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Data Interface

* Input data format supported
— Plain text (.txt)
— VS internal (.tfa)
— Sac reader (.sac)
— Excel reader (.csv)
— Sound/speech (.wav, mp3)
— WFDB Reader (.hea)
— Matlab (.mat)

« Exported data format
— Excel (.csv)
— Plain text (.txt)
— VS internal (.tfa)
— Sound/speech (.wav, mp3)
— Matlab (.mat)



FIGURE 29.1 Examples of typical, computer-based data acquisition devices. Plug-in devices are also commonly
available for USB, PCI, and PCI Express buses.

FIGURE 33.3 Examples of other measurement hardware choices for virtual instrumentation. On the left is a USB

peripheral module and on the right, a PCI Express plug-in module.



FIGURE 35,9 Portable PC-based data-logging system.
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FIGURE 35.11 Examples of distributed data-logging systems.
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Radiant

. Signal .
domains
Magneti .

Transducers/Signals

Signal Conditioning

Thermocouples

Amplification, Linearization, and
Cold-Junction Compensation

RTDs

Current Excitation, Four-Wire
and Three-Wire Configuration,
Linearization

Strain Gages

Voltage Excitation, Bridge
Configuration, and Linearization

Common Mode
or High Voltages

Isolation Amplifiers
(Optical Isolation)

DAQ Device

Loads Requiring AC Switching
or Large Current Flow

Electromechanical Relays
or Solid-State Relays

Signals with High
Frequency Noise

Lowpass Filters




Why Sound and Vibration Module?

* Vibration Level
RMS: RMS, Peak, Peak-to-Peak
Crest Factor
Peak : Max, Min, True Peak, True Peak-to-Peak
e Sound Level
A, B, and C Weighting
Octave
e Order Tracking
Digital Tacho
Order Tracking
Order Tracking by STFT
e Bearing Analysis
Bearing Defect
Envelope Detection
e« Cepstrum
« Scale...
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Vibration & Noise
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Rotor support stiffness

Rotational speed




Campbell Diagram
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No prestress

With thermal prestress
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FIR Filter
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Why Time-Frequency Analysis (TFA)?
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Is FFT good enough for you?
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TF Plot: Change of frequency and amplitiide &

« Signal with abrupt change of
frequency and amplitude

X(t) = 0.30cos(2x10nt) ,0<t<l
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TFA In Visual Signal

e Short-Term Fourier Transform (Spectrogram)
* Morlet Transform (Wavelet Transform)
 Enhanced Morlet Transform

e Hilbert Transform

e Hilbert-Huang Transform



Enhanced Morlet Transform™
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modulus of wavelat transform
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Morlet Transform by MATLAB



Time-Frequency Analysis Comparison .
/

Fourier STFT Morlet / Hilbert HHT
Transform Enhanced Transform
Morlet
Instantaneo | n/a distribution distribution Single value Discrete
us values
frequency
Frequency no yes yes yes yes
change with
time
Frequency good ok ok/good good good
resolution
Adaptive no no no n/a yes
base
Handling n/a no no yes ye
non-linear
] AnCAD

effect
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Contact Angle 5

Ball Dia. (BD)
n = number of balls or
rollers

f, = relative rev./s between
T inner and outer races

b \‘I}\\

Pitch Dia.
(PD)

impact Rates f{Hz) {assuming pure roliing molion)

. <0 _Bo
For Outer Race Defect: f{Hz) > 1, |:1 o °°° ﬁ]

For Inner Race Defect: I{H2) = g t, [1 + % cos .S]

Discrete faults in inner and
outer races give rise to a
series of bursts at a rate
corrrasponding to the contacts
with the rolling elements

Inner race faults rotate
in and out of the loaded
zone giving amplitude
modulation

. - PO 80 ?
For a Ball Defect: { (Hz) B0 f,[ 1- |5 cos ,8}]

BROETE
Time Frequancy

Local fault

Flat sideband spectrum
{low level)

aroz i

High trequency signal High frequency signal

AJLL“JUL’LN_A.

Envelope signal

MUUIY

Envelope signal

The envelope signal contains information
on impact rate and amplitude modulation

Higher level sidebands
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Distributed tault
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Mode £ i R e A3 . A3
#7 A o % A %
1 21 Hz 23.071 Hz | 9.8619 | 21.467 Hz 2.2238
2 134 Hz 144.5 Hz 7.8358 | 134.46 Hz 0.3433
3 328 Hz 367.6 Hz 12.073 | 347.76 Hz 6.0244
4 380 Hz 40491 Hz | 6.5553 | 376.78 Hz | -0.8474
) 426 Hz | 459.16 Hz | 7.7840 | 442.13 Hz 3.7864
6 /36 Hz 794.75 Hz | 7.9823 | 739.54 Hz 0.4810
7 1022 Hz | 1111.4Hz | 8.7476 | 1051.2 Hz 2.8571 |
8 1235 Hz | 1316.4 Hz | 6.5911 | 1225.0 Hz M@
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