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Challenges




Challenging monitoring applications BRCE
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e Large size bearings are usually more difficult to monitor due to: \

e Low speed applications
— Steady speed
— Non-steady speed

e High “noise”, low bearing defect energy
e Contamination and insufficient lubrication

The most common problem is lack of understanding of:

e The application conditions

« The appropriate instrumentation, techniques, and
configurations
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Low speed bearing monitoring — Issues BRCE
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e “Undetected” failures on slow speed machines leads to the \
assumption that finding them with vibration is not possible.

e In most cases, this originates from one or more common mistakes in
setting up the vibration measurement in the first place.

e Some common errors include:

© SKF Group Slide 6 22 March, 2016

Low-frequency sensor use

Incorrect mounting method

Incorrect Enveloping filter selection
Inadequate measurement time length
Not accounting for non-steady speed
Not accounting for load zone



Presenter
Presentation Notes
“Undetected” failures on slow speed machines leads to the assumption that finding them with vibration is not possible. In most cases, this originates from one or more common mistakes in setting up the vibration measurement in the first place.

Some common errors include:
Low-frequency sensor use
Incorrect mounting method
Incorrect Enveloping filter selection
Inadequate measurement time length
Not accounting for non-steady speed
Not accounting for load zone



Low speed — low frequency accelerometersBRCE
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Frequency range: \
+5%: 0,6 to 700 Hz

+10%: 0,4 to 1 000 Hz
+3 dB: 0,2 to 2 300 Hz

e There is a common misconception
that a low frequency response
accelerometer needs to be used on
low speed machines because of the
lower energy levels/bearing
frequencies.

e Atypical 500 mV/g low frequency - Impact energy
model has a lower 3 dB point of only
0.2 Hz, e ey e A

e However, the upper 3 dB point is ot e

only 2.3 kHz - well below the upper
boundary of the demodulation BPF.

(LT — T = R 5 R 1Y

]
ra

e The use of a standard 100 mV/g
sensor is better — these typically

b

have an upper 3 dB point around 14 62 1 10 100 1% - 1ﬁ:h
kHz, fully encompassing the BPF LEEEN
range.
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Presenter
Presentation Notes
There is a common misconception that a low frequency response accelerometer needs to be used on low speed machines because of the lower energy levels/bearing frequencies.

A typical 500 mV/g low frequency model has a lower 3 dB point of only 0.2 Hz, which prompts its use on slow speed machines. This is only of use if you want to accurately measure the raw velocity or acceleration (and we have already noted they are a poor indicator) 

However, the upper 3 dB point is only 2.3 kHz - well below the upper boundary of the demodulation BPF. So the majority of the energy generated by a bearing defect will not be seen by these accelerometers.
The use of a standard 100 mV/g sensor is better  – these typically have an upper 3 dB point around 14 kHz, fully encompassing the BPF range.



For low-speed — standard accelerometers BRCE
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CMSS 2100

l

Frequency range:

+5%: 3,0 to 5 000 Hz
+10%: 1,0 to 9 000 Hz
+3 dB: 0,5 to 14 000 Hz

CMSS 2200/ CMSS 2200-M8

l

Frequency range:
+10%: 1,0 to 5 000 Hz
+3 dB: 0,7 to 10 000 Hz
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Typical frequency response
band data
No signal components from capture range
within this range are used in /
1 the band 3 enveloped
17 acceleration ____,/
0
-1 / _ _
£l LU H
o5 1 10 100 1k 10k
Frequency, He
Useful range of sensor
Typical frequency response
band data
No signal components from capture range
37 within this range are used in
21 the band 3 enveloped
14 acceleration
|:|_
11
B A >
e . . . i
07 1| 10 100 1k 10k
Frequency, Hz

Useful range of sensor

For Bearing Analysis on
machines with a low
rotational speed and
envelope band 3/4, one
should still use the standard
sensors!
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Mounting Is important — use stud mounting BRCE
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Freguency range based on mounting techniques
ISO standard 5348 1 \

P'rt-.be Twao-pole  Fat Addhesive  Adhesive
magnst  magnst m-:nun'r.lng

Non-linear response - Harmonics and energy
Amplification by the s from ‘over-rolling’ of a

- . .
sensir_ __________ | defect are still present in
. this range
Y L ==
)h

Reference -20 - -
1 :Ib 1'[kl 1 lI: 1IIII!: :IIII}II-:

Frequency, Hz
Linear response

Near zero amplification by NO|Se from e.g \

thesensor FuNndamental bearing _
defect frequencies are gearmesh can be in

in this range this area =] %
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Sensor mounting makes a big difference BRCE
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Swn
Magpet s fed R\ End 2, 2014741 13726 Kanal X Toatrnd (005532 g Acl,, K . Ttabend: 0638 ¢E Radal \\

e Here is an comparison between
data recorded from two identical
100mV/g ring-mode sensors:

— One mounted by drill & tap/stud
— One mounted by magnet.

Magnet

s 8 8 E &

e This is true for most
measurements, but particulg
for slow speed machines:-




Constant speed? BRCE
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e With low speed machines \

— Measurement times are longer

— Typically we would like 10 — 15 events during the measurement time
e Constant speed

— With long measurement times,

— Slow variations in the speed can mask bearing frequencies
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Speed variation over 16 minutes BRCE
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N\

@peed starting at 3:01:32 ending at 3:1?:)

(bl — D1 East Tach 10.13 cpm )
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Speed changed:
16% during the|interval
» About 8% within a
typical measurement
window
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Presenter
Presentation Notes
This is a Washpress speed variation. Collected over a 16 minute time frame


Sensor Location BRCE
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e Small signals \

— Mounting the sensor will make some difference
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Sensors — Load Zone

BRCE
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e The next consideration is
location of the sensor — as
close to the load zone of the
bearing as possible.

e Again, here is an illustration.
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SKF Innovation in monitoring and
tribology measurements




SKF bearing monitoring highlights BRCE
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e Developed High-frequency detection technique (1990s) \

e Pioneered the use of multi-filter acceleration enveloping in data
collection devices (1990s)

e Patented (1985) and developed the use of practical acoustic
emission measurements using data collectors, in order to use
frequency analysis for diagnostics (1990s)

e Developed and patented HAL and CTA (2000s)
e Developed an patented RFT (Repetitive Fourier Transform)
e Developed Acoustic Emission Enveloping;
— conducted extensive testing in relation to lubrication and bearing life
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SKF Multi parameter measurements
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Multi-parameter measurements BRCE
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Bearing condition \

Acoustic Emission Enveloping

Acceleration EnveluEinE

Unfiltered acceleration Velocity

Condition

Good

Listen
and
feel

rning time

Worse

Operational life Time
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Impact signals

BRCE
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Where do those bursts of energy come from?

\

e Impacts — for instance, a rolling element rolling over a pit (defect)

e Impact signals have a high frequency content

\

/

e These impacts can excite a resonance

222222222222
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gE Filter Selection BRCE
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The acceleration enveloping process groups energy related to \

repetitive impulsive signals
Bandpass filter

5 Hz - 100 Hz —’\
Accelerometer > BO0Hz-1kHz — Enveloping

Detector

500 Hz-10kHz I
5 kHz-40 kHz |~ FFT Spectrum

Felt Rolls Bearings Gears and bearings

Band 1 Band 2 Band 3 Band 4
Frequency - Hz
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Presenter
Presentation Notes
These bands were selected by SKF’s Engineering Research Centre using years of experience of bearing behaviour and rotating machinery analysis to give good coverage of different situations with minimal complexity



Case history / examples




Case 1. Low, steady speed BRCE
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\

This Lime Kiln Trunnion uses roller
bearings that turn between 3 to 6 RPM

For years the predictive team at this
facility tried to predict failures with no
success.
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Early Detection of Very Slow Speed Defects BRCE
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Spectrum
15154 Pier 4 Morth \ MW AA EN3, 4/25/2006 4:52:31 PM. Channel X, Trend Overall: 0.03879 gE
241848 (FAG) BPFO, { 1x: Amp: 0.0005158, Freq: 66.04 ), ( 2x: 0.0004181, 132.1 ), { 3x: 0.00003967, 198.1 ), (4= 0.000174, 264 1), { 5x: 0.00003967, :
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SKF Enveloped Acceleration detected the problem nearly 6 months
before the bearing was removed from service.

We watched it due to production schedule.
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Presentation Notes
This spectrum indicates that the frequency of impacting matches the calculated outer race defect frequency for the FAG 23184 bearing of the trunnion. This bearings is turning 6 Rpm. This data was collected nearly 6 months before the bearing was removed from service. 
This data was collected using SKF’s Enveloped Acceleration Method. This technology uses high frequencies which are emitted by impacting and metal-to-metal contact. It is often effective when velocity readings are too noisy to find defects.


Sept 5- 5 months after initial detection

BEARING RELIABILITY CONFERENCE & EXPO

Spectrum
Pier 4 N'W AA EN3, 9/5/2006 8:25:58 AM, Trend Overall: 0.1265 gE
Amp: 0.0002238. Freq: 6.188, Order: 1.02. —
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Oct 4- Failure is imminent

BEARING RELIABILITY CONFERENCE & EXPO

Spectrum
Pier 4\ NW AA EN3, 10/4/2006 8:29:00 AM, Trend Overall: 0.6909 zE
18 fundamentals for Pier 4\ NW AA EN3
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s ||
0.003
< 0.0025

0.002

y- Peak To Pedk

00013

0.0003

0

o 50 100 150 200 250 300 330 400 430 300 350 600 630 700 730 800 830 200
Frequency - CPM

Time
Pier 4 \INW AA EN3, 10/4/2006 8:29:00 AM, Trend Overall: 0.6909 zE

1] 23 50 75 100 1235 150 173 200 2133
Time - Seconds

The FFT has no discernable peaks, but the overall is much higher now.
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Trendable results aid in predicting time of feBRCE
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Trand
54 N LMW AL EN
15154 Pier 4 Manh \ MW AA EN3Z. Amp 0 0254, DateTime 11/10/2006 90110 AM
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Signal processing filters selected
properly- 30K-600Kcpm for bearings.

Database setup for several rotations
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Appropriate choice of accelerometer
and measurement location
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©SKF Group  Slide 27 22 March, 2016 / 5 K I ®


Presenter
Presentation Notes
The reason this bearing was properly diagnosed is the data collector was configured properly. These settings are first programmed into the database using calculations based on knowledge of the type of bearing and the speed of each component in the machine. 
Signal processing filters must be selected based on the frequency of the emitted energy coming from the defect. There is not a generic “one-size-fits-all” solution. 
Additionally, the data must be acquired for several rotations of the shaft. In this case the time record was more than 3 minutes for one measurement. This means that it takes a lot of time for the technician to collect the data. Routes that include slow speed machines require patience. 


Case 2 - Twin Roll Wash Press BRCE
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~ wmrr

i.
T
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What is a Twin Roll Wash Press? BRCE
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< Wash Press vibration BRCE

obscured by nuisance frequencies BEATNG RELUBLITY CONFERENE & 0

T Spectrum - 310102 D2BlchPress EY 1A EN2 D2BlchPrsNE | = | = || 3
Spectrum
310102 D2BlchPress E \ 1A EN3 D2BIchPrsNE, 3/20/2015 10:25:57 AM. Channel X, Trend Overall: 0.05083 gE
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e Hydraulic noise dominates the frequency range of the Enva3 filter.
e The speed varies constantly while collecting data

— indicated by wide skirts around the hydraulic pulsation energy.
e We will need to apply IMx Order Tracking.
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Presentation Notes
Hydraulic noise dominates the frequency range of this filter which is typically very good for detecting bearing defects. Additionally, the speed varies constantly while collecting data- indicated by wide skirts around the hydraulic pulsation energy.
We will need to apply IMx Order Tracking.



Full range spectrum shows areas of interestBRCE
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Spectra - Horizontal (32250.000 cpm; 0.009501g P
Turbine\GP Brunswick\Wash Press\D2 Press\D2 SE ACC\

2/23/2016 8:13:48 AM; Speed: 11.18855 cpm

(— D2 SEACC 0.055 & Single cursor 32250.000 cpm; 0.00901)

0.0139

0.018

Typical vibration analysis looks in this range
for bearing defects, but this energy is due to
intense hydraulic noise, which will mask most

il ) bearing defects.
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Hydraulic noise dominates lower frequencieBRCE
/_\ BEARING RELIABILITY CONFERENCE & EXPO
0.018 _/@?93 Rpm x 9 Pistons Hydraulic Pump) e - s
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Point setup based on frequency distributionBRCE
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Spectra - Horizontal {52250.000 cpm; 0.00901 g P

2/23/2016 8:13:48 AM; Speed: 11.18855 cpm

(= DZ SEACC 0.055 @ Single cursor 52250.000 cpm; 0.00901)
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Envelope Filter 4 is good choice to remove the
hydraulic noise but leaves energy from bearing

defects.



Vibration peaks obscured BRCE
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& Spectrum - 210102 D2BIchPress B\ 14 EN4 D2BIchPrsNE.2 o | & =

Spectrum
310102 D2BIchPress E \ 1A EN4 D2BIchPrsME.2, 3/26/2015 9:05:54 AM, Channel X, Trend Overall: 0.01864 gE
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Envelope Filter 4 has been applied but still no bearing defects appear.
The machine speed varies during the Measurement time
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Presenter
Presentation Notes
Envelope Filter 4 has been applied but still no bearing defects appear.
The machine speed varies during the Measurement time



Drive Side Bearing- Outer Race defect identBJRCE
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Spectra - Horizontal

Company\Wash Press\D2 Press\ D2 NE OEN4Y,
4/19/2015 11:06:27 AM; Speed: 10.55 cpm

{— D2 NE DEN4 0.000

(536.804 cpm; 0.000002 95\

& Single cursor 936.804 cpm; EI.UUUEIEI2)
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This clean data was collected by using envelope band 4 filtering.

Additionally, SKF’s IMx Real Time Order tracking was applied.
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Presenter
Presentation Notes
This clean data was collected by using envelope band 4 filtering.
Additionally, SKF’s IMx Real Time Order tracking was applied. 



Drive End Bearing- Inner Race defect identi@RC
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Spectra - Horizontal (1.479 cpm; 0.001642 gE PtP )

Turbine\ GP Brunswick Wash Press\ D2 Press\D2 NE DEN3\
4/18/2015 11:11:47 PM; Speed: 11.018%4 cpm
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After removal- Outer Race defects BRCE
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Deep pits in both roller paths
through out load zone
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Inner Race, Press Side Roller Path BRCE
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Press Side

Inner Race etching
at roller interfaces

Motor Side

Outboard edge
corrosion pitting

Press Side Motor Side
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New approaches




HAL/HAI — Harmonic Activity Index BRCE
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\

Harmonic Content / Non-Harmonic Content
Dimensionless; more “universal” alarm set-up for example

e 1 — Clear
o ~2.5-—Alert
e ~5 and above — Danger

Set up as a derived POINT
SKF Patented Technology
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Frequency spectrum BRCE
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Spektrum
LagermefRung ACC \ ZYL 05 FS ACC, 22.02.2010 08:28:24, Kanal X, Geasmt-Trend: 0,1024 g
Grund-Amp: 0,01642, Freq: 2353, Ordnung: 9.75
Grund-Amp: 0,002192, Freq: 2952, Ordnung: 12,24
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Presenter
Presentation Notes
Frequency spectrum of vibration acceleration from 22.02.2010 ie two days before the stock exchange��The frequencies of the bearing outer ring with its harmonic amplitudes emerge very clearly (9.75 Ord brown harmonic cursor)�The inner ring damage frequencies with harmonics and sidebands are not as striking as the BPFO amplitudes, but are still clearly visible




Example 3 : Dryer bearing

BRCE
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Berachnony | YL 05 3 BPFO g A 4592 DitusUberet. 04 05,2009 00,46 02
Borachnung | IVL 04 £S5 BEFO g Amg: 0500, Datumbvaa: "3 11 2009 162734

HAL calculation of the outer ring frequency

Vibration trend

Trend
Lagwellung ACC \T¥1. 05 F5 ACE Kl X
Lageemellang ACC | YL 15 FSACE Amg: 0,05545, DabsrvUharei: 26 09,2009 00 57,00
Lagermallang ASC 1 EVL 06 FEACC. Amg: 0.00011. DatumUhrsk: 3013010 124506
0.105 4
01
0.09%
[L)
085
o8

e

06.02.2010

22.09.2009

102.01.2010

Lages gessmscha |4

o1 082008 2008 2008 9.11 2008 mn e .00 2008 8.0 2003

Tatutwrgel dov Massung

207 200

Trind
Furachrung \ YL 05 F5 BIRFO g, Kansl X

24092009

2411 2003 2 2

Bevachnong | YL 05 F3 BPFl ¢ Ay 3816, DatumUheosd. 102 2009 04 1090
Borachnung | IVL 04 F5 BEF1 g Amg. .00, DatumiUtezct 16 23 3008 06431

N0z

HAL calculation of the inner ring frequency

Trend
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Presenter
Presentation Notes
As a first example of a correct HAL calculation I choose a bearing failure on a drying cylinder with a CARB bearing

The vibration acceleration spectrum and the trend pattern first light changes from 22.09.2009 are visible, the alarm has been exceeded for the first time on 02.01.2010 and on 06.02.2010, there was the first major alarm violation of 23.02.2010, the camp was then exchanged

In the first calculation HAL changes in the trend of the inner ring are noticeable damage frequency from 11/02/2009, from 15/03/2009 until replacement of the camp there are always pre exceeded approximately six months before the first vibration acceleration trend changes were evident.

The HAL calculation of the outer race frequency showed from 04.06.2009 first changes in the trend behavior, from 19.11.2009 the alarm was broken, 3 months was before generating the acceleration trend of the first alarm, the main alarm was before with 09.01.2010, so still one months the alarming trends of the acceleration exceeded.

The cause of the increases in the trends can be understood well from the photos

By HAL calculations reduces the analysis effort on our drying cylinders of PM11 by at least 30%



Example: Conti-press BRCE

BEARING RELIABILITY CONFERENCE & EXPO

Conti-press

Speed main bearing: 3—7rpm

Bearing type: Spherical roller Bearing
bearings

2222222 ,2016 K 5 K I ®



Trend with overall evaluation BRCE

BEARING RELIABILITY CONFERENCE & EXPO

Trend
Trom.Ausl. AS oben \ ACC, Kanal X

g - Spitze/Spitze

0

29.05.2006 24.01.2007 21.09.2007 18.05.2008
Zeitstempel der Messung

13.01.2009 10.09.2009 08.05.2010 30122010

Spektrum
Trom_Ausl. AS oben \ ACC, 06.12.2010 10:35:15, Kanal X, Geasmt-Trend: 0,0009843 g

0,00035

0,00025

Spitze/Spitze

g

0,00005

Frequenz - Ordnungen
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Spektrum
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Comparison between overall and HAL evaILBRCE

BEARING RELIABILITY CONFERENCE & EXPO

Trend
Trom.Ausl. AS oben \ ACC, Kanal X

Bearing replaced
(no change in over-all)

g - Spitze/Spitze

=
=

0
10.09.2009 08.05.2010

29.05.2006 24.01.2007 21.09.2007 18.05.2008 13.01.2009

Zeitstempel der Messung
Trend
Trom Ausl. AS oben \ HAL, Kanal X

Bearing replaced
(large HAL drop)

21.09.2007 18.05.2008 13.01.2009 10.09.2009 08.05.2010 30.12.2010

29.05.2006 24.01.2007
Zeitstempel der Messung
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Bearing replaced (January 2010) BRCE

BEARING RELIABILITY CONFERENCE & EXPO
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Early bearing failure detection BRCE

BEARING RELIABILITY CONFERENCE & EXPO

Typical bearing failure modes Poor Lubrication and Contamination \
include: results in ~50% of premature bearing
e Fatigue ~34% failures!

Using a technique like AEE can help
to detect poor lubrication and
contamination.

If corrected, it can help to prevent
further bearing damage.

e Poor Lubrication ~36%
e Contamination ~14%
e Poor fitting ~16%

Bearing condition

Acoustic Emission Enveloping

Acceleration Enveloping

Condition Unfiltered acceleration Velocity

Good

Listen
and
feel

Warning time

Long

Worse
Operational life Time 5 K F
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Test Rig used for Acoustic Emission Envelope




Trend in AEE and Lubrication Film

BRCE

BEARING RELIABILITY CONFERENCE & EXPO

Trend
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Questions?
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