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Overview of Data Acquisition System
Machinery Vibration Basics
Impact and Resonance testing
Basic Signal Analysis
Data Storage Options
Unattended Remote Operation
Advanced Analysis Options
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DATA ACQUISITION SYSTEM OVERVIEW

Typical System components

Analog to Digital COMPUTER
Sensor ) Convertor SOFTWARE

Sensors:

CONVERTS THE PHYSICAL (Vibration, displacement, psere, force, etc.) into a voltage.

Calibration data on data traceable to Nationaltutst of Standards or other regulatory
organization.

Typical tYPES: Accelerometers, velocity sensors, displacement/eddgnt
sensors, RPM probes, Microphones, pressure anel $ertsors, Laser displacement,
Current & Voltage probes, Temperature

Sensor
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DATA ACQUISITION SYSTEM OVERVIEW

SENSOR

POWER
TO
SENSOR

A

SENSOR

SIGNAL OUT

>
>

COMMON QUESTIONS TO ASK:

* WHAT IS THE MAXIMUM RANGE OF THE SENSOR (2,00BSIG, 10 LBS, etc)
*ACCURACY NEEDED (Smallest change in reading yam see, +/-20 PSIG, +/- 0.02 Lbs)
*HOW TO PHYSICALLY INSTALL IT
* WHAT ENVIROMENT IS SENSOR BEING USED IN
*HOW LONG WILL IT BE USED (Short run R&D or 24/7 &duction testing)
* OUTPUT TYPE, (mV, 0-5V, 4-20mA, etc.)
*HOW IS CABLE HOOKED TO SENSOR
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DATA ACQUISITION SYSTEM OVERVIEW

Typical System components

> Analog to Digital COMPUTER
Sensor Convertor SOFTWARE

Signal Conditioning and sensor power:

Anti-Alias Low Pass Filters — Sets upper frequeraryge of system and removes high frequency noise
Amplifies signal (Typically to +/- 5V)

Can have other circuitry for calibration, Simultane Sample and hold, Electronics to remove DC
component, other features.

Provides conditioned power to sensors. Typicalig/Bconstant current for accelerometers.
DC Voltage for most others

Sensor
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DATA ACQUISITION SYSTEM OVERVIEW

Typical System components

Analog to Digital R COMPUTER
Convertor | SOFTWARE

Sensor

ANALOG TO DIGITAL (A/D) CONVERTOR

Converts the real world to the computer world af 8hd 1's.
Typically accepts voltage inputs of +/- 5V or Hegh
Typically set at 2.56 times highest frequency ¢diiast.

EXAMPLE: If Maximum frequency of interest is 2,06{rtz, ( 120,000 RPM),
the A/D convertor would be running at greater tBg0000 x 2.56 =>5,120 Samples per second or greater

Sensor

HEINEEEE f'EEmiril Im I 1 N B )
Il



1-800-665 7301 CTMetrix..

A Subsidiz

Analog to digital converter resolution
(0-10 Vdc input range)

Analog (2N LSB Value 10V Full Scale Dynamic

to digital Percent Uni-polar (0-10V) inputs only. Range
Bits Accuracy 10V/ (V) (in dB)

1 2 50.0 % 5.0V 6

2 4 25.0% 25V 12

4 16 6.25 % 0.625V 24

8 256 0.3906 % 0.03906 V 48

12 4096 0.0244 % 0.00244 v 72

16 65,536 0.001525 % 0.0001535 V 90

22 4,194,304 0.0000238 % 0.0000024 Vv 132

24 16.536.636 0.000000000.124%  0.0000000000.635 V 148
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DATA ACQUISITION SYSTEM OVERVIEW

Typical System components

Analog to Digital COMPUTER
Convertor SOFTWARE

Sensor

SOFTWARE IN THE COMPUTER

Can make this hardware into virtually into any tygesystem you want.

Strip Chart Recorder
FFT Analyzer
Machine Analyzer
Motor current wave form analyzer
Balance Machine
Data Logger
Volt Meters

an almost infinite amount of choices dependent ohieh software you are using
Ja
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What is Vibration?

The OSCILLATION of an object about an
EQUILIBRIUM position

The RESPONSE of a structure to FORCE
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Why avoid vibration?

It Is natural for machines to vibrate and make noise.

When machinery vibration and noise increase, some
mechanical fault may be identifying itself.

Overall, it's not necessarily the vibration we want to
avoid, but we want to avoid the dynamic forces that are
the cause of vibration to enable:

* Safe machine operation
" Desirable operational life
" Acceptable production quality.
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B \What are the Components
thech of Vibration?

Amplitude
Maximum value of vibration

Frequency
Number of events or cycles per unit time

Phase

Time relationship between vibrations of the same
frequency
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Types of Vibration

Harmonic
Periodic
mpulsive
Pulsating
Random

immiI 1N I 1 N B )
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Test & Measurement
A Subsidisry of Allan Crawford Associates Lid,
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Test & Measurement
A Subsidisry of Allan Crawford Associates Lid,
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®IC8 Periodic Frequencies

“*F TimeWaveform
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Impulsive / Impact Frequencies

CTMetrix..

Test & Measurement
A Subsidisry of Allan Crawford Associates Lid,
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Oted Pulsating / Beat Frequencies

‘ Credit: Technical Associates of Charlotte, TabMldration Diagnostics Chart ‘




1-800-665 7301

Random Frequencies
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Vibration Sources
Natural Frequencies / Resonance

Machine Design Induced - Natural Frequencies
Machine Structure
Mass and Stiffness
Damping

Resonance
When a forcing frequency excites a natural frequency
In rotating machinery, “Critical Speed”
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Vibration Sources
Forcing Frequencies

Machine Design Machine Faults
Universal Joints Mass Unbalance
Asymmetrical Shafts, Cams Misalignment
Gear Mesh Bent Shaft
Couplings Mechanical Looseness
Bearings Casing / Foundation Distortion
Pumps & Fans Bearing Faults
Reciprocating Machines Motor Faults

Motors / Generators
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Why is Monitoring & Analysis Support
So Important TODAY?
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Keep Things Simple

Detection

Find if a problem exists
Analysis

What is problem

Correction
Correct problem, balance, align, etc

Confirm problem corrected
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How Is Vibration Measured?

Primitive, Qualitative Methods / Senses
Can you actually SEE movement?
Can you HEAR something different?
What does it FEEL like?
Does it SMELL funny?
TASTE? (not really recommended!)

Don’t ignore what your body tells you!
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How Is Vibration Measured?

Better, Quantifiable Methods / Amplitude
Movement / Displacement
Speed / Velocity
Acceleration
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Sensors

Physical Movement / Displacement
Proximity Probes

Velocity / Speed
Velocity Transducers

Acceleration
Accelerometers
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Vibration Units

‘English’ Units
Pounds (Ib) / Inch (in.) / Second (sec)

Displacement in mils, 1 mil = 1/1000™ Inch
Peak-to-peak measure

Velocity in Inches per second (in/sec or Ips)
Peak or RMS measure

Accelerationin g’'s, 1 g=386.1in/sec ?
Peak or RMS measure
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Measures
Peak to Peak, Peak & RMS

Credit: John S. Mitchell, Machinery Analysis and hitoring 2nd edition
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Frequency / Rotational Units

Vibration Frequencies are expressed as:
Cycles per Minute (CPM) or
Cycles per Second (HZ)

Machine or Shaft Speed:
Revolutions per Minute (RPM)

Phase is expressed as:
Degrees, 360 degrees per revolution.
May also be expressed as Leading or Lagging
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TC Rathbone Vibration Chart

Published 1979 Power Plant Engineering — Chief Engineer Fidelity and Casualty Company
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IRD Severity Chart
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TAC Vibration Wall Chart

.\.\[JANMy Documents\Jack\Vibration
Seminars\2009 IOTECH WALL CHART .pdf
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Machine Vibration Measures

USEFUL FREQ. PHYSICAL
MEASURE SPAN PARAMETER APPLICATION
Relative Relative Motion
Displacement 0-100 Hz Stress / Motion elative votion in
. bearings / casings
(proximity probes)
Absolute
Displacement 0-10 Hz Stress / Motion Machine Condition
(seismic)
General Machine
Velocit _ iti m-
: .y 10 — 100 Hz Energy / Fatigue Condltlon, medium
(seismic) high frequency
vibrations
General Machine
Acceleration iti m-
> 100 Hz Force Condition, medium

(seismic)

high frequency
vibrations
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6 Questions for Spectrum
Analysis

What is predominate frequency?

What other frequencies are present?
What patterns are these?

Can | isolate this to one shaft or one bearing?

On each bearing, Is the horizontal or vertical
amplitude more than 4x bigger than the other?

On each bearing, is the axial amplitude more
than 50% of the highest radial amplitude?

Do | need phase?
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What Is predominate frequency?

Some (especially beginning) analysts have a
difficult time deciding where to start their
analysis

The vast majority of the time, the largest
amplitude will be the machine problem

On rare occasions, the highest amplitude will not
be in the same location as the problem (e.g.
misalignment causing the free end of the motor
to waggle), so this gquestion pertains to the entire
machine
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What other frequencies are
present?

dentify all patterns present: frequencies with no
narmonics (beyond 3x), frequencies with
narmonics (beyond 3 x), sidebands, mounds

There may be more than one of each type of
pattern, such as two harmonic patterns

Are there unexpected frequencies, such as
nonsynchronous or subsynchronous?
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What other frequencies are
present?

ldentify the machine part(s) associated with
each pattern

What problems could make this part of the
machine move in that motion
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Time vs. Frequency Plot
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Machine Design
Vibration Frequencies

Pumps & Fans

Vane Pass & Blade Pass Freguencies
Shaft Speed X Number of Vanes
Shaft Speed X Number of Blades
Flow Noise / Cavitations
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Machine Design
Vibration Frequencies

Gearboxes

Gear Mesh Freguencies
Shaft Speed X Number of Teeth



1-800-665 7301

Machine Design
Vibration Sources

Bearing Frequencies, Rolling Element Bearings
BPFI — Ball Pass Freq. Inner Race
BPFO -- Ball Pass Freq. Outer Race
BSF — Ball Spin Frequency
FTF -- Fundamental Train Frequency

Max Range Approximation:
Shaft Speed X Number of Elements X 0.6
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What About Bearings?
There I1s a worldwide

shortage of large (150 -
500mm bore) and Giant
(>500mm bore) size bearings
and forgings.

Standard bearings 2-3
years

Slewing rings 12-24
months.

Demand for these products
nas far exceeded current

production capacity.
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Where Is the Demand?

China Wind Farms
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Minimum Acquisition Frequencies

COMPONENT / MACHINE SPAN
Shaft Vibration 10 X RPM
Gearbox 3 X Gear Mesh

Rolling Element Bearings

10 X Ball Pass Freq. Inner

Pumps

3 X Vane Pass

Motors / Generators

3 X Line Freq X 2

Fans

3 X Blade Pass

Sleeve Bearings

10 X RPM
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Useable Frequency Spans For
Accelerometer Mounting Methods

METHOD FREQUENCY LIMIT
Hand Held (Hand Probe) 500 Hz
Magnetic Mount 2,000 Hz
2,500 — 4,000 H
Adhesives 00 Hz
(dependent on compound)
5,000 Hz
Bees Wax

(watch surface temp!)

Stud Mount 6,000 — 10,000 Hz
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Signal Processing
Spectrum Analysis / FFT

Presents Frequency Components of Time Domain Data

Frequency Range Determined by Acquisition Sample Rate

Resolution Determined by Acquisition Duration
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Signal Processing
FFT Windowing / Leakage

Time Data Does Not Begin / End at Zero

Reconstructed Time Domain Data Not

Contiguous
Leakage, “Skirt” on Spectrum Plot

Credit: Ronald L. Eshleman, Basic Machinery Vibwati
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Hanning (‘standard’) Window  offers
reasonable trade-off of frequency accuracy
versus amplitude accuracy.
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Flat Top Window best for amplitude
resolution
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Exponential Window (programmed decay to
zero) used only with transient data that is

captured with pre-trigger
to assure that the initial values in all data

channels are very close to zero.
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Blackman Harris Window is preferred over
the Hanning due to its better dynamic range
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Window Comparison

Window

Uniform

Flattop

Haning

Hamming

Kaiser-Bessel

Guassian

Force

Expontential

Application

Transients, Impulse

Amplitude Accuracy

Condition Monitoring

Frequency Accuracy

Amplitude Accuracy

Amplitude Accuracy

Impact Test

Impact Test

1-800-665 7301

Amplitude Accuracy

Poor (-3.9 dB)

Excellent (-.01dB)

Good (-1.4dB)

Fair (-1.8dB)

Good

Good

Noise Reduction

External Damping

Frequency Accura

Excellent

Poor

Good

Very Good

Fair

Fair

N/A

Excellent

cy
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FFT Averaging
Why Average FFT Data?

Ability to combine time records with previous
records to smooth out the spectrum over time

Reduce or eliminate random frequencies
Capture transient frequencies

Remove frequencies from adjacent equipment
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FFT Averaging
Averaging Methods

Linear (+)

True mathematical mean

All blocks of data are treated equally
Linear (-)

Special case for Resonance determination of
machines while running

Time Synch

Eliminates frequencies not related to machine
speed and phase (from other machines)

Typically requires the use of a tach input



1-800-665 7301

FFT Averaging
Averaging Methods

Exponential Averaging

Weighted Average, most recent has highest weight

Useful during changing conditions, like speed
changes, when it is desired to know when conditions
stabilize, and the values at those conditions

Peak Hold Averaging

Keeps maximum signal amplitude at every frequency

Useful when looking for maximum vibration over a
long time period
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ZonicBook/618E
Data Acquisition, Recording & Analysis

Getting Started
Machine Condition
Instrumentation
NEW 600 Series DSA
ZonicBook/618E System
Vibration Recording and
Analysis
Impact / Resonance
Testing

Rotating Machinery
Monitoring and Analysis
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ZonicBook/618E
Machine Condition & Instrumentation

» Test Plan based on Machine Condition

» Acceleration > 1 KHz Analysis
 Velocity / Displacement < 1 KHz Analysis
* Microphone

» Tachometer — Speed Measurements

e Impact Hammer or 2x4
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650 24 Bit Single Channel ADC

|Otech 650u

10 analog inputs, 40V input range

4 mA IEPE current source per channels 1-4 (22V
compliance)

0.1 Hz AC coupling HPF

Analysis frequency ranges from 20 Hz to 40 kHz
24-bit Sigma Delta ADC per analog input
Spurious-free dynamic range of 108 dB (typical)
AC/DC coupling, software selectable per channel
Pseudo-differential input

Channel-to-channel phase matching of <0.12
degrees at 1 kHz

8-bit digital 10 port

USB 2.0 high-speed and 10/100BaseT Ethernet
versions available
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600 Series 5 — 10 Channels
including Temperature
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Vibration Seminar
Hardware — ZonicBook System

« 8 Channel Dynamic Signal Analyzer
* 4 Tach Inputs

« Ethernet

« WBK18 Expansion to 56 Channels
* 1 MSample / Sec.

e FSV: +/-25mVto +/-25V

« ICP / TEDS / Coupling

« EZ-Analyst: Data Recording and
Impact Measurement

EZ-TOMAS: Rotating Machinery
Monitoring and Transient Analysis



ZonicBook/618EZ-Analyst
Start Measurement

1-800-665 7301

69
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ZonicBook/618EZ-Analyst
Introduction to Impact Measurements

Edit - Configuration...
Analyzer Tab

Input Channel Trigger
Hammer Channel 1
5% FSV Trigger
10% PreTrigger

Averaging
Linear (+)
5 Averages

70
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ZonicBook/618EZ-Analyst
Introduction to Impact Measurements

Edit - Configuration...
Input Channels Tab

Activate Channels

Ref / Resp
Hammer = Reference
Accels = Response

FS Voltage
Hammer +/- 1V
Accels +/-5V

71
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ZonicBook/618EZ-Analyst
Introduction to Impact Measurements

Edit - Configuration...
Input Channels Tab

ICP On, AC Coupling
EU Mode

mV / EU
Instrument Cal

Input Type
Hammer = Force

72
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ZonicBook/618EZ-Analyst
Introduction to Impact Measurements

Edit - Configuration...
FFT Setup Tab

Response Channels
Exponential, 5% Decay

Reference Channel
Rectangular
9% Start, 11% Stop

Unit Conversion
g’'s —ips - mils
Integration HPF, 5 & 20 Hz

73
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ZonicBook/618EZ-Analyst
Introduction to Impact Measurements

Edit - Configuration...
Block Rejection Tab

Automatically Reject Invalid
Measurements

Double Hammer
X AXxis, 8 & 12 %
Y Axis, -5 & 5%

Overload

Manual

74
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Basic Impact Test
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ZonicBook/618EZ-Analyst
Impact Measurement & Display

76
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ZonicBook/618EZ-Analyst
Double Hammer Rejection

77



ZonicBook/618EZ-Analyst
Overload Rejection

1-800-665 7301

/8
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ZonicBook/618EZ-Analyst
Impact Measurement Completed

79
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ZonicBook/618EZ-Analyst
Save Impact Measurement

80
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ZonicBook/618EZ-Analyst
Review Mode — Impact Measurements

81
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ZonicBook/618EZ-Analyst
Impact Measurement — Exporting Data

82



ZonicBook/618EZ-Analyst
Overlay Display Option

1-800-665 7301

83



ZonicBook/618EZ-Analyst
Overlay Display Option

1-800-665 7301

84



ZonicBook/618EZ-Analyst
Time History Recording
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85



ZonicBook/618EZ-Analyst
PlayBack Mode - Displays

1-800-665 7301

86



ZonicBook/618EZ-Analyst
PlayBack Mode - Displays

1-800-665 7301

87



ZonicBook/618EZ-Analyst
Waterfall Display

1-800-665 7301

88



1-800-665 7301

ZonicBook/618EZ-Analyst
Waterfall Display Setup Options

89



ZonicBook/618EZ-Analyst
Waterfall Display Options

1-800-665 7301

90



ZonicBook/618EZ-Analyst
Waterfall Display Options

1-800-665 7301
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ZonicBook/618EZ-Analyst
PlayBack Options

1-800-665 7301

92
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ZonicBook/618EZ-Analyst
PlayBack Using Higher Spectral Lines

93



ZonicBook/618EZ-Analyst
Export Time History Data

1-800-665 7301

94
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EZ-Analyst
Impact / Resonance Measurement

*FRF Magnitude / Phase
«180 Phase Shift

*FRF Real / Imaginary
Mode Shape
*A / D use Imaginary

*V use Real
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|Otech 640u
eZ-Analyst Software

Dytran 3055A2 Accelerometer

Integration Example
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eZ-Analyst: Integration: Acceleration to
Displacement

Example of integration using an 10tech 640u with eZ-Analyst
software and Dytran Accelerometers on a AC Motor running at 60
Hz.

Frequency Range of Interest is O to 200 Hz.

Overall Vibration levels in Accleration (g), Velocity (mmps), and
Displacement (microns).

1000 Hz Analysis Frequency
3200 Lines of Resolution

5 Linear Averages

~100 mV / g Accelerometers
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eZ-Analyst: Integration: Acceleration to
Displacement

As Measured Acceleration (g).
0.1861 g Peak Overall. (ENERGY under the Curve)
0.1524 g Peak @ 59.688 Hz
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eZ-Analyst: Integration: Acceleration to
Displacement

Velocity. (Single integration) mmps
5.378 mmps Peak. Overall (Energy under the Curve)
3.966 mmps Peak. @ 59.688

(Velocity = Acceleration * Metric Units Constant / (2 * pi * frequency)
Velocity = 0.1524 * 9805. / (2 * 3.14159 * 59.688)
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eZ-Analyst: Integration: Acceleration to
Displacement

Displacement. (Double integration) microns
2816 microns Peak. Overall (Energy under the Curve)
10.63 microns Peak. @ 59.688

(Displacement= Velocity * Metric Units Constant / (2 * pi * frequency)
Velocity = 3.966 * 1000. / (2 * 3.14159 * 59.688)
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eZ-Analyst: Integration: Acceleration to
Displacement

Caution: for Integration, High Pass Filter is important.

In this example, the Minimum suggested HPF is 5 Hz.

Changing the HPF from 0. Hz to 5. Hz. Provides better Results.
Eliminates SKI-SLOPE, the Overall is now 12.14 microns.
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Multi Channel Analysis
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Frequency vs. Orders
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Higher Resolution Freq. vs. Orders
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When Do You need EZ Analyst?

Answer- During a very rapid startup
when all channels need data
continuously recorded, so transients
can be studied.
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Example: Use of EZ Analyst to monitor the startfija o

Compressor. High speed stages go from O to 12 iR
under 5 seconds.

St_?rtup;;ians_lentl 3 Seconds later
exciting F'torsiona / pulses from

resonance. synchronous motor
exciting same

resonance.




1-800-665 7301

When Do You Use Tomas

For most normal speed startups where you need
bod’e & polar plots and need to determine and

apply run out subtraction.

To monitor a machine for a long period of time
where you need to capture an event based upon
RPM change or change in magnitude.
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Example: Strip chart on left detects trip conditiddpectrum on
right shows that natural frequency was excitedsT$a sign of a
surge condtion.

This frequency
Amplitude sudqlenly matCheS the
/ Jumps to 5 Mils. rotor’'s natural
Tomas captures data on L.
the increase in frequency. This is
amplitude what tripped the
compressor

/ Rotor

unbalance. This
IS normally
present

V)
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Other Information Extracted from TOMAS
FILE

Time plot showed that wave was not truncated
meaning that the bearing was not contacted.

DC Gap did not change showing that there was
not damage to bearing

Based upon the TOMAS data, the compressor
was restarted and put back into service with
special attention being given to avoid a surge
condtion.

This was all done on a Sunday allowing the plant
to iImmediately come back into service saving a
considerable amount of money.
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EZ-TOMAS
Monitoring Gauge Window

«Current Values & Status
*Vertical Amplitude

Circular Phase

Limit Checking / Log Events
*FIFO Storage

*High Water Marks

*Relay Outputs
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Band Level Information

11
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EZ TOMAS With Temperature



1-800-665 7301

High Channel Power Station
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Recall Data 24 Channel System
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Recall Only Data Needed
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Configuration Screen
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On-Line Vibration Analysis and Diagnostic
System

IOtech Vibration Monitoring System
ZonicBook/618E, 650u, and 652u Hardware
eZ-TOMAS Software running on standard PC or Headless Controller
eZ-TOMAS Remote Software

eZ-TOMAS &
Headless Controller

650u

eZ-TOMAS &
Headless Controller

eZ-TOMAS Remote

652u
eZ-TOMAS Remote

ZonicBook/618E
eZ-TOMAS &
Laptop
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On-Line Vibration Analysis and Diagnostic System

eZ-TOMAS Remote

Network Access to multiple eZ-TOMAS
Servers

Remote Monitoring
Remote Analysis
Remote Configuration Changes
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EZ TOMAS
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EZ TOMAS
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EZ TOMAS
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eZ-TOMAS: Data Storage and Discussion

Designed for automatic / unattended data collection over long periods of
time. Boxcar Data Capture.

Event Based — User Defined — Data Storage Triggers
FIFO Design: “First In First Out”
Data Record includes Time Waveform and Spectral Band Data.

Configuration information is stored with each data record
Data storage is triggered:

- RPM Changed, or...
- Vibration Changed, or...
- Time Changed

(while the machine’s RPM is within the

user specified range.)

Edit Menu — Configuration. Data Storage Tab OR

- on an Alarm Event
- on an SnapShot Event
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eZ-TOMAS: Data Storage and Discussion
Example of RPM Based Data Storage Triggers.

/S

In this example, Data Records will be stored:

- when machine speed is between 200 and 10000 RPM
- and speed changes by 50 RPM.

Using a Rotor Kit... the following data was recorded.
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eZ-TOMAS: Data Storage and Discussion
Example of RPM Based Data Storage Triggers.

Steady State Operation
- no change in RPM, data is not stored

\

Rotorkit Startup.
- High resolution data

\ Rotorkit Shutdown /7

- High resolution data
- Use Overlap Processing to
get even better resolution.

*** 1 pre-trigger data record is stored with every delta RPM trigger.
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eZ-TOMAS: Data Storage and Discussion
Example of RPM Based Data Storage Triggers.

*

Vibration data is stored with every delta RPM trigger.




1-800-665 7301

eZ-TOMAS: Data Storage and Discussion
Example of RPM Based Data Storage Triggers.

14-Apr-2009 15:48:05 .
14-Apr-2009 15:48:06 .
14-Apr-2009 15:48:07 .
14-Apr-2009 15:48:08 .
14-Apr-2009 15:48:09 .
14-Apr-2009 15:48:09 .
14-Apr-2009 15:48:10 .
14-Apr-2009 15:48:11 .
14-Apr-2009 15:48:12 .
14-Apr-2009 15:48:13 .
14-Apr-2009 15:48:13 .
14-Apr-2009 15:48:14 .
14-Apr-2009 15:48:15 .
14-Apr-2009 15:48:16 .
14-Apr-2009 15:48:17 .
14-Apr-2009 15:48:17 .
14-Apr-2009 15:48:18 .
14-Apr-2009 15:48:19 .
14-Apr-2009 15:48:20 .
14-Apr-2009 15:48:21 .
14-Apr-2009 15:48:21 .
14-Apr-2009 15:48:22 .
14-Apr-2009 15:48:23 .
14-Apr-2009 15:48:24 .
14-Apr-2009 15:48:25 .

OWUINOFRLPNUINOFRLRNONORLRNOONOPRP, WOIN O

172.2
299.1
430.5
566.3
670.3
782.5
886.4
983.4
1068.
1146.
1223.
1293.
1359.
1420.
1478.
1536.
1592.
1643.
1692.
1736.
1780.
1826.
1865.
1905.
1952.

14-Apr-2009 15:48:25 .
14-Apr-2009 15:48:26 .
14-Apr-2009 15:48:27 .
14-Apr-2009 15:48:28 .
14-Apr-2009 15:48:29 .
14-Apr-2009 15:48:29 .
14-Apr-2009 15:48:30 .
14-Apr-2009 15:48:31 .
14-Apr-2009 15:48:32 .
14-Apr-2009 15:48:33 .
14-Apr-2009 15:48:33 .
14-Apr-2009 15:48:34 .
14-Apr-2009 15:48:35 .
14-Apr-2009 15:48:36 .
14-Apr-2009 15:48:37 .
14-Apr-2009 15:48:37 .
14-Apr-2009 15:48:38 .
14-Apr-2009 15:48:39 .
14-Apr-2009 15:48:40 .
14-Apr-2009 15:48:41 .
14-Apr-2009 15:48:41 .
14-Apr-2009 15:48:42 .
14-Apr-2009 15:48:43 .

OO ~NOFRPNONORFRLRPMMNIINOONOUOINOPRP, WOIO ©

2001.
2051.
2108.
2185.
2272.
2359.
2447.
2531.
2611.
2687.
2761.
2833.
2920.
3013.
3105.
3196.
3297.
3414.
3545.
3687.
3831.
3983.
4059.

14-Apr-2009 15:48:44 .
14-Apr-2009 15:48:45 .
14-Apr-2009 15:48:45 .
14-Apr-2009 15:48:46 .
14-Apr-2009 15:48:47 .
14-Apr-2009 15:48:48 .
14-Apr-2009 15:48:49 .
14-Apr-2009 15:48:50 .
14-Apr-2009 15:48:53 .
14-Apr-2009 15:48:54 .
14-Apr-2009 15:48:59 .
14-Apr-2009 15:49:00 .
14-Apr-2009 15:49:37 .
14-Apr-2009 15:49:38 .
14-Apr-2009 15:49:39 .
14-Apr-2009 15:49:40 .
14-Apr-2009 15:49:41 .
14-Apr-2009 15:49:41 .
14-Apr-2009 15:49:42 .
14-Apr-2009 15:49:43 .
14-Apr-2009 15:49:44 .
14-Apr-2009 15:49:45 .
14-Apr-2009 15:49:45 .

OFRPWPA~NOPFPWIUOINOWUIUIORLROOWUINOPRFP, W

3979.
3918.
3888.
3853.
3820.
3792.
3750.
3730.
3683.
3671.
3623.
3618.
3598.
3398.
2983.
2578.
2193.
1833.
1488.
1163.
851.9
568.8
332.4

*** each data record is 800 mSec.

(4096 samples)
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eZ-TOMAS: Data Storage and Discussion

Example of Vibration Based Data Storage Triggers.

/

In this example, Data Records will be stored:

- when Vibration level changes by 0.05 ips on either the Vertical or Horizontal probe
- regardless of machine speed.

Using a Rotor Kit... the following data was recorded.
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eZ-TOMAS: Data Storage and Discussion

Example of Vibration Based Data Storage Triggers.

Rotorkit Startup — Steady State — Shutdown Event

- Data is stored when vibration changes by 0.05 ips.

*** 1 pre-trigger data record is stored with every delta Vibration trigger.
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eZ-TOMAS: Data Storage and Discussion

Example of Vibration Based Data Storage Triggers.

Rotorkit Startup — Steady State — Shutdown Event

- Data is stored when vibration changes by 0.05 ips.
- Resultant Speed Profile...

Machine Speed (rpm) is stored with every delta Vibration trigger.
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eZ-TOMAS: Data Storage and Discussion

Example of Vibration Based Data Storage Triggers.

14-Apr-2009 17:33:25 .
14-Apr-2009 17:33:26 .
14-Apr-2009 17:33:27 .
14-Apr-2009 17:33:27 .
14-Apr-2009 17:33:28 .
14-Apr-2009 17:33:29 .
14-Apr-2009 17:33:30 .
14-Apr-2009 17:33:31 .
14-Apr-2009 17:33:31 .
14-Apr-2009 17:33:32 .
14-Apr-2009 17:33:33 .
14-Apr-2009 17:33:34 .
14-Apr-2009 17:33:35 .
14-Apr-2009 17:33:35 .
14-Apr-2009 17:33:36 .
14-Apr-2009 17:33:37 .
14-Apr-2009 17:33:38 .
14-Apr-2009 17:33:39 .
14-Apr-2009 17:33:40 .
14-Apr-2009 17:33:40 .
14-Apr-2009 17:33:42 .
14-Apr-2009 17:33:43 .
14-Apr-2009 17:33:44 .
14-Apr-2009 17:33:45 .

OO ~NNWNOOPFPWONOPFPWOONOR,PPMMONOPR, MO

IB-V
Overall
~ ips (pk)

.01400
.01767
.05515
.07593
.09413
0.2276
0.3717
0.5099
0.7480
1.237

1.254

1.109

0.9543
0.8594
0.7917
0.7384
0.6972
0.6731
0.6537
0.6352
0.6082
0.6108
0.6321
0.6355

IB-H

Overall

~ ips (pk)

.03074
0.1066
0.6533
0.3310
0.2149
0.3891
0.4091
0.4463
0.4205
0.3964
0.3956
0.3815
0.3902
0.4044
0.4194
0.4293
0.4372
0.4401
0.4688
0.5119
0.5582
0.5809
0.6255
0.6482

14-Apr-2009 17:33:47 .
14-Apr-2009 17:33:47 .
14-Apr-2009 17:33:49 .
14-Apr-2009 17:33:50 .
14-Apr-2009 17:33:51 .
14-Apr-2009 17:33:52 .
14-Apr-2009 17:33:54 .
14-Apr-2009 17:33:55 .
14-Apr-2009 17:33:56 .
14-Apr-2009 17:33:57 .
14-Apr-2009 17:34:14 .
14-Apr-2009 17:34:15 .
14-Apr-2009 17:34:17 .
14-Apr-2009 17:34:18 .
14-Apr-2009 17:34:20 .
14-Apr-2009 17:34:21 .
14-Apr-2009 17:34:26 .
14-Apr-2009 17:34:27 .
14-Apr-2009 17:34:28 .
14-Apr-2009 17:34:29 .
14-Apr-2009 17:34:30 .
14-Apr-2009 17:34:31 .
14-Apr-2009 17:34:31 .
14-Apr-2009 17:34:32 .

COCOPFRPRWUINFPFWONPRPOPFRPWONPFPW~NOWOON

IB-V IB-H
Overall Overall
~ips (pk)  ~ips (pk)
0.6476 0.6918
0.6558 0.7157
0.6740 0.7598
0.6842 0.7812
0.7102 0.8174
0.7265 0.8354
0.7654 0.8710
0.7893 0.8938
0.8250 0.9417
0.8372 0.9592
0.8057 0.9135
0.7912 0.8959
0.7413 0.8493
0.7215 0.8313
0.6876 0.7847
0.6783 0.7707
0.6570 0.7221
0.6510 0.7033
0.6393 0.6565
0.6353 0.6294
0.6218 0.5843
0.6355 0.5249
0.7019 0.4326
0.9260 0.4014

*** each data record is 800 mSec.

(4096 samples)
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eZ-TOMAS: Data Storage and Discussion

Example of Complete Boxcar - Event Based Data Storage
Triggers.

4 /
/

In this example, Data Records will be stored:

- When machine speed is between 200 and 10,000 RPM, and...
- (Vibration level changes by 0.05 ips) or...

- (machine speed changes by 50 rpm) or...

- (every 2 minutes)

This configuration will capture steady state, transients, and startup / shutdown events.
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eZ-TOMAS: Data Storage and Discussion

Example of RPM, Vibration, and Time Based Data
Storage Triggers.

S RPM Triggers /’

Vibration Trigger

Delta Time Trigger \ /\

Event based data storage triggers “Boxcar Capture” of significant machine conditions
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eZ-TOMAS: Data Storage and Discussion

Example of Alarm Event Data Storage Triggers.

\ \
\

In this example, Continuous Data will be Recorded when an Alarm Event Occurs:
- An alert limit is set for 0.3 ips. And an alarm limit at 0.5 ips.

- A snapshot of 20 seconds will be recorded.
- For this example the Delta RPM and Time triggers were disabled.

This configuration will capture only Alarm events.
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eZ-TOMAS: Data Storage and Discussion

Example of Alarm Event Data Capture.

Alarm Triggers

Alarm Events Trigger continuous data storage. (800 mSec blocks of 4096 samples)
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Orbit Analysis
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Bode Analysis
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Shaft Center Line (SCL) Plot
Analysis



EZ-TOMAS
Learning Limits

«Statistical Report
«Steady State Condition
*Min, Avg, Max, Dev

eCalculate Limits based on
Normal Operation

*Before / After Shutdown
comparisons

1-800-665 7301
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Statistical Data Analysis
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Who iIs |0Otech

Who Is |IOTech?
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The Global Leader in Portable
Data Acquisition Solutions

Providing complete, configurable, mixed signal
measurement solutions to a diverse user market

Temperature « Vibration ¢ Strain ¢ Voltage « Sound ¢ Current
Position ¢ Frequency ¢« and more

Ethernet « USB « PClI « IEEE
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Diverse End Users

Automotive
Aerospace

Communication
Chemical
Transportation

Power generation
Electronics
Manufacturing
Research
Medical



|Otech, |nCOFporated 1-800-665 7301
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|Otech, Incorporated

Founded 1984
World Wide Sales
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WaveBook/516E Connectivity

Point-to-point Ethernet connection
Applies to all Ethernet Equipment

Allows long distances between PC and
WaveBook system.
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WaveBook/516E Connectivity

Multi-WaveBook networked example

Each WaveBook has a unique IP address making
It addressable from anyplace in the plant
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What is 60007?

Modular DAQ system
Encore Data Acquistion SW

2 modules available

6220 — 12 channel, 16 bit, 100kS/s
Voltage

6224 — 12 channel, 24 bit, 50kS/s
Strain gauge/bridge
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6000 common features

Ethernet connectivity

Only work with Encore SW
Dasylab and LV drivers planned

Multiple modules can be connected
Ethernet network or hub required

Module clocks can be synchronized
Support in Encore 1.0 likely
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6220 High Speed Voltage
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6220

+/-10V input (fixed)
16 bit
12 channels

100kS/s per channel
Full rate of 1.2MS/s aggregate

Simultaneous sampling
8 digital I/O
$2999 (Encore SW included)

Ships with power supply and enet crossover
cable
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6224 — High Speed Strain
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6224

Strain gauge/bridge (full, ¥4 and %z bridge)
24 bit Delta-sigma ADC/channel

12 channels

50kS/s per channel

Simultaneous sampling

RJ50 connectors (ethernet like)
Easy connection
Used by VXI technology and NI

Screw terminal and ¥ bridge completion “dongles” included for easy
setup

8 digital 1/0
$4799 (Encore SW included)

Ships with power supply and enet crossover cable 12 RJ
50/RJ 50 cables and choice of dongles (3 sets of 4 dongles-
choose either full/half, 1200hm % bridge, or 350 ¥4 bridge)
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Encore - Interactive
measurement SW
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What it looked like
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1 of 10 test cells
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Our stuff Is at the bottom
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Bunches of wires



Software
plus

Hardware

equals

Your Complete
Solution ...

1-800-665 7301



