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Steven Hudson

Background:

* Naval Nuclear Power (Submarines)
* 36 years in Predictive Maintenance
e |SO Cat IV Vibration Analyst

* Joined AzimaDLI in 2010

Director, Professional Services (2018-Present)

Remote Vibration Analysis/Reporting (automation)

Reciprocating Compressor Analysis

 Startup / Field Services ’L//“\\ :
&
* Favorite things/Hobbies: f

e Family (11 Grandkids — 2 Great Grandkids)
* Wood Working / Sawmill ",

* Auto Restoration

LUKE.

———— Reliability




|
|

Jearing Fault Detection on Slow Speec
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 Today We Are Discussing Impact Detection along with Slow
Speed Shaft Vibration Techniques
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Things to Consider

_ # Samples
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Things to Consider
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Stress Wave Vibration — Elastic Deformation

Rolling Bearing Fault Indicators i
Whole Body Vibration - Machine Motion
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A Few words about Signal Processing

A repetitive waveform can be correctly digitized and reconstructed provided:

NYQUIST CRITERION

The sampling frequency is greater than 2X the highest frequency to be sampled.

or
The sample contains no frequencies higher than %2 the sampling frequency

FLUKE.
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Signal Processing
Anti-Aliasing Strategies

How do Digital Data Collectors comply with Nyquist Criterion

. Anti-Aliasing Filter: R/C filter (or bank of filters) placed prior to A/D converter

* Removes frequencies higher than % the sampling frequency

Oversampling: a strategy of sampling more than 2X faster than any plausible
frequencies in the signal.

Note: Don’t mistake Sensor Frequency Response as the maximum measurable frequency.

FLUKE.
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Distinguishing an Impact

Amplitude in G’s

Spike and Time

Ring Down

Single Impact in Time Waveform
FLUKE.
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Actual Single Impact Event Example

MIN: -26.8486 MAX: 25.7086 RMS: 4.2814 CREST FACTOR: 8.808 (Units: g)

40.

ig -10. |

Ring-Down Frequency ~ 13.5 kHz

Total Event Period ~ 0.001 Sec

»— 5/18/2013 1514 RPM

|lenuabue |

0.109 0.1 0.111

0.112
High range

0.113 0.114

0.115
Seconds

Note: Entire Event Period Must

Meet Nyquist Criteria Or It Will Be
Eliminated By Anti-Aliasing

L] e S § . S
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Amplitude in G’s

Periodic Impact Spikes

Impact lllustration in Time Waveform

Rate (period) of Impact
Event/ Fault Event
[} L

A

\ Impact Spike and Ring
Down Time

FLUKE.
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Example: Periodic Impact Events

MIN: -38.8466 MAX: 35.7086 RMS: 4.2814 CREST FACTOCR: 8.606 (Units: g)

40.

V Double Impacts Each Revolution

w»— 5/18/2012 1514 RPM

|lenuabue |

0.0° 0.1 0.1 0.12
High range

Period of Event was Each Revolution of High Speed Shaft

0.12

0.14
Seconds

- —— . —
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Impact Misconception

Impacting Amplitude Example - Low
Impacting
« Fmax at 6000Hz (Integrated)

l'~"'1 04200 MAX 03858 RMS. 02224 CREST FACTOR: 1.809 (Units: iny

e

++| Myth: Impacting Hidden In Noise Floor

Potential Impact Events

P—‘:&ﬁﬂ'i 3555

e

VVAAVVVV

ece

004 008 oo
High range

Secondh

|egualue |

4/28/2025

FLUKE.

———— Reliability



16

Same Signal Reality!

Impacting Amplitude >180 g
« Fmax at 16,000Hz (non-integrated)

'MIN: -90.5038 MAX: 98.2024 RMS: 17.5048 CREST FACTOR: 5.496 (Units: g)
120.
< »— 4/29/2012 3555 RFM

100 Look Closer at the Same Machine/Location

80.

€0.

40.

20.

|enuabue |

P o

-20.

-40.

-80.

-80.

Impacting Often Dominates Raw Waveform Signal

-100.
0 0.02 0.04 0.08 0.08 0.1 0.12
Linear High range s

FLUKE.
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So, Why is it Difficult to Detect?

« Requires Very High Sampling Rate
 Minimum Bandwidth (Fmax) of 10,000 Hz (~26,000
Samples/Sec)
« SIAI Trio and Online - Fmax used is 40,000 Hz

* Requires Long Sampling Times
* Provides Adequate Low Frequency Resolution
« SIAI devices have a capacity to process 500k to 14M samples

- Best Practice - Capture 15 Shaft Revolutions

Results In Extremely Large Data Set

FLUKE.
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Sample Size Example

Example

Typical:
e Fmax:
« 300Hz / 1600 Lines
 Results

« 4096 Samples
. Separating

requency

High Sample Rate
Equivalen

Typical:
 Fmax:
. 40,000Hz / 215,000 Lines

« Results
« 550,000 Samples

- —Separating
requency

FLUKE.
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Slow Speed Example

Example

Typical:
e Fmax:
« 30Hz / 3200 Lines
 Results

« 8192 Samples

Separating
requency

Note: 15Rev of 8.5RPM - 107 Sec

High Sample Rate
Equivalen

Typical:
 Fmax:
- 40,000Hz / 4,250,000 Lines

« Results
« 10,880,000 Samples

. _Separating
requency

Demodulation => Data Compression

FLUKE.




I Example

Impact Demod Detected: 14.7g
Compressor Bearing Inner Race Frequency Modulated by Cage Rate

b

Cx) Lo —— |~ ’ S —_
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IMPACT DEMOD OVERLALY

J bl " e MN‘M [|JJ |rHI '
J
Compare Standard High Freq / High
= e -

Wf W W ’M ’u

Fmax 3000 Hz 25,000 Hz 40,000 Hz
Max Amplitude 1.8¢ < 141g 14.7g >
# of Samples 4096 25,600 4096

FLUKE.
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Example (New)

Impact Demod Detected: 144.5g
Motor Bearing Fault

Rlnckires LIE-03024C_ IR0 GEMD MILL C_Soes Tan

Lomaon MOTOR BEARRS I 7] - sl

RPl= {TEE RFF§= 2978
[ P ReT I

Wi b 03 Uhwu 14448 SWEG TR 00 Coaw Fhmer BB (vt g0
]

a— FIVEZIZT] EFEA 170

4/28/2025
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Machine: ME-02004C_3RD GRIND MILL C_Spec Test RPM = 1785
Location: MOTOR BEARING 2 [2] - HAV PF=14448 g

i IMPACT DEMOD OVERLAY =

1680.

120, 1

0.

0

Demod Range

Compare Standard High Freq / High
Samples Resolution

Fmax 3000 Hz 40,000 Hz 40,000 Hz
Max Amplitude 293¢ < 147.8¢ 1445g >
# of Samples 4096 25,600 4096

FLUKE.
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Review of Legacy Demodulation

. Signal High Pass Filtered z
Rectify - Force All Peaks to be Positive o

. Signal Low Pass Filtered (Enveloped) ‘ vac__
* Signal Must Meet Nyquist Criterion T
Digitize Signal

Perform FFT — Generate Spectrum

4/28/2025
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Enveloping Flaw

Required Low Pass Filter must meet Nyquist Criterion

lllustration of Various Anti-Aliasing Filter effects on Legacy Demodulation

Amplitudein G's

A A

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

Note: Impact signals will be lost entirely if their event
period does not meet Nyquist criterion of the final Fmax

FLUKE.
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AzimaDLI Impact Detection Methodology
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Ampltude InG's

0

Amplitudein G's

o

Impact Demod

{Impact Demod lllustration|

[ Waveform Prior to Algorithm

Waveform After Algorithm

4/28/2025
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Ampltude InG's

0

Amplitude in G's

0

Impact Demod Animation

impact Demod lilustration|

| Waveform Prior to Algorithm

cvaluate Extreme Valués in Time Block

— VWW V

1 After Algorithm

4/28/2025
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Impact Demod - Step 1

Digitize HF Acceleration Data

—

Impact Demod lllustration

Digitize Raw Time Waveform at Maximum Sample Rate

Amplitude -G

Time

4/28/2025
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Impact Demod - Step 2
High Pass Filtering

Impact Demod lllustration

High Pass Filter to Isolate Impacting - Prior to Algorithm

Time

Amplitude - g

FLUKE.
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Amplitude - g

Impact Demod - Step 3

Run Impact Demod Algorithm

Impact Demod lllustration

Down-sampled Time Waveform - After Impact Demod Algorithm

e ——

4/28

/2025

FLUKE.
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FFT Process — Generate Impact Demod Spectrum

- GRMS

Impact Demod - Step 4

Impact Demod Illustration

I FFT of Impact D;mod”Waveform to—C;ate Im_péct Demod Spectrum

I'\’ Impact Fau
|_ _

It Frequencies

Frequency

4/28/2025
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Impact Demod

* Advantages
*No Low-pass Filter Attenuation

* Retains Maximum Waveform Amplitude
Regardless Of Final Chosen Fmax

« Simplified Filter Selection

*Does Not Rely On Knowing Sensor
Resonance Peak

FLUKE.



Impact Demod

Setup Tips
« Use Units Of Acceleration

« Capture A Minimum Of 15 Shaft Revolutions
(6 Revolutions of Bearing Cage)

# FFT Lines
# Orders (Fmax)

* Only One Sample (No Averaging) Is Recommended
« Use Lowest Filter That Does Not Overlap Desired Fmax
« Use In-line Axis (if Triax)

Number of Revolutions in Waveform =

FLUKE.
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Impact Demod
Analysis Tips

« Review The Time Waveform First
« Maximum Peak Value Determines Severity
« Compare To Other Like Machines (Statistical Average)

« Determine If Waveform Content Appears Random Or Periodic
(Repetitive Pattern)

« Identify Any Harmonic Sets In Spectrum

FLUKE.
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Impact Demod

Analysis Tips (continued)

 Random impacting indicates
» Metal to metal friction

 Pump cavitation

4/28/2025

—
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Impact Demod Time Waveform
ST.T17¢ RMS 5.1818 CRESY FACTOR: € 288 (Units )

Linsar

FE

Pp—3213513

oM O

Semod

FLUKE.
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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

| ] [ 102950 5 CAAL 3 U 12 RIS . HIRDNIZ 2147 Rpcet | M X |1
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Impact Demod: Gearbox
Example

FLUKE.

4/28/2025 ———— Reliability




39

Gearbox- HS Shaft Free End —
Progression of Impact Levels

[V 5 WAX 72308 WS § 2758 CAEST FALTOR 3391 (v g1 | ‘\/\/\/\/\/\J\/\/

[[F WA IS 180T S 6 1580 CREST FACTOA 3631 lune 3

)
he unts -
» PSR 1 j‘
0 : g 0.112
”» ® High range
s e 02 LR o os oe or ot o 1 11
Law Comea

May - 679

{

Jun - 80g

FLUKE.
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Gearbox- HS Shaft Free End

Impact Demod Spectrum

kxxZ Rotation Rate & Harmonics 29 Tangential,

grms

0.5
{A%
S

Linear

L2 Bearing Inner Race Tone &
BEEE Rotation Rate Sidebands
EF _ _

W

Y
5

Indication of Inner Race Bearing Fault

4/28/2025
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Orders
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Gearbox- HS Shaft Free End
As Found
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Slow Speed Machines

Machines / Shafts below 60 RPM:

* Accelerometer signal/noise poor
* Diagnostic repeatability poor
 Reduced ROI consideration

FLUKE.
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Slow Speed Fault Detection Factors

e \ery Long Data Capture Times
e Highly Susceptible to Speed Variation

(e Accelerometer - Very Low Sensor Output
e Requires Large Seismic Mass

e Requires Long Settling time.

e No Analog Integration

e Legacy Demodulation Not Affective At Low Speed
e Use Impact Detection Method
Impact Detection Is Sometimes Only Indicator

FLUKE.
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Time

* Slow Speed Machines Require Long Time Data Capture.
* Requires More Planning

e More Difficult To Maintain Conditions

_ Typical Motor Shaft Typical Slow Speed Shaft

Shaft Speed 1800 RPM 60 RPM
Desired Orders 10 10
Fmax 300 Hz 10 Hz
Total Sample Time (4 Avg/50% Overlap) 13.3 Sec 400 Sec

FLUKE.
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Time

* Long Capture times vulnerable to speed changes.
* Speed Change During Sample Will “SMEAR” FFT

Steady Speed Shaft

—)

l Result: Clean Spectral Peaks

Varying Speed Shaft

““ “H ““““ n Result: Smeared Spectral Peaks
URRELL AR A AN

e Order Tracking Feature —
* Synchronize Sampling Rate To Pulsed Input.
* Requires Tachometer

FLUKE.
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Accelerometer Selection

Sensor Technology is - Piezo Electric Industrial Accelerometer.

Direct Acceleration Measure (Not A Derivative)

High Dynamic Range and Frequency Range

Low Frequencies => Very Little Voltage Change

100 Hz 10 Hz 1 Hz 0.1 Hz
(6,000 (600 CPM) (60 CPM) (6 CPM)
CPM)
Displacement (mils) p-p 0.32 3.2 32 320
Velocity (IPS) p 0.1 0.1 0.1 0.1
Acceleration (g) RMS 0.115 0.0115 0.00115 0.000115
Volts (100 mV/g Accel) RMS | 0.0115v 0.00115v 0.000115v 0.0000115

e 12 Bit Analyzers resolve signals to 4096 voltage steps. ~4mV
* 16 Bit Analyzers resolve signals to 65,536 voltage steps. ~0.3mV
e 24 Bit Analyzers can resolve signals to 16,777,216 voltage steps ~0.0000012mV

46
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Accelerometer Selection

ALL 3 - 100mv/g Sensor Designs

Lowest Measurable Signal - Two Factors:
- Electrical Noise of the Internal Amplifier Courtesy of €IC

« Mechanical Gain Of The Mass/Piezoelectric
System.

« The Larger The Seismic Mass, The Larger The
Output Of The Piezo Electric Crystal (Prior To
Amplification).

 Don’t confuse Sensor Amplification with Low
Frequency Capability.

« 500mv/g sensor Generally Unnecessary with 24 Bit
Analyzers

- Be cautious when using 500mv/g sensors. o _
« Swamp Easily Creating Non-function F=MA Principal Applies
« Avoid Use In Gearboxes

High Freq — General Purpose — Low Freq

FLUKE.
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Accelerometer Real World
Amplitude Distribution

Actual Max Amplitude (g's)

2%
H]l m10 w16 m32 m64 m128

4 Months Data
50,000 Machine Tests
High Sample Rate

~ 10% exceed Range of 500mv/g
130 Tests exceeded 100g
1 Test exceeded 200 g.

61%

FLUKE.
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500mV vs 100mV
I

High Mass High Mass
500mV/g 100mv/g

24 Bit Analyzer

Amplification
Redundant

5x Amplified
_ . Standard Amplification
Signal & Noise

Low range - 20g

Standard Range -
160g - Robust

Easily Swamped

© 2023 | Fluke Reliability
- Confidential Document
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Accelerometer Selection

SETTLING TIME

« R/C Time Constant (TC) Governs Response Time At Low Frequency

- High TC = Better Low Frequency Response

 Tradeoff: High TC = Higher Settling Time

- Compromise Between Low Frequency Response And Settling Time

4/28/2025
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Impact Demod: Example
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Slow Speed - Motor Coupled End
Standard High Range Spectrum

EEET 280 MS
w»— 1/20/2012 500 RPM
0.25 |
0.2 ] Bearing Tones Harmonics &
Rotation Rate Sidebands
e Py
50.15 Y g
= )
ity o et
50 100 110
Crders

Linear High range

Indication of some HF bearing noise

FLUKE.
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Slow Speed - Motor Coupled End

Standard HR Time Waveform - Only 4. 3g s P-

P IMIN -2.0043 MAX: 2.284 RMS: 0.5777 CREST FACTOR: 2.919 (Units: g)

25
||»—1 20/2012 500 RPM
2.

1.5 ]

1.

0.5

—————————
e
|eilpey

0 02 0.4 06 0.8 1 12 1.4
Linear High range Seconds

FLUKE.
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Slow Speed - Motor Coupled End

Impact Demod Waveform - 52g peak

[MIN: O MAX: £2 3887 RMS. 50843 CREST FACTOR: 5781 (Unats gl

|

B3 T
P — 1202012 500 RPM 3]
20
45
40 .
kY
30. .
g 2 |
20
18 I
!
10 I
] l i
< ! |

Indication of serious impacting

4/28/2025
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Slow Speed - Motor Coupled End

Impact Demod Spectra

[ | [2x]]ax][pv|[sx][ex|]7x]][8x]

0.9

" @ |

Ball Pass Outer Race Bearing Tone

and Harmonics

0.7 .
08

n
£ 05

—

0.4 |

0.3 ]

0.2 \
,
0.1

0.4

-

W

W

w— 1/20/2012 500 RPM

®

i

0 2 4 8 8
Linear

10 12 14
Demod

16

18

20 22
Orders

Indication of periodic content at 6.9xM

4/28/2025
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What Was Found

Severe Electrical Fluting

)

4/28/2025
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Motor Coupled End
Impact Demod Time Waveform - Comparison

Before Repair
MiIN O MAX 52239387 RMS 50843 CREST FACTOR. 578t (Units 9 l

s P— 202012 %0 PMl |
20
45, J
bl
35 =
-3
iy 3
20. &
|
18. 4
10..’}
84
o
o o1 02 e3 04 o5 oe 07 os o8 1
Loear Demod Seconds
After Repair
[M0 MAX 58549 RMS 1.783 CREST FACTOR. 3.321 (Units g) the Lrits ]
s P— 202072 %0 Pl =
20.
45 J
&0
35 -
. ] E:
=3
D g
20. &
18 4
10.
=
° ‘
° o1 02 e3 04 os oe o7 os ) 1
Linear Demod Seconds
-}
FLUKE.
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Wireless Sensor (MEMS) - Methodology for Impact Demod

Impact Demod algorithm is embedded in sensor firmware

Raw acceleration waveform captured in memory:
« 26,666.7 Hz Sample Rate
« 20,480 samples -Store/Process
« Duration of ID waveform: 0.77 seconds

Passed through ID algorithm (Compression): ——
- 2,000 Hz High pass filter sz e |
« Decimated to 2,048 Samples

e E

- Data capture - sent to ALERT & processed by EADS. e Iﬁ]
« Hourly - Scalar ID is ‘peak’” amplitude from ID waveform —— :
« Daily - ID waveform is captured (if machine is running) *—1— —|—
Wl A o
i R FLUKE.
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Example ID data & analysis — ID in ALERT
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QUESTIONS ?

THANK YOU!




Vibration Analysis: Slow-Speed Machine Applications and
Impact Detection

In this webinar, we will explore techniques for impact detection

methods as well as analyzing slow-speed shafts, and the
correlation between the two.

FLUKE.
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