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 A brief history
  of vibration

Past

In 1939, T.C. Rathbone published a paper called ‘Vibration Tolerance‘ 
in the magazine Power Plant Engineering. The ideas in this paper 
are considered the foundation of modern industrial vibration 
measurements.

Rathbone, working as a chief engineer at the turbine and machinery 
division of the Fidelity and Casualty Company of New York, provided 
a paper for condition assessment based on vibration velocity 
ranging from approximately 1 Hz to 120 Hz. The paper included 
several innovative thoughts on the link between vibration amplitudes 
and the condition of machines. Beside these insights, the paper 
included a series of amplitude versus frequency severity curves that 
approximated the constant velocity around the rotating frequencies 
of a typical steam turbine generator set.

linking the vibration amplitude to the machine condition, and to 

criteria as described by Rathbone form the basis of modern condition 
monitoring. 

1939

2
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 A brief history
  of vibration

Future

In recent years, new technologies and innovations have been 
introduced, all claiming to be the new revolution in vibration 
measurements and condition monitoring. 

Wireless sensors, machine learning, big data, cloud-based analysis 
and other buzz words have found their way into the world of 
machine vibration measurements. We are intrigued by these new 
developments, but will they really change the way we monitor and 
maintain our equipment?

"By analysing the vibration data, developing failures 

 p 43

Present

Nowadays, vibration measurements are generally accepted as a 
method for condition monitoring and part of predictive maintenance 
strategies. Data is acquired through acceleration, velocity and 

monitoring equipment. Methods include trend monitoring for the 
detection of abnormalities and in depth analysis like spectrum / FFT 
and orbit.

Present
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Preface

But they all have one thing in common: They are written from our passion 

complex machinery is more of an art than a science. It's beyond just physics; 

analysis is meaningless if you cannot rely on the data.

bookazine. A special thanks to Michel and Daniël for their editing and 

and experience.

it's a compilation of our most popular articles meant to provide fresh 

Wouter Verschuren

5

Managing Director
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Vibration on  
 rotating machinery
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monitored for unusual behaviour.

Machine vibrations contain a lot of information about the condition of 

existing and potential damage.

damage and potential failures that are the source of the vibrations must 

the environment and the machine. Early detection of vibrations and their 

causes ensures that accidents and unnecessary high costs can be avoided. 

Vibration measurements are useful for every type of rotating machine 

or equipment. The lifespan can be increased by identifying machine 

vibrations at an early stage. It is crucial to measure vibrations on rotating 

machines that are vital to the process. 

What are machine vibrations and why 
would you measure them? 

71

INTRODUCTION



8

Excessive vibrations on rotating equipment like pumps, gearboxes, 
turbines and compressors are a clear sign that the equipment is not 

Parallel misalignment

Angular misalignment

Combined parallel-angular
misalignment

Alignment problems 
When two or more rotating machines are 

Typical alignment errors are:

 Parallel misalignment: 

The shaft centre lines are parallel but are 

not in line. This can be both horizontal and 

vertical. Parallel misalignment is also known 

 

 Angular misalignment: 

parallel. This can be both on the horizontal 

and vertical axis. Angular misalignment is also 

known as gap misalignment. 

 Combined parallel-angular misalignment: 

A combination of both parallel and angular 

misalignment. Combined parallel-angular 

misalignment is the most common 

misalignment.

common causes 
  of machine vibrations6
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Unbalance

unbalance and dynamic unbalance.

Static unbalance

Static unbalance is when the centre of gravity 

spot and the centre of gravity are in the same 

plane. Static unbalance can be the result of 

a parallel displacement of the principal mass 

be caused by non-symmetric mass distribution 

be detected by placing the object with a point 

of rotation on each end. When there is static 

the heavy side downwards. 

Coupled unbalance

Coupled unbalance appears when a rotating 

object has two or more unbalanced masses in 

rest position. The principal mass axis is no longer 

the centre of gravity axis. When the system 

Dynamic unbalance

Dynamic unbalance is the most common type of 

unbalance and the result of static and coupled 

unbalance. The principal mass axis is displaced 

and not parallel to the shaft centre line.

Resonance 
Every machine has one or more natural 

 

can have major impact.

Loose parts 

cause the machine to vibrate excessively. Due 

parts can rapidly cause damage.

Static unbalance Coupled unbalance

Axis of rotation

Centre of gravity
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Bearing damage

types of bearings: roller bearings and sleeve 

bearings.

 Damage to the inner ring

 Damage to the outer ring

 Damage to the cage

 

Each part of a roller bearing has its own 

possible to use vibration analysis to determine 

whether the vibrations are a result of bearing 

damage. 

Damaged or worn out gears
Gearbox vibrations are often caused by damaged or worn out gear teeth. When gear tooth 

Vibrations occur as a result. 

Inner ring

Rolling elements

Cage

Roller bearing

Shaft

Sleeve bearing

Worn out gear Damaged gear
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pressure pipes. A solution was needed to prevent reaching the resonance 

frequency.

The solution was to use an accelerometer with a vibration transmitter to 

measure the vibrations and generate a signal when the preset vibration 

amplitude and frequency range of 58 Hz was reached. With a direct 

could be avoided.

Vibration monitoring system
prevents damage to
centrifugal pumps

CASE
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8
machine vibrations
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If critical vibrations
stage, damage to the machine can occur. Early 

detection of the root cause of vibrations saves 
money and improves safety.

p 12 - 15
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Safety issues
Safety within a plant must be 

guaranteed at all times. Although 

the sources of vibrations can 

they can develop into serious safety issues if 

action is not taken when required. Not only can 

human injuries and environmental harm.

Machine damage  
When critical vibrations are   

machine must be replaced entirely as a result of 

excessive damage.

Reduced availability

it may be necessary to reduce 

speed or output. This leads to 

reduced availability.

 

Unscheduled downtime
Vibrations often develop 

gradually and can be hard 

to detect without proper 

instrumentation. As soon as 

take preventive measures and only mitigating 

measures are possible. Mitigating measures can 

damage may have occurred already. Mitigating 

result unscheduled downtime is unavoidable. 

This leads to high costs because many plants 

in the process industry must be continuously 

operational. When machine vibrations are 

planned based on the vibration trend. This 

trend is built using long-term vibration data and 

allows the prediction of the future maintenance 

requirements.

Supply issues
Many companies have to adhere 

to certain supply agreements. 

An unscheduled stop or reduced 

likely to lead to the inability to comply to these 

supply agreements. This can lead to customer 

4

1

2

3

M
undetected, critical machine vibrations are described 

5

Although a machine seems 

to run properly, this is not 

always the case. 
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Unnecessary maintenance
Machine parts are often replaced 

preventively to ensure that 

the machine is available at all 

times. Although this prevents 

is a good chance that machines or machine 

actual end-of-life. By monitoring the machine 

performed when needed. 

When a machine has to be 

meaning that expensive raw materials are 

Quality issues
Although a machine seems to run 

case. Vibration measurements 

and analyses are helpful to determine potential 

quality of the manufactured products may drop 

or cannot be guaranteed. 

6

7

8

15
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Sensor solutions for
  vibration measurements

Considerations when selecting the correct sensor for the application:

 What is the vibration level and frequency range?

 Are the resonance frequencies of the application coinciding with those of the sensor?

 Are there size and weight considerations? 

 What cable length is required? 

 What is the temperature range?

 Is it an explosion hazard area? 

 

 Is the environment corrosive?

displacement sensors.

Acceleration sensors

Two main sensor technologies are used: piezoelectric and MEMS 

measure static and dynamic acceleration.



Velocity sensors
Velocity sensors are used to measure a frequency range of 1 – 1000 Hz. The 

a voltage that is proportional to the movement. The sensors are suitable for 

vibration monitoring and balancing applications on rotating machinery. This 

type of sensor has a lower sensitivity for vibrations with high frequencies 

Displacement sensors

to measure shaft position or movement without physical contact in order 

to determine the internal movement and clearance on bearings. Proximity 

bearing applications.

Together they create a tuned oscillation frequency which is disturbed by the metal surface of the 

target. All three parts are matched to the target material and can only be replaced by identical 

Expert observation on wireless sensors

In recent years, wireless acceleration sensors with built-in digital signal processing have found their way 

reduced infrastructural requirements and the automated (basic) analysis. But this comes at a price. To 

minimise battery usage, signal resolution and data throughput are reduced, resulting in low resolution 

data, while battery management and sensor logistics are becoming increasingly important, especially 

reachability and risk of pollution of the battery chamber.

solution on data quality and sensor maintenance and logistics. 

17
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Machine
  protection

"Although unscheduled downtime is highly 
undesirable, it is crucial to guarantee the  
plant safety and to protect the equipment."
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Vibration protection systems are used 

to prevent dangerous situations and 

severe machine damage by measuring 

and acting on machine vibrations. To do 

the ISO guidelines or OEM guidelines  

system logic. When these values are 

machine to stop. Although unscheduled 

crucial to guarantee the plant safety and 

to protect the equipment. A vibration 

protection system compares vibration 

data to the preset limit values. These 

limit values work as a range within which 

the vibration levels should or should not 

the occurrence of resonance can be 

prevented by setting the right limits. 

What is
machine protection? 

INTRODUCTION

A condition monitoring system can be added to the machine protection system. 

failures and damage to the machine. Condition monitoring will be discussed in detail 

in the third part of this book. 

 p 42 - 77 
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Machine protection
  solutions and systems

1. Distributed machine protection 

systems
Distributed protection systems are available in 

equipment. A distributed system is suitable 

locations and for plants with a distributed 

structure. The great advantages of distributed 

requirements.

a. Vibration switches 

functional machine protection solution. A 

vibration switch senses vibration and will trigger 

a switch or an alarm when the preset values are 

reached. Vibration switches sense vibration as a 

and damaged gears. Vibration switches are 

generally used for applications like cooling 

stand-alone system.

b. Vibration transmitters

machine protection solution. Basic vibration 

transmitters generally have more functionality 

transmitters can be used as an interface for a 

control system or display.

more advanced transmitter systems are 

analysis and communication. These systems can 

be used as stand-alone protection or monitoring 

systems and even replace rack based centralised 

systems.

2. Centralised machine protection 

systems
A centralised machine protection system is used 

based system. 
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Physical connection of the sensors to the system 

is required and increases the infrastructural 

demands. A centralised protection system 

receives inputs from various sensors and 

advanced programmable logic to generate 

alarms and trigger trip systems. When condition 

monitoring hardware is implemented in the 

collected and analysed. Although condition 

monitoring is usually an optional feature in a 

in most cases. 

3. Hybrid machine protection 
systems

complex plant structures. Centralised systems 

solutions and are used on the largest and most 

remote located machinery and other machines 

with a lower demand or that inherently justify 

only lower investments can be better with a 

distributed protection system. 

23
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Istec vibratie-
cursus

Istec Vibration Training 
Category 1+

competence regarding vibration measurements and analysis 

The training consists of eight modules, divided into 27 chapters. This adds up to 4 

hours of video and about 20 hours of total training material. The following main 

topics are covered in this training: 

 Principles of vibration

 Data acquisition

 Signal processing

 Condition monitoring

 Fault analysis

 Corrective action

 Equipment knowledge

 Acceptance testing

For who is this training?
The vibration training is suitable for anyone who wants to add vibration 

measurements and analysis to their competences: 

1. Service teams

Who wants to start learning about 

vibration measurements, basic analysis, 

and recognizing fault conditions.

2. Engineers

Who want to start learning or increase 

their knowledge regarding vibration 

measurements and analysis.

3. Lecturers

Who want to add vibration 

measurements on rotating machinery 

(condition monitoring) to the school 

curriculum.

4. Students

Who want to increase their knowledge 

before entering the job market.

24
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decades of combined experience. The training is created from our passion for this 

discipline, and to share our knowledge with engineers worldwide.

Start the free trial today and 
take the course at your own pace!

“A fantastic course for both novice and 
experienced vibration specialists!”

ISO industry standard
The content of the training is in accordance with the leading industry standard for 

vibration measurements and analysis: ISO 18436-II (category 1).

training is created in accordance with the requirements of the ISO 18436-II category 

26

REGISTER TO START YOUR TRIAL:WATCH THE DEMO VIDEO

ivtc1p
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protection system can be divided 
in three general parts: input, 

Input
Programming the input starts with the type 

range and the sensitivity of the sensor are 

programmed. The sensitivity is the relation of 

the sensor output value to the measuring unit 

well.

Processing

the processing stage. Frequency bands 

accordingly. These frequency bands can be 

by ISO standards. The processed signal can 

or is better to understand the behaviour of the 

machine. The processed signal is compared to 

the programmed alarm values. If the signal value 

a status change. This is visually reinforced with 

alarms can be performed automatically or by 

manual reset. The alarm values can be linked 

process conditions. Various input signals can be 

combined through logics in the programming to 

create more advanced alarm conditions.

Output
The processed signal values and alarms 

are connected to external systems. For the 

and analogue outputs are the most relevant. 

system or relay logic board. The analogue 

outputs are used to transfer the processed 

signal value to external systems like control 

processing.  

Protection system
   functions

"If the signal value 

crosses an alarm limit, 

the signal is tagged with 

a status change."
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FREE DOWNLOAD

Bookazine Speed
Download the digital version of our bookazine Speed for free. 
The 88-page bookazine contains informative knowledge articles, 
case studies, and a comprehensive best practice guide. It covers 
topics like speed measurements, overspeed protection, sensor 
types, functional safety & SIL, the API 670, and more.types, functional safety & SIL, the API 670, and more.
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Installation assessment

Registration of system status
The status of the vibration protection system is checked at the start and end of 

a turnaround project. Any deviations are registered and checked to determine 

whether action is required.

Dismounting of sensors
The sensors are dismounted before the mechanical work on the machine 

carefully stored. 

CONTINUE READING ON P 32

Service and maintenance on
  machine protection systems

A vibration protection system is used to trigger an alarm and initiate 

1

Service scope
Servicing a vibration protection system includes the following steps and procedures. 

2

3

30
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Service and maintenance on machine  

protection systems requires expertise,  

know-how and proven competence.

 

Protection systems are critical for the safety 

and the availability of the machine. Proper 

training and experience are necessary for 

interactions with other systems, and the 

sensitivity of components. 

 

The applicable guidelines and regulations 

tools. The impact of a mistake on safety, 

"

"
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Inspection

damage and provides a general impression of the installation. It also enables the 

Calibration of sensors and measurement systems

these registrations are an important part of the document requirements. 

Mounting of sensors

machine and precisely positioned. The tested sensors are positioned in their 

rotor bump test.

Functional SIL proof test

is carried out. The proof test is performed according to the test procedures 

can be required. 

4

5

6

7

"Every
operation and linearity...

...and all the data is registered."

32
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The most advanced simulator for commissioning, proof testing, 
and troubleshooting your critical protection systems

Istec Simulator 400

test voting structures and system response • automated reporting tools
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FUNCTIONAL SAFETY & SIL

34

FUNCTIONAL SAFETY & SIL

The required number of independent protection 
layers depends on the complexity and potential 
severity of the consequences of a risk scenario.
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1. 

2. An estimation of the consequences and 

divided in consequence classes. 

The initiating event and enabling condition 

occurrence is determined. 

4. 

5. The frequency of the scenario is 

The risk is evaluated to make a decision 

concerning the scenario. 

7. Measures are taken to reduce the risk 

when the calculated risk is larger than the 

maximum tolerable risk. 

Risk evaluation: Layer of
  protection analysis

the complexity and potential severity of the 

consequences of a certain risk scenario. The 

consequences of all potential risk scenarios are 

failures or dangerous situations and their 

are required to minimise the occurrence of 

dangerous situations and malfunctions to a

tolerable risk.

Seven steps are followed for each scenario during a LOPA:

Initiating
eventCause of incident

Safety provision 1

Safety provision 2

Incident
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Functional   
       Safety
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"The aim is to prevent accidents with human, 

p 36 - 41
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it is possible to identify hazardous situations or 

events that might lead to accidents. The aim is to 

taken to prevent dangerous situations or to 

mitigate the impact of these situations.

consequences must be limited as much as 

possible. It is important to be aware that "risk-

a target. The risk calculation is based on the 

the severity of its consequences.

Functional safety is achieved by implementing 

maintaining the minimum required availability of 

each safety function of the system. The machine 

protection system is designed to maintain the 

required safety level during its safety life cycle. 

Functional safety provides structure to the 

the responsibility for overall safety.

IEC standards

provides machine manufactures with guidelines 

systems based on a life cycle concept.

the end-users of the equipment and focuses 

process industry.

prevent hazardous events arising or providing mitigation to reduce the 

38

 

Try having an accident!

Functional Safety
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Safety Integrity Level (SIL)

safety documentation provided by the supplier of the system. The interval is based on the Safe 

39
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Safety Integrity Level proof tests

Full proof test

A full proof test is an end-to-end test of the 

the safety parts and functions. The proof test 

active process conditions or simulated process 

considered the only option. The purpose 

of the test is to reveal undetected faults in 

designed functionality. By testing the complete 

parametric failures.

Note: A full proof test should have 100% 

essence of a full proof test is that is covers all 

the application.

Partial proof test

instance if the test interval is not in parallel with 

other maintenance intervals. If a full proof test 

partial proof tests are used as an alternative.

No

INDEPENDENT PROTECTION LAYERS 



4141

A partial proof test is a proof test that does not 

cover 100% of the parts and functions of the 

be excluded from the test or the test can be 

divided into parts.

but simulated on the input of the protection 

system. This partial test covers the functionality 

activating a trip. This partial test covers all 

functionality and the logic.

The proof test coverage is a measure to 

determine how many undetected failures are 

standard provides some equations as a guideline 

to determine the coverage ratio. A partial proof 

in proportion to its coverage ratio.

Diagnostic proof test

online tests that are performed continuously or 

test is a self-test that focuses on the function 

of the instrument. Diagnostic tests can be done 

require external components as well. Diagnostic 

tests are designed to detect dangerous failures 

generating an alarm or bringing the process 

to a safe state. The tests might have a lower 

high frequency can identify critical failures 

quickly. 
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Condition
  monitoring

"By gathering and analysing data, insights into 
the performance, behaviour and wear of the 

machine and individual parts are gained."

Sander Bakker
CONDITION MONITORING SPECIALIST (ISO 18436-2 LEVEL 4) 3
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All rotating machinery produces 

vibrations as part of their machine 

dynamics. Vibrations can originate from 

resonance or general wear. Measuring 

and analysing vibration data can 

provide valuable information about 

the mechanical condition and the 

can identify mechanical failures or 

issues as they develop. This information 

can be used to predict maintenance 

requirements and to detect the root 

causes of vibration. By identifying these 

can be scheduled in advance and 

consequential damage can be avoided. 

Vibration measurements are 

the process. The measurements are 

mainly applied to rotating equipment 

The signals can be acquired continuously 

with permanent monitoring equipment 

or at a regular interval using portable 

during normal operation. Additional 

information can be gathered during run-

up and coast-down of the machine. By 

and poor maintenance practices can be 

Vibration monitoring and 
predictive maintenance

3 43

INTRODUCTION
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which maintenance
strategy to choose?
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which maintenance
strategy to choose?

 "The key advantage of a predictive maintenance 
strategy is operational availability. "

p 44 - 48
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Which maintenance strategy
  to choose?

1. Run to failure

a standstill when it is really necessary. The 

reactive maintenance strategy makes it hard 

to schedule maintenance in advance and leads 

to unexpected operational interruptions. 

are easily replaced or repaired. It comes down 

this asset to run to failure? And if that value is 

this maintenance strategy can work well. For 

critical assets in continuous active process 

no go.

2. Scheduled maintenance: preventive strategies
This strategy is widely used to provide a basic 

structure for avoiding run-to-failure situations. 

time intervals or active operational hours.   

Production stops and unexpected failures are 

reduced by replacing machinery and machine 

parts preventively. This largely eliminates 

the chance of failures occurring during active 

However, a machine trip leads to increased risk, high costs, unplanned 

"20 billion per year is lost  

to unscheduled downtime"
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process conditions. It might not be the most 

fact that machinery and machine parts are 

of prevention and risk. For example: The life 

operational hours. A preventive maintenance 

strategy tells us to replace or overhaul this fan 

chances are that the fan is in a perfectly healthy 

condition and can exceed its life expectancy 

maintenance strategy adds the value of the 

is used to replace machinery and machine 

more expensive to be forced into standstill 

unexpectedly. 

Scheduled car maintenance is a great example 

of a preventive strategy that most of us 

follow; every year your car is serviced and the 

oil is replaced. You do not know whether it is 

not want to risk a potential engine failure.

costs
chance of
shutdown

length of
downtime

Reactive maintenance: repair after a failure (high chance of unplanned shutdown)

Predictive maintenance: repair after a failure (small chance of unplanned shutdown)

 COMPARISON OF MAINTENANCE STRATEGIES
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3. Predictive, condition-based maintenance
Predictive maintenance or condition-based 

maintenance is a maintenance strategy 

that focuses on the actual condition of the 

machinery. The strategy is often applied to 

critical assets and assets that are very complex or 

and compressors. The key element of this 

maintenance strategy is to monitor the machine 

condition and to use this information to predict 

maintenance requirements. This can be done by 

vibration. 

In order to monitor the machine condition using 

be done through online condition monitoring 

hardware or by periodic measurements with 

portable measurement equipment. The data 

must then be analysed by a specialist to identify 

possible failures and damages. The monitoring 

hardware and specialist analysis require 

The key advantage of a predictive maintenance 

strategy is the operational availability. By 

and individual parts is gained. This information 

is vital to adjust maintenance work to the 

management and other resource planning can 

Point where failure starts to occur (P)

Changes in vibration

Wear debris in oil

Heat visible with IR thermography
P-F interval:
1 - 9 months P-F interval:

1 - 6 months

Audible noise

Failure (F)

Heat by touch

P-F interval:
3 - 12 weeks

P-F interval:
1 - 5 days

P-F interval:
1 - 4 weeks

C
o

nd
it

io
n

Time

P = Potential Failure
F = Functional Failure

Pro active Reactive

 PF INTERVAL



The whitepaper Monitoring mechanical behaviour of 
reciprocating compressors 
about measuring and monitoring important parameters for 
reciprocating compressors. It provides an overview of the four 
most important parameters that should be monitored, which 

Monitoring reciprocating 
compressors

WHITEPAPER

FREE WHITEPAPER DOWNLOAD
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During a periodical vibration measurement on a recently reconditioned 

 

Analysis
The following frequencies are visible in the FFT-spectrum:

 

 

 

 

 

Expert advice

CASE

Ignoring expert advice 
  results in damage

3 January - average overall level: 9 mm/s 28 January - average overall level: 50 mm/s

50
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CASE

levels are categorised as zone D; Vibration values within this zone are normally considered to be of 

possible. During this revision it is important to check the following parts:

 Check all pump bearings on clearances

 

Result

Root cause

apparent that the source can be found in the transition at the bottom and side of the keyway. The 

A common cause of a fatigue failure is misalignment. This misalignment causes a dynamic force to 

51

Fatigue crack - turbine side Fatigue crack - pump side
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Trend analysis
Trend data is commonly used to determine 

the machine state on a very basic level or as a 

to measuring the vibration level in a certain 

frequency range. These frequency ranges 

can be determined using the ISO guidelines 

A typical measurement for trend data is a 

10-1000Hz overall value. This measurement 

provides a numerical value for all the 

vibrations in the chosen frequency range. 

Because it is a calculated value of all 

any information about the cause of the 

vibration levels.

numerous other types of trend data and 

on the running speed combined with data 

can provide information about the natural 

frequencies during a run-up of a machine 

information about the load on a gearbox and 

the wear of the tooth. 

Analysing 
  vibration data

TREND ANALYSIS
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Orbit analysis

vibration analyst to analyse the behaviour of 

a machine. The orbit measurements are used 

and to provide data on the motion pattern of 

the shaft inside a bearing. In contrast to the 

on forcing frequencies but on the dynamics of 

and in most cases this results in a non-orbital 

movement of the shaft. The most common 

machine faults detected with orbit analysis are 

The data for creating an orbit is generated using 

centre line. A shaft centre line measurement 

provides information on the radial position of 

the orbit analysis this provides great insight 

into the wear of a sleeve bearing and possibly 

non-natural position of the shaft caused by 

misalignment.

The orbit measurement is a sensitive 

distortions like scratches on the measurement 

surface of the shaft. Because it is a relative 

and knowledge of this measuring concept are 

essential for a good analysis.

Spectrum

role in monitoring machine vibrations. There 

are several known deviations in machine 

vibration behaviour that do not exceed a single 

ORBIT ANALYSIS
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reliability of the equipment. With a spectrum 

or replacing machine parts.

 

characteristics and mechanical composition. 

Based on the type of machine and its 

frequencies. A forcing frequency is the 

frequency of an oscillating force applied to 

a system. Forcing frequencies can be caused 

by the normal behaviour of the machine or by 

mechanical malfunctions or wear. Each deviation 

from the normal behaviour of the machine 

introduces its own forcing frequencies. By 

provided to decide whether the introduced 

replacing parts or correcting alignments. 

Several "standard" forcing frequencies are 

the spectra are never that clean. It requires the 

of a vibration analyst to determine the source 

to provide decent information for corrective 

actions if necessary. 

frequencies in rotating machinery are caused by 

SPECTRUM ANALYSIS
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Join a community of experts
and start learning today!

BECOME AN ISTEC MEMBER BY JOINING THE ACADEMY FOR FREE  MEMBERS.ISTEC.COM

Online courses

vibration and speed 
e-learning courses, 
webinars and product 
courses.

Explainer videos
Each course contains 
animated videos to 
visualize the course 
content for a better 
understanding.

By completing e-learning 
courses you can obtain 

prove your acquired 
competence.

"Join the Istec Academy and excel 
in your knowledge of vibration and 
speed measurements."
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No

Yes
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Standard methodology
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requirements for specialists performing 

condition monitoring and machine diagnostics 

using vibration measurements and analysis. The 

experience and examination.

that an individual is competent to perform 

vibration measurements and analysis using 

portable and permanently installed equipment. 

The ISO standard is based on a four-category 

competence. 

 for vibration analysis

Become a Category I 
vibration analyst!

The Istec Vibration Training Category 1+ is 

an online video course for any engineer 

interested in growing their competence 

regarding vibration measurements and 

analysis on rotating machinery. 

The training captures the essence of 

participants to earn the Istec Category 

lecturers & students.

CONTINUE READING ON P 24

ADVERTISEMENT
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Periodic condition monitoring

into changes in the vibration behaviour of 

a certain preset measurement interval that can 

be determined based on the type of application 

and the criticality of the equipment. With this 

data using portable equipment. By performing 

trend data can be generated and stored in a 

database. This database contains information 

of the equipment. It is crucial that the system is 

set up properly to collect appropriate data. To 

required. Any deviations found during periodic 

cause using various analysing techniques.

Periodic condition monitoring is performed 

and therefore does not require major upfront 

investments. It can be the most economical 

monitoring can be applied to obtain more data 

and continuous information.

Online condition monitoring
Online condition monitoring is the systematic 

permanent monitoring hardware. An online 

condition monitoring system continuously 

collects vibration data. During critical moments 

data collection frequency can be increased to 

enhance machine insights and maximise process 

control and reliability.

Ways to perform
  condition monitoring

"During critical moments like run up, coast down and critical speeds, the 

data collection frequency can be increased to enhance machine insights 

SANDER BAKKER

24
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Certain vibration limit values can be set in the condition monitoring system to trigger an alarm. These 

Remote condition monitoring
Online condition monitoring hardware with 

network access enables remote expert data 

analysis as an addition to online condition 

monitoring. A strong advantage is that the 

measurement data can be analysed remotely 

without disturbing the organisation and 

expertise can be used as a service on demand. 

implemented when vibration measurements 

Which
vibration monitoring strategy

various ways to implement it. The following infographic explains the various options and what 

considerations are involved.
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Is the machine critical to the process?

Are the causes and timing of failures predictable? Are you considering to move to a CBM strategy?

Troubleshooting

If failures are predictable and 

easy to solve, predictive 

maintenance might be not 

necessary. When a failure is 

perceptible, the best way to 

discover the root cause of the 

problem is to use vibration 

measurements and analyses. 

Experts use portable data 

collectors to collect vibration 

data. 

No

Are you planning to outsource
vibration measurement and analysis?

Yes

No

Periodic measurements using 
portable data collectors by 
yourself

With portable data collectors, you can 

perform vibration measurements on the 

machine by yourself. Istec International 

provides courses to train personnel to be able 

to perform vibration measurements and 

vibration data analysis.

No

Periodic measurements with portable 
data collectors by external experts

If the machine is not critical, but periodic insights into the machine 

condition are desirable, a periodic visit by our experts with portable 

data collectors is the best approach. 

After their visit, the experts will analyse the data using condition 

monitoring software. After vibration analysis, a detailed report will be 

Yes

Which
vibration monitoring strategy

Yes No

Troubleshooting

If a machine is critical to the process, we strongly recommend using a 

condition-based maintenance strategy with periodic vibration 

measurements. However, if it has already been decided that a CBM 

strategy is not an option, vibration experts will use portable data 

collectors to collect vibration data when a problem seems to occur.
No Yes

Has a machine vibration protection system currently been installed?

Is condition monitoring hardware installed?

Online condition monitoring

When condition monitoring hardware is installed, vibration data is 

continuously collected. Hence this approach is called an online 

strategy.

Because the analysis cards constantly receive and store data, our 

specialists can be warned immediately when a limit value is reached. 

This allows our specialists to respond ad hoc and perform an analysis 

to determine the root cause. When a limit value is reached, the 

system will start collecting data on a higher frequency so that the 

vibration specialist can literally zoom in on the exact moment the 

limit value was triggered. 

This approach is often combined with remote condition monitoring.

Online condition monitoring with recurring visit

When condition monitoring hardware is installed, vibration data is 

continuously collected. Our experts visit the machine periodically 

related to the unavailability of a computer or server to transfer data to 

our experts remotely. Our experts will retrieve the data on-site using a 

portable data collector.    

Online condition monitoring with remote strategy

When condition monitoring hardware is installed, vibration data is 

continuously collected. A remote condition monitoring strategy 

enables our experts to analyse the vibration data remotely, without 

having to be physically present at the plant. They can simpy login to the 

condition monitoring system remotely, enabling them to retrieve and 

analyse the data directly.

Yes

YesNo

Yes

Is it desirable that our expert can analyse data
without on-site visitation? 

Portable multichannel analyser

analyser is developed by Istec International and enables the expert to collect data over a 

period of time.

monitoring software. After our analysis, a detailed report will be provided containing our 

Is there a redundant machine available? 

No

Will there be condition monitoring hardware installed?

Read article on p 68No
NoYes

Yes
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perceptible, the best way to 

discover the root cause of the 

problem is to use vibration 

measurements and analyses. 

Experts use portable data 

collectors to collect vibration 

data. 
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Are you planning to outsource
vibration measurement and analysis?

Yes

No

Periodic measurements using 
portable data collectors by 
yourself

With portable data collectors, you can 

perform vibration measurements on the 

machine by yourself. Istec International 

provides courses to train personnel to be able 

to perform vibration measurements and 

vibration data analysis.
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Periodic measurements with portable 
data collectors by external experts

If the machine is not critical, but periodic insights into the machine 

condition are desirable, a periodic visit by our experts with portable 

data collectors is the best approach. 

After their visit, the experts will analyse the data using condition 

monitoring software. After vibration analysis, a detailed report will be 

Yes

Which
vibration monitoring strategy

Yes No

Troubleshooting

If a machine is critical to the process, we strongly recommend using a 

condition-based maintenance strategy with periodic vibration 

measurements. However, if it has already been decided that a CBM 

strategy is not an option, vibration experts will use portable data 

collectors to collect vibration data when a problem seems to occur.
No Yes

Has a machine vibration protection system currently been installed?

Is condition monitoring hardware installed?

Online condition monitoring

When condition monitoring hardware is installed, vibration data is 

continuously collected. Hence this approach is called an online 

strategy.

Because the analysis cards constantly receive and store data, our 

specialists can be warned immediately when a limit value is reached. 

This allows our specialists to respond ad hoc and perform an analysis 

to determine the root cause. When a limit value is reached, the 

system will start collecting data on a higher frequency so that the 

vibration specialist can literally zoom in on the exact moment the 

limit value was triggered. 

This approach is often combined with remote condition monitoring.

Online condition monitoring with recurring visit

When condition monitoring hardware is installed, vibration data is 

continuously collected. Our experts visit the machine periodically 

related to the unavailability of a computer or server to transfer data to 

our experts remotely. Our experts will retrieve the data on-site using a 

portable data collector.    

Online condition monitoring with remote strategy

When condition monitoring hardware is installed, vibration data is 

continuously collected. A remote condition monitoring strategy 

enables our experts to analyse the vibration data remotely, without 

having to be physically present at the plant. They can simpy login to the 

condition monitoring system remotely, enabling them to retrieve and 

analyse the data directly.

Yes

YesNo

Yes

Is it desirable that our expert can analyse data
without on-site visitation? 

Portable multichannel analyser

analyser is developed by Istec International and enables the expert to collect data over a 

period of time.

monitoring software. After our analysis, a detailed report will be provided containing our 

Is there a redundant machine available? 

No

Will there be condition monitoring hardware installed?

Read article on p 68No
NoYes

Yes
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Is the machine critical to the process?

Are the causes and timing of failures predictable? Are you considering to move to a CBM strategy?

Troubleshooting

If failures are predictable and 

easy to solve, predictive 

maintenance might be not 

necessary. When a failure is 

perceptible, the best way to 

discover the root cause of the 

problem is to use vibration 

measurements and analyses. 

Experts use portable data 

collectors to collect vibration 

data. 

No

Are you planning to outsource
vibration measurement and analysis?

Yes

No

Periodic measurements using 
portable data collectors by 
yourself

With portable data collectors, you can 

perform vibration measurements on the 

machine by yourself. Istec International 

provides courses to train personnel to be able 

to perform vibration measurements and 

vibration data analysis.

No

Periodic measurements with portable 
data collectors by external experts

If the machine is not critical, but periodic insights into the machine 

condition are desirable, a periodic visit by our experts with portable 

data collectors is the best approach. 

After their visit, the experts will analyse the data using condition 

monitoring software. After vibration analysis, a detailed report will be 

Yes

Which
vibration monitoring strategy

Yes No

Troubleshooting

If a machine is critical to the process, we strongly recommend using a 

condition-based maintenance strategy with periodic vibration 

measurements. However, if it has already been decided that a CBM 

strategy is not an option, vibration experts will use portable data 

collectors to collect vibration data when a problem seems to occur.
No Yes

Has a machine vibration protection system currently been installed?

Is condition monitoring hardware installed?

Online condition monitoring

When condition monitoring hardware is installed, vibration data is 

continuously collected. Hence this approach is called an online 

strategy.

Because the analysis cards constantly receive and store data, our 

specialists can be warned immediately when a limit value is reached. 

This allows our specialists to respond ad hoc and perform an analysis 

to determine the root cause. When a limit value is reached, the 

system will start collecting data on a higher frequency so that the 

vibration specialist can literally zoom in on the exact moment the 

limit value was triggered. 

This approach is often combined with remote condition monitoring.

Online condition monitoring with recurring visit

When condition monitoring hardware is installed, vibration data is 

continuously collected. Our experts visit the machine periodically 

related to the unavailability of a computer or server to transfer data to 

our experts remotely. Our experts will retrieve the data on-site using a 

portable data collector.    

Online condition monitoring with remote strategy

When condition monitoring hardware is installed, vibration data is 

continuously collected. A remote condition monitoring strategy 

enables our experts to analyse the vibration data remotely, without 

having to be physically present at the plant. They can simpy login to the 

condition monitoring system remotely, enabling them to retrieve and 

analyse the data directly.

Yes

YesNo

Yes

Is it desirable that our expert can analyse data
without on-site visitation? 

Portable multichannel analyser

analyser is developed by Istec International and enables the expert to collect data over a 

period of time.

monitoring software. After our analysis, a detailed report will be provided containing our 

Is there a redundant machine available? 

No

Will there be condition monitoring hardware installed?

Read article on p 68No
NoYes

Yes
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Is the machine critical to the process?

Are the causes and timing of failures predictable? Are you considering to move to a CBM strategy?

Troubleshooting

If failures are predictable and 

easy to solve, predictive 

maintenance might be not 

necessary. When a failure is 

perceptible, the best way to 

discover the root cause of the 

problem is to use vibration 

measurements and analyses. 

Experts use portable data 

collectors to collect vibration 

data. 

No

Are you planning to outsource
vibration measurement and analysis?

Yes

No

Periodic measurements using 
portable data collectors by 
yourself

With portable data collectors, you can 

perform vibration measurements on the 

machine by yourself. Istec International 

provides courses to train personnel to be able 

to perform vibration measurements and 

vibration data analysis.

No

Periodic measurements with portable 
data collectors by external experts

If the machine is not critical, but periodic insights into the machine 

condition are desirable, a periodic visit by our experts with portable 

data collectors is the best approach. 

After their visit, the experts will analyse the data using condition 

monitoring software. After vibration analysis, a detailed report will be 

Yes

Which
vibration monitoring strategy

Yes No

Troubleshooting

If a machine is critical to the process, we strongly recommend using a 

condition-based maintenance strategy with periodic vibration 

measurements. However, if it has already been decided that a CBM 

strategy is not an option, vibration experts will use portable data 

collectors to collect vibration data when a problem seems to occur.
No Yes

Has a machine vibration protection system currently been installed?

Is condition monitoring hardware installed?

Online condition monitoring

When condition monitoring hardware is installed, vibration data is 

continuously collected. Hence this approach is called an online 

strategy.

Because the analysis cards constantly receive and store data, our 

specialists can be warned immediately when a limit value is reached. 

This allows our specialists to respond ad hoc and perform an analysis 

to determine the root cause. When a limit value is reached, the 

system will start collecting data on a higher frequency so that the 

vibration specialist can literally zoom in on the exact moment the 

limit value was triggered. 

This approach is often combined with remote condition monitoring.

Online condition monitoring with recurring visit

When condition monitoring hardware is installed, vibration data is 

continuously collected. Our experts visit the machine periodically 

related to the unavailability of a computer or server to transfer data to 

our experts remotely. Our experts will retrieve the data on-site using a 

portable data collector.    

Online condition monitoring with remote strategy

When condition monitoring hardware is installed, vibration data is 

continuously collected. A remote condition monitoring strategy 

enables our experts to analyse the vibration data remotely, without 

having to be physically present at the plant. They can simpy login to the 

condition monitoring system remotely, enabling them to retrieve and 

analyse the data directly.

Yes

YesNo

Yes

Is it desirable that our expert can analyse data
without on-site visitation? 

Portable multichannel analyser

analyser is developed by Istec International and enables the expert to collect data over a 

period of time.

monitoring software. After our analysis, a detailed report will be provided containing our 

Is there a redundant machine available? 

No

Will there be condition monitoring hardware installed?

Read article on p 68No
NoYes

Yes
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The

of
condition monitoring



investment is required to purchase, implement and maintain 
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 Frequency of failures

 

 Hazards related to poor machine performance

 

 Number of incorrectly manufactured products

 

 Excessive fuel consumption during operation

 Build quality

 

measure. It is impossible to precisely determine 

that are prevented by condition monitoring. 

to implement a condition monitoring system. 

Machine vibration insights can increase the 

required for a condition monitoring system?

understand the baseline.

on the reliability of the plant are needed. 

crucial.

without the presence of an actual condition 

provide insight into the current costs that are 

1. Costs of production loss and additional 

work

example: ten hours of downtime result in a 

number of products that are not produced. 

Another number might be damaged due to 

the interruption of the process and restarting 

the machine. The costs of the additional hours 

of work and components that are required for 

maintenance to the machine must be added. 

2. Costs as a result of delivery obligations, 

production correction and quality loss

Unscheduled downtime can result in delayed 

supply obligation agreements can result in high 

purchase products from the competition in 

changes in the normal production schedule 

Maintenance policy without a condition monitoring system

D condition monitoring system:
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might be necessary to correct the production 

show the real impact.

3. Frequency and duration of failures

determine is the frequency in which failures will 

occur and the duration of these failures. Past 

performance reports of a plant help to make 

an accurate estimation of both the frequency 

downtime.

4. Costs as a result of aging

Machinery and installations within a plant 

will deteriorate over time. This deterioration 

process can only be slowed down by taking 

maintenance measures on time. Vibrating 

bearings and gearboxes can lead to wear on 

monitoring system is available to monitor 

replaced without relating the damage directly 

to causative vibrations. Predictive maintenance 

will not be possible without a condition 

as well as the root cause of this wear. Based 

statements about the condition of the 

measures that are required can be determined. 

maintenance is required.
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Aggregated cost

0
0

Cash

AGGREGATED COST
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5. Costs of current (preventive) maintenance strategy 

by the condition monitoring system using a predictive maintenance strategy instead of preventive 

0
0

Steady cost of
fuel, spares, etc.

Extra cost due

Increasing consumption
of fuel, spares, etc.

Plant in good condition Condition deteriorating

Time / usage (hours)

Cash

72

 RISING COSTS AS A RESULT OF DETERIORATING CONDITION

0
0

Plant (’as new’)

Cost of routine ppm

Increasing cost as
major components

begin to fail

Increasing wear on
moving parts

Time / usage (hours)

Cash

 EXPONENTIAL GROWTH OF COSTS AS THE PLANT AGES
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monitoring system, 
maintenance requirements can 
be predicted more accurately.

"

"
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Maintenance policy with a condition monitoring system

of a maintenance policy without a condition 

 

 

operating and maintaining a condition 

monitoring system. Comparing both 

maintenance policies will create a better 

impression if a condition monitoring system can 

Costs of the system and its installation

It goes without saying that a condition 

monitoring system involves considerable 

operational costs and maintenance costs have to 

supply and service access need to be taken into 

are incurred during the installation process. 

extra production loss can be prevented. In 

Costs of use

After purchasing and implementing the 

mainly caused by the required personnel. 

are required to take spot measurements at 

various locations on the machine. The condition 

monitoring system can collect this data at one 

interpreted using dedicated analysis software. 

faster and maintenance requirements can be 

0
0

 CASH OUTFLOW WHEN INSTALLING A CONDITION MONITORING SYSTEM
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predicted more accurately. Using a condition 

measures are replaced by small maintenance 

measures.

estimate what can be gained. Costs of personnel 

maintenance compared to the personnel costs 

plant. In addition to costs for personnel to 

Time / usage (hours)

Cash

0
0

Aggregated running costs

Likely running cost if CM

Potential
saving

 POTENTIAL SAVING 
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"Using a condition monitoring system,  

large maintenance measures are replaced by 

small maintenance measures."
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Payback period (PP)

A very important factor: within what time frame 

will the investment be recouped? A company can 

set an ultimatum within which the investment 

must be recouped. The payback period is 

relatively easy to determine. A disadvantage of 

account and assumes even reimbursement. 

 

Rate of Return (RR)

 

Annual Return on Investment (ROI)

This method is more accurate than the methods 

above because it takes into account depreciation 
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Method Formula Calculations Outcome

Payback period (PP) in years c / s = PP €110,000 / €40,000 = 2.75 
It takes 2 ¾ years to recoup the 

costs

Rate of Return (RR) s / c = RR (%) €40,000 / €110,000 = 0.36 = 36% Annual Rate of Return is 36%

Annual Costs (Cy) (c – rv) / y = Cy
(€110,000 - €10,000) / 10 years 

= €10,000 
Annual: €10,000 (total costs: 

€100,000 in ten years)

Annual Cost Advantage (CAy)

(tb – tc*) / y = CAy
* after correcting for the scrap 

value (€10,000 in example)

(€270,000 - €110,000) / 10 years 
= €16,000

Annual Cost Advantage of 
€16,000

Annual Return on Investment 
(ROI) 

(CAy / Cy) * 100% - 100% = ROI (€16,000 / €10,000) x 100% - 
100% = 60%

The average annual Return on 
Investment is 60%

Present Value (PV) tb / (1 + I)² = PV €270,000 / (1 + 0.04)² = €249,630 Present Value of €249,630

Net Present Value (NPV)
PV – tc* = NPV

* after correcting for the scrap 
value (€10,000 in example)

€249,630 – €150,000 = €139,630 Net Present Value of €139,630

(tc* + NPV) / tc* = CBR
* after correcting for the scrap 

value (€10,000 in example)

(€110,000 + €99,630) / €150,000 
= 1.91

A CBR of 1.91

Condition monitoring; the return on investment (ROI) 

system. Several calculation methods can be used to determine this. Combining these methods will 

important decision-making methods are discussed.

TABLE 1
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*AFTER CORRECTING FOR THE SCRAP VALUE (€10,000 IN THIS EXAMPLE)

Net Present Value 

This method is even more accurate because 

periods of the equipment lifespan are taken into 

is more complex than previously mentioned 

 2

 

*AFTER CORRECTING FOR THE SCRAP VALUE (€10,000 IN THIS EXAMPLE)

 

*AFTER CORRECTING FOR THE SCRAP VALUE (€10,000 IN THIS EXAMPLE)

Table 1 provides an overview of the relevant 

of a condition monitoring system. Note that all 

illustration. An overview of the abbreviations in 

the formulas are explained in the table below 

Abbreviation Meaning

c costs

tc total costs

s saving

rv residual value

y years

tb

I interest

PP payback period

RR rate of return

Cy annual costs

CAy annual cost advantage

ROI return on investment

PV present value

NPV net present value

CBR

77

TABLE 2



78

Expert considerations 
   on automated analysis

Expertise on demand
In our view, the main opportunity of these developments is to improve 

local expertise, can be a game changer. Wireless sensors and connected 
monitoring systems can reduce the infrastructural impact and initial 
investments for monitoring systems. Shared data can improve the 

of condition monitoring systems and structures, and change service 
models to expertise on demand.

Considerations
Despite the opportunities with these new technologies, the right 
considerations have to be made.
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"As analysis and decision making are transferred to 

automated systems and remote experts, local engineers 
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1. Validation of data

The input is key for any automated or remote analysis, as they solely 
rely on the information provided by these inputs. Therefore the data 
input must be validated, including:
 Selecting the right sensor for the application
 Sensor calibration
 Signal to noise ratio

data needs to be relevant and accurate to get to a working 
predictive maintenance structure. Low accuracy data cannot be 
used for monitoring. In light of data accuracy, it is very hard to 

environment, exceptional process conditions or human error. E.g. 
vibration caused by another machine (cross vibration), could trigger 
the automated system to generate a false alarm. 

2. Logistics and maintenance

To collect relevant data, the measurement and data stream must be 
guaranteed. Proper maintenance and logistics must be in place and 
include:
 Preventing cross-wiring of sensors
 Preventing false placement/location of sensors
 Relevant data collection interval
 Availability of spare sensors
 Sensor battery management and replacement strategy
 Stable, secure and reliable network connections

3. Local expertise

As analysis and decision making are transferred to automated systems 
and remote experts, local engineers will become less involved with 
the machinery. As a result, a growing dependency on external experts 
for analysis and support arises.

4. Security and privacy

By connecting sensors and monitoring hardware to the internet, 
cyber security becomes a risk and new guidelines regarding 
storage and handling of data, like ISO 27001, become applicable. 
The vulnerabilities and regulations increase the complexity of the 
implementation of a connected system. 
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