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Ok, analysts....

m What is wrong with this turbine?
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Possibilities

m What causes a predominant 1X Vibration?
= Unbalance
= Misalignment
= Rotor Resonance
= Structural Resonance
= Rub
= Coupling Lock Up
= Oversize bearing
= Bowed Shaft
= High 1X Slow Roll / Runout
= Cracked Shaft
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Transient Vibration Analysis

m Transient Speed Vibration Analysis

m Acquisition & analysis of data taken during startup and shut down

m Provides significant insight into the rotor and structural dynamics that
cannot be had with only steady state analysis

m This information includes:
= Unbalance “Heavy Spot” Locations
= Rotor Mode Shapes
= Shaft Centerline Movement / Alignment
= Bearing Wear
= Shaft Runout
= Critical Speeds / Resonances
= Rotor Stability
= Bearing Wear
= Foundation Deterioration, and others
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Transient Data Sampling

m This is not ‘PdM’ data acquisition

= Multiple channels (8 — 30+)

m All channels sampled simultaneously & synchronously

m All data referenced to a once-per-revolution speed / tach signal
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| nstrumentation

= What are some instrumentation requirements for transient data?

m Here’s a “short” list of desired abilities for transient data acquisition:
= Minimum channel count of 8, with 16 or more channels preferred
= Synchronous sampling of all channels
= 2 or more tach channels
= Accurately sample data at low rotor speeds (< 100 rpm)
= Measures DC Gap Voltages up to -24 Vdc
= Produce DC-coupled data plots (for shaft centerline & thrust data)
= Provide |IEPE / accelerometer power
= Electronically remove low speed shaft runout from at-speed data
= Display bearing clearances; plot shaft movement with available clearance
= Specify RPM ranges for sampling, and RPM sampling interval
= Produce bode, polar, shaft centerline, and cascade plots for data analysis
= Tracking filter provides 1X and other programmable vector variables
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The Need for (Rotor) Speed

= A key (the key) component to successful transient analysis is a
reliable once-per-revolution tachometer signal

= This signal provides a triggering pulse for the instrument tracking filter

m It lets us establish a rotor phase angle reference system

m For machines without a permanent vibration monitoring system, a
portable laser tachometer can be used to provide a TTL pulse

= We have had excellent results with
Monarch Instrument’s PLT-200
= Observes optically reflective
tape attached to the shaft _ .
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The Need for (Rotor) Speed

m Machines with permanent vibration monitoring systems often use a
proximity probe to observe a notch or keyway in the shaft
= This provides a DC voltage pulse output
= Signal must used as an analog tach input on the ZonicBook/618
m Some signals create triggering problems due to signal quality:
= Overshoot / ripple — causes
multiple triggers per revolution
= Overall signal contains an
AC vibration signal —
causes multiple triggers
= The bottom of each TimeWaveform UnColqpensated 1xAfg “29-0ct-2007 10:13:22 3600. RP
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The Need for (Rotor) Speed

m If your instrumentation does not properly trigger using Auto tach:
= Try manually adjusting the trigger voltage level to a voltage that only
allows the instrument to that voltage level and corresponding slope (+ or -)

once per revolution
= A trigger setpoint of -2.0 to -3.0 Vdc would work nicely here

TimeWaveform UnCompensated 1wAmp 29-0ct-2007 10:13:22 3600. RP
——Turh. Speed: 0.L 200.0 mV/EU  Cursor: 0.07188 Seconds ,-3.678 Vd

. T’\W”\l !

1 1 1 1 I 1 1 1 1 1
0.01 002 003 004 005 006 007 008 009 04
Seconds

© 2007 M&B Engineered Solutions, Inc. Transient Vibration Analysis / Vibration Institute Meeting
www.mbesi.com Halifax, NC = 07-Dec-2007

The Need for (Rotor) Speed

m [f reliable triggering cannot be established, a signal conditioner such
as Bently Nevada’s TK-15 Keyphasor Conditioner can be used to
madify the signal

m [t can simultaneously ‘clip’ the top and bottom portions by applying
bias voltages, thus removing any ripple / overshoot from the pulse,
and producing a more TTL-like pulse

m The signal can also be amplified
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Transducer Selection vs. Machine Design

= Journal & Tilt Pad Bearings:
= Machines with heavy /rigid casings, and ‘light’ rotors
= Most steam turbines, barrel compressors, gearboxes, large pumps, etc.
= Proximity Probes in X-Y Configuration at each bearing
= Provide direct measurement of shaft-relative vibration
= Seismic probes (accels) yield attenuated signals & phase lag
= Machines with lower case-to-rotor mass ratios or flexible supports
= Gas turbines, LP turbine pedestals, air machines, fans, pumps, motors
= Use Proximity & Seismic when possible
= Flexible supports provide comparable
shaft & casing vibration — both are
important
= Rolling-Element Bearings:
= Accelerometers
= True Vertical & Horizontal Planes

= Aligns probes close to major &
minor stiffness axes
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Configuration & Sampling Guidelines

s ARPM & ATime Sampling Intervals
= Generally sample at ARPM of 5 to 10 rpm for most machinery
= Produces high quality data plots
= Keeps database sizes reasonable
= Need to consider the total speed range over which data must be sampled
= Will speed will oscillate during the startup?
= Turbine startups; VFD drives
= ATime sampling during startup provides data during heat soak / idle
periods
= 20 to 30 seconds between samples, unless process conditions are changing
rapidly
m Try to estimate total database size required and ensure system will
not truncate database during sampling
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Configuration & Sampling Guidelines

m Fast Ramp Rates — AC Motors
= Induction motor startup will be very fast, accelerating quickly and smoothly
from zero to full speed
= Startup lasts only 10 — 40 seconds after the breaker is closed
= Can data acquisition keep pace with the ramp rate?
= 3,600 rpm motor; 40 second startup time
= 3600 / 40 = 90 rpm per second
= At ARPM = 5, we would be trying to capture = 16 samples per second
= What can we expect from our data?
= Examine data acquisition settings:
m Fmax
m Lines of resolution
= ZonicBook/618E: 2,000 Hz Fmax; 1600 LOR
= 1 sample = 0.8 seconds = 72 rpm change between start and end of sample
= Data smearing
= Fmax = 1,000 Hz; 200 LOR
= 1 sample = 0.2 seconds = 18 rpm
= Set ARPM at 20 - 30
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Transient Data Plot Types

= Bode

= Polar

= Shaft Centerline

= Waterfall / Cascade

m Before discussing these data plots, we need to review the importance
of slow roll compensating our 1X-filtered shaft vibration data to
remove the effects of runout
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Slow Roll Compensation

= Slow-roll: mechanical and electrical shaft runout in the target area of
a proximity probe
m Defects that create a non-dynamic ‘false’ vibration signal
= Adds vectorally to the true dynamic vibration at any speed
= Prox probe cannot distinguish between runout and true vibration
= We need to electronically remove slow roll for accurate results
m For most turbo-machinery:
= Sample vibration at low speeds, typically below 300 rpm
= Reasonably sure there will be little dynamic shaft motion
= The measured signal will contain the runout of the probe target area
m Most data acquisition systems allow runout signal to be store and
then digitally subtract it from any at-speed vibration
m The differences can be dramatic....
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Slow Roll Compensation

= Time-waveform plot
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Slow Roll Compensation

m Selecting the Correct Slow Roll Speed Range on a Bode Plot
= Look for low speed region with constant amplitude and phase
= This ensures we are not including any ‘true’ dynamic activity
= Effect on Bode plot
= Cannot predict how the bode plot will look like after compensation
= Amplitude should be near zero at the speed the slow roll was sampled
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Slow Roll Compensation

m Polar Plot Compensation
= Slow roll vector merely moves the entire plot
= “Shape” of the data (polar loops) not changed
= Can be done visually
= Properly compensated plot will begin at zero amplitude
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Bode Plots

m They help provide the following information:
= Slow roll speed range & slow roll vector values
= The location of the “High Spot”, i.e., the rotor’s vibration response

= The location of the “Heavy Spot’, i.e., the physical location of a residual
unbalance on the rotor

= Amplitude, phase & frequency of rotor and structural resonances
= The presence of ‘split’ resonances

= Amplification Factor, Damping Ratio & Separation Margin for a resonance
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Bode Plots

m Resonance information
= Amplitude — peaks at resonance
= Phase — must show a 90 degree shift from low speed
= Starting point can be difficult to determine if other modes are present
= Frequency (rpm)
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