Briiel & Kjzer

Power on — whatever the weather!

Vibration monitoring on a canadian weather-centre’s
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This Application Note describes
a machine monitoring system in
use at the Canadian Meteoro-
logical Center, Montreal, Cana-
da. Vibration analysis is used to
maintain a check on the condi-
tion of 3 backup diesel-genera-
tors, essential for ensuring the
continuous operation of the
weather center’s computers.

A portable wvibration analyzer
allows accurate and reliable on-
the-spot fault-detection and
trouble-shooting of vibration
problems. The analyzer inter-
faces to a personal computer for
a high level of data manage-
ment, postprocessing of data for
further fault-analysis and main-
tenance scheduling.
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diesel-generator sets

Measuring vibration on one of the three diesel-generator sets providing
back-up power for the weather center’s computer systems. It is imperative
that the condition of the three sets is kept up to scratch as a failure of the
power supply would have very serious effects

Introduction

Maintaining a proper power-supply
to a weather center’s computer systems
is of the utmost importance. Data and
information procedures are distributed
from the Canadian Meteorological
Center to regional offices and from
there redistributed to airlines, cities,
shipping, farmers and fishermen, and
so the importance of maintaining con-
stant weather information 1s para-
mount. A computer crash would obvi-
ously have some very serious effects,
both with regard to safety (no snow
and storm forecasting) and finance (the
cost of computer downtime can vary

from 10000 Cd$ to 40000 Cd$/hr).

The computer systems used by the
Canadian Meteorological Center are
two Cray Supercomputers and a num-
ber of Control Data Computers. They
analyse weather from the whole of the
northern hemisphere for retransmis-
sion to local weather stations across
canada. The vibration-monitoring
programme 1s run by 101430 Canada

BO 0256-11

INC, who are the general contractors
responsible for the maintenance of the
Meteorological Center.

The Success of the Monitoring
Programme

The vibration analysis system has
proven to be a very valuable tool for

maintaining a high level of reliability
of the generator sets. On average, the
back-up system experiences some 400
starts per year, including a recent 6
hour run. Since initiation of the moni-
toring programme in April 1986, there
has been zero computer down-time
due to power supply irregularities.
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Fig. 1. The Type 2515 Vibration Analyzer
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Frg. 2. Layout of the UPS back-up power supply system. On average the system starts up some 400 times/vear, and must be up and running
within 1,2 seconds of starting, making it critical that a high level of reliability is maintained at all times

The Diesel-generator Sets

Back-up power 1s supplied to the
computer systems by a Holec Diesel
UPS (Uninterrupted Power Supply)
System, comprising three 400 kVA
Diesel-generator Sets, see Fig.2. The
purpose of the UPS system 1s to pro-
vide power at the required quality
when mains-power Interruptions,
phase failures and voltage or frequen-
cy varlations occur that cannot be
cured by filtering. The system should
do so without any interruption and for
an unlimited period. On average, the
UPS system cuts In some 400 times
per year to provide the backup power
for the computers.

The generator system comprises a
diesel engine, induction coupling and
an AC generator. In the event of a
mains power irregularity, the diesel
will start up to a speed of 1840 RPM
within 1,2 seconds. During this start-
up time, there is enough energy stored
in the induction coupling to provide
current (for about 4 seconds) to the
computer systems.

Monitoring the Generator Sets
Problems could arise from a number
of sources. The most cause for concern
is the fact that the diesel engine, in-
duction coupling and generator units
are mounted in-line on a common
base. If the base twists or the diesel
engine moves then misalignment
could occur, the effect of which can be
to damage the generator set’s six jour-

nal bearings. Vibration monitoring of
the sets has in fact detected journal
bearing problems after as little as 50
running hours. Unbalance of any of
the rotors could also be a problem
and, of course, magnetically induced
problems could occur in the induction
coupling and AC generator.

Monitoring Vibration for Predic-
tive Maintenance

Together with monitoring vibration
from the generator sets, 101430 Cana-

da INC permanently monitor all oper-
ating parameters, 1.e. load, voltage,
current, temperature, o1l pressure etc.
However, these performance parame-
ters, which may of course respond in
some way to a fault, cannot be used
effectively for predictive maintenance.
Unlike vibration monitoring, they can-
not be used to detect faults at an early
stage, to diagnose the exact nature of
the fault or to carry out trending for
maintenance scheduling.
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Fig. 3. Layout of one of the three diesel-generator sets, showing the monitoring instrumenta-
tion and measurement positions used for the vibration analysis




The Machine Monitoring Programme

The wvibration monitoring system
comprises a Type 2515 Vibration Ana-
lyzer and Type 7616 Application Soft-
ware. Fig.3 shows the measurement
setup and the measurement positions
on the diesel, inboard- and outboard-
bearings of the induction coupling and
generator, and the common base.

Type 2515 Vibration Analyzer
The Type 2515 1s a portable, bat-
tery-operated FFT analyzer that can
be used for on-the-spot detection and
diagnosis of machine faults. It is an
extremely powerful analyzer, with
built in features like spectrum com-
parison for fault detection, and nar-
rowband analysis, zoom, phase and
cepstrum for fault diagnostics.

Type 7616 Application Software

For mass storage of data, post pro-
cessing etc., the Type 2515 1s Inter-
faced with an IBM Personal System 2
computer running Application Soft-
ware Type 7616.

At the beginning of each measure-
ment operation, reference data is load-
ed from the computer into the analyz-
er. The 2515 is then used to collect
current vibration data, comparing this
with the reference data on-the-spot if

required. When all measurements are
finished, the data is unloaded back
into the computer where spectrum
comparison can be carried out. This
determines if the current spectrum
has changed relative to the reference
spectrum, indicating a fault.

In the event of a fault being detect-
ed, the Type 2515’s powerful analysis
functions can be used to accurately
diagnose the nature of the fault. 3-D
plotting and trending can then be car-
ried out to help with maintenance
scheduling. Any operating parameters
(such as the load, voltage, current,
temperature or oil pressure) can be
entered into the computer for trend
analysis along with the vibration data.

Making the Vibration Measure-
ments

Fig.4 shows an example of a spec-
trum comparison taken from UPS
System #1 measuring at point 7 in the
horizontal direction, comparing mea-
surements made on the 07/1/88 with
the reference recorded on the 23/9/87.
Increases at the 1l X, 11l x, 21/ X
and 3 X rotational frequency are evi-
dent. These increases were indicative
of looseness, and thus perhaps the be-
ginning of a journal bearing problem.

Using the computer’s trend pro-
gramme will enable the maintenance
engineer to follow the development of
this fault, allowing him to maximize
the running time of the unit before
scheduling maintenance.

Fig.5 shows a narrowband spectrum
from UPS System #2 measuring at
point 5 in the vertical direction. This
shows the power of the analyzer, as
each of the peaks in the spectrum can
be related to individual machine com-
ponents/phenomena with extremely
high accuracy. Note the difference in
the frequency scales of Figs.4 and 5.
Fig.4 goes from 60RPM to
60000 RPM on a logarithmic scale,
and Fig.5 from 24 RPM to 6 000 RPM
on a linear scale. Hence the type of
spectrum 1n Fig.4 can be used for fault
detection over a wide frequency range,
and that in Fig.5 for a more detailed
vibration analysis. An even higher res-
olution can be obtained with the use
of the Analyzer’s zoom function. This
could be necessary, for example, when
checking the condition of the unit’s
journal bearings where frequencies at
slightly less than half rotation speed
(42 to 48%) could appear and would
thus have to be watched closely.

Machirne Condition Mormitoring System.

DISPLAY SUPPLEMENTARY MEASUREMENT

Tvpe 7B1G

UPS Svstem #

lfeert 7518

Measurement Foint I[D Date Versoion

> VERT

2>—-01-88 2 ‘

EBPUEL & K jmr Mach.ne Condition Megnitoring System Type 7616 ? FBFGEL & K| wr
LEFS System #
DEF?;.1§:QB~BB SPECTRUM COMPARISON REFORT. | Page: 2 Cate: 15—085-88
- L Ha:hLme_;D Megsurement Poinmt [0 ; Oate _ﬂmVersion Machine 1D
Cur~ant UPS#1 7 HOR 07 -01-88 5 UPSH3
 Reference LIFSH1 7 HOR 23—-09-g7 1 B
Filig 1. Tol ., S

|
Class: TOTAL

[
Data Twvpe: 6X Log

Lr

L O FREQUENCY 1,842 kCFPM (Cur, )

2.110 mm/s
Z 18, & ums s

T RMS _EVEL
YFos oMS LEVEL

FOFAL -2y = 7, 976 mm-s
NG, OF AVE., SFPELSTREA = 7

zSup;Lementary Measurement

DataTvpe: Baseband \

IT

A b FREODUENCY
Yoo &S LEVEL

_—_—— . . - — -

7o 20 BOFM
23, 7

FErAL 2Me = 0.0 5 vel
A, OF AVe, SFELTAREA = 5
kT e

Rotational

Fig. 4. Spectrum comparison from the generator showing significant
increases at 1/2 x, 1 1/2 x, 21/2 x and 3 X rotation frequency

3,16 e e 31.6 k . FFETQEE”?Y | '/2 X 3\}{
¥ 12X F X
EMS ; RMS 1_}’2 X f']T- T r .
ms s i * dE vel } | J |
% ; il
100, m | , 1.00 X 160, h} Jl | | |
| ; |l Jmﬂ g U I
Log i ? . Log k | ] 1
Y—@xiS Rotational o ax s ] QLLHJ | J I ‘-H
Frequency — 544, ] ”MLH vl " &
ool Peterence x| qype | | o0X S | , | ]
Mask \ - Current 24.0 1.20 k 2.40 x CPM  79.60 k 4.80 k 5.00 k
1\ WL /Spectrum
i SRR N A A *‘ &
iy
100 ;D 0 EGG Sommen s
' ' W THOUT VULEAN COUR.
881555

F1g. 5. Narrowband spectrum showing the high frequency-resolution
needed for trouble-shooting vibration problems
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The early days of weather forecasting, just like the early days of vibration monitoring, suffered a bad reputation from poor accuracy and re-

liability. Measurement and analysis techniques 1n those days were just not the sophisticated tools they are today. This has now all changed,
with the correct measurement techniques, dedicated analysis systems and a fuller understanding of the problem. What, in those days, was
mostly art and guesswork, is now science and understanding.
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Briiel & Kjeer has been in the sound and vibration business for well over 40 years and has built-up a well-earned and enviable reputation.
Our transducers are unrivalled for accuracy and reliability, and our analysis systems use unique yet well-tried techniques to confidently
pickup just about any fault on any type of machine. Call or write to your local Briiel & Kjzer representative today. We can’t promise that
the sun will always shine on your plant but we’ll at least put a stop to those rainy-day breakdown blues.
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WORLD HEADQUARTERS: DK-2850 Naerum - Denmark - Telephone: +452800500 - Telex: 37316 bruka dk - Fax: +45280 1405

Australia {02) 450-2066 - Austria 02235/ 755070 - Belgium U2 -242-87 45 - Brazii 2468149 anada (b 528225 «f ind (90) 8017044 - France (1)6457 2010
Federal Republic of Germany (04106) 4055 - Great Britain (01) 954-2366 - Holland 03402-38 994 + Hong Kong 5-487486 - |taly (02) 5244 141 - Japan 03-435-4813
Republic of Korea 02-793-6886 * Norway 02-78 7096 - Portugal (1) 659256/{1) 659280 - Singapore 2258533 + Spain (91} 2681000 - Sweden (08) 71127 30
Switzerland (042) 651161 - Taiwan {02) 7139303 - USA (508) 481-7000 - Local representatives and service organisations world-wide
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