






•	 Display	all	PdM	data	at	one	time	
•	 Asset	Basic	Care,	Vibration	Analysis,	Lubrication	

Management,	Infrared,	and	Ultrasound	
•	 Over	50	Oil	Lab	Drivers
•	 Multiple	Instrument	Drivers
•	 Interfaces	to	many	Online	Systems
•	 Automatically	transfer	data	to	your	work	order	system.

MAINTelligence™

Integrating Your PdM Just Makes Sense 

design maintenance systems inc.
www.desmaint.com
+1.800.986.3674

info@desmaint.com

Want to see the system for yourself...sign up for a web demo.
The	web	demo	will	show	the	power	of	integrating	your	data	and	using	the	world	
class	vibration	analysis,	lubrication	management,	infrared	and	ultrasound	tools	all	
together	in	one	place.	MAINTelligence™designed	for	preventing	failures	and	creating	
information	reliability	within	a	process	plant	environment.	Visit	www.desmaint.com

Stop flipping between programs  
to do analysis and make decisions.
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We begin this issue with a celebration 
of the 2012 Uptime Award winners. 
You can see a list of winners be-

ginning on page 6 and you can read about 
Westar Energy’s Best Maintenance Reliabil-
ity program beginning on page 10. These 
awards were well deserved and we offer our 
congratulations to each and every one of the 
winners.

The Uptime Awards were presented in a 
Black and White ceremony at IMC-2012 The 
27th International Maintenance Conference 
where everyone wore some combination 
of black or white. It was an idea the Uptime 
team came up with early in the year and the 
result created a visually stunning effect that 
honored the winners in a special way.

Imagine how easy life would be if every-
thing was that black or white.

Not literally black and white like the cover 
of this issue of Uptime but with everything 
clear as either one thing or another.

We know from our experience over the 
past 7 years with the Uptime Award evalu-
ations that selecting the winner hardly ever 
comes down to black and white or easy-to-
determine factors. There is what we call a 
“grey area” where the factors that create high 
performance are not as simple to under-
stand and judge as the strategies, technolo-
gies and tools are.

We have had the privilege of learning 
about hundreds of excellent maintenance 
reliability programs – each producing stel-
lar performance for the organizations they 
support and serve. We have done our best 
to share the knowledge and experience em-
bedded in these winning programs; howev-
er we have identified several failure modes in 
that part of the Uptime Awards process:

We do not typically share the knowledge 
we learn from the runner–up programs, 
many of which are world class.  Uptime read-
ers could benefit from learning about these 
programs.

Attendees of the International Mainte-
nance Conference see the winning program 
presentation in person; however Uptime has 
a much larger audience that could benefit 
from seeing these presentations for them-
selves.

Many of these high performance pro-
grams include elements that are not as easily 
measured, like culture, integrity and lead-
ership. We need some new ways to assess 
these elements.

Once we applied team thinking to these 
issues, the solutions for 2013 were black 
and white to us even though we know there 
will always be some grey areas! We also wel-
come your input to the Uptime Award pro-
cess as we are committed to continuously 
improving them. Honoring maintenance re-
liability professionals is one of our favorite 
endeavors.

Stay tuned as we launch the new and im-
proved Uptime Awards for 2013 opening 
March 1st at www.uptimeawards.com.

We look forward to seeing you on stage at 
our 2013 Uptime Awards Ceremony.

Warmest regards,

Terrence O’Hanlon, CMRP
CEO/Publisher
Uptime® Magazine
Reliabilityweb.com
Reliability Performance Institute
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Uptime Magazine congratulates these outstanding programs for their commitment to and 
execution of high-quality Predictive Maintenance and Condition Monitoring Programs.

 
To read more about each company, download the Uptime Award Winners’ stories at 
http://maintenanceconference.com/imc12/uptime-awards

Best Maintenance Reliability Programs2
0

12

Best 
Maintenan

ce 

Reliability
Program

Westar Energy
Toolbox Includes:
CMMS:
• Oracle Work Asset Management 

CMMS
• PI Systems and Processbooks 

Reliability Software:
• Reliasoft Suite (RCM++, Weibull++, 

RGA, Block Sim)
• TapRoot (Root Cause Analysis)

Predictive Maintenance Instruments 
and Associated Software:
• Aware 
• Emerson Machinery Health 

Management Software and six 2130 
vibration analyzers

• ME Scope Modal and ODS software
• Bentley Nevada System 1 continuous 

online vibration monitoring software
• CSI 5200 Mini-Oil Lab with digital 

viscometer

• OSA3 Microlab On-Site Oil Analyzer 
with onboard particle counter and 
viscometer

• Fluitec i-Lab S56
• Fluitec RULER CE320
• HIAC Portable Oil Diagnostic  

(PODS) unit
• Ofil Corona Camera
• Flir PM695 general purpose camera
• Flir PM660 general purpose camera
• Flir GF309 for through flame boiler scans

• Flir GF306 Gas Camera for ammonia 
& SF6 (can be used for other gasses)

• Two UE Ultraprobe 10,000s and one 
9,000 

• Four PDMA MCEmax motor circuit 
testers

• One Roll Bowl Cop tester for 
inspection of coal mills

• OSI PI Systems and Process books
• Teledyne MOV testing

Bottom Row (Left to Right): David Ent, Bruce Sackman, Sue Gordon, Tyler Stahly, Jennifer Bisel, Allen Halderman,
 Lee Pendleton, Joe Brown, Rayme Collins, Jeff Zirkle, Brad Diederich  Top Row  (Left to Right): Ken Smith,  
Mark Mayworm, David Walter, Stacy Warden, Pete Oberthaler, Jennifer Brennan, Ken Rankin, Wes Mizell    

Not Shown - Russ Matzke, Afshin Jalilzadeh, Randy Bilderback
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Ultra Tech Cement Limited Unit:  Aditya Cement Works
Toolbox Includes:

The 2012 Uptime Award Winners at IMC-2012, Bonita Springs, FL, December, 2012

Front Row (Left to Right):  
Virendra Jaggi, Hitesh Makwana, 
Rajvir Yadav, Bhushan Joshi, 
Chandra Shekhar Pandey,  
Ashok Sahu, Vikas Garg 
Back Row (Left to Right):  
Jindas Jayaseelan,  
Sandeep Saxena,  
Ravindra Routela,  
Rajesh Kumar, Sanjay Gupta, 
Madan Maheshwari,  
Sunil Mishra, Jay Indoria

CMMS Software:
• PLC & SCADA control system for 

plant operations from Central 
Control Room (CCR I)

• Distributed control system (DCS) 
for plant operation from Central 
Control Room (CCR II)

• PI (Process Interaction) Software 
for monitoring the real time plant 
operations

• Real Time Monitoring and analysis 
from PI in Excel

• FUZZY Logic system for 
simultaneous setting and control  
of multiple specifications

• Optima Blending Control System for 
maintaining the raw meal quality 
and consistency

• XRF system for product quality 
analysis

• Cross Belt Analyzer for maintaining 
raw material quality

• Kiln Shell Scanner for temperature 
monitoring and control

• SAP PM, PP, QM, CMS, FICO and 
MM Modules for overall asset 
management

• In-house developed softwares for 
Gas Cylinders Management & Fire 
Extinguishers Management

Predictive Maintenance Instruments 
and Software:
• Digital Vibration Data Collector 

& Analyzer Two Channel with 
omnitrend software (VIBXpert VIB 
5.300 Pruftechnik)

• Analoge Vibration Data Collector & 
Balancer Two Channel (Vibrotest, 
Schenck Avery)

• Easy Laser Alignment Kit (D-279, 
Damalini)

• Thermal Imager (Fluke Ti30)
• Fast Align (Manatec, FAC 5H)
• Ultrasonic Thickness Gauge  

(Edison-1M)
• Ultrasonic Flaw Detector  

(Einstein-II TFT, Modsonic)
• Stroboscope (Nova strobe DB Plus, 

Monarch)
• Intrigated Hardness Tester  

(TH 130, Time Group Inc.)
• Vibration Pen (SKF Vibration Pen 

Plus, CMVP/40/50)

• Bearing Pen (SKF SEE Bearing Pen, 
CMPB30)

• Noncontact Thermometer  
(Raynger ST, Raytek)

• Poldy Hardness Tester  
(Metal Spot Engineers, Navsari)

• 14. AC Current Clamp (Fluke i400)
• Laser Alignment (Damalini AB)
• Vibration Meter (IRD- 306)
• 17. Shock Pulse Analyzer  

(SPM A2011)
• Insulation Multimeter (Fluke 1587)
• Viscosity Meter (Visage)
• Electric Discharge Detector (TKED-1)
• CSI-2130 & 2120 (Emerson Process 

Management Limited)

Best 
Emerging 

Maintenan
ce

Reliability
Program
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Front Row (left to right) Daniel Othoudt,  
Tony Paleri, Daniel Lerick, Calvin Hanka, 

Frank Swinda, Mark Raushel, Daniel Mackey, 
Bill Buchwitz, Kevin Schiltz 

Back Row (left to right) Joseph Drazenovich, 
Donald Frider, Jonathan Eng, Daniel Lorenz, 
Bryan Forsman - Absent: Michael Kochevar

Hibbing Taconite Company Managed by Cliffs
Toolbox Includes:

Luminant Mining
Toolbox Includes:

• Winroast Oil Analysis 
Software and Database

• Emerson CSI 2130 Data 
Collectors

• Emerson AMS Machinery 
Health Manager

• UE 10,000 Ultrasonic
• UE Grease Caddy
• PI Data Historian and 

Modular Dispatch System
• Mincom Ellipse

• Rotalign Ultra Laser 
Alignment Tools

• Ultrasonic Thickness 
Measurement Tools

• Micron M7800 Infrared 
Camera

Best 
Lubricatio

n 

Program

Many Faces, One Name: Luminant’s Mine 
Maintenance Support Services Staff:

Jerry Poland,Eddie Moss, Mark Barton, Brad Gadt, 
John Tucker, Keith B. Lawson, Jackie Merket, 

Robbie Cross, Michael Brinkman, Tony Jumper, 
Heather Murrell, Robert Braggs, Rob Schirato, 

Tiffany Shaw, Donny Heimer, Harry Hoelzle, Mike 
Dobson, Steve Pyle, Jim Aleshire, Larry Reeves, 

Terry Timmons, George Boudreau, Paul Hamilton, 
Damien Dimaggio, David Simkulet, Carlos 

Rojas, Simmie Fuller, Richard Holland, David 
Fulton, Nancy Abston, Pam Taylor, Jonathan 

Biddy, Michael  Wilbanks, Michael Hull, Gregory 
Wolffarth, Een Young, Joel Cuff, Richard Loveless, 
Stash Muzyka, Charles Fordham, Galin Haygood, 

David Hartgrove, Mike Woods

Best 
Condition

 

Monitorin
g 

Program

Software & Program List:
• MAC is our Windows-based CMMS  

(Computerized Maintenance Management System) 
and built on a dot.net platform

• MAXIMO
• COM – Work Management
• 2012 M-CAV 
• Metrics
• Fossil Division Root Cause Failure Analysis  

is also our RCA Program
Heavy Equipment:
• WBM Dragline monitoring 
• Leica Dragline monitoring
• Ultratrend DMS

Mobile Equipment:
• SOS Software for oil analysis tracking and reporting
• Total Tire Care (TTC) for tracking and evaluating tire 

performance 
• VisionLink Program for monitoring Caterpillar 

performance
PdM Instruments:
• 2 ea. USN 50 Krautkramer Flaw Detection
• 1 ea. 52 Krautkramer Flaw Detection
• 2  ea. 58LT Krautkramer Flaw Detection
• 3  ea. USK 7 S  Krautkramer
• 1  ea. USL 48 Krautkramer Branson
• 1  ea. USD 10 Krautkramer Branson
• 1  ea. Epoc 1 & 2 Panametics Flaw Detection

• 1  ea. 5228 Ultrasonic Gage Panametrics 
• 1  ea. Olympus IV8635L2 IPLEX LT Industrial Video 

scope/Bores cope
• 1  ea. Flir 695 Infrared Camera & one more older unit
• 1  ea. Flir Hand Infrared Gun 
• 5  ea. Equotip Piccolo hardness tester
• 5  ea. Parker 300 Mag Guns
• 3  ea. Black Light
• 4  ea. Hand Held Temp Guns
• 1  ea. UE  UP 10,000 LRM Ultrasound Gun
• 4 ea. UE  9000 Ultrasound Gun
• 1 ea. Strobe Light 
• 1 ea. SKF Micro Log GX70
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From left to right: 
Garry Pell,  

Mike Drabick,  
Marty Primrose,

Frank Saukel,
Cliff Conner,   
Brandi Lewis 

Eastern Processing Facility Reliability Support Team
Toolbox Includes:
• Maximo (IBM) CMMS
• Akwire (Solufy) Schedule 

display program
• Ivara EXP Professional (Bent-

ley) RCM & Asset Prioritization  

• Pruftechnik Rotalign® Ultra
• Ultraprobe 10000
• Flir P-240
• Flir E series
• All Test Pro 4 

• All Test Pro 31
• All Test Pro ATPOL
• Timkin Machine Evaluator
• Pruftechnik VIBXpert

Best 
Design fo

r 

Reliability
Program

From left to right:
Wesley Horne, 
Ian Hatfield,  
Dan Maksim,  
Scott Alford,  
Brandon Pfiefer, 
Tom Leslie,  
Bob Christenson, 
Carlton Boop 
Absent:  
Mike Smith,  
Tom Yost

Best 
Electric

al 

Maintenan
ce 

Reliability
 

Program

Hardware:

• 8 – FLIR P-Series Infrared Cameras
• 1 – FLIR SC660 Infrared Camera 

(Truck Mounted)
• 2 – FLIR I-Series Infrared Cameras
• 2 – Triple Five Industries FD50
• 1 – Triple Five Industries AMS-8
• 2 – FLIR GasfindIR LW (SF6 

Detection)
• 1 – LIS Laser Leak Detector
• 1 – Olympus Boroscope
• 1 – Transport X Portable DGA Tester
• 3 – Ofil DayCor Cameras (Daytime 

Corona Detection)

• 2 – UE Systems UE2000 Ultraprobe
• 2 – UE Systems UE10000 Ultraprobe
• 1 – UE Systems UE15000 Ultraprobe
• 2 – EA Mini TEVs (Transient Earth 

Voltage meters)
• 1 – Live Line Digital Hot Stick (Visual 

Inspection Camera 10 w/ Sound 
Level Meters)

• 2 – Commtest Vibration Detectors
• 1 – Elimpus PDTECT4 Surveyor – 

Truck Mounted Partial Discharge 
Detector

• 1 – Grid Sense – Ground Fault 
Detection System

Software:

• Maximo
• PDIQ 
• FLIR ThermaCam Reporter
• FLIR Examine IR
• Commtest Vb Software
• UE Systems Spectrum
• In-House DayCor Criteria Program
• In-House IR Criteria Program
• WinSGM Grid Sense Software
• Elimpus PD Software
• Picasa Image Software
• Google Earth Pro

Arizona Public Service Company
Toolbox Includes:
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Westar Energy Team

Westar Energy began changing its approach to power plant maintenance more than 
a dozen years ago. The transition from a traditional utility culture to a modern, reli-
ability-focused organization is still a work in progress. Today though, the company 
makes use of predictive maintenance technologies, data and reliability tools to drive 
strategic improvement.

Leadership  

for Reliability

operational 
excellence

Opx

How to Build  
an Award-Winning  

Maintenance Reliability Program

2012 Winner
Best Maintenance 
reliability program 

Best Maintenance Reliability Programs
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Westar Energy is an investor-owned 
electric utility headquartered in To-
peka, Kansas. The company serves 

more than 680,000 customers in Eastern and 
Central Kansas with reliable low cost energy. 
Our energy centers in 11 Kansas communities 
generate more than 7,000 megawatts of elec-
tricity and employ about 2,400 people. Westar 
uses a variety of electrical generation technol-
ogies, including coal (48%), natural gas (38%), 
nuclear (8%) and wind (6%).

Employees at the company’s power plants 
execute more than 35,000 work order tasks, 
7,000 schedules and 16,000 purchase orders 
annually and have worked accident free over 
the year and a half, which is about 1.7 million 
man-hours.

Managing a generating fleet in the util-
ity industry today provides many challenges, 
some common to other industries and some 
unique. The maintenance professional’s daily 
charge is to appropriately balance the needs 
of the customers, shareholders and employ-
ees. Shareholders benefit from maintenance 
cost savings, while customers benefit mostly 
by reliable and efficient operation. The opera-
tions and maintenance workforce must make 
the most effective use of maintenance dollars 
while ensuring reliable operation.

“Westar believes deeply that good reliability 
programs benefit our customers, employees 
and our shareholders. Planned maintenance 
identified by predictive methods is simply less 
expensive and safer than unplanned work," 
says John Bridson, VP Generation.

Some of the realities at play in our work 
environment today emphasize the need for a 
comprehensive reliability strategy.

• Worker safety is our highest priority. A 
planned, proactive maintenance strategy is 
critical to success.

• Dramatic increases in regulation dictate 
the use of financial and human resources 
toward compliance, sometimes at the ex-
pense of reliability.

• Nearly half of our workforce will retire in the 
next five to 10 years. There is a need to cap-

ture and pass along the knowledge of an 
aging workforce.

• There is very low growth in electric demand. 
Commercial and industrial demand is down. 
Costs are rising, but revenues are not in-
creasing.

• Maintenance costs are the highest control-
lable costs in most companies today. There 
is pressure to hold operations and mainte-
nance costs flat year after year.

• Construction, operations and maintenance 
strategies must maximize uptime and mini-
mize lifecycle costs for increasingly compli-
cated systems.

• All activities, including reliability initiatives, 
must be effectively targeted to provide the 
greatest value for customers and sharehold-
ers.
This article will outline some of the strate-

gies Westar is using to address these challeng-
es in its effort to move toward maintenance 
excellence.

Predictive Maintenance
The Westar generation department’s pre-

dictive maintenance program began in 2001 
with two vibration technicians and an oil ana-
lyst. The effort was focused on building a com-
prehensive program with routes and defined 
alarm points. Over the years, other technolo-
gies have been added to the program. The pre-
dictive department has grown to five vibration 
analysts, one thermographer, one oil analyst, 
two electrical testing personnel and two boiler 
inspection coordinators. The practitioners are 
typically certified in multiple technologies.

The following sub-programs make up the 
Westar generation predictive maintenance 
program.

Westar Plants clockwise from top:  
Murray Gill Energy Center - Natural Gas, Post Rock Wind 

Farm and Gordon Evans Energy Center - Natural Gas
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 � VIBRATION ANALYSIS
Vibration analysis is routinely conducted on 
over 16,000 points across the fleet using six 
2130 analyzers. Vibration analysis is a widely 
used predictive tool for a number of reasons. 
Vibration anomalies are detected early on the 
P-F curve. The technology is non-destructive 
and detects a wide array of mechanical and 
electrical anomalies. Analysts also use opera-
tional deflection shape software to show 3D 
modeling of the various stress points. It has 
proved to be a great tool for a less technical 
demonstration of vibration issues.

 � LUBRICATION EXCELLENCE
Lubricant storage, handling and testing are 
major parts of the Westar reliability effort. 
Consolidating lubricant types, labeling lubri-
cation points and routine testing are all com-
ponents of the current five-year lubrication 
plan. An on-site lab provides particle count 
and monitors lubricant health for the entire 
fleet. The lab provides full analysis 
of about 2,000 samples annually. 
Analyses includes viscosity, par-
ticle count, water content, total 
base number and spectral analy-
sis capable of identifying 20 dif-
ferent metals. The oil lab also pro-
vides Ruler™ and varnish potential 
analyses on approximately 600 
samples annually. Westar has over 
30 certified machinery lubrication 
technicians (MLT1).

 � THERMAL IMAGING
Thermal imaging is used in a va-
riety of applications. The technol-
ogy is non-invasive and can evalu-
ate a lot of assets quickly.

Electrical infrared (IR) is used throughout the 
plant’s electrical distribution systems.

Mechanical IR is used to assess slag buildup 
in coal-fired boilers. Insulation assessments 
on the boiler are also conducted using ther-
mal imaging.

Infrared imaging is also used for leak detec-
tion. Scans of hydrogen and natural gas pip-
ing systems have detected leaks that could 
have resulted in fire or significant loss. We 
also scan for sulfur hexafluoride (SF6) leaks 
from high voltage electrical apparatuses.

Most recently, we have added a camera that 
detects corona in substations. Invisible to the 
naked eye, corona is micro-arcing that occurs 
on electrical apparatuses that can indicate 
faulty equipment.

 � ULTRASOUND
We continue to find new uses for airborne 
and contact ultrasound. We routinely use 
ultrasonic emission lubrication to lubricate 
electric motors. An experienced lubrication 
tech using a UE “grease caddy” typically can 
pick up bearing defects before vibration 
analysis. Over-greasing of motors has been 
largely eliminated where UE lubrication has 
been applied.

Periodic ultrasonic audits are conducted to 
detect internal and external process leakage.

 � BOILER TUBE THICKNESS TESTING
The boiler tube thickness program has had 
perhaps the largest impact of any of our 
predictive efforts. Time between unplanned 
outages caused by tube leaks has increased 
exponentially. The program uses ultrasonic 
thickness testing of boiler tubes in areas that 
are known to have higher rates of erosion or 
corrosion. Plant operations personnel using 
modern, route-based data collectors collect 
between 5,000 and 20,000 ultrasonic thick-
ness readings as early as possible in a planned 
outage. The program identifies tube wall 
thinning early in the outage to ensure that 

identified tubes can be repaired before out-
age completion. The data is stored in a data-
base that is used to compare historical failure 
data and predict future maintenance needs.

 � CONVEYOR BELT THICKNESS TESTING
Ultrasonic thickness testing is also performed 
on conveyor belts. Trending belt thickness on 
more than seven miles of conveyor belting 
has provided data to plan future belt replace-
ments. We expect the result to be elimination 
of catastrophic belt failures.

 � MOTOR CURRENT ANALYSIS
The first motor current analysis test set went 
into service in 1999 and we now use six PdMA 
MCEmax™ sets in the fleet. Currently, 1,189 
motors are in the program. The motor cur-
rent analysis test is able to detect cable faults, 
winding faults, insulation to ground faults, air 
gap problems and rotor bar problems.

 � GENERATOR ELECTRICAL TESTING
Partial discharge testing began at Westar in 
1994 and is used for monitoring and assess-
ing the condition of generator stator wind-
ings. Stator winding insulation failure is nor-
mally the result of a deteriorated winding 
that has been subjected to extreme stress, 
such as lightning strikes, out-of-phase syn-
chronization, excessive starts, or system im-
balance. It is virtually impossible to forecast 
when a failure will occur, however, by moni-
toring the partial discharge characteristics of 
a stator winding, it is often possible to deter-
mine which machines are more susceptible 
to failure so maintenance activities can be 
prioritized.

Emporia Energy Center - Natural Gas

Lawrence Energy Center - Coal
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Flux probe analysis has been in use since 
1998 and is used to pinpoint the number and 
location of shorted turns in the rotor. Shorted 
turns will cause an increase in the field cur-
rent at any given load. The higher field cur-
rent will result in heating that impacts the life 
of the rotor insulation. Flux probe rotor infor-
mation is vital when determining generator 
maintenance strategies.

 � MOTOR-OPERATED VALVE TESTING
Motor-operated valve testing began in 2006. 
The diagnostic test uses a strain gauge to 
determine the condition of the valve and ac-
tuator by monitoring the signals represent-
ing stem thrust and torque, spring pack dis-
placement, motor current, control switches, 
differential pressure and flow rates. The data 
is used to determine operability and to pin-
point problem areas in the valve and actuator 
that require maintenance.

 � CONTROL VALVE TESTING
The ValveLink™ testing program is adminis-
tered by instrument and control technicians 
at each plant. It is used to assess control valve 
performance. Asset criticality of the valves 
governs the amount and interval of test-
ing. The process calibrates and diagnoses 
the condition of each valve and can be per-
formed online.

 � STATION BATTERY TESTING
Battery impedance testing is a non-destruc-
tive test to evaluate the condition of battery 

cells. Assessment of over 70 battery sets in 
the fleet is crucial in maintaining emergency 
capability. The data is used in forecasting 
needed maintenance and replacement.

 � TRANSFORMER TESTING
Transformer testing is conducted on all ma-
jor oil-filled transformers. The oil-filled trans-
former test analyzes the transformer oil for 
dissolved gases. The analysis provides an indi-

cation of insulation breakdown. 
High potential testing is only 
conducted on new or recondi-
tioned windings.

Oil-filled transformers are desir-
able for their efficiency, smaller 
footprint and longer life. How-
ever, more stringent fire codes 
have driven the installation of more dry trans-
formers. A dry transformer test program was 
recently developed to evaluate insulation 
integrity, as well as winding resistance and 
impedance.

 � COAL MILL ROLL BOWL TESTING
“Roll Bowl Cop” testing is a predictive technol-
ogy that uses linear displacement transduc-
ers to assess the condition of coal grinding 
equipment. The coal mills powder the coal 
that is burned in coal plant boilers. The tests 
provide early indication of problems with the 
coal mill rolls and springs. These problems 
can impact combustion efficiency and can 
lead to load reductions, unit outages and ma-
jor damage to the coal mill.

Reliability Engineering
The reliability engineering group was formed 

in 2004 with three engineers. Today, the group 
has grown to four engineers who develop and 
evaluate effective maintenance tactics aimed at 
doing the right work at the right time. The group 
seeks continuous improvement and is driven by 
sound reliability principles. The engineers em-
ploy a number of reliability tools in the program.

 � ROOT CAUSE ANALYSIS (RCA)
Westar uses the TapRooT® system and sets 
criteria for triggering RCA. Around 200 trig-
gered RCAs have been completed. The RCA 
meetings are data driven and include the par-
ticipation of multi-disciplined teams whose 
goal is to permanently resolve the identified 
issues.

 � MONTHLY REPORTING
The reliability engineers perform analysis and 
generate monthly reports that show trends 
in corrective work based on cost, work order 
count and labor hours. They also show prog-
ress on current RCA and RCM analyses. The 
report includes updated “bad actor” rankings 
and trend analyses on targeted equipment.

 � RELIABILITY CENTERED  
MAINTENANCE (RCM)
To date, we have completed around 
50 analyses. Some analyses were 
done on a more generic, fleet-wide 
basis and adapted to fit each plant’s 
specific application. Reliasoft RCM++ 
was used on all analyses. Completed 
analyses are accessible to all plants 
through a common website. Going 
forward, RCM will be performed pri-
marily on “A” criticality assets and a 
design RCM will be performed on 
new equipment and systems.

Tecumseh Energy Center - Coal and Natural Gas

Jeffrey Energy Center - Coal
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 � STATISTICAL MODELING
Weibull analysis and Crow-AMSAA have been 
used to help develop maintenance strategies 
based on the component failure data. Weibull 
has proved to be a good tool to determine 
maintenance strategy at the component level 
and Crow is typically used to assess reliability 
growth after changes have been implement-
ed.

The reliability engineering department is 
leading Westar’s “reliability initiative” in genera-
tion. The initiative is a multi-year effort designed 
to build a framework to support continuous im-
provement that consists of:

• Database development – ensuring that as-
sets and components are set up properly to 
support further development of procedures, 
specifications and bills of material.

• Asset criticality ranking of over 8,000 assets 
– establishes the mission criticality of more 
than 8,000 assets.

• Predictive maintenance optimization - uses 
criticality scores to determine which PdM 
technologies to apply to each piece of equip-
ment and at what interval.

• Preventive maintenance optimization (PMO) 
– evaluating all existing PM tasks to make 
sure they add value. If the failure mode a PM 
is trying to address is appropriate for a time-
based PM, the team will determine if the right 
personnel are doing the right work at the 
right interval.

• Failure coding – failure codes and root cause 

data are under development to apply to work 
order closeout coding. This coding will sup-
port statistical analysis and be used to evalu-
ate efficacy of maintenance tactics.

Key Performance Indicators
The saying, “If you can’t measure it, you can’t 

manage it,” has become cliché in management 
circles today. The saying may be cliché, but to a 
degree it’s true. Measuring progress toward de-
fined goals has proved a valuable tool in man-
aging change at Westar.

Westar managers have put mechanisms in 
place to affect improvement. Armed with a vi-

sion for the future, managers agreed upon the 
characteristics that mark exceptional perfor-
mance. Measures used to track progress include:
• Equivalent Unplanned Outage Rate (EUOR)
• Equivalent Planned Outage Rate (EPOR)
• Maintenance rework
• Schedule compliance
• PM/Predictive compliance
• Proactive/Corrective work percentages
• Inventory turns
• Backlog
• PM/PdM results
• Lost margin opportunities
• Benchmarking against industry peers.

The past year was the best in the history of 
our company in terms of industry standard in-
dicators of reliability. System EOUR hit a record 

low in 2011. The fleet’s mean time between 
forced outages continues to increase despite 
declining budgets. Some of the units have re-
cently achieved record run times.

Sustaining a Culture of Reliability
Changing the generation department’s cul-

ture has been no small task. The company has a 
long and proud tradition of maintenance based 
on commitment, employee involvement and 
strong leadership.

“Important business attributes, such as safe-
ty, workmanship and leadership, improve with 
good reliability, along with an overall better cul-
ture for continuous improvement and success,” 
points out Mark Mayworm, Director, Genera-
tion Support.

Each employee needs to understand the be-
havioral changes demanded by the reliability 
culture. To that end, policies and procedures 
have been written that communicate the re-
sponsibilities of each player in each process. 
Procedures developed include asset and da-
tabase development, maintenance workflow, 
outage planning, RCM, RCA and preventive 
maintenance.

Upper management supported the vision. 
With policies and procedures in place, mainte-
nance practices began to change and the cul-
ture followed. Today, most employees and all 
managers are personally involved in some form 
of a reliability improvement effort. Some of the 
strategies that led to improved employee com-
mitment are:
• Multi-disciplined teams participating in the 

reliability initiative (RCM, RCA, asset critical-
ity, PMO, etc.)

• Corporate leadership seminars and training
• Success posters showing team participants 

and the results of the analysis
• The annual “Reliability Summit” for key play-

ers and new employees
• The Reliability Game®
• New engineer reliability training sessions
• Exposure to reliability tools during appren-

ticeships
• Planning and scheduling interface meetings 

with all departments.
The correlation between safety and reliabil-

ity are well established. The generation depart-
ment recently passed the 1.7 million man-hour 
mark without a recordable injury. We are very 
proud of this safety accomplishment and are 
confident that our continued focus on reliability 
will yield similar results. The Uptime award does 
not define the finish line for us. It strengthens 
our resolve to continue to improve our busi-
ness processes to ensure that we provide reli-
able, low-cost energy to our customers. It’s the 
people of Westar who are making this work.  
www.westarenergy.com

Bottom Row – Left to Right - David Ent, Bruce Sackman, Sue Gordon, Tyler Stahly, 
Jennifer Bisel, Allen Halderman, Lee Pendleton, Joe Brown, Rayme Collins, Jeff Zirkle, 
Brad Diederich  Top Row – Left to Right - Ken Smith, Mark Mayworm, David Walter, 

Stacy Warden, Pete Oberthaler, Jennifer Brennan, Ken Rankin, Wes Mizell    
Not Shown - Russ Matzke, Afshin Jalilzadeh, Randy Bilderback
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Reliability and maintenance training for 
the manufacturing and process industry.

www.idcon.com 1-800-849-2041

Training
For on-site training please call
1-800-849-2041

ing pleas
041

call

(Processes & Precision Skill Sets)

(For Operations and Maintenance Management)

We don’t sell engineering services, parts, tools, 
equipment or software...our independence translates 
into objective and credible advice and training.

IDCON’s Best Practice Seminar Schedule for 2013
Results Oriented Reliability and Maintenance Management January 15, 2013 Chicago, IL
 March 14, 2013 Baton Rouge, LA
 October 22, 2013 Seattle, WA
Preventive Maintenance/Essential Care and Condition Monitoring February 25-26, 2013 Raleigh, NC
 June 20-21, 2013 Raleigh, NC
Planning and Scheduling of Maintenance  February 27-March 1, 2013 Raleigh, NC
 June 17-19, 2013 Raleigh, NC
Root Cause Problem Elimination Training™ May 7-9, 2013 Raleigh, NC
 October 8-10, 2013 Raleigh, NC
Reliability & Maintenance Management   April 22-26, 2013 Raleigh, NC 
 November 4-8, 2013 Raleigh, NC



16   feb/march13

It has long been recognized that 
adopting an effective, predic-
tive/condition-based approach 
to maintenance can significantly 
reduce cost when compared to 
more traditional preven-
tive methods. Savings of 
up to 50 percent are con-
sidered very realistic.

What is CBM?
Condition-based maintenance (CBM) 

is often seen as an extension of pre-
dictive maintenance (PdM). PdM 
utilizes some form of technology to 
detect equipment problems as they 
are developing and is accomplished 
through the trending and analysis 
of equipment condition parameters 
like vibration, temperature, pressure, 
flow, speed, voltage/current, sonics, 
particulate count, oil analysis, etc.

With CBM, the state of the equip-
ment is observed and monitored continually 
(condition monitoring) on a real-time basis. De-
viations from a standard range or tolerance will 
cause some form of alarm and identification of 
the need for a maintenance intervention. The 
ultimate goal is to intervene only when mainte-
nance is actually necessary to prevent a failure 

from occurring as far along the time axis of the 
failure curve as possible.

The advantages of a CBM approach are:
• Improved system reliability.

• Reduced quantity and severity of in-service 
equipment failures.

• Decreased maintenance costs by focusing 
resources on executing the right things, mini-
mizing spare part costs and reducing system 
downtime.

• Improved operational safety.

• Decreased number of maintenance opera-

tions, resulting in a reduction of human error 
influences.

Why CBM Adoption Has Been Slow?
Despite the clear value benefits, the imple-

mentation and adoption of CBM solutions has 
been slow largely because of the following:

knowledge about equipment 
health, and providing the basis for defining 
required maintenance events and actions.

• The required level of maintenance organiza-
tional and process change that is always dif-
ficult to justify and deliver within the enter-
prise.

Work 
Execution  

Management

computerized
maintenance
management 

system

cMms

SAP EAM and Condition-Based Maintenance (CBM)

Is It Time for Real 
Growth in the Level 
of CBM Adoption?

Gus McIntosh

• The high initial cost of installation 
associated with the need for in-
vestment in instrumentation and 
monitoring equipment on assets, 
particularly those that are already 
in service. The CBM installation it-
self also increases the number of 
components that need mainte-
nance and checking. As a result, 
initial CBM solutions have tended 
to be concentrated only on a sin-
gle type of monitoring, like vibra-
tion, or a single class of asset, like 
heavy rotating equipment.

• The technical challenge of cap-
turing detailed monitoring data 
and converting this data into 
meaningful information and
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SAP Centric Solutions - What Will Favor-
ably Impact Speed of CBM Adoption?

A number of process, technology and orga-
nizational conditions are merging that should 
have a positive impact on the speed of imple-
menting/adopting CBM solutions and driving 
real performance improvement.
The ‘foundation’ is slowly getting in place

No CBM solution can succeed without hav-
ing many of the enterprise asset management 
(EAM) fundamentals in place. While there is a 
long way to go to 
get the basics right 
in many industries 
and companies, the 
level of maturity in 
the following ele-
ments has gener-
ally reached a point 
where consideration 
and extension to a 
more CBM approach 
currently makes 
sense:
• Master data 

definition and 
standards;

• Critical assets 
definition;

• Work manage-
ment process 
standardization;

• Planning and 
scheduling pro-
cess standardiza-
tion;

• Organizational 
structure;

• Adoption of EAM software and technology 
(implementation and integration).

SAP Manufacturing Integration and 
Intelligence (Mii)

This SAP provided toolkit is unique due to the 
extent of features in a single application devel-
opment platform that is focused on the plant 
operations environment. Built for rapid devel-
opment of specialized applications, it provides 
universal, real-time data connectivity from SAP 
ECC to a large variety of industrial systems and 
applications (OSIsoft Pi, distributed control sys-
tems, SCADA, automation systems, monitoring 
applications, etc.), and a hybrid of many differ-
ent features found in application development 
tools.

Condition-Based Maintenance (CBM) 
Applications

It is now possible to find applications based 
on Mii that are designed to simplify the acquisi-
tion, analysis, monitoring and use of equipment 
and condition data from all industrial applica-
tion and operational systems. They can be set 

up very quickly, providing full integration and 
seamless connectivity supporting the main-
tenance strategies implemented in SAP plant 
maintenance and thereby directly impacting 
the maintenance planning and maintenance 
execution processes.
These applications provide the following  
capabilities to enhance the CBM process:
• SAP integration and processing rules;
• Role-based, user-interface screens;
• Master data download and entry;

• Standard processing rules and custom rule 
templates that can automate and initiate:

◊ Condition-based alerts and actions,
◊ Notification and work order creation,
◊ Work order creation using task lists,
◊ Condition- and counter-based measure-

ment points.
• Streamlined, wizard-based configuration pro-

cess that accelerates data capture and pro-
cessing;

• Schedule-based data acquisition processes;
• Alert management, including email and tex-

ting;
• User interfaces for manual data capture 

where automated systems aren’t available.

Availability of Unique, Non-Intrusive 
Asset Monitoring Tools

Proven solutions appear to be coming on 
the market that will make a large impact on the 
capture of intelligent data at the plant level. One 
such equipment monitoring solution from Ve-
ros Systems is applicable to all electrically-driv-
en equipment and provides an inferential and 
accurate indication of asset health derived from 

voltage and current signal waveform analysis. It 
detects the root cause (from a number of elec-
trical and mechanical fault categories) and en-
ables true prediction of failure. This intelligent 
system, developed and extensively tested over 
many years, provides a non-intrusive approach 
that should significantly impact condition mon-
itoring installation costs and, as a scalable tool, 
should provide a high value/low cost integrated 
SAP offering that expands the number and class 
of assets covered within an end-to-end CBM so-

lution. The technol-
ogy also has the add-
ed benefit of helping 
to manage energy 
usage by assessing 
power quality, ener-
gy consumption and 
energy efficiency.

Conclusion
It is clear that the 

technology advance-
ments outlined 
above, coupled with 
ever-maturing SAP 
EAM customer envi-
ronments, will pro-
vide an impetus for 
companies to really 
consider and evalu-
ate the financial 
impact of adopting 
more predictive and 
condition-based ap-
proaches to mainte-
nance. By undertak-
ing such CBM pilot 

programs, it should be possible to readily mea-
sure the effect and evaluate the impact on key 
company performance measures. In addition, 
there is an ever-increasing speed of technology 
solutions being brought to market. Within the 
SAP suite of products, this includes tools that 
can analyze large quantities of data and quickly 
share information (e.g., HANA, Syclo, etc.).

The major challenge to really impacting the 
adoption of CBM will not so much be a techni-
cal one, but a process and organizational one 
where developing an enterprise-wide approach 
and strategy will require groups from operations, 
engineering, maintenance and information tech-
nology to break down existing system and data 
boundaries and look at integration on a more 
extensive and advanced level than ever before.

     Gus McIntosh is Partner and 
President of Vesta USA. He has over 
16 years of professional services 
business experience developing 
and delivering EAM and related so-
lutions. He has 28 years of industry 

experience working in the Energy, Oil/Gas, Chemi-
cal, Manufacturing and Transportation sectors.  
www.vestapartners.com
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Oliver Wendell Holmes, Jr., stated: - “I would not give a 
fig for the simplicity this side of complexity, but I would give 
my life for the simplicity on the other side of complexity.”

We have an opportunity to structure and then simplify our asset man-
agement endeavors and manage such complexity.

Discussion
The maturation of the PAS 55 asset management standard (publicly 

available specification) and the exciting work on the ISO 55000 series of 
standards are creating some welcomed order to what can be (and often 
was made unnecessarily) complex.

How shall we capture, share and leverage outcomes of that  
improved order?

Let’s accept that PAS 55 is true progress 
and there has been “success,” 
but then let’s 
posit where we 
might view 
this (progress 
> success) in 
terms of ac-
tual versus de-
sign, with best 
facts as neutral-
ly and objectively 
as practically possible 
please?

Success in asset man-
agement depends on an 
understanding and accep-
tance of the following facts:

• Asset management is not 
something that can be “in-
stalled,” neither is it ever “fin-
ished.”

• Asset management has to 
be living and dynamic.

• Excellence is, has always 
been and always will be 
Notional, Unique, Relative 
and Dynamic.

With that said, we also have to acknowledge that there will be both 
similarities and differences across organizations as each of them pro-
gresses with their own version of asset management. Being able to cap-
ture, collate and share those similarities and examine those differences, 
however subtle, should be of much mutual interest and, when used 
properly, of great tangible value.

How to embark upon this goal? Refer to Figure 1. With coordinated 
effort, we can create further definition and structure for if, how, what and 
when to measure. Consider that we can now look at hierarchy or decom-
position as shown from business objectives through to individual capabil-
ity and competency to do what needs doing and be able to prove how 
well it was done.

A number of new standards and initiatives brings significant oppor-
tunity for organizations to measure better than they presently do. We 

Proving Asset 
Management Delivers

Wayne G. Reed

Figure 1: Line of sight from corporate  
business objectives to tasks

Leadership  

for Reliability

physical asset
management

Pam
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now have sufficient detail to know if, when, why and how to mea-
sure specific happenings. Consider the following standards and pub-
lications. (See Helpful Links, page 22):

1. EN 15341 - Maintenance - Maintenance Key Performance 
Indicators – 2007
This European standard describes a system for managing key 
performance indicators (KPIs) to measure maintenance perfor-
mance in the framework of influencing factors, such as econom-
ical, technical and organizational aspects, and to appraise and 
improve efficiency and effectiveness for achieving excellence in 
maintaining technical assets.

2. Global Maintenance and Reliability Indicators (GMARI) - Fit-
ting the Pieces Together - 4th Edition
This is a publication of the European Federation of National 
Maintenance Societies vzw and the Society for Maintenance 
& Reliability Professionals. 
Harmonized indicators 
are those that are similar 
between the SMRP and 
EN 15431, and those for 
which any differences can 
be identified. The harmo-
nized indicators provide 
a common platform for 
global organizations to 
benchmark their facilities 
across borders.

3. Society for Maintenance 
& Reliability Profession-
als (SMRP) - Best Prac-
tices - 3rd Edition (Com-
pendium)
This comprehensive docu-
ment developed by the 
SMRP Best Practices Com-
mittee for the purpose of 
standardizing how main-
tenance and reliability professionals measure and calculate 
common, and not so common, key performance indicators, and 
provides the necessary tools for measuring and comparing per-
formance using consistent measuring systems.

As organizations embark upon, refine and correct their approach 
to their asset management, there are real opportunities to embed 
the means for capturing critical business information to ensure suc-
cess. These include:

1. What their business objectives were and what they are now?
2. Which key results areas (KRAs) did they measure? For example, 

cost, availability, quality, etc.
3. Where those KRAs sit in terms of the asset management bal-

anced scorecard (BSC) perspective?
4. Which KPIs were chosen and fitted to measure certain specific 

issues?
If we don’t do this, yes we will have better order as referred to ear-

lier, but how will we be able to compare whether what we designed to 
meet specific business objectives worked and to what extent in time?

If we tackle this better now, then think through the next details 
of the structure, we will have the opportunity to merge these parallel 
standards and initiatives to establish a sound, credible and ongoing 
foundation to:

1. Perpetually challenge the structure of the theoretical asset 
management master model, system, and underpinning busi-

EXCELLENCE 
IS, HAS 
ALWAYS 
BEEN AND 
ALWAYS 
WILL BE 
NOTIONAL, 
UNIQUE, 
RELATIVE 
AND 
DYNAMIC.
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ness processes and then improve and update these based on struc-
tured managed feedback.

2. Know what works to what extent.

3. Have the means to maintain, publish and leverage a dynamic set of 
asset management benchmarks.

4. Put the next level of working details to PAS 55 system requirements 
Section 4.3.2 and greatly assist with requirements Section 4.6.4 and 
Section 4.6.5.

Aren’t these matters paramount to maintaining the current momen-
tum and advancing the asset management profession? We must uniquely 
design and then manage each change and be able to articulate how such 
similar change has unfolded as we each craft new and the next change.

Tenets of Asset Management
When developing unique approaches to asset management, we 

offer several tenets that must be understood and adopted.
1. Organizations will vary in their approach to their asset management. 

This is entirely logical and practi-
cally what we would expect.
2. No two organizations are exact-
ly the same, nor would we expect 
or want them to be.
3. Organizations will naturally be 
at different places with their own 
developmental maturity.
4. Organizations will vary in their 
abilities to make changes and ma-
ture.
5. What is a best practice for one 
organization isn’t automatically a 
necessary practice to apply to any 
other organization.
6. What is excellence for one orga-
nization will never be arbitrarily the 
same for any other organization.
7. The performance of each orga-
nization is therefore unique and 
each must be striving towards its 
unique organization’s dynamic tar-
gets at its own rate.
8. Perfection isn’t necessary and 
is rarely justifiable commercially. 
Good enough, better then whom 
else, being safe and optimal is en-
tirely acceptable.
9. The use of the term “world-class 
asset management” without best 
clarity is a misnomer.
10. World-class asset manage-
ment isn’t a point or score. Even if 
it is conveyed that way, such scores, 
data, or benchmarks must never be 
used as legitimate targets to which 
to aspire.
11. Performing any assessment in 
whatever way may well provide a 
view of your developmental matu-
rity profile and reveal gaps.
12. If, when, why and how to close 
certain gaps, by what amounts, at 
what speed, in what order, will al-
ways be unique.
13. If your change plan is domi-
nated by technical or mechanistic 
steps, activities and tasks, then be 
concerned over whether it is bal-
anced and robust enough for it to 
likely succeed.

2

An analysis of why certain Gaps exist now
• What Evidence > Data > Documentation supports why certain gaps have existed and per-

sisted? Look to find the Root Causes of Why.
• The focus here will likely be on people, their behaviors and the culture of each site-specific 

organization to tactfully uncover why and how the performance is where it is now and not 
a mirror of the portfolio of whomever conducted that assessment.

4

A site-specific listing linked to the improvement project plan/Gantt chart which shows:
All discrete Activities and their:

• Approximate Duration/s
• Relative and specific Cost/s
• Relative and specific Risk/s

• Of succeeding
• Of inaction

• Ranked Sensitivities to which Critical Success Factors (CSFs):
• People > culture > organizational acceptance
• Tools > technology
• Other….

• Likely size and timing of Payback > Return on which costs
• Which KPIs will be used to monitor which activities
• Existing and/or new

5
A supported set of Findings

From such findings, a structured set of Recommendations

From such recommendations, a set of linked, traceable, or related  Activities6

Current status > performance or a Baseline (Data)
• Detail what Evidence > Data > Documentation supports the accuracy of that status

A supported definition of where each site should be able to progress to and by when 
• What are the Business Objectives?
• This is to recognize that different sites will naturally be at differing stages of their develop-

ment (or maturity) and will not only have a unique baseline, but also may have unique stag-
es of development and targets to aspire to that they are inherently capable of achieving.

An initial Improvement Project Plan as a Gantt chart where the Activities are shown with 
their sequence, dependency and durations

• Each draft and initial plan will be ‘Tested’ by referring back to:
a) Business Objectives, b) the KRAs and c) the KPIs 

• Logically, such activities will sit with existing programs and their business process-
es, which need enhancement, or will introduce new programs and must then also 
sit within new or revised KRAs.

• KPIs will then be used to monitor the progress and impact of the activities > pro-
grams within the improvement plan.

Figure 2: Bold and underlined text describes what the logical screens > tabs of an asset management benchmarking monitor and 
change plan designer application might look like.

1

3

7

8
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14. Each change plan has to be crafted to manage that unique change. 
We would expect to see details of how (process), who (as people in 
functions), will make, sustain and inculcate these changes.

15. We must uniquely design and then manage each change and be 
able to articulate how such similar change has unfolded as we craft 
new/next change.

16. There are generic themes that we would expect organizations to 
consider as core and be good at doing. For example, we should all 
be good at planning and scheduling work well and deploying the 
right resources correctly.

17. We have to be able to demonstrate to what extent the application 
of the best practices within PAS 55 (and forthcoming ISO 55000) 
worked and put into place benchmarks for ensuring that these re-
main current and proven to be best.

So what must we take from this?

We need to “craft” each organization’s approach to asset 
management.

• Know your current situation
◊ Trying to go to some other place from wherever you are now must 

be based upon sound knowledge of why you are where you are 
now.

◊ How we behave is influenced by our beliefs or cultures.
• From that data

◊ Have you had any difficulties in making progress and managing 
prior change initiatives?

◊ If you have, then what are you going to do differently to make this 
next change successful?

• Know who you are and need to be as a business
◊ Why do you need to be at what place next?
◊ If we are going to this next place from where we are now, then 

we must be confident that our targets are sound, have a basis, etc.
The “art” here is to truly understand the unique organizational factors 

and drivers and to move in a structured way at the right pace. Design each 
change and then manage that change as it unfolds.

We mutually need an asset management benchmarking 
monitor and change plan designer

My suggestion is to marry together the metrics (SMRP/EFNMS, EN 
15341, etc.) with a proven way to verify if these metrics apply to the ver-
sion of the base model that fits each unique organization.

How can we logically allow these new standards and initiatives for as-
set management performance measurement to coexist, but be wholly 
disconnected from PAS 55 and its PAS 55 PAM, which describes the best 
practices, but fails to fully deal with how and why certain measurements 
could be made? This is not a defensible position.

This suggestion could be progressed via an online, neutrally managed 
asset management benchmarking monitor and change plan design-
er, such as that hosted by the Global Forum on Maintenance & Asset Man-
agement. (See Helpful Links, page 22).

In my view, the crucial part here is it’s great you have a set of metrics, 
but how do you know which ones apply and when they do, to which spe-
cific and unique organization? Furthermore, when do you know to what 
extent performance is occurring (maturity) in that area and what of the 
interaction and connectivity of such measurements when embedded into 
and upon a set of master business processes?

Figure 3: Asset management benchmarking monitor and change plan designer application logic 
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Would this not be better ad-
dressed in the following manner: 
When whomever conducts an asset 
management assessment, why an 
organization is where it is now is cap-
tured and then a plan is assembled 
for if, when and why to close which 
gaps by what amount. That same 
plan can (and must) be expressed in 
a similar order. Refer to Figure 2 for 
an outline of an asset management 
benchmarking monitor and change 
plan designer application.

Conclusions & Recommendations
If asset managers now require those organizations endorsed for the 

conduct of certification and/or gap analysis purposes to adopt and use 
such an approach and then implement mandatory online updates to the 
master database each time a plan is created or updated, all can see and 
use this information. (See Helpful Links).

We should then turn our collective efforts and attention to not just the 
conduct of certification and/or gap analysis, but more crucially to the 
subsequent ordered preparation and execution of asset management 
improvement plan/s and then proving to what extent what worked, and 
next to examining this and leveraging what we have learned.

It isn’t in anybody’s interest to allow divergence and even fracture when 
we have 30-plus organizations that conduct such services, but we cannot 
see a dynamic view of where the asset management organizations are. 

Where are our dynamically evolving, statistically managed asset manage-
ment benchmarks as a result of the conduct of PAS 55 assessments?

In this author’s opinion, we must continue to detail the order we have 
created here and capture just how whomever converted the designed 
and agreed business objectives > KRAs > KPIs to which core programs > 
activities would have to be undertaken to fulfill the business objectives 
and achieve (even surpass) the KPIs.

Let’s require ourselves to describe how the ‘system’ is then evolving and 
be able to show each new and/or updated core program by the produc-
tion of these ‘business processes’ drawn that show visually how each pro-
gram happens logically.

A practice that is not practiced cannot be best (or otherwise). We must, 
therefore, be able to see how the practices that are presumed to be best are 
practiced; or how can we know that they remain a best practice?

Helpful Links: 

•  www.en-standard.eu/en-15341-maintenance-maintenance-key-performance-indicators 

•  European Federation of National Maintenance Societies vzw (www.efnms.org)   
• The Society for Maintenance & Reliability Professionals (www.smrp.org)  
•  www.efnms.org/Publications/m176l2id180/Global-Maintenance-and-Reliability-Indicators.html  
•  http://library.smrp.org/publications 

•  Global Forum on Maintenance & Asset Management (www.gfmam.org) 

•  http://theiam.org/products-and-services/endorsed-assessor-scheme

 Wayne Reed is a Senior Asset Management Consultant with Jacobs 
Consultancy Limited, Petroleum, Chemical & Energy Practice. He 
has 34 years of hands-on global experience across 55 countries in 
engineering, operations, maintenance, management and business 
consulting, in capacities ranging from Artisan (technician) to Main-
tenance Superintendent in the field. www.jacobsconsultancy.com
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First, let us look at the quick, short-term ideas. These can be ap-
plied today and offer completely unsustainable, but nearly in-
stant results.

1. Sell your storeroom parts on eBay. This generates cash, cleans 
out parts rooms and provides room for new endeavors. It does have one 
small, long-term drawback and that is when your equipment fails, you 
have nothing to repair it with.

2. Have the maintenance staff run a community bake sale. With this 
idea, you can generate cash and increase community involvement. The 
one drawback here is that bake sales do not typically generate the level 
of funds needed to offset the labor cost of your well-compensated main-
tenance team, but hey, at least you are not just another cost that hits the 
operations’ budget any more. You are now revenue generating.

3. Sell tickets to the maintenance cart races and offer trackside 
betting as a bonus income stream. We suggest that you use your main-
tenance planners as bookies; they can help you generate loads of cash 
while boosting morale. The drawback is the races will likely destroy the 
fleet of maintenance transports, occasional walls and other fixed objects.

4. Build crafty yard art in the machine shop and sell it on the In-
ternet. You will be able to generate cash, consume scrap metal and old 
parts, and allow craftsmen to feature their creative sides. The negative 
here is the yard art market can be quite volatile and may not generate 
enough cash to satisfy operations’ needs.

Now, of course, these ideas are all in jest and there are indeed more 
serious and successful short-term changes, often known as “low-hang-

ing fruit.” However, many of these improvements are only marginally 
better than the ideas I have suggested if you do not couple them with 
sustainability enabling methods.

If you did not find what you were looking for in the first four ideas, then 
you might be looking for a more long-term solution. Let us look at four 
ideas that are more sustainable, but still send results to the bottom line.
1. Reduce maintenance spend by reducing overstocks and uncon-

trolled inventory. Lower your reorder points by carefully analyzing us-
age data, criticality and lead time. Return “squirreled away” parts from 
tool boxes and cubbyholes to the storeroom where they can be evalu-
ated to ensure quality and applicability, stored properly and reused in 
a controlled manner. As you consume the extra inventory, you will find 
that you do not have to spend cash to replace the parts, hence sending 
those savings to the bottom line. Over time, if this is combined with other 
maintenance improvement ideas, then you can continue to lower quan-
tities on hand as fewer parts are needed. Money made!

2. Begin to plan and then schedule maintenance work. Notice that 
I said “plan and then schedule” because when you schedule without tak-
ing the time to plan the job and understand the activities required, then 
your estimates are not accurate and will cause your schedule to be inef-
fective. If you can plan and then schedule more jobs each month, your 

You will see two types of activities carried out to improve maintenance. There are those activities that focus on 
long-term savings and those that generate a quick influx of cash and flash quarter-to-quarter. Since they both exist,  
I thought I would provide four potential ideas to generate short-term cash and four ideas for adding long-term real 
money to the bottom line.

Four Quick  
and Four  

Sustainable 
Ways toMake   Money  

With Your Maintenance Team

Four Sustainable Ways

Four Quick Ways

Shon Isenhour

Work Execution  
ManagementWEM
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efficiency will increase, allowing for more work completion with the same 
workforce. Through this, you will be able to reduce overtime and the us-
age of contractors. As your job plans improve and begin to include more 
elements of precision maintenance, rework and waste will be eliminated 
and compound your improvement efforts. Again, that money not spent is 
money sent directly to the bottom line!

3. Reduce your preventive maintenance load to 15% of your over-
all maintenance activity while increasing predictive maintenance to 
15% by pushing your maintenance program toward a failure mode-
based strategy using noninvasive technologies. You can do this by us-
ing tools like reliability centered maintenance to identify common failure 
modes and ensure these modes are addressed by your maintenance strat-
egy, while eliminating preventive maintenance tasks that do not match 
up to a known failure mode. This will allow you to reduce infant mortality 
and “over tinkering” and increase reliability and production throughput. 
This reduction in non-value-added activities and invasive inspections will 
reduce labor cost, parts consumption and production downtime, driving 
increased profits for the bottom line.

4. Effectively use root cause tools and processes to solve prob-
lems. This one sounds simple, but it is often not as effective as my four 
quick improvement ideas from earlier. Why? Because individuals focus 
on generating great looking root cause reports and either never get 
to implement the improvements identified or miss the real causes be-
cause they are so busy trying to jump to conclusions and show how 
smart they are. If you can build a root cause analysis process that focus-

es on solving problems, not creating beautiful documents, and ensure 
that it includes triggers to prevent too many root cause analyses from 
being requested without implementation of the previous findings, then 
you will see major downtime causes eliminated and bad actors turned 
good. This will again reduce parts costs, labor costs, and lost produc-
tion. This element helps to supercharge the results of the other three.

In the end, you have eight ideas to take away and four that have real 
sustainability and true merit. Which items will you apply today and fo-
cus on to drive money to the bottom line with your maintenance im-
provement program? The key here is FOCUS because the drawback to 
all four of the long-term suggestions is that they take a large amount of 
perseverance and are not nearly as fun as yard art and cart races.

Focus on reliability now, then more production follows. In the end, 
you are left with sustainable profit – more money made, all from your 
maintenance program improvements.

Make   Money  

 
Shon Isenhour, CMRP is Director of Education and Work Execution 
Management for GPAllied. Shon specializes in Business Process 
Management, Strategic Planning, Organizational Change Manage-
ment, and Reliability Engineering and has lead improvement initia-
tives for industries such as pharmaceuticals, metals, petrochemical, 
paper, and power generation, among others.  
www.gpallied.com • Blog at www.reliabilitynow.com
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The arraignment
One morning for breakfast, our field 

operations manager and I were asked to 
attend a “prep meeting” with one of our 
major client’s CEO, his operations and 
management teams, and an additional 
three teams of experts representing 
two insurance carriers and a broker. At 
this meeting, we were asked to present 
an analysis of what went wrong with 
our joint client’s power system. Its main 
power transformer failed as a result of a 
flashover from free water droplets shut-

ting down nearly half of its productive 
capacity, costing tens of thousands of 
dollars each day.

“Unplanned downtime!” Our client’s 
CEO wanted answers. Our client’s insur-
ance companies wanted answers. All 
were looking to us as the technical ex-
perts who could provide those answers. 
I knew a significant amount of financial 
burden would be placed upon the out-
come, so I made sure we came armed 
and dangerous with solid information.

Exhibit A
A 46-year old 69kV transformer mis-

sion critical to a section of our client’s 
operations.

The plaintiffs
• Insurer Carrier A was the actual in-

surer of the transformer. The com-
pany required annual oil testing of 
the transformer unit. Over the past 
decade, testing of the unit was spo-
radic at best. Various suppliers had 
been used and test data results were 
all over the board, making it increas-
ingly difficult to trend the reliability 
of the unit. It was apparent that some 
maintenance had been performed on 
the unit, yet it was undocumented.

• Insurer Carrier B was concerned 
about determining who was actually 
at fault in order to assess liabilities 

Alan Ross

Why do we need a new perspective? Consider the  
following actual case scenario. The story you are about to      

read is true. The facts and circumstances are real. Only  
the names have been changed to protect the innocent  

(or “ignorant” depending on how you want to look at it).

Intelligent Transformer Management: 

A NEW PERSPECTIVE

Asset Condition 
ManagementACM
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since its responsibility was to cover business 
interruption.

• The Broker represented our client negotiat-
ing both the property and casualty coverage 
on the unit and the business continuation 
coverage, albeit from different carriers.

The evidence
• For the past two years, we performed quar-

terly testing on the unit at our recommen-
dation. Previously, testing was conducted 
annually.

• In the second year of our involvement, Insur-
ance Company A agreed to pay for quarterly 
testing.

• Every test result indicated extremely high 
moisture content, resulting in a moisture re-
mediation alert being issued.

• Our client’s operations manager was unable 
to acquire the necessary maintenance funds 
to conduct either a field dry out or apply 
an online moisture system. (Our company 
manufactures and sells an online dryer unit, 
however, we always provide information on 
the three possible dry out scenarios our cus-

tomers can choose based on needs and their 
unit ratings.)

The trial
Now, back to our prep meeting breakfast.
Our client, the CEO who we’ll call “Fred” for 

this purpose, called the meeting with his oper-
ations and maintenance management teams, 
his two insurance carriers and broker. We were 
actually invited by Insurer A.

“So, how did this happen?” Fred trumpeted.
We all knew that was coming. The point per-

son from Insurance Company A laid out the 
facts (much like what is listed above but with 
much greater detail). At the end of his pre-

sentation, Fred looked at his director of main-
tenance and said: “So why did we not do the 
necessary maintenance on this unit if we had 
multiple warning signs?”

Why, indeed? Somewhere along the line 
there was a risk analysis gap. While I tried to 
explain that gap from an experiential stand-
point, Fred was only interested in the bottom 
line. Who was at fault and why was it not pre-
vented? If you could have seen the looks on 
the faces of Fred’s operations and manage-
ment team members, you could most likely 
understand what impact this was having on 
their career tracks.

WHY DID WE NOT DO THE NECESSARY 
MAINTENANCE ON THIS UNIT IF WE 

HAD MULTIPLE WARNING SIGNS?

REVOLUTIONARY 
VIBRATION AND 

BEARING
 ANALYSIS

Leonova Diamond is the latest proof 
of our commitment to developing first 
class condition monitoring products 
for more profitable maintenance. Use 
SPM HD for accurate rolling element 
bearing analysis. Reduce data col-
lection time with tri-axial vibration 
measurements. Add balancing, laser 
alignment, orbit analysis and much 
more, all in a rugged and lightweight 
instrument. 

For a total Condition Monitoring 
package, contact us today!

Tel. 1-800-505-5636
leonovabyspm.com
spminstrument.com
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Probable cause
When it comes to a proactive plan for equip-

ment maintenance, the transformer—the heart 
of the electrical system—is often neglected. 
Here are six reasons why:

1. Over-reliability of the majority of trans-
formers built in the ‘70s and ‘80s. For the 
most part, transformers have lasted much 
longer than their normal useful life and we 
have come to rely on that fact. Unfortunate-
ly, there comes a point in time when even 
the best maintained units will have to be 
replaced.

2. Lack of knowledge and expertise. At one 
point, electrical engineers could and did be-
come transformer experts, but the boomer 
drain is also a brain drain.

3. Out-of-sight/Out-of-mind. This factor, 
coupled with the first reason, has resulted 
in transformers being left out of the systems 
and the reliability equation, other than to 
catalog the data in an asset management 
program.

4. Newer isn’t necessarily better. While the 
overall ratings for transformers have not 
changed, the design specs have. Costs were 
driven out in this competitive market and 

many of those costs 
were the added se-

curity we received 
from older units. 
That safety net 
is gone. Newer 
units are failing 

at an earlier age 
than older units 

and expecta-
tions that they 
would last as 
long as the 
older unit they 

replaced have 
led to a false 

sense of security.
5. Cost and risk fac-

tors that require better 
reliability systems and capi-

tal project planning. Operations people 
are often reluctant to deliver bad news and 
the risks associated with failure are risks that 
require corporate action. These risk factors 
are often only considered after a failure. 
How the unit is being used, testing and 
maintenance protocols, end-of-life planning 
and condition monitoring all impact both 
operational and maintenance budget plan-
ning, but now need to be viewed over a lon-
ger period of time for asset planning.

6. Silo management. By allowing each site 
to manage these critical assets according to 
their understanding and expertise can keep 
an organization from looking at the whole 
problem and a more holistic long-term strat-
egy. With multiple site planning comes the 
potential for better asset replacement plan-
ning using a rolling spare plan.

The verdict
Put intelligent transformer management, a 

reliability process, in place!
What does an intelligent transformer man-

agement program look like?
While there are a multitude of 

variations in how a program 

might look, there are some very common ele-
ments to the best ones:

1. Impact Assessment
Since not all transformers are critical units, 

not all risks are alike. But the impact assessment 
should categorize units by the associated costs 
of downtime, replacement cost, failure risk and 
safety risk. A catastrophic failure is a potential 
life risk and environmental risk that is too often 
overlooked. A good impact assessment starts 
with a series of simple questions: What happens 
if this unit goes down? How will it impact pro-
duction? How long will it take to replace it?

A great deal of transformer manufacturing is 
overseas and lead times have stretched for the 
most critical units to as long as two years. Can 
you wait that long to get up and running? Most 
companies cannot.

2. Testing & Maintenance Plan
For want of a simple and inexpensive test, 

our client was unable to trend the condition of 
its most critical units. As a result, when it came 
time to do preventative maintenance, it had 
nothing to use as an alert. It all came down to 
what it could afford that month as part of a 
stretched maintenance budget. As simple as it 
sounds, most are amazed at how many organi-
zations have overlooked this critical asset when 
it comes to reliability planning.

With more than seven million data inputs 
from transformer oil testing and billions of gal-

lons of oil processed, we can tes-
tify to the positive impact of a 

well thought-out and docu-
mented plan 

FOR THE MOST PART, 
TRANSFORMERS HAVE LASTED 

MUCH LONGER THAN THEIR 
NORMAL USEFUL LIFE AND WE 

HAVE COME TO RELY  
ON THAT FACT.

FOR WANT OF A SIMPLE AND 
INEXPENSIVE TEST, OUR 
CLIENT WAS UNABLE TO TREND 
THE CONDITION OF ITS MOST 
CRITICAL UNITS.
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Mark your calendar and join your colleagues in Jacksonville for the 
2013 Annual Training Conference. The Conference will include:

•     Three pre-conference workshops
•     Three conference tracks – Basic, Intermediate, Advanced-that  

will include sessions on:
 - Acceptance Testing
 - Basic Monitoring
 - Machine Condition Evaluation
 - Machine Vibrations Standards and Guidelines
 - Safety
 - Signal Processing 
 - And much more . . . 

 
•    Exhibit Hall with vendors who will provide you with latest solutions 

to take your predictive maintenance program to the next level 
•    Academic Track with presentations from the future generation of 

profession
•    Networking opportunities to meet and collaborate with your 

colleagues
 
Additional information, registration, and details for the 2013 
Annual Training Conference will be available in January.  

June 18-21, 2013
Wyndham Jacksonville Riverwalk
Jacksonville, FL

2013 Vibration Institute Training Conference

P: 630-654-2254 E: information@vi-institute.org
www.vi-institute.org

Save-th
e-Date!

that can eliminate unplanned outages and re-
duce overall replacement costs.

We believe in the “maximum life” principle of 
transformer management: A transformer with 
proper oil and electrical testing protocols, pre-
scribed maintenance practices and appropriate 
application for the rating is a transformer that 
can last well beyond the manufacturer’s stated 
effective life.

3. Reaction Plan
Even the best practices implemented late 

in the lifecycle cannot prevent some failures. 
Across the board costs for down-line faults, 
lightning strikes and a general reduction in the 
robustness of transformer manufacturing are 
wrung out of the system. Any of these factors 
can result in a failure. With a solid, well-thought-
out reaction plan in place, the cost of repairing 
or replacing a unit can be substantially reduced.

Case closed
I hope I never have to see the look on the face 

of another customer who thought a haphazard, 
lowest cost transformer testing program was a 
substitute for an intelligent transformer man-
agement program.

When Fred asks the question: “Why did this 
happen?” isn’t he really asking, “Why did YOU let 
this happen?”

Intelligent transformer management is good 
reliability planning. We can all agree that there 
is a tremendous push to maintain productivity 

in an increasingly tight capacity environment. 
With appropriate testing, maintenance, reaction 
and replacement planning, we can eliminate 
one of the most overlooked reliability risks in 
our productive systems.

A WELL THOUGHT-OUT AND 
DOCUMENTED PLAN CAN 
ELIMINATE UNPLANNED 
OUTAGES AND REDUCE OVERALL 
REPLACEMENT COSTS.

     
Alan Ross is Vice President of SD 
Myers, Inc., Alan is responsible 
for developing and executing 
long term strategies and next 
generation leadership for all 
operating units, domestically and 
internationally.  He completed his 
undergraduate work in Mechanical 

Engineering at Georgia Institute of Technology 
and his MBA in Marketing from Georgia State 
University; graduating Magna Cum Laude.
www.sdmeyers.com
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Efficiently Maintaining 
Carbon Regeneration  
through Classical RCM at 

Greater
Cincinnati   
Water Works

In August of 2011, Greater Cincinnati Water 
Works (GCWW) initiated a pilot reliability 
centered maintenance (RCM) project on its carbon 
regeneration system under the guidance of AMS 
Associates. This was GCWW’s first RCM effort and 
it was initiated as a result of a favorable RCM 
experience at a sister utility – Metropolitan  
Sewer District of Greater Cincinnati (MSDGC).  
(See Uptime Magazine, Oct/Nov 2011)

Reliability 

Engineering for

Maintenance

reliability
centered

maintenance

Rcm

Alex Schmitz, Sam Paske, Anthony “Mac” Smith and Tim Allen
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GCWW dates back to 1839 and is one of the country’s oldest mu-
nicipal water suppliers. Today, it serves approximately 1.1 million 
customers in several southwest Ohio counties and one Kentucky 

county, and provides, on average, 136 million gallons per day (mgd) of 
water over a 3,000-mile distribution network.

SYSTEM SELECTION
The carbon regeneration process was chosen for the RCM study based 

on 2009 and 2010 reactive and corrective maintenance data that showed 
this system to be the most costly. AMS Associates advocates the 80/20 
rule for prioritizing system selections for RCM analysis. As seen in Figure 
1, the carbon regeneration process has the highest maintenance costs in 
2009 and 2010.

CARBON REGENERATION
Adsorption to remove a broad spectrum of organic substances is 

achieved by passing sand-filtered water through 12 contactors, each con-
taining approximately 600,000 pounds of carbon at a bed depth of over 
11 feet. Contact time between the water and carbon is about 20 minutes 
at average water production rates. 
The irregular shape of carbon gran-
ules – derived from coal - with its 
many voids provides a large surface 
area for the adsorption of impurities. 
Once the voids in the granules ad-
sorb as many compounds as possi-
ble, the carbon becomes “spent” and 
must be replaced. Rather than use 
more expensive new carbon, GCWW 

recycles its spent carbon by passing it through a multiple hearth furnace 
to burn off the impurities.

An RCM team, consisting of GCWW maintenance and operational per-
sonnel, was assembled to perform the RCM analysis.

The team consisted of Randy Schmidt (Operations), Paul Anderson (Me-
chanical), Gary Carr (Instrumentation), Alex Schmitz (Maintenance Engi-
neering) and Phil Ressler (Electrical). The group was guided by Mac Smith 
of AMS Associates and Sam Paske of Brown and Caldwell, and facilitated 
by Tim Allen of AMS Associates.

Because carbon regeneration is an 
extensive process, the team decided to 
focus on a manageable subsystem for 
the four-week pilot project. The team 
assembled a functional block diagram 
(Figure 2), which identifies the inputs 
and outputs of each of the six sub-
systems. The multiple hearth furnace, 
which is the most complex subsystem, 
was chosen. The system has two of these 
furnaces.

Spent carbon is pumped from the 
contactors as a slurry via the carbon 
transfer subsystem. This slurry then 
enters a carbon spent tank where it is 
metered into a dewatering screw. The 
dewatered slurry enters the top of the 
furnace and then proceeds through six 
brick oven hearths, guided by turning 
rabble arms affixed to a hollow, air-
cooled center shaft. The bottom three 
hearths have natural gas burners – the 
hottest hearth reaches a temperature of 
1600°F. The objective is to “bake-off” the 
impurities, not ignite them. The reacti-
vation process takes 45 minutes. Upon 
leaving the furnace, the hot reactivated 
carbon is quenched in a water tank and 
then pumped back to the contactors. 
Additional components include a wide 
assortment of process control and pro-
tective instruments to ensure a safe, ef-
ficient and quality process.

RELIABILITY REQUIREMENTS
GCWW operates the furnaces during 

the spring, summer and fall months, 
with summer being the peak water 
demand season. The furnaces are shut 
down for maintenance during the win-
ter months when natural gas prices are 
typically higher, and a reserve supply of 
regenerated carbon is stored. While dual 

operation of the furnaces is not always required, they both are needed at 
peak demand where they combine to produce 80,000 pounds of regener-
ated carbon per day. If the carbon is unable to sufficiently regenerate, the 
carbon adsorption of water will suffer and may require GCWW to increase 

GCWW RCM team members (left to right) Randy Schmidt, Paul Anderson, Gary Carr, Alex 
Schmitz and Phil Ressler

BECAUSE RCM IS A TOP-DOWN 
METHODOLOGY DESIGNED TO 

PRESERVE THE INHERENT USER’S 
NEEDS OF THE SYSTEM, THE TEAM 

SET OUT AND DOCUMENTED 
EIGHT SYSTEM FUNCTIONS AND  

17 FUNCTIONAL FAILURES.

Multiple Hearth Furnace
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Figure 2: Functional block diagram

chlorine and/or initiate additional treatment, which is not desirable. 
Because carbon regeneration furnaces operate using extreme tem-
peratures, maintenance can be challenging. It takes days to heat up a 
furnace to be used for regeneration and then days again to cool it off 
for maintenance. As a result, unexpected downtimes are costly. Each 
heating and cooling cycle of the furnace ages the material condition of 
the hearth bricks and increases subsequent maintenance costs. Figure 1: Reactive and corrective maintenance costs by process

IT TAKES DAYS TO HEAT UP A  
FURNACE TO BE USED FOR 

REGENERATION AND THEN DAYS AGAIN 
TO COOL IT OFF FOR MAINTENANCE.  

AS A RESULT, UNEXPECTED 
DOWNTIMES ARE COSTLY.
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RCM ANALYSIS PROCESS
After two days of training, the team commenced evaluation of the fur-

nace with Mac Smith’s classical RCM process using JMS Software’s RCM 
WorkSaver™ application. After bounding and describing the system, the 
team itemized the furnace subsystem into 52 specific components.

Because RCM is a top-down methodology designed to preserve the 
inherent user’s needs of the system, the team set out and documented 
eight system functions and 17 functional failures.

The primary functions of the furnace are to economically:
• Reactivate spent carbon by removing organics and volatiles within 

regulatory and GCWW’s water quality standards.
• Maintain a nominal carbon feed rate of 40,000 pounds per day per 

furnace.
The associated functional fail-

ures for the primary functions 
were identified as follows:

• Does not meet GCWW’s ap-
parent density and iodine 
standards.

• Does not reactivate the 
nominal carbon feed rate 
of 40,000 pounds of carbon 
per day.

• Excessive reactivated car-
bon loss.

• Excessive gas use.
Next, the team associated each 

functional failure with a system 
component that could cause or 
contribute toward the functional 
failure. The resulting association is 
displayed in Figure 4. 

This unique feature of Mac 
Smith’s classical RCM process 
maps the cause and effect re-
lationship between each com-
ponent and the higher level 
“business requirements” of the 
system.

FAILURE MODES AND EFFECTS
During the four-week period, the GCWW RCM team evaluated 511 in-

dividual failure modes. A failure mode is an unsatisfactory piece, part, 
or material condition that prevents the equipment from functioning as 
required. Each failure mode had a failure cause attributed to it and the 
effects of failure were described at three levels: local, system and plant. 
It should be noted that although this process is time consuming, major 
discoveries are always made as part of the analytics. Moreover, the de-
tailed documentation from the experienced maintainers and operators 
preserves valuable corporate knowledge for the future.

CRITICALITY ANALYSIS
Those failure modes with a safety, system, or plant level effect were 

carried to the next step for logic tree criticality analysis. Failures hav-
ing safety consequences are ranked highest (Category A). Failures that 
cause a system outage, or degrade system performance or quality re-
quirements, are ranked second (Category B). Those failures that do not 
contribute toward downtime, but have economic consequences due to 
corrective parts and labor costs are ranked third (Category C). Lastly, al-
though not part of the ranking, each failure mode is designated as either 
hidden or evident to operations during their normal rounds and duties.

Of the 511 failure modes analyzed for the furnace subsystem, 462 
(90%) had the possibility of safety or downtime consequences.

TASK SELECTION
The RCM team then evaluated each critical failure mode for the pre-

scription of planned maintenance tasks. In accordance with traditional 
RCM methodology, the team sought out condition-based or predictive 
maintenance tasks in preference to intrusive time-based tasks where 
possible. It is fair to say that advanced predictive technologies had not 
been routinely utilized by the assembled team members, but they were 
willing to think outside the box to develop new strategies. Numerous 
failure finding tasks were developed as well.

RCM RECOMMENDATIONS
The RCM analysis generated a significant number of preventive main-

tenance tasks that were not in place at the time of the analysis. In all, 554 
failure mode specific preventive maintenance (PM) tasks were recom-

mended. It is important to point 
out that the 554 tasks were not 
all unique and were efficiently 
bundled into far fewer PM work 
orders. For example, the team 
identified four identical tasks to 
test a high-level probe in the car-
bon spent tank that applied to 
four individual failure modes: re-
lay coil failure, dirty or worn con-
tacts, burnt solenoid and loose 
wire connections.

Touching the probe with a de-
vice will activate a high-level alarm 
and verify that the four specific 
failure modes have not function-
ally occurred. Not testing the 
probe could allow a hidden failure, 
and coupled with some blockage 
in the carbon flow, would result in 
a significant spill of carbon slurry 
from the top of the tank onto be-
low equipment, damaging equip-
ment and causing unsafe working 
conditions. This excellent example 
of a failure finding task is similar 
to many of the other tasks devel-

oped. In all, 51 percent of the developed tasks were failure finding tasks, 
which discovered failures that may have occurred and are lying in wait 
because no one knows about them. Testing of the burner fire eye relay is 
another example of a failure finding task that shall be showcased herein.

BURNER FIRE EYE RELAY TEST
The team developed a test to verify that the blocking valve effectively 

shuts to stop natural gas flow to the furnace when the burner pilot light 
goes out. The fire eye senses the light of the flame and through photo-
voltaics generates a permissive signal to keep a gas blocking valve open. 
Upon loss of that permissive, multiple relays in the burner control panel 
will disengage and interrupt the permissive to the blocking valve, which 
will thereby spring closed. If the relays were to be mechanically bound 
or the contacts welded, they would not open up to actuate valve closing. 
Granted, this would be a rare occurrence, but testing the functionality by 
temporarily removing the fire eye helps ensure that protection will be 
there if ever needed. The team also recommended installing new relays 
with an LED indicator to verify the open or close position.

IMPLEMENTATION RESULTS
The study was completed just as the furnaces were being brought 

down for winter shutdown. There was concern from team members and 
management that there would not be enough time during the shut-
down to complete all the tasks identified in the study.

Figure 3: Multiple hearth furnace diagram
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With time being of the essence, RCM team members knew that work 
had to begin immediately. The team opted to distribute hard copies to 
each maintenance shop that listed the RCM tasks to be completed dur-
ing the shutdown. Monthly meetings were established with RCM team 
members to track the task completion status and ensure the furnace 
startup would not be delayed. After months of hard work and collabo-
ration between GC-
WW’s maintenance 
and operations 
staff, the RCM strat-
egy for the winter 
shutdown was com-
plete. The furnace 
started up one day 
ahead of schedule 
and the regenera-
tion season began.

The end of the 
winter shutdown 
was just the start of 
the continuous im-
provement effort with the RCM strategy. RCM tasks were converted into 
GCWW’s CMMS and reports were created to track failure modes associat-
ed with each reactive maintenance work order. The RCM team continues 
to meet monthly where the failure modes are reviewed and linked back 
to the RCM strategy. They determine why the failure mode occurred and 
update the RCM strategy accordingly.

Thus far, it is clear that the commitment to the RCM program has paid 
off. The furnace did not experience any of the functional failures identified 
by the RCM team. The furnaces have regenerated 40,000 pounds of carbon 
each day and meet all of GCWW’s apparent density and iodine standards. 
Excessive natural gas usage has been avoided and remains consistent to 
the average. The carbon loss has improved from a 7.7 percent loss in 2011 
to a 7.3 percent loss in 2012. Furthermore, going full circle as to why the 
carbon regeneration process was chosen for the RCM study, GCWW’s 2012 
reactive and corrective maintenance costs have been reduced by 50 per-
cent on the equipment analyzed in the RCM study.

Alex Schmitz, P.E. is a Senior Engineer in the Maintenance 
Department at the Greater. Cincinnati Water Works. He earned 
his Bachelors of Science in Mechanical Engineering from the 
University of Cincinnati.

Sam Paske is a Principal Consultant and Associate with Brown 
and Caldwell. He has  more than 15 years of experience serving 
Public Utilities and Municipal Governments across the U.S.  
www.brownandcaldwell.com

Anthony “Mac” Smith has over 50 years of engineering experi-
ence, including 24 years with General Electric in aerospace, jet 
engines and nuclear power. He has personally facilitated over 75 
RCM studies and has authored/co-authored two books on RCM.
www.jmssoft.com
Tim Allen joined Mac in 2005 after a 20-year career with the 
US Navy’s Submarine Maintenance Engineering Planning and 
Procurement Activity (SUBMEPP). During his tenure, Tim was 
one of the principals in developing the submarine group’s RCM 
process. www.jmssoft.com

FAILURES HAVING SAFETY 
CONSEQUENCES ARE RANKED HIGHEST 

(CATEGORY A). FAILURES THAT CAUSE 
A SYSTEM OUTAGE, OR DEGRADE 

SYSTEM PERFORMANCE OR QUALITY 
REQUIREMENTS, ARE RANKED SECOND 

(CATEGORY B). THOSE FAILURES 
THAT DO NOT CONTRIBUTE TOWARD 

DOWNTIME, BUT HAVE ECONOMIC 
CONSEQUENCES DUE TO CORRECTIVE 

PARTS AND LABOR COSTS ARE RANKED 
THIRD (CATEGORY C).

Figure 4: Step 5-1 functional failure matrix
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HOW LONG HAVE YOU BEEN INVOLVED WITH TRAINING?
My involvement with training has been realized in three phases. For many 

years, I gave occasional training courses while working for DLI Engineering 
(now Azima DLI). Then in 1999, I started Mobius Institute and developed a 
product called iLearnVibration. Many thousands of people use iLearnVibra-
tion and the other iLearn products. But it wasn't until 2005 that we started 
offering instructor-led courses. Following the ISO 18436-2 standard, we de-
veloped Category I, II and III courses.

WHY DID YOU START MOBIUS INSTITUTE?
I had been working with vibration analysis for almost 15 years when I started 

Mobius Institute. For much of that time, I was involved with the development 
of vibration monitoring software and instrumentation. However, I felt that most 

of our customers were not being given training that truly enabled them to fully 
utilize the capabilities of the vibration monitoring systems. Three- and four-day 
standard courses filled with zillions of PowerPoint slides left many people more 
confused about vibration analysis than when they started.

I was very fortunate in that not only had I been involved with training and 
the application of vibration analysis, I had also been involved with software 
development. Therefore, I knew that I could apply those skills to create train-
ing simulators that would help make all of the complex concepts involved 
with vibration analysis crystal clear.

WHAT IS SO UNIQUE ABOUT THE MOBIUS INSTITUTE TRAINING?
The big difference is in the tools we have developed to make the training 

easier to understand. Unless you are a genius engineer, or you have been in-

Asset 

Condition  

Management

vibration
analysis

Vib

Reliabilityweb.com and Mobius Institute both started in 1999 and have had 
a supportive relationship since, as each has contributed to professional 
development in the maintenance reliability community.  Our Publisher, Terrence 

O’Hanlon, recalls urban legend: “Reliabilityweb.com was based in a 360-acre cornfield in Nebraska at the time and Mobius near 
Melbourne, Australia. The first person who completed an iLearnVibration demo disc request form at Reliabilityweb.com was 
located less than 5 miles from the Mobius office. That is when we knew Mobius, Reliabilityweb.com and the Internet all would be  
a huge success!  Congratulations to Jason Tranter, founder of Mobius Institute and his team for this outstanding achievement.” 

MILESTONE 
ACHIEVED! 

10,000  
STUDENTS 
FROM 124 

COUNTRIES!

      Round of     
      Applause

Posted 09 January 2013 04:53 AM - Can you advise me on proper balance for steam turbine rotor of centrifugal compressor? This rotor has 
1st critical speed = 6,400 RPM, 2nd critical speed =16,000 RPM, operation speed 13,246 RPM. Last year, the rotor had high vibration after decreased 
RPM to 2000 RPM and rotor blade was rubbing and shaft bow. Vendor recommends to repair and bend the shaft and check balance by low speed. I 
think it should be balanced by high speed balancing to ensure no problems after 1st speed, what do you think?

Posted 09 January 2013 08:01 AM - I would balance the rotor at low speed first then trim it at high speed. Low speed balancing can only get 
so close and keep the rotor speed away from that critical.

Copyright © 2013 Reliabilityweb.com  •  All rights reserved.

20+ years of providing over 25,000 maintenance professionals a place to share knowledge,  
discuss issues and ask questions. Here is just one recent discussion.....

MaintenanceForums.com
Join 

Today! 

Deepest knowledge sharing site on the web for maintenance-focused information. Some of the best in the industry  
involved in discussions and offering advice. #1 maintenance focused web site in the world in terms of web traffic. 

Posted 10 January 2013 03:45 AM - So the rotor in operation now is the spare rotor. I can assume the “damaged” rotor is now on its way for refurbishment. Rotor straightening is one of the repair 
scope depending upon the degree of damage on the blade (I guess it is on the low pressure section blade rows), blade replacement may also be required. Now, if it is at OEM shop, I would expect the vendor 
recommends for HSB even for general refurbishment scope (without this rotor straightening scope) they would normally include HSB in their proposal. IMO the history of 1x vibration performance and the 
impact of bent & straightening repair method would be the main factors for you to assess if HSB is required. If indeed the rotor has a long history of 1X vibration issue, I would go for HSB if there is no 
concern on the 1x history and OEM can guarantee the magnitude of the bent had not resulted in rotor lateral change and rotor straightening procedure will not result in any change too, then low speed 
balancing may be sufficient. The last thing you do not want is to find out your speed governing range is in critical speed range.....more at MaintenanceForums.com

Posted 09 January 2013 08:27 AM - What 
do you mean by “bend shaft”? Is vendor recom-
mending some form of straightening operation?

Posted 09 January 2013 09:38 AM - 
What is the rotor diameter? How much is the 
shaft bow?
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volved with vibration analysis for many years, the use of vibration monitor-
ing instrumentation and the interpretation of the vibration measurements 
are very difficult to understand. We also have developed 50 software simu-
lators and 200 Flash simulators that make all of that much easier to un-
derstand. We also have developed over 800 3D animations that make the 
machines and their failure modes easier to understand.

IS THAT ALL THAT MAKES YOUR TRAINING UNIQUE?
Even though the simulations and animations make vibration analysis 

easier to understand, we were realistic enough to recognize that there is 
a lot to learn and absorb during the few days that you are in the training 
class, so we added two more unique benefits.

First, we created movies of each training classes (in a special studio) and 
we make them available in our "learning zone." When the student registers 
for the course, he or she is given access to the learning zone. Therefore, 
they can become familiar with the content of the course before they even 
step into the classroom. There is no doubt that those people who take 
the time to visit the learning zone learn far more than those who don't. 
And just in case our students still have any points of confusion, we allow 
them to continue to visit the learning zone for another six months after 
the course.

Second, during a course, it is very difficult for an instructor to determine 
whether every student understands the topics being covered in the course. 
So every student is issued a wireless "student polling device." It looks like 
a mini remote control that you would use on your TV except that it has 
just five buttons. Throughout the course, we have quick “pop quizzes.” They 
are anonymous so fellow students don't know who is answering the ques-
tions correctly and incorrectly. But the student knows whether they got 
the question correct. And the instructor knows, allowing him or her to offer 
extra attention where necessary.

WHERE DO ALL THE 10,000 STUDENTS COME FROM?
They literally come from all over the world. While we have a lot of vibra-

tion analysts from the United States, Australia, South Africa and Europe, our 
students actually come from 124 countries! We even have students from 
Mongolia!

HOW DO YOU HANDLE ALL THOSE LANGUAGES?
Our slides have actually been translated into 11 languages (13 if you 

count the two dialects of Spanish and French).

DOES THE COUNT OF 10,000 STUDENTS INCLUDE THE USERS OF 
ILEARNVIBRATION OR ATTENDEES OF YOUR OTHER COURSES?

No. It is hard to know how many people have learned about vibration 
analysis with iLearnVibration. We have sold thousands of licenses, but we 

know that in many cases multiple people have 
learned about vibration analysis with the one 
copy of iLearnVibration. We have also taught 
hundreds more students in our other training 
courses (alignment, balancing and short-form 
vibration). But we now have over 10,000 vibra-
tion analysts who have attended public or onsite 
Category I, II, or III courses.

ARE ALL 10,000 STUDENTS CERTIFIED?
Sadly, no. Some students choose not to take the exam and attempt certifi-

cation. Unfortunately, some students fail the exam. And some of the people 
who have passed the exam do not meet the experience requirements as de-
fined under the ISO standards. As a result, just over 6,000 people have been 
certified.

IS YOUR CERTIFICATION ISO ACCREDITED?
Yes, this year we concluded the process of becoming ISO accredited to 

ISO/IEC 17024 and ISO 18436, parts one and two. (The training also meets 
ISO 18436-3.) That’s a lot of standards and I can tell you that it was a lot of 
work to get through the accreditation process.

 CERTIFICATION 
IS ISO  

ACCREDITED

      Round of     
      Applause
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“Analytics” – the word is every-
where you look. But it’s not 

just another buzzword of the 
moment. Business analyt-
ics provides a longer le-

ver for corporate leaders 
at all levels – from end 

users to management to 
the C-suite – to improve 

business performance 
across the enterprise.

Reliability affects business out-
comes, but the eternal chal-
lenge for maintenance is to 

quantify its value to the business. 
For asset-intensive organizations in 
both the private and public sectors, ef-
fective management of the maintenance 
function enables the ability to deliver ser-
vice levels, function safely (with regard to 
personnel, the public and the environment) 
and sustainably operate efficiently and meet enter-
prise business goals.

The challenges of where and how to trim costs while 
sustaining or increasing service levels and operational 
excellence exert enormous pressure on maintenance 
operations. In a dynamic environment of increased 
competition, tougher regulations and ongoing de-
mands to sustain profitability, analytics provides a 
valuable tool for achieving your primary goals: safety, 
reliability, compliance and cost management.

The fact is that moderate improvements in main-
tenance performance can have a significant impact 

on the bottom line. Implementing best prac-
tices into your maintenance processes and 

culture makes your maintenance, repair 
and operations (MRO) more effective 

today and is the key to long-term 
success.

Information is useful – 
knowledge is power

At its core, a cost-effective 
maintenance strategy ad-
dresses the dominant causes 
of equipment failure. It’s a sys-
tematic approach to defining a 
routine maintenance program 
composed of cost-effective 
tasks that preserve important 
functions. By focusing actions 
and standardizing processes, 
companies can quickly drive 
out waste, maximize time and 
eliminate non-value activities.
Maintenance professionals 

can use analytics tools to improve 
MRO planning, organization and 

control. Organizations that extend 
their enterprise asset management (EAM) 
or enterprise resource planning (ERP) be-
yond business intelligence (BI) with ana-
lytics can drive significant improvements 
to asset performance, maintenance ef-
fectiveness, inventory costs, service levels 
and customer satisfaction. Furthermore, 
analytics helps decision makers understand 
exactly how the maintenance function con-
tributes to the bottom line and leverages 
the maintenance function as a competitive 
advantage.

Lindsay Clarke

Boost Reliability, Save 
Money, Drive Business 
Results with Analytics

Figure 1: Analytics helps you visualize exactly how effective and 
efficient your maintenance activities are, benchmarked against 

best-in-class. You can easily identify focus areas for improvement. In 
this example, preventative maintenance and planning already meet 

best-in-class standards, while the other functions require various 
levels of improvement to come up to best-in-class.

Plant  Maintenance Benchmark Scores
A = % Estimated Replacement Value; B= Planned Work;  

C=Preventative Maintenance; D=Captured Work;  
E=Inventory Turn; F= Inventory Service; G=Overtime;  

H=Planners; I=Support; J=Training

Work 
Execution  

Management

mro-spares
management

MrO
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Analytics-driven reliability and maintenance are gaining visibility in 
the field of asset management for good reason. These tools and practices 
help companies:
• Facilitate greater control of asset condition, maintenance schedules 

and work processes.
• Limit unnecessary costs, reduce total cost 

of ownership and boost asset productiv-
ity.

• Improve maintenance efficiency, inven-
tory performance, supplier management 
and supply chain effectiveness.
Asset analytics can take care of asset per-

formance management, spares inventory 
analysis and resource management. Reports 
can be generated for the top management 
level, maintenance professionals, inventory 
people, as well as workers.

Advanced analytics goes beyond simple 
query and reporting tools by analyzing data 
for patterns and relationships that might 
not be apparent otherwise. Optimization 
elements of analytics can also help you fore-
cast future conditions based on current and 
historical data.

Maintenance analytics makes it easier for you to optimize spares inven-
tory and maximize reliability centered maintenance (RCM) and preventa-
tive maintenance (PM) initiatives. Many companies find that applying ana-
lytics in these two areas quickly produces a positive return on investment.

Optimizing MRO inventory drives reliability, reduces costs
MRO inventory is often looked upon as a storage area for maintenance 

materials. But its true intent is to provide on-time delivery of the right 
materials at the lowest cost.

Non-availability of critical spares incurs costly downtime. And mainte-
nance schedules can be hampered due to stockouts. The fear of stockout 
results in overstocking and unnecessarily high inventory holding costs. 
Without effective inventory management, review and optimization, or-
ganizations end up carrying excessive surplus and obsolete inventory, in-
cur frequent expediting costs (freight), and/or experience unacceptable 
levels of stockout occurrences.

MRO analytics provides inventory managers with a powerful tool that 
enhances efficiency, cuts inventory costs and helps drive MRO perfor-
mance. As companies add new types of assets to the mix and address 
ongoing economic challenges, inventory optimization is an increasingly 
critical practice for minimizing MRO costs and maximizing asset perfor-
mance.

With the detailed reports generated from MRO analytics, inventory 
managers can more easily and accurately determine the optimum quan-
tity of spares to be ordered in order to eliminate excess inventory and 
calculate optimal stock levels.

Using analytics to optimize your MRO spares and consumables inven-
tory can help you:
• Decrease inventory holdings.
• Avoid costly stockouts while minimizing safety stock.
• Reduce write-offs of surplus and obsolete stock.
• Cut replenishment administrative costs.
• Save time by managing inventory more efficiently.
• Improve supplier performance.

Improve your RCM and PM initiatives
With the improved visibility into maintenance performance and ef-

fectiveness that analytics provides, your maintenance team can achieve 

continuous improvement in your RCM and PM programs. Optimizing 
RCM and PM enhances equipment uptime and reliability, improves re-
source productivity and helps reduce MRO costs.

MRO analytics allows you to standardize RCM and PM plans across 
your operations for better results. With analytics, you can easily:

Analytics helps to facilitate reliable, ef-
ficient, low-cost operation of your assets 
– and reliability affects business outcomes. 
MRO analytics is good for reliability, but 
more than that, it’s just good business.

     A seasoned veteran of technology consulting with mining companies 
and other asset intensive enterprises around the world, Lindsay Clarke 
understands the challenges faced by these companies and provides a 
unique global perspective based on international expertise.  
www.oniqua.com.

MRO INVENTORY IS 
OFTEN LOOKED UPON 
AS A STORAGE AREA 
FOR MAINTENANCE 

MATERIALS. BUT ITS TRUE 
INTENT IS TO PROVIDE 

ON-TIME DELIVERY OF THE 
RIGHT MATERIALS AT THE 

LOWEST COST.

Vibration Data Collector Poles

LIFETIME

GUARANTEE
PATENT #27076138

HIGHLIGHTS

• Reduces need for a safety harnesses or 
ladders during data collection

• Includes multiple high temperature 
bushings to fit your preferred vibration 
sensor

• Our patented Flex-Lock head tilts 180°
for proper sensor placement or locks in 
place for stationary use

• Lightweight non-conductive fiberglass 
helps ensure safety

• Choice of extension pole lengths

• Cables & adapters allow use with any 
manufacturers data collector

Exclusive 180º 
Flex-Lock Head 

Assembly

*Available Sizes:

DCPF 23 - 2-3.5 FT EXTENDED
DCPF 47 - 4-7 FT EXTENDED
DCPF 611 - 6-11 FT EXTENDED
DCPF 814 - 8-14 FT EXTENDED
DCPF 824 - 8-24 FT EXTENDED

Break-Away
Safety 
Connector

Westerberg & Associates, Corp.
1421 N Meadowwood Lane, Suite 20

PO Box 567
Liberty Lake, WA 99019
Phone: 509-998-9213

Toll Free 888-885-1124
liz@westerbergassociates.com

www.westerbergandassociates.com

CALL TODAY
for your copy of

DOC’s PUMP
JOURNAL

Now taking reservations for the 
NEW

DOC’s STEAM & TRAP 
JOURNAL

• Optimize maintenance frequency, match 
plans to appropriate failures, and define 
costs, durations and variances.

• Target plans that require skills develop-
ment or procedural standardization.

• Evaluate predictive maintenance (PdM) 
plans or condition-based maintenance 
(CBM) plans for specific assets.

• Pinpoint assets that would be better 
maintained with PdM or CBM plans.
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In Part One (Uptime Magazine Dec/Jan13) of this multipart series, we 
examined the role of a lubricant in ensuring gearbox reliability. Put 
simply, without the correct lubricant, gearboxes won’t come close 
to running reliably. But proper lubrication goes way beyond the 
lubricant. In the second part of this three part series, we’ll examine 
the next most important factor: making sure the lubricant is free of 
contaminants.

Contamination Control for Enclosed Gears
Most contamination control strategies for gear drives focus too much 

on coarse particles. In this context, coarse refers to particles in excess of 
20 microns in size. At this size range, even though particles are invisible 
to the naked eye and are, on average, three to four times smaller than the 
cross section of a human hair, damage can still occur. But it is particles 
in the sub-10 micron size range that cause most of the damage in most 
gearboxes. This stands to reason when you consider the typical dynamic 
clearances in a gearbox range from a few tenths of a micron to around 
five to 10 microns, depending on load, speed and design. Particles in the 
one to 10 micron size range are often referred to as “silt-sized” particles.

To illustrate the effect of silt-sized contaminants, consider the graph 
shown in Figure 1 that shows the effects of fluid cleanliness on gearbox 
life expectancy. For many industrial gear drives running in typical plant 
environments with no silt control, the level of fluid cleanliness is often 
22/20/17 (c) or dirtier. Based on the data presented in Figure 1, by main-

taining fluid cleanliness at or below the optimum levels of ISO 18/16/13 
(c) or cleaner, the life expectancy of the gears and other oil wetted com-
ponents of the gear drive should be at least twice as long.

For water, a similar relationship holds between the level of contamina-
tion and the mean time between failures (MTBF). While the hygroscopic 
nature of oil makes it next to impossible to keep gear oil completely free 
from water, keeping water at or below the saturation point is the key. 
For many conventional gear oils, the saturation point of the oil at typi-
cal gearbox operating temperatures ranges around 400 ppm-600 ppm of 
water (0.04%-0.06% by volume). For a gearbox that holds approximately 
five gallons (20 liters) of oil, that equates to as little as 1½ teaspoons of 
water. Once the saturation point is exceeded, water will come out of solu-
tion into either the free or emulsified state. In this condition, the deleteri-
ous effects of water, which include loss of film strength, rust and corro-
sion, increase exponentially, seriously impacting equipment life.

This problem is most pronounced in gear drives that operate intermit-
tently at low ambient operating temperatures. While 500 ppm of water 
in a gearbox operating at 140 F (60 C) typically will be all in the dissolved 
phase, shutting down the gearbox and allowing the oil to cool to 32 F (0 
C) will cause most of the water to come out of solution.

Water also has a secondary effect on gear oils. Many of the additives 
used in gear oils are either water soluble or react with water. As such, 
whenever gear oil is left saturated with moisture due to either an extend-
ed shut down period or inappropriate new oil storage, additives can be 
either stripped or rendered ineffective. For most gear oils, water levels 
need to be kept dry enough so that any water that may be presented is 
completely dissolved. While not possible in some circumstances, prac-
tical limits for water in gear oils should be below 200 ppm-300 ppm 
(0.02%-0.03% by volume).

Gearbox Maintainability and Contamination Control
Controlling contaminants within gear drives requires a concerted ef-

fort to assess each possible ingression source. Even something as simple 
as changing the oil can result in a significant amount of particle and mois-
ture ingress unless the utmost care is taken. The first step in controlling 
contaminants is to review all possible ingression sources. These include 
both contaminants introduced from the outside, as well as contaminants 
created internally. Some of the more common sources include:

• Airborne dirt and moisture
• Water from wash down/sanitation
• Water from the production process
• Unfiltered new oil
• Internally generated wear debris
• Byproducts of oil degradation.

Precision Gear Lubrication
Building a Foundation 
for Reliability

machinery
lubrication
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Figure 1: Relationship between gear oil fluid cleanliness and life expectancy
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With any contamination control strategy, the first place to start is to 
look at external sources of ingression. Most external contamination in-
gression in gearboxes comes from the breather/vent port. This stands to 
reason since many gearbox designs utilize a combination breather and 
fill port. Careful examination of the fill port/breather cap often reveals 
little more than a course sponge or wire wool/mesh to restrict contami-
nation ingress. Wherever possible, older style breathers or combina-
tion breather/fill ports should be replaced with modern, high efficiency 
breathers (See Figure 2). In very low humidity environments, standard 
particle removing breathers should be used. These should be sized based 
on the anticipated air flow requirements and rated to remove silt-sized 
particles in the sub-five micron range. However, in most plants and in-
dustrial environments, moisture is an issue, especially since many gear 
oils are hygroscopic. Where airborne humidity or process water ingres-
sion is an issue, it’s necessary to remove not just 
silt-sized particles, but also moisture from the air 
as it enters the gearbox headspace. This requires 
the use of desiccant breathers, which include both 
a particle removal element capable of eliminat-
ing silt-seized particles and a desiccating media, 
often comprised of silica gel, to remove all traces 
of moisture from the air as it enters the gearbox.

While desiccant breathers are effective for re-
moving particles and moisture from the air, in 
some environments where a lot of moisture and 
humidity is present, the life expectancy of the sili-
ca gel can be a little more than a matter of weeks. 
Under these circumstances, a more cost-effective 
solution may be the use 
of a hybrid breather that 
remains sealed when no 
air exchange is required. 
In this case, thermal 
expansion and contrac-
tion of the headspace as 
the gearbox heats up or 
cools down is controlled 
through a bladder that 
expands or contracts to 
equalize pressure. If a 
significant pressure dif-
ferential exists, for ex-
ample during start-up, 
a series of check valves 
on the bottom of the 
breather open to equal-
ize pressure between 
the gearbox headspace 
and the environment. 
Unlike standard desic-
cating breathers, the 
advantage of hybrid 
breathers is that the sys-
tem is nominally sealed, preventing contamination ingress and preserv-
ing the life of the breather. Depending on application and environment, 
these so-called hybrid breathers can last as much as five to 10 times lon-
ger than the life of a conventional desiccant breather.

Having a desiccant or hybrid breather and removing other sources of 
contamination ingress is an excellent first step in any gearbox contami-
nation control strategy. Eventually however, there will be a need to open 
up the gearbox to change oil, check oil level, etc., and in doing so, it’s 
easy to undo all the benefits provided by high quality breathers. To illus-
trate this point, consider the way oil is changed on most splash lubricated 
gearboxes.

Gearbox Maintainability
The solution for controlling con-

taminants is to configure the gearbox 
to remain sealed during all phases of 
normal operation, including routine 
planned maintenance such as level 
checks and oil changes. This can be 
easily achieved by modifying the 
drain and fill/breather ports with 
simple adapter kits that permit mul-
tiple access points to the gearbox 
without opening the gearbox sump 
to the environment. This kit, which is 
used to replace the breather/fill port, 
allows for the installation of a desic-
cant breather and quick connect fit-
tings to facilitate the addition of new 
oil without opening the gearbox. By 
combining this adapter with a simple 
quick connect fitted on the drain, this 
gearbox can be maintained without 
ever being exposed to the ambient 
environment.

Maintaining the correct oil level is 
also critically important, particularly 
in smaller, splashed lubricated gear-
boxes where an oil level variation as 
small as 1/2-inch can mean the dif-
ference between success or lubricant 
starvation. Because of this, routine oil 
level checks are an important part of 
any gearbox preventive maintenance 
program. To facilitate level checks, 
many gearboxes are equipped with 
a dipstick style level indicator. Al-
though these are effective when the 
gearbox is shut down, they cannot 

be used effectively with the gearbox running and often times create an 
ingression source for contamination. Wherever possible, external level 
gauges should be used. The most common type is a brass fitting with a 
glass or plastic clear tube. It allows the oil level to be quickly and easily 
checked without pulling a dipstick or opening up the gearbox. Wherever 
possible, the top of the level indicator should be plumbed back to the 
top of the gearbox – ideally to the fill port adapter – so the system can be 
kept free of contamination but still read the correct level. High and low 
(shut down and running) levels should be marked on any level gauge to 
indicate the correct oil level under any operating condition.

Figure 2: Old style breather/fill ports should be 
replaced with desiccant breathers to prevent 

particle and moisture ingress, as well as quick 
connects to all new oil to be added and offline 

filtration to be performed non-intrusively

Typical Oil Change Strategy:
Since the oil must be changed with the gearbox shut down, the oil inside the gearbox 

is typically colder than during normal operation. As the oil cools, the viscosity 
increases, making it difficult to drain all the old oil out of the drain port. To reduce the 
amount of time it takes for the oil to be drained, most mechanics are prone to remov-
ing the breather or fill port to increase flow rate. However, by doing so, the effect on 
contamination control can be disastrous. Draining five gallons of oil from a gearbox 
requires the equivalent volume of air to enter through the open port, which in most 
ambient plant environments is enough to increase the effective ISO cleanliness code 

and moisture content within the gearbox by several orders of magnitude.

WITH ANY 
CONTAMINATION 

CONTROL STRATEGY, 
THE FIRST PLACE TO 
START IS TO LOOK AT 
EXTERNAL SOURCES 

OF INGRESSION.
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The importance of isolating the lubricant from the ambient environment 
cannot be overstated. Even oil changes can be done without exposing the 
gearbox to the outside environment by using a filter cart with a manual 
filter bypass to pump the drain using the quick connect and then using the 
quick connect on the fill port adapter to add the new oil without removing 
the breather or adapter.

Even with a good quality desiccant breather, adapter kits and quality 
seals, gearboxes still need to be filtered to achieve optimum levels of con-
tamination control. But while some gearboxes with circulating oil have 
full flow filters, most gearboxes have no permanent filtration, and even 
where filtration is present, most full flow gearbox filters do very little to 
remove silt-sized particles or moisture.

For gear drives, the secret for precision contamination control is the 
use of supplemental offline filtration. This simple strategy, which involves 
taking a small amount of oil from the wet sump, passing the oil through a 
high efficiency filter and returning it back to the sump, has proven to be 
very effective at maintaining optimum levels of cleanliness in gearboxes.

The simplest is to use a permanently installed bypass filtration system. 
This system has a pump and two filter housings: the first housing being 
used either to remove water or large particles, with the second filter rated 
to remove silt-sized particles. Flow rates for this type of system should not 
exceed 10% of the total oil capacity (for example, no more than 5 GPM 
for a 50 gallon sump), but even with just a small amount of oil passing 
through the filter at any given time, these types of systems can effectively 
control particles and moisture to very low levels.

In some instances, installing a permanent filtration system on all critical 
gearboxes within a plant can be cost prohibitive. Under these circumstanc-
es, a portable filter cart can be used in conjunction with quick connects on 
the drain and fill port adapter to periodically decontaminate the gearbox. 
Just like permanent systems, flow rates should be controlled to 10% or less 
of the total volume to prevent foaming, aeration and oil starvation to the 
gearbox, while the use of two filters in sequence allows for moisture and 
large particle control, as well as small particle filtration. Ideally, whenever 
using a portable filtration system, the cart should be left connected for a 
sufficient time so the oil is passed through the filters at least seven and 
preferably ten times. For all but the largest gearboxes, this equates to a 
matter of hours, making the use of a single cart for a multiple gearbox high-
ly practical. Wherever possible, a single cart should be dedicated to a single 
type and grade of lubricant to avoid cross-contamination.

Gearbox  
Contamination 
Control –  
It Is Possible!

Controlling con-
taminants in gearbox-
es can be challenging, 
but with a concerted 
effort, it’s possible to 
control particles and 
moisture to very low 
levels. Figure 3 shows 
the impact that 24 
hours of offline filtra-

tion can have on a roll drive gearbox on a paper machine, with particle 
levels dropping from 24/21 (R6/R14) to a remarkable 12/9!

In the third and final part of this series, we’ll examine critical success 
factors for sampling and analyzing gear oils.

Mark Barnes, CMRP, is Vice President of the Equipment Reliability 
Services team at Des-Case Corporation. Mark has been an active 
consultant and educator in the maintenance and reliability field  
for over 17 years.  Mark holds a PhD in Analytical Chemistry. 
www.descase.com

Figure 3:  Particle levels over a 24-hour period using offline 
filtration on a roll drive gearbox on a paper machine
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Prosci® Change 
Management 
Programs

• Sponsor: ½-day 
• Coaching: 1-day 
• Orientation: 1-day 
• Certification: 3-day

Executives and Senior Leaders;
Managers and Supervisors; Project
Teams; HR and Training Groups;
Employees

Build internal competency in change
management. Deploy change management
throughout your organization. Become licensed  
to use Prosci’s change management tools.

Contact us to  
schedule a private 
onsite class. 

Contact 
us for 
pricing

Reliability and 
Operations 
Excellence

Feb 12-13, 2013 (CHS)
Sep 24-25, 2013 (CHS)

2 consecutive days
1.4 CEUs

Operations Directors, Site Managers,      
    Change Managers, Operations and       
      Maintenance Managers, First Line    
      Supervisors, Reliability Leaders

Apply operations excellence and reliability 
principles. Learn to deliver competitive  
advantage through asset productivity, defect 
elimination and workforce engagement.

$1,750

Reliability 
Excellence 
For Managers

SESSION 1 DATES:
Feb 5-7, 2013 (CHS)
May 7-9, 2013 (CHS)
Aug 13-15, 2013 (CHS) 
Oct 8-10, 2013 (CHS)

12 days total  
(4, 3-day sessions)
8.4 CEUs

$5,995General Managers, Plant Managers, 
Design Managers, Operations  
Managers and Maintenance  
Managers

Build a business case for Reliability Excellence, 
learn how leadership and culture impact a 
change initiative and build a plan to strengthen 
and stabilize the change for reliability.

Materials 
Management

Apr 9-11, 2013 (CHS)
Oct 22-24, 2013 (CHS)

$1,495Materials Managers, Storeroom 
Managers, Planner/Schedulers, 
Maintenance Managers and  
Operations Managers

Apply sound storeroom operations principles. 
Manage inventory to optimize investment. 
Understand the role of purchasing. Implement 
effective work control processes.

3 consecutive days
2.1 CEUs

Planning for 
Shutdowns, 
Turnarounds 
and Outages

3 consecutive days
2.1 CEUs

        Members of the shutdown or  
        outage teams, planners, plant        
       engineers, maintenance  
   engineers

Save time and money on your next shutdown 
by learning how to effectively plan for and 
manage such large projects. Learn processes 
and strategies for optimal resource allocation.

May 21-23, 2013 (CHS)
Oct 1-3, 2013 (CHS)

$1,495

Predictive 
Maintenance 
Technologies

3 consecutive days
2.1 CEUs

Plant engineers and managers,  
Maintenance, Industrial and  
Manufacturing Engineers, Maintenance 
Supervisors and Managers

Collect and analyze data to assess the actual 
operating condition. Use vibration monitoring, 
thermography and tribology to optimize plant 
operations. 

Mar 12-14, 2013 (CHS)
Oct 8-10, 2013 (CHS)

$1,495

*LOCATION CODES:   (CHS) = Charleston, SC  |  (HOU) = Houston, TX  |  Visit www.LCE.com for all Institute Location Addresses
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Reliability 
Excellence 
Fundamentals

3 consecutive days
2.1 CEUs

Personnel involved in applying or are 
impacted by Reliability Excellence, 
and people who influence business 
process improvement.

May 21-23, 2013 (HOU)
Sep 10-12, 2013 (CHS)

$1,495Experience the fundamental concepts of  
Reliability Excellence in order to drive  
performance improvement efforts within  
your organization.

Reliability 
Engineering 
Excellence

Apr 23-25, 2013 (CHS)
Sep 24-26, 2013 (CHS) 

3 consecutive days
2.1 CEUs

Reliability Engineers, Maintenance  
Managers, Reliability Technicians,  
Plant Managers and Reliability      
Personnel

Learn how to build and sustain a Reliability 
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tools and problem-solving methods and  
ways to optimize your reliability program.

$1,495

Risk-Based 
Asset  
Management

Project Engineers, Reliability 
Engineers, Maintenance Managers, 
Operations Managers, and  
Engineering Technicians. 

Learn to create a strategy for implementing a 
successful asset management program. Discover 
how to reduce risk and achieve the greatest 
asset utilization at the lowest total cost of 
ownership.

3 consecutive days
2.1 CEUs

Mar 12-14, 2013 (CHS)
Aug 13-15 2013 (CHS)

$1,495

Root Cause 
Analysis

Apr 16-18, 2013 (HOU)
Oct 22-24, 2013 (CHS)

3 consecutive days
2.1 CEUs

$1,495Anyone responsible for problem 
solving and process improvement

Eliminate latent roots and stop recurring 
failures once and for all. Learn a process to 
establish a culture of continuous improvement 
and create a proactive environment. Manage 
and be able to effectively use eight RCA tools.

Use tools and processes to create a Lean 
organization. Identify and eliminate waste, reduce 
operating and maintenance costs, increase 
uptime, gain top management support and learn 
to plan and schedule maintenance jobs for Lean 
execution.

       Managers, Directors, Supervisors  
       and Team Leads in Maintenance,  
     Asset Management, Shutdowns  
and Turnarounds, Plant/Project  
Management, Engineering or  
Reliability.

Lean  
Maintenance

Feb 26-28, 2013 (CHS)
Aug 27-29, 2013 (CHS)

3 consecutive days
2.1 CEUs

$1,495
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Maintenance 
Planning and 
Scheduling

Feb 4-8, 2013 (CHS)
Mar 18-22, 2013 (HOU)
May 13-17, 2013 (CHS)
Aug 5-9, 2013 (CHS)
Sep 23-27, 2013 (HOU)
Nov 4-8, 2013 (CHS)
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Kevin Lesnewski

Can You Believe in 
What You See?

Temperature Measurement 
with Thermal Imaging

We are all visual by nature. We look at, review and 
make determinations about data we see or read, 

then determine a path for proper corrective action. 
This can be in many forms, such as a report from an 

oil analysis test, ultrasound or vibration test. 

We review and interpolate numeric information all the time to 
create a virtual image of the condition so we can relate to the 
information provided. Thermal imaging is a little different in 

the role of the imager because the way in which information is captured 
through the creation of the image, we are supposed to believe it. How-
ever, can you? Do you trust what you see? How accurate is the informa-
tion presented?

There is a triad of technologies we 
use every day: ultrasound, vibration 
and thermal imaging. Using all three 
together is one of the best ways to get 
all the facts and make the best deter-
mination. The key is understanding 
the technology behind each instru-
ment. Let’s focus on the use of thermal 
imagers. With infrared (IR) technology, 
we are actually measuring the infra-
red radiation coming from an object’s 
surface and converting this data into 
a temperature measurement. In a frac-
tion of a second, it is assembled by the imager using a complex set of 
algorithms into a visible image for us to review, create and base an in-
formed decision on. For this article, let us assume ideal conditions are 
present for thermal imaging, such as no external IR source interference 
and correct emissivity settings. We will then use this visual image in one 
of three ways, which are the most common, to create this informed deci-
sion. These three typical scenarios are:

• Scenario #1 - Temperature difference between the object and ambient 
conditions.

• Scenario #2 - Temperature difference between the object and a similar 
object under the same load conditions.

• Scenario #3 - Actual temperature of the object and known safe operat-
ing temperature range of the object.
The first two are the most common of these three, as over time, you 

will build up experience and comparison data based on many inspection 
points and operating variables. Nevertheless, how can you trust the tem-
perature provided? Can you believe what you are seeing?

The way to ensure accuracy is to understand thermal imaging prin-
ciples. I highly recommend a basic thermal imaging Level 1 course from 
one of the many qualified providers. In these courses, they will instruct 
you on the variables and how to limit the potential impacts and effects 
they may have on your data and the operation of your thermal imager. 
The second part is having the right equipment at the right time for the 
job at hand.

Resolution and sensitivity are two very important specifications, fol-
lowed very closely by lens selection and software capabilities. All these 
characteristics working in unison are the components that make up your 
imaging platform. Having one or two specifications and lacking others 
will make your task of complete and comprehensive inspections very dif-
ficult and cause more headaches down the road. In many applications, 
to get accurate and reliable temperature measurements of your area of 
interest, resolution is the key factor.

Better and higher image resolution creates a positive condition that 
is directly proportional to providing more data collected to build the 
thermal image, provide more detailed and clearer representation of the 
measuring object and give accurate temperature measurements. There 
are two typical ways to get more resolution. One is to buy a larger imager 
with higher resolution. This may or may not be a viable option depend-
ing on your work environment and operational conditions. The second 
method is to figure out a way to completely fill the area of the sensor 
with the most data possible by getting as close as possible to your area 

RESOLUTION AND  
SENSITIVITY ARE TWO 

VERY IMPORTANT  
SPECIFICATIONS,  
FOLLOWED VERY  
CLOSELY BY LENS  

SELECTION AND  
SOFTWARE  

CAPABILITIES.
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of interest to maximize the coverage of your imager. This may not always 
be possible either, because of location or safety requirements in place 
within your plant or facility operation.

Most equipment manufactures recognize these issues and work to-
wards developing technologies that address this issue directly by im-
proving the usable, geometric resolution of the thermal image. Recently, 
an image enhancement technology has been introduced in which ther-
mal resolution increased up to a factor of 1.6 times (1.6X), or 60 percent, 
which increases the resolution (pixels) by a factor of four times (4X). Let 
us review this process in more detail as the idea behind the process is 
simple, yet the actual development of this technology has been quite 
complex.

The inherent issue is the layout of the pixels in a thermal array. To pre-
vent thermal energy from being conveyed from one to another, individ-
ual pixels cannot be touching. This would provide very poor and inaccu-
rate measurement and an imaging system that is not very effective. Since 
the individual pixels of any sensor have these areas of dead space in be-
tween them to act as thermal insulation between the pixels, these blank 
areas do not record any measurement data. However, what if there was a 
way to fill in these blank spots with real temperature measurement data, 
not a simple interpolation based on scaling up of the image? This filling 
in of real data is exactly what happens when the imaging process uses a 
multi-image capture protocol in generic terms of multi-image sampling.

Starting with a rapid collection of images, five in total captured within 
200 ms, then using a complex image registration process where the first 
image serves as the base image. then images two through five are com-
pared pixel by pixel. When the data is confirmed to fall within the dead 
space of the main image pixel matrix of image one, then and only then 
is the data inserted from the other four images captured into the matrix 
to completely fill it in with this real data. This effectively increases the real 
pixel count by the factor of 4 times (4X).

The next step in the 
process is called de-
convolution, the basic 
function to optimize 
the image through an 
in-depth understand-
ing of the optical prop-
erties of the lens and 
imaging path being 

used. The end result is an effective increase in the instantaneous field of 
view (IFOV) of the imaging system by having more pixels within the im-
age than could be captured by the original pixel matrix. This provides a 
superior data set that provides additional pixels on any given area within 
the image that was not possible due to the size of the original matrix. This 
additional data provides the ability to create a much improved thermal 
image with exceptional temperature accuracy as a direct result of this in-
creased level of data availability. The overall temperature accuracy of the 
thermal imaging system can be improved up to a factor of 1.6 times (1.6x) 
or 60 percent over similar imagers not using this technology.

The actual increase in resolution and IFOV can be tested using a modu-
lation transfer function (MTF) of the imaging system. This test shows how 
image resolution is increased, providing not only sharper, better image 
clarity, but also improved temperature accuracy by extending the mea-
surement area before fall-off occurs.

How can this be seen or can it be seen in real life images from actual 
inspections?

In the following example, captured during an inspection of a substa-
tion, an overhead knife switch was detected to be operating in a hot 
condition when compared to other switches under similar loads nearby. 

This goes back to 
scenario #2 of how 
we use thermal 
imagers. The initial 
temperature of the 
switch is 109°F, but 
when enhance-
ment technology 
is applied to the 
imaging solution, 
a new, more accu-
rate temperature of 
113°F is recorded, 
as well as a highly 
detailed sharper 
image. This 4°F tem-
perature delta did 
not represent a criti-
cal repair, but it did 
elevate the switch 
to a higher level of 
inspection to moni-
tor the temperature 
more frequently.

New and exciting 
technologies are under development every year by equipment manufac-
turers to increase the capabilities of your testing equipment. These tech-
nological advances provide the ability to capture images and trust in the 
data collected to build better and more comprehensive CBM and reliability 
maintenance programs for your operations. You should place trust in your 
measurement equipment, but only after you take the time to understand 
how and what is measured. Keep in mind the most important piece of the 
equation is you and your interpretation of the information presented.

Kevin R. Lesnewski, North American Product Manager, Thermal 
Imaging Division, Testo Inc.  With over 20 years of experience in 
imaging science and imaging applications, and formerly a Senior 
Imaging Specialist with the Kodak Scientific Imaging group, Kevin 
has extensive and specialized experience in many non-conventional 
imaging applications and technologies used in the fields of research, 
manufacturing and process control applications. www.testoUSA.com

Overhead Knife Switch - initial thermal reading and new 
reading once enhanced technology is applied.

Table 1 - Pixel Count Increase of Process

Original Pixel Matrix New Matrix
160 x 120 320 x 240

320 x 240 640 x 480

640 x 480 1280 x 960

Table 2 - Imaging System IFOV Increase of Process
Original New

Matrix size IFOV ~ 1 meter Matrix size IFOV ~ 1 meter

160 x 120 3.33 mm 320 x 240 2.08 mm

320 x 240 1.67 mm 640 x 480 1.04 mm

640 x 480 1.13 mm 1280 x 960 0.71 mm
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Analysis of the data from the 
results of asset management 

assessments, from over 50 mines 
shows that only a few in the min-
ing industry are attaining results 
equivalent to industry averages.

Leadership within a number of major mining 
companies have published visionary stat-
ments regarding the role of asset manag-

ment that demonstrates a level of understand-
ing of its importance to operating and financial 
success. Our study shows that, in general, there 
is a misalignment between the executive vision 
and execution at the operational level. Further, 
our results show that improving the execution 
of asset management to a level performed at 

many other asset intensive industries will yield 
major operational and financial improvements. 
A first step is demonstrating to operational 
management that asset management is an area 
worth investment. We propose the notion that 
operational management within the mining in-
dustry is, in general, accustomed to living with 
sub-optimal asset performance and therefore 
may be reluctant to depart from the familiar to 
address the challenges around creating opti-
mized asset performance. 

This data indicates a number of key findings. 
Firstly, there is a great opportunity to improve 

asset managment maturity and performance to 
standards achieved by other asset intensive in-
dustries. Even the top 5% of performers within 
the mining industry, which need to be acknowl-
edged for their achievements, could gain by 
attaining the performance equivalent to a well 
run and efficiently managed power plant or re-
finery. 

Secondly, and of significant importance, the 
study identifies a few key enabling processes 
that drive asset performance within the mining 
industry. Investment in these processes will lead 
directly to increased asset contribution with 
corresponding operating and financial benefits.

Finally, and more controversially, the findings 
show that there is no clear correlation between 
increased investment in further investment in IT 
and computer systems, and asset performance. 
This is illustrated in Figure 2, which shows the 
poor correlation betwen Information Manag-
ment  investment and asset perfomance.

Why Asset Management 
Doesn’t Work  
in the Mining Industry and  
How to Fix It

Grahame Fogel and Stefan Terblanche

Mining top 5% 

Global Benchmark   

Figure 1: Illustrating the results of the survey across 57 mines
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What is the data telling us?
Asset management maturity and the result-

ing yield in asset performance have been sur-
veyed at 57 mines across the globe. Analysis 
focused on 17 key performance areas, as illus-
trated in Figure 1.

The results show a strong correlation be-
tween increased investment in improved pro-
cess capability and performance in five key 
enabling processes.

These are:
1. Strategy Management 
2. Asset care plan development (develop-

ment optimized maintenance tactics, 
including condition monitoring)

3. Work Planning and Control
4. Operator Asset Care
5. Focused Improvement 
These are illustrated in Figure 3, and clearly 

show that they lag behind in terms of general 
asset management maturity.

Why hasn’t the mining industry 
mastered asset management?

The last 20 years of experience in the min-
ing industry have provided clear and unam-
biguous evidence of the valuable contribution of 
good asset management. Within  industry there 
is clear evidence that asset managment contrib-
utes to:     

• Improved capital productivity
• Improved recovery rates
• Improved decision making
• Optimized life cycle costs
• Better managed asset related risk
• High levels of predictability
• Reduced energy use
• Improved safety and environment
• Improved labor productivity
• Greater shareholder value.
Yet, this set of results, which is representative 

of the mining industry, shows the low level of 
maturity of asset management in the mining 
industry. 

Compounding the problem, if we review 
where the key enabling processes plot on Fig-
ure 1 we see that these are performed at a par-
ticularly low level of maturity,

On top of this, leading voices within the min-
ing industry  often advocate the value of good 
asset management. There is an obvious discon-
nect that deserves further analysis. We conclude 
that this disconnect (from the obvious of what is 
in place) is due to an overemphasis on the op-
erational activities where such a bias pushes the 
role of asset management and other operation-
al excellence activities away from any central 
management theme.

As such, asset management is made the re-
sponsibility of a disempowered function buried 
low within the hierarchy of operations, which 
hasn’t the budget, influence, authority or eleva-
tion to create anything but marginal influence.  

Consequently, we observe the symptoms of a 
partially managed function at play. These include:

• Significant year–to-year cost increases 
(well above inflation).

• High asset related risk exposure, leading to 
cost deviations and safety incidents.

• Poor asset performance not being ad-
dressed at the source,  instead   buying so-

lutions with high cost, capital replacement 
strategies.

• Operational managers are more comfort-
able dealing with the discomfort of the is-
sues surrounding poor performance instead 

of addressing the problems.
• Having an organizational 
focus that is maintenance-
centric based on repair, rather 
than that of asset perfor-
mance in alignment with or-
ganizational business require-
ments through the life of the 
asset.
• Having organizational de-
signs that are biased towards 
repair rather than a systemic 
approach to asset perfor-
mance. 
• Creating responsibility for 
asset performance from a dis-
empowered position within 
the organization, which does 
not have sufficient authority 
to create cross-functional co-
ordination.

• Low accountability and inaccurate mea-
surements for KPI’s that reflect asset per-
formance.

• A low literacy and knowledge base within 
the operational context of the individual 
mines regarding the role function and ben-
efit of investing in asset management.

• The lack of a clear model of how to create 
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Figure 2: Illustrating the poor correlation between information 
management and asset performance

Figure 3: The key enabling processes
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an accountable road to benefits that has 
high credibility.

• A readiness to invest in further IT system 
enhancements with the thought that bet-
ter information control will create an ac-
countability for fostering improved asset 
performance. 

At an investor level, this ulti-
mately leads to a proportion of 
the investment community to 
conclude that this is not a well 
managed business endeavor. 
This is indicated by an invest-
ment pattern where values rol-
lick in good times, but there is 

a flight of investment from the mining industry 
during times when the commodity cycle is soft, 
despite record distributions. This is clearly illus-
trated by Figure 4, which shows the underper-
formance of mining compared to global indices 
despite record distributions.

 The threat of regulation
In a high risk, often politicized operating en-

vironment, regulation is always a first response 
of authorities. In our experience, regulation is 
the false friend of performance. Essentially, it 
is a clinch much like boxers get into when they 
can’t move forward. In boxing terms, a clinch 
means to hold your opponent’s body and arms 
in order to prevent or hinder punches.  Regula-
tion of safety and environmental issues may be 
necessary, but being subjected to regulation of 
a core business process, such as asset manage-
ment, will significantly affect an area that is ripe 
for performance optimization. 

This will result in the clinch of a conformance 
mindset. Regulators would have won a battle of 
cheap moralization but undermined the oppor-
tunities surrounding a significant performance 
frontier. Regulation will become a real issue in 
the next decade as specifications such as the 
new ISO 55000 (ISO Standard for Asset Manage-
ment), become more prominent and manage-
ment will lose yet another freedom to choose 
which path they wish to follow.

Creating clarity for driving asset  
performance

This study clearly indicates that asset perfor-
mance can be driven by creating high levels of 
process maturity in the areas of strategy man-
agement, asset care plan development, work 
management, operator asset care and focused 
improvement. We refer to these as the key en-
abling performance drivers.

Taking the lead from the Kaplan and Norton 
balanced scorecard approach to strategy, we 
put forward a structure for the mining indus-
try that drives performance in a programmatic 
manner, as shown in Figure 5.

Within this structure we suggest an execution 
framework that has four domains. 

The first domain has the fundamental goal of 
driving through life asset performance in align-
ment with organizational goals. By positioning 
this as the primary imperative, we orientate all 
supporting activities towards a measurable and 
organizationally central outcome. 

Supporting this preeminent anchoring com-
mitment is the development of a supporting 
strategy and strategy execution plan. This plan 
is clearly aligned and supported by the key en-
abling performance criteria of work manage-
ment, operator asset care and the development 
of an optimized reliability base created from 
supporting tactics together with focused im-
provement. 

These are the powerful enablers that, as this 
study  indicates, create asset performance. 

As any experienced asset manager will tes-
tify, the vital contribution of organizational 
change, sponsorship, governance, and skills 
and competencies are supported within the 
fourth domain.
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THIS STUDY CLEARLY 
INDICATES THAT ASSET 
PERFORMANCE CAN BE 
DRIVEN BY CREATING 
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Figure 4: Illustrating the recent under-
performance of the mining sector
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Created within this structure is a clear line 
of sight between organizational objectives 
and how to create the supportive asset perfor-
mance. 

We conclude that the key proven asset per-
formance enablers, if executed (in place and in 

use), will not only drive asset performance, but 
additionally create the basis for enhanced asset-
related risk management. 

Furthermore, this will comply with the basis 
of ISO 55000 and form a platform for establish-

ing an asset management system that will com-
ply with ISO 55000.
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WHAT IS A LEPRECHAUN?
Leprechauns are mythical creatures, often 

represented as small mischievous old men. 
Much like undetected wear to mechanics, lep-
rechauns adore playing tricks on the credulous 
man. Hidden degradation often does not gen-
erate any sign until it is too late. Like the lepre-
chaun, hidden failure haunts maintenance per-
sonnel and always strikes at the worst time, e.g., 
when production is needed and parts are not 
available. It is possible to counteract the lepre-
chaun with effort, knowledge and data. These 
are key elements to beat hidden failure and find 
the pot of gold link to reliability!

The centrifuge decanter is essential equip-
ment to the production of ethanol. It is used to 

separate solid residue from whole stillage. Giv-
en the volume of product that needs to be sep-
arated, the centrifuge only can be stopped for a 
short period of time. For this reason, it was de-
cided during commissioning of the Greenfield 
Ethanol plant in Quebec, Canada, to maximize 
the use of predictive technology with vibration, 
oil analysis and ultrasound as part of a preven-
tative maintenance plan on these machines. To 
optimize the quality of the vibration signal, a 
triaxial accelerometer was installed directly on 
the gear drive torque arm to collect the gearbox 
signature. The predictive technician thoroughly 
researched the particular design of these ma-
chines to come up with all failure frequencies. 
Good care was also given to oil sampling, but 

since the gear drive is rotating with the bowl, 
collection time after shutdown is critical before 
particles settle out.

FIRST SIGN OF DEGRADATION
Two years after commissioning, vibration 

trends started to rise. The vibration technician 
identified the problem from the second re-
duction of the planetary gear train. With good 
historical data in hand and no degradation 
sign from the oil analysis, time was taken to 
order a new drive and repairs were made dur-
ing a planned shutdown. The centrifuge was 
back to the normal vibration value and every-
body (expect the leprechaun) was happy with 
the result of the maintenance process. To be 
proactive, the maintenance manager had his 
personnel repair the defective gearbox. This 
allows the vibration technician to confirm his 
diagnosis.

The first discovery was one planet on the 
secondary gear train had a broken tooth. This 
explained the higher value of gear mesh and 
confirmed the predictive technician’s diagnosis. 
But maintenance personnel found a defect that 
was not foreseen: a Leprechaun! Not a real lep-
rechaun, but a hidden failure that was showing 
no dynamic sign of degradation.

Where is the  
Leprechaun?

Marcel Bélanger

The goal of this article is to explain the process of oil selection after gear 
failure of a planetary gearbox. Some mechanical failures show little sign 
of degradation. A good understanding of gear 

dynamics and failure stages allows for the 
selection of a different oil grade for this 
specific application. This will reduce the 

fatigue wear on the low speed sun gear.

Root cause analysis of a planetary drive train
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The last reduction sun was missing metal 
flake on the loading zone. This had to be fur-
ther investigated because the gear mesh of the 
third reduction did not show much vibration en-
ergy, making it almost impossible to detect. Root 
cause analysis was performed to identify causes 
and solutions.

WHAT IS SPALLING?
Flaking of metal surfaces comes mainly from 

two sources on the gear drive: micropitting and 
fatigue spalling. Micropittings are small craters 
(pits) that form on the load zone of the teeth, 
while fatigue spalling 
deteriorates the load-
ing surface of the gear. 
Micropitting is a form 
of lapping that occurs 
during the first stages of 
commissioning; it cor-
rects small machining 
error and usually stops 
after the commissioning 
stage of the equipment. 
Spalling, on the other 
hand, is a serious degra-
dation of gear surface. 
Fatigue spalling may be 
a normal aging process, 
but after several million 
loading cycles, metal 
becomes brittle, much 
like a small wire that 
breaks when bent back 
and forth. Similar surface 
defects happen to gears. 
Steel selection, tooth 
surface, machining qual-
ity, minor involutes pro-
file errors, teeth hardness, load and load cycle, 
damping, oil and oil viscosity, speed, and tem-
perature all affect fatigue of the steel. We have 
to go back to the basics to really understand the 
roots of the failure.

WHY AND HOW?
Centrifugal decanters are, by design, a com-

plex machine that rotates at high speed and is 
filled with viscous material that causes some 
imbalance. Vibration adds load on the oil film 
by adding force on the teeth as the parts try to 
keep moving due to vibration forces. The iner-
tia of the internal gear adds load to the already 
present driving load during the imbalance pe-
riod, especially with planetary gears that float 
inside the inner ring gear. The design of this 
gear drive combines all three stages inside a 
unique housing containing oil for all three stag-
es. Since polishing of the load zone is present, 
we assumed a mix lubrication regime. German 
engineer Richard Stribeck defines a mixed lu-
brication regime as a situation where surface 
roughness is about the same as the thickness of 
the oil film. This regime permits higher surface 
peak to disrupt counterpart. In fact, a mixed 

lubrication regime polishes mating surfaces 
and consumes extreme pressure additives. Un-
balance contributes to the problem by adding 
pressure onto the load zone during every vibra-
tion cycle.

Fatigue in gears is a perverse effect of cyclic 
load in gear operation. Each time a tooth enters 
the mesh, it is slightly bent under the pressure 
as it transmits power, then, relieves as it ex-
its the mesh. The stress acts on the root of the 
teeth and improper design may lead to early 
breakage of the teeth. A larger teeth profile 
angle has been developed to palliate this prob-
lem, however, it reduces the bending action of 
the teeth, thus resulting in higher pressure on 
the oil film. Teeth bending and oil film play an 
important role in gear mesh damping. Oil acts 
as a shock absorber by cushioning the impact, 
while teeth bending distributes load over lon-
ger periods of time like a spring. Unloaded, the 
film is thick, but as the load is transferred on the 
teeth, the film thins out, distributing the load 
over a larger area of the surface. Pitch line speed 
and oil viscosity prevent lubricant from flowing 
out of the mesh and keep parts separated. This 
phenomenon is essential for relieving stress on 
the contact zone. Fatigue spalling is a surface 

Figure 1: 
General design

Figure 2: Planetary sun, third reduction, planetary sun gear after two years with ISO 
100 PAG oil

Figure 3
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degradation due to lack of damping. First, small 
sub-surface cracks grow in half circles similar to 
fish scales. They develop into larger and deeper 
cracks that eventually break, creating large pits. 
These pits, or spalls, increase load on the sur-
rounding area and accelerate the degradation 
process of the contact zone. Another phenom-
enon, called micropitting, helps correct profile 
imperfections from machining. It is a form of 
minor spall that develops over an imperfection 
to rectify the tooth profile during the breaking 
in stage of the machine. The difference between 
micropitting and spalling is major. Spalling af-
fects gear life expectancy, while micropitting is 
merely a breaking in process.

IS THERE ANYTHING TO DO?
Early spalling of gears is a serious reliability 

issue that cannot always be avoided. It is im-
portant to determine the causes of spalling to 
reduce its progression. These are the possible 
causes of early spalling:

Design factor
• Load
• Number of cycles
• Material
• Surface quality

Service factor
• Vibration
• Temperature and oil viscosity
• Alignment
• Proper gear maintenance  

(surface quality, cleanliness, etc.).
As indicated, most factors cannot be modi-

fied. This leaves only oil viscosity and proper 
maintenance as options. In the Greenfield Etha-
nol plant case, the oil recommendation from 
the manufacturer was a polyalkylene glycol 
(PAG) with a viscosity of only 100 cSt. With the 
reduction ratio being 3.11 to 1, we decided to 
confirm oil viscosity for all three gear sets since 
they share the same oil.

OIL SELECTION
Oil type is selected with application require-

ments and oil viscosity is computed from the 
pitch line velocity. The slower the linear speed 
of the gear, the higher the viscosity required 
to maintain a moving parts gap. The American 
Society of Materials (ASM) oil viscosity formula 
computes oil grade requirements for gear ap-
plications.

•

Where:
 V40 = Viscosity at 40°C 
V = Pitch line velocity in ft/min
Pitch line velocity is quite simple to com-

pute from a parallel shaft gearbox, however, it 
is much more complicated for a multiple stage 
planetary gear. Figure 4 shows a simplified 
drawing of a three stage planetary gearbox. 

The planetary gearbox needs at least one input 
speed, one output speed and one fixed part. 
The upper block represents the ring gear, the 
middle block is the planets and the lower block 
is the sun gear. Lines connecting each block to-
gether are the mechanical links with the speeds 
included. Figure 4 assists in the understanding 
of energy path and helps calculate the speed of 
the various components. It is then possible to 
calculate the speed from those elements with 
these formulas:

With the known speed, we can then calculate 
an oil viscosity of 358 cSt at 40°C using the ASM 
formula. The calculation is formulated for min-
eral oil and the viscosity is rectified at 40°C. It 
does not state the required viscosity at running 
temperature, which, in this case, is around 60°C, 
nor does it apply to synthetic oil. To palliate this 
problem, we created a graph with the available 
data from another source: AGMA 9005-E02. 
This American Gear Manufacturers Association 
(AGMA) standard recommends an oil viscosity 
from pitch line velocity at various temperatures. 
The standard uses standard oil viscosity with 
a known viscosity index. Since none of those 
oils match the physical properties of the PAG 
oil used, we had to build a viscosity chart with 
temperature data versus pitch line velocity. We 
then calculated the oil viscosity from the ASM 
formula at various temperatures:

Once the AGMA viscosity was plotted, the 
recommended viscosity at running temperature 
matches the formula:

This formula calculates the required oil vis-
cosity at running temperatures and is derived 
from computed data. Once the viscosity is de-
termined, the oil has to be plotted over its vis-
cosity curve to confirm the proper viscosity at 
running temperatures. With the AGMA formula, 
the required oil viscosity is 138 cSt at running 
temperatures. This is the required viscosity for 
the sun gear, but what about the output gear? 
The result is 373 cSt at running temperatures. 
Quite a difference! As you can see, the required 
oil viscosity can be very different from gear set 
to gear set in a single gearbox. Also, the oil has 
to lubricate everything, including bearings, 
seals and plain bearings. A large pitch line ve-
locity difference between stages and high run-
ning temperatures presents a tough challenge 
for the lubrication of this application.

TESTING THE SOLUTION
We came to the conclusion that the recom-

mended oil grade is adequate for the first and 

Figure 4: Three stages of a planetary gear train

HIDDEN DEGRADATIONS 
ARE A MAINTENANCE 
MANAGER’S 
LEPRECHAUN BECAUSE 
THEY CAUSE UNWANTED 
MISCHIEF. THEY CAUSE 
MECHANICAL FAILURE 
AT ANY MOMENT AND 
OFTEN AT THE WORST 
POSSIBLE TIME. 
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second reduction, but the viscosity is too low 
for the third reduction. Given the need to lu-
bricate all three stages, we decided to test 
ISO 220 PAG oil from the same manufacturer. 
ISO 220 PAG oil is two viscosity grades higher 
than recommended oil, therefore, we closely 
monitored the torque as well as the tempera-

ture during the test. The results after two years 
have been excellent. New sun gear results from 
the third reduction show little sign of spalling 
and without any effect on the first and second 
reduction. Running conditions during the test 
were similar. We measured only a 5°C increase of 
the running temperature under the same load.

IN SUMMARY
Hidden degradations are a maintenance 

manager’s leprechaun because they cause un-
wanted mischief. They cause mechanical failure 
at any moment and often at the worst possible 
time. The maintenance staff has to be aware of 
the consequences of these hidden degrada-
tions and always be on the lookout for signs of 
a defect. In this case, an unfortunate failure of 
the second reduction forced the mechanics to 
inspect the gearbox. The inspection revealed 
the fatigued state of the third reduction. After 
two years of testing, selection of a higher vis-
cosity grade reduced the rate of fatigue under 
the same operating conditions. This case dem-

onstrates the importance of proper personnel 
training in a modern industrial setting. Fixing 
machinery is not enough; maintenance per-
sonnel have to be looking for ways to improve 
machinery reliability and prolong machine life. 
It is the only way to defeat the maintenance 
leprechaun!
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Figure 5: Planetary sun gear after two years with ISO 220 PAG oil
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Vibration analysis is a very powerful tech-
nology. It can be used to detect a wide 
range of fault conditions in rotating ma-

chinery, including defects in rolling element 

bearings. Vibration analysis can be used to de-
tect the root causes of bearing failure and the 
symptoms of bearing failure. But it should be 
noted that the best strategy of every condition 
monitoring technician is to utilize as many tech-
niques as possible in order to gain the greatest 
confidence in any fault diagnosis. While the re-
mainder of this article will describe the virtues 
of vibration analysis, it is recognized that other 
technologies exist, including oil analysis, wear 
particle analysis and ultrasound monitoring, all 
of which can aid in the detection of rolling ele-
ment bearing faults.

WHAT CAUSES BEARINGS TO FAIL?
Before we discuss the detection of bearing 

defects, let's quickly look at why bearings fail. 
If the machine is out of balance, misaligned, or 
operates in a resonant condition, the additional 
load will greatly reduce the life of the bearing. 
Spectrum analysis and phase analysis will help 
you detect these bearing destroying conditions.

If the bearings are not installed correctly, for 
example the bearing is cocked on the shaft or 
cocked in the housing, then again spectrum and 
phase analysis can be used to detect the situa-
tion so remedial action can be taken.

Jason Tranter, Allan Rienstra and Tom Murphy

Vibration vs. Ultrasound 
Two Techniques to Consider in CBM

36% of bearing failures can be attributed to over-lubrication.  
Excessive grease in a bearing causes overheating; liquefaction of the 

grease and subsequent damage to the bearing.

Vibration analysis is an effective way to detect premature bearing fail-
ure AND the conditions that can lead to excessive bearing loading and 
ultimately bearing fatigue failure.  (photo courtesy of SPM Instrument)

If someone tells you there is only one RIGHT way to do something - you should be highly dubious!   
As a result of the positive reader response from  "RCM vs. FMEA - There Is a Distinct Difference!"  
(Dec/Jan 2013), Uptime magazine has invited several subject matter experts to write short, related  
segments that allow our readers to consider alternatives or options when approaching mainte-
nance reliability improvements.  In this issue, we examine two popular condition-based maintenance  
practices and applications — Vibration and Ultrasound. 

We hope this widens your perspective.  Please email us your ideas for future comparisons.   
Terrence O'Hanlon - Email: tohanlon@reliabilityweb.com

34% of premature bearing failure is due to fatigue caused by 
excessive loading, typically caused by shaft misalignment and rotor 

imbalance.  Other causes include improper handling/installation 
(16%) and lubricant contamination (14%).
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Beyond the small and somewhat niche 
group that makes up reliability and con-
dition-based monitoring (CBM) practitio-

ners, few consider ultrasound as a technology 
for predicting bearing defects. Ask everyday 
people off the street about ultrasound and 
most will relate to its more famous medical 
roles for diagnostic imaging and soft tissue re-
pair. Some may even be familiar with very high 
frequency ultrasound used to identify material 
cracks and welding flaws. Notwithstanding the 
lack of visibility low frequency ultrasound has 
among commoners, it more than makes up for 

it within the confines of maintenance and reli-
ability.

Here, ultrasound is considered the most 
versatile predictive technology in the tool-
box. Some revere ultrasound as their frontline 
defense against premature machine failures. 
Ultrasound’s simplicity, economics and broad 
spectrum of applications has led one clever 
company to christen the technology “predic-
tive maintenance for the masses.”

If you have been involved with maintenance 
for a decade or more, then you have likely ob-
served the evolution of ultrasound from an 
energy management and troubleshooting 
technology to a trending and diagnostic stan-
dard. Today, ultrasound fulfills a necessary task 
identifying early fault conditions in rotating 
and non-rotating machinery. As a companion 
technology to vibration analysis, ultrasound 
lends a symbiotic and complementary ear.

HOW DOES ULTRASOUND WORK?
Ultrasonic data collectors detect sound pres-

sure waves usually in the 35 kHz to 40 kHz fre-
quency range. The waves act upon a resonant 
sensor to create a small electrical charge. The 
charge is amplified, measured and converted 
(heterodyned) to a corresponding audible 
frequency that is presented in a high-quality 
headset and can be recorded to the data col-
lector’s memory. Ultrasonic data may provide 
an immediate alarm in the field or be analyzed 
later. There are many defect symptoms and 
defect conditions to detect on rotating assets 
that are identifiable first with ultrasound.

Poor lubrication of bearings will also reduce 
their life. Inadequate lubrication and design is-
sues, such as skidding and sliding, also can be 
detected with vibration analysis.

DETECTING BEARING DEFECTS
Thanks to the geometry of rolling bearings, a 

bearing will generate tell-tale frequencies that 
identify whether there is damage to the inner 
race, outer race, the rolling elements and/or 
the cage. Due to the nature of typical bearing 
failure modes, the vibration generated can be 
readily distinguished from other sources of 
vibration, including non-bearing related fault 
conditions. As a result, a well-trained vibration 
analyst will be able to readily detect bearing 
defects and get a very good idea of the nature 
and severity of the defect without even know-
ing which bearing is installed in the machine. 
For example, by diagnosing that a spall exists 
on the outer race and that the bearing will 
continue to operate with a low risk of failure 

for many months, enables the maintenance 
and production departments to determine 
the best possible time to replace the bearing. 

Utilizing a combination of high-frequency 
techniques, such as the Shock Pulse Method, 
PeakVue and enveloping, and conventional 
spectrum analysis (supported by time wave-
form analysis), it is possible to track the con-
dition of the bearing from the initiation of 
the bearing defect right through to the point 
where failure is imminent. Relying on quanti-
tative techniques, where spectral patterns and 
amplitude levels provide a direct indication of 
bearing condition, puts the vibration analyst 
(and therefore the maintenance and produc-
tion staff) in a position where the financial 
consequences of bearing failure will be sig-
nificantly reduced. And by detecting and cor-
recting the conditions that cause bearings to 
fail, the reliability of the bearings can be vastly 
improved.

Collecting ultrasound data through the grease fitting 

Ultrasound
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WHERE IS ULTRASOUND USEFUL?
A defect symptom may be as simple as an in-

crease in friction from poor lubrication. Another 
symptom may be the rubbing and skidding of 
rolling elements against the bearing raceway, 
or impacting due to mechanical flaws or con-
taminated lubricant. A defect condition could 
be misalignment, imbalance, or worn shaft cou-
plings. These conditions also present earliest in 
the ultrasonic range. By identifying both symp-
tom and cause, ultrasound serves to answer two 
fundamental questions that every reliability 
practitioner should ask:

• Is my machine okay (Symptom)
• If not, what’s wrong with it? (Condition)

ULTRASOUND’S ROLE IN CBM
As a front line defense against symptoms of 

failure, ultrasound raises alarm flags very early 
on. It answers the most simple and fundamental 
question: “Is my machine okay?” And it answers 
that question by collecting data quickly, eco-
nomically and with a minimum of analysis. Some 
technicians continue to perform in-depth vibra-
tion analysis on hundreds, or even thousands, of 
bearings that may or may not have a fault con-
dition. Other technicians recognize their time is 

better spent by first identifying defective assets 
with ultrasonic condition-based monitoring. By 
using ultrasound to filter the good from the bad, 
they afford themselves more time to perform 
deeper analysis on only the machines designat-
ed as “not okay” by ultrasound.

Recent advancements extend the useful-
ness of ultrasound as a diagnostic and analysis 
technology. Serving once again as a symbiotic 
companion to vibration analysis, ultrasound 
performs exceptionally well in assessing defects 
on slow rotating assets, an area where vibration 
analysis can struggle. One such advancement 
includes the ability to measure, store and ana-
lyze dynamic data.

Ultrasound detectors measure data in one of 
two ways: static and dynamic. Static data relates 
to a single value measurement taken at a point 
in time and is usually expressed as decibels per 
microvolt (dBµV). Dynamic data is a single mea-
surement taken over a longer period of time (5, 
10, 30, or even 60 seconds). Think of it this way: 
static data is a photograph, whereas dynamic 
data is a video. Both tell a compelling story 
about the bearing’s current condition, however, 
dynamic data can be analyzed in the time and 
frequency domain, much like its companion, vi-
bration analysis. Where static data helps answer 
the fundamental question, “Is it okay,” dynamic 
data analysis extends the ultrasound techni-
cian’s capacity to help discover, “What is wrong 
with it.”

Collecting dynamic ultrasound measurements  
on an electric drive motor

Your motors 
have something 
to say. 
Do you have what it takes to listen?

The Power of Knowledge Engineering

Reduce costly unplanned downtime of rotating equipment with the 
SKF Dynamic Motor Analyzer - EXP4000. To learn more, call us at 
1-970-282-1200, or visit us online at www.bakerinst.com.
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ARE WE GETTING THE COMPLETE PIC-
TURE ON ULTRASOUND AND CBM?

While the importance of ultrasound as a 
symbiotic companion to vibration analysis may 
be the emphasis of this article, what is often 
overlooked are the many other amazing ways 
this technology should be used. Too often, the 
term CBM is thought of in terms of bearings and 
rotating machines only. But condition-based 
monitoring embraces so much more. Consider 
the following examples:

• Can a compressed air or vacuum leak stop 
production? (Yes it can!)

• Will too many failed steam traps create in-
efficiency, energy waste and poor product 
quality? (Of course they will!)

• What are the potential hazards if an elec-
trical fault in metal-clad switchgear goes 
undetected? (Fire, explosion, injury and 
death!)

• What can happen to a process when a 
closed valve is not really closed? (Contami-
nation and product waste, to name a few.)

• What consequences can arise from a block-
age in a hydraulic system? (Production lag 
or shutdown.)

Any one of these faults can negatively impact 
uptime and all of them can be monitored with 
ultrasound. Do any of the above fault conditions 
rotate? No, but they still require CBM. Ultrasonic 
CBM reveals the condition of non-rotating assets 
that are just as essential to uptime as things that 
rotate. When compressed air leaks are discov-
ered with ultrasound, it reveals the condition of 
the compressed air system; it leaks! When failed 
steam traps are identified, the condition of the 
steam system is determined; it’s inefficient!

CONCLUDING STATEMENTS
Reliability practitioners identify ultrasound as 

an important technology for determining both 
symptom and cause of mechanical defects. Ul-
trasound provides the earliest warning that a 
bearing is developing a defect and entering fail-
ure stage. As a symbiotic companion to vibra-
tion analysis, ultrasound delivers a more com-
plete picture about the health of rotating assets. 
Understanding the full range of opportunities 
ultrasound presents ensures the technology is 
used for all its intended purposes and not just 
for things that turn. It is equally important that 
the term CBM be associated with more than just 
bearings.
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How to get people actively involved:
	Identify specific areas for improvement
	Measure daily/weekly performance and  

post data where everyone can see it

	Ask people for their ideas for improvement
	Recognize individuals and teams for making 

progress and meeting specific goals
	Make everyone feel that they are part of the team
	Demonstrate through action that you care about 

your progress
	Make everything you do consistent with your 

improvement process, each and every day

Expectations:
	Achieve goal consensus at top
	Create organization-wide linkage
	Align goals throughout organization
	Establish measures and tracking system

Capabilities:
	Eliminate unnecessary work
	Identify and remove barriers
	Define new behaviors
	Train and/or acquire human resources

Rewards:
	Publish goals in all areas
	Link rewards with goal achievement
	Implement recognition program

Formula for success:
	Understand your business
	Set goals that require improvement
	Determine measurements (metrics)
	Track results
	Understand results
	Remove barriers
	Be proactive (to prevent problems)
	Solve problems as they occur
	Reward positive performance

An effective leader has:
	Moral authority
	Selflessness
	The ability to tell and show 
	Forgiveness
	Patience 
	Honesty
	Kindness 
	Trust
	Humility 
	Accountability
	Respect for others
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 by Steve  
Lindborg and  
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Boothe

In memory of Steve Lindborg, we present these key learning points originally included as “Power Punches” in the “Handbook to 
Achieve Operational Excellence.” With over 25 years in manufacturing and a strong background in maintenance, Steve contributed 
greatly to the Maintenance and Reliability Community through his writings, presentations and teachings as a recognized leader in 
Maintenance Best Practices. His ability to relate to all levels of an organization using practical and realistic methodologies enabled him 
to empower organizations to achieve and sustain process improvements, resulting in Operational Excellence, Manufacturing Excellence 
and Organizational Effectiveness.

In Memory of
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QBill, how would you describe the state of 
productivity at a typical U.S. manufactur-

ing plant?

AAt far too many U.S. plants, long-term 
productivity is in jeopardy. An attitude of 

“lowest possible spend” is putting more and 
more pressure on purchasing departments to 
buy MRO goods at the lowest possible cost, 
regardless of the impact on plant productiv-
ity. This trend is escalating to the point where 
purchasing mandates could have a serious 
negative impact on overall manufacturing 
productivity in the U.S.

QBefore we discuss possible ways to 
up productivity, will you share your 

thoughts on how this situation came about?

AGreater global competition and the con-
sumer’s drive to buy on price instead of 

durability or overall quality have placed pres-
sure on U.S. manufacturers. The easiest way to 
cut costs quickly is to look at level price points 
for parts and pressure suppliers for the lowest 
prices. These gains show up swiftly in the bot-
tom line, but in the long run, they threaten to 

make U.S. manufacturers less successful, not 
more successful, in competition with global 
manufacturers.

Q How can lower costs make manufacturers 
less successful?

AIt is because these gains are transitory 
and illusory. At first, costs drop, but lower 

priced MRO goods can lead to work stoppages, 
bottlenecks and unscheduled downtime. What 
looks like a bargain can be a productivity killer. 
This comes about not only because the low-
priced part is generally also lower in quality, 
but because such parts are often sold by sup-
pliers who have not invested in the customer, 
so to speak. As many purchasing managers 
know, bargain sellers tend to have a “buy it and 
then leave us alone” attitude. They’re not there 
to consult with manufacturers when produc-
tion problems arise.

Q What’s the solution? 

A Teamwork.

QThat seems too simple to be true. 

A Simple to say, yet difficult to achieve. 
Often, it requires a change in mindset from 

top management to throughout the company, 
including purchasing professionals and plant 
operations managers. Top management, and 
purchasing professionals themselves, need to 
view the purchasing department not merely as 
buyers or, worse, bargain hunters, but as a col-
laborative sourcing arm with the expertise to 
bring in solutions that improve plant produc-
tivity. Communication is also key. Purchasing 
must work with operations management to 
find answers that improve productivity and 
lower costs without sacrificing quality. And 
these solutions often come about through con-
sultation with an “outside” member of the team 
-- a high-quality supplier of MRO goods.

Q Why is the supplier so important to the 
team?

A A high-end supplier doesn’t view the sale 
as the final customer contact. These suppli-

ers, often in collaboration with their authorized 

Plant Productivity 
Versus Lowest  
Possible Spend 
Productivity. It is the key to running a profitable  
business. But is it always at the top of management’s  
priority list? Uptime caught up with Bill Moore,  
SKF USA Inc.’s Senior Vice President, Channel Management.  
His answer might surprise you. QA&

Leadership  

for Reliability

operational 
excellence
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distributors, are there before, during and after 
the sale. They can provide highly-trained tech 
advisors who work with manufacturers to 
make sure the products selected are the ones 
that best fit the manufacturing need, thus 
helping to maximize productivity. Often, they 
can find ways to improve parts of the operation 
that do not even involve their own products. 
This is a particularly important point in light of 
the departure across industry of experienced 
maintenance and operations personnel. Plants 
today have fewer internal resources to tap for 
deep maintenance expertise.

Q Can you give a few examples? 

AYes. Our company can document places 
where we have helped extend machinery 

life by reviewing operating conditions and 
evaluating the best product to help extend 
mechanical service life. This resulted in several 
financial benefits, including greater uptime. A 
longer part life also meant fewer parts needed 
to be purchased, so the slightly higher price 
of the individual part was more than offset by 
the decrease in the quantity of parts needed. 

We also have predictive technologies that 
have been used to identify potential problems 
before they occurred, so maintenance, or even 
a beneficial change in the production system 
itself, could be planned and scheduled. This 
helped prevent unpleasant surprises, such as 
the most costly and disruptive kind of down-
time -- unscheduled downtime.

Q If a supplier is working as a team member 
with a customer, this seems to put a lot of 

responsibility on the supplier.

AYes, and I believe in that. Suppliers need to 
be prepared to put some skin in the game, 

as well. The supplier ought to be able to dem-
onstrate its expertise in similar applications 
and industries to a potential new customer. 
And a true, high-value supplier should be will-
ing to commit to helping its customers maxi-
mize plant uptime and produce a high-quality 
product. Purchaser and supplier both share in 
the risk and both reap the rewards.

QBill, is there anything you’d like to add on 
the state of manufacturing productivity 

in the U.S.?

AKeeping productivity at its maximum is vi-
tal to staying competitive in today’s global 

market. And when the U.S. is competitive, un-
employment drops. The jobs stay here. At SKF, 
we are passionate about our responsibility to 
our customer base. It is our mission to help our 
customers improve productivity and quality to 
compete successfully on the global stage.
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based in Lansdale, Pa. His responsibilities involve 
channel development strategy and implementa-
tion for the Industrial Sales Unit of SKF North Amer-
ica. Moore is a member of the Power Transmission 
Distributors Association (PTDA) and the National 
Association of Wholesaler-Distributors (NAW), 
and a frequent contributor of opinion pieces to 
major business publications. He holds a B.S. degree 
in business from Virginia Tech University, with a 
specialization in industrial marketing.

High-end suppliers of equipment components back their products with tech support that helps eliminate unplanned downtime and contributes to plant productivity.  
Photo shows a high quality spherical roller bearing undergoing visual inspection. (Photo courtesy of SKF USA Inc.)
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At maintenance, reliability and 
asset management conferences 
around the world, the team 
approach to achieving improve-
ment is most often described as 
a ‘journey.’ 

With People: A Reliability Success Story 
(ISBN 978-0-9853619-6-9), Cliff Williams has 
woven a career’s worth of experience 

into a narrative that recounts one such exam-
ple of this journey from reactive to proactive 
asset management practices at a paper mill 
casting Bob, the maintenance manager, in the 
lead role. Many of Cliff’s former coworkers will 
wonder whether this or that character is based 
on them. If your career has anything to do with 
the management of large-scale physical assets, 
you will no doubt recognize yourself and your 
coworkers in the story as well.

Cliff uses the natural progression of the 
storyline to introduce you to very real man-
agement tools in the order in which they are 
likely to be useful to you as you contribute to 
a similar journey at your own company. You 
will be encouraged to see that a transforma-
tive team success story can start with just one 
person who has a keen interest in learning with 

others - even if that person is starting out with 
a relatively fuzzy vision of the path, risks and 
benefits. You may be dismayed to discover that 
taking wrong turns is inevitable. On the other 
hand, you will gain an understanding of how 
to develop and sustain a team culture so ev-
eryone (top to bottom) stays committed even 
through unfortunate sidetracks and mistakes.

The characters in this drama grapple mean-
ingfully with the ‘why’ question every step of 
the way, constantly looking for signs to not 
only confirm for themselves that they are on 
the right path, but also secure the manage-
ment support they need to resource their con-
tinued efforts.

By writing an easy-to-read novel rather than 
a heavy, technical handbook, Cliff has made the 
topic of maintenance management accessible 
and entertaining. His insightful description of 
the continuous improvement adventures of 
the team at the Plentya Paper company, his 
obvious supporting experience, his (or per-
haps his wife’s?) insight into human nature 
and Cliff’s storytelling ability combine to make 
People: A Reliability Success Story a great read.

Your best first step in leading from your place 
in the organization might just be buying a few 
copies for your team and another for your boss.

Cindy is a Mechanical Engineer who 
has spent about half her career as a 
production engineer in the oil and 
gas industry, the other half in human 
resource development through 
industrial training. She took on the 
role of Executive Director of the Plant 

Engineering and Maintenance Association of Canada 
in September 2012. www.pemac.org

Cliff Williams is a thirty year plus 
veteran of the maintenance field. He 
has worked in the pulp and paper 
and steel industries, as well as with 
food giants such as Coca Cola, Kraft 
and Wrigley. He is a Green Belt in Six 
Sigma and a keen follower of the 
Lean Manufacturing world.
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Integrated protection and prediction so you can trust your start-up decisions.
While other systems take snapshots of events, the CSI 6500 Machinery Health Monitor continuously
monitors your critical turbomachinery and provides predictive diagnostics to improve availability. Feel
confident that you will never miss an event. The CSI 6500 is fully compliant with API 670. Scan the code
below or visit EmersonProcess.com/Protect to learn more.

I trust my protection system with my
personnel and equipment every day.
When it trips, I need to be confident
that I can bring the unit back up safely.
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