Artesis

-
EHOEEEEE

Artesis — Predictive Maintenance Revolution

September 2008

1. Background

Although the benefits of predictive maintenance are widelg@ed, the proportion
of companies taking full advantage of the approach remains etyatwmall. For

many potential users, the complexity and cost of traditional dondionitoring

systems remains a significant obstacle.

When the Artesis team was first challenged to find a wagobfing this problem,
customers said that it would need to take an innovative approactioid the
shortcomings of traditional systems. So the solution had to he sieple and
inexpensive, easy to install, and provide flexible links to Exgssystems. And
importantly, it had to avoid putting a heavy setup and analysis fhurdebusy
maintenance staff.

Artesis responded by focusing an intense development effort on thecamston
form of machine — the whole range of equipment driven by three-pheaskicl
motors. The result is Artesis MCM (Motor Condition Monitor), avide that
combines inward sophistication with outward ease of use. It brirgbenefits of
predictive maintenance to the widest possible range of users.

The ‘model-based fault detection’ approach used by Artesis MCM isoniyt
innovative, but unique in its field. The advanced algorithms usttiproduct were
originally developed under a NASA contract and are the subjecarefut patent
protection. Developing this mathematical process into a pahdbol required a
considerable development effort, which included tests on sevelanmelectric
motors to ensure the accuracy and repeatability of the diaghosti
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Artesis has succeeded in harnessing an innovative, advanbedltgy to provide a
simpler, more effective, and more affordable condition monitosimigtion that has
sparked a predictive maintenance revolution.

2. Overview

Traditional techniques for predictive maintenance have reliredbserving trends in
the levels of a number of key measurements over time.selBycting the range of
measurements carefully, the skilled analyst was able tosgpaficant changes and
get some idea of the fault that might be causing them. Thgsamals often confused
when the measurements were altered as a result of operatamgles, such as speed
or load changes, rather than a developing fault. Setup and anebsts have
typically pushed such systems beyond the reach of many potesers.

Artesis MCM takes a completely different approach, baseti@nge of mathematical
models of the equipment being monitored. It uses measurementdtage and
current signals only, allowing it to be installed in the motor rrdabinet without
long cable runs. Once installed, it automatically initi@eslf-learning phase during
which it builds up a reference mathematical model. This modéides information
about all electrical and mechanical characteristics ofrtbir and its driven system.
This requires no input from the operator at all, and covers all topgeratates
experienced during training, including different speeds and loads.

When the reference model is complete, Artesis MCM swidb a monitoring mode
in which a new model of the system is created every nimetyrgls. This new model
is then compared statistically with the reference moded] potential faults are
identified and characterized. The system is then ablesessaghe severity of the
problem and produce a series of local indications to suggest witat abould be
taken. Diagnostic information is also sent to a connected cemminere detailed
information is presented to the maintenance group — including théisgault, the
recommended action, and an estimate of time to failurectfittal and mechanical
problems are diagnosed, including common faults like insulation dosak
damaged rotor bars, imbalance, and bearing defects.

Key to the successful development of Artesis MCM was to ernbat the advanced
technology being used was invisible to the user. In fact, dreesystem has been
installed the user has very little to do other than respond tomaf@n being
provided to him by the system. Such information can be communicatéutal
traffic lights, control system inputs, computer displays, rogiés, covering virtually
any location.

So successful has Artesis MCM proved at monitoring motor-driystemms, that the
core technology has now been extended to provide equivalent covezrferatprs
and alternators through the introduction of the Artesis PCM (PlamdiGon
Monitor).

Page 2 of 12



3. Challenge

In today’'s competitive business environment, manufacturers aez fadth the
growing production demands while cutting the cost of manufacturing p@masive
cost that drags down productivity is low asset effectivenessilting from
breakdowns and unnecessary maintenance interventions. In the US tladone
combined cost of excess maintenance and lost productivity leas dstimated at
$740B, so the potential justification for implementing better agugres is huge.

The predictive maintenance approach has long been recognizethg<égable of
reducing such costs, and a wide range of condition monitoring teciemlbgve
developed to allow it to be implemented in industrial environme®sch
technologies work by analyzing data gathered from the equipmeotder to
recognize fault characteristics sufficiently early to mmize both failures and
unscheduled interruptions in production.

Vibration analysis is the most common method of condition monitoregyesenting
85% of all systems sold. Other technologies include infraredtii@&)nography used
to detect temperature changes in bearings and shafts; tribotolyybricating oll
analysis; motor current signature analysis for electric mptord ultrasonic analysis
of bearing wear.

These traditional approaches have been deployed successf@lynumber of key
industries. They suffer however from important limitationst thave made them
inaccessible to the great majority of the organizationsshaiild be able to achieve
the benefits of predictive maintenance. In fact industtymeses suggest that
somewhere between one in a hundred and one in a thousand potential weséeehayv
able to deploy condition monitoring up to this time. So why, despiterihersally
acknowledged benefits of predictive maintenance, have so fewaroes achieved
successful deployment?

Firstly, the diversity of condition monitoring components has magerit difficult
for most people to configure. Correct selection of differgpés of sensor, cabling,
data acquisition and processing equipment, and software has beemplexand
daunting process even when only one vendor is involved. With mulgpléors, this
task requires an effort level that few companies aréngior able to address.

Secondly, the implementation of such systems is far froaigstforward. Online
systems require sensor installation, significant cabling aftgnlving long cable
runs, and complex integration of data processing systems. Eviblposystems
typically require the installation of many transducer mounting pointse effective.
Setting up the condition monitoring software system is also d&ergsome activity. It
often requires long manual entry of asset, sensor, and data prgaagsmation and
the establishment of ‘baseline’ levels that can be takeapi@sent normal behavior
for the equipment being monitored. This then allows alarmdeawdbe painstakingly
set up for each measurement. This largely manual processnes even more
burdensome when baselines and alarms must be configured foreaafasgeeds,
loads, or operating conditions — a situation encountered in méeatatisns.
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Thirdly, even when all these tasks have been completed thenmsysquires
considerable time and effort to deliver results. The requitgputs are quite simple
from the user’s standpoint: a clear indication of which itemmiipment are
developing faults, the type of fault, the action that should bentalmed the timescale
for that action. Obtaining these outputs however require timasiog trends to be
detected and considerable analysis and interpretation on behalfusietheThe skills
and person-hours needed to do all this are often not availabtggwa maintenance
organization.

System costs have typically been unacceptably high. Porsgbtems have been
relatively inexpensive to buy, but prohibitively expensive to oper@eline systems
have avoided the high personnel costs of portable systemsebutrgrexpensive to
buy and install. Automated, ‘intelligent’ systems have soughtdace the analysis
burden, but have been extremely expensive and tough to set up.

As a result of these problems, there has been an incredsingnd for simple,
effective, and inexpensive condition monitoring systems thavate great majority
of organizations to benefit from the adoption of predictive maaree without
sacrificing diagnostic capability. Satisfying this requireineas been the cornerstone
of the development of the Artesis system.

4. Response

Artesis MCM was developed to meet a market requiremera é@ndition monitoring
product that can provide simple and accurate maintenance schedditingaition,
without the need for interpretation by highly trained personnekinis to be very
simple to install, set up, and operate, and to require littteoarser intervention until
an equipment fault is detected.

The benefits of the Artesis approach can best be summarize#lilhy galook at the
contrast with conventional technology in each of the three probleas greviously
described.

Firstly, the Artesis system if
extremely simple to configure
Artesis MCM monitor units are
available for fixed or variable
speed drives, and for high or loy
voltage. For low voltage
installations, only current
transformers or transducers afe
required and for high voltagd

<

systems suitable voltagée
transformers are added. A suitable e C]W
standard adaptor is then selected|to A~

link each unit to the softward
package, typically using networ
or wireless devices.

7N
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Secondly, during installation each
Artesis MCM unit only requires
connection to the motor supply cables
and so does not have to be positioned
close to the equipment being monitored,
which might be in a hazardous or remote
location. This provides all the benefits
of having an online system without the
cost and complexity of extensive
cabling. The Artesis MCM units are
typically installed in the motor control
center by means of a square cutout in the
front panel, following which
connections are made to sensors, power

supply, and communication devices. A relay output is also availaldontrol visual

or audible alarm equipment, or to provide a simple input to a plaatadauisition

system.

Once the Artesis MCM unit is switched on, it requires malimser configuration
before entering an automated ‘learn’ mode during which the completeahorm
operating condition of the connected system is establishedhis fProcess
accommodates the full range of speeds and loads experienced bystéma, sand
covers electrical, mechanical, and operational charamtsrisf the motor, coupling,
and any type of driven equipment (typically including pumps, fans, casge and
conveyors). When this is complete, after a few days, thesiArsystem creates a
complete Condition Assessment Report for the connected equipment.repbis
identifies any existing mechanical, electrical, or operatiopeoblems and
recommends corrective actions and how soon such actions should bd oatrie
Unlike conventional systems, this information is provided to the wmserediately
without having to wait for data trends to be collected and ardlgzer an extended
period. From this point on, the Artesis system provides autdmed@dition
monitoring cover for the connected equipment.
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Thirdly, the Artesis system is almost entirely automatiamermal operation. Every
90 seconds it compares the current operating condition of the equipmbnthevi
normal condition established during the learn mode. If a problefatésted, traffic
lights on the front panel of the Artesis MCM monitor unit chacgjer to indicate the
type and severity of the fault. More detailed informat®mpiiesented by the Artesis
MCMSCADA software package which provides the user with a senaccurate
description of any developing faults, recommendations for maintenatioasa time
to failure, and a wide range of electrical charactessti
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This diagnostic display includes a recommendation about the tiraedoal

completing maintenance interventions, based on the severity desgeksed by the
system. Such recommendations are based on the results ofimday assessments
in the field and represent an average behavior for similarstyfeequipment.

Because of possible specific conditions applying to each individuade pof

equipment, this information is considered advisory and the user shouwducfe

check abnormalities as soon as possible.

OK (1-3) Equipment is performing normally

Low (3-4) Faults should be noted, verified, and corrected within 9
months or during earlier scheduled maintenance

Medium (4-5) Faults should be noted, verified, and corrected within 6
months or during earlier scheduled maintenance

High (5-6) Maintenance intervention should be carried out as soon as
possible, but definitely within 3 months

Urgent (>6) Maintenance intervention should be carried out as soon as
possible

Many users of the Artesis system spend much of their timeeirfi¢ld, away from
their office workstations. To keep them up to date with ¢badition of their

equipment, MCMSCADA can send emails or SMS messages whawdault is

detected. These messages contain a summary condition reporptipg the user to
check details on MCMSCADA itself, which can be installed on @mypputer with a
network connection to the system database.

Although MCMSCADA excels at providing the user with actionablenmiation in a

concise, practical form some advanced users choose to maketheeraire complex
displays that it can also provide. Trend plots can be used to shovahlisvhave
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been developing over time for example, and Power Spectral Delisifpys indicate
the way the system has used information about the frequencytohtee measured
signals.

5. Technology

Although the Artesis system is simple to implement and opethage technology
behind it is both sophisticated and unique. By combining advanced modédifaatt
detection and intelligent diagnostics, the system is able toedalitstanding results
with minimal user intervention.

The principle of the Artesis approach is to build a mathematicalel of the motor-
driven system that it is connected to, and then to compareytiemic behavior of
that model with the actual, measured dynamic behavior. The roodsikts of a set
of differential equations, which describe the electromechah#tavior of the motor-
driven system, including the full range of mechanical, elegdtriand operational
characteristics.

During learn mode Artesis MCM acquires real-time data frieenphysical equipment
before applying advanced system identification algorithms to ledééca set of model
parameters. The mathematical model takes into accowspesd and load variations
experienced during the learn mode, eliminating the need for mamtalp of
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multivariate alarms. When completed this model represertsidhmal operating
condition of the connected equipment. In normal operation Artesis MONupes a
series of new mathematical model of the system and by corgpghe parameters in
this new model with those in the reference model developing fzaiftbe accurately
detected and diagnosed. This model-based approach effectivals dalie motor
itself to act as an advanced condition monitoring sensor, and is rfasedrby pre-
existing faults in the equipment.

Artesis MCM monitors and compares 22 different model paras)etehich are
represent a wide range of electrical, mechanical, and top®ahfaults. In addition to
recognizing problems with the electrical supply, internal etsdtrproblems like
insulation breakdown are monitored. Mechanical faults identifigdthe system
include foundation and coupling looseness, imbalance and misalignme i anih
deterioration.  Operational problems leading to changes in load ectriehl
characteristics are also recognized. The model-based appnaacproved very
sensitive to early-stage faults, but is not vulnerablalgefalerts.

In addition to its diagnostic capabilities, Artesis MCM alsovies the user with a
wide range of electrical parameters. These include aeti reactive power,
allowing the system to be used for energy consumption assessriRamngsneters like
total harmonic distortion, supply harmonic content, and voltage anbal also
provide a valuable power quality analysis capability.

6. Experience

Artesis MCM has now been deployed successfully in a very veidge of industries
around the world. Several examples of use are presentedohiétestrate how the
system works in practice.

In this first example, the system was applied to a compredsam automotive parts
factory. The graph shows changes in mechanical paramesexsaasd with bearing
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problems, and is annotated for clarity. It is important toogeize that this
information is typically not viewed by the user, but is used bysyis¢em to provide
concise fault diagnosis. So in this case, we can see thasehevas first alerted to a
possible bearing defect on 13 September, but at a relativelgdeerity level. Action
was recommended at the beginning of January, and the bearing waedion 5
January, confirming the diagnosis. This 3 month warning window progaditly
what was required for timely maintenance intervention. &@btuthe trend graph
shows that the system had detected early signs of the fault abmointh before
issuing its initial warning, showing both the sensitivity of thettmod and its ability to
avoid excessive alarms.

This second example shows the ability of Artesis MCM to marta@ developing

fault conditions simultaneously. Here the system has beenaringitower fans at a
car plant, where it had been selected to avoid the high coshsbrscabling to these
inaccessible machines. The red trend line shows a gradtexiodation in the

integrity of the supports for one of these fans, following an imtidie October.

Although the system recommended the user to monitor the situairorttiat time, it

did not suggest maintenance intervention until February. Attitnat maintenance
staff inspected the fan and discovered a loose bolt thatqueakly remedied.

Throughout this period, the system was also presenting an incraagdadance

shown by the blue and green trends. Correctly interpreted aselem® than the
support problem, this imbalance was easily corrected by olgammediately after
the support intervention, avoiding the bearing problems that can lwéteaused by
such deterioration.
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The third example demonstrates the ability of Artesis MCM tip Imeaintenance
supervisors manage the effectiveness of interventions. Ircdlses the system was
being used to monitor a large pump in a petrochemical fa¢ditpther very typical
application). Following routine maintenance in July, the systeported a very
severe level of misalignment and recommended immediate acfibe maintenance
management team issued a work order for this remedial agtlooh was quickly
carried out by the local team. However, it was clear froenanalysis provided by
Artesis MCM that the precision of this activity was not qudge and a repeat work
order was issued. This second precision alignment interventioeesiextin bringing
the equipment back to its normal operating condition.
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7. Conclusions

Over the past few years, Artesis MCM has been instéljedhany companies that
have previously been aware of the benefits of predictive mamtenhut had found it
too complicated and expensive. Early customers worked very\clogk Artesis to
refine the system, contributing significantly to the presenh ligpendability and
robustness of the solution.

Customers now enjoying the benefits of the Artesis system wakery wide range
of industries, including the utilities, power, petrochemical, madufacturing sectors.
They have successfully used the system on many different tjpesuipment,

including the complete spectrum of pumps, fans, compressors, and/avéew

applications are appearing all the time, examples beinglagssa and moving
walkways, turbine and diesel alternators, and drilling systerilany have started
with healthy skepticism that such an inexpensive, autonomous syateperform as
well for them as for other customers. But with each new im@igation, the

effectiveness of the approach becomes even more widedypted.

Because the Artesis system is convenient to install, avolbtiy the need to install
monitoring devices close to the equipment itself and long cableitim#creasingly

being specified for supply as part of new equipment. This hasledsto joint

development projects with equipment manufacturers to embed Aigekisology in

their own products.

In a surprisingly short period of time, Artesis has succeadedsing innovative,
effective technology to make predictive maintenance accessibilee majority of
industrial users. This revolution is helping increasing numbersisibmers drive
down their maintenance costs and maximize the potentibenfplant.

Page 12 of 12



