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 M  achine monitoring has come a 
long way in the past decades. 

Remarkable technological strides 
have been made in development of 
sensors, signal processing, data stor-
age, communications and interfacing. 
This has resulted in extraordinary 
improvements in the way end-users 
optimize their machine uptime, reli-
ability, production capacity, perform-
ance and efficiency, leading to an 
increased revenue stream.

As in many other industries competi-
tion has been tough in the machine 
monitoring market, and within the 
last two decades there has been a 
high degree of consolidation among 
competitors and machine vendors, 
as well as with end customers. Brüel 
and Kjær Vibro is in itself the result of 
a merger between the Danish Brüel & 
Kjær CMS and the German Schenck 
Vibro. 

For Brüel & Kjær Vibro the merger 
was a great competitive advantage. 
Today we can offer a full product 
range with focus on dedicated safety 
and condition monitoring for plant-
wide solutions (turn-key deliveries). It 
has also given us a very high degree 
of expertise, expanded working capi-
tal and increased our sales support 
and support coverage in a growing 
global market. And for our custom-

ers the biggest advantage is a strong 
independent supplier with a complete 
product portfolio for machine moni-
toring solutions. These start from 
sensors and accessories and end 
as signals/relays for safety and high 
level diagnostic system capabilities 
providing machine condition and per-
formance assessment.

It is worth noting, however, that other 
acquisitions have blurred the picture 
and the relationship between moni-
toring specialists and machine sup-
pliers. The trend is that even some 
of the important machine monitoring 
companies have been consolidated 
or lined-up with machine equipment 
suppliers and OEM’s. Brüel & Kjær 
Vibro’s vision is to be the leading 
machine monitoring system sup-
plier - independent of any machine 
manufacturer - to offer a full range of 
product scope and services without 
conflicting interests. Otherwise it can 
be uncertain for the customers to 
believe if the product or services pro-
vided are completely impartial.

Torben Ekvall
Vice President, 
Sales &  
Marketing
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casestudy

Ajayan Madhavan, Brüel & Kjær Vibro diagnostic specialist in Trivandrum, India

This case story demonstrates how a rapidly de-

veloping machine problem appeared while the 

LNG plant monitoring specialists were on holi-

day leave. A remote surveillance service is suc-

cessfully used for diagnosis of a fault with little 

lead-time, and avoided unnecessary downtime 

and a catastrophic failure.

Brüel & Kjær Vibro  
Surveillance Centre provides
Fast Remote Diagnosis

J ust before Christmas Ajayan 
Madhavan from the Brüel & Kjær 

Vibro Service Group recieved a call. 
A Rotating Equipment (RE) Engineer 
from a LNG plant saw high vibrations 
on a hydraulic turbine liquid expand-
er, and it was not immediately clear 
to him whether this was caused by a 
machine fault or if it was a problem 
with the transducers. 

The fault was developing rapidly and 
production management needed to 
know whether the machine could run 
through the holidays. u 
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Figure 1. On Dec 14 the X-radial vibration on the liquid 
expander exceeded the alert alarm limits (Y-axis vibration 
was similar)  

at the time of the Alert alarm, but it 
was missing the characteristic peaks 
that are normally visible (Fig. 2b). 
Changing the speed from 2500 to 
2800 rpm or 3100 rpm did not have 
any effect on the signal, nor did start-
ing or stopping the liquid expander. 
Process changes in flow or pressure 
drop also had no effect. 
The spectrum looked the same.

Since the spectrum could only tell 
him that the measurement looked 
as if it were saturated, he therefore 
had no idea if there was a fault with 
the machine, the sensor, or simply 
a change in the process. (See the 
fact box on accelerometer saturation/
overload.) If there were a machine 
fault, a prognosis would be neces-
sary to find out what corrective action 
should be taken. 

That was the reason for calling the 
Brüel & Kjær Vibro specialist.
 
During his conversation with the  
Engineer, Ajayan was informed that 
the main bearings of the liquid    u 

Figure 2a.  Liquid expander velocity spectrum plot at the 
time of the high vibration in a saturated or overloaded 
condition (10Hz high pass filter filters out low frequency 
components). This spectrum is 10x scale of the spectrum 
shown in Figure 2b 

What is a liquid expander?

The variable-speed hydraulic 
turbine liquid expander is used 
for isentropically expanding 
high-pressure heavy mixed 
refrigerant from the LNG main 
cryogenic heat exchanger and 
flashing it back into a different 
portion of the exchanger at a 
lower pressure.

This is similar in function to a 
turbo-expander for compressed 
gas.
    

The liquid expander is intended 
as a cost-effective alternative to 
a Joule Thompson (J-T) valve. 
The pressure reduction across 
the turbine drives a generator 
that produces �MW of energy. 
The discharge stream of the liq-
uid expander also has a lower 
temperature than the J-T valve, 
making it more economical for 
the cryogenic process. If the liq-
uid expander has to be taken out 
of service, a J-T valve is used 
instead, which is noisy and un-
economical.

The plant uses the COMPASS sys-
tem with a remote connection for 
predictive maintenance, so the RE 
Engineer asked Ajayan to log in and 
investigate the situation.

Initial On-Site Field Survey

The RE Engineer explained to Ajayan 
that he had looked at the spectrum 
plot (Fig. 2a) to identify the problem 
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Figure 2b. Liquid expander velocity spectrum for normal 
conditions

casestudy

expander had failed only three 
months earlier, as seen in Fig. 3. 

Remote Diagnostic  
Evaluation

Immediately after the call, Ajayan 
remotely accessed the COMPASS 
system database to investigate the 
vibration problem. The MR liquid ex-
pander is monitored by X-Y acceler-
ometers that are internally mounted 
close to the main rolling-element 

bearings at the bottom of the shaft, 
as shown in Fig. 4. The vibration 
measurements that are automatically 
monitored from each of these sen-
sors include bandpass, FFT spectra, 
envelope and constant percentage 
bandwidth spectra (CPB). There are 
also a number of process and per-
formance monitoring measurements 
including efficiency, head, power, etc.

He saw that there has been an up- u 

Accelerometer Saturation/
Overload

An accelerometer signal can 
saturate or overload for a 
number of reasons, such as:

n High vibration levels that 
exceeded the limits of the ac-
celerometer

n High levels of high-frequency 
noise or signals. These can 

be caused by gas turbine com-
bustion faults, compressor 
faults, rolling-element bearing 
faults, etc.

An accelerometer should be 
selected so its sensitivity is not 
too high for the application. It 
is important to know, however, 
that high sensitivity is needed to 
detect the early onset of a devel-
oping fault. Some faults can of 

course cause a severe amplitude 
response that could possibly 
exceed the dynamic range of the 
accelerometer at an advanced 
stage of development. But be-
fore changing your sensors, it is 
important to understand from a 
diagnostic point of view, useable 
machine monitoring informa-
tion is more critical at the early 
stages of development than at 
the advanced stages.

Figure 3. Liquid expander vibration trend show-
ing a fast developing fault
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Figure 5. Liquid expander envelope waterfall plot show-
ing the rapid degradation of the main bearing from good 
condition (Dec. 12) up to shutdown (Dec. 14)

 
Figure 4. Liquid expander monitoring configuration

ward vibration trend since Decem-
ber 12 (Fig. 3). The velocity signals 
started to become erratic and exces-
sively high after the acceleration lev-
el exceeded the 150 m/s2 peak value, 
which is the dynamic limit of the 
accelerometer. Ajayan saw the FFT 
spectrum plots had tell-tale signs of 
a “ski-slope” signal response, pos-
sibly indicating a saturation condition. 
All the FFT spectra were based on a 
single integration (velocity) and were 
set up with a 30dB gain. 

By looking at the scalar trend and the 
historical envelope spectrum plots, 
Ajayan identified a developing fault 
one day before the sensors went 
into saturation/overload. There is 
not much lead-time for conveniently 
planning maintenance, but there 
is enough time to gather useable 
monitored data for identifying and 
diagnosing the rapidly developing 
fault before failure. The envelope 
technique is based on the non-inte-
grated acceleration signal, so it is 
not influenced by integration noise 
as the FFT plots. As seen in Fig. 5, 

the envelope plots clearly shows pro-
nounced peaks at the wear-type fault 
frequencies, which are indicative of a 
rolling-element bearing defect.

Based on this information plus the 
scalar trends, Ajayan concluded that 
shortly after December 12, a rapid 
change in the condition of the bear-
ings had occured. The fault frequen-
cies indicated ball damage, which is 
the most rapid developing rolling-ele-
ment wear-type fault and and when 
detected, requires immediate action. 
The machine was disassembled and 
the severely damaged bearings were 
confirmed. 

Conclusion

It is certain that the machine would 
not have made it through the holiday 
season. By taking the correct action 
in due time while plant monitoring 
specialists were away, the RE Engi-
neer had avoided a critical machine 
fault. 

The LNG plant has been successfully 
using the COMPASS monitoring sys-
tem since 1998 (upgraded in 2004) 
and the remote diagnosis service 
since 2002. The Brüel & Kjær Vibro 
service concept is described further 
in the Technical Article on page 7. n



   01/07 • uptime megazine    7

focus 

technical Multi-million dollar operation 

& maintenance decisions rely 

on machine health expertise, 

but there is a lack of special-

ists that can facilitate these 

decisions. The Brüel & Kjær 

Vibro remote diagnosis and 

surveillance centre services 

are rapidly becoming the most 

cost-effective end-user solu-

tion for resolving the issue of 

unavailable on-site specialists.

 I  n the Case Story on page 3 we 
see how Brüel & Kjær Vibro can 

support a Rotating Equipment Engi-
neer in deciding to shutdown a LNG 
hydraulic turbine. There was a fast-
developing fault that required im-
mediate attention, but was difficult to 
diagnose because of accelerometer 
saturation/overload condition. More-
ver, the monitoring specialists were 
away during holidays. The problem 
was fortunately solved by fast remote 
diagnosis assistance.

This is only one type of remote as-
sistance service offered by Brüel & 
Kjær Vibro. We have given high prior-
ity to the customer support function 
of our business for many years, and 
offer a number of service solutions 
that fit different needs.

“As-Needed” Remote 
Diagnosis Service to Help 
Plant Specialists

The service solution described in the 
Case Story is an as-needed service, 
and is typical for many medium to 
large plants where there are quali-
fied monitoring specialists on-site. 
From time to time the customer may 
need help from Brüel & Kjær Vibro 
for those faults that are difficult to 
diagnose. 

Brüel & Kjær Vibro is involved in 
diagnosis and analysis with many 
types of machines in a number of 
different applications, so our vibration 
and performance monitoring special-
ists have a broad composite experi-
ence. 

The “as-needed” service offered by 
Brüel & Kjær Vibro is also useful for 
alleviating plant logistical problems 
with on-site specialist availability:

• Several simultaneous faults can 
occur at the plant that require im-
mediate attention 

•	 Fast developing faults can occur 
in the night, on weekends, during 

holidays, or other  
times the specia- 
list is unavailable

•	 Staff turnover is  
high

We have service centres  
around the world that are  
staffed by well qualified vibra- 
tion and performance specialists.  

The technical solution for  
remotely accessing the cus- 
tomer’s database is flexible,  
effective and quite simple. We have 
secure programs that can remotely 
access the condition monitoring 
system if firewall access is provided. 
Otherwise a simple modem solution 
is used that gives both complete ac-
cess and security, as was done in the 
Case Story.

Comprehensive Monitoring 
and Diagnosis Services 
for Plants with Modest 
Monitoring Expertise

Extensive maintenance downsizing 
in many industries leads to a signifi-
cant loss of on-site knowledge and u 

Remote Monitoring  
and Diagnosis 
Concept 
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experience in condition monitoring. 
This poses a number of problems 
for the end-user. There are three 
primary areas of expertise needed to 
fulfil the requirements of an effective 
condition monitoring strategy:

•	 Monitoring system knowledge 
– If the end-user has a compre-
hensive, stand-alone condition 
monitoring system such as COM-
PASS, attention has to be given 
to setting up and using the full 
potential of the system features 
and functions. This includes main-
taining and updating the entire 
system, plus IT management of 
the servers, database, interfaces 
and network

•	 Analysis and diagnosis theory 

– There are a number of vibration 
and performance measurement 
techniques available for identifying 
and diagnosing faults, but these 
require both experience and theo-
retical knowledge to use them cor-
rectly

•	 Machine and failure modes 
– A prognosis is needed. This 
means after the diagnosis you 
have to determine if machine load-
ing should be changed when the 
fault is detected, and when service 
should be done.

It may be possible to find a special-
ist with expertise in one or two of the 
areas mentioned, but it is difficult to 
find someone with expertise in all 
three areas. Brüel & Kjær Vibro offers 

qualified and certified specialist help 
(ISO 18436) that ranges from indi-
vidually tailored services to complete 
turnkey service agreements.

One such turn-key service agreement 
made for the wind turbine industry 
includes everything from the data 
acquisition, conditioning, alarming, 
storage, diagnosis, prognosis and 
issuing of reports. The data acquisi-
tion units in the wind turbine towers 
have web servers that transmit raw 
time series data plus conditioned 
measurements to a centralized Brüel 
& Kjær Vibro Surveillance Centre via 
GPRS or LAN over the Internet. The 
dedicated specialists in the Surveil-
lance Centre monitor and store the 
data, make diagnoses and advise the 
wind turbine operators on service to 
be taken. This means the end-user 
can concentrate their expertise on 
other core business areas.

The wind turbine Surveillance Centre 
is certified by Germanischer Lloyd 
and approved by Allianz Insurance. 
You can read more about this particu-
lar kind of service in the upcoming 
issues of UPTIME.

Contact your local Brüel & Kjær Vibro 
representative for advice on what 
kind of specialist service your plant 
needs. n
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Zarnowiec  
Pumped Storage  
Power Station 
Upgrades their  
�997 COMPASS  
System

 

 Z  arnowiec - the largest hydro-
electric power station in Poland 

– is a pumped storage power plant 
that uses an upper reservoir to gen-
erate power during peak demand, 
and pumps water back from the lake 
into the reservoir when the demand 
is lower. The units are also used for 
synchronized compensation between 
the generating and pumping opera-
tions to optimise the power factor and 
stabilise the grid. 

The 716MW hydroelectric power 
station has been successfully using 
COMPASS for vibration condition 
monitoring of the four units since 
1997 (a paper was presented in 2006 
with some case stories at the 14th 
International Seminar on Hydropower 
Plants in Vienna, Austria).

The COMPASS system was recently 
upgraded to include stator/rotor air 
gap and magnetic flux monitoring for 
each of the units. These are continu-
ously measured, compared to alarm 
limits and stored for four different 
machine states. The air gap monitor-
ing is done for continuous minimum 
air gap safety monitoring and for 

diagnostic purposes, where rotor and 
stator circumferential and vertical 
shape are automatically monitored 
and plotted. The magnetic flux is also 
monitored for diagnostic purposes 
to identify rotor pole winding short 
circuits.

This software upgrade turns the 10-
year old COMPASS system into a 
comprehensive hydro monitoring so-
lution that fulfils today’s O&M power 
plant requirements. n

 news

     field
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	 							16-20	April	2007

                   Participation in Work     
              Group 8 
        Condition Monitoring and Diag-
nostics of Machines  at the ISO/TC 
108/SC 5 plenary meeting in Prague, 
Czech Republic.

16-20	April	2007

Exhibition booth in Hall 24 at the Mo-
tion, Drive & Automation conference 
(MDA) in Hannover, Germany 
www.hannovermesse.de/homepage_
e?popup=motion_drive

24-27	April	2007

The poster/paper Remote Monitoring 
And Service Support For Increasing 
LNG Plant Availability will be present-
ed at the 15th International Confer-
ence on Liquefied Natural Gas  
(LNG 15) in Barcelona, Spain 
www.lng15.com

11-14	June	2007	

The paper Cost-Effective Monitoring 
Solution Using External Surveillance 
Centre will be presented at the 2nd 
World Congress on Engineering 
Asset Management and the 4th In-
ternational Conference on Condition 
Monitoring (WCEAM / CM2007) in 
Harrogate, UK 
www.wceam-cm2007.org

18-22	September	2007

Exhibition booth at the HUSUMwind 
conference in Husum, Germany 
www.husumwind.com/startseite_hu-
sumwind.html?&L=1)

15-17	October	2007	

The paper Integrated Vibration, 
Process Monitoring at HPP Momina 
Klisura will be presented at the Hydro 
2007 conference in Granada, Spain 
www.hydropower-dams.com/

3-5	April	2007

Exhibition booth at the 7th China Pe-
troleum & Petrochemical Technology 
and Equipment Exhibition (cippe) in 
Beijing, China 
www.cippe.com.cn/E-index.html

Brunei with a capacity of 7 million 
tons/yr, was the first LNG plant built 
in the Western Pacific area in 1972. 
It is also the first LNG plant in the 
region to be to be rejuvenated in 
1993, and is currently undergoing its 
second major rejuvenation. As part 
of the Brunei LNG plant integrity im-
provement and optimisation plan, a 
condition monitoring system will be 
implemented with VC-6000 system 
plus the COMPASS online integrated 
condition and performance monitor-
ing system.

The MR (mixed refrigerant) and pro-
pane compressors, gas turbines and 
steam turbines will be monitored on 
all five trains. The compressor trains 
in the onshore compression plant will 
also be monitored, as well as the gas 
turbine power generation units, boil-
off gas and instrument air compres-
sor trains.

Brunei LNG  
implements  
condition  
monitoring system 
with VC-6000/-
COMPASS      field

events

e

2007




