


power and mounting and can be
summarised as follows:

CLASS | - Production electric
motors up to 15 kW

CLASS 1l - electrical motors with
outputs of 15 - 75 kW

CLASS Il - Large prime movers
and other machines with rotating
masses on rigid and heavy
foundations, which are relatively
stiff in  the direction  of
measurement.

CLASS IV - Large machines on
soft foundations, which are soft in
the direction of vibration
measurement (e.g. gas turbines and
turbo generator sets with outputs
greater than 10 MW)

2.2 The ENTEK IRD
perspective

Classification

It has been ENTEK IRD's

experience that these BS categories
'slightly modified', can be utilised to
result in an effective classification
of machinery for both measurement
set up and alarm generation. This
amended classifications are as
follows:

CLASS | - up to 15kW
CLASS Il - 15 - 45kW
CLASS Ill - 45 - 80kW
CLASS IV - 80 - 150kw
CLASS V - over 150kW

Failure Modes

Prior to establishing the
measurements to be made on a
machine within any predictive
maintenance system, the failure
modes should be considered. Once
we know what faults we are looking
for, then it becomes possible to
establish the measurements required
to successfully detect these faults.

The most common faults
detectable with modern
measurement techniques are as
follows,[2]:

Shaft Unbalance
Misalignment of motor / pump

Bearing failure

Bent Shaft

Mechanical Looseness
Cavitation

Measurement Techniques

With the aforementioned failure
modes in mind, measurements may
now be defined.

Almost all failure modes may be
detected using velocity
measurements, however, early
warning of rolling element bearing
(REB) failure is best detected
utilising a specific REB assessment
technique such as Spike Energy

(gSE) or Envelope  Signal
Processing (ESP).

Velocity

There are various methods

documented in the application of
the velocity measurement parameter
to rotating equipment. The ENTEK
IRD approach is very simple, yet
has proven to be extremely
effective.

The frequency range is determined
by the unit running speed and is set
to 20x rpm. This ensures that these
common failure modes are

captured, the highest frequency to
detect generally being twice blade
pass frequency.

Unbalance, Misalignment and
looseness all occur at frequencies
less than 10x rpm, and since a
separate measurement technique is
employed to detect rolling element
bearing faults, there is no need for a
higher fmax to be defined.

A standard resolution of 400 lines is
employed in conjunction with 4
averages and a Hanning data
window.

Signal detection is set in accordance
with customers alarm standards and
guidelines i.e. if BS 7854 is being
employed; then Peak signal
detection is employed.

High Pass filters are applied to the
signal during collection to remove
any low frequency wash over or ski
slope.

ESP & gSE

Envelope Signal Processing (ESP)
and g Spike Energy (gSe) are
techniques developed to detect the
early signs of rolling element

bearing wear. Both techniques
employ the use of high frequency
filtering and signal processing to

extract the repetition rate of

periodic impacts (characteristics of
rolling element bearing faults) from

a machines vibration signal. Both

techniques have been proven to be
extremely effective in the early

detection of rolling element bearing

faults.

ESP

Envelope Signal
essentially a two-stage
demodulation technique, which
extracts the high frequency range
shown and obtains a signal
containing just the impacts. [3]

Processing is

The first stage of the process is to
pass the signal through a band-pass
filter to reject the low frequency
machine vibration and the very high
frequency random noise, and leave
the bursts of narrow band bearing
signal. The band of the filter should
be centered on the resonant or
carrier frequency (fr) shown in the
figure 1.
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Figure-l

After filtering, the signal consists of
the chosen resonant frequency with
side frequencies corresponding to
the defect frequency and its
harmonics and the running speed
and its harmonics.



The second stage of the process is
the demodulation or Envelope

Detection process. The filtered

signal is rectified which produces a
signal consisting largely, of the

defect frequency and its harmonics,
the running speed and its
harmonics, and an associated
energy level, often called the

‘carpet’. The signal is then passed
through a low-pass filter which

smoothes the signal and removes
the last traces of the resonant
frequency.

Finally, this enveloped signal is
frequency analysed to give the
enveloped spectrum, which contains
very many less frequencies than the
original signal.

This spectrum shows peaks at the
defect impact rate, and can identify
the fault to a specific part of the
bearing i.e. Outer-race, Inner-race,
Cage or Ball.

As a rule of thumb, ESP
measurements are usually set up
utilising a 2.5 - 5 kHz envelope
fiter and have an fmax set at 20x
running speed. This setting will
enable the detection of at least the
second harmonic of the Inner race
defect frequency to enable effective
bearing condition assessment.

gSE

Getting to the details of bearing
defect frequencies using gSE
requires a three-stage approach.
First, the time domain signal is
filtered via a band-pass filter with a
selectable corner (figure 2) [3]
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Next, the signal is routed through a
peak-peak detector to extract the
repetition rate relating to the
particular bearing defect. Lastly, the
spectrum of this demodulated
spectrum is developed to show the
particular bearing defect frequency
and its harmonics (figure 3).
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Figure 3
Alarms

Velocity measurements

The classification of machinery in

accordance with an adaptation of
BS 7854 allows for alarm values to
be set utilising the guidelines set in
this standard for  velocity

measurements only.

BS 7854 sets 4 evaluation zones,
Zone A, Zone B, Zone C and Zone
D. The vibration levels within each
of these zones is expressed in terms
of mm/sec Peak. These zones are
defined as follows:

Zone A - The vibration of newly
commissioned plant would
normally fall within this zone.

Zone B - Machines with vibration

in this zone are normally considered
acceptable for unrestricted long-
term operation.

Zone C - Machines with vibration
within this zone are normally
considered unsatisfactory for long-
term continuous operation.
Generally, the machine may be
operated for a limited period in this

condition until a suitable
opportunity arises for remedial
action.

Zone D - Vibration values within
this zone are normally considered to
be of sufficient severity to cause
damage to the machine.

ENTEK IRD utilises this standard
to set preliminary velocity alarm
limits during the installation of any
predictive maintenance system. A
two level alarm approach is
implemented providing warning of
abnormal machine operation, and
then fault confirmation.

The lower, or Warning alarm is set
by extracting a value from the
centre of Zone C. The upper, or
Fault alarm value is determined in
the same manner but utilises the
guidelines in Zone D.

These initial alarm values are
illustrated in Table 1.

It is stressed that these values are
used only as initial alarm settings.
These levels are open to constant
review during the initial 12 month
period of system operation, and
once sufficient data has been
collected they are replaced with
statistically generated values.

Statistical alarms are generated
usually after a period of 12 months.
This allows for sufficient machinery
data to be collected so as to
generate a good statistical trend and
average.

The two level alarm philosophy is
maintained with these statistical
alarms. Statistical alarm values are
calculated as follows:

Warning Alarm = Avg + 2 sigma

Where  sigma is  the
standard deviation
associated with the FFT

frequency line.

Machine Classification
Based upon kW rating

Warning Alarm Level
mm/sec Peak

Fault Alarm Level
mm/sec Peak

Class | | up to 15kW
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Class Il 15 - 45kwW 4.5 7.5
Class lll 45 - 80kW 6 9
Class IV 80 - 150kW 7.5 12.5
Class V over 150kwW 10 20

Fault Alarm = Avg + 3 sigma

These calculations provide a good
starting point when generating the
alarms, any modification required is
done at the engineer’s discretion by
the inclusion of an additional
percentage offset i.e.

(Average + 2 sigma) + 50% etc.

The EMONITOR for Windows
software makes the generation and
modification of these alarm values
simple through the use of Machine
Categories, and the ability to
include these category variables
within the statistical calculations.

ESP Spectrum measurements

A characteristic of rolling element
bearing failures is that the ESP
Spectrum carpet level or threshold
will increase by a level of 20dB
once damage has occurred. This
feature may be utlised when
generating alarms for ESP
measurements so as to result in an
effective spectral band alarm.

The increase of 20dB equates to an
increase  of  1000%. When
generating an alarm for an ESP
spectrum measurement the first step
is to find an ESP measurement
indicative of healthy condition. This
measurement is next labelled as the
“baseline” for this point. A
narrowband/spectrum alarm may
then be generated using the
following calculation:

Warning — Above Baseline + 500%
Fault — Above Baseline + 1000%

These two alarms will now indicate
abnormal operation i.e. poor
lubrication, and then any
subsequent defects that may occur.
The following plots (plots 1, 2 and
3) illustrate the  successful
application of this strategy.

Plot 1 illustrates an ESP spectrum
collected from a healthy rolling
element bearing. There are no
suspect frequencies and the carpet
level can be seen as approximately
95dB.

Plot 2 illustrates the same ESP
spectrum along with two alarms.
The alarm levels have been
calculated utilising the
aforementioned formulae.

Plot 1

Plot 2

The final plot in the series; plot 3,

illustrates an ESP spectrum taken
from the same bearing with defects
on the outer raceway caused by
false brinelling.

Plot 3

Table 1

Plot 3 shows the outer race defect
frequency along with it's first and
second harmonics has penetrated
the alarm envelope.

3.0 Frequency of Collection

Predictive Maintenance is all about
establishing a model of normality.
Consequently, the most important
task on commencement of a PM
program is to collect enough data to
establish what is normal.

3.1 A little theory

Without getting too deep into the
realms of dynamics, there are some
well established rules that govern
dynamic forces within rotating

machinery.

The centrifugal force increases
as the power of the speed. i.e.
speed doubles - ¢ force x 4.

Unbalance and misalignment,
when present at the higher
severity levels, see ref [1], will
reduce bearing life by up to
90%.

The above two rules must be
considered when mapping out the
collection interval for a machine.

3.2 First 2-3 months

Collect vibration readings every 2
weeks on rotors running at speeds
between 50-4000 rpm. Every week
on rotors running at speeds in
excess of 4000 rpm.

3.3 During the Program

Running Cond Interval
Smooth < 2k rpm = 2 months
Rough < 2k rpm =1 month

Smooth > 2k <4k rpm =1 month
Rough > 2k <4k rpm = 2 weeks
Smooth > 4k rpm = 2 weeks
Rough >4k rpm =1 week



The collection interval table shows
the ideal measurement interval for
machinery included in a PM
system.

Note, after 1 year the 'Effectiveness
Analysis' described in section 1 may
alter the collection interval to
further optimise the PM program.

3.4 Non Vibration techniques

Vibration is by no means the PM
'panacea’, very successful PM
programs can be implemented to
include just overall or even no
vibration monitoring at all. It is

noteworthy however, that in the
case of critical machines, the fault
pinpointing capacity that vibration

provides is unique.

Thermography - Very useful for

pinpointing hot spots against a
lower ambient. Best done under
contract unless the use is up around
2 days/week.

Acoustic Emission -Very useful as a
gross indicator of pump condition,
and particularly useful on very slow
speed machines < 200 rpm. Low
cost and easy to use.

Bearing Temperature - Low cost
way of testing for under or over
lubrication. Long term bearing
temperature monitoring can provide
some indication of later stages of
bearing wear.

Oil Analysis - Where a gearbox,
sump or pillow bearing is included
in the pump set. A full
spectrographic analysis would be
recommended every 3 months in
most cases. Water ingress checks
are required weekly on turbine or
jacket cooled pumps.

4.0 Conclusions

Predictive Maintenance programs
can be applied to pumps, and
subsequently optimised by
following these four steps.

Is PM required ?

What level of PM to Apply
How often ?
Effectiveness analysis

The completion of each stage is
discussed within the text. It is the
considered opinion of the authors
that the future of a PM
implementation lies in the
completion of the first and last
steps. Not as is often assumed the
more  technical aspects  of
implementation.
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