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Over the past 20 years, many US plants have invéstavily in condition monitoring technologies such
vibration, oil analysis, thermography, and motecuit evaluation to provide an accurate predictbn

plant equipment problems. These predictive maimeag@rograms use best of breed technical equipment
along with trained and certified analysts, and tbi#égn produce solid technical results. Each meath
condition monitoring results are produced and itisted to plant maintenance and operations personne
So why do critical machines that have been identifis degraded in advance of continue to fail ivice?
Why do many predictive maintenance programs hasie thnding and staff cut at the first sign of éesa
decline?

The problem is actually that plant management implged condition monitoring without laying the
groundwork for Condition-Based Maintenance. Whtts difference? Condition monitoring is largely a
technology and training issue while Condition-Babtaintenance requires the existence of a religbilit
culture involving both operations and maintenahaeovative plants such as Eastman Chemicals in
Kingsport, Tennessee have found that a consistegtam of communication and accountability have
helped them to instill and sustain that type of ditimn-Based Maintenance culture.

Creating a Condition-Based Maintenance Plant Cultue
Typically, top management sets a Condition-Basethtdaance vision:

“Our plant will...
- Eliminate in service failures on critical equipment
Eliminate costly preventive (scheduled) maintenamoek when condition analysis shows no need
for the work,
Eliminate basic machinery problems so that lesd toaintenance is required,
Extend the life (reliability) of plant equipment idhachieving the lowest total lifecycle cost, and
Measure program results and adjust resources and fs needed.

The plant then proceeds to either buy monitoringi@gent and train personnel, or hire predictive
maintenance contractors. So the plant must be doamglition-Based Maintenance... Right?

Not really — Condition-Based Maintenance is far entbran conducting condition monitoring activitiesla
developing technical proficiency with the tools.0Ble steps are necessary, but so is the need fer upp
management to instill a mindset that equipmenabdity is the shared responsibility of operatiamsl
maintenance. Until that shared attitude is madiatagral part of plant culture, the reliability imgvement
initiative is fragile and prone to cutbacks, inatten, and failure. Therefore, top management’s
responsibility must go beyond ‘setting the visiand ‘acquiring monitoring technology’ to include:

Creating an effective system for communicating nraly health status

Holding plant employees accountable for follow-gtians & results



Communicating Machinery Health Status Effectively

In too many plants poor communication leads to @gsffort by the condition monitoring teams.
Condition monitoring results are produced by midtimonitoring technologies, each using a different
database and analysis software. This is inevitabldne plant strives to match the best system $peaific
technology with the plant’s needs, or to selectithst PDM contractor for certain technologies.
Unfortunately, different technicians using dissamifystems create reports with different formats an
terminologies. These are usually dispersed amarsgiaus people in different departments based en th
technology, and quickly secluded in report binderd long e-mail lists. This piecemeal communication
makes it difficult for a broad audience of mainteceand operations personnel to be aware of alwkno
information about a specific asset’s health.

For example, Eastman Chemical’'s Kingsport, Tenreptamnt is a large, multi-product chemical facility
with over 20,000 rotating machinery trains. Thad&port plant began performing predictive mainteaan
in the mid-1980’s and developed a predictive maiatee group using multiple technologies such as:
- Vibration Monitoring (Route and Online)

Infrared Thermography

Lubrication Analysis

Ultrasonic Monitoring

Motor Analysis

By the mid 1990’s, this predictive maintenance graws well respected for it's technical proficienapd
was credited with preventing a significant numbigpr@duction interruptions by catching equipment
problems prior to failure. However, several peopilin Eastman’s management felt there was room to
improve.

First, they realized that the organization was liagdondition information as shown in Figure 1.

Individual condition reports from different techogles were going to different maintenance contfacts
an operations area. These contacts would usually tzenegotiate with their operations counterpgero
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Figure 1: Old flow of condition based work at Easin Chemicals
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Figure 2: Modified flow of condition based work
at Eastman Chemicals
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The organization structure was modified
as shown in Figure 2. The key change
was assigning a single maintenance
contact to each operating area; this
contact is the liaison between the
predictive maintenance group and
operations. They work with operations to
evaluate potential equipment problems
and scheduling options for maintenance
action, and are ultimately responsible for
ensuring that timely maintenance action
takes place.

Following the organization change it was
also decided that an integrated condition
status report was needed to merge
findings and recommendations from each
of the technologies being used to monitor
a problem machine. High priority was

put on making the integrated condition
results easily available to a wide audience
of operations, maintenance, and executive
managers. The report had to be asset
based rather than monitoring technology
based, and it also needed to be accessible
without requiring installation of special
software by users. That lead to creation
of a web-based Integrated Condition
Status Report system.

With the new organization and Integrated Condidatus Report in place, the weekly planning meeting
became focal point for joint responsibility of epnent reliability. Everyone involved, including plietive
maintenance analysts, planner, and area operatahmaintenance managers, now have access to the
same equipment health status information beforendnilé in the meeting. Issues can’t be swept utider
table or ignored, and the group is able to speait time focusing on operations scheduling and varder

priorities for maintenance action.

There were several communications issues thatdbad tackled in the evolution from technology famdis
reporting to asset-centered communication of candihonitoring results:

1) Integration of health status information fromltiple technologies

2) Standardization of reporting format and termaggyl

3) Distribution of findings, recommendations, angrkvstatus to a broad base of plant personnel



1) Integrating Condition Status in a Web-hosted dathase

The piecemeal communication described in Eastn@ld’srganization is technology-centered, both in
report generation and in who receives the repdriegrating condition results from all technolagisnder
each specific machine location is the first stegata asset-centered communication of health stéfed-
hosted database technology offers a solution fetaentered integration. Condition results can be
collected in a single web-hosted database, indegrericbm the proprietary databases housing thenteagh
data. In-plant technicians and outside PDM contraotnter plain language findings and recommenasitio
into this web-hosted database via the Internetagsipg any issues about outside vendors having$s c
security firewalls in the plant network. Authorizptiint users login via a web browser to retrievealth
report for their area of the plant, without haviognstall and maintain any special software. Maes
with severe health problems are marked with aiggd &t the top of the list. Eastman Chemicals,
Kingsport, uses an asset-centered health statogt@pseen in Figure 3 to graphically communigdtieh
machines have significant health issues basedl ¢éimeamonitoring technologies being applied to that

machine.

Integrated Condition Status Report

User: Forrest Pardue, Date: 04/14/2005, Time: 10:14:21

Description

|Critica|

|2 {13%} |Run with caution, Meeds Immediate Work

[warning

|6 {40%} |Run with care, Needs work

[6 f40% ) [Run at will, Problem detected

‘ -|Suspec:t ill,
5 [Mo Problem [1 {62 [Excellent Condition

Open Condition Entries

Days
Awaiting
Checkoff | Status

Work
Order | Case Closure

I TEChnDIDGIES
- Lab

TH125-V- BALER 33 & 34
Crltlcal RESERVOIR,MANIFOLD & :]UMP [aoshedd 0afl Close Entry
FUMP [LUB] OK
TH312A-G-SPS3PA PUMP  [PUMP [312-Y- 0il - Lah, vibration
@ Critical  |[B-3124 YARDS][LUB]  |230-3] [312-Y- |- Route, Vibration - | 76 10f3 Clase Entry |
QK 230-4] Special Test
: THZ54-G-1¥904 TRIPLEX S
@ W arning ‘PUMP e e ‘MOTOR ‘Vlbratlon Route ‘ 19 nofl ‘ Close Ertry |
: TH10Z-Y- 47 BALER HYD. |PUMP [102B-BB- |..
© W arning ‘RESEUOIR [LUB] &K ‘8?0—1] ‘OI| Lab ‘ 49 0ofl ‘ Close Entry |
: TH10Z-Y- SM-Z0B [Top T
© W arning Drive] B LINE DRIVES OK ‘MOTOR ‘Ulbratlon Route ‘Checked Off [1 of 1 ‘ Close Entry |
TH1Z5-Y- BALER 86 & &7
@ Warning |RESERVOIR,MANIFOLD & zggl_Pa][lzs B ail - Lab 56 0of i Close Ertry |
PUMPS [LUB] OK
@ Warning  |TN-93 West Substation |53t Floor ULS - Ultrasound | 58 0ofL Close Entry |
Switchgear
TN178-K-AA-K-02 @ 2 e : _
Suspect |CARBON BED FAN W SIDE |[MOTOR publariongs=peoialll [E5) Dofl Close Entry |
Test
N FAN OK
TH127-G-D206 DELIVERY — |
Suspect ‘PUMP Gas ol o ‘PUMPKGEARBOX ‘Ulbratlon - Route ‘ 30 0ofl ‘ Close Eritry
TH136-K-& STSTEM
Suspect  |BLOWERK-A,136 YARDS |MOTOR Electrical - Online | 41 0ofi Claze Entry |
oK
[ TH136-K-C SYSTEM
BLOWER K-C,B-136 MOTOR wibration - Route | 57 0ofl Close Entry |
YARDS OK
THZ54-G-WD2 2 WASTE
Suspect  |[DOPE PUMP ZND FLOOR  |GEARBOX wibration - Route | 65 0ofl Close Entry |
oK
- TN178-K-AA-K-01 @ 1
© L= CARBON BED FAN W SIDE [MOTOR Electrical - Online | 20 0ofl Claze Entry |
Problern % FAN 0K

Sorted By: Severity {Descendingl}

Figure 3: Multiple technology results integratex £ach asset location




Planners, supervisors, and plant managers cantsgeway affect operations, then drill down for more
detail to support their daily decisions (Figure #)they are interested in the technical data e hihe
analyst’s recommendations, they can open linkedimhents to view the supporting information.

Location Technology Condition Status Report

User: Forrest Pardue, Date: 10/14/2005, Time: 12:12:54

Location:
Voridian (Acetate Fibers) => B-312 TANK FARM == THN312A-G-SP53PA PUMP [B-3124 YARDS]
[LUB] OF =3 PUMD [312-V-230-3] [312-Y-230-4]

[@] Location Condition History Report

04/19/2005 Suspect Technology Condition Entry » Pump surge
(6 Days) Wibration - Route s Restrictive flow
?-Uﬁtgrasde Gecommnendations! Check for cavation Check for vanepass Check for flow turbulence

Comments: Yard #312 Tank Farm Pump P53 P4, Yibration has trended up on pump. During start
up pump seems to be surging as if it is under a Load. Recommend inspecting check valves for wear
ar darmage. All sa check piping and automatic walves for proper functioning. Repair as needed.

Linked Documments
None

Work QOrder Request: Ad

Work Grder Mumbsr: Ad

[= N

[

Check Off |

02/10/2005 ‘ Critical Technology Condition Entry » Lubrication Contamination

(74 Days) Qif - Lab
?g;k?'c;?nda Recormmendations: Ol Change
Comments: Excessive Particle Count- High Iron (329 PPM) This is for 312-v-230-3.
Linked Documnents
il Lab Report
Work Order Beguest; Add
Work Qrder Mumber: Add
Checked Off: 02/11/2005, Fred Cole
Comments: il Changed 2/11/05,
0z/08/2005 Warning Technology Condition Entry e« Bad Bearing
(76 Days) fibration - Special Test
%J{.' tWacIe Recormmendations! Replace Pump
Imd=tE Comments: Pump has bad bearings. Replace/repair pump.

Linked Documnents
None

Work Order Beguest; Add
Work Qrder WMumber: 050415-27

Checked Off 044192005, Wade Winters
Comments; Pump replaced with new unit,

Figure 4: Drilling down to detailed recommendato& supporting documents

Once planners have generated a work order thegrda@n a reference number to the condition entrarg@ne who
wants to check into work order progress knows wheieok it up in the plant's SAP system. Onceakiorder
reference has been entered the Integrated Conditains Report also shows how many days the olem&torder
for an asset has been open. When the work is compte planner can also notify others by ‘Checkdifj the
condition entry. When that is done, then the Iraggd status report also shows a ‘Close Entry'doufbr that
condition case, as seen in Figure 3. Eastman’sqtieel maintenance technician responsible for émity can then
close the case and remove it from the report, inyncases after a follow-up monitoring session tafican that the
problem has been resolved.

Therefore, participants in the weekly planning rimgenot only see condition status for problem maekj but they
also get a snapshot of response and work statiilsdee health issues. That keeps all departmefoisried on
progress; such broad exposure of Condition-Basedtkteance status also makes it a lot harder to hide
shortcomings.



2) Standardization to Improve Understanding of Infamation

Just as in human medicine, it is very important #iaparties use common terminology when descgibin
machinery health issues. Standardization of canditesults mean that everyone inputting findings an
recommendations use common equipment location ndméts, and severity levels, and that the output
information has a standard look and content regasdbf technology, analyst, or whether they’replan
employees or an outside contractor.

Once again a single web-hosted database can praviilts entry form (Figure 5) that uses pull dow
lists to enforce standardized terminology. Thigsorutilizes a standard pull down list for the sid® of
faults, recommendations and severity. The pullrbtsts also enforce brevity to make the informatio
easier to understand; an analyst can also writera stomprehensive problem description if neededhSu
standardization allows a common look and languageden condition technologies, and it also fat¢édga
future mining of the information for common patterithis simple mechanism for standardizing basic
findings and recommendation content does not erdechnical reporting, as supporting data imageds an
documents can be linked to the condition entryrétrieval by interested users.

Vibration | Electrical

: Thermography Ultrasomics
Oil l l H Process
Condition Technology Entry g|
Suspecied Fauls =

| Fauk Typa Fault Clagt ]
| Curnent Imbalarce Electiical - AC — Corcel |

Impedance Imbslsnce  Electical-A5 | ——————

Vaotags Imbalarcs Electiical - AC Location Iric

Plugine |
Ascammended Acton 5
(Chack Power Source |

Info | Commeniz | Lirked Does. | Checkall info |

Technalogy M'_Eiﬂ Est Availabilly |d- " Dae
Arob | FETTRR =] est Parmnopecicn [ 77 7]
Sevenly |:| Hugh [iction needad within 30 days| bl

Erty Date | 872272005 |

otk Request waik Dider [auto

Figure 5: Standard condition results form

3) Distribution to a Broad Plant Audience via Web-biowser

Something amazing happens in human organizatioes whople know that information about their area of
responsibility is widely available to others. Threaye more about what's happening and tend to fi®isenergy
on doing a better job. This applies to executaesvell as managers, engineers, and craftsmen.

Web-browser technology is well suited for allowmdproad base of users to access equipment heftmation
with minimum effort, while still providing some ctrnl over what each individual user can view oeract with.
Practically all computers have an Internet brovisstalled, so there’s no need to install and mairgpecialized
software. They only need the correct URL for thedb-hosted database, along with an authorizednzsee and
password, to see the current health status of sripin their area of concern.

One of the Reliability Engineers at Eastman’s Kpugs facility credits the wide and persistent vilifip of
condition results as one of the keys in making afi@ns and maintenance joint owners of equipment
reliability. He says that “prompt response to resalondition-based maintenance issues” has bedwene t
way of life because everyone knows that “the bosaes’.



Accountability for Results

Good communication of condition status may be d&ddor guiding work prioritization, but that alen
does not mean that the best Condition-Based Maintnresults are being delivered to the plant legsin
Personnel must be held accountable for using foenration to produce increased reliability resuliavo
important execution measurements for Condition-Bdgdaintenance are:

1) If equipment does show health issues, are timalijntenance responses happening?
2) Is condition history being kept and analyzedpot & address chronic reliability issues?

As has been said many times - “What gets measwgtsddgne!”

In addition to the work response measures availaltlee Integrated Condition Status Report, Eastman
Chemicals has taken advantage of a single datatitisantegrated condition results and work folloyw-u
status to generate several custom reports. Otiesé trends the timeframe in which condition-baserk
orders are resolved; the report can be set to @veondition-based activity or a single technglaga
specific operations area. Figure 6 shows that 80&6 of work requests generated by vibration moimigpr
during the first nine months of 2004 had been agkiré and resolved.

Figure 6: Customized maintenance follow-up reportdondition-based work orders



Eastman’s Reliability Technology Report (RTP) fdsration monitoring is shown in Figure 7. It track
resolution of condition-based work requests aral/&lable to area managers for more detail on helv w
their crews are utilizing information from a spécipredictive technology. It shows area operationd
maintenance managers how condition generated wdeke®were handled during the month, and how their
area compared to others. Area managers typiaadlysfon the Year To Date ‘% Corrected’ table at th
bottom and ask ‘what do we have to do to get bBtt&redictive maintenance technicians also review
these reports to understand which areas may nektibadl help in using their information.

Figure 7: Customized maintenance follow-up repgrirividual monitoring technology




Use of Historical Condition Information

Eastman’s condition monitoring analysts and religh@éngineers are also able to receive customrtspo
that help them identify chronic failure issuesElastman’s ‘Faults by Component’ report, the uskrcse
plant areas, time frame, and monitoring technokglee example shown in Figure 8 covers all
technologies being used across several operatiag &r 2005 YTD (through June 2005). Reduction
gearboxes quickly stand out with the highest nunatbéaults. Drilling into the report would uncovéiter
design and lubrication issues that are the greatesinon denominators behind the gearbox faults;
providing important information for targeting rediity improvement initiatives. For example, ovéetlast
several years Eastman has significantly reduceshahequipment problems such as imbalance,
misalignment, lubrication, and installation issbgausing historical failure mode information to oge
procedures and justify special training and tools.

Figure 8: Customized report for number of faulisdguipment type, 2005 YTD

Eastman has also been able to use historical éomdittormation to fine-tune its condition monitog activities
When a condition monitoring ‘find’ is defined asing to a maintenance or repair action, it is gaheaccepted
that condition monitoring programs at industriaigb typically progress according to the trend shiFigure 9:

A Reliability Engineer at Eastman used the
historical information to calculate their ‘find %’
and found that they were at the 4% level in the
mid-90’s and reached 2 ¥2% around 2003. It's
probably not a coincidence that the improvement in
reliability culture was occurring at the same time.
Management’s confidence in Condition-Based
Figure 9: Typical ‘Find %’ as PDM Program Matures Maintenance execution helped decide to reduc
vibration monitoring frequency for less critical
equipment from monthly to every other month or egaarterly. They were then able to shift some roarmgy from
routine monitoring to higher value added root caarsalysis activities. It's also probably not ammilence that
over the same time period Eastman’s wrench-turmiagntenance force has decreased from approximb2€l9

employees to around 800, while production capdmty slightly increased.



In Summary:

At Eastman Chemicals in Kingsport, Tennessee theagement vision for Condition Based-Maintenance and
equipment reliability has really been embedded astnof the plant’s culture:

Operating area ‘bosses’ know and care about whappening with equipment reliability because thay c
view current Integrated Condition Status and wedponse via their web-browsers.

A weekly planning meeting is the focal point wheperations and maintenance work together to piderit
work based on condition status - to the point tloetdition surveys conducted on Friday are expeictdx
entered and responded to in time for the Mondaylkamning session! That’s culture change!

Accountability is consistently based on condititettiess and work execution rather than informal
complaints from operations.

Condition history is being used to spot chronicipment problems and focus reliability improvement
resources, as well as fine-tune the monitoring/ayti

One of the significant contributors to Eastman’sidition-Based Maintenance success is their singlatshse for
housing all equipment condition status and web-thaléstribution of information from that database.

Figure 12: Web-hosted database model for contaimihgondition results in a single database and
communicating Integrated Condition Status targe plant audience
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