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Summary

Condition monitoring is a proven strategy to identify up-
coming problems at the earliest possible time. Mainte-
nance measures can be planned in time, unplanned shut-
downs can be avoided, repair times can be shortened.

The availability of assets increases.

VIBROEXPERT CM500 is the Siemens Energy condition
monitoring software package for all kind of machinery fo-
cusing on
e Automated early detection of abnormal machinery
behavior by comparison of actual measurements
with the learned normal behavior for groups of
machines in cycle times of less than a second
e Root cause analysis by provision of a complete set
of vibration analysis tools for the vibration diag-
nostician
e Information at a glance for the operator in various
standard and customized diagrams, tables and no-
tifications

As a vibration measurement-based condition monitoring
system VIBROEXPERT CM500 is able to reliably detect fail-
ures such as (examples only):

e Unbalance (e.g., caused by lost parts, bended

shafts, ...)
e Misalignment
e Rubbing

e Bearing faults

e Rolling element bearing faults
e  Gearbox faults

e Many others

Notable features

For turbo machinery

e Synchronous data acquisition from all sensors con-
nected to the data acquisition unit showing corre-
lations between events

e Intelligent data reduction allows to store long last-
ing machine histories over many years without
loss of data

e Intelligent data reduction enables the user to han-
dle huge amount of information

e  Statistical evaluation of the machine behavior sup-
ports automated setting of tolerance zones for up
to 64 operating conditions at constant speed oper-
ation

e Differentiation of alerts for fast and slow changes
in the machinery behavior allows to distinguish
mechanical and thermal problems

e Logical linking of event patterns with assigned ac-
tions for automated reaction on anomalies

e Tolerance zone monitoring during start up and
coast down
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For machines with gearboxes and /or rolling element bear-
ings
e  Monitoring of up to 25 frequency bands

Terms and definitions

The following terms are used in this document

e ACsignal:
Dynamic signal such as a vibration signal
e DCsignal:

Static signal such as a temperature signal

¢ Condition vector:
All measurements taken at the same time / with
the same time stamp = data set consisting of AC
measurements, DC measurements, rotational
speed, binary measurements, time and date.

Modules

The following software modules are available:

* Basic package online
MLFB: 6DU6000-0AA00-0AAQ
Acquisition, Visualization, Evaluation, Archiving
Rotor triggered acquisition of vibration signals
(combined with module “AC input signals”). Acqui-
sition of process values (combined with modules
“DC input signals” and/or “digital input signals”).
All signals acquired simultaneously at constant
speed operation. Trend, Bar graph, table - displays
of all signals. Time based and manual archiving.
system setup.

* Vector Monitoring Basic
MLFB: 6DU6000-3MAQ00-0AAQ
Monitoring at constant speed op. mode
typically used for turbomachinery
Manual setting of tolerance zones and limits to
values acquired in the “basic package online” at
constant speed and barring speed. Online compar-
ison of actual values with limits. Event based ar-
chiving.
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Vector Monitoring Expert

MLFB: 6DU6000-3MA01-0AAO

Sensitive vector monitoring considering the oper-
ating condition at constant speed op. mode typi-
cally used for turbomachinery

Statistical calculation of tolerance zones and other
limits, comparison of actual values with tolerance
zones and limits, automated reaction in case of
tolerance zone deviations. Event based archiving.

Tolerance tube monitoring for variable

speed operation

MLFB: 6DU6000-3MA03-0AA0

Monitoring at transient operating mode

Statistical evaluation of run up / coast down proce-
dures. The resulting tolerance tubes describe the
normal run up / coast down behavior. Online
and/or offline comparison of actual processes with
tolerance tubes. Indication of deviations.

Diagnostic Functions

MLFB: 6DU6000-3MA04-0AAO

Acquisition, Visualization, Evaluation, Archiving
Data acquisition, display and archiving for signal
analysis. Time wave form-, spectra-, envelope
spectra-, cepstra-, orbit analysis.

Spectra monitoring

MLFB: 6DU6000-3MA06-0AAQ

Monitoring of spectra and envelope spectra typi-
cally used for Balance of Plant machinery Monitor-
ing of up to 25 amplitudes and related frequencies
selected from spectra or envelope spectra. In case
of amplitude or frequency limit violations an indi-
cation /alert is provided.

Transient recorder

MLFB: 6DU6000-3MAQ5-0AAQ

Recording and analysis of raw signals from up to
60 vibration channels.

Basic package offline

MLFB: 6DU6001-0AA00-0AAO

As “Basic package online” without data
acquisition and related features. Evaluation of
archived data only.

OPC Client Server Interface
MLFB: 6DU6000-4AA00-0AAQ
Receive and transmit data

ModBus TCP Client Server Interface
MLFB: 6DU6000-4AA01-0AAQ
Receive and transmit data

AC input signals

MLFB: 6DU6000-1AC00-0AAQ

License to connect AC signals (e.g. vibration,
keyphasor ®, dynamic pressure signals)
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DC input signals

MLFB: 6DU6000-1DCO0-0AAO

License to connect analog 4 ... 20mA DC
signals (e.g. process parameters, temperature,
pressure, ...)

Digital input signals

MLFB: 6DU6000-1PC0O0-0AAQ

License to connect digital signals (e.g. process
parameters via OPC or ModBus)

CM500 Plugin to T3000

MLFB: 6DU1510-0AA00-0AAO

Integration into control systems

The Vibroexpert CM500 condition monitoring
software can be integrated in the Siemens Energy
SPPA-T3000 control system.
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Machinery E
Transient
All All recond X

User Licenses

MLFB: 6DU6000-2AD00-0AA0

A single user license to display data and parame-
terize the software is part of the "Basic package
online”

Additional “"dynamic” user licenses can be acquired
where access to the software is possible for a lim-
ited number of users (= number of licenses).
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Archiving concept

The system acquires data simultaneously per machine from
all measuring chains connected including parameters re-
ceived via digital interfaces. All data received at the same
time are stored as one data set called “condition vector”.
Storing complete data sets is essential for root cause analy-
sis.

e first occur and failure development

e correlation of measurements

Vibroexpert CM500 allows to store data

e Manually (key push)

e At fixed times and in fixes time intervals

e In case of an event with “Turbomachinery Monitor-
ing Basic” or “Turbomachinery Monitoring Expert”
only

e In speed increments (with “speed variable operat-
ing mode” only)

e Time wave forms, spectra, orbits can be stored at
fixed times and manually (module diagnostic func-
tions)

e A’short term memory” holding characteristic val-
ues of the last <= 3 hours is available. The content
of the “short term memory” can be automatically
stored in case of an event

User rights

Five user types are available
e Everyone (not registered user)
e  QGuest
e User
e  Main User
e Administrator

IT structure

The condition monitoring software is available as

e A standalone solution with a single computer
(PCIServer) connected to up to 16 data acquisition
units monitoring multiple machines

e Aclient server solution where many clients have
access to a server hosting Vibroexpert CM500

e Upto 16 VIB3000 data acquisition units can be
connected to a server hosting Vibroexpert CM500

e Up to 32 machines can be monitored with one
installation

Interfaces

Vibroexpert CM500 includes OPC Client and Server func-
tionality. A Modbus interface is also available. The related
modules need to be acquired. These interfaces can be
used to receive / transmit process data such as load or ex-
citer current from / to the DCS and / or from historians.

Siemens Energy is a trademark licensed by Siemens AG.
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The OPC and Modbus interfaces can also be used to trans-
mit and receive actual vibration characteristic values to the
DCS and / or historians.

Phase angle calculation

Phase angle calculation can be defined as
¢ Mathematical angles (Y = a sin (wt+ p)
e next positive maximum of amplitude after
keyphasor ® signal

Data acquisition units

The software Vibroexpert CM500 requires VIB330 modules
as part of VIB3000 data acquisition systems for machinery
protection and condition monitoring.

Measurements evaluated

Typical for turbo machinery
Dynamic values / vibration
rotor synchronous data acquisition of
e Shaft vibration and case vibration
Acceleration, Velocity, Displacement
e Overall vibration (RMS, Peak, PP/2)
* JInamount and phase
* 2namount and phase
e Xnamount and phase (X selectable)
* Yn amount and phase (Y selectable)
¢ Residual value (overall value minus harmon-
ics)
¢ Speed
e Various frequency bands for gas turbine (combus-
tion chamber monitoring)
Static values
¢ Shaft center line (GAP voltage)
¢ Axial shaft position
¢ Shaft expansion
¢ Housing expansion
¢ Bearing temperatures (via DCS)
Process parameters
e Effective Power
e Reactive Power
e Exciter Current
e Condenser Pressure
e Steam pressure
e Bearing temperature

Others
¢ Time, Date
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VIB3000 Vibration Monitoring System with VIB330 condi-
tion monitoring module (marked purple)

Typical for Balance of Plant Machinery

Case vibration and shaft vibration
Acceleration, Velocity, Displacement
*  Frequency Spectra
e Envelope Spectra
e Cepstra

Software languages available

* English

e German

¢ Swedish
Disclaimer

All screenshots and diagrams shown in this
document are examples. The appearance in each
installation may be different due to the system
setup.

All information provided in this paper is subject to
changes without prior notice and does not
necessarily describe the latest status of the
software.
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Vibroexpert CM500

Basic Package Online
MLFB: 6DU6000-0AA00-0AAOD

The basic package is mandatory and therefore part
of all packages. It is required to operate all other
modules.

Functionality

Acquisition, Visualization, Evaluation, Archiving

System Setup [ -parametrization
Trigger signal Setup (Keyphasor)
Data acquisition (simultaneously from all sensors con-
nected)
Data visualization and evaluation

Time oriented storage of measurements at fixed inter-

vals and predefined times
Manual storage of measurements
Monitoring at barring speed

Measurements = “condition vector”

Time

Process parameters such as load, condenser pressure,
exciter current, bearing temperatures, steam pres-
sures, axial shaft position, ...

Rotational speed / phase angle

Overall vibration (RMS, Smax)

1st Harmonic

2nd Harmonic

Two more selectable Harmonics

Residual value (Overall minus Harmonics)

Radial shaft position (GAP) = Shaft Center Line

Displays / Diagrams

as actual values and as difference to reference values

actual and historical values in tables

actual and historical values as bar graphs

actual and historical values in trend / 3D trend dia-
grams

actual values in live trends including a selectable time

range of historical data
actual and historical values in XY diagrams
actual and historical vibration vectors in polar plots

actual and historical static shaft position in sleeve bea-

rings

Siemens Energy is a trademark licensed by Siemens AG.
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Vibration components in and contrary to the direction

of rotation (forward and reverse vibration)
Short term memory

Auxiliary Tools and Services

File service

Extended file services (e.g. calculation of average va-
lues over a period of time)

Logbook

Backup

Definition and operation of Macros

Mimic diagrams (machine sketches, plant sketches,
photos, ...) with integrated measurement values
Automated reports

Automated print jobs

User Management
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Basic Package Online -Machine
View

MLFB: 6DU6000-0AA00-0AAOQ
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Basic Package Online
Bar graphs and tables

MLFB: 6DU6000-0AA00-0AAQ
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Basic Package Online - Trend
MLFB: 6DU6000-0AA00-0AAO
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Basic Package Online - Polar Trend
MLFB: 6DU6000-0AA00-0AAQ

Polar trend diagram

Siemens Energy is a trademark licensed by Siemens AG. AL: 91999IR, ECCN: 5D002ENCA3
Unrestricted © 2021 Siemens Energy Page 10



Basic Package Online - Logbook,

File Services, Macro Editor
MLFB: 6DU6000-0AA00-0AAQ
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Basic Package Online
- Listings, Schedulers, Editors
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Vector monitoring basic
MLFB: 6DU6000-3MA00-0AAOQ

This module is specifically tailored to large machine trains
with sleeve bearings such as turbine - generator sets or tur-
bine compressor sets.

Functionality

Vector - Monitoring at constant speed op. mode
e Manual entry of tolerance zones and limits.
*  Online monitoring of

e Vibration signals

e DCsignals
e Radial shaft position against the tolerance zones and
limits

e Event based archiving where events can be
e limit violation

e Defective sensors

*  Operating mode changes

Measurements = “Condition Vector”

e Time
e  Process parameters such as load, condenser
e pressure, exciter current, bearing tempera-
tures, steam pressures, axial shaft position, ...
* Rotational speed / phase angle
e Overall vibration (RMS, Peak, PP/2, Smax, ...)
e st Harmonic
e 2nd Harmonic
e  Two more selectable Harmonics
e Residual value (Overall minus Harmonics)
e Radial shaft position (GAP) = Shaft Center Line

Diagnostic monitoring

¢ Following diagnostic limit and reference values can be
entered
e Forvibration vectors
*  Absolute limits
* Tolerance zones
e Limits for sudden changes
e Limits for slow changes in the minute range
¢ Absolute Limits and tolerance bands for overall vibra-
tion signals
e Absolute Limits and tolerance bands for process para-
meters

Siemens Energy is a trademark licensed by Siemens AG.
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Displays / Diagrams

No specific diagrams
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Vector monitoring expert
MLFB: 6DU6000-3MAO01-0AAOQ

This module is specifically tailored to large machine trains
with sleeve bearings such as turbine - generator sets or tur-
bine compressor sets. It allows to determine the normal be-
havior based on statistic evaluations and detect abnormal
behavior.

Functionality

Vector - Monitoring at constant speed op. mode

e Statistical determination of the normal behaviour of a
machine train in rated operation (e.g. constant speed)
depending on the operating state (e.g. power).

e The operating mode “rated operation” is further diffe-
rentiated by up to 3 measurements such as power or
excitation current (control parameters).

* The value range of each control parameter is divided
into up to 4 arbitrary classes.

e For each class, the normal behavior of the machine is
determined.

e Following diagnostic limit and reference values are cal-
culated for vibration signals and radial shaft position

e Tolerance zones

* Normal signal changes in the second range

* Normal signal changes in the minute range

e Editing and saving the automatically determined limit
and reference values is possible.

¢ lIdentification and presentation of deviations from the
normal behavior using functionality of the basic mo-
dule.

e Any deviation from “normal” is called an event. Events
can be linked to “event patterns” using logical ope-
rands.

e If an "event pattern” occurs, a set of predefined actions
can be automatically performed, e.qg.

¢ Switching relays

e Perform additional measurements

e Start the transient recorder

e Display notifications

e Copy short term memory

¢ Send email

¢ Manual setting tolerance zones at a defined speed
range to monitor the machine train during halt in the
startup procedures.

Siemens Energy is a trademark licensed by Siemens AG.
Unrestricted

Measurements ="condition vector”

e Time

e Process parameters such as load, condenser

e pressure, exciter current, bearing temperatures, steam
pressures, axial shaft position, ...

¢ Rotational speed | phase angle

Overall vibration (RMS, Peak, PP/2, Smax, ...) ®

1st Harmonic

e 2nd Harmonic

¢ Two more selectable Harmonics

e Residual value (Overall minus Harmonics)

e Radial shaft position (GAP) = Shaft Center Line

Displays / Diagrams

¢ Vibration vectors

e Statistic evaluation

e Tolerance zone editor Radial shaft position
e Statistic evaluation

¢ Tolerance zone editor Event patterns

¢ Logic Editor

¢ Logic Trend

AL: 91999IR, ECCN: 5D002ENCA3
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Vector monitoring expert
MLFB: 6DU6000-3MAO01-0AAOQ
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Variable speed operation - Bode,
Nyquist, run down curve, shaft

center line
MLFB : 6DU6000-3MA02-0AAQ

The module supports the detection of resonance frequen-
cies. Changing resonance frequencies are a hint to changed
stiffness and damping which might be caused by loose
parts or cracks.

Machines should not be operated close to resonance fre-
quencies.

Functionality

Acquisition, Visualization, Evaluation, Archiving

¢ Automated detection of transient speed operation
such as run up and run down.

e Automated archiving of simultaneously measured data
during transient speed operation.

e Evaluation of data using Bode-, Nyquist and other dia-
grams.

Measurements =“condition vector”

e Time

e Process parameters such as condenser pressure, bea-
ring temperatures, ...

¢ Rotational speed

¢ Overall vibration (RMS, Peak, PP/2, Smax, ...)

e 1st Harmonic (amplitude and phase angle)

e 2nd Harmonic (amplitude and phase angle)

e Two more selectable Harmonics (amp.& ph.)

e Residual value (Overall minus Harmonics)

e Radial shaft position (GAP) = Shaft Center Line

D|splays | Diagrams
Run down curve (speed vs. time)
e Bode diagram
¢ Nyquist diagram
e Multi Nyquist diagram
*  Shaft center line diagram
e (Cascade orbit
Remark: All diagrams are speed related

Archiving

Data sets are stored in selectable speed increments.

Siemens Energy is a trademark licensed by Siemens AG.
Unrestricted
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Speed variable operating mode
Bode, Nyquist, run down curve,

shaft center line
MLFB: 6DU6000-3MA02-0AAQ
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Tolerance tube monitoring for

variable speed operation
MLFB: 6DU6000-3MA03-0AAOQ

Monitoring of machine trains during startup and coast

down.

Prerequisite:

Module “Variable speed operation”
Functionality

Monitoring of variable speed op. mode

e Statistical evaluation of run up and / or coast down
data of recorded processes for amplitudes (and phases)
of overall vibration, residual value, 1st, 2nd, Xth and

Yth harmonic.
e Calculation of the "tolerance tube".

e Online | offline comparison of actual / selected run up
or coast down - processes with the tolerance tubes
e Alertin case of deviation from tolerance tube (online

version)
Measurements = “condition vector”

e Rotational speed

e Overall vibration

e 1st Harmonic (amplitude and phase angle)
2nd Harmonic (amplitude and phase angle)

Two more selectable Harmonics (amplitude and phase

angle)
e Residual value (Overall minus Harmonics)

Displays / Diagrams
e Bode diagrams

e  Statistical evaluation of Bode diagrams
e Tolerance tubes

Siemens Energy is a trademark licensed by Siemens AG.
Unrestricted

Tolerance tube

oo (1 binen, e 1 [1leonaeciai {fabmen) - CAE, 1y o)
Enshrgm Besbeten St Fenses e ||| Mot [ e 2| AT O | [0 a3
imOd s sk als o[ F[[ e[ T J[REDR[ =« < - - [

[ Wory  Womwnl) Wormeneit) Wodst Tunz ]

= W Tas0 ) i) 200 EE) EE) £

151 M aservs 1200206 0901 AP

[ antaraen Vetwenz | Y I FrPT . oA AduaT
o] AUSOBEIEER » BE & || B | A |- Ee =S ey

Statistical evaluation of Bode diagrams

HHOOT WS ww

AL: 91999IR, ECCN: 5D002ENCA3

© 2021 Siemens Energy

Page 18



Diagnostic Functions

- Time wave form, Spectra, Orbit -
MLFB: 6DU6000-3MA04-0AAOQ

The "Diagnostic Functions” module provides signal analysis
features such as time wave form analysis, Fast Fourier
Transformation (FFT) and orbit analysis.

Functionality

Acquisition, Visualization, Evaluation, Archiving
¢ Time wave form analysis

e Spectra analysis

e Envelope spectra analysis

e Cepstra analysis

e Orbit analysis

For vector monitoring

For signal analysis and spectra monitoring

Measurements

e Vibration signals sampled rotor synchronously (16, 32,
64 or 128 samples per shaft revolution).

»  All types of vibration sensors

Displays / Diagrams

as actual values and as difference to reference
values
RAW Data analysis
e Time wave form analysis rotor synchronous
¢ Time wave form analysis free running
FFT — Analysis (rotor synchronous)
e Spectrum with time wave form
e 3D Spectra
rel. to speed and / or time

e with and w/o reference orbit
e with time wave forms
e Overall orbit

e 1norbit
e 2norbit
e Xn orbit
* Yn orbit

e Multi Orbit (Orbit Overlay of diff. measurements)
e Orbitin sleeve bearing clearances

Siemens Energy is a trademark licensed by Siemens AG.
Unrestricted
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For signal analysis and spectra monitoring
Measurements

e Vibration signals sampled with
o 102,4 kHz (channels 1...3 of VIB32x)
o 51,2 kHz (channels 4...10 of VIB32x)

Additional displays / diagrams

e Spectrum (50kHz)

e Envelope spectrum

e Cepstrum

¢ Frequency band trend analysis
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Spectra. Frequency window monitoring as shown here re-
quires module “spectra monitoring”.
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Diagnostic Functions

- Time wave form, Spectra, Orbit -
MLFB: 6DU6000-3MA04-0AAOQ
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Special Functions

- Time wave form, Spectra, Orbit -
MLFB: 6DU6000-3MAQ04-0AAQ
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Special Functions

- Time wave form, Spectra, Orbit -

MLFB: 6DU6000-3MA04-0AAQ
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Frequenzband 1 Yoralarm Ampl.
Unerwacht
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Obere Eckfrequenz 200,000 He Pinimum 20,000 pm
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Yoralarm Freq.
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Setup for frequency band and its monitoring
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Time waveform analysis
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Spectra monitoring
MLFB: 6DU6000-3MA06-0AAOQ

Prerequisite:

Module “Diagnostic functions” (MLFB:6DU6000- 3MAOQ4-
0AAOQ) required

Frequency band monitoring for machines with

rolling element bearings and /or gearboxes.

Monitoring vibrations caused by shock pulses (e.g. cavita-
tion, defective bearings, defective gearwheels,...).

Functionality

Monitoring of spectra and envelope spectra

e Definition of up to 25 frequency bands per channel
e Fixed or speed related frequency bands

e Definition of tolerance zones for each band

e Monitoring of amplitudes and frequencies

e Cycletime: >= 1 sec.

Measurements

e Vibration signals from all sensor types
o Accelerometers
o Velocity probes
o  Eddy current probes
e Sampling rate:
o VIB32x-Channels 1-3: 102,4 kHz
o VIB32x-Channels 4-10: 51,2 kHz
e FFT - Windows:
o Rectangular,
o Hanning (Hann)
o Hamming
o Flat Top
e Keyphasor | speed sensor (for machines with variable
speed)

Displays / Diagrams

e Time wave form

e Spectra with tolerance window

e Trend of selected frequency bands
e  Envelope spectrum

e Cepstrum

e Limit violation table

Siemens Energy is a trademark licensed by Siemens AG.
Unrestricted
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Spectra monitoring

MLFB: 6DU6000-3MA06-0AAQ
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Transient recorder
MLFB: 6DU6000-3MA05-0AAO

The transient recorder module allows for recording of raw
data from up to 60 vibration channels. The maximum
sample rate per channel is > 50 kHz. Up to 96 minutes can
be stored.

Typical applications are the investigation of transient ope-
rating conditions, e.g. over speed tests or emergency shut-
downs.

Functionality

e Acquisition of raw vibration data (samples)
e Visualization of raw data
¢ Evaluation of raw data (cursor)
o Time wave form
o Zoomed time wave form
o  FFT of selected samples
o 3DFFT
e Archiving of raw data

Measurements

e Vibration signals from all sensor types
o  Accelerometers
o Velocity probes [ seismic probes
o Eddy current probes
e Raw data
*  Max. no. of channels recorded: 60 simultaneously with
VIB3000/330

Samples / Duration [sec]
sec
51.200 30
25.600 50
12.800 100
6.400 190
3.200 370
1.600 730
800 1.450
400 2.890
200 5.770

*  "Post mortem” evaluation (pre trigger)
e Delayed start of data acquisition

Siemens Energy is a trademark licensed by Siemens AG.
Unrestricted
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Transient recorder
MLFB: 6DU6000-3MA05-0AAO
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—AMD 4 Duration of measurement 000

messuing AMD [

|13 §"|[BOMADT4CY021
[1¢ 5" |[BOMADT4CYI22

5| BOMADT4CYO41
16 §[BOMADT4CYO42

Meas. data wil be stored to file:

=l =l

trTtoddovn

in trangients recorder data directory

-|
K |

Transient recorder setup
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