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Definitions - Condition Monitoring

= Machine Monitoring/HURsFN (3754
= Monitoring of machines for a condition based maintenance/Hi R 2kl 4k 3
244 TAE

= Detection of wear on mechanical components/ AL A4 2 4

» Process Monitoring GZRRE)

= Monitoring of process-parameters for optimization of efficiency and quality
T A 72 R N & U IS AR S E ) i %

» Examples for recording of physical values in CMS:CMS
Henrblidsk2libaPDAM AR AL &/ S
= Lubricant examination & &

Infrared thermography 41434

Sound emission A5 5

Sonography #

Motor Current Analysis ik i 207

Vibration monitoring #Rz#
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Maintenance strategies 4:§" 5%
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Maintenance strategies/4t4" 5%

= Corrective maintenance (repairing after breakdown)/#MEtE4Ed (EHLE 4E18)
+ Minimal costs for spare parts because only broken components are replaced
FRA BN, R A 5 R B A 4 B
— Downtimes not plannable
THRIAMEHL
— Risk of secondary damages (e.g. fire due to overheated bearing)
TR SE R Cl T ARG RG] ) K R A
= Preventive maintenance (by schedule or operating hours)/FillPE4Ed (4% H FEEEE TAER A HED
— Increased costs for spare parts because components are replaced early
BRUN$E A S i, A< BT+
+ Downtimes plannable
S HLA 1) 7T 2 4%
+ Reduced risk of secondary damages
/D> IR AR R AT B
= Condition based maintenance/HUHR SN Ay FE At 1) 43
+ Low costs for spare parts because only components with advanced wear are replaced
WA FE ST A e S 4, AR 22 B A1
+ Downtimes plannable
LI 17 4
+ Reduced risk of secondary damages
D> Zkan ) L5
— Investment and operating costs for CM-System

RGBEA
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Introduction HLAHRBNFM  H 1

CMS use vibration monitoring to detect wear on mechanical components at an early stage. They
are the base for a condition based maintenance strategy.CMS

ﬁ%%@#@%#m%@ﬂﬁm#waoummwm#Mﬁﬁmm%F M o

Using mechanical components in an optimal way over their lifetime, reduces costs for spare parts
and unplanned downtimes.

SERAL A, Pl D & PE RIS S AL 1]

The measurement of vibration as one of the main tools has a long pre-warning time for the
detection of wear damages, but is also very sensitive to environmental influences.

X T BRI N2 AT U A FHUE I T, X 3R 85E DA 3% B BBk

In complex production plants the changing operation conditions have a serious influence on the
vibration monitoring and the calculated levels of damage are very unsteady.

IF%Wﬂ%#%E%mAHMW%ﬂ#Mﬁﬁﬁm?W PR E RIRA T E

This causes false alarms. As a result the alarm-thresholds are raised, which leads to shorter pre-
warning times and the benefit of the whole CMS is nullified.

IR AL EROK P T, ERER R 2405, CMSHIRBCR SR

Only if all relevant operation-parameters are taken into consideration CMS can work reliable
under these conditions.

WA WA HRIFEIESEEPOC AN, CMSA REAEILAME L T IRt 5e 2%
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Weaknesses of todays CMS H'& R4k & ;ﬁ

Todays CMS are mostly self-sufficient solutions with very limited access to relevant operation-
parameters.

MACMS RS L — M EREHRI RS, W THREE ES D>

The efforts for implementing these CMS especially into older automation-systems rises the costs
and makes the investment uneconomic.

BRI EMMLARG RS T LR BLUCMS RGHIE SN RGUNA, HRAEHIL

An integration of the CMS into the automation landscape would solve this problem.

AR, JECMS RS & 2| Halb R Gt & A RO

However in factories with a heterogeneous automation landscape this is surely short-sighted.

FE—AN L) BN RAT 2 Rl 6 WA LU AL Y

The operator would have to handle a different CMS on each plant and a comparison between the
plants is also not possible.

ANRERIN LT HALBE 2 > CMS R G B8

Additionally a CMS analyses frequencies up to 8 kHz with a resolution of 0,05 Hz. Therefore each
sensor has to collect and process around 500.000 data points. Common automation systems are
normally not suitable for this processing- and memory-intensive tasks.

Ji4h, IARCMS £ 4:LL0.05HZ R i fix i FIBKHZ IR 5, MBS L AU I HALFE500000/ R i 738
1 H B RGEFEA AN S A B ML R AN P A7 B SR AT 55

sin(2*P1()*8000*T()) 8000Hz
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he iba solution for Condition Monitoring ibaf# 7 %

» Open interfaces for SPS and HMI (Connectivity)/— 2% L &z HMI £ 48 T 3% [

= Consistent CM-solution for factories with heterogeneous automation landscapes./xf T~ % ffi U £l
FRA — AR AR B 7 28

= Seamless integration of CM-functionalities into the total-plant-monitoring.
AVEARA: P2 2 42 7 R L85 i (PDA, ibalogic)

= Parallel monitoring of wear and process-induced vibrations (e.g. chatter in a cold rolling process)
with one system.

Al —RGer, RN 2B B 4 R s A A T R R sl (R ALELHLIEBAR S

= Covering the complete CM-landscapeiii# 52 % [{ICM J7 %

- Real-time system as guard for humans, machines and products
TRAF N ALES AT 5 R SE R4t

- Online Systems for condition based maintenances
TELAR B ILES R S8

- Monitoring for simple components (fan, pump etc.)
] B PR B LR AT DA CRUBL . R 5%

- Complex monitoring solutions
(planetary gear, acoustic test bench etc.)
B zgi TR, Bl 6555
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Detection of roller bearing damages

Typical outer race damage (red marker).

HAAMRKRNER SR (2050

If a rolling element rolls over the fault on the surface, an impulse
occurs which stimulates a vibration. This vibration is transmitted
to the bearing housing and can be measured by mounting an
accelerometer on the housing.

IR — MRS R, keh B B A Rkah . EAM RS
R 2 A AR AR I HLPT DUFH 22 2B A 3 THT PR 0k JE2 A% S s Aar I 31

If the rolling elements in the picture pass the damaged position
clockwise, the vibration signal displayed below the picture is
generated.

A SR B B Zh RIS B sh 2 i R i, A0 A 725 T B ARE 28

The distance between the impulses is related to the ball pass
frequency of the rolling elements on the outer race. Which is
depending on the revolution and the diameter of the bearing.
PN Ik e 22 18] £ T B B e T P AN B sl AR 2 i A1 B R A0 . A A B o T T
A A EAT
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The ibalnSpectra System HEICRS B LRI 03

The ibalnSpectra Library, vibration monitoring in real-time.

» free configurable spectrum analysis
AR 1) E R AREE A

= real-time alarms (<200 ms)
SR % (<200ms)

= snap shot function

coupling with CMC I
e ) i, alin,
= analysis profiles
SR
= extensive possibilities for visualization
AL SE A D RETT K
* in-depth analysis
ST

= application range:

= chatter monitoring
FEARAG I

= monitoring of process vibrations
AR

= test facility monitoring
I 2 A

= etc.




Detection of roller bearing damages

The small amplitudes in the damage frequency have to be extracted out of the signal through

demodulation. A AR XN AU 0 ZBUAE S A IR Mg B i 2 mh SRR SR
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Detection of roller bearing damages m

Stage One: Stage Two:
Noise
- Stress Energy 1x
Wave
0Hz 1 kHz 5 kA—iz 0 Hz 1. kwm&
Stage Three: Stage Four:
1x 1x
l BPFO 2x BPFO
0Hz 1 kHz 5 kHz 40 kHz OHz 1 kHz 5 kHz 40 kHz
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The ibalnSpectra System

The Condition Monitoring Unit is the heart of the system

= collects time-synchronous, raw data from sensors directly at up to 40 kHz
WAL RS I ] [0 R EERE S, & mik40kHz

= exchanges data with the automation environment
5 B SR e

= performs bulk of the signal analysis
AT AARBEOR B AE 5 7 i

= records calculated results and raw data
ISR T A AR B

= produces alarms, e.g. using digital outputs (stand-alone operation)

PAEREE S (Bl fE BT D

ibaCMU-C ibaCMU-S with modules

» Great for single
component monitoring

» Great for monitoring of
machine groups

» vibration monitor = complex spectrum analysis

= characteristics value
formation

KRB BEREBER

» special applications

06.07.2018 Introduction ibalnSpectra System 17



Sensor system — mounting technique J5

Temporary measuring Permanent measuring

dual rail mounting
flat magnet
magnet adapter

hand probe glued

screwed

frequency res
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Sensor positioning &5 7 &

The choice of the right sensor location is critical for an effective condition
monitoring.

Too many sensors make the system more expensive and don’t have any

additional benefit. Using not enough sensors would downgrade the
monitoring results.

sensor positioning motor

Rule of thumb:

" | <1,25m:
One sensor on the main
bearing is sufficient

= L >1,25m:
Two sensors are required

I sensor position

06.07.2018 Fundamentals for Machine Monitoring



The ibalnSpectra System m

The ibaCMC iba Condition Monitoring Center(ibalnSpectra Analysis
Center), control center for global factory CM
» powerful data management and reporting system
SR BB B BRI R4
= web based user interface LongTerm
web F1H
= convenient configuration interface
TR BB S
= component database
A
» long-term trending
K&
= virtual trending
(correlation with process data)

L E
» Alarming/#*%
= reporting /%
= in-depth analysis/ixZ 7




ibaCMC, iba Condition Monitoring Center

ibaCMC, T | FHtRaIt& NS, monitoring in the context of a complex plant.
= central recording of all relevant machine-, process-, material- and quality-data
* monitoring across all production areas

SPS

LongTerm

ibaPDA ibaCMC
CM-Library

i’ ibaCMU-S

06.07.2018 Introduction ibaCMC System 21



ibaCMC # 4t 54

i

Offline analysis Long term trending

Lt e e
= =

ibaPDA A ibacuc

Power Quality Monitoring
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Examples-Calculation

= Crest factor (peak factor) f = Xlmax _ Peak
XRMS RMS

= Caused by a small disruption in the roller bearing surface, a short-term impulse (peak) occurs every time a
rolling element runs over it. fi& 3 {4 5 (146 A ik ph R 3

= Due to the short impulse, the RMS value remain relatively steady. However, the crest factor will increase.
= If the disruption enlarges the crest factor keeps rising.

= If the damage extends over the entire surface the crest factor drops again because the RMS-value rises.
Therefore, the crest factor is a good indicator for roller bearing damages in an early stage.

= RMS (Root Mean Square) ¥FR/FBINE

RMS is a representation of the energy content within the vibration. For machines without
considerable process vibrations, the RMS-value in long-term trending can indicate changes in
machine condition. This requires RMS-values to be measured under comparable operating
conditions. Bearing damages only lead to higher RMS-values if there is advanced damage.

X
A

N A ¥RMS

XRMS =
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Examples-demages




The ibalnSpectra products allow for the first time a factory-wide and cross-
plant diagnosis of all production processes and plant conditions, even in
heterogeneous automation landscapes.

— ARG R T % A PDARHE AR S A I H s

The central storage and analysis of all material-, process-, quality-, and
condition-information has a serious additional benefit.

FAAERT a4 AR REEEE . BREAREIR I E 5

For Example:

= Obvious reduction of fault alarms with a maximum early warning time by
coupling vibration- and process-data (virtual trending). 7%, HEHES

= Accurate detection of wear intensive operating points. AR B 451

» Detection and avoidance of quality affecting vibration conditions and
vibration caused process disturbances. /> 1 T HUBEAIR SN 5] &7 55 & n) g
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Thank you for your attention

Contact:

iba China
B4, 889 ShangCheng Rd. PuDong, Shanghai, China

{2 T2I& Weifeng Ni

Tel.: +86 21 5840 2768

Fax: +86 21 5840 2767
E-Mail: neo.ni@iba-china.com

23.01.2015
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