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Vibration velocity

Vv [rms]
mm/s | inch/s c=
11 0,44 EE
7.1 0,28 S o
AN
4,5 0,18 N
A
3,5 0,11 €c
2,8 0,07 TN
2,3 0,04 88
o
1,4 0,03 i
AN
0,71 0,02 T
id Soft | Rigid Soft Rigid Soft Rigid Soft Foundation
Medium-sized Large Machines
Ra;:{"gii; 1;;Wn | Machines 300 kW < P < 50
» axial, diagona 15 kW < P < 300 kW MW .
— Vot Machine typ
Direct Drive Intermediate Shaft 160 mm0<0|:S< 315 Motors
Belt Drive m_m 3155mm < H
Group 4 Group 3 Group 2 Group 1 Group
A  Newly commissioned C  Short term operation
B Unlimited long term operation - Vibrations cause damage
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%‘ ¥ Failure
3 '
g !
= I
i
5 I
s , !
% @ Repair made
5 Alarm limit
New machine
@QEpair necessary
@Hunning-in phase Warning limit
@ Periodic servicin
>

Time
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Sensor

@ Misalignment

@ Unbalance

@ Motor mounted under stress
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Characteristic variable: RMS

F

4 mm/s

_qﬁﬁﬁﬁﬂﬁ#ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁ#ﬁ!ﬁﬁﬁﬁﬁﬁ
WP U DR

I
*

Measurement in fault-free
condition

Increased amplitude
of machine
vibration
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IEBEEEEN

@ Bearing damage in outer race
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Characteristic variable: DKW

mis®

QUL AR ARA AR
e

Undamaged rolling element
bearing

Individual advanced
damage to outer race

Amax(t)

arms(t)
amax(0)
arus(0)

amax(t) « aeff (t)

DKW = = ax(0) - aefr (0)

Current peak value for vibration acceleration
Current RMS value for vibration acceleration
Initial peak value for vibration acceleration
Initial RMS value for vibration acceleration
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Low-frequency

vibration

Amplitude of vibration

SIPLUS CMS SIEMENS

NIT'YIN 7U QXINNIL NN ,ATITR? TN I'2 on! Iug,a\ui\y{oru{e

| High-frequency

vibration

Jo

mm/s-2 NnTTN .nT'VIn nin'‘an - VRMS

mm/s2-2 NnTTNI .nT'yan NXIXN — aRMS

>
2/10 Hz 400 Hz 1 kHz 3kHz  frequency (log. representation)
ltem Vibration variable Causes of vibration and measurement limits
©) Vibration displacement (um) Shaft vibration 1 Hz to 0.4 kHz
(@ | Vibration velocity (mm/s) Enclosure vibration 2 Hz / 10 Hz to 1 kHz
(® | Vibration acceleration (m/s?) Gearbox, structure-borne noise 2 Hz / 10 Hz to 20 kHz
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NIT'YIN 7U QXINNIL NN ,ATITR? TN I'2 on!

Fault type Vibration measure- Frequency analysis spectrum
ment in the time Vibration velocity Vibration acceleration | Envelope curve
range (characteristic
value procedure)
Unbalance RMS Single rotation frequency fn |- -

Misalignment, RMS Single rotation frequency fn |- -
coupling defect Double rotation frequency fq
Mounting defect RMS Single rotation frequency fn |- -
Double rotation frequency fn
Triple rotation frequency fq
Blade passing fre- RMS fsp = 1 kHz fse > 1 kHz -
quency
Meshing defect - fz<1kHz fz>1kHz -
Belt defect RMS fr< 1 kHz fr > 1kHz -
Resonance RMS Resonance frequency = - -
rotation frequency fx
Bearing wear DKW - 3kHz = fLe = 10 kHz
Bearing damage DKW - - Geometry-
frequency dependent for: Outer
ring, inner ring, cage
and rolling element
Electrical stator RMS Double line frequency fiine - -
faults
Electrical rotor faults | RMS foar < 1 kHz foar > 1 kHz -
Rotor bar break RMS Double line frequency fiine - -

Modulation with slip fre-
quency fsip

SIEMENS

Il«\gbv\ui\‘y for Ufe
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Machine speed n = 1488 min-1
Number of pole pairs p =2
Rotation frequency f.,;=24.8 Hz

1x frot 2 X frot 3 X frot
v [mm/s] W

24,8 49,6 74,4 f [Hz]

NDIXI N'POIXR AT TN NANINA 210N NIN'TN NTIV'79NN
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Machine speed n = 1488 min-1

Rotation frequency f.,,=24.8 Hz

v [mmis] 1 1xf, 2 X fy 3xf, 212'0N TV N'YUHIYI NIV IR RMIYAL NMIYRIN DNTTNN
\L 112 29N A"7YN DTN IXYN NND1 TN AniA
AW NN v D% oknna ,nTTRN

:N'YP TIN'Y 111y
2772 212'0 W Y1 [IYNY NINTTN

ITVO'IN TIN'X 111y
24,8 49,6 74,4 f [Hz] 772 212'0 1Y WYL IURY NINTTN

A 4
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Machine speed n = 1488 min-1

Rotation frequency f ;= 24.8 Hz

v [mm/s] 4 1xfy  2xfy  3xfy

24.8 49,6 74.4 f[Hz]
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° /,
T L e L.t o T
R o
Machine speed n = 1488 min-1
Rotation frequency f.,;,=24.8 Hz
Vv [mm/S] 1 1 Xfrot 2Xfr0t 3Xfl’0t 4Xfrot
J/ v
| | TNI'MA) 0'7'90n NN X71 VYND 21A'0 72U MIYXRID NNFTRN

1N'22 D' (JIJ'On NIN"Th NX D''NY9

248 496 74.4 99.2 f[Hz]
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:NIMYONX NIQ'O
MVVON 972 NMVIXOFN NLVINN Mgnn .1
N"VN'ON N?OON NNN .2

50/60 x1n Tnwnn TN . wnn T NY95On YW N1aam ann
.NITN NYI7 DXNNA YN

JIN'An Noll Dy N71y9 ¥ dapna nanwn

A 1xf, fmains 2xf fmains R 2 x fg,; for 2-pole machines (slip)
v[mmis] 4 v [mm/s] 4
l/ A\ /
2 X
fmains
A\
I g > I >
50,0 100,0 flHZ] 99 100 101  f[Hz]
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Number of bars 58

Machine speed 1488 min-1

Rotation frequency f.,; = 24,8 Hz

Bar frequency foar= 58 X fry; = 1438 Hz
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\ fbar
Side bands at a Side bands at a
spacing of 2 X f4ins spacing of 2 X f4ins
1338 1438 1538 f [Hz]

NIMYON NIQ'O

11w v .1

INIYn oin .2

X7 NYA0 A7 VM 2w RN L3

T2V NINT? N1 D7D D'NA9N DX
NITN NNN NI79On 7w N90IN OV N2 NT'N VI VINN TN
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21'0N YTNE79N'RN A7 190N 7w XN XN AN70 ayn TN
IpTx YoIn oy 7272% X% ininnt

NT'YI7 DAY 22IM0oNN 1791n'RN 770 T 7Y 775 10T2 D121 IT'R 10In
.N"112'0 NNTNA

Machine speed 1
Rotation frequency fot=24.8 Hz
Number of blades 17
Blade passing frequency fsp=17 x 1 =422 Hz
a[m/s?] , fsp
Y [mm/s]1
A\
NIMYONX NIA'O
n7iawn .1
[2IMnn 71Ta n yn'? .2
7'1TN2 NTAIN X7 DDNN 0fan% .3
422 f[Hz]: D'an7n 1ayn YT 7w 21m aTiv7onx
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Machine speed n = 1488 min-1
Rotation frequency f.,; = 24.8 Hz
Number of teeth 33

a [m/s?]
vA[mm/s]1

»

Meshing frequency f, = fs,; X number of teeth = 818 Hz

2xf, 3xf,

oo

I D"1'Y 72272 W NIT'WY TN NIZ71D hNonn 7w NIy DNVES0
1

.0"M'W 7272 7w AML_NINAL 2102 17N AT'WYON TN .0N7Y Ni7oonli

818
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nYIXIN N7pN TN -

dri\[ing .
-

v [mm/s] 1

»
<
<
[®]
~

195 248 f[Hz]
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Machine speed n = 1488 min-1
Rotation frequency f.,;=24.8 Hz

Diameter of the driving disc = 200 mm

Belt length = 800 mm

_ Jro *disc diameter - &
belt belt length

=19,5Hz

TN Y ATIVTONNN N*Y7 InMiA NANIAY IX N7 AVIXD
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a[m/s?

1 X far

2 x far

3 X far

4 x far

88,8 177,6 266,4

Unrestricted © Siemens AG 2018
Page 23

355,2

f [I-:Iz]

Envelope curve spectrum of vibration acceleration,
damage frequency of the outer ring 88,8Hz
at a motor speed of 1488 min-1 = 24,8 Hz

nix'n nyav 'm

JNIX'NN Nyava v a7'ona niaNg omMw? NNSnNn pnn
V17 A¥NY7 NYan 1197 D'YTIN AND 'NanY N1 17X D'MAasa
NO50YNN NINY NIYXNXNA

.nvLYNN v DNUPO0Q NAXIN PTIN NIN'TN
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Envelope curve spectrum vibration acceleration, inner ring

damage frequency 134,4Hz
At a motor speed of 1488 min-1 = 24,8 Hz
Sidebands with distance of the mechanic rotation

frequency (24,8Hz)

1 N'M1I9 NYIL PN
a[m/s?] e
IR V17 AX¥N 197 NIYVIAY Aand NIAT? [N 770 T 2N nipn
TN T N2 N9 NYALA 271 .NSVYNN NIN' NIYYNNA
2 x fir 3 x f DY AXIN 7720 TN ,A90YNN DNVPS0A .NY? NyYn oniyn
| ‘ R N'M1I90 NYav v a1a'o 1 TN? AY pnana 0'01 DTN
Al
134,4 268,8 4032  f[Hz]
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Envelope curve spectrum of vibration acceleration,
damage frequency of the cage 9.9 Hz
At a motor speed of 1488 min-1 = 24,8Hz

a[m/sz]T 1 X fiafig

o x f A1'70%7 pm
Kafig -TINN X7 AT 719 IN2 20! [1I7WD7 DI 2177 in
3 X fiatg JO0YNN NNIZY DNLVEO0 NAXIN PTIN NN
4 X fyarig
9,9 19,8 29,7 39,6 f[Hz]
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Envelope curve spectrum vibration acceleration, damage
frequency of rolling element 116 Hz

at a motor speed of 1488 min-1 = 24,8Hz,

Siede bands with the distance of cage frequency 9.9 Hz

A
a[m/s?
(m/s7] 2 X fwsizkorper Ya7annn VINYX N

X7 AT N2 20nn v 707 pha 7a7annn van7xa N
.TINN

1x fWélzkc’jrper 3 X fWéIzkbrper
7NN TY "YTN QY NAXIN PTIN NNTA ,NO0VYNA DNLVZO0]
1NN .... 6,4 ,.2 7w N1795n2 NIA0D .a1'7O0 212'0 YT NIY
I ‘ ‘ I ‘ | I | I NO0VYNA DNLVEPO0] INI' NIVZIA DA 727aNnNA VIR

116 232 348 f [Hz]

[
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SKF "'nxn 6320 1D 20n 21Ma Y niknaIT

1.1 Bearing frequencies

Input Parameters

L]

Rotational speed of the inner ring

1490 r/min

Ne

Rotational speed of the outer ring (only used to calculate the bearing

frequencies)

0 r/min

Result

f

Rotational frequency of the inner ring

24.8 Hz

fe

Rotational frequency of the outer ring

0 Hz

fe

Rotational frequency of the rolling element and cage assembly

9.54 Hz

fr

Rotational frequency of a rolling element about its own axis

50.7 Hz

flp

Qver-rolling frequency of one point on the inner ring

122.4 Hz

fep

Over-rolling frequency of one point on the outer ring

76.3 Hz

fp

Over-rolling frequency of one point on a rolling element

101.4 Hz

SIEMENS
lngenuity for life
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1.1 Bearing frequencies

Input Parameters

1|

Rotational speed of the shaft washer

1490 r/min

Ne

Rotational speed of the housing washer (only used to calculate the bearing

frequencies)

0 r/min

Result

f

Rotational frequency of the shaft washer

24.8 Hz

fe

Rotational frequency of the housing washer

0 Hz

fe

Rotational frequency of the rolling element and cage assembly

11.3 Hz

fr

Rotational frequency of a rolling element about its own axis

84.1 Hz

flp

Over-rolling frequency of one point on the shaft washer

284.9 Hz

fep

Over—rolling frequency of one point on the housing washer

236.6 Hz

fo

QOver-rolling frequency of one point on a rolling element

168.3 Hz

SIEMENS
lngenuity for life
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Envelope curve spectrum

Y
[mis®)

1x 15
125 Hz

| Sensor

A mjs?

Raw data from sensor

> -

@ Bearing damage Roller bearing without
(Outer race defect) damage
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Individual advanced outer
race defect
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Presenter
Presentation Notes
Seven steps to a Condition Monitoring (CM) solution
Clarify CM requirements:�Which mechanical components should be monitored for which damages?
Select/order the CM System that matches the requirements:�Number of sensors, integrated or stand-alone; slide/rolling bearing
Install sensors and CM System:�Selection of measurement locations/mounting of sensors (screws, adhesive), take maximum cable lengths into account
Select the analysis method: parameters and/or spectra
Commissioning of the CM System via CM library/application example or menu-guided:�Specify alarms/warning limits of the parameters in accordance with ISO 10816-3;�spectrum limits corresponding to the experience of the maintenance staff
CM commissioning of the control system/stand-alone system:�´Which CM data should be visualized/reported for whom?
Optimization of the warning and alarm limits according to initial trend curves in ongoing operation


SIPLUS CMS1200: Condition Monitoring with SIMATIC S7-

1200 SM1281 - Overview

SIEMENS
lngenuity for life

SM 1281 Condition Monitoring Model

« Characteristic value diagnostics

* Frequency-selective diagnostics

« Expert analysis on- or offline

+ SIMATIC S7-1200 and web-based

Connections

+ Up to 4 vibration sensors

* 1 speed input

« Ethernet

« Power supply 24VDC
(supply to sensors)

Expansion option

Up to 7 modules can be connected;
depending on the S7-1200 CPU used

Unrestricted © Siemens AG 2018
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BERO IEPE-Sensors

Speed measurement Vibration measurement

5‘

Operating principle

+ Calculations are performed
continuously

* The 4 IEPE channels and
the speed sensor are read in and
processed simultaneously

Diagnosis

Characteristic values

via SIMATIC S7-1200 and TIA Portal
* Frequency selective

via integrated Web Server

Advantages and Costumer benefits

No additional software for diagnosis and
visualizing needed



Practical example: Fan Monitoring System with
Recommendation for a maximum configuration

SM1281

SIEMENS
lngenuity for life

Vibration signals

Unrestricted © Siemens AG 2018
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Condition Monitoring SIEMENS
Early detection of mechanical damage lngenuity for life

SIPLUS CMS

Part of digitalization Cost reduction

* Record and analyze
mechanical variables

* Longer lifecycle time

 Effective spare parts

* Connection to cloud solution maintenance

» Decision-making aids for
service

" . * Investment protection

a‘h i - Easier error research

Higher productivity

& i System benefits

* Higher productivity: continuous =~ ' i - Simple system configuration

condition monitoring /9 Open standards

* Predictable maintenance and

. 4® . Easy expandability
repair

- Easy diagnosis

Unrestricted © Siemens AG 2018 www.sliemens.com



SIPLUS CMS1200 SIEMENS
Integrated and flexibly expandable lngenuity for life

With SIMATIC the mechanics under control

SIMATIC S7-1200 based con- Easy integration of condition
dition monitoring via TIA Portal > monitoring of mechanical
from V13 SP1: SM 1281 components in SIMATIC S7-1200
Continuous condition monitoring Early detection of mechanical
of motors, generators, pumps, > damage
fans, via up to 28 IEPE vibration Scheduled maintenance instead
sensors per S7-1200 of spontaneous repair
Analysis algorithms in SM 1281 No additional software required
condition monitoring module > for diagnostics and visualization
Visualization via web browser
Online data streaming of Analyses down to the smallest
vibration data to the > detail

tooth wear in a gear unit

CMS X-Tools analysis software
variable-speed drives

www.siemens.com

Unrestricted © Siemens AG 2018



SIPLUS CMS1200 - integrated and flexibly expandable SIEMENS
Sample system setup lngenuity for Ufe

O Tooys for further N Monitoring mechanical
— SCADA gl e components
By zB. via WinC, PCS7 ZR025000000700gF0 "S0ene0iR 000G -
WL ——— s with SIMATIC S7-1200
<

Remote o (Condition Monitoring with TIA Portal

1 i
Y\

EPROFINET/ Ethernet « Up to 28 IEPE-vibration-sensors modular
[L 21 SIMATIC S7-1200 -
= [ with 2% SM 1781 attachable via max. 7 SM 1281

—

» Support by cloud based solution

il
&
H

[I]]—l— Expert analysis
= e. g. via CMS X-Tools
I ~ :| Q/ 1
Drivetrain: drive gear bearing pump

Unrestricted © Siemens AG 2018 www.siemens.com



SIPLUS CMS1200 — Costs € SIEMENS
Ihgﬁhui\‘y-for&{t

CMS1200 SM1281 Condition 1000€
monitoring for SIMATIC S7-1200

"4 |EPE vibration channels;" 1 >

digital input for rotational speed

acquisition

SIPLUS CMS2000 VIB-Sensor 290€
S01 "Vibration sensor;"
Frequency range 0.5 Hz to "15
kHz; measuring range 50G;"
sensitivity 100 mV/G "(+/-10%);
MIL connector top

SIPLUS CMS2000 cable MIL- 115€
300;" Connecting cable for >
connection of VIB sensors with

"MIL connectors; Length=3.00 m"

SIPLUS CMS1200 SM1281 50€

"Shield bracket set;" for the EMC- #;.“:‘
compliant connection of cables to > .
the SM1281 Packing unit with 2

O 3 fiase



Thank you for your attention! SIEMENS
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Alex Levanov , Teddy Nikolayevsky

Subject to changes and errors. The information given in this document only contains general descriptions and/or performance features which may
not always specifically reflect those described, or which may undergo modification in the course of further development of the products. The requested
performance features are binding only when they are expressly agreed upon in the concluded contract.

All product designations, product names, etc. may contain trademarks or other rights of Siemens AG, its affiliated companies or third parties.
Their unauthorized use may infringe the rights of the respective owner.
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