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Vibration measurements
in predictive maintenance

Introduction

In July 1980, the first production
unit at the Mobil plant of Latour was
started up.

Starting a new plant entails the es-
tablishment of a maintenance de-

eriodic or predictive p

Nowadays the concept of preven-
tive maintenance is widely recog-
nised. In the process industry where
the equipment is generally expensive
and big, preventive mainienance
proved economically sounder than
run-to-break maintenance. An added
henefit is a much safer operation.

Historically, periodic preventive
maintenance was the first preventive
type of maintenance to arise. It is
based upon statistical background,
that has been questioned quite a lot
in recent years. It is based on the
concept that the failure rate Iin-
creases after a given number of run-
ning hours and that the period with
low failure rate is constant for a type
of equipment.

However, it is obvious that this
troublefree operation period before
maintenance if really needed varies
greatly according to load conditions,
production tolerancies, assembling
conditions...

If a good reliability is requested
between overhauls, this period must
be shorter than the shortest time be-

partment with its workshops, labora-
tories and stores. But above all, it
entails decisions about stategy, or-
ganization and maintenance meth-
ods. We shall try to give a brieft ac-
count of our experiences over the

reventive maintenance ?

tween failure. Thus, a large number
of unnecessary overhauls will be
carried out on machines that could
have been kept in operation for a
much longer time.

by Christian Claessens,
Mobil Plastics Europe Inc.

last two and a half years, the alterna-
tives chosen, the techniques em-
ployed and the results obtained.

Furthermore, these overhauls are
expensive in terms of spare parts,
labour and downtime production
losses. Even more serious is the fact
that increasing overhaul frequency

L
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also increases the number of human
errors during dismantling, reassem-
bling and starting-up.

Obviously the ideal method would
be to perform preventive mainte-
nance at irregular intervals, depend-
ing of the actual condition of the ma-
chine. This is the aim of predictive
maintenance.

The main difficulties of this meth-
od are clear:

a) the actual condition of the ma-
chine must be known at any time

b) any change of condition, or fault
development, must flash a warn-
ing with enough lead time.

Lead time is necessary to:
1. enable a scheduled shut-down
which must not significantly dis-

turb production

2. inform and prepare the mainte-
nance crew

3. prepare or store the necessary
spare parts and tools.

Getting the monitoring program started

Machine condition monitoring Is
based on the periodic, and some-
times continuous, measurement of
one or several parameters. The evo-
lution of these is considered to be
representative of the actual condi-
tion of the machine.

This implies the analysis of the
trends, starting from a reference
measurement, taken when the ma-

chine was considered to be in per-
fect working condition.

The choice of the parameter to be
monitored and the measurement
technique have therefore a tremen-
dous impact on the efficiency of the
predictive maintenance.

The sensitivity must be good
enough to allow measurements with-

The condition monitoring of the
machine is therefore the key in such
a maintenance system. The monitor-
ing must be technically well suited to
the equipment and organized with
the greatest possible care. It should
be performed with enough personnel
and good quality equipment.

Predictive maintenance is the
method we are using on the five pro-
duction lines of our plant. Only some
machines, with a large amount of
fast wearing parts are maintained on
a periodic base.

in a reasonable time inverval, partic-
ularly if periodic monitoring is used.

Taking into account the variety of
machines and the number of param-
eters that can be chosen, it is gener-
ally not possible to limit oneself to a
single type of measurement on all
the equipments.
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* SPM: Shock Pulse Meter

Table 1. Monitoring programme



Parameter Phase 1 _ije_ct.e"d, i“C-lﬁésiéa}lﬂ ﬁ"iethad Phase 2 (mth deSjk-c-nmpm"er')
Nur-h_.b_"e-r”'-_ Av‘eragef Number _Ave'ra'g_e'-' ‘| Number | Average
Perio- | mea | p-er' [ Perio- | mea- oer Perio- mea-— | per
A sure- | month | YOt sure- | month | Y | sure- | month
~ points | minutes) | | points | minutes) | | points | minutes)
(spectral analysis) | 6weeks | 400 4000 | 6weeks | 800 | 8000 | 4weeks 800 - 3200
Shockwave measure- R S A T R BN S
ments Bweeks | 750 | 1500 | 6weeks | 800 .| 1000 | 4weeks | 800 2400
Analysis of oil dmonths | ~ 1200 | . 200 |3months | 200 | 330 [ 3months | = 200 867
Analysis of water | 1 week 13 780 | 1week | 15 - 800 Tweek | 15 - 900
Analyse and classification | R I | g | | M
of data B - 3600 | 6020 2313
Diagnostic and decision- R o L
making 1000 1 1900 1000
Total time 11080 | ] 18750 - 10480
. + + a— e 4 : . o S SR — -
‘Number of hours per o
month 185 313 - 175
Number of operators one two- one
Time required from -
engineer | 10% - 20% 10%
L I _1 - } ] L |

1hese times do not include:
— Training of personnel

Physical placement of the measurement points (bolts, tappets, measurement points tagging, sampling points, etc.)

For the case of our plant, we have
briefly described the monitoring pro-
gram in tabile1.

On reading this table, it will be rea-
lised that the task requires quite a lot
of investment in instruments, but
also a 1ot of manpower. Not only is it
necessary to perform the measure-
ments but to file all data and follow
up their evolution. Any discrepancy
must trigger a sequence of events:

1. Decreasing the time interval of
the measurements on the mea-
suring point where the discrepan-
cy was detected.

2. Additional measurements are
taken in an attempt to produce a
diagnose.

3. Planning of an overhaul during a
scheduled shut-down.

When the number of measuring
point exceeds about one hundred,
the question arises whether or not to
use a computer to handle the results.
In the early beginning, our program
was completely “manual”. The re-
sults of this first phase, together with
the increase in data volume due to
plant extensions, led us to consider
the use of a desk-computer.

Table 2. Personal resources required

To explain the problem more
clearly, table 2 shows the work load
related to the monitoring program.

The columns entitled “Phase 17
show the work load at the beginning
of 1982; the columns under "Project-
ed” show the workload for an in-
crease in the number of measure-
ment points without the aid of a
desk-computer; the columns under
“Phase 2”7 show the “desk-comput-
er” solution which has actually been
installed.

It is immediately evident that the
use of a desk-computer enables a
spectacular reduction in the time
dedicated to vibration measure-

ments and in particuiar to the spec-
tral analysis.

Thus we were able to double the
number of measurement points, re-
duce the interval between measure-
ments (from 6 to 4 weeks) without an
increase in personnel.

Furthermore the effectiveness of
the system was found 1o be vastly
improved. In fact:

1. The operators were relieved of a
particularly boring job; the
monthly analysis and the visual
comparison of the spectra devel-
oped into a routine and led to a
loss of attention. A machine may
run for years without problems;
this represents a considerable
quantity of data which have no
interest, and only serve to make
the task more boring.

Thus if a modification appeared
in the form of the spectrum, the
probability that it would go unno-
ticed was increased. This also led
the operator to no longer perform
the spectral analysis and to be
content with an overall level mea-
surement (r.m.s. velocity for ex-
ample). The automatic compari-
son of a spectral analysis with a
memorised reference measure-
ment enables the operator to
dedicate his time to more inter-
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This implies pre-set equipment,
an easy procedure, as well as
well-prepared measurement m}wm e o
points with clear identification. - RO e
he method of operation must be ' & :
simple and clearly defined
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s s P P e A S
T

eI

e U e e e

I

The great advantage of such a

rocedure is that it permits data
to be gathered by the mainte-
nance team on watch for example
at night or at week-ends, with a 3. The automatic analysis of the estimation, reading, scale and
minimum of supervision. data greatly reduces the errors of subjective impression

Instrumentation and methods for measuring vibrations

n the first phase, the monitoring
orogram included an analogue ana-
lyzer with filters and automatic
sweep system. This system allows a o
spectral analysis to be obtainedona | |
graphic level recorder. '

Desk computer

Furthermore, a certain number of S I O -~ Tape Recorder 7005
simple machines (fans, smali pumps
were only monitored by overall level
measurement (r.m.s. velocity, and on
some the crest factor) by means of a
small vibration meter.

Signal

Microphone

The majority of the SPM measure-
ments were performed using a hand-

held probe, without a measurement - | —
1t . FFT Analyzer
stud. : | 2033

e have progressively:

. Increased the number of ma-
chines on which a complete spec- Srinter
tral analysis is performed. T . e e - —— ¥.Y Recorder

| o | ) | - 2308

2. Mounted fixed measurement
studs on all the bearings moni-
ored by the SPM analyzer.

Floppy Disk

3. Mounted transducers permanent-
ly and have regrouped the wiring
together for SPM measurements
at points where access to the

earings is difficult or dangerous
for the operator. | Fig. 1. Measurement system (phase 2)

832014




Finally, during recent months, we
have started a second phase where
the measurements are assisted by a
desk-computer.

Measurement system in the
second phase

Our measurement system is built
essentially around the Briel & Kjaer
FFT analyzer Type 2033 and a Hew-
lett-Packard Calculator Type 9826
(see Fig.1).

The software employed is Briel &
Kieer module WH 1226 which we
have slightly modified to meet our
specific needs. It should be noted
that programs to deal with the other
measurements (SPM, analysis of oil
and of water) are being prepared.

It is most important that these pro-
grams can be operated by non-spe-
cialised personnel. The programs
are therefore built up with a “menu”
(iInteractive language.)

We have two programs dedicated
to monitoring and a series of pro-
grams which enable the diagnostic
possibilities of the FFT analyzer to
be fully exploited.

The calculator completely controls
the analyzer via the IEEE interface.

The dedicated monitoring pro-
grams enable;

a) The definition of a reference
spectrum which can then be
stored on disc. To avoid having
to store several constant band-
width spectra (in order to cover
all the spectrum with a sufficient
resolution), the calculator con-
verts spectra to constant per-
centage bandwidth. Three spec-
tra, linearly averaged, having re-
spectively bandwidths of 100,
1000 and 10000 Hz, are converted
to a spectrum with a logarithmic
frequency scale. The resolution
of this spectrum can be varied,
with a maximum of 60 bands/de-
cade. If machines with variable
operating speeds are monitored,
it may be of interest to reduce the
resolution slightly (e.qg. 15 bands/
decade). This spectrum serves as
a reference base for all further
measurements. 1t should be noted
that for machines with variable
speeds and/or variable loads, it

Briiel & Ki®r

Time Function Start: seconds

......

End: : sat0 nds

Fuil ﬁcaie: Level: 3 MM/S
F.S. Frequency: 10 kKHz -

Weighting:___H
Average Mode: L

No. of Spectra: 16
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.......................................

' Camments. __ e e e
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Fig. 2. Reference spectrum after conversion to filters of constant percentage bandwidth
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Fig. 3. Alarm levels calculated from the spectrum of Fig.2.
Dynamic range: 40dB

Limit at maximum ampliitude:

4dB

Limit at minimum amplitude: 10dB

may be necessary to establish
several references depending on
the operating conditions.

b) The performance of the routine
monitoring. The measurements

are recorded on magnetic tape
(one minute’'s recording at each
measurement point) and accom-
panied by a commentary made by
the operator into a microphone. It
should be noted that separate


http://theoperatorintoamicrophone.lt

charge amplifiers are employed
although in the near future a tape
recorder with built-in ampiifiers
will be used. This will practically
reduce the control manipulations
to a simple start/stop operation.

When a certain number of mea-
surements have been performed,
the tape recorder is connected to
the analyzer and the reference of
the first measurement is recalled
from the mass storage.

The calculator then generates a
“mask” by taking a band on both
sides of each spectral line with a
value of 2 to 6 dB greater than the
amplitude of the line.

Fig. 4. New spectrum. Compared to Fig.2, there
is an increase in ampiitudes between

170Hz and 2000Hz

If the new measurement “fits”
into the mask, that is, if no spec-
tral line is greater than the mask,
then no alarm message is pro-
duced. If on the contrary, a spec-
tral line exceeds the mask level,
then an error message is pro-
duced, (Figs.2 to 5).

Methods of analysis and diagnosis
When an anomaly is registered, ei-
ther from the frequency analysis or
from the SPM measurements, the
next problem is to produce a diagno-
sis and to estimate the probable op-
eration time before breakdown.

Other measures of monitoring can
alse supply complementary informa-
tion or verification. For example an
anomaly in a gear, detected by fre-
quency analysis can be confirmed by
the increase in the amount of debris
in the oil or by a change in the de-
bris’ grain size.

Moreover, we use true diagnostic
methods:

— Stroboscopic anatysis: particu-
larly useful in the analysis of belt
drive transmissions and particu-
larly timing belt drives.

Fig. 5. Generated messages
1. File 1. no evolution
2. File 3: alarm message with increases
at 171Hz and 185Hz (corresponding to
Fig.4)

Briel & Kjar

Time Fungtion Start:

seconds End: seconds Mot Expanded:

Expanded:

Full Scafe Level: = MM/S

F.5. Frequency: 10 kHz
Weighting: H

Average Mode: L

Mo, of Shectra: 16
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Record No.: /000
Crate: Gﬂtﬁber 2?

Sign.:

QF 1002

i_._._._._.._.i.-.-.-.._....-.-.....-..__.....-.-.... e e R N FE R F N Ry IR EEREEEF IR RN F ] EERE] EEERR] EEEE]
- -
: : -
-
-
-

...............

.........................

Measuring Object: o

.....

aaaaaaaaaaaaaaaaaaaaaaaa

832009
MOBIL PLASTICS EURGPE
Maintenance Department
Surveillance de routine des machines tournantes
YT TIZ222221
Reference vient du fichier: 1
Identification: MOTEUR PRINCIPAL MDO
Nouvel le mesure:
Identification: 18 SEPTEMBRE 1982
Comparaison des spectres
PAS DE CHANGEMENT SIGNIFICATIF DETECTE
Reference vient du fichier: 3
Identitication: MOTEUR PRINC.ETLZ
Nouvelle mesure:
Identification: 18/9/82 SPEC
Compensation de vitesce
La reterence memorisee est 1/7.50H:
La nouvelle frequence est: 20.725Hz
COMPENGSATION: 2CH
Comparaison de spectres
FREQUENCY INCREMENT INPUT LEVEL REF. LEVEL
(Hz) (dB) (dB) (dB)
171 35.1 95, 1 60.0
185 8.8 66.0 5/7.2
832027




— counting of SPM impulses: in the

case of bearings rotating at very
low speed, the amplitude of the
pulses is not always indicative of
the bearing condition. We prefer
to use a counter over a one min-
ute interval, or a graphical re-
cording of the impuises as a func-
tion of time. The “blackening” of
the paper is the criterion by
which the state of the bearing is
assessed (Fig.0).

examination of the relative phase
of the unbalance, by means of a
balancing phasemeter and a pho-
toelectric cell. This enables infor-
mation to be gathered concern-
ing the state of the internal com-
ponents of a roll (corrosion,
deposits, looseness) for instance.

sideband analysis at the meshing
frequencies of the gears. The
meshing frequencies act as am-
plitude and/or frequency modu-
lated carriers at the rotational
frequencies of the various pin-
ions or their harmonics. This is
possible:

either directly by using the zoom
function of the analyzer and small
programs to find the side bands
(Fig.7).

or via a “cepstrum” calculation.
This is defined as the power
spectrum of the logarithm of a
power spectrum. It thus empha-
sises those spectral lines reoc-
curring periodically in the spec-
trum that is, the harmonics and
the sidebands.

This analytical tool is useful when
confronted with a spectrum in
which the sidebands of several
meshing frequencies overlap and
direct analysis is difficult (Fig.8 to
10). The calculation of “cep-
strum” is part of the library of
diagnostic programs.
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Fig. 6. SPM measurements on bearings at low frequencies
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Results obtained

The results of a predictive mainte- T T e LT T
nance program are not easy to Eﬂ_tw,ﬁ L TR
evaluatE. S T-me Fum:tmn Stirt:,

- u Scaba Lot~ fﬂ“‘*?’ s da+ i
FS Frﬁq-l.IEEn#'F 1 kHI ':: o : :’ """"" I: ' T
w.g;gh“r[g H .“ '. oo :. ::? ............ ', ............ : ............... :.

The success or failure of the pro- _-__.___.Mmm TR
gram can be measured by the equip- Blhoish i _f%?__

ment up-time and the maintenance 'En_ o B S |
“Main gearbﬂx.

costs. T

................................

o ;Mﬁq;m “RPM: . e - o

We have tried to evaluate the D RPMLI00 L
benefits obtained in an 18 month pe- R
riod from January 1981 to July 1982
concerning 28 documented cases
(Table 3).
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1. The saving achieved in direct USRS St et W
maintenance costs; that is, the | sewwe ome e e B R e
difference between the cost of re- - O A“g“’”w“ ST T i T NN SETI SN S SHNNS “Rh SR I R AR 17 AL 1) | B S
pairs made as a result of a sched- e L omow 79 S S S
uled shut-down (following the de- LT e e Y
tection of a fault) and the costs | ° " Mememoe. 0
which would have arisen had the Fig. 8. Spectrum of a gear containing numerous harmonics and sidebands about the meshing
fault been allowed to develop un- frequency
til a breakdown occurred.

.......

' :S}gn : . - ,_ ............ e ....... JEC ............ -

I._ = I T T T T estimated | avoidea
b | | B - N T -- ...} 'savings | stop-
‘(Belgian | pages
“‘Francs) | (hours)
1 -201 Shtt:ng roll - S | ] Bearmg and shaft end damaged .. - 220.000 | 16

1 201 [{MDO1 o o - ] 4 bearings damaged (faulty. mountmg)“-_ | 400000 | 30

1 202 ;_Cocahng pump - | Motor’s pillow block and coupling -~ |  35.000 | = 8
201 © | DC motor extruder -~ | Brushes and brush holders faulty =~ . | ~ 500.000 | 120
211 | Coating roli | | | Mounting faultin.pillowblock | ~ 350.000 12
202 MDQO 2 | Shaft’s universal joint defective -~ |  50.000 3

auxil. 1 Girculation pump nr. 1 | | Mounting not bolted properly to ]

S foundation | | 40.000 4

201 | TDO-fannr.9 | { Cracks on mover | 75.000 6

211 Cooling roli nr. 2 | ! Defect pillow biock | 175.000 30

8

2

6

‘Number | Machine |~ Component 1 Faut

©®m  NOU bW [ .

10 I 201 Pump, transfer iine | Defect pillow block | - 55.000
11 | 201 Blower of air-knife Unbalance in rotor | 86.000 1
12 202 | Gauge heiper Defect in motor’s coupling - 20.000
13 1 211 Transmission of treater E Gear (bad pre-tension of the bearings) 60.000
14 | 202 MDO 3 — Angie piece gearbox - Bearing ruined on the primary shaft | 39.000
19 201 Main gear — treater W Worn attack pinion due to bad mountmg | 43.000
16 | 211 Cooling roll nr. 1 Defect bearing | | 175.000
17 211 Roll at exit of oven nr.?2 Defect bearing o 32.000
18 211 Coolingrollnr. 3 | Pillow block support crack | 85.000
19 202 Winder W i Damaged shaft end | 131.000
20 | 201 | Aerialtransfer3&5 Worn bearings 34.000
21 202 Treater E Poor alignment of pullies - 25.000
22 | 202 I Folder transmission at oven exit Dry gear, detective seal | 60.000
23 | 211 Schmitt coupling TCI Needle bearing defective | 60.000
24 - i 203 Thermal fluid pump nr. 9 Bearing worn 25.000
25 201 Oven’s circulation ventilator Unbalance due to deposits on the rotor 35.000
26 - 203 Presser transmission Misalignment of pullies | 32.000
27 202  Gauge gear Dry gear, packing leak | | 60.000
28 203 | Main extruder 1 Motor misalignment | | | 133.000__L

k ! : P
o ’ _ TOTAL 3.035.000 253

p—N

—nh,

o

CLONPPLDODWMNDWWN AN OO

—Y

Tabie 3. Documented cases from January 1981 to July 1982
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Predictive preventive maintenance
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