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Introduction

It is the purpose of this paper to introduce a program for maintaining the
overall efficiency of the predictive maintenance program while at the same
time reducing the equipment typically used and the required skill level of
the predictive maintenance technical staff.

A broadband vibration reading, in inches per second, was used at one time
as an indicator of a vibration problem within the machine. This parameter is
simple to calculate and was found to be useful for providing early warning
of a fault for a very limited class of problems such as unbalance and
misalignment. It was not a reliable indicator of many bearing faults that
make up a significant fraction of total faults. Therefore, it was never widely
used as a predictive maintenance tool.

It has been found that capturing time waveform data from a vibration
sensor, followed by spectral analysis, is effective at identifying a large
portion of faults typically found in industrial machinery. Using this data,
corrective action can be scheduled and performed before catastrophic
failures occur. This class of maintenance is generally referred to as
predictive maintenance. A key factor in the success of this type of program
is the collection of vibration data over time from which trends of selected
data are established. It is generally recommended that the timing for the
data collection be no less than one tenth of the mean time between
failures. The mean time between failures is often difficult to specify, hence
a popular time interval between data collections is monthly.

The implementation of a predictive maintenance program requires the use
of specialized vibration monitoring equipment as well as a staff of
specialized trained personnel. The knowledge base for vibration analysis
continues to evolve which sets up required upgraded training for the
vibration maintenance staff. Additionally, the hardware used for vibration



data collection and analysis continues to evolve which enhances the data
collection and analysis task. Obviously there is a need to upgrade the
hardware and software on a seemingly short time schedule. Of course
turnover within the vibration maintenance staff introduces the problem of
efficiently training the new staff. There is a need to simplify the predictive
maintenance vibration-monitoring task for the purpose of reducing the
overall cost of both data collection and analysis. At the same time, the
efficiency of the overall predictive maintenance program in identifying
problems must not be sacrificed.

In the next section, several case studies will show how two key parameters
can be used to establish the existence of a machine fault, and
subsequently indicate that it should be examined further. These two
parameters can also be used to indicate if there is a vibration problem, and
consequently if there is a need for further data collection and analysis.

In the third section, conclusions regarding the establishment of the two

parameters are presented. This is followed by a proposed program
employing the two parameters.

Background
A few typical case studies that were identified to have serious vibration
problems using vibration predictive maintenance methodologies are
presented in this section. The objective is to assist in identifying two key
parameters which are sensitive to problems manifesting themselves in:

a) Low frequency band - 0.3*running speed to 1000 Hz range
b) High frequency band - 500 to 20,000 Hz range

The respective parameters are:

a) RMS Velocity in the low frequency band
b) Absolute Peak Acceleration® in the high frequency band

'Observed over multiple machine rotations (20 suggested when feasible)



For the high frequency band parameter (absolute peak g-level), a chart for
recommended alert levels are presented in Figure 1. These levels are
recommended as an initial starting point. Individual experience may warrant
refinement. The cases selected consist of a lubrication issue, defective
inner race, cracked inner race, balancing problem, and a case where only
two overall measurements were used (low frequency RMS velocity and
high frequency peak acceleration.)
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Recommended alert levels for the absolute peak g-level parameter



Case 1l
Lubrication Issue

The first case is a High Polymerize Agitator that turns at 10 RPM. During
an outage, one of the maintenance tasks was to clean out the grease
packed bearings and repack them with fresh grease. The machine was
placed in the outage on October 21, 2002 and returned to service in March
2003. A trend plot of the absolute peak g-level (each peak reading was
observed over 2.6 Revs) is presented in Figure 2. The absolute peak g-
level was below the Alert level of 0.2 g’s prior to the outage (see Figure 1
for recommended alert level). Following the startup, the Peak g-level was
near 0.5 g’s, which indicated a fault was present. This initiated the
diagnostic team to identify and correct the fault. By the time the probable
cause of the fault was identified as the lack of lubrication (perhaps bearing
was not repacked in grease), the Peak acceleration had Increased to about
0.7 g’'s. At that point, grease was added to the bearing until the Peak
acceleration returned to the level that was present before the outage
around 0.2 g’s.
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Trend plot of the absolute peak g-level for the Polymerize Agitator



Case 2
Defective Inner Race

The second case is an inner race bearing fault on the output shaft (turning
at 156 RPM) of a Hot Mill Pinion Stand Gearbox. Both the high frequency
Peak acceleration (g) and the low frequency RMS velocity parameter (ips)
were trended over a two-year period. The trend for the high frequency Peak
acceleration is presented in Figure 3. For a shaft turning at this speed, the
recommended Alert level (see Figure 1) would be set at 1.6 g’'s. In Figure
3, this level was reached around 600 days into the trend.
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Figure 3
High frequency Absolute Peak g-level parameter trend
as well as the Peak g-level spectral data

The spectral data in Figure 3 identifies the fault as an inner race fault. The
low frequency RMS velocity was also trended over the same time. It
remained reasonable constant fluctuating around 0.03 ips for the entire 800
days of observation. The bearing’s inner race (Fig. 4) as found to be
severely cracked and replaced. The trend parameters returned to their
original low levels following bearing replacement.



Figure 4
Picture of defective bearing from the Hot Mill Pinion Stand Gearbox



Case 3
Cracked Inner Race

The third case is a cracked inner race on a Press Suction Roll in a paper
machine running at 220 RPM. For this speed machine, the Alert level
recommended in Figure 1 is 2 g’s. The peak acceleration spectra and time
waveform acquired on June 5, 2003 are presented in Figure 5. The peak
acceleration of 14 g’s is significantly greater than the recommended Alert
level of 2 g’s. A picture of the cracked inner race is presented in Figure 6
showing significant damage had occurred.
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Figure 5
Peak g-level spectra and time waveform in peak g’s from the Press Suction Roll
acquired on June 5, 2003. The peak g-level is 14 g’s.

Figure 6
Picture of the Bearing with cracked inner race from the Press Suction Roll



Case 4
Balancing

The fourth case is for a high-speed fan (3300 RPM) with a balancing issue.
The velocity vibration data (trend and spectra data) are presented in Figure
7. The trend data covers a time of one year. The trend of the peak velocity
(units of ips) shows a peak of around 0.35 ips occurring on March 18, 2004.
The spectral data presented in Figure 7 is at the time when the peak in the
trend occurred. The only activity in spectral data is at one and two times the
fan running speed (typical for a machine running out of balance). The trend
of peak g-level and spectra from the high frequency data are presented in
Figure 8. The suggested Alert Level from Figure 1 for this machine is 5 g’s.
The conclusion from the data presented in Figures 7 and 8 is the low
frequency band velocity data are sensitive to balancing issues but the high
frequency data are not.
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Case 5
Two Parameter Measurement

The fifth case is from a standard accelerometer (IMI Model 603C01)
mounted on a centrifugal pump. The sensor was connected to an
EchoPlus® Wireless Junction Box (IMI Model 672A01). RMS Velocity and
the True Peak Acceleration are two parameters computed within the
junction box, periodically at time intervals preset by the user. The
parameters are then transmitted wirelessly from the junction box to a
central receiver and data collection software. The overall velocity
parameter data are presented in Figure 9. The trend window is about 6
months. The dropout was when the machine was shut down for bearing
replacement.
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Figure 9
Trend data for the RMS velocity parameter on the centrifugal pump over 6 months

The RMS velocity trend parameter did not change very much from before
until after the bearing change out on January 15, 2013(Fig. 9). In contrast,
the True Peak Acceleration went from a peak of 27 g’s prior to bearing
change to a quiet 1 g following bearing change out. The fault chart in
Figure 1 suggest that an alert level for this speed machinery should be set
at 5 g’s which is well above the 3 g level in Figure 10 following the bearing
change out. A picture of the inner race from the defective bearing is
presented in Figure 11.
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Trend data for the Peak g-level parameter from the centrifugal pump over 6 months

Figure 11
A picture of the inner race of the bearing removed from the centrifugal pump
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In the case of the Echo® Wireless System, the band filtering is slightly
different than discussed in the Background section. The low frequency
band measured by the RMS Velocity parameter is about 3 Hz to 2300 Hz
for velocity. It is also recommended that alarms should be set a little lower
(50% of normal) when monitoring low speed machinery (<180 rpm) with
this system. The high frequency band measured by the True Peak
Acceleration parameter is 2.3 to 15 kHz.
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Conclusions

The case studies in this paper demonstrate that many vibration problems
common in industrial machinery can be detected and their severity can be
approximated by trending two key parameters. These two parameters are
the RMS velocity for the low frequency range and the peak acceleration®
for the high frequency range. The overall velocity parameter, nominally 0.3
times running speed to 1000 Hz, is most sensitive to problems such as
balancing, alignment and looseness. The Peak Acceleration parameter,
nominally 500 to 20,000 Hz, is sensitive to problems that lead to impacting,
friction and fatiguing. As the problems worsen, both of these parameters
generally will trend upward.

The two parameters identified above offer an alternative to the normal walk
around predictive maintenance approach where measurement points are
identified and extensive vibration data acquisition and analysis are carried
out. The purposes are to identify those machines having vibration related
problems and asses the severity of the possible fault. This requires
specialized hardware, software and skilled analyst. Usually the sensor is an
accelerometer that is temporarily mounted to the measurement point until
the data acquisition at that point is complete. This procedure is repeated
until all data are acquired, and this could possibly require a few hundred
measurement points per day. The two-parameter approach would require
an accelerometer be permanently mounted on each measurement point.
The time interval between subsequent measurements would be
significantly reduced relative to the walk around approach, such as 8 hours
compared to one month or one quarter. Vibration measurements only once
per month may be insufficient to prevent failure from serious lubrication
faults.

'Observed over multiple machine rotations (20 suggested when feasible)
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Recommendations

It is recommended that the two-parameter program discussed in this white
paper be considered in part (or fully) for predictive maintenance activities.
The advantage of the two-parameter program lies in its’ simplicity of
execution. One or both of the parameters would have Alert and Fault levels
preset. When these parameters are exceeded, the staff would follow a
preset procedure to respond. It could be as simple as having an analyst to
verify the fault and define the next set of actions. Or it could be changing
out the component that has exceeded the fault level.

Executing the two-parameter approach does not require a highly skilled
vibration analyst team or current advanced equipment employed in the
walk-around predictive maintenance program. This method does require a
permanently mounted accelerometer at each monitoring point. IMI carries
an extensive inventory of low cost industrial accelerometers (603,607 and
608 series). Once the sensors are mounted, there must be a way to
forward the status of each to appropriate staff. IMI Sensors offers a 4-20
mA Transmitter (682B05) specifically designed for Bearing Fault Detection.
This unit can be connected to any standard ICP® accelerometer and
provides both an overall RMS velocity and True Peak acceleration signal
for communication with a PLC or DCS. Its RMS measurement covers the
Low Frequency band at 10-1000 Hz, and its True Peak measurement
covers the High Frequency bandy at 1 or 5-100 kHz (depending on internal
settings.) The 682B05 Bearing Fault Detector also has a third output for the
raw acceleration signal, which is useful for detailed diagnostics with a data
collector.

IMI Models 607A11, 682B05, and 649A03
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IMI Sensors also offers the Bearing Fault Detector Plus (model 649A03),
which combines filtered transmitter electronics and accelerometer into one
small package. This unit can be mounted directly to the bearing housing
and connected to a PLC or DCS. Although it can only output one
measurement at a time, this unit has 5 measurement options: RMS
acceleration, True Peak acceleration, Compensated Peak acceleration
(using bearing diameter and speed to normalize output), Crest Factor, and
Crest factor Plus (based on original combination of the peak, RMS, and
crest factor) for improved detection on variable speed machinery. Similar
to model 682B05, model 649A03 has an over RMS acceleration output
(high pass filtered at 2500 Hz) and True Peak acceleration output (high
pass filtered at 250 Hz.)

Echo® Wireless Vibration System

Finally, the parameters could be sent back via the IMI Echo® Wireless
Vibration Monitoring System. The strength in Echo® lies in the transmission
range you can have between the sensor and the receiver. It can transfer
vibration measurements across a distance of 2500’ to 72 mile in typical
industrial environments. This narrow bandwidth system allows for vibration
monitoring of hundreds of points across an entire plane; however, it has
limited data transfer rate. Therefore it is not practical to send the raw
vibration waveform data back using Echo®, but the periodic filtered
measurements work perfectly with the Two Parameter method.
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2241 | 3-8 NDE Pump (2)

32860 | CF3 R1B Ex Pump
2241 | 4-5 NDE Maotor (2)

32865 | CP4 Main Hot Oil
Pump 1600 | 5-2 DE

32870 | CP4 Main Hot il
Pump 1601 | 5-7 DE Pump.

32875 | CF3 Main Hot Oil
Pump 1600 | 6-4 NDE
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As seen in Case 5, both low frequency and high frequency faults can
measured accurately and detected early using the Two Parameter method
with the values transmitted by the Echo® Sensor and EchoPlus® Junction
Box. This allows a Predictive Maintenance program to efficiently operate
and only focus on full spectrum data collection and analysis when
necessary. Using the Echo® software pictured above, condition monitoring

can be done at-a-glance with the various vibration trend plots and alarm
panels.
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Whatare the divisions of PCB?

PCB Piezotronics, a member of the PCB Group families of companies, has five major divisions, all of which offer targeted sensor technologies. These divisions are
supported by an active outside direct sales force of Field Application Engineers, as well as international direct sales offices throughout the world. Individual PCB
Piezotronics divisions, locations and their primary product specialties include:

CPCB PIFZ0TRONICS i V7 otsure, acausi, o, torqu, oad, s, shak & vitin sensors,

P

D ,NY, USA - .pch. -S &1 ion f
GAEROSPACE & DEFENSE ae‘:g:;:ce& defense\;v[\)/\[/)\f\i/cg?cioﬁts)?}ﬁ:?l:gisnpgagﬁ andi[[])jaz:escraf{]igslm\(ar.]tatmn ”

A PCB PIEZOTRONICS DIV.

Farmington Hills, MI, USA - www.pcb.com/auto — Sensors & Instrumentation for
automotive testing, including modal analysis; NVH; component durability;
powertrain testing; vehicle dynamics; safety and regulatory testing.

QAUTOMOTIVE SENSORS

A PCB PIEZOTRONICS DIV,

!‘
O Depew, NY, USA - www.imi-sensors.com — Industrial vibration sensors, bearing
IM’SENSORS @ A fault detectors, mechanical vibration switches, panel meters, cables & accessories

A PCB PIEZOTRONICS DIV. for predictive maintenance and equipment protection.

Depew, NY & Provo, UT, USA www.larsondavis.com — Precision microphones,
sound level meters, noise dosimeters, audiometric calibration systems.

@LARSON DAVIS

A PCB PIEZOTRONICS DIV.

San Clemente, CA, USA - www.pch.com — Research & development engineering
center for special technologies.

Seattle, WA, USA - www.pch.com — Process development and fabrication of
MEMS sensors.

CPCB PIEZ0TRONICS

MEMS ADVANCED DESIGN CENTER

PCB Group Companies

Farmi Hills, Ml, USA - .pebload .com — Desi d
PCB lOAD & TOROUE maal;llt;;:cgtlu(::s hlighsquality, prec;g;l(\)”r?llggd ((:)ZIIE(,):/?/EZeCIOfTrce tfasr:gglsjcaenrs, torque

A PCB GROUP COMPANY transducers, telemetry systems, and fastener torque-tension test systems.

|
A Cincinnati, OH, USA www.modalshop.com — Global leader in dynamic calibration
X \ offering a complete line of automated calibration systems and recalibration services
STMS DYNAMIC METROLOGY to support dynamic vibration, pressure and force sensors in applications such as:
A PCB GROUP COMPANY national standards, commercial labs, government/military research, consultancies,

and industrial/plant floor operations.

Rochester, NY, USA - www.sti-tech.com — Mechanical engineering consulting firm
° specializing infinite element analysis, advance analytical techniques,

Stl experimentation, technology development, &design optimization for turbo machinery,

industrial machine systems & mechanical structures.

technologies

A PCB GROUP CO

MM SENSORS

A PCB PIEZOTRONICS DIV.

Toll Free in USA 800-3959-4464 = 24-hour SensorLine$™ 716-684-0003
E-mail imi@pch.com = Web Site www.imi-sensors.com
S0 9001 Certified m AS9100 Certified m AZLA Accredited to ISO 17025




