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Foreword
The basis of this extensive work is the long-standing professional 
experience and specialist knowledge demonstrated by our employees
in operations spanning a multitude of industrial sectors.
During the preparation of this book, we made a point of explaining even 
complex processes in comprehensible language and stayed true to
the motto “Derived from practice for use in practice”. A deep and lasting 
understanding is also promoted through the use of various illustrative 
graphics and images.
These features render the Condition Monitoring Handbook a useful guide
on the vibration condition monitoring of machinery and plant.
With the standard ISO 18436-2, the industry represents its interests
in the comparable training and qualification of personnel who work in
the vibration condition monitoring and diagnosis of machinery.
The content-related specifications from this standard in Category I and II 
are reflected comprehensively, in detail and with no relation to specific 
products, in this handbook. This makes the handbook particularly suitable 
for use in preparations for certification by an accredited certification 
institute. It also serves as a reference work and general guide in everyday 
practical maintenance.
As a result, this book fulfils both the practical requirements of industrial 
maintenance and the requirements governing theoretical explanations
in a textbook, making it suitable for anyone wishing to acquire additional 
specialist knowledge in the field of vibration monitoring, but who is also 
required to maintain visibility of daily operations at all times.
Special thanks go to the employees in the project team from the Operational 
Service and Training departments, who, in addition to their daily work 
activities, demonstrated a high level of personal commitment and worked 
with great care on the creation of the text and graphics.
We wish you every success and an inspirational journey – be it in your daily 
work or exam preparations.

Schaeffler Monitoring Services GmbH
Foreword CMP 7
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Introduction
Preventing unplanned downtime and thus increasing the availability of 
machinery represents an increasingly important challenge in the field
of maintenance. As a result of detecting machine damage at an early stage, 
measures can be taken at the right time to reduce downtime periods and 
minimise repair costs. At the same time, the aim should be to replace 
components only when a defect occurs, rather than on a preventive basis,
in order to make optimum use of their service life and achieve further
cost savings. This not only gives the operator a high degree of investment 
security, but also provides active machinery protection.
Maintenance concepts which rely on monitoring the condition of
machinery enable plant operators to plan, prioritise and consequently 
optimise maintenance in relation to personnel and replacement parts.
Changes in machine performance and possible influences on quality and 
the production process can also be identified in this way.
Effective, condition-based maintenance requires personnel who, as a result 
of having received the appropriate training and gained the necessary level 
of experience, are qualified to plan measures, conduct measurements and 
evaluations and give recommendations for action. The qualification of 
personnel is defined in DIN ISO 18436 and can be certified in accordance 
with this standard.
This handbook adheres to the underlying standard
DIN ISO 18436-2:2014-11 and can be used as an aid in the qualification
of personnel in vibration analysis for monitoring and diagnosing the 
condition of machinery. In particular, it is aimed at those seeking certifi-
cation to category I or II. Sections 4.2 to 4.5 of standard DIN ISO 18436-2 
give an overview of the typical competencies and skills required in each 
category.
There are numerous standards that can be used to measure and assess 
machine vibrations. The best known standard, DIN ISO 10816, is currently 
being revised. Together with DIN ISO 7919, DIN ISO 10816 will be merged 
into, and superseded by, DIN ISO 20816. In order to incorporate existing 
knowledge relating to the standards, reference is made throughout this 
handbook to the corresponding parts of DIN ISO 10816 or DIN ISO 7919.
Introduction CMP 9

Copyright protected material



C

10 CMP Introduction

opyright protected material





C

12 CMP

opyright protected material



Page

1 Condition monitoring
1

2

3

4

5

6

7

8

9

10

11

12

I

1
1.1 Maintenance strategies........................................................................ 15

1.1.1 Breakdown maintenance ..................................................... 15

1.1.2 Preventive maintenance ...................................................... 16

1.1.3 Condition-based maintenance ............................................. 17

1.1.4 Predictive maintenance ....................................................... 18

1.2 Condition monitoring methods............................................................. 18

1.2.1 Vibration analysis ............................................................... 18

1.2.2 Lubricant analysis ............................................................... 20

1.2.3 Endoscopy .......................................................................... 21

1.2.4 Thermography .................................................................... 21

Copyright protected material
Condition monitoring CMP 13



C

1 Condition monitoring
The field of condition monitoring has undergone significant developments 
from both a design and technology perspective over the past decades,
with a resulting influence on maintenance. The technical development
of machinery, plant and communication channels, which is also advancing 
at a constant rate, calls for ongoing adjustments to measurement tech-
nology and maintenance strategies. While maintenance primarily focusses 
on the operational capability or restoration of a technical system, condition 
monitoring predominantly pursues two objectives: guaranteeing safety and 
increasing efficiency. This means, for example, optimising the technical 
availability of machinery and plant while simultaneously increasing quality 
and productivity and additionally seeking to avoid consequential damage 
by detecting changes in condition at an early stage.
The actual service life of machines and machine elements is usually 
significantly shorter than the basic rating life. Unbalance, misalignment and 
bearing damage are cited as the three main causes which can lead to 
unforeseen plant failures and production downtime. Other common causes 
include structural problems, mounting issues and resonance. Figure 1-1 
shows the relative rate of occurrence for the various causes of failure.

Lubricant starvation and incorrectly designed or loaded components can 
also cause damage. For example, a lack of lubricant, unsuitable or aged 
lubricant, contamination of the lubricant, mounting errors, overloading or 
fatigue can be proven as causes of failure for rolling bearings.
In the event of a failure, immediate repair costs are initially incurred for the 
replacement of the defective component. The costs caused by secondary 
damage can also be considerable, however, and may even exceed the repair 
costs for the originally defective machine component.
Machine failures can occur at any time, although the likelihood of such 
failures is particularly great at the start and end of a machine’s anticipated 
operating life. Premature failures are largely caused by material defects
as well as by errors in production and assembly. Most failures occurring 
towards the end of the operating life are attributable to wear and fatigue. 
Failures occurring between these timeframes tend to be random in nature 
and are promoted by errors in machine operation or maintenance.
This time profile of the failure rate is illustrated using the so-called bathtub 
curve, see Figure 1-2, page 15.

Figure 1-1
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The curve shows how the failure rate is initially relatively high at the start of 
the life cycle, but then decreases. The failure rate is constant in the middle 
of the curve, but rises sharply towards the end.
Measures which decisively influence the maintenance procedure can then 
be derived from the information provided by this bathtub curve and with
the aim of minimising the probability of failure.

1.1 Maintenance strategies
The basic measures involved in maintenance are servicing, inspection, 
repair and improvement (DIN 31051). The priorities associated with
the maintenance of technical systems, plant and machinery vary across 
different industries and companies. For this reason, maintenance strategies 
must be selected accordingly. This also applies in terms of the various 
machine and plant types and their respective types of use. For example, 
process-critical plant usually require different maintenance activities to 
auxiliary units, which can be dispensed with temporarily in the event of
a failure or are quick and relatively inexpensive to replace. Production 
systems that are in continuous operation and have a highly sophisticated 
start-up process are a particular area of emphasis. In some volume 
production processes, it is crucial that plant remain in constant operation. 
In such cases, any unexpected suspension of operation leads to very high 
downtime costs and the costly waste of production material.
The necessary technical and administrative measures and activities are 
derived from the maintenance strategy applied in each case. Four strategies 
are cited in Sheet 1 of standard DIN ISO 17359:
■ breakdown maintenance
■ preventive maintenance
■ condition-based maintenance
■ predictive maintenance

1.1.1 Breakdown maintenance
Breakdown maintenance is also often referred to as failure-based mainten-
ance and is a passive strategy. In this instance, a maintenance measure
is only implemented following the failure of a plant or damage to a machine 
element, see Figure 1-3, page 16. This means that no information on
the condition of the plant is obtained or evaluated during plant operation. 
Components or operating materials are only replaced if the situation 
requires it, in order to restore operational capability.

Figure 1-2
Bathtub curve
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Since it is not possible to predict a point in time when the failure will occur, 
the extent of the damage and the repair time required are undetermined
in advance. This generally means that increased time and work is required 
for the repair and that consequential damage to adjacent or connected 
equipment may occur.
The major advantage of this method is the fact, however, that no costs
are incurred during problem-free operation and the full wear reserve of
the machine is utilised. This is of particular interest in the case of machinery 
whose operation has no direct influence on processes critical to production 
or where complete replacement is more economical than one of the active 
maintenance strategies cited below.

1.1.2 Preventive maintenance
With the aid of active maintenance planning, the operator can acquire
a certain degree of control over the condition of his operating facilities.
In the case of preventive maintenance, it is assumed that a machine or plant 
requires particular maintenance expenditure at defined time intervals,
see Figure 1-4. The definition of the time intervals is based on the average 
operating life of the system and on empirical values.

Since the time intervals in preventive maintenance are fixed, they can be 
integrated in a targeted manner into existing production operations or 
downtime planning. However, they do not necessarily correlate with the 
actual condition of the system. It is therefore possible that maintenance 
measures will be carried out prematurely, thus making an unnecessary 
claim on resources such as material and working time.

Figure 1-3
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The use of preventive maintenance does not provide a means of either 
identifying or specifically preventing the occurrence of non-plannable 
random damage that is due, for example, to material defects or incorrect 
use. It must also be borne in mind that any maintenance intervention in
a machine can, in turn, constitute a risk of a mounting error. Indeed, regular 
maintenance measures can cause premature component wear due to wear 
of the shaft seat or bearing housing, for example.

1.1.3 Condition-based maintenance
In condition-based maintenance, machinery and plant no longer undergo 
maintenance work on the basis of failures or times but on the determined 
component condition. With this strategy, condition monitoring is used to 
carry out maintenance and repair work which is based on the actual wear 
status of a plant or machine, see Figure 1-5. Various methods can be used 
individually or in combination to determine the current condition of a plant, 
see Section 1.2, page 18.
The outcome of the condition monitoring is incorporated into the planning 
of targeted maintenance measures, taking account of various parameters. 
The efficiency of the monitored machine is increased and the overall 
downtime costs are reduced.

Condition-based maintenance offers the following advantages:
■ The failure of plant and machinery due to component damage and

the resulting consequential damage are avoided.
■ As a result of the early detection of fault conditions and damage,

the replacement of the affected components, and thus the downtime 
required for this process, can be planned.

■ Downtimes can be minimised due to customised planning of the repair
measures and timely procurement of the necessary replacement parts.

■ In some cases, the development of detected damage can be retarded
by implementing specifically tailored measures such as relubrication,
speed or load reduction, and by rotating stationary bearing rings through 
180°.

■ Components are only replaced if their condition necessitates this, 
meaning that the availability of plant and machinery is increased through 
optimal utilisation of the wear reserve.

Figure 1-5
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The following disadvantages show that condition-based maintenance is
a costly form of maintenance that is not the most economical solution for 
every machine:
■ Technical equipment in the form of measuring devices, sensors and

software is required for condition monitoring.
■ The recording and analysis of measurement data is time-consuming and 

requires appropriate human resources.
■ The knowledge required to record and analyse measurement data must 

be developed among personnel through training and experience.

1.1.4 Predictive maintenance
From the starting point of condition-based maintenance, increasing 
importance is now being attached to predictive maintenance planning. 
Here, a fault analysis and causal investigation not only take the current 
condition of the plant into account but also help to optimise this with
the aid of accompanying measures. This is intended to further reduce
the probability of a future failure in the long term.
The measures used can include an analysis of the machine history,
special measurements to determine natural frequencies or phase relation-
ships as well as improvements to the operating condition in the form of 
precision balancing and alignment.

1.2 Condition monitoring methods
The malfunction-free and optimised operation of complex plant and 
machinery can be achieved effectively by means of condition monitoring, 
which calls for the regular recording of data and evaluation of the particular 
variables that provide information about the condition of a machine or 
plant.
The basis of such condition monitoring is knowledge of the plant and the 
machine parts together with their structure and function, and the resulting 
defect and failure possibilities. A condition-based monitoring program 
prioritises objectives and should be tailored to the needs of the specific 
application, see Chapter 5. Depending on the type of plant or machine and
its importance for the production process, continuous (online) monitoring 
or regular (offline) monitoring can be used.
Various methods are available for recording the condition of a machine 
during operation, which can essentially be divided into destructive and 
non-destructive methods. Since the objective in condition monitoring is 
always to achieve increased availability of the plant, destructive test 
methods are encountered extremely rarely and are normally only used 
retrospectively in root cause analysis.
The non-destructive methods and techniques presented in the following 
sections for the realisation of effective condition monitoring are intended as 
a guide for achieving an overview of some of the various options and areas 
of application.

1.2.1 Vibration analysis
Vibration analysis began with the observations of machine operators,
who used the “human sensory system”, i.e. hearing, touch and sight,
to detect abnormalities and assess these to a certain extent.
With the advancement of measurement technology came the ability to
not only identify conspicuous machine vibrations subjectively, but also 
more comprehensively and objectively, leading in turn to continuous 
improvements in the quality of the knowledge gained.
18 CMP Condition monitoring
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Today, vibration-based machine monitoring is an established and reliable 
tool for detecting and identifying the root causes of machine problems
at an early stage, and thus supports the timely planning of necessary 
maintenance measures. Vibration measurement and vibration analysis can 
be used to detect fault conditions such as unbalance and misalignment
as well as rolling bearing damage and gear tooth defects. Depending on
the application, advance warning times of several months can be achieved, 
see Figure 1-6.

Vibrations are induced by occurring forces. Every machine in operation
will have a certain basic vibration that reflects its mechanical condition.
If the forces acting in the machine change, for example as a result
of unbalance, damaged machine components or electrical issues,
the vibration behaviour of the machine will also change. If the vibration
level increases while the operating parameters remain unchanged,
this can indicate a deterioration in the condition of the machine.
With vibration analysis, various machine faults and damage types can be 
identified on the basis of characteristic vibration patterns in the measure-
ment signals, see Chapter 6 to Chapter 8. Early detection of the changed 
condition may indeed render further operation of the machine permissible 
in the first instance. This method of condition monitoring offers consider-
able cost-saving potential provided that the service life of the plant and 
machinery can be almost fully utilised and their availability can be 
increased.
In most cases, attention is focussed on the measurement and analysis of 
structure-borne sound. This involves recording vibrations at the surface of
a solid body, for example a machine housing, which are transmitted within 
the body from their point of origin to the measurement location. 
Alternatively, measurement methods which involve observing the vibration 
motion of an entire body, such as a shaft, can also be used.

Figure 1-6
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A
A/D converter 50, 67, 100
Absolute measurement 92
Acceleration

see Vibration acceleration
Acceleration sensor 82, 86

triaxial 85
Acceptance test 264
Additional signal 78
Adjustment 96
Alarm 118
Alarm limit value 118, 273
Aliasing 51
Alignment 234
Alignment methods 237

Laser alignment 238
Alternating component 81, 136
Alternating current 197
Alternating field 81
Amplification 100
Amplification factor 67
Amplitude 32
Amplitude frequency response 129
Amplitude modulation 69, 133, 148

Compressor 207
Fan 207
Gearbox 176
Motor 202
Pump 207
Rolling bearing 158

Amplitude resolution 50, 67
Amplitude/order diagram 32
Amplitude/phase measurement 92, 135, 243
Analogue signal 48
Analogue/digital conversion 48

see also A/D converter
Analysis 120, 126, 130

Frequency domain analysis 130
Phase analysis 134
Time domain analysis 130
Trend analysis 118

Angular misalignment 140, 190, 236
Angular velocity 27, 240
Antialiasing filter 52
Asynchronous motor 197
Averaging 64

Time domain 66

B
Balancing

Balancing process 248
dynamic 247
static 247

Balancing mass
see Compensating mass

Ball pass frequency inner race 153
Ball pass frequency outer race 153
Ball spin frequency 153
Band pass filter 53
Bandwidth (filter) 53
Bandwidth (spectrum) 59

see also Resolution in the spectrum
Basic frequency 31
Basic vibration 26
Bearing clearance 143
Bearing

see Plain bearing
see Rolling bearing

Beat 147
Belt drive 180

Maintenance 252
Belt faults 184

Eccentricity 187
incorrect belt tension 185
Misalignment 186
Resonance 188
toothed belt faults 188
Unbalance 185
Wear 185

Belt frequency
see Fundamental belt frequency

Belt pulley 186
Belt speed 222
Belt tension 181, 185, 252
Bit 50
Blade pass frequency 206, 214, 227, 228

see also Vane pass frequency
Bode diagram 128
BPFI 153, 158
BPFO 153, 157
Breakdown maintenance 15
BSF 153, 159
Bump test 256
282 CMP Index
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Calibration 96
Calibrator 97
Campbell diagram 128
Carrier signal 69, 133
Cavitation 208, 213, 229
Centre frequency (filter) 53
Centre of gravity 239
Centrifugal force 240
Characteristic parameter of a vibration 34
Characteristic value 116
Chatter vibration 223, 224
Clearance 143
Clipping 99
Coast-down measurement 256
Coherence 259
Cold rolling 218
Compensating mass 245, 250
Compensation plane 247
Compression mode 83
Compressor 204, 208
Concentricity errors 141
Condition monitoring 14, 108, 273

Endoscopy 21
Lubricant analysis 20
Thermography 21
Vibration analysis 18

Condition-based maintenance 17
Continuous-flow machine 203
Control run 251
Coupling 188, 234
Coupling faults 190
Coupling frequency 190
Crest factor 117
Criterion I 272
Criterion II 273
Critical speed 44, 146, 167, 244
Current loop 102

see also Ground loop
Cut-off frequency 52

see also Filters

D
Damage development

Gearbox 179
Rolling bearing 162

Damage pattern
see Fault analysis

Damped vibration 26, 44
Damping 26, 44, 146, 229
Data acquisition 76, 113
Data analysis

see Analysis

Data storage 103
Database 103
DC component 137

see also DC value
DC value 81
Deflection 26

see also Vibration displacement
Degree of freedom 26
Demodulated signal

see Envelope signal
Demodulation 69, 134
Derivative 37
Differentiation 37
Digitalisation 48
DIN standard

see Standard
Direct current motor 197
Discharge curve 98, 99

see also Transient response
Discontinuity 62
Displacement

see Vibration displacement
Displacement sensor

see Vibration displacement sensor
Documentation 121
Driven machine 196
Dynamic range 67, 100

E
Earth loop 102

see also Ground loop
Earthing 101
Eccentricity

Belt pulley 187
Electric rotor 202
Gear 179
Shaft 142
Stator 201

Eddy current sensor 81, 93
see also Inductive sensor

Eddy formation 167
Effective value 33, 116, 271

see also RMS value
Electric motor 196
Electrodynamic measurement principle 79, 82
Endoscopy 21, 252
Envelope signal 72, 134

Gearbox 173
Looseness 143
Motor 201
Rolling bearing 156
Rub 143

Envelope signal analysis 134
Excitation frequency 27, 44, 129
Index CMP 283
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F
Fan 204
Fast Fourier Transformation (FFT) 54, 61
Fault analysis

Belt drive 184
Compressor 207, 212
Coupling 190
Electric machine 200
Fan 207
Gearbox 173
Machine tool 224
Paper machine 222
Pipework system 229
Plain bearing 167
Pump 207, 212
Rolling bearing 156
Rolling mill 222
Structure 229
Wind turbine 227

FFT
see Fast Fourier Transformation (FFT)

Field balancing 239
see also Balancing

Filter 52
Antialiasing filter 52
Band pass filter 53
Centre frequency 53
High pass filter 53
Low pass filter 52, 57
Tracking filter 53

Flat top window 64
Forced vibration 27, 44, 128, 229
Foundation 145, 228
Fourier series 55
Free vibration 26, 44
Frequency 29

kinematic 153
modulating 70
subsynchronous 131, 184

Frequency domain 30, 54
Frequency domain analysis 130
Frequency line 56, 59

see also Line (spectrum)
Frequency range 39, 57, 61, 79

critical 256
linear 79, 89
see also Maximum frequency

Frequency spectrum
see Spectrum

FTF 153
Function

periodic 54, 61

Fundamental belt frequency 186
Fundamental frequency 133
Fundamental train frequency 153

G
Gap 236
Gas turbine 213
Gear mesh frequency 172
Gear wheel 168
Gearbox 168

Maintenance 252
Gearbox damage 173

Broken tooth 177
Damage development 179
Distributed damage 177
Eccentricity 179
Local damage 176
Misalignment 180
Wear 175

Generator 196
Grease analysis 20
Ground loop 101
Guideline 270

H
Hanning window 63
Harmonic vibration 26
Harmonics 31, 132

Belt drive 184
Compressor 207, 212
Coupling 190
Fan 207
Gearbox 173
Ground loop 101
Looseness 143
Misalignment 139
Motor 202
Pump 207, 212
Rolling bearing 156
Rub 143

Heavy spot 248
Hertz 48
High pass filter 53
High spot 248
Hot rolling 217
Hunting tooth frequency 172
Hysteresis 115

I
IEPE standard 79, 84

see also Acceleration sensor
Image frequency 52
284 CMP Index
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Impact test
see Bump test

Impacts
irregular 208, 213
regular 31, 133, 134, 143, 157
see also Shock-type excitation

Impulse hammer 257
Induction (motor) 197, 201, 202
Inductive measurement principle 79, 80, 93
Inductive sensor 80, 92

see also Eddy current sensor
see also Speed sensor
see also Vibration displacement sensor

Influence coefficient 249
Initialisation (sensor) 85
Inner ring damage 158
instability 167
Instantaneous value 29, 33
Integration 38
Interference 101
Interference voltage 102
ISO standard

see Standard

Mains frequency 101, 198
Maintenance

breakdown 15
condition-based 17
predictive 18
preventive 16

Maintenance strategy 15
Maintenance work 251
Mass compensation 245
Mass distribution 138, 239
Maximum frequency 51, 57, 60
MCSA (Motor Current Signature Analysis) 203
Measured value 49, 56, 60

see also Sample
Measurement

absolute 92
Amplitude/phase measurement 135
Phase measurement 92
relative 80, 92
Shaft vibration measurement 91, 129, 136

Measurement chain 76
Measurement condition 114
Measurement configuration 78, 112
Measurement data acquisition 76, 113
Measurement data analysis 120, 126, 130

see also Analysis
Measurement data storage 103
Measurement direction 111
Measurement duration 56, 60
Measurement interval 114
Measurement plane 91, 244
Measurement point 86, 110, 135

Acceptance test 264
Belt drive 184
Gearbox 173
Modal analysis 261
Rolling bearings 156
Structural problem 145

Measurement principle
electrodynamic 79, 82
inductive 79, 80, 93
optical 93
piezoelectric 79, 83

Measurement quantity 35
Measurement range 50
Measurement report 121
Measurement track 91
Measurement track error 92
Measurement trigger 114
Measurement unit 39
Measuring device 76

multi-channel 77
Selection 110
single-channel 77

Measuring system 76
Selection 110

K
Keyphasor 93

see also Reference sensor 
Kinetic energy 36

L
Laser alignment 238
Leakage 61
Level 68
Limit value 118, 272
Line (spectrum) 57, 60

see also Frequency line 
Load zone 156
Log 121
Logarithmic display 68
Loose connection 98 
Looseness 143
Low input signal 100
Low pass filter 52, 57 
Lubricant 14, 165, 252 
Lubricant analysis 20

M
Machine logbook 121
Machine speed 40, 78

see also Speed
Machine tool 223
Machinery mapping 109 
Magnet (mounting of sensors) 87 
Magnetic field 81, 196
Index CMP 285
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Memory depth 60
MEMS sensor 86
Misalignment 139, 234

Belt pulley 186
Coupling 190
Gear 180
Rolling bearing 164

Modal analysis 261
Mode (natural vibration mode) 261
Modulation

see Amplitude modulation
Modulation signal 69, 133
Motor 196
Multi-channel measuring device 77

see also Measuring device
Multiples 31, 132

see also Harmonics
Multiplexer 78

N
Natural frequency 43, 129, 146, 256

Belt 183
Rotor 167
see also Resonance

Natural vibration mode 261
Newton’s Law 82
Noise excitation 260
Noise level 67, 162, 208, 213
Noise reduction 64
Nyquist-Shannon sampling theorem 51

O
Offline measuring device 77, 110
Oil analysis 20, 252
Oil film 137, 165
Oil sensor 20
Oil whip 167
Oil whirl 167
Online measuring device 76, 110
Operating condition 113, 119
Operating parameter 78, 115, 119
Optical measurement principle 93
Optical sensor 92

see also Speed sensor
Orbit analysis 136, 167
Orbit diagram 129
Order 32
Order spectrum 32
Outer ring damage 157
Overhanging rotor 139
Overload 88, 99
Overrolling frequency 153

P
Paper machine 219
Parallel misalignment 139, 190, 236
Peak value 33, 40, 56, 116
Peak-to-peak value 33, 40, 116, 271
Period 28, 35, 92, 157
Periodic function 54, 61
Periodic signal 30, 66
Periodic vibration 28
Phase 34, 92, 128, 259
Phase analysis 134
Phase frequency response 129
Phase measurement 92
Picket fence effect 59
Piezo crystal 83, 88
Piezoelectric measurement principle 79, 83
Piezoelectric sensor 67, 83, 96

see also Acceleration sensor
Pipework system 228
Pitting 156
Plain bearing 91, 137, 165, 214

Maintenance 252
Plane of measurement 91, 244
Pole pass frequency 200
Positive-displacement machine 208
Potential energy 36
Predictive maintenance 18
Pre-trigger 257
Preventive maintenance 16
Prime mover 196
Probe tip 89
Process plant 215
Pump 204, 208

Q
Quantisation steps 50

R
Raw signal 72, 130
Rectangular window 63, 258
Rectification 198
Reference frequency 32
Reference measurement

Balancing 249
“Fingerprint” measurement 113
Phase measurement 92

Reference position 28, 36
Reference run 249
Reference sensor (calibration) 97
Reference sensor (phase measurement) 92, 244
Reference signal 67, 92, 114, 135
Relative measurement 80, 92
Repeat frequency 72
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1

2

3

4

5

6

7

8

9

10

11

12

I

Residual unbalance 239, 247, 251
Resolution

Amplitude resolution 50, 67
in the spectrum 59, 61
in the time signal 49

Resonance 43, 146, 224, 229
see also Natural frequency

Resonance range 90, 127, 256
Ripple frequency 198
RMS value 33, 40, 56, 271

see also Effective value
Rolling bearing 152

Maintenance 252
Rolling bearing damage 156

Bearing misalignment 164
Damage development 162
Rolling element damage 159

Rolling mill 215
Rotational frequency 131, 138, 139, 142, 143,
164, 176, 186

synchronous 199
Rotor 196, 225, 239

rigid 245
Rotor bar pass frequency 200
Route 110, 113
Running-in 113
Runout 92
Run-up measurement 256

S
Sample 48, 56

see also Measured value
Sampling 48
Sampling error 51
Sampling rate 48, 51, 57
Self-excited vibration 167, 224
Sensitivity 80, 85, 110
Sensor 86

active 79, 85
Eddy current sensor 81, 93
inductive 80, 92
MEMS sensor 86
Oil sensor 20
optical 92
passive 79, 85
piezoelectric 67, 83, 96
Reference sensor 92
Speed 92
triaxial 85
Vibration acceleration 82
Vibration displacement 80, 91, 136
Vibration velocity 82

Sensor mounting 86
Sensor position

see Measurement point
Sensor sensitivity 80, 85, 110
Sensor wiring 84, 90, 101

Servicing strategy
see Maintenance strategy

Shaft
bent 141
eccentric 142

Shaft alignment 234
Shaft centre line 137
Shaft vibration measurement 91, 129, 136, 214
Shaft vibration sensor 91, 129

see also Vibration displacement sensor
Shaker 259
Shear mode 83
Shim 239
Shock-type excitation 71, 134, 156, 175, 256

see also Impacts
Shutdown threshold 273
Sidebands 70, 133

Compressor 207
Fan 207
Gearbox 174
Motor 201
Pump 207
Rolling bearing 158

Signal
Additional signal 78
analogue 48
Carrier signal 69, 133
digitised 49
Modulation signal 69, 133
periodic 30, 66
Raw signal 72, 130
Reference signal 67, 92, 114, 135
Time signal 30, 126, 130

Signal processing 48
Signal-to-noise ratio 64
Simple harmonic oscillator 26, 43
Sine sweep excitation 260
Single-channel measuring device 77

see also Measuring device
Ski slope 98, 99
Sliding friction 166
Slippage 183, 197, 222
Slippage frequency 199
Soft foot 201, 234
Spectrogram 127, 256
Spectrum 30, 126, 130
Speed 40, 78, 241

critical 44, 146, 167, 244
synchronous 197

Speed sensor 92
Spring stiffness 43
Standard 270

Overview of standards 275
Stator 196
Steam turbine 213
Strand

see Belt drive
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C

Stroke frequency 212, 228
Structural problems 143
Structure 228
Subsynchronous frequency 131, 184
Switching threshold 92
Synchronous motor 197
Synchronous rotational frequency 199
Synchronous speed 197

T
Temporal resolution

see Resolution in the time signal
Test mass 249
Thermography 21
Three-phase current 197
Time domain 30
Time domain analysis 130
Time domain averaging 66
Time signal 30, 126, 130
Timing belt frequency 184
Tooth break 177
Toothed belt faults 188
Tower vibration 227
Tracking filter 53
Transfer function 258
Transient response 85

see also Discharge curve
Transmission ratio 172, 183
Trend 116
Trend analysis 118
Trial run 249
Triaxial sensor 85
Trigger 93, 114, 257

see also Reference sensor
Trigger threshold 115, 257
Trips limit value 273

U
Unbalance 95, 239

Analysis 138
Belt pulley 185
Fan 207
Types 242

Unbalance mass 240
Unit 39
Universal sensor 85

see also Acceleration sensor

V
Vane pass frequency 206

see also Blade pass frequency

Velocity
see Vibration velocity

Velocity sensor 82
Ventilator

see Fan
Vibration

damped 26, 44
forced 27, 44, 128, 229
free 26, 44
harmonic 26
periodic 28
self-excited 167, 224

Vibration absorber 229
Vibration acceleration 35, 40
Vibration acceleration sensor 82

see also Acceleration sensor
Vibration calibrator 97
Vibration condition monitoring 18, 108, 273
Vibration damper 229
Vibration displacement 26, 35, 40, 244
Vibration displacement sensor 80, 91, 136

see also Shaft vibration sensor
Vibration excitation 259
Vibration insulation 229
Vibration measurement quantity 35
Vibration pattern 126
Vibration sensor 48, 79, 110

see also Sensor
Vibration severity 118, 265
Vibration velocity 35, 40
Vibration velocity sensor 82

W
Warning 119
Waterfall diagram 127, 256
Wear

Belt 185
Coupling 190
Fan blade 207
Gear 175
Machine tool 224
Pump blade 207
Roll 216

Wind turbine 225
Windowing 61

Exponential window 257
Flat top window 64
Hanning window 63
Rectangular window 63, 258

Z
Zero level 26, 36
Zone limit value 272
Note: page numbers in bold type refer to sections which provide a thorough or more detailed explanation of the term. 
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