbine. The alarm information 
is graduated into five severity levels 
in order to provide Vestas’ service 
management with a lead-time esti-
mate on a developing fault [Table 1].  
 
The automated severity assessment 
performed by the Alarm Manager 
results in a preliminary severity level 
which subsequently is verified (and 
possibly changed) by the diagnostic 
experts in the condition monitoring 
centre. The result is a final severity 
level which is applied in the CMS 
Alarm report dispatched to the Ves-
tas service department (see “Integra-
tion with Service departments”). The 
segregation of alarms into severity 
classes helps avoid alarm flooding 
because new alarms are issued only 
when a new severity level is reached 
and a maximum of four alarm notices 
will be issued during the “lifetime” of 
a fault. 

Integration with Service 
departments 

Vibration condition monitoring is a 
specialist field abundant in technical 
terms and complicated graphs which 
are of little use to a busy service 
management department. The chal-
lenge is therefore to transform the 
technical information into actionable 
information which immediately can 
be applied by practical people.  
 
In the Vestas implementation of 
condition monitoring this has been 
achieved by conveying all condition 
monitoring alarms from the condi-
tion monitoring centre to the service 
departments in the format of a CMS 
Alarm Report [Figure 6. CMS Alarm 
report]. The reports comes in a fixed 
two page format with a clear split be-
tween the observation, interpretation 
and the assessment of the recom-
mended maintenance needs. This 
information along with the severity 
classification provides the service 

Figure 6. CMS Alarm report   
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Figure 7. Park 
alarm status 
through CMS 
User Home 
Page.

Figure 8. Review 
of trend curves 
through CMS 
User Home 
Page.



   01/09 • uptime megazine    ��

renewableenergy

department with the required input to 
plan any required service actions. 

Operator data access 

The geographical separation of tur-
bines, monitoring centre, service of-
fice and turbine owner necessitates a 
web-based multi-user access to the 
recorded condition monitoring data 
and the alarm status of the turbines. 
In support of the Vestas condition 
monitoring implementation,  Brüel 
& Kjær Vibro has developed a CMS 
User Home Page which features ac-
cess to the alarm status on both tur-
bine and park level, and facilities to 
review and compare trend curves of 
the recorded scalar values [Figure 7 
and Figure 8]. These functions allow 
the service management department 
instantaneous overview of the park 
wear condition and enables identifi-
cation of possible outliers.  

Furthermore the access to trend 
curves makes it possible for the serv-
ice technicians to quickly check the 
effect of their service actions – “did 
the vibration level drop after we 
greased the bearing?”. 

Performance		
monitoring	
Like other business activities the 
cost-efficiency of a condition monitor-
ing programme must be continuously 
monitored and evaluated at regular 
intervals. The condition monitoring 
business is abundant with hear-say 
evidence about either the wonders it 
works or the opposite. The frequency 
of failures and the progression of 
the individual failure modes is a sta-
tistical phenomenon. To establish a 
performance baseline it is therefore 
important to implement systematic 
collection of the data associated with 
all failures, both detected and un-de-
tected. In Vestas this is implemented 
by treating all condition monitoring 
alarms as a transaction which is not 
closed before the service department 
has provided feedback to the alarm. 
Thus all alarms and component in-
spection reports are logged along 
with information about the diagnosed 
severity class and failure mode. 
These data allows Vestas to perform 
statistical analyses about component 
life time and frequency of failure 
modes which can be applied as 
input to component design improve-
ments. Also the efficiency of condi-
tion monitoring can be measured 
from statistics over the achieved lead 
times from fault detection to function 
failure. Finally the technical perform-
ance of the condition monitoring 
equipment is monitored by logging 
the system availability and frequency 
of hardware and system errors.     

Conclusion	
This paper has outlined the elements 
which are required for a successful 
implementation of a large scale con-
dition monitoring programme for wind 
turbines.  This includes centralised 
monitoring with advanced alarm man-
agement which helps avoid alarm 
flooding and only provides one new 
alarm per detected physical fault or 
changed severity level. Essential to 
the handling of condition monitor-
ing in the service departments is the 
transformation of data and machine 
generated alarms into actionable in-
formation, that is, service technicians 
get clear advice about what to do and 
within what time frame. Furthermore, 
to ensure continuous improvement 
of the condition monitoring system 
settings, it is very important that field 
findings are reported back to the 
diagnostic experts – “was the condi-
tion of this component as severe as 
diagnosed?” Finally, all data must 
be logged so that the technical and 
financial performance of the condition 
monitoring programme can be moni-
tored. n
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