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Revving Up Reliability 

Be In The Driver’s Seat

Only Reliabilityweb.com brings the intelligence, innovation and leadership of the maintenance & 
reliability community together in one place at one time.  Attendance at Reliabilityweb.com conferences 
is limited to foster a community setting that encourages dialogue and information exchange among all 
participants.  Each event is a live conversation creating a focused learning community.  

IMC-2006 – The 21st International Maintenance Conference
December 5-8, 2006               Hilton Daytona Beach/Ocean Walk Village              Daytona Beach, FL

Reliability, Maintenance Management, Planning & Scheduling, Business & Financial Aspects of Maintenance, 
Root Cause Analysis, Technology Innovations

CMMS-2006 - The Computerized Maintenance Management Summit
December 5-8, 2006               Hilton Daytona Beach/Ocean Walk Village              Daytona Beach, FL

 Computerized Maintenance Management Systems for Small to Midsize Companies

RCM-2007 - The Reliability Centered Maintenance Managers’ Forum
April 3-6, 2007               The Sheraton Waikiki               Honolulu, HI

Reliability Centered Maintenance (RCM), Reliability Analysis, Failure Analysis, PM Optimization, Reliability Incident Management

EAM-2007 – The Enterprise Asset Management Summit
April 3-6, 2007               The Sheraton Waikiki               Honolulu, HI

Enterprise Asset Management (EAM), Computerized Maintenance Management (CMMS), ERP Integration, 
MRO and Spares Inventory, Handhelds, RFID and Bar Coding

PdM-2007 - The Predictive Maintenance Technology Conference & Expo
September 11-13, 2007               The Orleans Hotel & Casino               Las Vegas, NV

Vibration Monitoring and Analysis, Infrared Thermography, Motor Testing, Ultrasonics, Non-Destructive Evaluation

LubricationWorld
September 11-13, 2007               The Orleans Hotel & Casino               Las Vegas, NV

 Practical Plant Machinery Lubrication, Contamination Control, Oil and Fluid Analysis

Events produced by Reliabilityweb.com
Events supported by Uptime Magazine, RELIABILITY® Magazine, MRO-zone.com 

and the International Proactive Maintenance User Group (IPMUG). 

for more info or to register 
www.maintenanceconference.com



SOLUTIONS
TOTAL LubricationManagement

1235 Hickory Street • Pewaukee, WI 53072-3999 U.S.A.     1149 Bellamy Road N #23 • Toronto, Ontario M1H 1H7 Canada

TRICO. Your Company for TOTAL Lubrication Management SOLUTIONS.

Maximizing your machine productivity. Optimizing your operations. Never compromising your standards. 
That’s TRICO. That’s our way of doing business. 

      Call us at 800.558.7008 or visit our website at www.tricocorp.com
             for more information.

• CONSTANT LEVEL 
LUBRICATION • OIL SAMPLING • GREASE LUBRICATORS • DESICCANT BREATHERS

PREVENTION • DETECTION • CORRECTIONPRODUCTS

Trico’s training services provide practical, hands-on instruction to help you achieve 
industry “Best Practices” with your lubrication management program. Only Trico 
offers progressive lubrication management training seminars – with three tiers of 
certifi cation available.

• Public & Private Lubrication Management Seminars
• Customized Training Programs – from 1 to 100 Days
• Multiple Industry Organizations Certifi cations – ICML & STLE
• Progressive Lubrication Management Training – Three 

Levels Available!

PUBLIC • PRIVATE • CUSTOMIZEDTRAINING

Trico’s consulting services will identify existing lubrication and work management
system problems, then develop custom solutions for improving your facility’s 
equipment reliability and reducing your maintenance costs.

• Lubrication Program Assessments
• Critical Equipment & Lubrication Program Audits
• PM Work Task & Route Generation Development
• Base Signatures – Root Cause Analysis
• CMMS/EAM Integration & Implementation

ASSESSMENTS • AUDITS • CONSULTINGSERVICES
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MLT I, MLT II 

OR CLS 

CERTIFICATION

TEST FOR 

MLT I, MLT II 

OR CLS 

CERTIFICATION
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The least expensive way to improve resolution, when possible, is to move 
closer. Both these images are taken with the same camera and lens but at 
different distances. The resolution of the right image is clearly higher. 
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Value.  It’s something we all want.  From our toaster ovens to our tools.  
From our shoes to our cell phones.  We want to know that the money we are 
spending, for whatever goods or services we require, is going to be worth the 
investment.  In fact, we should expect nothing less.

Just as we want to spend our money wisely, companies do too.  They want 
to know that the money they spend will be worth the investment.   On this 
we can all agree - proactive maintenance is an investment in future company 
performance.

At some point in the distant past, maintenance was co-opted.  Many top level 
executives and accountants started viewing maintenance as a necessary evil, not 
an investment in the future.  Unfortunately, that mind-set remains pervasive in 
many companies to this day.  

The time has certainly come to change that way of thinking.  In many 
enlightened organizations it has changed, and many of those are now top 
performers in their industry.  However, for those companies not yet there, it 
is tough to overcome the years and culture of the “maintenance as merely an 
expense” thinking.

It remains the maintenance industry’s responsibility to convert the non-
believers.  There is no better way to do this than to prove, beyond the shadow 
of a doubt, that excellent maintenance is indeed a good value, and money well 
spent.  The feature article this month, which describes a concept known as 
Value Driven Maintenance®, provides a look into one way of doing this.  The 
authors have endeavored to quantify, with a set of mathematical formulas, the 
actual value of maintenance.

Discussing maintenance in terms of delivering value and return on investment 
is the key to gaining support for proactive maintenance practices.  Framing 
the discussion in these terms aligns maintenance with the concepts most 
meaningful to those deciding how to spend corporate money.  Decision makers 
want to spend money, but only in areas they are convinced will provide a good 
return on investment.

Everybody wants a good value.  We all know that proactive maintenance is a 
good value.  Let’s go out and prove it!

Thank you for reading.  Please feel free to contact me with any questions, 
comments or suggestions that you think will help Uptime be more valuable 
to you.

All the best,

Jeff Shuler
Editor In Chief

jshuler@uptimemagazine.com



Web Workshop #6
December 15th       11 am – noon EST

6 Steps to an Effective Lubrication Program by James Taylor 
plus Lubrication Basics by Ray Thibault

Space is limited so enroll in this FREE workshop today!

www.reliabilityweb.com/roadmap.htm

Your learning experience with The Reliability Roadmap is sponsored by

uptime®

Need help finding the road to maintenance success?

Use Our Roadmap.
The Reliability Roadmap™ - a series of free web workshops hosted by Uptime® Magazine and Reliabilityweb.com™ has been a 
big hit.  By going beyond the typical “webinar”, participants have been able to continue their learning beyond the hour that each 
workshop runs.   With five of the six web workshops in the books, you shouldn’t pass on the opportunity to attend the next one.  

Visit the link below to hear the last five presentations.

http://www.reliabilityweb.com/rroadmap/playback_reg.htm 

Once you listen, we think you will agree with the other 95% of attendees that re-
sponded that they learned at least one thing that will improve their work.

Each workshop features two presentations - one covering management aspects and 
one covering technical aspects.  Each presentation will be followed by a Q & A ses-
sion, and you can choose to continue the discussion with other participants via the 
web for days, weeks or months.  Our goal is to create a community of shared knowl-
edge that will lead maintenance & reliability professionals to a better understanding  
of reliability principles. 
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hat is a frequently heard question in board-
rooms the world over.  Even though main-
tenance is often critically important, few 
maintenance managers are able to answer the 

question convincingly.  Especially when they are asked 
to express the benefits in terms of economic value 
added or shareholder value - the language being spoken 
in boardrooms. 

For this reason Mainnovation developed the Value 
Driven Maintenance® (VDM) methodology, which is 
implemented in leading maintenance organizations like 
DSM, Smurfit Kappa, Sara Lee, GlaxoSmithKline, Akzo 
Nobel and Volvo Cars.

VDM builds a bridge between traditional maintenance 
philosophies and managing by shareholder value.  Not 

only does VDM simplify the boardroom discussion, it 
also shows that far from being a cost center, mainte-
nance is actually a major economic value within the 
overall business performance.  
 
What is Value?

Before you can manage by shareholder value, you have 
to understand what exactly value is.  Reference to finan-
cial literature reveals that value is defined as the sum of 
all future free cash flows, discounted to today. 

This sounds impressive, but what does it really mean? 
Let’s start by looking at the first part of the defini-
tion.  A cash flow is the difference between income and 
expenditure.  This is not the same as the difference 
between revenues and costs, because that’s an item 
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“What is the actual added value of maintenance?”
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that can be greatly influenced by accounting practices.  
Some companies use highly creative lease, deprecia-
tion and reservation techniques to keep their book 
profits artificially high (or low).  Newspapers have been 
crammed with articles on this subject in the recent 
past.  As we have seen from many of these stories, 
questionable accounting techniques do not always 
contribute to shareholder value - and are rarely good 
for the long-term health of a company.  

The second part of the definition stems from the knowl-
edge that the value of a cash flow is related to time.  
One dollar is worth more today than one dollar next 
year.  This is because you can deposit a dollar at the 
bank today and use it to generate income over a period 
of one year.  Therefore, you have to adjust future cash 
flows.

Value of Maintenance

A maintenance manager is likely to say: “This theoreti-
cal approach is all very well and good, but what good is 
it to me in practice?  The value of maintenance comes 
from delivering maximum availability at minimum cost!” 
While this is true in theory, it’s little help in the day to 
day operation.  This is because you have to prioritize: 
do you want to reduce costs or increase uptime?  Is a 
1% increase of uptime just as valuable as a 1% reduc-
tion of costs?  And how do you determine the value of 
safety? 

VDM provides answers by identifying the value poten-
tial of four value drivers in maintenance and enabling 
you to manage by those drivers.



Here’s some information 
your boss doesn’t want you to know:

We’re hiring.
It's no secret that we're leaders in reliability
solutions worldwide, and with that leadership
comes growth. Which is where you come in.
We offer exciting, diverse projects. World
travel. A supportive environment. And the
recognition you deserve.

Visit www.meridium.com/confidential today.

www.meridium.com

Similarly, the safety, health and environment 
(SHE) factor affects value.  SHE accidents tend 
to necessitate substantial expenditure, which 
results in large negative cash flows.  Damage 
caused to personnel, environment and image, 
for example, will increase expenditure.  An 

even greater danger is loss of the 
license to operate because of an in-
ability to comply with SHE legisla-
tion.  No license to operate means 
no production and no income. 

Value Potential

Maintenance managers must show 
where there is potential for value 
within their maintenance organi-
zation. VDM provides calculation 
models and tools for this purpose 
(see nex page).  One of those tools 
is the VDM Control Centre; an on-
line platform that allows mainte-
nance managers to measure and 
benchmark their maintenance per-
formance against anonymous com-
panies in the same industry.  The 

VDM Control Centre also provides a 
transparent picture of the contribu-

tion a maintenance organization is making to 
creating value for a company.

Note that the result of the calculation of 
value will differ markedly depending upon 
the industry involved.  In the bulk chemical 

Figure 1 shows what maintenance 
is all about.  Today’s maintenance 
managers are constantly balancing 
between higher machine availability 
(asset utilization) and lower mainte-
nance costs (cost control).  In doing 
so, they must take into account the 
growing body of laws and regula-
tions covering safety, health and 
environment.  To make everything 
work, they need to use the right 
technicians, spare parts, knowledge 
and contractors (resource alloca-
tion). 

For all four value drivers, mainte-
nance can and does help to increase 
a company’s economic value.  In a 
market where there is more demand 
than supply, greater machine avail-
ability results in more products, 
more income and thus higher value.  
On the other hand, lower maintenance costs 
produce higher value by avoiding expenditure.   
The same applies to resource allocation.  One 
example is a technical storeroom.  Smarter in-
ventory management of spare parts can enor-
mously increase value for a company. 

Figure 1: Maintenance Value Drivers
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The definition that value is equal to the sum of all future cash 
flows, discounted to today, is translatable into the following 
formula:

PV = ∑ {CFt /(1+r)t}
Where: PV = value (present value)
 CFt = future free cash flow in year t (cash flow)
 r = discount rate

To calculate the value of maintenance, this formula can be 
applied in the following way:

PVmaintenance =
 ∑ {FSHE,t x (CFAU,t + CFCC,t + CFRA,t + CFSHE,t)

 / (1+r)t}
Where:
PVmaintenance = value of maintenance 
FSHE,t = SHE factor in year t (% of compliance with SHE 
 regulations)
CFAU,t = future free cash flow in year t from asset utilization
CFCC,t = future free cash flow in year t from cost control
CFRA,t = future free cash flow in year t from resource allocation
CFSHE,t = future free cash flow in year t from SHE
r               = discount rate

To see how this fomula works, look at the following example:

Say a paper factory produces 1,000,000 kilograms of high-quality paper each 
year, with 50% asset utilization.  The price of each kilogram of paper is € 10, 
with a profit margin of 15%.  The factory’s annual maintenance costs come to 
€ 500,000 and it keeps € 300,000 of spare parts in stock.  The annual manage-
ment costs for the inventory of spare parts (personnel, space, insurance, etc) 
equals 15% of the value of the stocks.  The maintenance concept is of a highly 
corrective nature, with a SHE factor of 95%.

Based on a thorough reliability study, the reliability engineer has recommend-
ed giving the maintenance concept a strongly preventive nature.  Each week 
an extra one-day inspection will be carried out by two technicians (mechanical 
and electrical). This will increase annual maintenance costs by 52 x 2 x € 500 = 
€ 52,000.

Given the preventive nature of maintenance, the reliability engineer expects 
to increase asset utilization to 55% and to reduce the inventory of spare parts 
to € 250,000. The new maintenance concept will not influence the SHE factor.

This makes the value of this improvement proposal:

FSHE,t  = 95%  CFAU,t  = 5% x 1,000,000 x 15% x 10 = € 75,000
CFCC,t  = € - 52,000 CFRA,t    = 15% x 50,000 = € 7,500
CFSHE,t  = 0  r         = 16% (internally determined discount factor)

PVmaintenance, t = 0->10 = ∑ {  0.95 x (75,000 – 52,000 + 7,500 ) / (1 + 0.16)t } 
= € 140,043

PVmaintenance is greater than zero, so there is an increase in value and the 
recommendation should be adopted.

Value Driven Maintenance - The Inner Workings
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Figure 3 - VDM COntrols Panels in leading EAM Vendor Software

industry, for example, there is currently less 
demand than supply and worldwide prices 
are under considerable pressure.  The value 
potential here lies mainly in controlling costs 
and the smarter deployment of people and re-
sources.  In the pharmaceutical industry, the 
situation is the other way around.  Demand 
for medicines continues to grow but the tech-
nical availability of the production process is 
relatively low.  This matter is obviously receiv-
ing attention.  The SHE factor here is becom-
ing more and more important with the grow-
ing role of the regulating authority FDA (Food 
& Drug Administration). 

Value and Time

The next example shows that value depends 
not only on the industry concerned, but also 
on time.  In the aviation industry, traditionally 
the focus was on increasing fleet availability 
and meeting the regulations of the Aviation 
Authorities.  As a result of the attacks on Sep-
tember 11th, 2001, there has been a (perhaps 
temporary) reduction of the demand for air 
travel.  This reduces the importance of fleet 
availability.  At present, many airlines are con-
centrating on controlling costs.  This requires 
an enormous turnaround, one in which the 
VDM methodology can guide the way.

Value and 
Competencies

Once the value 
potential has been 
identified, the 
maintenance func-
tion must be orga-
nized accordingly.  
Which competen-
cies are, and are 
not, important?  
There will be little 
point in giving pri-
ority to reducing 
the stock of spare 
parts if the value 
potential lies in 
more uptime.  Un-
fortunately, all too 
often, we see that 

these decisions are not made by the mainte-
nance department.  VDM, however, does so 
and it creates a link between value drivers and 
core competencies (see Figure 2).

Take the example of bulk chemicals.  The 
market situation means that most value is 
currently achievable by controlling costs.  So 
the right-hand value circle must be configured 
from maintenance budgeting to cost analysis.  
The opposite applies to the pharmaceutical in-
dustry.  There, the left-hand value circle must 
be organized from equipment performance 
planning to loss analysis.  Interestingly, both 

value circles include the competencies of re-
liability engineering, planning & preparation 
and maintenance execution.  These compe-
tencies are the link between the four value 
drivers and thus form the heart of VDM. 

Value and Best Practices

Now that we know the important competen-
cies, the next step is to organize and control 
them in the right way.  For this purpose VDM 
puts forward best practices from leading 
maintenance organizations.  Total Productive 
Maintenance (TPM) thus enjoys a reputation 
mainly as the best practice for registering, 
analyzing and improving production losses 
(asset utilization) in discrete production.  In 
contrast, Asset Based Costing (ABC) is a prov-
en best practice for properly controlling main-
tenance costs. 

Using these best practices, a technical de-
partment can quickly become a professional 
maintenance organization that adds value to 
the overall business performance.  In VDM 
terminology, this is called the Most Valuable 
Maintenance Organization (MVMO).  To en-
sure that the new way of working is embed-
ded in the day-to-day business, the processes 
and best practices are described in the VDM 
process map.  This is a complete and inter-
active description of the processes involved 
and roles and responsibilities resulting from 
it.  Naturally the people should be trained ac-
cordingly.  The different steps in the process 

Figure 2: Maintenance Core Competences
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Value Driven Maintenance® (VDM) 
is a new maintenance concept 
that provides a quantitative con-
trol model that explains how 
maintenance can contribute to economic add-
ed value through the adoption of World Class 
principles and practices.   Today it is recognized 
worldwide as an innovative and trendsetting 
maintenance philosophy.  Maintenance or-
ganizations from different parts of the world 
have now adopted the VDM concept with very 
impressive results. 

Learning by Doing

One of the biggest challenges of implentation 
is getting the people on board to drive the 
strategy at an operational level.  The VDM Busi-
ness Simulation encourages people of all levels 
in the organization to adapt to the upcoming 
changes and to use the VDM philosophy.  They 
experience the power of the concept by apply-
ing it - learning by doing.

The simulation not only shows the value of a 
certain strategy but also how it impacts the 
‘day-to-day’ way of working.  The simulation 
has been applied at many different companies 
with great success.  

Fun to Play 

The VDM Business Simulation takes place in 
a competitive environment: teams are faced 
with true life maintenance problem situations, 
limited information and conflicting demands.  
During the simulation all kind of events are in-
troduced.  Each team defines its maintenance 
strategy with variables - number of mechanics, 
number of critical spares, number of planners, 
number of optimized preventative mainte-
nance schedules, number of updated drawings 
and number of performance contracts.  A team 
can also choose to implement best practices 
(RCM, TPM, Equipment Based Budgeting, Gate-
keeping etc.).  Implementing these practices, 
however, requires investments that will not al-
ways create value.  Due to the limited budget 
available for investments the teams learn to 
make choices and trade-offs.   

The effects of the team’s decisions are mea-
sured against the 10 VDM KPI’s and bench-
marked every playing round.  The overall re-
sult, the maintenance performance of a team, 
will be translated into the added value for the 
fictitious company.    The team that creates the 
most economic value after a number of play-
ing rounds wins the prestigious VDM award.

Focus and Setting Priorities

In real life, the maintenance manager faces 
three stakeholders with conflicting interests.  
The production manager is interested in high-
er equipment availability and reliability, while 
the financial manager scrutinizes every penny 
in the maintenance budget, especially in eco-
nomic downtimes.  At the same time the main-

tenance manager is experiencing 
mounting pressure from laws and 
regulations introduced by govern-
ment and the company. 

Making quality choices is paramount in an en-
vironment with conflicting interests.  The VDM 
Business Simulation is a very powerful tool to 
support decision making based on the eco-
nomic added value of maintenance. It is an ex-
cellent tool for getting everyone in an organi-
zation - operators, maintenance, accountants, 
managers, executives - to understand the ef-
fects their decisions have on the company as 
a whole.

Experience the Simulation

The VDM Business Simulation is not only a 
game that can be played by companies that 
are familiar with VDM, but by anyone who 
wants to know and learn about how main-
tenance can be a driver adding value to the 
overall company result.  You can play the game 
at the International Maintenance Conference, 
IMC-2007 - on December 8th in Daytona FL.  
The simulation is being offered as a Post Con-
ference workshop.  During the day several 
teams will play against each other in break out 
sessions for the prestigious VDM award. For 
more information, please visit www.mainte-
nanceconference.com

Volvo Cars produces more than 460,000 cars per year.  Their production site in Gent, Belgium alone builds 260,000 cars.  5000 people are in service 
and 300 of them are active in the maintenance organization.  About 725 industrial robots are commissioned at the 10-mile long production line.  
In 2004 management received the challenging task to streamline the maintenance processes.  This was mainly instigated by macro economic 

trends - increasing costs of raw materials, a weak dollar against the euro and little growth in the 
major markets - that led to considerable pressure of the profit margins.    

To standardize maintenance processes the site managers in Belgium and Sweden decided to 
set up uniform and transparent work processes in line with Value Driven Maintenance.  The 
processes are based on internal best practices across the sites and enriched with external best 
practices.  They are all translated into a standardized common Maximo system.  Of course this 
whole exercise affected the jobs of many people. “As a consequence the cultural change is prob-
ably our greatest challenge in order to deliver results at the end of the day”, says Marc Begijn, 
Maintenance Manager at Volvo Cars Gent. “We decided to use the VDM Business Simulation to 
familiarize the key players in the maintenance organizations with the new or adjusted roles and 
the new way of working.  The main objective is to get the right mind set - so people understand 
the reasons why change is necessary and how it affects the way they work. The first results are 
very promising.  We are even considering playing the simulation at board level”.

VDM Business Simulation
Just a game or powerful tool to support change?
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for the detection of deviations, defects and 
their causes in just a matter of a few mouse 
clicks.  It shows answers to questions like 
“Why didn’t we perform according the Service 
Level Agreements we made with Production?” 
or “Why do the actual costs deviate from the 
originally budgeted costs?” etc.
 

Valuable?

Is VDM valuable?  We and a growing number 
of multinationals on all continents think it is.  
Or, as Bengt Svensson (maintenance manager 
of Volvo Cars Manufacturing) explains: “If you 
want to improve your maintenance process, 
you need an operating control system.  VDM 
is such a system, while it shows us where and 
how to improve.”

Managing by value is not just a must; it is the 
only way to discover the true significance of 
maintenance.  VDM makes maintenance more 
than a cost center because it contributes in 
various ways to a company’s economic pros-
perity.  In fact, VDM confirms what we in the 
maintenance and reliability world already 
thought, but now we have the proof! 

Mark Haarman MSc MBA is Managing Partner 
in Mainnovation, the company he founded in 
2000.  Today the company is one of the lead-
ing maintenance consultancies in Europe and 
the inventor of Value Driven Maintenance®.  
In the course of his career, Mr. Haarman has 
become a maintenance expert with a wide 
array of expertise, helping customers develop 
“World Class” maintenance and reliability 
policies and practices.  He is a former chair-
man of the Dutch Maintenance Association 
(NVDO) and the author of the book entitled 
“Value Driven Maintenance, New Faith in 
Maintenance”.

Remco Jonker MSc is Partner in Mainnova-
tion.  Mr. Jonker is an international expert 
in maintenance management and he has as-
sisted many organizations in Europe and Asia 
to improve their maintenance effectiveness.  
He contributes actively to the development 
of his field of specialization through pub-
lished articles, seminars and training courses.  
In addition he is co writer of the VDM book. 

References
1.  Mark Haarman and Guy Delahay, “Value Driv-
en Maintenance – New Faith in Maintenance”, 
Mainnovation, Dordrecht, the Netherlands, 2004.

The book is available exclusively in the US 
through RELIABILITY Magazine.  For more infor-
mation, visit www.reliability-magazine.com

map are also linked to the different steps in 
the EAM-system. 

Monitoring via the EAM System

If these processes and practices are support-
ed well by the EAM-system, that is definitely 
a solid basis for continuous improvement.  
However that is only the beginning.  To enable 

the organization to focus on value adequately, 
it is necessary to visualize the management 
information properly.  That is recognized by 
the leading EAM-vendors.  Therefore, VDM 
Control Panels are developed in Maximo, 
Datastream 7i and SAP EAM (Figure 3).  This is 
a graphical overview with drill down function-
ality, showing the performance of the mainte-
nance organization at a glance.  It also allows-
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As the political talking heads state: “It is the 
economy stupid!”

You can attend all of the maintenance con-
ferences you want to learn modern mainte-
nance and reliability theory – however – ac-
cording to experts like Ron Moore, Author 
of Making Common Sense Common Practice, 
the most that the best maintenance im-
provement program can affect is a 10%-20% 
(perhaps 30% if you get everything right) 
cost reduction or downtime reduction.

Face it - maintenance has limited influence 
on overall performance – the other 70%-90% 
are influenced primarily by operation and 
design functions.

There is no business called maintenance 
and reliability.  Maintenance and reliability 
professionals must align themselves with a 
higher business purpose. There are busi-
nesses called Refineries where they refine 
petroleum products.  There are businesses 
called Food Processors where they process 
food products.  There are Mines, Steel Mills, 
Power Plants, Paper Mills and many others.  
These are the businesses that make up the 
economy.

Maintenance does not make a product 
– maintenance is one of the services that 
enable operational capacity.  Maintenance 
provides this service to operations and ulti-

mately, to the asset owner.

A simple illustration would be that you 
are usually both the Asset Owner and the 
Operator of your automobile.  Maintenance 
is usually provided by the mechanic.  As the 
Operator, you will have a more dramatic 
effect on the reliability of your automobile 
than your mechanic will. If you stomp hard 
on the gas after each stop, if you fail to 
request or schedule fluid and filter changes 
and other recommended maintenance, 
you will eventually drive the reliability and 
value right out of the vehicle.  The mechanic 
has no effect on reliability unless you – the 
operator – work in cooperation with him/her.  
Of course, we rely on the mechanic for rec-
ommendations and, when needed, action.

To support your interest in aligning opera-
tions and maintenance and to develop a 
sustainable strategy for maintenance at your 
company, please join us at IMC-2006 – The 
21st International Maintenance Conference.  
Held in Daytona where teamwork between 
operations (driver) and maintenance (pit 
crew) are legendary, you will have an oppor-
tunity to learn from case studies, participate 
in discussions and open forums, participate 
in full day interactive workshops and meet 
top solution providers.

Earlier this year I was fortunate enough to be 
a part of PdM-2006, the Predictive Mainte-

nance Technology Conference co-located 
with LubricationWorld in Chattanooga.  This 
event was a very special convergence of 600 
maintenance and reliability professionals 
who were committed to learning all they 
could from each other, the 40 presenters, 
PdM solution providers and the Uptime 
PdM Program of the Year winners.  Many 
participants, including myself, noted that it 
was the best and most valuable conference 
they had ever attended.  The management, 
structure and conference logistics teams 
were excellent, however we all agreed that it 
was the participants who lifted PdM-2006 to 
the heights it reached.  We just provided the 
context.

That event set a pretty high bar.  However 
we know that once we have a committed 
group of participants, IMC-2006 will ac-
complish similar results.  If you prefer an 
event were you sit passively while so-called 
experts tell you what you should be doing 
as they present a cookie cutter approach to 
maintenance, this is NOT the event for you.  
IMC-2006 is a 4 day “Community of Learn-
ing” more akin to an interactive conversation 
than a pushed presentation.

IMC-2006 does feature several subject matter 
experts who you will want to sit and listen to 
because they have very important informa-
tion to deliver to you.  Your interaction with 
these subject matter experts will not be 

by Terence O’Hanlon, CMRP, Publisher
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limited to simply listening – you will have 
ample opportunities to interact with each of 
them as they are also IMC-2006 conference 
participants. They are there to learn as much 
to share the information they can impart.

IMC-2006 also features “real world” case stud-
ies by maintenance and reliability profes-
sionals who are currently on their journey 
to improved reliability.  Make no mistake 
– these companies have not reached mainte-
nance “Nirvana” – they have experienced set-
backs and challenges that would make lesser 
men fold.  The lessons they have to share are 
not about the destination – they are about 
the journey – a much more interesting and 
valuable story for certain.  Extended ques-
tion and answer sessions allow participants 
enough time to enter meaningful discussion 
with presenters to look “behind the curtains” 
at these companies for even more learning.

IMC-2006 is also proud to host John Wood-
house, Director of the UK based Institute of 
Asset Management to formally introduce 
PAS 55 a Publicly Available Specification for 
carrying out asset management.  This asset 
management specification is quickly gaining 
acceptance throughout Europe, Australia 
and New Zealand, especially in asset inten-
sive organizations.

MIMOSA and the Open O&M™ Foundation 
will host an amazing practical hand’s-on 

demonstration of open standards for indus-
trial software applications including many 
of today’s leading vendors.  You have to see 
this if you want a glimpse of the future (that 
is actually here today) of plant information 
management.

Did I forget to mention fun?  I know that 
“fun” is a dirty word and we do not want your 
bosses to know maintenance and reliability 
professionals ever enjoy themselves, but we 
have loads of good times on tap after the 
learning at IMC-2006.  Networking events 
include a Chevron sponsored private party 
at Daytona USA International Speedway, a 
Timken sponsored Beach Party, an Alienware 
Laptop giveaway and the best food you will 
find at any maintenance focused event!  You 
will also meet peers who face the same is-
sues you do on a daily basis.  These relation-
ships will last well into the future and offer as 
much learning as formalized sessions.

Come to the International Maintenance 
Conference and leave with the tools to ac-
complish one or more of these goals:

  1. Develop a strategic direction for your 
      maintenance program. 

  2. Make the business case for reliability. 

  3. Diagnose the real problems that limit 
      your results. 

  4. Design maintenance tasks that add 
      value. 

  5. Create reliability at your facility. 

  6. Master cultural change in the 
      workplace. 

  7. Manage maintenance information. 

  8. Overcome a limited maintenance 
      budget. 

  9. Align maintenance to a business 
      purpose

  10. Evaluate maintenance results. 

You choose the challenge that you want to 
tackle at IMC-2006 and we will show you the 
sessions, workshops, learning labs and ven-
dors who will give you the tools, know-how, 
and resources you need to take back to the 
job and succeed.

Attendance is limited to ensure quality. It is 
important that you register quickly to avoid 
disappointment. Reliabilityweb.com events 
generally SELL OUT two - three weeks prior 
to the actual event.

Please call toll free (888) 575 1245 to learn 
more about IMC-2006 at the Daytona Hilton 
or visit www.maintenanceconference.com 

Publisher’s Special Feature
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Maintenance & Reliability 

Operational Excellence
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these questions?  It is the “optical path” of the infrared 
camera—essentially the detector and the lens—that 
determines the ability to both resolve and measure 
detail.  Of course the infrared radiation must also be 
sharply focused on the focal plane or the inherent 
resolution of the camera is degraded.  Camera resolu-
tion is specified and can, to some extent, be compared 
objectively from one system to another. 

Infrared camera manufacturers define resolution by the 
projection of a detector element through the lens onto 
the distant scene.  This is sometimes termed “IFOV” 
but is, in fact, spatial resolution.  It is specified either 
as the angle (in milliRadians1, or mRad) of this projec-
tion or as a ratio of the measurement distance to the 
target size.  Mysteriously camera manufacturers typi-
cally do not specify measurement resolution, leaving us 
on our own to fend for ourselves. More on this later.

Detector Array Size

Most of today’s infrared cameras use a focal plane 
array detector.  The array is composed of a number 
of individual detector elements formed into a rectan-

gular matrix, typically having a size 
of 160x120 or 320x240 individual 
elements.  Smaller (120 x120) and 
larger (640 x 480) array sizes have also 
recently come onto the market. 

The theoretical resolution for arrays of 
different sizes can actually be identi-
cal, but, in that case, the image size, 
or field of view, will not be the same.  
If the field of view is the same, then 
the larger arrays will have greater 
resolution.  It all comes back to how 
many detector elements are being 
projected onto a scene. 

Many thermographers are concerned about which array 

any of us are at the age where, during a trip to the eye doctor, we discover that our vision is not what it 
once was.  The smaller rows of letters on the eye chart —once clear—are now impossible to decipher.  
Miraculously a prescription and corrective lenses often bring them back into high resolution.

Thermographers, whether or not they wear glasses, 
must deal with similar issues regarding the resolution 
of their infrared cameras. When the objects we want 
to look at are too small or too far away, we may not 
even be able to see them.  Even when we can see them 
through the camera, we may not be able to recognize 
them clearly or measure them accurately. 

Unfortunately many thermographers don’t clearly 
understand camera resolution and how it affects their 
work. This means they may be making mistakes they 
have no idea they are making.  Hopefully, this article 
will help bring these issues into “sharp focus” and 
improve the quality of your work.
 
Spatial and Measurement Resolution

Thermographers actually need to be concerned about 
two types of resolution.  The first is termed “spatial 
resolution” and it describes the detail we can see with 
our cameras at a given distance from the object of 
interest.  This is the equivalent of being able to just 
barely see small spots on the eye chart, regardless of 
being able to see what letters they are. In Figure 1, we 
can clearly see the hot hinge in the 
thermal image of this disconnect 
switch.  What if we had been further 
away?

“Measurement resolution” describes 
the smallest size object for which we 
are able to measure temperature.  
Again, using the eye chart analogy, 
this would be the smallest row of 
letters we could correctly recognize 
as letters.  Now let’s ask ourselves 
“are we close enough to measure the 
temperature of the problem on the 
disconnect?”

What determines resolution and allows us to answer 
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Figure 1 - Hot hinge in 
Disconnect Switch. 
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want to see and measure. For many applica-
tions, you can easily move closer or farther 
away, but for some, such as in substations or 
inside a house, the viewing distance cannot 
easily be varied.  If you know the specification 
for the camera/lens you are using, you can 
calculate either the minimum object size that 
can be detected or the working distance from 
the following formula:

Specified resolution (in radians) 
x distance = Object size

Let’s look at an example of a 320 x 240 cam-
era with a 24° (horizontal) x 18° (vertical) field 

size to purchase.  Why not just get a cam-
era with a larger array?  The simple reason 
is larger arrays are more expensive, but 
they also have a legitimate concern that the 
resolution of the smaller arrays may be inad-
equate for their applications.  Unfortunately, 
a great deal of confusion exists.  It is impor-
tant, therefore, to understand what your 
actual resolution needs are and what camera 
can really deliver what you need.  How?

What resolution do you need?

Think about what distance you will be work-
ing at and the size of the smallest object you 

of view. The camera’s spatial resolution is de-
fined as 1.3 mRad (or .0013 radians).  At 100”, 
then, we can resolve an object that is as small 
as .13” (100 x .0013 = .13).  At 200 meters we 
could resolve an object as small as .26 meters 
(200 x .0013 = .26).  To calculate the mini-
mum distance we can be from a target of a 
certain size, just solve for distance.  For in-
stance, if you want to be able to find an object 
that is .5” in size, you must be 32’ or closer 
(.0013/.5” = 384” or 32’).

A very useful way to state the resolution speci-
fication is as a distance-to-measurement ratio 
(X:1).  The 1.3mRad camera above would have 
a 769:1 ratio (1/.0013 = 769), meaning we 
could see a 1” object at 64’ (769”).  This value 
is easy for most people to remember and al-
lows them to quickly know if they are close 
enough to make an accurate measurement or 
not.

Using these simple relationships, it is possible 
to work with the realities of your situation, 
both working distances and object sizes, and 
get a good idea if you can see problems.  If 

The least expensive way to improve resolution, when possible, is to move 
closer. Both these images are taken with the same camera and lens but at 
different distances. The resolution of the right image is clearly higher. 

 

Fig 2 - The least expensive way to improve resolution, when possible, is to 
move closer. Both of these images are taken with the same camera and lens 
but at different distances. The resolution of the right image is clearly higher.

1 2 3 AD HORIZONTAL.indd   1 5/25/06   1:42:34 PM
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you cannot, there are three choices: move 
closer, buy another lens or buy a camera with 
a larger array.

What about measurement resolution?

Our discussion to this point has been about 
spatial resolution.  Measurement resolution is 
typically 3-4 times less than spatial resolution.  
The exact figure varies with detector shape 
and density and object shape.  Thus the cam-
era used in the example above with a spatial 
resolution of 1.3mRad, may have a measure-
ment resolution of 3.9-4.2mRad or greater 
(the larger the angle, the less the resolution).  
The only effective way to determine the mea-
surement resolution of most infrared cameras 
is by experimentation using targets of differ-
ent shapes.

One thing you must be clear about:  the tem-
perature measurement “cross-hair”, or spot, 
is only approximate.  It may not define the 
actual minimum measurement size precisely, 
and area measurement functions give no 
indication what so ever!  If you try to make 
a measurement of an object that is too small 
or too far way, you will probably be averag-
ing the temperature of that object with the 
temperature of the surrounding area - even 
if it may all appear to be inside the measure-
ment circle.
 
What about field of view?

It may not be obvious, but another part of the 
resolution issue is the field of view we’d like 
to have.  If we wanted high resolution, we 
could simply use a telephoto lens all the time.  
But sometimes we want a larger field of view.  
So we must actually consider both the array 
size, which is fixed for a given camera, and 
the desired field of view which is determined 
by a lens that, for many cameras, can easily 
be changed. In some cases resolution drives 
the need, in other cases field of view is more 
important. 

Here is a good analogy.  When we see a deer 
far off in the woods it looks small in a large 
field of view.  When we then look at it through 
the scope on a rifle, we see more detail but 
we also see a much smaller field of view.  If 
you had to look through your scope to spot 
a deer, you’d never find one because the field 
of view is too narrow.  If you didn’t have a 
scope when you shot, you’re not likely to hit 

a deer in the dis-
tance!  Typically 
there is a trade-
off between field 
of view and the 
detail we see.

Thus for building 
work, where we 
often are inside 
and want to look 

Figure 3A - Two 
cameras with different 

array sizes can have 
the same resolution 
but the field of view 

will be different.

Figure 3B - If the field of view is the same, two cameras with different size 
arrays will yield images with different resolutions. The spatial resolution 

of the left image is clearly lower than that of the right.
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at a large section of wall at one time—and we 
don’t need to see minute detail—a moderate 
size array and a wide angle lens may work 
well.  That same camera in an outside substa-
tion may be OK for detecting problems, but 
the resolution would not be good enough for 
a detailed analysis.

In some cases, we may need both high resolu-
tion and a large field of view, such as looking 
at high-rise buildings or aerial imaging of the 
environment.  The obvious choice in these 
cases is to use a larger detector array.  Some 
of the lower resolution arrays now on the 
market open up options for many thermogra-
phers because of their lower cost.  While a de-
tailed analysis of a finding may not be possible 
with these systems, detection may be and that 
alone, in many instances, can be useful and 
cost effective.  Table 1 shows suggested de-
tector array sizes for various applications.

Now what?

Understanding the specifications for a camera 
is important, but there are additional factors 

that may influ-
ence what the 
thermographer 
actually sees 
in the camera.  
These include im-
age processing, 
the display, view-
ing conditions 
and the thermog-
rapher —all fairly 
subjective factors 
that are more dif-
ficult to quantify.

Smaller array siz-
es may be a viable option for many applica-
tions where the extra detail is not essential.  
If detail is needed, it may be possible to move 
closer to the target or use a more telephoto 
lens (with a smaller field of view).  If neither 
of these are viable options, a larger array is 
required.  Clearly there can be a cost savings 
to purchasing a smaller size array.

There is no doubt that specifications are im-
portant.  However, in the end, you must also 
consider how the image looks.  The image 
processing that takes place inside the camera 
is complex and well beyond an explanation 
in this article, but a side-by-side comparison 
suggests it can make a significant difference 
in image quality, especially for qualitative sys-
tems.

A number of factors need to be considered 
when purchasing an infrared camera.  Think 
about the field of view you need, the distanc-
es at which you will be working and the size 
of the objects you need to see and measure.  
Also look at the specifications of the camera. 

Table 1 shows suggested detector array sizes for various applications.

Application Array Size

120 x 60 160 x 120 320 x 240 640 x 480

Buildings, residential Possibly * * **

Buildings, larger commercial Possibly * *

Buildings, high-rise, exterior * *

Roofs Possibly * * **

Electrical, industrial/commercial Detection * * **

Electrical, outdoor substations Detection * *

Electrical, line * *

Mechanical Some * *

Aerial * *

* recommended array size        **may be larger array size than is required

Figure 4 - Which image was taken with a 320x240 array and which with a 
160x120 array?2

It is also vital to actually test the camera in 
typical field conditions because that is often 
the best indicator of whether or not it will ac-
tually do what is required. 

Resolution can be a complex subject, but not 
so complex that you can’t figure it out and get 
the right camera for the job at the lowest cost.  
Bigger is not necessarily better, but you also 
don’t want to buy a low-resolution system un-
less it meets your needs.  While many camera 
sales people are knowledgeable, others may 
not be aware of your particular needs.  So you 
would be well advsied to identify your parti-
clular needs before shopping for a camera.

If you already have an infrared camera, edu-
cate yourself so that you don’t make errors 
in detection or measurement, either of which 
could be costly or dangerous.  Take the time 
to learn what your camera can do and what it 
cannot do and then work within those limita-
tions.  There is no “prescription” that guaran-
tees the results we will get, but understand-
ing the basics of the resolution of our infrared 
cameras is an important first step to seeing 
the world more clearly.

1.  A radian is the radius of a circle laid on the cir-
cumference so 2π radians = 360 degrees or 1 ra-
dian = 57.3 degrees = 1000 milliradians (mRad).    
As a result, we can calculate there are 17.453 mil-
liradians (mRad) per degree of angle (1000/57.3 
= 17.453).

2.  The right image was taken with the 160x120 
array camera and left image was taken with the 
320x240 array camera.  (Images courtesy Dr. R 
Schmidt.)

John Snell, presi-
dent and founder 
of Snell Infrared, 
has been teach-
ing people to use 
this remarkable 

technology since 1983.  He was the first 
person in the world to receive an ASNT Level 
III certificate in the thermal/infrared method 
and continues to be very active professionally 
on numerous standards committees and at 
conferences.  To learn more about thermog-
raphy and Snell Infrared visit http://www.
snellinfared.com or call 800-636-9820.
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Getting the Right Grade
Calculating the Correct Viscosity  

by Mike Johnson, CMRP

here is a wide variety of lubricant related factors that can influence machine reliability.  Providing the 
correct additive type for the expected lubricated film condition, keeping the oil clean, dry and cool 
(<130°F), and maintaining an appropriate film thickness are bottom-line requirements.  Of these three, 
the last is the most important consideration, and selecting the right viscosity is paramount in getting it 

right.  Without the correct operating viscosity, the lubricated machine surfaces won’t reach the Original Equip-
ment Manufacturer’s (OEM) suggested lifecycles.

Depending on the machine operating conditions, the 
process may be simple and straightforward:  match 
the OEM’s suggested viscosity grade for ‘normal’ op-
erating conditions to the available brand-equivalent 
grade.  The hidden splinter in the thought process 
surfaces with the word ‘normal’.  What is a ‘normal’ 
operating condition?

With few exceptions, an OEM cannot account for the 
many varieties of installations, maintenance and op-
erating practices.  Regarding lubricant selection, the 
OEM will provide an expected operating temperature 
profile, but often the operating temperature falls out-
side of the proposed temperature profile.  For these 
circumstances, the footnoted suggestion is to contact 
the OEM for advice.  

Differences in product manufacturing further com-
plicate the situation.  For a given ISO 220 EP speci-
fication, one lubricant manufacturer may provide a 
product that would just barely qualify on the low end 
of the range specification with a 200 centistoke (cSt, 
or ISO 200) offering, while another supplier may pro-
vide a product that barely qualifies on the high end 
(240 cSt, ISO 240).  As long as the provided product 
is with 10% above or below the specification number, 
it ‘qualifies’, but the difference between a 200 cSt 
product and a 240 cSt product is quite meaningful.  In 
fact, this is equivalent to the difference in thickness 
between a medium grade hydraulic oil (ISO 46) and 
water (ISO 2).

Just this much variation can complicate the operating 
viscosity profile, and can mean the difference be-
tween marginal and wholly acceptable viscosity when 
the machine is running.  The important questions are:  

  •  For the given lubricated component, what is the 
      minimum allowable viscosity to assure a continu-
      ous film?  

  

•  What is the actual viscosity for the machine’s 
      operating temperature?

The process to determine the ‘minimum allowable’ 
value differs between surfaces that slide together 
and surfaces that roll together.  Fortunately, there 
are plenty of illustrations and guidelines provided by 
component manufacturers to help the engineer or 
mechanic make an appropriate selection.

In the October issue of Uptime, we reviewed the pro-
cess for determining the allowable viscosity for the 
large plain bearings supporting a ball mill.  

For the purpose of this discussion, assume that the 
theoretical minimum allowable operating viscosity is 
18 centipoise.  Also, for the purpose of this discus-
sion, assume that an acceptable safety margin for the 
target viscosity is three times the allowable minimum.  
The objective for the balance of the exercise is to de-
termine the actual viscosity, determine how close the 
current scenario is to the minimum in, and consider 
options for improvement to the tribo-system. 

Determining Operating Viscosity Not Difficult

Step 1.   Identify the viscosity across a temperature 
range.  First, have the oil analysis laboratory run a 
viscosity check on the product under consideration 
at two different temperatures: 40°C and 100°C.  Next, 
plot these two data points on a Viscosity-Temperature 
chart (shown in Figure 1).  These can be purchased 
from a variety of locations, but the lubricant supplier 
should be able to provide one at no charge.  Finally, 
draw a line from in front of the first data point to 
well beyond the second point.  This line indicates the 
viscosity in centistokes at each temperature point on 
the chart.

Step 2.   Identify the viscosity at the operating tem-
perature.  First, measure the operating temperature 
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Figure 1 - Viscosity Temperature Chart
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This chart may be used for determining the general 
viscosity profile of lubricants.  However, more specific 

accuracy is required ASTM D341 standard charts 
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of the lubricant.  If it is 
a non-circulated sump be 
sure to measure the lubri-
cant temperature inside 
the sump with a submers-
ible temperature meter.  
If it is a circulation system 
be sure to measure the 
temperature at a location 
as close as possible to the 
actual mechanical com-
ponents, and certainly 
well in front of the point 
where the lubricant re-
turns to the reservoir.  If 
the lubricant temperature 
is subject to variation with 
operating load or ambient 
temperature, try to use 
the temperature that is 
likely to be the highest, 
as this will be the point 
where the lubricant poses 
the greatest risk to the 
machine.

Step 3.  Find the target 
temperature on the chart’s 
temperature axis, as shown with a blue circle 
at the bottom of the chart in Figure 1.  From 
the temperature plot point, draw a vertical 
line through the viscosity line that was plot-
ted in Step 1.  Where these two lines inter-
sect represents the actual operating viscos-
ity in centistokes.  

Step 4.   Finally, convert the observed viscos-
ity from a kinematic value to dynamic value. 
This is necessary because the lubricant vis-
cosity drops slightly when subjected to a dy-
namic force.  (The kinematic viscosity grade 
that is represented on the package label is 
based on the lubricant flowing through the 

test system under the force of gravity.  Ide-
ally, all viscosities’ values would be given in 
centipoise). To determine the dynamic vis-
cosity at operating temperature, multiply 
the Kinematic value by the lubricant’s spe-
cific gravity.  Figure 2 shows a typical rep-
resentation of specific gravity, and typical 
viscosity values on a lubricant product data 
sheet.  The product data sheet will have a 
value that is a close estimate, and will suffice 
for this exercise.   

In this instance, the lubricant in use is an ISO 
220, with an actual viscosity at 40° C of 202, 
and at 100° C of 17, and a specific gravity of 
.855.    The red dots in Figure 1 correspond 
with the viscosity at 40°C and 100°C.  The 
purple line represents viscosity in centistokes 
at different temperatures.  The blue dot and 
blue line represent the actual temperature at 
which the oil is operating.  Assume the op-
erating temperature is 75°C / 167°F.  In this 
instance, the viscosity at operating tempera-
ture is about 42 centistokes.

Lastly, when we multiply the viscosity in cen-
tistokes, 42, by the lubricant specific gravity, 
.8550, we determine what the actual viscos-
ity is inside the machine, which is 36 centi-
poise.

Figure 2 - A typical Product Data Sheet representation of Viscosity and 
Specific Gravity (density) information.

TYPICAL PROPERTIES 1100/68 1100/100 1100/150 1100/220

ISO Viscosity Grade, ASTM D 2422 68 100 150 220

AGMA Lubricant Number 2EP 3EP 4EP 5EP

Food Grade H2 H2 H2 H2

Density, DIN 51757, 15°C g/ml 0.893 0.896 0.901 0.905

API Gravity, ASTM D 1298 @ 15.6°C 27.1 26.5 25.5 24.9

Viscosity, ASTM D 445, D 2161:

       @ 40°C, mm2/s (cSt) 68 100 150 220

       @ 100°C, mm2/s (cSt) 9.0 11.6 15.3 19.7

       @ 100°F, cSt/SUS 76-352 112/519 170/788 250/158

       @ 210°C, cSt/SUS 9.2/56 11.9/66 15.8/81 20.3/100

Viscosity Index, ASTM D 2270 106 104 103 102

Flash Point, ASTM D 92, COC, °C/°F 224/435 229/445 238/460 238/460

Fire Point, ASTM D 92, COC, °C/°F 249/480 249/480 249/480 263/505

Pour Point, ASTM D 97, °C/°F -26/-15 -23/-10 -23/-10 -20/-5

Rust Test, ASTM D 665:

       Procedure A (Distilled Water) Pass Pass Pass Pass

       Procedure B (Synthetic Sea Water) Pass Pass Pass Pass
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The most difficult part if this exercise re-
mains.  That is to decide if the actual con-
dition is acceptable for long term reliability.  
For this step the oil analysis details would 
be most helpful.  As stated previously, if the 
oil is clean, dry, and exceeds the minimum 
allowable, and the machine experiences no 
load or speed variation, then the surfaces 
would be sustained in a full fluid separation.  
However, if any of these factor interfere with 
the fluid film then metallic contact will pro-
duce wear debris and surface destruction.  

At this stage, the lubrication technician 
should closely observe the sample collec-
tion process, and strive to collect samples 
that are highly repeatable (using a consistent 
sample method) and as close as possible to 
the actual lubricated component.  The qual-
ity of the sample process can make or break 
this decision.  If the sample process is reli-
able, and is producing dependable results, 
then the wear metals analysis can provide 
the key to our final decision.   

It was stated previously that 3 times the 

minimum allowable viscosity would provide 
a slight safety margin. In these calculations 
we find the viscosity to be two times the 
minimum.  If no evidence of machine stress 
exists, and there is no likelihood that the 
temperature would increase, then no change 
would be justified.  

However, if there is evidence of stress, and 
change is justified, then the options are to 
either cool the sump by enough to increase 
the viscosity out of the trouble zone (a 15°C 
drop would bring the viscosity up to the 70 
cSt range, which would provide three times 
the minimum), or increase the starting vis-
cosity by one viscosity grade (ISO 220 oil to 
ISO 320 oil).  If the latter option is chosen 
the engineering department should run cold 
flow calculations to assure that the piping 
diameter is sufficiently wide, and laid in a 
sufficiently steep slope to assure cold flow.  
The output limits of the pump should also be 
verified prior to actually making the switch 
to the higher viscosity grade.

This case analysis provides us with a typical 

scenario.  The results do not demonstrate 
conclusively, from the available evidence, 
that a change is required, leaving a tough 
judgment call for the reliability engineer.  
By progressively eliminating the potentially 
problematic variables, or by collecting more  
or higher quality information on the front 
end, confidence in the ultimate decision will 
increase. 

Mike Johnson is the founder of Advanced 
Machine Reliability Resources Inc., a firm 
that provides precision lubrication program 
development, consulting and training.  He 
has written and presented  numerous tech-
nical papers at symposia and conferences 
throughout North America about how to 
use machine lubrication to drive machine 
reliability.   Mike is happily married, plays 
and coaches soccer, and has 3 young chil-
dren that consume his remaining time and 
attention.  He can be reached at mjohn-
son@amrri.com or 615-771-6030.

Please stop by our Booth #N801 at IMC-2006 in Daytona Beach, Florida 
December 5th-8th  
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ust because I don’t have a budget for test equipment, am I lost?  Do I always need advanced technology to 
accomplish my maintenance tasks?  The answer is: No.  You do not need advanced technology to accomplish 
general maintenance tasks.  Sure, the newer technologies will allow you to identify problems that are difficult 
to find, before your equipment fails, and will provide more data than standard hand-held instruments.  While 

I have spent many years discussing the advanced technologies, I am constantly asked what can be done with the tradi-
tional electrical maintenance test equipment.  The purpose of this article is to discuss some of the ‘tricks of the trade.’

Going Back to Basics
Electric Motor Testing with a Volt Meter 

by Howard W. Penrose, PhD, CMRP

In this article, we will discuss Volt Meter testing.  The 
systems that we will be testing will be across the line, 
AC induction electric motors.  Let’s assume that we have 
a True RMS multi-meter, a True RMS current clamp, an 
Analog current clamp and a 500/1,000 Volt insulation 
tester with an analog display with a range from 0.01 to 
1,000 MegOhms.  We will also assume that we are fol-
lowing (as you always should) all appropriate safety and 
PPE requirements during testing.

The Power of a Volt Meter

For most applications, in modern electrical environ-
ments, a True RMS digital volt meter is important to give 
you accurate values.  This is because older averaging 
volt meters would display inaccurate, non-repeatable, 
values on digital displays or the needle would bounce in 
voltage harmonic situations.  The True RMS meter com-
pensates for these variations and harmonics.  You will 
also want a meter with a range 10 times more accurate 
than the value you are looking for.  For instance, if you 
are looking for values to the nearest 1 Volt, you want a 
meter accurate to at least 0.1 Volt.

The most obvious methods of voltage testing are to 
check the voltage value and phase balance.  In both 
cases, the proper method of taking voltage readings is 
to go phase to phase, which provides more accurate 
test values than phase to ground.  The pattern is also 
important, if you are going to compare test results or 
analyze a system.  A common pattern is Phase A to Phase 
B, Phase A to Phase C, then, Phase B to Phase C.  Table 1 
shows the test results we will be using as an example.

These three values can provide important clues as to the 
condition of the system and help identify some prob-
lems.  For instance, over/under voltage conditions can 
change the operating conditions for the electric motor.  

NEMA identifies the maximum deviation from the name-
plate of an electric motor as +/-10% for design purposes.  
In order to determine the maximum deviation, you 
must determine the nameplate voltage and then use the 
measured value that is the furthest from the nameplate 
(466V in our example).  Formula 1 shows the calcula-
tions for maximum deviation of our example.

The impact as the voltage deviates from the nameplate 
can be significant (see Figure 1) with the maximum rec-
ommended deviation for energy purposes as 5%.

The next concern is Voltage Unbalance, which results in 
unbalanced currents and magnetic fields in the motor.  
As the unbalance becomes greater, the temperature rise 
of the motor increases, generating the need to de-rate 
the motor.  Formula 2 shows how to calculate the aver-
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Phase Voltage

A-B 460

A-C 458

B-C 466

Table 1 - Phase to Phase Voltage Test Results

466V — 460V 
460V * 100 = 1.3%

Formula 1- Voltage Deviation (460 Volt Motor)

(460V + 458V + 466V) 

3 
= 461.3V

Formula 2 - Voltage Unbalance (1) 
Determine the Average Voltage
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age voltage and Formula 3 shows the calcula-
tions to determine the unbalance.  

The unbalance is then compared to Figure 2, 
which provides a multiplier against the motor 
horsepower.  The electric motor is designed 
to work within 5% voltage unbalance, with an 
energy application recommendation of not 
more than 2% voltage unbalance.

NOTE: It is important to note that the motor 
may not be operated into its service factor in 
either of the conditions above.  The motor 
service factor is only to be used at the motor 
nameplate voltage and frequency values.

Checking Contacts with a Volt Meter

One method of testing contacts in a mo-
tor starter is to use a volt meter.  When an 
infrared camera is used, the operator is look-
ing for the I2R losses which show as Watts 
or Heat.  Damaged connections show as a 
loose connection and related resistance, as do 
conditions of glazing that can occur in some 
operating environments.

One way of detecting contact and connec-
tion problems without the use of an infrared 
thermometer or imager is to perform a volt-
age drop survey.  When performing a survey, 
it is important to start with the volt meter set 
at a voltage equal to or larger than the circuit 
voltage.  Check to ensure that voltage is being 
supplied to the starter or contactor by per-
forming a phase to phase test on the supply 
side of the starter or contactor, as described 
above.  Next, place one lead from the volt 

meter on the Phase A 
input side of the starter 
and one lead on the 
Phase A output side of 
the starter.  Adjust the 
value of the volt meter 
downward, if no value 
shows, until you get to 
a value of less than one 
volt.

A good contact will 
have a value less than 
one volt.  A poor, or 
failed, contact will have 
a value of one volt 

or greater.  Perform the same steps across 
each phase of the starter or contactor.  Once 
completed, check to ensure that you still have 
phase to phase voltage by re-testing the sup-
ply side phase to phase.

Checking Fuses with a Volt Meter

Testing fuses while equipment is running is a 
straight forward process.  There are two steps 
that are performed including the phase to 
phase and line testing.

The phase to phase test for fuses involves 
‘cross checking’ the fuses.  Start by measur-
ing phase to phase on the supply side of each 
fuse, as noted in the phase balance test.  Place 
one lead of the voltmeter on the supply side 
of the Phase A fuse and the load side of Phase 
B fuse.  You should see a full phase to phase 
voltage value.  If you do not, then there is a 
problem with the Phase B fuse.  Repeat the 
steps by placing one lead on the load side of 
the Phase A fuse and the supply side of Phase 
B fuse.  Repeat the steps between Phase B and 
Phase C.  Once finished, re-check phase to 
phase on the supply side.

A less accurate method of checking fuses, but 
important for control circuit fuses or single 
phase applications, is to measure across the 
fuse.  The steps and resulting values should 
be performed and evaluated in the same way 
as starter or contactor testing, as described 
above.

Conclusion

While industry is continually moving toward 
higher technology testing, the older tried and 
true test technologies can still provide valu-
able troubleshooting data.  In this, the first 
article of a series, we covered voltage testing 
using a standard True RMS volt meter.  The 
volt meter can be used to test for voltage un-
balance and variation, which can shorten the 
life of an electric motor, or cause it to run less 
efficiently, as well as check for loose connec-
tions/poor contacts or the condition of fuses.

Howard W Penrose, Ph.D., CMRP is the 
President of SUCCESS by DESIGN Reliability 
Services and the Executive Director of the 
Institute of Electrical Motor Diagnostics, Inc.  
For additional information contact Dr. Penrose 
at howard@motordoc.net.
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466V — 461.3V 
461.3V * 100 = 1%

Formula 3: Voltage Unbalance (2) 
Determine the Unbalance

Figure 1 - Impact of Voltage Deviation
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he final desired alignment line (also known as the overlay line) is a straight line drawn on top of the graph 
showing the desired position both shafts should be in to achieve colinearity of centerlines.  It should be 
apparent that if one machine case is stationary, in this case the fan shaft, that machine’s centerline of 
rotation is the final desired alignment line as shown in Figure 8-13.

There is another way to correct 
the misalignment problem on this 
motor and fan that will be far less 
troublesome.

Since adjustments are made at the 
inboard and outboard feet of the 
machinery, some logical alterna-
tive solutions would be to consider 
using one or more of these feet 
as pivot points.   Both outboard 
feet or both inboard feet, or the 
outboard foot of one machine 
case and the inboard foot of the 
other machine case could be used 
as pivot points.  By drawing the 
overlay line through these foot 
points, shaft alignment can usually 
be achieved with smaller moves.  
In real life situations, you will typi-
cally have greater success align-
ing two machine cases a little bit rather than moving 
one machine case a lot.  Figure 8-14 shows using the 
overlay line to connect the outboard bolting plane of 
the motor with the outboard bolting plane of the fan.  
The inboard bolting planes are then moved the amount 
shown in Figure 8-14 to correct the misalignment 
condition in the up and down direction.  No shims had 
to be removed, and better yet, no baseplates had to be 
ground away.

Superimpose your Boundary Conditions, Movement 
Restrictions, and the Allowable Movement Envelope

When viewing the machinery in the up / down direction 
(SIDE VIEW), the movement restrictions are defined 
by the amount of movement the machinery can be 
adjusted in the up and down directions.

How far can machinery casings be moved upward?  
There is a virtually unlimited amount of movement 

possible in the up direction.  Within reason, that is.  
Machine cases are typically moved upward by installing 
shims (i.e. sheet metal of various thicknesses) between 
the undersides of the machinery feet and the baseplate.

How far can the machinery casings be moved down-
ward?  Well, it depends on the amount of shim stock 
currently under the machinery feet that are not “soft 
foot” corrections.

How far can you move a machine down?  Uh, I don’t 
know.  You are going to have to look under the ma-
chine to see how much shim stock could be removed 
from under the machinery feet on every machine in the 
drive system.  Maybe there are 10, 20, or 50 mils of 
shim stock that are not soft foot corrections under the 
machinery feet that could be taken out.  You will have 
to see what’s there.  These shims define the “down-
ward movement envelope”, or as some people call 
it, the “basement floor”, or the “baseplate restriction 
point”.

Alignment Modeling Basics
An Excerpt from the soon to be released 3rd Edition 

of The Shaft Alignment Handbook

by John Piotrowski
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upSide View

Scale : 5" 30 mils

motor fan

motor shaft centerline

fan shaft
centerline

166 mils down

66 mils down

Figure 8-13 - Side View of Motor and Fan.
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Shim stock typically refers to sheet metal thick-
nesses ranging from 1 mil (0.001”) to 125 mils 
(0.125”).  There are several companies that 
manufacture precut, U-shaped shim stock in 
4 standard sizes and 17 standard thicknesses.  
Once shim thicknesses get over 125 mils, they 
are typically referred to as spacers or plates 
and are custom made from plate steel.

If you want to move a machine downward 
and there are no shims under the machinery 
feet, you are already on the “basement floor”, 
defined as a downward vertical movement 
restriction or a baseplate restriction point.  
Figure 8-15 shows the same motor and fan.  
However, we have now observed that there 
are 75 mils of shim stock under the outboard 
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overlay line

Figure 8-14 - Movement solutions for the inboard feet of both the motor and 
the pump by pivoting at the outboard feet of both machines.
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overlay line

Figure 8-15 - Movement solutions using the outboard feet of the fan and the 
inboard feet of the motor as pivot points.



feet and 25 mils of shims under the inboard 
feet (not soft foot corrections) that could be 
removed, if need be.  By counting down 75 
mils from the centerline of the motor shaft 
and the outboard bolting plane and drawing a 
baseplate restriction point there, we can now 
see how far that end can come down without 
removing metal from the baseplate or ma-
chine casing.  Similarly, by counting down 25 
mils from the centerline of the motor shaft 
and the inboard bolting plane and drawing a 
baseplate restriction point there, we can now 
see how far that end can come down without 
removing metal.  In this particular case, there 
were no shims under any of the feet of the 
fan, so its baseplate restriction points are po-
sitioned directly on the fan centerline at the 
inboard and outboard ends as shown in fig-
ure 8-15.  Now that we know what the low-
est points of downward movement could be, 
without removing metal, one possible solu-
tion would be to use the outboard feet of the 
fan and the inboard feet of the motor as pivot 
points, removing 72 mils of shims from under 

the outboard feet of the motor and installing 
42 mils of shims under the inboard feet of the 
fan as shown in figure 8-15.

Lateral Movement Restrictions

In addition to aligning machinery in the up/
down direction, it is also imperative that the 
machinery be aligned properly side to side.  
Machinery is aligned side to side by translat-
ing the machine case laterally.  This sideways 
movement is typically monitored by setting up 
dial indicators along the side of the machine 
case at the inboard and outboard hold down 
bolts - anchoring the indicators to the frame 
or baseplate, zeroing the indicators, and then 
moving the inboard and outboard ends the 
prescribed amounts.  This is where realign-

ment typically becomes extremely frustrating, 
since there is a limited amount of room be-
tween the shanks of the hold down bolts and 
the holes drilled in the machine case feet.

For example, let’s say you wanted to move the 
outboard end of a machine 120 mils to the 
south.  While monitoring the move with a dial 
indicator, you began moving the outboard end  
and the machine case stopped moving after 50 
mils of translation.  This would be considered 
a movement restriction commonly referred 
to as a “bolt bound” condition.  The problem 
when moving machinery laterally is that there 
is a limited amount of allowable movement in 
either direction.  The total amount of side to 
side movement at each end of the machine 
case is referred to as the “lateral movement 
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delivers.

When you consider both machine cases movable, 
there are an infinite number of possible ways 

to align the shafts...



envelope”.  To find the allowable lateral move-
ment envelope, remove a bolt from each end 
of the machine case, look down the hole, and 
see how much room exists between the shank 
of the bolt and the hole drilled in the machine 
case at that foot.  If necessary, thread the bolt 
into the hole a couple of turns, and measure 
the gaps between the bolt shank and the sides 
of the hole with feeler or wire gauges.

It is very important to recognize that trou-
ble free alignment corrections can only be 
achieved when the allowable movement enve-
lope is known.  Perhaps one of the most im-
portant statements that will be made in this 
chapter is this...

When you consider both machine cases to be 
movable, there are an infinite number of pos-
sible ways to align the shafts, some of which 
fall within the allowable movement envelope.

It seems ridiculous, but many people have 
ground baseplates or the undersides of ma-
chinery feet away because they felt that a ma-
chine had to be lowered.  When machinery 
becomes “bolt bound” when trying to move 
it sideways, people frequently cut down the 

shanks of the bolts or grind a wider opening 
in a hole.

There is typically an easier solution.  Disap-
pointingly, many of the alignment measure-
ment systems shown in this book force the 
user to name one machine case stationary 
and the other one movable, which will invari-
ably cause repositioning problems when the 
machine case has to be moved outside its al-
lowable movement envelope.  This may not 
happen the first time you align a drive system, 
or the second or even the third time,  But if 
you align enough machinery, eventually you 
will not be able to move the movable machine 
the amount prescribed.  Once the centerlines 
of rotation have been determined and the al-
lowable movement envelope illustrated on 
the graph, it becomes very apparent what re-
positioning moves will work easily and which 
ones will not.

Figure 8-16 shows the Top View alignment 
model of a motor and pump.  Not knowing 
any better, it appears that all you would have 
to do is move the outboard end of the motor 
14 mils to the east and the inboard end of the 
motor 4 mils to the west.  Easy enough.  But 

motor pump

5"Scale :
20 mils

eastTop View

bolt bound
to east
here

40 mils of
possible

movement
to the west

here

8 mils of
possible

movement
to the west

here

lateral movement restriction points

4 mils of
possible

movement
to the west

here

32 mils of
possible

movement to
the east here

36 mils of
possible

movement to
the east here

west boundary line

east boundary line

pivot here

move 20 mils
west here

move 22 mils
west here

move 14 mils
east here

Figure 8-16.  Applying lateral movement restrictions to arrive at an easy 
sideways move within the east and west corridors.
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what if the outboard end of the motor is bolt 
bound to the east already?

By removing one bolt from the inboard and 
outboard ends of both the motor and pump, 
the lateral movement restrictions can be ob-

served.  In this case the following restrictions 
were observed:

outboard end of motor - bolt bound to east and 
40 mils of possible movement to the west 

inboard end of motor - bolt bound to east and 

40 mils of possible movement to the west 

inboard end of pump - 32 mils of possible 
movement to the east and 8 mils of possible 
movement to the west 

outboard end of pump - 36 mils of possible 
movement to the east and 4 mils of possible 
movement to the west 

By plotting the eastbound and westbound re-
striction onto the alignment model, you can 
now see the easy corridor of movement.  One 
possible solution (out of many) is shown in 
figure 8-16.

Please, for your own sake, follow these four 
basic steps to prevent you from wasting hours 
or days of your time correcting a misalign-
ment condition ...

 1. Find the positions of every shaft in the 
     drive train by the graphing / modeling tech-
     niques shown in this and later chapters.
 2. Determine the total allowable movement 
     envelope of all the machine cases in both 
     directions.
 3. Plot the restrictions on the graph / model.
 4. Select a “final desired alignment line” or 
     “overlay line” that fits within the allow-
     able movement envelope (hopefully) and 
     move the machinery to that line.

If you are involved with aligning machinery, 
by following the four steps above, it is guar-
anteed that you will save countless hours 
of wasted time trying to move one machine 
where it doesn’t really want to go.

Where Did the Stationary - Movable 
Alignment Concept Come From?

I don’t know.  Every piece of rotating machin-
ery in existence has, at one time or another, 
been placed there.  Mother earth never gave 
birth to a machine.  They are not part of the 
earth’s mantle nor are they firmly imbedded 
in bedrock.  Every machine is movable, it’s 
just a matter of effort (pain) to reposition it.  
So why have the vast majority of people who 
align machinery called one machine stationary 
and the other machine movable?

The only viable reason that I can come up with 
is this ... in virtually every industry there is an 
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electric motor driving a pump.  When you first 
approach a motor pump arrangement, you im-
mediately notice that the pump has piping at-
tached to it and the only appendage attached 
to the motor is conduit (usually flexible con-
duit).  From a limited vantage point at this 
time, it would appear to be easier to move the 
motor because there is no piping attached to 
it.  You would prefer to move the motor sim-
ply because it looks easier to move than the 
pump (and so would I).  Thus, the assumption 
is made that the pump will not be moved, no 
matter what position you find the motor shaft 
in with respect to the pump shaft.

But what do you do when you have to align a 
steam turbine driving a pump?  Uh-oh, they’re 
both piped!  Which machine do you call the 
stationary machine ... the pump or the tur-
bine?  No matter what your answer is, you are 
going to have to move one of them and they 

both have piping attached to their casings.
Piping is no excuse not to move a piece of ma-
chinery, particularly in light of what many of 
us know about how piping is really attached 
to machinery.  Some people are afraid to 
loosen the bolts holding a machine with pip-
ing attached to it because they fear the pip-
ing strain is so severe that the machine will 
shift too far to ever get it back into alignment.  
So is the problem with the alignment process 
or the piping fit-up?  (Refer to Chapter 3 for 
more information on this subject.)

If you align enough machinery and insist that 
one machine will be stationary, eventually 
you will get exactly what you deserve for your 
shallow range of thinking.

John Piotrowski is president of Turvac, Inc 
which provides industry with industrial 

training in shaft alignment, vibration analy-
sis, balancing and performance analysis.  He 
conducts field service in machinery realign-
ment, off-line to running machinery move-
ment surveys, balancing, and performance 
monitoring.  John is the author of The Shaft 
Alignment Handbook (© Marcel Dekker, 
1986) and Basic Shaft Alignment Workbook.  
John is feverishly working on an e-book 
tentatively entitled the “Turvac  Field Service 
Files”, which will assist people in applying 
the principles and methods covered in the 
Shaft Alignment Handbook.  John is happily 
married with three children and six grand-
children.  He enjoys fishing, backpacking, 
white water rafting and makes a mean salsa.  
John can be contacted at 513-932-2771 or at 
contactus@turvac.com
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ou have seen them attached to roofs, on the side of homes, in yards and on radio towers.  Parabolic reflectors 
are used almost everywhere for both transmitting and receiving today’s communications signals.  These units are 
low-frequency instruments.  In today’s predictive maintenance world, the parabolic reflectors or microphones in 
use are the are high-frequency variety.  These reflectors are designed in the shape of a “paraboloid of revolu-

tion”1.  Like their low-frequency brethren, the high-frequency or ultrasonic parabolic microphones have a receiver aimed 
toward the center of the dish.  These receivers may employ one or multiple piezoelectric transducers mounted within the 
receiver housing.  One ultrasonic reflector/microphone employs the use of seven miniature piezoelectric microphones.

Parabolic Fever
Catch It Today to Enhance Ultrasound Results

 
by Jim Hall

The receiver is positioned at a set distance towards the 
center of the parabolic dish.  Frequency adjustments are 
made at the factory by moving the transducer closer or 
further away from the center of the dish for optimum 
reception.  A transducer mounted closer to the rim of the 
dish seems to be more favorable for low-frequency recep-
tion.  Transducers moved closer to the bottom or center 
of the dish favor high-frequency reception.  

Sound in the air travels at about 1000 feet per second, 
while the wavelength of a 1000 Hertz (1 kHz) signal is 
about one foot.  Thus, objects smaller than a few feet 
across cannot be expected to reflect sounds of frequen-
cies below 1 kHz.  At frequencies above 10 kHz, the same 
object may reflect quite uniformly making the parabolic 
reflector more suitable for higher frequencies or ultra-
sonic scanning. 

The ultrasonic parabolic reflector or microphone comes 
in different sizes.  Some are small measuring 10-12 inches 
in diameter and others 18-20 inches in diameter.  There 
is even one manufacturer who has a collapsible parabolic 
reflector. 

In addition to the parabola dish there is also the parabolic 

horn, which uses the same geometry as the dish, except 
the center is stretched so it is longer with a smaller open-
ing (see Figure 1).  Several ultrasound manufacturers make 
these horns.  They are found in lengths of 7-10 inches, 
with 2.5 to 3 inch openings and a piezoelectric transducer 
positioned in the bottom, or apex, of the horn to receive 
the sound wave. 

Want Attention? 

Pick-up the dish, you will be noticed.  Parabolic reflec-
tors do tend to draw attention to the user.  Especially if 
you are using it to scan overhead power lines for corona, 
tracking or arcing.  Kids will follow you, dogs will bark at 
you and the neighborhood watch may call the police on 
you.  But you’re on a mission to locate the reason why the 
retired electrical engineer has a horrible picture on his 
residential non-cable, non-satellite television screen. 

Here is an interesting story.  Late one Friday afternoon 
a major power provider called me to Hartsfield Inter-
national Airport in Atlanta, GA to demonstrate how the 
ultrasonic parabolic/microphone could find the source of 
radio-interference.  Apparently, pilots were complaining 
about radio interference when using a certain flight path. 

There were visual indicators that day as well, but the 
visual indicators went unnoticed.  After scanning the 
power lines in front of a substation between two aircraft 
hangars, I heard arcing coming from the direction of the 
substation.  As we approached the substation I targeted 
what I thought was the source - a pole top transformer.  
However, once inside the substation, I was able to 
pinpoint the true source.  It turned out to be a bushing 
behind the transformer.  The bushing had a loose bolt and 
the locking tabs were spread open.  When the wind blew, 
the bushing caused an arc that created the interference.  
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Figure 1 - From reflector to Horn.  A Series 
of parabolas designed from the shape of a 

Paraboloid of Revolution.
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(Figure 5) while others have simple cross-hairs 
for finding the target. 

Why Are Parabolic Dishes So Effective?    

The parabolic reflector or microphone is able 
to focus exclusively those sound waves whose 
wavelength is considerably smaller than the 
diameter of the parabola (see Figure 6.).  Keep 
these relationships in mind:
  •  the larger the aperture of the reflector, 
       the higher the gain; 
  •  the truer the reflecting service, 
       the sharper the definition of focus: 
  •  the larger the diameter of the reflector, 
       the greater the directivity.

Parabolic Horns

Ever notice in the old pic-
tures of Great Grandma 
and Grandpa, they are 
using a hearing aid that 
resembled a horn?  These 
were called “ear trumpets”.  
Dating back hundreds of 
years, ear trumpets were  
made from the hollowed-
out horns of cows, rams 
and other animals.

Well, very similar to the ear 
horns of yesteryear, the 
predictive maintenance 
world has the parabolic 

The parabolic reflector/microphone was the 
correct tool to use that day to locate the source 
of the interference.

But don’t think that the ultrasonic parabolic re-
flector is used only for scanning electrical power 
lines. The parabolic dish can be used to locate 
air leaks in the overhead, hear steam leaks at 
a distance or scan for mechanical sounds or 
anomalies in a plant.  Other applications include 
scanning a vacuum tower for leaks from great 
distances, scanning relief valves on large tanks 
or towers or (as I have also done) scanning a re-
finery for leaks after an earthquake.

Parabolic reflectors have been around, and have 
been evolving, for many years.  Some of these 
instruments are equipped with laser sightings 

horn.  Like the parabolic reflector/microphone, 
the horn is designed in the shape of ‘Paraboloid 
of Revolution’. These parabolic horns are used 
to locate anomalies such as air leaks, electrical 
discharge and mechanical problems.

Parabolic Horn Problem

In Figure 7 you will see two horns attached to 
ultrasonic receivers.  Note the distance the leak 
source is from the horns.  Parabolic horns are 
not the best attachment to use to locate near-
field, point-of-leak sources.  If the leak source 
is near the entrance of the parabolic horn, the 
parabola will not reflect the sound to the detec-
tor in an efficient manner.  The ultrasonic waves 
go through multiple reflections within the horn 
and eventually bounce back out of the horn. 
However, when the leak source is far away, the 
ultrasonic wave is nearly planar as it enters the 
parabolic horn.  The unique shape of the parab-
ola is then ideal for reflecting these rays down 
onto a single small piezoelectric sensor. 
   
The parabolic horn is best used several inches to 
several feet away from the target.  Provided the 
parabolic horn you are using is designed prop-
erly, you can expect as much as a 6- to 10- fold 
increase in signal.

In Figure 8, this particular horn, due to the 
size of the opening, shorter length and signal 
strength, has performed well finding air leaks in 
this individual’s facility.
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Figure 6: Low frequency sound is long wave length. High 
frequency sound is short wave typically 1/8” to 5/8” long.

Drawings courtesy of Ultra-Sound Technologies, Woodstock, GA

Figure 2 - Bushing had lose bolts 
which created arcing and caused 

radio interference.
Photos courtesy of Ultra-Sound Technologies, 

Woodstock, GA.

Figure 3. Parabolic Reflector/Microphone 
used for radio interference.

Photo courtesy of Ultra-Sound Technologies, 
Woodstock, GA

Figure 5: A Parabolic reflector and ultra-
sonic receiver with laser sighting.

Photo Courtesy of CTRL Systems, Inc., 
Westminster, MD
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(this elliptical paraboloid, 
opens upward) 

With a = b an elliptic pa-
raboloid is a paraboloid 
of revolution: a surface 
obtained by revolving a 
parabola around its axis. 
It is the shape of the para-
bolic reflectors used in 

mirrors, antenna dishes, and the like. 

(2) Ellipsoidal Collecting Horns for Ultrasonic Leak De-
tectors, NASA Tech Briefs KSC-12082.

Jim Hall is the president of Ultra-Sound Tech-
nologies, a “Vendor-Neutral” company provid-
ing on-site predictive maintenance consultation 
and training. UST provides an Associate Level, 
Level I & II Airborne Ultrasound Certifica-
tion. Jim is also a regular provider of on-line 
presentations at ReliabilityWeb.com and is a 
contributing editor for Uptime Magazine.  Jim 
has provided airborne ultrasound training for 
several Fortune 500 Companies in electrical 
generation, pulp & paper, petro-chemical and 
transportation (marine, automotive, aerospace).  

So whether you have a parabolic reflector dish 
or a parabolic horn, unless you use them you 
will not realize their actual potential value in 
your plant or field.  It takes only a few minutes 
to master the use of one of these reflectors or 
horns, so if you can’t find one in your plant, get 
one.  You will be pleasantly surprised at what 
you have been missing.

References 
(1) Acoustics Properties of Parabolic Reflectors, Ran-
dolph Scott Little Laboratory of Ornithology, Cornell 
University. 
Paraboloid of Revolution - In mathematics, a parab-
oloid is a quadric, a type of surface in three dimen-
sions, described by the equation:

A 17-year civil service veteran, Jim served as 
an aerospace engineering technician for Naval 
Aviation Engineering Service Unit (NAESU) and 
with the Naval Aviation Depot Jacksonville 
Florida (NADEP). Jim is also president of All Leak 
Detection, LLC an underground leak detection 
company.  Jim can be reached at  770-517-8747 
or at  jim.hall@ultra-soundtech.com
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Figure 8 - Parabolic horn used for air 
leaks.  (Even though the air leak could 

be heard, this horn is best used for 
greater distances.)

Figure 7 - Keep Target at a Distance of Several Feet, Not Inches.  
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great many fault conditions reveal themselves via the time waveform, yet many vibration analysts do not 
even save it.  I hope this article will convince you to start saving and analyzing the time waveform.  You 
might be surprised at how useful it is!  

In reality, time waveform data is easy to collect, easy to interpret, and can contain information that is not available 
in the spectrum.  Time waveform analysis is particularly useful when testing gearboxes and very low speed machines 
and when diagnosing looseness, bearing faults, cavitation and rubs.

What are time waveforms?

When you collect vibration data from a bearing, the 
data collector first digitizes the analog signal from the 
accelerometer, and then performs the Fast Fourier 
Transform (FFT) to produce the spectrum.  The data 
collector will repeat that process a number of times, 
averaging the spectra together, resulting in one 
averaged spectrum.  That spectrum is stored in the 
collector for later analysis.  Many people believe that 
the spectrum contains all of the information that you 
could possibly need from the machine.  That is simply 
not true.

The time waveform is the digitized signal that is used 
by the data collector to perform the FFT calculation.  
For example, if you collect an 800 line spectrum, the 
data collector will collect a time waveform with 2048 
samples (numbers).  Normally this data is discarded by 
the data collector after the FFT calculation has been 
performed.

If you opt to save the time waveform for later analysis, 
the 2048 numbers are also saved in the data collector.  
That data will be saved in the software database and 
can be viewed on screen.

Once upon a time, data collectors had limited memory, 
so analysts would opt not to save the time waveform in 
order to conserve memory.  But most modern data col-

lectors have ample memory, and a time waveform will 
only require a few kilobytes – which is next to nothing 
in this day and age.

Some people are also under the impression that it 
takes longer to collect time waveform measurements.  
However, given that the data collector has to collect 
the time waveform anyway, it does not take any extra 
time at all.  (Later we will discuss reasons why you 
might like to collect a separate time waveform, but it is 
a very fast measurement in any case.)

What is time waveform analysis?

Time waveform analysis is the process of studying the 
waveform data in order to look for patterns that may 
indicate a fault condition.  Time waveforms show pre-
cisely how the vibration changed from one split-second 
to the next.  Every time gear teeth mesh together, or 
balls roll across cracks in bearing raceways, or bubbles 
implode during cavitation, the vibration will change 
– just for a split-second.  The time waveform captures 
those instantaneous changes.

Why perform time waveform analysis?

This is not the place to explain the FFT process.  How-
ever it is worth saying that the FFT process is excellent 
for capturing linear (smooth) periodic events.  Events in 
the data that are linear and periodic will be represented 

The Time Waveform
Improve Accuracy of Diagnoses In No Time 

By Jason Tranter

A
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Figure 1 - A Typical Time Waveform
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by peaks in the spectrum.  For example, if a 
machine is out-of-balance, or there is a mis-
alignment problem, or a rotor is eccentric, 
the vibration amplitude rises and falls periodi-
cally.

When we see ‘clean and strong’ peaks in the 
spectrum we can be sure that there were 

sources of periodic 
vibration (See Figure 
2).  If we see side-
bands, it is likely that 
the periodic source 
of vibration itself pe-
riodically rose and 
fell in amplitude.  In 
this instance, time 
waveform analysis is 
useful, but we can do 
without it.

However, when we 
see harmonics, a 
raised noise floor, 
broad peaks, ‘hay-

stacks’ and/or ‘ski-slopes’ in the spectrum, the 
chances are that the vibration was not entirely 
smooth (linear) and periodic.  Instead there 
may have been impacts, transients, random 
bursts of energy, varying machine speed and/
or other sources of non-periodic or non-linear 
vibration.

Most analysts will attempt to interpret these 
patterns from the spectrum alone.  For exam-
ple, a raised noise floor may be interpreted as 
looseness.  A ‘ski-slope’ may be interpreted as 
a bad transducer.  A raised area around the 
pump vane rate frequency may be interpreted 
as cavitation.  And ‘haystacks’ may be inter-
preted as a bearing fault.

Now, the analyst may very well be correct.  
From past experience and other evidence the 
analyst may be able to diagnose the condition 
from the spectrum.  But every analyst should 
be willing to consider methods that increase 
the likelihood of an accurate diagnosis, and 
time waveform analysis is one such method.

Assuming the measurement setup is satisfac-
tory, the time waveform will provide clear in-
dications of impacts, transients, modulation, 
beating, and bursts of energy.  Time wave-
forms can help you to diagnose a wide range 
of fault conditions including bearing damage, 
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studying the spectrum.looseness, gear damage, cavitation, and the 
reason for measurement errors.  Time wave-
form analysis is also very useful when analyz-
ing very low speed machines.

Examples of Time Waveform Analysis

Let’s have a look at a few examples where 
time waveform analysis revealed information 
that would otherwise have been missed with 
spectrum analysis alone.

In Figure 3, we can clearly see that there are 
damaged teeth in the gearbox, which was 
proven to be correct when the gearbox was 
opened.  The spectrum did not provide any 
evidence that there were damaged teeth in 
the gearbox.  (Thanks to Larry Massey for the 
sample.)  

Figure 4 is an example of a different type.  If 
you look at this spectrum you would never 
imagine that the peak levels in the time wave-
form were 10 g!

In the example shown in Figure 5, you can 
see evidence of modulation.  The inner race 
of the bearing was damaged.  The vibration 
amplitude rises and falls as the damaged area 
moves in and out of the load zone.

If you examine the waveform in Figure 5 close-
ly, you can see that the pulses are not evenly 
spaced.  The pump was cavitating.  The spec-
trum showed indications of cavitation, but the 
waveform proved it.

There are many more examples that I could 
present, all demonstrating the ability of the 
time waveform to either reveal information 
that would not have been known with the 
spectrum alone, or to provide supporting 
evidence to the hypothesis established while 

Figure 3 - Time Waveform analysis pointed toward damaged teeth in gearbox.  
Looking at the Spectrum provided no evidence of this fault.
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Analysis Techniques

There are two basic aspects to time waveform 
analysis.  First, by simply looking at the data 
you can get a clear indication of the nature of 
the vibration.  For example, was the waveform 
smooth or were there transients; were there 
periodic transients or random pulses; was 
there one pulse per revolution or multiple 
pulses, and so on.  This form of observation 
allows you to better understand the nature of 
the vibration, and thus, the nature of the fault 
condition.

Second, it is necessary to identify the source 
of any transients or pulses.  By determining 
the time between each event (or period, see 
Figure 7), we can compute the frequency (fre-
quency is the reciprocal of period).  From the 
frequency we can match it to the source: run-
ning speed, bearing inner face frequency, gear 
mesh frequency, etc.

Let’s take a simple example first.  In the top 
part of Figure 8, we can clearly see a strong 
sinusoidal signal.  If we place the cursor on 
the time waveform we will get a time rela-
tive to the beginning of the record (Figure 8, 
bottom).  We don’t really care what the time 
is.  The importance of the time value is that it 
allows us to measure the time difference be-
tween two events.

Let’s take the time at the top of two cycles.  
We can see that the samples are at 0.0141 sec-
onds and 0.0308 seconds.  The difference is 
0.0167 seconds.  We know that the frequency 
is the reciprocal of the period, so the frequen-
cy must be 1/0.0167 or 59.88 Hz (3593 CPM).

Now let’s move to a slightly more complicated 
waveform.  In Figure 9, we can see that there 
are spikes in the time waveform.  If we look at 
the sample-time of any two neighboring puls-
es, and then compute the difference in time, 
we have the time between the two events.

In this case the difference is 0.0109 sec-
onds.  This would suggest that the period of 
this vibration source is 0.0109 seconds.  The 
frequency is therefore 1/0.0109 or 91.74 Hz 

Figure 6 - Analyzing the Waveform can be the first step to identifying the 
nature of a fault condition.

Figure 8 - Simple Waveform of Ash Hopper Sluice Pump

Figure 7 - Identifying the Period will lead you to the
Frequency of the Fault.

Period = 1/Frequency
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Measurement Setup

The way in which the time waveform is mea-
sured has a large bearing on how useful that 
data will be.  Of course, you can always go 
back to the machine to collect more data, but 
it would be most efficient to collect everything 
you are likely to need during the routine test.

(5504 CPM).  The running speed of this ma-
chine is 1776 CPM, so this signal is 3.099X the 
running speed.  

In the spectrum we also find a peak at this 
frequency (see Figure 10).  In this case we 
have verification – there was a peak in the 
spectrum at the same frequency.  This is not 
always the case, and that’s why this method is 
so powerful.

There are three ways to collect time waveform 
data:

1.  The easiest option is to simply save the 
     waveform that was used to compute the 
     FFT (spectrum).  The data collector has the 
     waveform in memory, so you could just 
     save it for later analysis.  As I will discuss 
     momentarily, the ‘default’ time waveform 
     may or may not be useful.

2.  If the ‘default’ waveform is not ideal for 
     analysis purposes, some data collectors 
     allow you to add a separate waveform 
     test to your route setup.  Once the spec-
     trum measurement is complete the data 
     collector will automatically acquire a time 
     waveform with different settings. It should 
     not add very much time to your route.

3.  For completeness, I should mention that 
     some data collectors allow you to perform 
     special tests which capture a time wave-
     form that may represent many minutes 
     of vibration data.  This test may be used 
     to capture the vibration from a machine 
     as it is starting up or shutting down, or 
     during some other transient event.  The 
     software should then allow you to analyze
     the time waveform data in its entirety 
     and extract small ‘blocks’ of data for de-
     tailed spectrum or time waveform analy-
     sis.  

The settings used to acquire the spectrum dic-
tate the settings used to collect the time wave-
form.  Those settings, in turn, dictate what you 
will learn from the time waveform.  Figure 11 
gives us a good example.  The top waveform 
was acquired when the spectrum was set up 
for 800 lines and an Fmax of 500 Hz.  There 
are 2048 samples over 1.6 seconds.

In the bottom waveform of Figure 11, the set-
tings were changed to 6400 lines, with the 
same Fmax.  Now there are 16384 samples 
over 12.8 seconds.  The box overlaid on the 
graph indicates just 1.6 seconds and 2048 
samples – i.e. the same as the previous wave-
form.

So you can see that the second waveform re-
veals something that is very important (the 

Figure 9 - Using the difference between spikes in this waveform, we can 
calulate the period to be 0.0109.

Figure 10 - Using the inverse of the period, we calcuate the frequency to be 
3.099, which confirms the problem where a peak was seen in the spectrum.
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beating), however it did require an additional 
13 seconds of data collection time.

Understanding the Settings

Up to this point time waveform analysis has 
been pretty straight forward.  Now, this is 
where time waveform analysis becomes a 
little tricky… 

When you select an Fmax setting for your 
spectrum, the data collector determines the 
appropriate ‘sample rate’ – the number of 
samples collected per second.  For example, 
when you select an Fmax of 1000 Hz the sam-
ple rate is 2560 samples per second.  All you 
have to do to compute the sample rate is to 
multiply the Fmax by 2.56.

When you select the lines of resolution (LOR) 
for your spectrum, the data collector deter-
mines the number of samples that must be 

acquired in order to compute the spectrum.  
For example, an 800 line spectrum is comput-
ed from a time waveform with 2048 samples.  
All you have to do to compute the number 
of samples is to multiply the number of lines 
(LOR) by 2.56.

So, now that we know the number of samples 
that need to be collected, and we know the 
sample rate (number of samples acquired per 
second), we can determine the length of time 
that it takes to acquire the time waveform.  
Without boring you with all of the equations, 
the solution is simply to divide the lines of 
resolution by the Fmax.  So, if we choose a 
resolution of 800 lines, and an Fmax of 1000 
Hz, the time waveform will take 0.8 seconds 
(800/1000).  The formula is:

Length of Measurement = LOR/Fmax

As you can see, when the Fmax is higher, the 

measurement takes less time.  When you in-
crease the resolution, the measurement takes 
longer.  But why is this important?

We will use the time waveform to study the 
events that occur while the shaft is turning, 
the gears are meshing, and the balls are roll-
ing around the race way.  We want to collect 
enough data to see at least ten rotations of 
the shaft, and we wish to collect enough data 
to see the events in detail.

Many data collectors do not allow you to spe-
cifically set the length of the waveform and 
sample rate.  Instead you must set the Fmax 
and LOR.  In order to select the appropriate 
Fmax so that you can view the desired number 
of shaft rotations, you can simply perform the 
following calculation:

(Note: Fmax and Machine speed must either 
both be in units of Hz or in units of RPM or 
CPM.)

Measurement Directions and Storage

The other question you will have to ask your-
self is whether you will collect time waveform 
data with every spectrum you collect or just in 
a single axis on any one component (motor, 
pump, etc.).

In the author’s opinion, the ’cost’ associated 
with collecting time waveform data is so small 
that you should always collect time wave-
forms.  As stated earlier, the time waveform 
has to be collected in order to compute the 
FFT (the spectrum), so you might as well just 
save the data.

However, if you have chosen a setup for the 
time waveform that is different to the setup 
for your spectra, then you may prefer to collect 
the waveform in just one axis on each bearing 
in order to reduce data collection time.
 
Choice of Vibration Units

In general, if you are using an accelerometer 

Figure 11 - By changing the Lines of Resolution (LOR) and Fmax settings when 
acquiring the spectrum (and waveform), you can reveal different qualities within 

the same vibration data.  

Time waveform analysis is not required in all 
situations.  However, in the right situation it 

is a very powerful tool.

Fmax 

Number of 
Revolutions

Machine 
speed /xLOR

=  
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then you should leave the waveform in units 
of G’s (or mm/s/s) instead of IPS (or mm/sec).  
When using proximity probes, you should use 
units of mils (or micron).  It is best to use the 
‘raw’, unfiltered vibration.  Some vibration 
analysis software allows you to change from 
acceleration to velocity during analysis, and 
this will have the effect of ‘attenuating’ the 
higher frequency signals.

Conclusion

I hope you have seen how time waveform 
analysis can help you to diagnose a wide 
range of fault conditions with a new level of 
accuracy and confidence.  It is not difficult or 
time consuming to collect the data, and the 
analysis process is not complicated.  Time 
waveform analysis is not required in all situ-
ations, however in the right situation, it is a 
very powerful tool.  

Jason Tranter is the founder of Mobius (in 
1999) and the Mobius Institute (in 2004).  
Jason developed both the iLearnVibration and 
ILearn Alignment computer-based training 
systems, which are now used by companies 
in over 65 countries and have been translated 
into Spanish, Chinese, Korean and French.  

Jason earned his Bachelor’s Degree in Electri-
cal/Electronic Enigineering (with honors) in 
1983.  He formed his first business, ARGO, 
in 1986 and developed the ALERT series of 
vibration analysis software products.  He 
sold ARGO to DLI Engineering Corp in 1990.  
He was Director of Vibration Products for 

DLI when he left in 1996.  He continued 
consulting with DLI until 1999 and helped 
to develop ExpertAert, the DCX data collec-
tor anf the DCX on-line monitoring system.  
Jason can be contated in his home country of 
Australia at +61 3 5989 7285 or by e-mail at 
jason@iLearnInteractive.com

For those that like convenience, Mobi-
us has a waveform calculator available 
on-line.  Just go to the following link:

www.ilearninteractive.com/calculator

On-Line Waveform Calculator
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What is the Reliability Game?

The Reliability Game™ is a simulation designed to teach participants 
how to make the transition from a reactive to a proactive mainte-
nance environment. It is often a challenge to make this transition 
because people have a hard time seeing the objective and rewards. 
MRG’s Reliability Game™ is the solution to this problem.  It is an inter-
active board game that demonstrates the value of proactive reliability 
practices and the positive effect on the bottom line—an educational, 
fun way to create a common understanding of your goals.
The Reliability Game™ is played by teams of four people who try to 
determine the best way to manage their equipment, money, time, 
labor and material resources.  It also simulates real business pres-
sures, production requirements and financial results of reliability prac-
tices (both positive and negative).  Throughout and following each 
round, each team’s financial progress is tracked and discussed.  By the 
game’s end there is typically a greater appreciation for the value of 
reliability and the entire reliability philosophy.
It is so effective that organizations can use it for any number of pur-

poses including corporate training, team building exercises and intro-
duction to the proactivity philosophy.  In every case, participants will 
realize that it’s perfectly normal to get excited about reliability. 

How did the idea for this develop and evolve into a game?

In the mid 1980s a Fortune 100 company began to examine the 
increasing cost of maintenance and hired an MIT computer modeler 
to create a simulation of the company’s plant environment.  The 
simulation revealed that the plant’s inability to plan any mainte-
nance combined with the poor health of the plant’s assets led to an 
inefficient use of resources, time and money.  The organization’s 
leadership attempted to explain the results of the simulation to their 
maintenance personnel, but graphs and statistics could only go so 
far; they needed something interactive that allowed them to experi-
ment and see the effects of their decisions unfold before them. Enter 
the Reliability Game.  

How many people play the game at one time?

Each team has four people, each of whom assume one of the identi-
ties of Finance Manager, Purchasing Coordinator, Maintenance 
Resource Planner and Operations Coordinator.  They compete (in a 
spirited, friendly way) against the other teams located at separate 

Spotlighting Editor’s picks of hot products & services in the industry.

The
Reliability
Game™
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Convincing people - especially the non-
maintenance variety - of the true benefit that 
proactive maintenance and reliability provide 
can sometimes seem like a never ending uphill 
climb.  The Reliability Game can turn that tortuous 
climb into a downhill coast.  It provides a fun 
environment that clearly shows the consequences 
of real life maintenance decisions.  We talked with 
the folks at MRG, Inc about their game...and about 
how and why it can kickstart a whole new outlook 
on maintenance.  Wouldn’t it be nice if everyone 
in your organization understood the value of 
proactive maintenance?  Now they can....and it 
only takes one day.

A tool that will help anyone in your organization realize the benefits of reli-
ability and proactive maintenance?  And they’ll have fun while learning it? 

Amazing but true. 
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tables throughout the room.  
MRG can facilitate the game with 
any number of people as long as 
they can be divided evenly into 
teams of four.  Non-participating 
observers from the organization 
are also welcome to the ses-
sions. 

How long does a session take to 
get the maximum benefit from 
playing the game?

Each session lasts approximately 
eight hours, or one full workday.  
It is important that each team 
and participant remain for the 
full session in order to gain the 
most benefit and see the results 
of the game.  

Who are the optimum people in a company 
to have play the Reliability Game?

Anyone from the organization would benefit 
from playing the game, but MRG recom-
mends that decision-makers and managers 
from major departments such as Finance, 
Purchasing, Maintenance and Operations 
be involved in playing the game.  Of course, 
alongside the decision-makers, supervisors 
and managers, should be the engineers, craft-
persons and technicians: in order to institute 
a change management program, the entire 
team should participate.

In your experience who benefits the most 
from playing the Reliability Game?

Although everyone comes away from the 
Reliability Game with a fresh perspective 
on maintenance and a new attitude toward 
proactive maintenance practices, the game 
itself doesn’t benefit one person more than 
another.  In fact, it is the culture, or the 
organization in general, that benefits.  If the 
fundamental principles the Reliability Game 
sets forward are faithfully followed through-
out the organization, the flow from a reactive 
to a proactive culture will be much smoother 
and the results will be realized much quicker. 
Smoother workflows, the increased accep-
tance of new ideas, the impact on the bottom 
line: The Reliability Game enables the culture 
to flourish.

How do they benefit?  What knowledge do 
they leave the session with that they didn’t 
have before?

Participants leave the Reliability Game believ-
ing that reliability principles can be applied 
to their environment and that results are pos-
sible.  They see how waste can be identified 
and eliminated as the game takes them on a 
three- to five-year journey; they understand 
that the results may not be immediate, but 
that, in the end, their organization will reap 
the benefits and their efforts will be reward-
ed.  Participants also can look through the 
lens of a different position, learning about 
everyone’s responsibilities and day-to-day 
activities as well as the consequences of 
their decisions.  They will leave the session 
with the understanding that co-workers and 
supervisors are on the same page; everyone 
is working toward a proactive maintenance 
environment, we are all on the same team.  

What kind of impact do you see in a company 
or facility after playing the Reliability Game?

There is a noticeable  increase in energy.  
When employees feel they are a part of 
something and if they believe in something 
(and they do, since they have just experi-
enced the Reliability Game, which showed 
them how the results are possible and 
sustainable) they will focus their participa-
tion and efforts.  The initial stages of any 
organizational change can be difficult, but 
the Reliability Game builds the foundation 

for change and the process 
goes much more smoothly since 
people trust the process.  This 
is essential.  People who haven’t 
experienced the Reliability Game 
may expect immediate results 
and may prematurely give up 
on the idea.  Reliability Game 
veterans, however, know that 
staying the course will inevitably 
yield results.  

Share a success story or two 
from people or companies 
who have played the Reliability 
Game? 

One success story comes not 
from a participant, but an 

observer.  An executive from a large power 
generation organization sat through an after-
noon session and, after seeing the attitude 
changes and possibilities inherent in proac-
tive maintenance, he stayed “after school” 
with MRG consultants, discussing reliability 
as a top-down process.  The potential for 
his organization intrigued him enough that 
he circulated an internal memo stating his 
enthusiasm for the game and its principles. 

Another successful facilitation happened at a 
large chemical company where leaders recog-
nized the possibilities a license provided and 
the game was rolled out throughout their 
organization.  They effectively employed the 
game at their locations in five different coun-
tries translated into five different languages 
and presently use the game to generate 
credibility and excitement for reliability ini-
tiatives.  The license provides them with the 
freedom and flexibility to deploy the game 
whenever necessary, whether they are train-
ing new employees or reinforcing reliability 
principles across their enterprise.

How can interested people get more informa-
tion about the Reliability Game?

Please visit our website www.mrginc.net to 
view an interactive display of the Reliability 
Game or to view the Reliability Game iPresen-
tation. For more information, please contact 
Pam Lynch at 203.264.0500 or lynchp@
mrginc.net
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Stockton Infrared has an exciting new opportunity for all infrared 
contracting companies to bid on upcoming electrical IR jobs…over the 
internet!

ConnectIR™ - a simple concept. 

1)  Potential client creates an account, specification and RFP. 
2)  Infrared Contractors submit bids on the work.
3) Potential client selects an IR Contractor to perform the work.

You can register your company starting on 
Monday, November 6th, 2006 

www.ConnectIR.com

At IMC-2006, the client site will officially launch, so get registered and 
start getting more work!

ConnectIR™
“Connecting IR Thermographers to end-users”

The Watchdog® EX Series Breathers for extreme hu-
midity applications incorporate two check valves, 

one to control airflow into the protected 
reservoir and one to control air-

flow out.  This prolongs the life 
of the desiccant by allowing the 
air to flow through the breather 
only when needed to protect 

the integrity of the tank.  Unlike 
a membrane system, which does not allow 
internally generated gases and contaminants to exit the system, the 
Watchdog EX Breather offers all of the advantages of breathing air in 
and out of the tank while removing water vapor and solid particles 
before they contaminate the fluid.

Steve Southard           262-691-9471          www.tricomfg.com

LIFE CYCLE ENGINEERING AND THE INTER-
NATIONAL MAINTENANCE CONFERENCE TO 
OFFER RELIABILITY EXCELLENCE EXPERI-
ENCE

Reliabilityweb.com’s International Main-
tenance Conference (IMC) in conjunction 
with Life Cycle Engineering (LCE), a leading 
provider of reliability consulting, engineering 
service and applied technology solutions, will 
be offering an exclusive four day learning experience, the Reliability 
Excellence Experience, as part of the 21st annual conference to be 
held in Daytona Beach, Florida December 5-8, 2006.

This new and exciting learning opportunity will augment the already 
highly successful International Maintenance Conference. From start to 
finish, this focused track will provide participants with the instruction 
and tools to build a business case for a fictitious company based on 
data provided throughout the conference.  By using the same methods 
applied to the fictitious company, participants will be able to develop a 
business case for reliability for their own organization.

An entire day of the Reliability Excellence Experience will be presented 
by companies that have been successful in their corporate reliability 
improvement implementations - Alcoa, Dofasco, and Cargill.  These 
companies will identify the common characteristics for successfully 
implemented improvements in manufacturing process reliability.  They 
will determine the key milestones for implementing Reliability Excel-
lence in your organization.

Early registration is recommended as space in the Reliability Excellence 
Experience is limited to 40 people. For more information, visit www.
maintenanceconference.com/imc or call 888-575-1245.

SMRP Establishes New Chapter in Indiana 

The Society for Maintenance and Reliability Professionals (SMRP) has 
established a new local chapter in the state of Indiana. This is the first 
chapter in Indiana and its third nationwide. In September, 30 SMRP 
members gathered to conduct the first chapter meeting in Indianapo-
lis.  SMRP is an independent, non-profit society by and for practitioners 
in the Maintenance & Reliability Profession. The society is nearly 2,000 
members strong with global penetration. To learn more about joining 
the Indiana Chapter contact:

Scott Weston   812-350-2699
SMRP Indiana Chapter  scott.weston@gkmco.com
    www.smrpindiana.com

Complete control of your lubrication program is now 
available with the MEMOLUB® 24VDC PLC-driven lu-

bricator.  Its unique design allows the user to 
power and cycle the lubricator “on demand” 
using a Programmable Logic Controller).  

This provides greater control in prevent-
ing under- or over-lubricating their 

equipment.

The 350 psi output pressure of the 
MEMOLUB permits the lubricator to be conveniently mounted up to 40 
feet away from the lubrication point(s).  Available in 3 sizes and uses low 
cost pre-filled replaceable cartridges.   

 David Crouther   800-635-8170
 davidc@memolub.com   www.memolub.com

Emerson Process Management now offers two new safety-rated versions 
of the CSI 2130 Machinery Health™ Analyzer for evaluating the condition 
of a broad range of equipment types in hazardous work areas.  

Originally released as a high-function, dual-channel data collector and 
analyzer, the CSI 2130 is now available as a lower-cost single-channel 
data collector and as a single- or dual-channel standalone vibration 
analyzer.  Both meet rigorous international safety standards, extending 

the use of industry’s best tool for fast, accurate 
assessment of the condition of rotating ma-
chinery to the most sensitive plant environ-
ments.

 www.mhm.assetweb.com/marketing/p_cat-
alog.nsf/(onlinecatalog)
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The IMI Sensors Division of PCB® Piezotronics, Inc. launches the all new 
686A Series two-wire electronic vibration switch.  This ground-break-
ing switch technology is microprocessor controlled with no 
moving parts or mechanical adjustments required.  The 
introduction of the new two-wire switch is revolution-
izing the vibration switch market by combining the 
reliability and dynamics of an electronic switch with 
the convenience of a mechanical switch, in one in-
novative compact design.  

IMI Sensor Division            800-959-4464
PCB Piezotronics, Inc.
imi@pcb.com                       www.pcb.com

Bijur Delimon International has released the 
SureFire automatic lubricator, a 2005 Plant 
Engineering Product of the Year, with an on-
board programmable controller.  The controller 
is available on all single-phase motor units, and 
with any of the available reservoir sizes.

The electronic controller features an LED display 
and a series of buttons to program the lubricator 
to customers’ specifications.  It can run in either 
timer mode or controller mode.  The timer mode 
sets the controls are fairly basic .  In controller 
mode, users have increased control over pre-lubrica-
tion cycles, run time, hold time, error alert time, etc.

Scott Batchelor       919-465-4448       pr@bijurdelimon.com

ALL-TEST Pro, LLC invites you to participate in our Level 1 Motor Diag-
nostics Workshop.  The three day workshop is taught in an open class-
room environment with a relaxed, informal approach by Bill Kruger, 
who has more than 30 years experience in the industry.  Curriculum 
combines an effective mix of theory and hands-on training, designed 
to give attendees the maximum experience. Learn to be more proac-
tive than reactive in your predictive maintenance program. 

December 11-13, 2006
Las Vegas, NV 

Enrollment is limited to maximize effectiveness. Contact ALL-TEST Pro 
for more information or to reserve a seat today.

860-395-2988                             800-952-8776
info@alltestpro.com               www.alltestpro.com

Getting started with 
wireless technol-
ogy has never been 
easier. Emerson has 
developed a complete 
wireless automation kit 
you can order today. 
The Emerson Wireless 
SmartPack™ starts with:

  •  5 Rosemount measurement instruments. You can choose any 
     combination of wireless pressure, temperature, level and flow 
 

  •  A secure, robust Rosemount 1420 wireless communications 
     gateway
 

  •  AMS Device Manager software for predictive diagnostics from 
     your wireless devices
 

SmartPack Services to help you with your first startup, including 
full network health assessment to ensure robust communications 
plus verification of device functionality through your chosen output 
(Modbus, TCP/IP, Ethernet, etc.) 
 

The number of measurement transmitters is flexible. You may order 
more than 5 units and adjust the mix of pressure, temperature, level 
and flow.

Call 800-999-9307 for your quote today.  You can specify how 
many devices and what combination of pressure, tempera-
ture, level or flow devices.

Vibration Analyzer / 
Data Collectors:

Do 80% of your tasks
for 30% of the cost
For details, go to www.datastick.com
Toll-free in the USA: 888 277 5153
Tel: 408 871 3300

© 2006 Datastick Systems Inc. Datastick is a registered trademark of Datastick Systems, Inc.

DSK014 SmUptime 60901.indd   1 8/7/06   8:48:56 AMMagnatag Visible Systems has introduced its 
solid-green SafetyCross motivational line of 
magnetic printed white board kits.  Promi-
nently displayed in the workplace, each 
employee team posts its own SafetyCross 
board with magnets, visually engaging 
them in safety awareness all day, showing  
each safe day, week or month with a green 
magnet.  A red or yellow “accident” magnet 
stands out among a collection of safe, 
green magnets on the SafetyCross but is an incentive to improve.  It’s a 
win-win situation for everyone concerned.

visit www.magnatag.com/SAFETYCROSS.

SKF® spherical plain bearings provide 
ready-to-mount bearing solutions for 
a wide range of industrial equipment 
applications.  These self-aligning 
bearings can accommodate misalign-

ment and oscillating movements while 
delivering optimized performance in 

cranes, conveyors, forklifts, hydraulic cylinders, mobile con-
struction and agricultural equipment, industrial robots, mineral-process-
ing equipment, food and beverage machinery, packaging equipment, 
and countless other applications.  SKF spherical plain bearings exhibit 
high load-carrying capacity and have been engineered for long life, high 
reliability, and minimal maintenance.

SKF USA Inc.   800-440-4SKF 
skfusainfo@skf.com   www.skfusa.com
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How It Works
Use ReliabilityShopper.com to request information about maintenance and reliability products, software, services and 
training for a fast response from leading edge solution providers.

You can use the ReliabilityShopper.com online shopper form to request information or bids from multiple vendors who 
will compete with each other to earn your business by offering the best prices, best service, best support and best 
training with a simple click of your mouse.

You can also use the toll free ReliabilityShopper.com E-Voice System 1-800 789 9037 to speed your request to our list of 
preferred solution providers.  The system offers a simple to use 3 step processes:

 Step 1) Find Solution Providers in Uptime® Magazine, RELIABILITY® Magazine, 
  MaintenanceConference.com Expo listing or in the ReliabilityShopper.com Directory

 Step 2) Dial 1- 800 789 9037 toll free and the extension listed for the maintenance 
  and reliability solution provider

 Step 3) Record a message and leave your contact details including call back number, 
  postal address and email address.

Your voice mail will be sent with high priority to the select solution provider immediately after your leave it.
 

Try It Now!  Dial1-800-789-9037 and use the extensions below

Introducing Reliability Shopper
Want Fast and Reliable Solutions?

the newest way to find what exactly you need

   Company   Page       Extention

Meridium   pg 11-12 251

Mikron    Back Cover 204

No Breakdowns.com  pg   8  265

Predictech   pg 21  256

RELIABILITY® Magazine pg 45  214

Reliabilityweb.com  pg 38  215

SDT    pg 41  230

SMRP    pg 47  231

Timken    pg   2  246

Trico    pg   1  236

Ultrasound Technologies pg 35  216

Vibralign   pg 31  247
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5 Pillars: Maintenance & Reliability 
Professional  Certification Review 

by Dave Krings, CMRP

Achieving Total Productive 
Maintenance (TPM) 

by Terry Wireman, CPMM

Benchmarking Best Practices Mainte-
nance 

by Terry Wireman, CPMM

Change Management For Maintenance & 
Reliability Professionals 

by Steve Thomas

www.MasteringMaintenance.com 888-575-1245 ext 118 (USA) 305-735-3746 ext 
118

by Joel Levitt
20 Steps to World Class Maintenance 

by Joel Levitt

Lean Maintenance in a Nutshell 
by Joel Levitt

Reliability Centered Maintenance 
(RCM) For Everyone 

by Neil B. Bloom

The 3 Phases of Reliability 
Centered Maintenance (RCM) 

by Neil B. Bloom

Turning Maintenance into A Profit Center 

Courses offered include

Now with our affordable computer based distance learning courses you are free.  Free to learn when you want and 
where you want.   Each course includes narrated slides and lectures on CD, text book,  access to student/instructor mes-

sage boards , quizzes and assessments online and personalized coaching through MaintenanceForums.com

Our unique training program offers all of the training without the hassles and expense of 

Learn at your own pace 
in your own place.

Developing Key Performance Indicators 
by Terry Wireman, CPMM 

Level 1: AC Induction Motor Maintenance 
& Diagnostics 

by Howard W. Penrose, PhD, CMRP

Time Management for 
Maintenance  Professionals 



Features/Benefits:
• Thermal inspections of electrical

switchgear without opening the
enclosure or disconnecting circuits

• Views entire scene through a .5”
(13mm) hole in the cabinet. 
Minimum focus range 4”

• Offers 53°H x 40°V (66° Diagonal)
Field of View

• Large depth of field reduces the
need to re-focus for different 
cabinet depths

• Attaches to Mikron’s models 
7600-PRO, M7800 series, and
M7500 cameras

• A better value for your 
inspection budget...

Call 1-888-506-3900 or visit us at mikroninfrared.com

Mikron Infrared, Inc. • Thermal Imaging Division
Tel: (906) 487-6060 • Fax: (906) 487-6066 • e-mail: jon@mikroninfrared.com 
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