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Warning - Technical Content *
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* If These Expressions Are Not Familiar To You Then
The Following Content My Not Be Suitable
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Slow Speed Machines
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» Impact signals in machinery

- Impact detection difficulties in slow
speed machines

* Legacy Demodulation ineffectiveness
- Impact Demod functionality

» Impact Demod setup and analysis tips
* Impact Demod in action

impact
gemoa
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Distinguishing an Impact

Single Impact Illustration in Time Waveform
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Ring Down
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Example: Single Impact Event

MIN: -368.8466 MAX: 25.7086 RMS: 4.2814 CREST FACTCR: 8.808 (Units: g)
T |>—— 5/18/2012 1514 RPM
20, | .
: Ring-Down Frequency ~ 13.5 kHz
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Total Event Period ~ 0.001 Sec
50
0.109 0.1 0.111 0.112 0.113 0.114 0.115
Linear High range Seconds
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Periodic Impact Spikes

Impact Illustration in Time Waveform

Impact Event/ Fault

Rate (period) of
Event

A

Amplitude in G's
o

Impact Spike and .
Ring Down T|me
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Example: Periodic Impact Events

MIN: -38.8486 MAX: 25.7088 RMS: 4.2814 CREST FACTOR: 8.608 (Units: g)

40,
b — 5/16/2013 1514 RPM
2 ? Double Impacts Each Revolution
20. Y
_.+
Q
3
Q
5
g = I
50
0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14
Linear High range Seconds
L&

Period of Event was Each Revolution of High Speed Shaft
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Bearing Impact Faults are Difficult
to Detect Because They Produce
“Tiny” Signals That Are Hidden (n
the Noise Floor.

Not True!
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What We’ve Been Told

Impacting Amplitude Example - Low Impacting
* Fmax at 6000Hz and Integrated

IN: -0.4266 MAX: 0.2858 RMS: 0.2224 CREST FACTCR: 1.909 (Units: in/s)

.s| Myth: Impacting Hidden In Noise Floor
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Potential Impact Events

in/s
lenuabue ]

High range Seconds
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The Reality

Impacting Amplitude Example >180 g
* Fmax at 16,000Hz non-integrated

'MIN: -90.5038 MAX: 98.2024 RMS: 17.5048 CREST FACTOR: 5.498 (Units: g)
120.
»— 4/29/2012 3555 RPM

o0 Look Closer at the Same Machine/Location

80. 4

€0. J

40. 4

20. 4

|enuabue |
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-20. |

-40.

-80.

-80. 4

Impacting Often Dominates Raw Waveform Signal

0 0.02 0.04 0.08 0.08 0.1 0.12
Linear High range

-100.
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Why is it Difficult to Detect?

» Requires Very High Sampling Rate
— Fmax 16,000hz Or Greater

* Requires Long Sampling Times To Provide
Adequate Low Frequency Resolution

— A Sample Time Long Enough To Capture 15
Shaft Revolutions Is Suggested

 Results In Extremely Large Data Set

© 2013 Azima DLI | All rights reserved. ) AZIMA|DLI
los magyarorszagi képviseletét a Delta-3N Kft. latja el. Delta-3N Kft. 7030 Paks, Jedlik A. u. 2. www.delta3n.hu



Why is it Difficult to Detect?
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Slow Speed Machine Example

Machine Requiring To Match Resolution
Lowest Resolvable at Required
Frequency High Sample Rate
of 60 CPM
Typical: Capture Impacts:
— Fmax - 250Hz — Fmax - 16,000Hz
#Lines - 800 #Lines — 51,200

— Resulting Minimum — Resulting Minimum

Resolvable Frequency Resolvable Frequency
- 094 HZ = 094 HZ
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Legacy Demodulation

Impact Signals Have Similar Characteristics To
Amplitude Modulated Radio Signals

Amplitude Demodulation Techniques Were
Adapted As Bearing Detection Method

Impact Time Wavef I o s
, Rectified signal
Radio frequency The capacitor remaves
signal the radio frequency elemen

| il[" '||'. ~ WMWE Al MWM
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Legacy Demodulation —1
Signal High Pass Filtered

IO ()

Vin © o Vour

e

Legacy Demodulation Example in Time Waveform

Amplitudein G's

High pass filtered to isolate impacting
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Legacy Demodulation — 2
Force All Peaks to be Positive —H

Legacy Demodulation Example in Time Waveform

Amplitudein G's

‘_\ Rectified Impactin Time Waveform
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Legacy Demodulation — 3

Signal Low Pass Filtered (Enveloped) ‘ i

o

Legacy Demodulation Example in Time Waveform

AmplitudeinG's

K Rectified Impact after Low-pass Filterin Time Waveform
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Legacy Demodulation — 4
Pass Waveform Though A/D Converter

Legacy Demodulation Example in Time Waveform

Amplitudein G's

| L

Digitize Time Waveform

Time 0.001 0.002 .063 .004 .005 .006 .007 .008 .009
Amplitude O 0. 0 0 .085 0.552 612 .685 .662
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Legacy Demodulation — 5

FFT Process — Generate Spectrum

Legacy Amplitude Demodulated Spectrum

| Fault Frequencies

Y )

- G RMS
A

Frequency
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Legacy Demodulation and
Slow Speed I\/Iachlnes

DLMAC
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Enveloping Flaw

Low Pass Filter is Actually Instrument Anti-Aliasing Filters

lllustration of Various Anti-Aliasing Filter effects on Legacy Demodulation

Amplitudein G's

=

-

Low pass filters meant to Envelope also Attenuate (reduce amplitude)
the signal. Filter setting depends on final selected Fmax.

Note: Impact signals will be lost entirely if their event
period does not meet Nyquist criterion of the final Fmax :
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Solution: Impact Demod
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Impact Demod
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i#-[2] UNLOADED MACHINES
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] @ UNTESTED MACHINES Efditing Impact-Demod 500Hz 800L setup
& [ MACHINES IN YOUR IN-TRAY Fle Move Help )
- [# FILTERED MACHINE LIST MEEEIRRIN L

™

- [EF UNREVIEWED MACHINES
- [E NEEDS FINAL REVIEW MACHINES
#-E EXPERT SYSTEM MIDs
-4 MACHINE SURVEYS
=] E] DATA COLLECTION SETUPS —DCA&-31
. G s Common Setup
2] High Res Band Pass Filter |5000 - 10000 Hz 4|
Impact-Demod 500Hz 800L setup
Impact-Demod 1000Hz 800L setup — DCX/DCA-B0/DCA-S0/TRIO
Impact-Demod 2000Hz 1600L setup

Setup name
IImpact-Demod 500Hz 800L setup

_G_eneral] Measurement Demodulation ]Advanced]

v Impact Demod

Ayailable only on the DCX, DC4-60 and TRIO data collectors 4
Impact-Demod 4000Hz 1600L setup

Impact -Demod 5000Hz 3200L setup

High Pass Filter |500 Hz
D In/sec Common Setup

Motor Current _[1000 Hz | )

— iy ’ 2000H
F_j Proximity Probe Mils 3000 H;
Proximity Probe MM gggg nz
H
Vdb Common Setup

Velocity Probe
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| Steven Hudson, St Analyst, Welcome to ExpetALERT ©2013 Azima DLI. Version 3

© 2013 Azima DLIi All rights reserved. ZAZIMA|DLI

Az AZIMA DLI hivatalos magyarorszagi képviseletét a Delta-3N Kft. latja el. Delta-3N Kft. 7030 Paks, Jedlik A. u. 2. www.delta3n.hu



Impact Demod

Impact Demod lllustration

Waveform Prior to Algorithm }*

Amplitudein G's
e
|

0

/\ Waveform After Algorithm

SN
/
SN
P
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Impact Demod

Impact Demod lllustration

Waveform Prior to Algorithm |>

Amplitudein G's
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Impact Demod

Impact Demod lllustration

‘ High Pass Filter to Isolate Impacting - Prior to Algorithm
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Impact Demod - Step 1

Digitize Acceleration Data

] z
Impact Demod lllustration
Digitize Raw Time Waveform at Maximum Sample Rate
p |
£ |
<| -

Time
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Impact Demod - Step 2
High Pass Filtering

Impact Demod lllustration

High Pass Filter to Isolate Impacting - Prior to Algorithm

Amplitude - g

0

© 2013 Azima DLI| All rights reserved. < AZIMA|DLI

Az AZIMA DLI hivatalos magyarorszagi képviseletét a Delta-3N Kft. latja el. Delta-3N Kft. 7030 Paks, Jedlik A. u. 2. www.delta3n.hu



Impact Demod - Step 3
Run Impact Demod Alogrithm

Impact Demod lllustration

Down-sampled Time Waveform - After Impact Demod Algorithm

Amplitude - g

0
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Impact Demod - Step 4

FFT Process — Generate Impact Demod Spectrum

Impact Demod lllustration

‘ FFT of Impact Demod Waveform to Create Impact Demod Spectrum '

\ Impact Fault Frequencies

- G RMS
=Tt

Frequency
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Impact Demod

» Advantages
— No Low-pass filter attenuation

— Retains maximum waveform amplitude
Regardless of final Fmax chosen

— Simplified filter selection
— Does not rely on knowing resonance peak
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Impact Demod
Setup Tips

* Use units of acceleration

Attempt to capture at least 15 shaft
revolutions in time waveform

Only one average is recommended

Use lowest available filter that does not
overlap desired Fmax

Use in-line axis if triaxial sensor

Az AZIMA DLI hiv.
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Impact Demod

Analysis Tips

* Review the time waveform first

« Maximum values determine severity

« Compare to other like machines

* Determine if waveform content appears
Random or periodic (Repetitive Pattern)

» Identify any harmonic sets in spectrum
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Impact Demod
Analysis Tips (continued)

« Random impacting indicates
— Metal to metal friction
— Pump cavitation

Impact Demod Time Waveform

MIN: 0 MAX: 57.7176 RMS: 9.1815 CREST FACTOR: 8.286 (Units: g)

|>— 2/21/2012 2205 RPM

©2013A m DL/| All rights reserved. ) < AZIMAIDLI
Az AZIMA DLI hivatalos magyarorszagi képviseletét a De It -3N Kft I tj el. Delta-3N Kft. 7030 Paks, Jedlik A. u. 2. www.delta3n.hu



Impact Demod
Analysis Tips (continued)

* Periodic Impacting
— Impact rate indicates faulty component
— Review spectrum to determine fault frequency

Impact Demod Time Waveform Impact Demod Spectrum

| | |1ozess*s 34g 2012 21:47 Radisl, 1.00 X
]r-.‘ngv\v 0 MAX: 156.8593 RMS: 47.5734 CREST FACTOR: 3.297 (Unifs: g) — — | L W W W WII—| _ _ !
1 |
» ' ; ‘f
2 10 ‘{
10 P P ‘ P t
g =0 ' L E’ l g ) ‘ ;f !
0 3 s k> |
T
L) ENDE |
i \ ‘ 'ﬁ | . W il Mﬂm WW TV Mml WMW WM
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Impact Demod: In Practice
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Slow Speed - Motor Coupled End
Standard High Range Spectrum

‘ »— 1/20/2012 500 RPM

02 | Bearing Tones Harmonics &
Rotation Rate Sidebands

)]
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§0.15 Y g
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0.05 .
s |
0. ds “’*«L\M«m it ol WA A slhin g g it
0 10 20 K| 40 50 €0 70 80 90 100 110
Linear .

High range

Indication of some HF bearing noise
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Slow Speed - Motor Coupled End
High Range Time Waveform

MIN: -2.0043 MAX: 2.284 RMS: 0.5777 CREST FACTOR: 3.919 (Units: g)

25
»— 1/20/2012 500 RFM
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Ieipey

0 02 0.4 06 0.8 1 1.2 1.4
Linear High range Seconds
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Slow Speed - Motor Coupled End
Impact Demod Waveform

MIN: 0 MAX: 52.3987 RMS: 9.0842 CREST FACTOR: 5.781 (Units: g)

Linear

il

el

b

Seconds

Indication of serious impacting — 52¢g
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Slow Speed - Motor Coupled End
Impact Demod Spectra

09 [x][2x] [3x][pv][sx] [ex|[7x] [8X]
. — 1/20/2012 500 RPM
Ball Pass Outer Race Bearing L e :
0.8 1 ![ Tone and Harmonics
0.7 | |
08 | ! "
® o ‘ ?g*
E 8
0.4 =
Y o
0.3
\
0.2 4 \# 1
1 M @"Wb VH o W WMMW
0.4
0 2 4 8 8 10 12 14 18 18 20 22
Linesr Demod Orders
———— = ———— ;

Indication of periodic content at 6.9xM
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What Was Found
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Motor Coupled End

Impact Demod Time Waveform - Comparison

Before Repair

IMIN: 0 MAX: 52.3887 RMS: 9.0842 CREST FACTOR: 5.781 (Units: g)

i
W\MW A

Linear Demod Seconds

After Re|§air

0 MAX: 5.854 :1.763 C ACTOR: 3.221 (Units: g) [P |
[MIN: 0 MAX: 5.8549 RMS: 1.762 CREST FACTOR 1 {Units: g) S
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Linear Demod Seconds
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