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Welcome to the July issue.

As you probably know by now, Uptime is a big proponent of predictive tech-
nologies and strong predictive maintenance programs.  PdM helps companies in 
a number of ways.  From an accounting perspective, by investing in an effective 
PdM program, companies make their maintenance money work harder for them.  
There is no doubt that proactive and predictive maintenance activities are more 
efficient than reactive maintenance activities.  The more of a maintenance bud-
get that a company shifts to proactive/predictive maintenance, the better their 
return on that investment will be.  Higher throughput, lower costs, less down-
time and smoother operations are just some of the dividends.

Continuing education keeps you at the forefront of the industry, and is a big 
part of successful PdM programs.  The pace of advances in technology and the 
continued evolution of best practices demand it.  If we don’t continue to learn, 
we fall behind, which can be catastrophic in today’s competitive marketplace.

PdM-2006 is the premiere conference for predictive maintenance profession-
als.  No other conference provides such a wealth of knowledge from each of 
the main predictive technologies.  I highly recommend this conference for 
anyone involved in maintenance.  If you are new to predictive maintenance, 
you will find PdM-2006 an excellent place to gather information about not only 
how to start your program, but more importantly, how to start out in the right 
direction.  If you are a seasoned veteran of PdM and CBM, you will learn the 
latest advances and techniques in the industry.  Rookies and veterans alike will 
find many high-quality sessions facilitated by industry experts as well as plant 
personnel.  In these interactive sessions, you will benefit by learning from their 
experiences - both mistakes and successes.  

You will also be able to meet the winners of Uptime’s 1st Annual PdM Program 
of the Year awards.  This will give you a chance to chat with and learn how 
PdM’s top performers run their programs.

Uptime magazine is also a part of the continuing education process, and we 
strive to make each monthly issue a valuable resource for you.  If you know of 
anyone else, either in your facility or elsewhere in the industry, who may benefit 
from receiving Uptime, please pass our information along to them.

Thank you for reading.  If you have any questions, comments or ideas that 
would make Uptime more useful for you, please let us know.

      All the best,



Web Workshop #4
August 18th       11 am – noon EST

6 Steps to an Effective Motor Testing Program by James Taylor 
plus Motor Testing Basics by Howard W Penrose, PhD

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 two 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 two 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. 

www.reliabilityweb.com/roadmap.htm


My first introduction to equipment reliability came in 1988 
at Eastman Kodak Company in Rochester New York.   Jerry 
Haggerty, one of the founding members of the Society 
of Maintenance and Reliability Professionals (SMRP), had 
begun to assemble a steering committee of Kodak Main-
tenance professionals who would begin working together 
sharing information on equipment reliability.  As a member 
of this team, I remember well the emphasis Jerry put on 
understanding the P-F curve and the P-F interval.  Jerry 
knew that if we could get our managers to understand 
the P-F curve we could begin to make the transition into 
predictive technologies and reduce the amount of reactive 
maintenance being performed at our plants.

Nearly twenty years later, I can now say with confidence 
that Jerry was, well,  somewhat correct.  Understanding the 
P-F curve, the P-F interval, and the scheduling of predictive 
technologies is fundamental in building a sound Predictive 
Maintneance (PdM) program.  The understanding of the P-F 
curve, as most of us know it, will help a maintenance or 
reliability manager to sell the need for predictive technolo-
gies such as vibration analysis, lubrication analysis, ultra-
sound and infrared inspections.  If properly implemented, 
this will also reduce the amount of reactive maintenance 
being performed at your plant.  What the original P-F curve 
will not do is maximize the benefit of your PdM program.u
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Moving Your Maintenance Effort 
Beyond the”P” in the P-F Curve

by Douglas J. Plucknette

I

E x p a n d i n g    The   Curve
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Figure 1 shows the P-F curve most people are familiar 
with.  The x-axis of the curve represents Time or Operat-
ing Age, and the y-axis represents Resistance to Failure.  
Starting at the top left part of the curve and moving right 
we encounter point P, known as Potential Failure.  This is 
the point in time that, when using some form of Predictive 
Technologies, one can first detect resistance to failure.  As 
we continue to move right along this curve, resistance to 
failure continues to fall until we encounter point F, known 
as Functional Failure.  This is the point in time when the 
component’s resistance to failure has deteriorated to a 
point where it can no longer perform its intended function.  

Figure 1 - The Classic P-F Curve



The time elapsed between point P and point 
F is known as the P-F interval.  The value of 
knowing the P-F interval of a component for 
a specific failure mode is that we can now 
set the interval of the condition based (PdM) 
inspection.  In setting the interval we should 
now, with a high level of confidence, be able 
to detect the failure of this component, plan 
a replacement or restoration task and repair 
the component before the failure occurs.  In 
doing so, we have now replaced what once 
was a reactive task with a PdM task.  
 
The introduction of the P-F Curve and 
on-condition PdM tasks provided a much 
needed innovative change into a world 
where Preventive Maintenance was viewed as 
the only option to avoid emergency/demand 
maintenance.  Excitement around the P-F 
Curve quickly evolved the world of mainte-
nance into a new age of “proactive mainte-
nance” for companies who could afford the 
new and costly predictive technologies asso-
ciated with Predictive Maintenance.  Com-
panies who invested in technologies such 
as Vibration Analysis, Lubrication Analysis, 
and Thermographic Analysis paid large sums 
for the equipment and training to develop 
in-house Predictive Maintenance groups and, 
not long after making these investments, 
began sharing stories of success and the sav-
ings that could be generated from detecting 
failures, and avoiding costly secondary dam-
age associated with emergency maintenance.

Today, it would be no stretch to make the 
connection between the P-F Curve, Predic-
tive Maintenance and the birth of SMRP, 
ReliabilityWeb.com, IMC, Marts and many 
other companies and conferences.  As word 
on Predictive Maintenance spread around 
the world, PdM course offerings and PdM 
service providers exploded, making the new 
technologies both more attractive and af-
fordable.  By 1995, if you were benchmarking 
your company’s maintenance organization 
you could not be world class if you were not 
involved in 
predictive 
mainte-
nance.

Something 
is Missing

Several 
years after working with Jerry Haggerty I left 
Eastman Kodak to form Reliability Solu-
tions, Inc. a consulting firm that specializes 
in training people in reliability tools and 
measures.  As part of our company’s services 
we also offer on-site consulting and mentor-
ing.  It was at one of these on-site visits that 
I learned the P-F curve was incomplete.

Our client had invested a substantial amount 
of money to develop a Predictive Mainte-
nance Program over the past two years and, 
while they were quite proud of that pro-

gram.  However, at the same time, they also 
revealed that they were disappointed their 
PdM program was not delivering the savings 
at a rate they had hoped for.  Our client’s 
PdM service provider collected data from 
hundreds of  pieces of rotating equipment 
around their plant.  They prepared reports 
for our client that showed nearly all of their 
rotating equipment was in the process of 
failure (someplace between points P and 
F).  As trained, our client would then open a 
maintenance work order to schedule replace-

ment of the asset prior to failure.  Using 
precision alignment techniques, the rotating 
equipment would be replaced and, to their 
extreme disappointment, months later they 
would be informed that the same asset was 
again failing.  The P-F curve detailed in Figure 
2 represents our client’s experience with 
Predictive Technologies and the P-F Interval.  
Notice the saw tooth effect that designates 
each time the asset is replaced or repaired.
 
While the Saw Tooth P-F Curve still effec-
tively eliminates running costly rotating 
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Figure 2 - The Saw Tooth P-F Curve
Resulting from Failure to Identify Specific for Failure Modes

Detecting potential failure is simply 
not enough to consider your PdM 

program a success.



equipment to failure, it can lull maintenance 
managers into the illusion that PdM is all 
maintenance has to offer regarding these 
types of failures.  While we could celebrate 
that this company successfully detected and 
responded to three potential failures over a 
short period of time, and avoided the costly 
secondary damage associated with each fail-
ure, I would want them to question why each 
failure occurred.  The most important thing 
we need to understand about the P-F Curve 
and the Saw Tooth P-F Curve is this; Today
Detecting potential failure is simply not 
enough today to consider your PdM program 
a success.  For each detected potential failure 
we must also determine the specific cause of 
failure.  We need to know what has caused 
this potential failure and most importantly, 
can this cause be eliminated?  

If we ask and answer the above questions, 
our maintenance organization, PdM service 
providers and our company are ready to gain 
the full benefit of the Modified P-F Curve 
utilizing not only Predictive Maintenance but 
Pro-Active maintenance techniques and Reli-
ability Tools.

Some failure modes that result in the Saw 
Tooth P-F Curve are as follows:

     •  Misalignment
     •  Soft Foot
     •  Pipe Stress
     •  Lack of Lubrication
     •  Improper Lubrication 
     •  Lubrication Breakdown
     •  Undersized Foundations
     •  Improper Belt Tension – Too Tight/
         Too Loose

     •  Over Torque of Electrical Connections
     •  Dirt/Dust/Moisture Contamination of 
         Electrical Connections
     •  Improper Sized Wiring, Overloads 
          or Heaters
     •  Improper Torque of Piping Connections 
         that Result in Leaks
     •  Improper Gasket Materials
     •  Improper Design or Application

While each of these failure modes could be 
detected using some form of Predictive Tech-
nologies, and then corrected prior to total 
failure, if the failure mode is not properly 
identified the failure will occur again.  

The above should clearly highlight the need 
to take your Predictive Maintenance program 
a step further by asking these questions each 
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Small Switch.
Big-Time Protection.
IMI Sensors 2-wire Intelligent Electronic Vibration Switch
■ Industry's smallest switch footprint – looks, mounts and connects like a sensor!

■ Reliable, solid state relay control

■ Magnetically Adjustable Vibration Threshold (MAVT™)
for instant protection on running equipment 

■ Universally powered (24 – 240 VDC or VAC)

■ Internal microprocessor controlled

Toll Free in USA 800-959-4464 • 24-hour SensorLineSM 716-684-0003
E-mail imi@pcb.com • Web site www.imi-sensors.com 
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While we all understood the P-F curve and 
the P-F interval, we failed to understand or 
determine why the assets were failing over 
and over again.

While the technologies our client had invest-
ed in were successfully detecting failures, our 
client had never asked the service provider 
why some assets continued to fail over and 
over again.  This is where the addition to the 
P-F curve comes in.  Note the difference in 
the P-F curve illustrated in Figure 3.  Start-
ing at the far left at point I (Installation) and 
moving right we have a very long flat line 
going between point I and point P (Potential 
Failure).  This is what we call the I-P inter-
val.  The I-P interval represents the time it 
takes to move from the point of installation 
to the point where Potential Failure is first 
detected.  The objective of all world-class 
maintenance and reliability organizations 
should be to work to maximize the I-P 
Interval.  This can only be achieved through 
a thorough understanding of your assets, 
proactive maintenance techniques and reli-
ability tools.  In viewing the P-F curve in this 
manner it became clear to our client that a 
large percentage of the failure modes they 

time a component has been determined to 
have reached point P in the P-F Curve.  In 
doing so we can now pinpoint the specific 
cause of each failure and use RCM decision 
logic and sound Proactive Maintenance tech-
niques to eliminate these causes and the saw 
tooth effect.

Completing the P-F Curve

As we performed an RCM Blitz™ analysis 
of several assets at our client’s facilities, it 
became clear why some were not having the 
success they had expected from their PdM 
program.  In working with their PdM service 
provider to set up their PdM program ,they 
had simply generated a list of assets for 
each specific technology, which was used to 
identify critical assets and set up PdM routes 
and intervals for each asset based on the 
provider’s recommendations.  In most cases, 
Vibration Analysis and Airborne Ultrasonic 
tasks were performed on a monthly basis, 
Theromgraphic inspections were set up on a 
quarterly basis, and Motor Current Evaluation 
was performed every six months.  Not one 
single PdM inspection detailed the failure 
modes the tasks were looking to detect.  

Revving Up Reliability 

Be In The Driver’s Seat
Figure 3 - Completing the P-F Curve

The Modified P-F Curve and I-P Interval are intellectual property of Reliability Solutions, Inc (patent pending)
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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.  

PdM-2006 - The Predictive Maintenance Technology Conference & Expo
September 12-15, 2006               Chattanooga Convention Center               Chattanooga, TN

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

LubricationWorld
September 12-15, 2006               Chattanooga Convention Center               Chattanooga, TN

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

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

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

www.maintenanceconference.com
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were detecting through the use of predictive 
technologies could, in fact, be identified and 
eliminated using RCM and proactive mainte-
nance techniques.  As an example, one of the 
failures our client was seeing repeatedly was 
on a blower that was mounted to an under-
sized foundation.  Each time they replaced 
the blower they used precision alignment to 
ensure the blower and motor sheaves were 
properly aligned.  However, without the 
proper foundational support, continued 
stopping and starting of the blower over time 
resulted in misalignment and degradation of 
the blower and motor bearings.  Hence, our 
client experienced the boomerang effect of 
recurring failures and repeated repairs.  In 
performing the RCM Blitz analysis of this 
asset, we listed all of the probable failure 
modes for the blower and determined that 
the blower base and foundation would need 
redesign to eliminate the failure mode.  The 

result – a blower that had failed three times 
in eighteen months has not failed in over 
four years.

The Value in Understanding the 
Modified P-F Curve

While many companies and maintenance or-
ganizations around the world have seen the 
value in understanding the original P-F curve, 
I want you all to understand the additional 
value provided by our Modified P-F Curve.  
To do this we start at the far right end of the 
P-F Curve at the point of complete failure 
(where the P-F curve contacts the x-axis).  
Moving from here back to the left and up 

to point F (Functional Failure), this interval 
between Functional Failure and Failure is the 
interval where reactive maintenance takes 
place.  It’s the area if time where this piece 
of rotating equipment starts smoking, shak-
ing, stinking, and squealing.  As a result we 
quickly send someone out to shut the asset 
down so that it can be replaced.  Perform-
ing maintenance in this area is costly and 
minimizes maintenance effectiveness to less 
than ten percent.

Moving back to the left and up from point F 
we encounter point P, this is the well known 
P-F interval, the time frame where Predic-
tive Maintenance (PdM) is employed.  The 

Finally, a FREE stEp-by-stEp 
guidE to pdM

Good news!  There is a proven path to success in PdM.  There is a proven plan you can follow.  
And it’s all spelled out in this new 35-page report. 

Whether you want to improve your PdM program or start one from scratch,  you’ll find the facts 
you can read in one sitting and immediately start putting into practice:

Now you can avoid the costly trial-and-error 
approach to predictive maintenance.

The Basic Concept of Predictive Maintenance - p. 4 
Top 6 Benefits of PdM - p. 6 
The Hidden Benefit of PdM - p. 7 
The First Job of Your PdM Program - p. 9 
How To Choose the Right PdM Technologies - p. 11
Which Equipment to Monitor with PdM - p. 13
Choosing the Right Level of PdM Coverage - p. 15
What to Measure – 11 Key PdM Metric s- p. 17
Four Reasons Why PdM Doesn’t Work - p. 20 
Are You Collecting The Right Data - p. 23 
What Kind of PdM Program – the 3 Options - p. 25 
How To Choose A PdM Service Provider - p. 28 
Dealing With The Skills Crisis - p. 30 















Allied Reliability Inc. 
www.alliedreliability.com

Discover the secrets of the best PdM programs 
in the world.  There’s no fluff, filler or theory.  
It’s short, to the point and very practical.  And 
it’s written in plain English without any of the 
buzzwords.  Best of all, it’s free!  But only for a 
limited time.

Visit our website at www.alliedreliability.com 
to request a copy of  this free report.

Please visit us in 
Booths 26 & 27 
at PdM-2006 

September 12-15 
Chattanooga, TN.

Performing reactive maintenance...is costly 
and minimizes maintenance effectiveness to 

less than 10 percent.

www.alliedservices.com


value of performing maintenance here is we 
can detect that failures are in the process of 
occurring, then plan and schedule repair or 
replacement to minimize equipment damage 
and reduce operations down time.  Perform-
ing maintenance in the P-F interval provides 
a cost benefit that increases maintenance 
effectiveness to as high as fifty percent.

Finally, we now move left on the P-F curve 
from point P (Potential Failure) back to 
point I (Installation).  The I-P interval is the 
time frame from installation (I) to potential 
failure (P), this interval should take years 

to elapse provided the correct Proactive 
reliability tools are employed and precision 
maintenance techniques and tools are used 
at installation.  Performing these Proactive 
Maintenance techniques will provide a cost 
benefit that increases maintenance effective-
ness to one-hundred percent!

To reach this level of effectiveness one will 
need to understand how Proactive Mainte-
nance Techniques and Reliability Tools can 
increase the I-P interval of your assets.

Understanding Proactive Maintenance 
Techniques and Reliability Tools

In completing the P-F curve we have identi-
fied several proactive maintenance tech-
niques and reliability tools that can be used 
to extend the I-P Interval.  While it would 
take a full text book to completely explain 
the value of each technique and tool, I will 
list each here and provide a summary of how 
each can extend your I-P Interval.

Reliability Centered Maintenance – RCM is a 
Reliability Tool that uses a structured team 
approach to analyze a process or piece of 
equipment.  In performing an RCM analysis 
your team will assess all likely failure modes 
for the asset and develop a maintenance 
strategy to mitigate the consequences for 
each failure mode.  The value in performing 
RCM is the proactive assessment of these fail-
ure modes and the resulting tasks developed 

Get Your License to

learn • share • network
Over 40 managerial and technical
sessions focused on Reliability: 
 • Business Management
 • Equipment Management
 • Manufacturing Processes
 • People Skills
 • Work Management

Workshops:
 • Four Secrets To A Successful Reliability Program
 • Issues in PM Improvement
 • Overview of RCM
 • The Application of Six Sigma, Lean Tools and Theory    
  Of Constraints to Maintenance and Reliability
 • The Manufacturing Game
 • The OZ Principle

Plant Tours:
 • CMC Steel Group Alabama
 • Honda Manufacturing of Alabama
  • Southern Company Headquarters
  • Motion Industries

Special Events:
 • Sunday, October 22    Annual Golf  Tournament

  • Monday, October 23 & Tuesday, October 24    Spouse Programs

  • Wednesday, October 25    Barber Motorsports Museum Reception
  sponsored by BE&K Reliability Solutions and Motion Industries

For more information visit www.smrp.org
or call 800.950.7354.

SMRP is the only independent, non-profi t
society specifi cally serving the Maintenance & 

Reliability profession that offers a conference 
by practitioners, for practitioners.

14th Annual Conference
Sheraton Birmingham Hotel

October 22-25

Workshops:
 •
 •

•
•

  Of Constraints to Maintenance and Reliability
•
•

Plant Tours:
• SMRP is the only independent, non-profi t

Performing Proactive Maintenance techniques 
will provide a cost benefit that increases 
maintenance effectiveness to as much as 

100 percent.
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proactive
Make the shift...
Your organization wants to stop putting out 
fires. You want your guys to take charge 
before things become costly. Making 
the shift from reactive to proactive is not 
straight forward but it needs to start  
somewhere. So why not start with the  
basics...Asset Basic Care?

Asset Basic Care records the condition 
(sight, smell, touch, sound) of your assets 
using an electronic checklist on a handheld computer.  
It’s an excellent way to start recording what’s going on with your  
machinery and changing the mind-set from reactive to proactive.  
In a very short time, your equipment database becomes populated  
with information that can prevent failures before they happen—  
putting you in control AND saving money.

Built on a multi-tiered pyramid approach to reliability, MAINTelligence™  
provides a simple start toward becoming proactive with a solid  
foundation in Asset Basic Care, (operator inspections and total  
lubrication management). Then when you are ready to expand your  
reliability program, MAINTelligence™  will support you each step of the  
way at a rate that suits your organization.

Talk to a DMSI reliability specialist to ask how we can assist you in  
meeting your reliability goals.

MAINTelligence > helping you become proactive!         

+1.604.984.3674
info@desmaint.com
www.desmaint.com

Design Maintenance Systems Inc.

get

www.desmaint.com
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to eliminate reoccurring failures.  

FMEA – Failure Modes and Effects Analysis 
– Similar to RCM, FMEA is a Reliability Tool 
used in the design phase to identify likely 
failure modes.  In performing FMEA your 
design team will discuss these failure modes 
and attempt to design out failure modes 
that result from poor design and installation 
decisions.

The Five Rights of Reliability – Design it 
right, purchase it right, build it right, oper-
ate it right and maintain it right.  An overall 
reliability program focused on educating 
employees at all levels and organizations 
overall on the importance of reliability.  The 
five rights of reliability develops a reliability 
plan across engineering, purchasing, con-
struction, operations and maintenance that 
clearly describes how each business unit can 
improve reliability.

Select Supplier Agreements – Often a part of 
your reliability plan, select supplier agree-
ments should be made with consulting 
engineering, operations, maintenance and 
purchasing.  These agreements should be 
developed using your company’s reliability 
data while working with suppliers to provide 
the most robust and reliable assets.  Inferior 
parts or components are a common cause for 
reoccurring failures.

Requirements Documents – If this is not 
part of your company’s capital design and 
engineering program it needs to be.  Re-
quirements documents are binding agree-
ments written to ensure the highest level of 
reliability in design and installation.  As an 
example, many companies now have require-
ments documents written for the acceptable 
level of vibration on start up of new rotating 
equipment.  The document will clearly state 
what that acceptable measure will be and the 
resulting action taken if the requirement is 
not achieved.  Again, the intent of these doc-
uments is to eliminate failure modes inherent 
to poor design or installation practices.

Design standards – Company design stan-
dards should always be used as a tool to 
improve equipment reliability.  Used in com-
bination with select suppliers, and require-
ments documents, design standards will help 
your company ensure that all new installa-
tions are safe and reliable.  Some examples of 
design standards that will eliminate reoccur-
ring failure modes; standard mass require-
ments for pump foundations, standards 
requirements for piping supports, standards 
for starter panel installations.

Precision Alignment and Balancing – Preci-
sion maintenance tools known for increasing 
the life of rotating equipment.  While these 
tools have been available for several years 
few of us have taken advantage of their use.  
Precision alignment and balancing will both 

dramatically reduce vibration that results in 
reoccurring failures of bearings, seals and 
couplings.

Installation Standards – Used for both new 
installation and maintenance, these standards 
are put in place to ensure proper craft skills 
are used when working on equipment/assets.  
Some examples of installation standards 
would be the identification of the proper 
type and grade of flange hardware and gasket 
material.  Developing installation standards 
eliminates reoccurring failures such as leaks 
caused by using incorrect gasket material.

Torque Specifications – While almost every-
one working in maintenance knows what a 
torque wrench is and what torque specifica-
tions are, they are seldom used.  Leaking 
connections, loose rotating equipment, 

and sight glass failure are often the result 
of improper torque.  While using a torque 
wrench and following the specifications may 
take more time, the resulting reliability will 
increase your I-P Interval. 

Precision Tools – If you want to ensure 
proper maintenance and installation prac-
tices, your people will need precision tools 
to do the work.  As I work with companies, 
I can quickly assess the level of understand-
ing concerning reliability with a quick look in 
the tool boxes of their maintenance people.  
Hammers, channel-locks, pry bars and screw 
drivers alone will begin to ensure reliability.  
Precision work requires precision tools and 
if your people don’t have these tools, don’t 
expect your results to improve.

Some Things to Work On

For those of us who have been directly 
involved in creating cultural changes by mov-
ing from reactive maintenance to predictive 
maintenance, we understand these changes 
take training and time.  These changes do 
not take place overnight; they come in the 
form of small victories as people learn these 
techniques do work.  As we now look to 
move back on the P-F curve to include and 
employ proactive maintenance techniques, 
a first step in the transition should be to 
require PdM Technologists to list the Failure 
Mode associated with failures resulting from 
equipment entering the P-F curve.  Simply by 
taking the time to list the failure mode, PdM 
Technologists will increase their value to the 
PdM team.  Their value increases because 
they will make it possible to identify and 

RCM is the most effective way to develop 
a complete maintenance strategy that 
includes both Proactive and Predictive 

maintenance tasks...
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eliminate the failures that result in failure 
reoccurrence or the saw tooth P-F curve.

The most effective way to enter into and 
employ Proactive Maintenance techniques is 
to become involved in Reliability Centered 
Maintenance.  RCM is also the most effec-
tive way to develop a complete maintenance 
strategy that includes both Proactive and 
Predictive maintenance tasks, and it should 
be applied to all critical process equipment.  
RCM is the only way to quickly identify and 
eliminate reoccurring failures through rede-
sign and effective preventive maintenance 
tasks.  Correctly applied and implemented 
RCM will always provide an effective, and 

substantial, return on the money invested for 
training, analyses, and implementation.

By taking the time to identify a list of all 
failure modes using RCM,  many modes 
detectable with Predictive Technologies can 
simply be eliminated altogether.  While it 
is extremely important for all maintenance 
organizations to celebrate the detection of 
potential failures through Predictive Tech-
nologies it is far more important for us to 
eliminate failures whenever possible.  Failure 
identification and elimination offers the 
greatest savings and presents your mainte-
nance group as a truly world-class mainte-
nance and reliability organization.

In closing, I would like to thank my colleague 
Mr. Terry Harris for his help in providing 
information on maintenance effectiveness 
regarding the different zones associated with 
the P-F curve.  

Doug Plucknette is the President of Reliabil-
ity Solutions, Inc.   In business since 1999 
Reliability Solutions, Inc. offers training, men-
toring and facilitation of reliability tools such 
as RCM Blitz™, FRACAS, Condition Based 
Asset Management (CBAM) and Reliability 
Measures.  Mr. Plucknette can be contacted 
by phone at 585-349-7245 or by e-mail at 
doug.plucknette@reliabilitysolution.com 

Correctly applied and implemented RCM 
will always provide a substantial return on 

investment.

www.ultra-soundtech.com
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Please join us for 4 days of focused learning in a community of 
knowledge at the Predictive Maintenance Technology Conference 
and Expo held September 12th through the 15th at the Chattanooga 
Convention Center in beautiful Chattanooga Tennessee.

Maintenance and reliability professionals use reliability centered 
maintenance to develop strategies that prevent functional failure.  

World class companies de-
vote close to 35% of entire 
maintenance effort 
on predictive mainte-
nance and machinery 
condition monitor-
ing.  They devote 
another 15% of the 

maintenance effort to respond to the findings of the condition 
monitoring program.  That is half of your maintenance labor budget!

Why so much Predictive Maintenance?

Because, as stated from the very first issue of Uptime Magazine and 
repeated in almost every issue since, studies show that only 11%-
17% of failures are time related on average.  If you are spending 
more than 17% of your maintenance effort on time based preventive 
maintenance – you need to ask yourself – what specific failure mode 
is this maintenance task preventing?

Attend the Predictive Maintenance Technology Conference to learn 
how others are moving 
away from reactive main-
tenance and applying 
predictive technologies to 
increase reliability and gen-
erate superior returns on 
maintenance investments.

The Multi-Technology Approach

Many companies use just one Predictive Maintenance technology 
as part of their PM program.  The most common predictive tool for 
rotating equipment is a vibration data collector.  These devices are 
portable; battery operated and can store vibration readings for later 
analysis.  As powerful as this technology is – it is simply one tool in 

Fill Your Predictive 
Maintenance Toolbox 
at PdM-2006
by Terrence O’Hanlon, CMRP

the Predictive Maintenance Toolbox and does not make a complete 
PdM program.  Much like a Doctor collects condition based infor-
mation from multiple sensing technologies such as a stethoscope, 
a thermometer, a blood pressure instrument, EKG and even by 
drawing various fluid samples to assess human health, maintenance 
professionals should use industrial sensing technologies such as 
Infrared, Ultrasound, Motor Circuit testers and Oil Analysis to assess 
equipment health.

Predictive technologies allow for the early detection of potential 
failures – which supports proactive planning to mitigate the nega-
tive consequences.  Proactive maintenance is not only more effective 
than reactive maintenance – it is actually less expensive!  

Learn from those who have already done it

You will hear how companies like Southern Company Services, Ten-
nessee Valley Authority, Alcoa, Cargill, Dofasco, Boeing, The US Navy, 
Unicem and the US Air Force have used predictive maintenance 
technologies to increase machinery reliability and lower costs.  These 
are the people who are already on their reliability improvement 
journey and willing to share their techniques with you.

Subject matter experts like Jack Nicholas Jr. CMRP, Howard Penrose, 
Ph.D. CMRP, Ray Thibault, OMA,CLS, pump reliability expert Ross 
Mackay, Mike Johnson, CMRP, Dan Ambre, Dr. Tim Nadasdi and many 
more will share information that you can take back for immediate 
use at your company.

Meet the PdM Program of the Year Winners

At PdM-2006 you will also have a chance to meet the PdM Program 
of the Year award winners and learn more about how they reached 
their maintenance and reliability goals with predictive maintenance.  
A special area on the Expo floor is designated for displaying details 
of winning teams and winning programs and the PdM practitioners 

Percentage of en-
tire maintenance 
effort spent on 
Predictive Main-
tenance by main-

tenance teams performing at world class 
levels.

50% Proactive maintenance is not only more 
effective than reactive maintenance – 

it is actually less expensive!

Percentage of time 
related failures.  
You could be wast-
ing time and money 
if you are spending 

more than 17% of your maintenance effort 
of time-based preventive maintenance.

17%
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have taken time to participate in the Predictive Maintenance Tech-
nology Conference.  We hope you will take the time to meet them 
and learn more about what it took for them to achieve success.

Networking and Information Exchange

We believe that PdM-2006 conference attendees have as much valu-
able information to share as any of the formal presenters so there 
are several opportunities for attendees to meet each other.  Name 
badge ribbons based on subjects of interest are available to all at-
tendees and our “Birds of Feather” program makes it easy to meet up 
with those who share your interest.  The conference will also feature 
a special “problem solving sessions” to get everyone involved!

Professional Development at PdM-2006

Certification demonstrates both knowledge and experience.  At 
PdM-2006 SMRP is offering an opportunity to sit for the CMRP exam 
and STLE is offering the OMA and CLS exam as well.  The Vibration 
Institute is offering exams for Category I, II and III Certification.  If you 
have been considering earning your certification – PdM-2006 offers 
a perfect opportunity.

PdM-2006 Plant Tour

Take a plant tour of one of the most unique Department of Defense 
facilities in the world at Arnold Engineering Development Center 
(AEDC).  The AEDC Reliability Team will share its experience and tell 
you how they manage maintenance and reliability in this unique 
environment.  

Ramesh Gulati, CMRP is the leader of this excellent program and has 
encouraged over 64 team members to earn Certified Maintenance 

& Reliability Professional (CMRP)at 
AEDC . The Certified team members 
are not limited to Maintenance and 
Reliability specialists, they also in-
cludes designers, investment/capital 
project engineers, Air Force managers 
and AEDC executive management.  
This tour will provide a lifetime of 
memories of a very special team who 
successfully manage a very unique 
facility.

Space is limited at PdM-2006

Like our other learning events, atten-
dance at PdM-2006 is limited to 500.  
Our last event on Reliability Centered 
Maintenance sold out a full month 
before the start date – so we encour-
age you to register early to ensure your space.  We even offer a $200 
early bird discount to make your early effort worthwhile.

With ten full day workshops, 45 case studies and short courses, PdM 
Program of the Year awards, professional certification, over 40 PdM 
Solution providers and a staff that is focused on your satisfaction 
– you will not find a better conference experience anywhere.

PdM-2006 will make an immediate impact

The information you will gain in 4 short days is designed to make 
an immediate impact on your maintenance and reliability pro-
gram.  

Solutions at the PdM-2006 Expo

Allied Services Group       ALL TEST Pro    Areva
Atlas Inspection        Baker Instrument   Chevron
Commtest       Dexsil    DLI Engineering   
Electrophysics        Emerson Process Management  IEMD
IMI Sensors        Infraspection Institute  Kittiwake  
Lubrication Systems       Ludeca    MasteringMaintenance.com
Measurements Inc.      Mikron Infrared   Mobius – iLearnInteractive 
National Tribology Services       PdMA     Reliability Center 
RELIABILITY Magazine      SDT    Timken  
24/7         UE Systems   Ultra-Sound Technology  
Uptime Magazine        VibraMetrics   Vibration Institute

If you want to meet experts who will demonstrate the latest hardware, software, services and 
training to keep you ahead of the curve, then PdM-2006 Expo is the place to be.

There is an extraordinary group of Predictive Maintenance solution providers supporting the 
Predictive Maintenance Technology Conference and Expo including

Please join us in 
Chattanooga

To learn more, please look for the bro-
chure inside this issue or call us toll free 
at (888) 575 1245.  You can also visit the 

PdM-2006 Web Site at 

www.maintenanceconference.com/pdm 

See you in Chattanooga!

Money Back 
Guarantee!

We are sure that PdM-
2006 and Lubrication-
World will be worth 
the time you invest in 
attending.  If for any 
reason you are dissat-
isfied with your expe-
rience at this confer-
ence, we will refund 
100% of your paid reg-
istration fee.
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light wavelengths (400-700 nanometers) rather, only 
from thermal infrared wavelengths in the 3000-5000 
nanometers or 8000-14000 nanometers range.  Lights 
and other relatively hot objects are very evident, but as 
a result of their heat emissions, not their light emis-
sions.  Collected IR imagery may then be modified in a 
number of ways to enhance its value to the end user, 
such as digitally adjusting the imagery to find particular 
anomalies and zooming in on different areas of interest 
(see figure 1).  These post-processed images can then 
be used to prepare predictive maintenance reports on 
the various systems.

Aerial thermal mapping of your facility, complex, campus, military base or city every few years will reveal leaks in 
all types of systems, like steam and condensate return lines, hot water lines, chilled water lines, supply water mains, 
distribution pipes, storm water drains, building heat loss and moisture leaks into your roofs.  Aerial photographs 
should be taken every few years as well.  They are inexpensive and can be a great asset when discussing future 
building additions with management, planning utility repairs and improvements, drawing CADs of the facilities and 
for uses as simple and handy as showing outside contractors where not to park. 

The methodology for taking infrared (IR) thermographs 
is similar in many ways to taking aerial photographs.  
To collect the data, the aircraft flies over a given area 
with a camera mounted to the airframe and oriented 
looking straight-down (NADIR) to the ground.  Oblique 
or lower angle shots are taken out the side of the air-
craft by pointing the camera at the desired angle.  The 
imagery is stored on film or a computer hard drive and 
later copied to a convenient deliverable format, such 
as a DVD.  Obviously, aerial photos are taken during 
the day because the sun provides brilliant visible light 
so one can see features on the ground, like buildings, 
bridges, roads, etc.

Where aerial infrared thermog-
raphy differs from aerial visible 
photography is the time of day 
when the survey occurs and the 
wavelength of the imagery that 
the detector collects.  IR ther-
mography of ground objects is 
performed at night because the 
sun and its effects on objects is 
a tremendous distraction in the 
imagery.  Thermography reveals 
sources of heat and the relative 
differences in heat from one object 
to another.  Infrared imagery is 
a grayscale picture whose scales 
(or shades of gray) represent the 
differences in temperature and 
emissivity of objects in the image.  
Objects in the image that are light-
er in color are warmer and darker 
objects are cooler.  No object in 
an IR image is detected via visible 
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Aerial Infrared
 

IR Imaging Identifies Problems Not Seen From The Ground
by Gregory R. Stockton

Figure 1 - Ortho-rectified, geo-TIFF mosaic thermal image 
of a small city.
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aircraft at all times.  After imagery is col-
lected and QC is verified, the digital infrared 
imagery is then processed into a series of 
ortho-rectified image tiles, which are stitched 
together to create a giant mosaic image.  
An on-board computer system puts all this 
information together using a digital elevation 
model (DEM) of the scene that consists of a 
uniform grid of point elevation values and 
the position and orientation of the camera 
with respect to a three-dimensional coor-
dinate system.  The result is presented as 
a high-resolution IR image in the form of a 
geo-TIFF, which is compatible with any GIS 
software such as ESRI ArcView, AutoCAD 3-D 
Map, Global Mapper, MapInfo, etc. 

Applications for Thermal Mapping 

Once high quality digital thermal and pho-
tographic ortho-rectified maps are created, 
these can be added as layers to existing CAD 
and GIS systems and to other data sets.  By 
post-processing the imagery, many wasteful 
conditions can be found and reported.  The 
maps and reports help facility managers keep 
up with their assets in a very efficient man-
ner.  Below, some of the low-hanging fruit of 

Thermal Mapping and Ortho-Rectifica-
tion

Using an aerial high-resolution imager, 
surveying a couple of buildings or a mile or 
so of underground lines can be completed 
by flying over and locating the target(s) in 
the imagery, saving the data and putting it 
together into a report.  Scale information can 
be gathered by taking off the existing CAD 
drawings or having someone walk over the 
area with a tape measure.  This works fine 
for small areas, but it is not possible to make 
precise thermal maps of a whole complex, 
campus, military base or city without ortho-
rectification of the imagery. 

In order to produce ortho-rectified thermal 
maps like the one in Figure 1, which are the 
most useful product, much more informa-
tion must be gathered and tagged to the IR 
imagery.  During the flight, the aircraft flies 
straight, smooth lines on a pre-planned grid, 
allowing 25% side lap of the imagery.  The IR 
operator manages the sensor data-acquisi-
tion (shown in Figure 2) following a struc-
tured checklist for orderly data file manage-
ment.  The imagery must be collected with a 
precise direct-digital timing system, a 3-axis 
ring-laser-gyro and an inertial navigation 
system (INS), which is tightly-coupled to a 
real-time differential GPS satellite positioning 
system that provides x, y, z positioning of the 

back-end post-processing of the information 
is discussed.

Steam and condensate return lines (see figure 
3) are almost always readily visible with infra-
red imaging, even when no notable problems 
exist.  This is due to the fact that no matter 
how good the insulation, there is always 
heat loss from the lines which makes its way 
to the surface.  Problem areas are generally 
quite evident, having brighter infrared signa-
tures that exceed the norm.  Steam line faults 
normally appear as an overheated line or as 
a large hot spot in the form of a bulge or bal-
loon along the line.  Overheated lines often 
occur when the steam line is located in a con-
duit or tunnel.  If there is a leak in the line, it 
will heat up the conduit with escaping steam. 
If a steam line is buried directly in the ground 
with an insulating jacket, a leak will usually 
saturate the insulation, rendering it largely 
ineffective and begin to transfer heat into the 
ground around the leak, producing the clas-
sic bulge or balloon-like hot area straddling 
the line.  Some leaks may show up as an 
overheated manhole or vault cover. Manholes 
or vaults that contain leaking steam system 
control apparatus will often heat the covers Figure 2 - Data Acquisition 

Equipment Installed in Aircraft

Figure 3 - IR Thermograph showing a leaking steam line 
(highlighted in red).
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to warmer than normal temperatures. 

A leaking sewer line or water main (see figure 
4) may go undetected for years, especially 
if the leaking liquid is flowing into a storm 
drain or a stream that no one monitors.  
Leaking sewage collector lines, storm water 
drain discharges, water mains and taps into 
storm water drainage lines can often be 
identified by their thermal infrared signa-
tures during cold times of the year.  As these 
sources of waste or pollution leak, seep or 
empty into creeks, streams, rivers and lakes, 
their thermal signatures vary from their sur-
roundings because the liquid from under the 
ground is relatively warm.  As it flows across 
the ground and into a realtively cool stream, 
the warm plume of liquid is detectable due 
to the difference in temperatures.  Late fall, 
winter and early spring are well suited to 
this type of inspection because of the cooler 
water temperatures (ground and surface wa-
ters) and because the interference to view by 
foliage is minimized. Ground water seeps and 
outfalls of all types are also easily distinguish-
able for similar reasons. 

Roof moisture survey reports (see figure 5) 

are made by capturing IR 
and visual images and mak-
ing scaled drawings of the 
wet areas, so that surgical 
repairs can be accomplished.  
Almost all roof insulation 
materials discarded in the US 
annually are dry.  Why throw 
away 95% of the insulation 
when it is not damaged?  
With a thermal map of a 
group of buildings one can 
narrow down the roofs that 
have problems from the ones 
that do not…on a wholesale 
basis.  This allows facilities 
management to concentrate 
on those roofs that need to 
be repaired, while keeping 
a trend-quality image of the 
good roofs. 

Subsurface wet areas in a 
flat or low-sloped roof show 
up as lighter areas in the IR 
imagery at night because the 
latent heat (from daytime 
heating) in the trapped water 
mass is greater than in the 
dry, functioning insulation or 
roof substrate.  Areas of roof 
moisture contamination can 
be nebulous in shape and 
sometimes mottled in ap-
pearance, although they are 
commonly found in linear 
or puddle-like shapes.  The 
linear shapes many times 
follow low areas, drain-
age routes, roof edges and 
seams.  Puddle-like round 
or oblong shapes often form 
around roof penetrations 
such as mechanical equip-
ment, standpipes, vents and 
drains. After sunset when 

Figure 4 - Thermograph of a storm 
drain (highlighted in red) leaking 

wastewater down the bank and join-
ing the flow of a creek. The leak is 
coming from the adjacent building.

Probable wet area (~10,255 sqft, 15.72%) Possible wet area (NONE)

Total area ~65,200 sqft

Figure 5 -  Photograph, thermograph and 
CAD drawing of a flat roof with moisture 

contamination.
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the entire roof structure cools down, wet 
areas of roof insulation and other materials 
continue to radiate heat because of their 
higher mass. 

Advantages of Aerial IR Imaging 
of Roofs

   •  High-angle, straight-down infrared 
       images capture large areas at once, 
       making the imagery easier to analyze 
       and the report clear and concise. 
       Because infrared images, visual images 
       and AutoCAD® drawings are recon-
       ciled, it is less expensive to produce 
       detailed reports. 

   •  Plan view imaging allows for accurate 
       marking of areas of suspect roof mois-
       ture contamination. AutoCAD® draw-
       ings are made by drawing ‘over’ the 
       captured visual and infrared image 
       on the screen. 

   •  Logistical, image quality, access and 
       security problems, which are common 
       when performing on-roof IR surveys, 
       are eliminated.  The printed AutoCAD® 
       drawings can be used on the roof to 
       paint areas of moisture contamination 
       directly on the roof, if desired. There 
       is never a time when on-roof IR 
       produces better results than aerial IR. 

With the roofs surveyed and existing CAD 
drawings corrected, updated, saved and 
layered into a GIS or CAD system, the facili-
ties operator takes control of all of the roofs. 
Knowing the condition of all of the roofs 
allows for better life-cycle preventive main-
tenance, warranty enforcement, budget plan-
ning and improved roof asset management.

Conclusion
 
The farther one can get from the subject of 
any imaging survey, while maintaining the 
resolution to achieve the needed image qual-

ity, the more useful the data becomes.  This 
is the aerial advantage.  But, one needs to 
obtain very high resolution imagery in order 
to survey large areas. 

It is true that a picture is worth a thousand 
words; so get the big picture of your facilities 
and start speaking volumes about its condi-
tion.

Gregory R. Stockton is president of Stockton 
Infrared Thermographic Services, Inc.   The 
North Carolina-based Corporation operates 
seven application-specific divisions perform-
ing many different infrared services in the US, 
Canada, Central and South America.  Greg has 
been an infrared thermographer since 1989, 
and has published numerous white papers 
and articles on infrared thermography.  He 
can be reached at 336-498-4734 or by e-mail 
at gregsits@northstate.net

wwwvibcons.com
www.sdtnorthamerica.com
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Fishing with FTIR
To Catch Symptoms of Change 

by Mike Johnson

Fourier Transform Infrared Spectroscopy (FTIR) is a powerful analytical tool and widely used in oil analysis as 
one of various methods for identifying changed lubricant conditions.  It has strong usefulness as a clear indicator 
of a few specific conditions and a vague indicator of a wide variety of conditions that justify a closer look.  The 
purpose of this article is to review the FTIR test method and reinforce its importance as a broad screening tool in 
an oil analysis program. 

Screening for Clues

There is a variety of commonly recognized test 
methods used by oil analysis practitioners to screen 
samples.  The screening process allows the laboratory 
to quickly assess the nature of a given sample and 
determine if additional, more specialized testing is 
warranted.  Results from the screening methods are 
central to the decision to accept the status of the ma-
chine as it is or to proceed with more sophisticated 
testing either onsite (OSA) or through a commercial 
facility (CLA).  

Given the high cost of, and associated difficulty of 
justifying, commonly used laboratory instruments 
for in-house use, the on-site laboratory would be a 
logical place to see qualitative screening methods 
used extensively in lieu of quantitative instruments.  
Various scan methods that could be used are shown 
in Table 1.

If one or more parameters point toward a likely 
condition, such as the presence of moisture in a 
sample, then condition specific methods are used to 
provide quantitative results.  The OSA lab would then 
select the specific test, or choose a package of tests, 
including the specifically intended test, to be run at a 
commercial lab to create a more comprehensive basis 
for judgement.

Commercial laboratories, with access to more sophis-
ticated and often more automated instrumentation, 
are less likely to depend on the variety of screens, but 
may choose to use some for very specific direction. 
FTIR spectroscopy provides substantial value as a 
preliminary screen and as a terminal test method.

Inside the FTIR Spectrograph

It is helpful to have a basic understanding of what the 
instrument is reading.  Infrared (IR) energy is one of 
several types of energy that make up the electromag-
netic (EM) spectrum.  Humans enjoy the benefits of 
the various electromagnetic frequencies in the forms 
of various colors of visible light, and in the form of 
energy waves that carry television and radio program-
ming.  However, humans cannot observe the entire 
EM spectrum.  Within the electromagnetic spectrum 
– infrared energy is just beyond the visible range.

The infrared portion of the spectrum covers an area 
where the EM waves range from .00008 cm to .04 cm.  
Physicists and chemists refer to a Wavenumber when 
referring to a specific wavelength, or more correctly 
wave frequency.  Infrared instruments use the ‘mid-
range infrared’ portion of the IR range, which includes 
wavenumbers between 4000 and 400 (the wave 
number gets smaller as the EM range moves further 
away from visible light energy).  The wave number is a 
calculated value, derived by dividing one by the wave-
length, and expressing this in centimeters, as follows:

Lubricants are complex hydrocarbons. The atoms 
in the hydrocarbon molecule are bonded through 
polar attraction.  The bonds are in a constant state of 
expansion, contraction and relative movement.  IR en-
ergy at different wavenumbers can excite the bonds, 
based on the type of each bond. 
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Table 1- Scan Methods & What They Find

be identified based on 
a response at a given 
wavenumber.  Figure 3 
shows common com-
ponents of an engine 
lubricant identified on 
an IR scan.  As long 
as nothing causes the 
molecules to change, 

then the signature will remain steady from 
analysis to analysis.  
Unfortunately for the lubricant user, the 
lubricant sump is a cauldron full of forces 
that change the lubricant, causing some ad-
ditives to fracture, some to change chemical 
form, some to be absorbed, and even caus-
ing new molecules (species) to form.  Com-
mon catalysts promoting lubricant change 
and degradation include:

   •  Wear metals (primarily Iron and Copper)
   •  Atmospheric chemicals
   •  Process chemicals
   •  Moisture
   •  Heat
   •  Air (primarily oxygen and nitrogen)

The forces noted above work synergistically 
to produce a wide variety of degradation 
by-products than can include aldehydes, 
ketones, acids, sulfates, carboxylates and 
polymeric compounds.  The formation of 

these degradation species is accelerated 
by heat and the concentration of the other 
catalysts present.  The type of base stock 
and the type, quality and stability of the 
additives will also have an influence on the 
formation of unwelcome chemicals. 

As the molecules change, their respective 
intensity and wavenumber (location) on the 
IR spectra also changes.  Most of the chang-
es are not to the benefit of the lubricant, 
and it certainly makes sense to understand 
which changes have the potential for creat-
ing problems.  The IR scan provides evi-
dence of molecular change that can be used 
to make lubricant management decisions 
well in advance of the actual collapse of lu-
bricant health.  As shown in Figure 4, when 
the scan of the original sample is compared 
to the same lubricant in its current condi-
tion it is possible to identify changes, some 
with stark clarity.  Even without knowing 
the types of molecules that correspond to 
the wavenumbers, it is obvious that changes 
to the lubricant have occurred. 

The spectrum in Figure 2 represent scans on 
new and used oil.  The black line represents 
new oil and the red line is a scan of the 
same oil after a period of use.  The analyst 
in a lab would compare the two scans and 
look for significant changes.  Differences at 

When IR energy is passed through a given 
molecule, the molecule absorbs some of the 
energy at a specific wavenumber (depen-
dent on molecule size, bond structure and 
composition).  As shown in Figure 1, the 
specific area and degree of absorption is 
noted at the wavenumber and by the de-
grees of intensity. 

None of this information is particularly 
useful by itself, but it does help you to 
know how the technology works in order to 
understand the relative strengths and weak-
nesses of IR technology.

Using FTIR to Identify Lubricant 
Change

Armed with knowledge of the EM spec-
trum and how IR energy affects molecules, 
we begin to understand that the different 
molecular components and their respec-
tive concentrations within the lubricant can 

       OSA = On-Site Analysis \CLA = Commercial Laboratory Analysis
1.  This is dependent on sample processing volume, and inclusion of specialized blotter methods 
      in the test package.

2.  Cost of instrumentation is high, but size dependent.  For very large facilities it may be justified.

Test Method Item(s) To Identify Likely Used

Filter Gram/
Patch Test

Concentration of Solid Contaminants
Type of Solid Contaminants
Evidence of Metallic Wear Debris

OSA – Yes
CLA - No

Blotter Spot 
Test

Evidence of Oxidation (non-engine)
Evidence of Soot Concentration
Evidence of Glycol/Fuel Contamination

OSA – Yes
CLA –  Yes1

Crackle Test Presence of water contamination
Presence of air (versus water)

OSA – Yes
CLA - Yes

FTIR

Additive integrity
Base oil integrity
Presence of some contaminants (water, 
chemicals, additives, fuel, glycol, 
soot, oxidation, nitration)

OSA – Yes2

CLA - Yes

Color Compari-
son

Oxidation
Evidence of solid contaminants
Evidence off liquid discontinuous 
contaminants

OSA – Yes
CLA - No

Figure 11

Specific types of bonds are stimulated by specific infrared energy 
intensities.  When the element and bond type is known, IR analysis 
can provide direction to answer questions about lubricant change.
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known wavenumbers can point out specific 
conditions, and provide for specific rem-
edies – i.e. the need for an oil change. 

In the course of conducting routine lu-
bricant analysis, the analyst will conduct 
the scan, identify the wavenumbers based 
on insightful guesswork and the use of a 
library of known compounds, measure the 
degree of change from the previous result, 
and offer a judgment call, which should be 
displayed in the form of a notice on the oil 
analysis report.  

Case Example:  Verifying Additive 
Degradation with FTIR

Herguth Laboratories in Vallejo, California, 
provides premium quality routine and in-
vestigative oil analysis support for multiple 
industries.  Recently Herguth performed 
experiments to confirm the potential for UV 
energy (sunlight) induced degradation of 
turbine oils.  

In this experiment, four oil samples were 
subjected to UV energy for a period of 5 
days, and were then analyzed for evidence 
of change due to exposure to UV energy.  As 
seen in Table 23, several tests were con-
ducted on each sample before and following 
exposure to identify any evidence of lost 
stability.  The most distinct change occurs 
in Sample A oxidation stability test results, 

which is a key indi-
cator.  FTIR scans 
were performed on 
the samples, with 
specific interest in 
evidence of change 
in oxidation inhibi-
tor integrity.  

The scans revealed a 
noteworthy change 
in Sample A, as seen 
in Figure 34.  The 
blue line represents 
new oil condition 
and the red line 
represents the oil 
condition follow-
ing exposure to UV.  
There is a change at 
a wavenumber that 
corresponds to a 
nitration compound 
(1688).  The specific 
compound is not 
identified but the results point toward types 
of Nitrogen containing compounds, such as 
a rust inhibitor or primary amine antioxi-
dant.

Whenever there is a pronounced spike at a 
particular wavenumber (as seen in Figure 3), 
this is a clear signal to investigate with fur-
ther tests.  In fact, IR analysis often points 

to a need for more narrowly defined analy-
sis.  As such, IR analysis can be a powerful 
screening tool.

The evidence of change in a specific 
wavenumber alone identifies an area for a 
search, but does not prove anything con-
clusively.  If the laboratory conducting the 
analysis also benefits from having confiden-
tial information on the construction and 

Product
Acid Number  
ASTM D974

Viscosity  @ 
40oC cSt 
ASTM D445

Oxidation 
Induction 
Time by 
PDSC Min-
utes 190 oC 
ASTM D6186

Rotating 
Pressure 
Vessel 
Oxidation 
Minutes 
ASTM D2272

“A” New 0.07 30.19 19 1707

“A” Aged 0.11 30.21 11 916

“A” Aged 
(Glass) -- 30.18 -- --

“B” New 0.04 29.81 10 367

“B” Aged 0.07 28.88 13 409

“C” New 0.07 30.18 22 1840

“C” Aged 0.11 30.27 22 1530

Hydraulic, 
New 0.1 43.78 17 566

Hydraulic, 
Aged 0.13 43.94 17 474

Table 2 - Multiple data sources are useful to confirm suspicions 
of a problem, or to provide weight to a confirmed problem.  Many 
lubricant based test methods provide information on more than 
one condition.

  New Oil

  Used Oil

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 450.0
0.0

5

10

15

20

25

30

35

40

45

50

55

61.9

cm-1

%T 

Phenolic 
Antioxidant - 3648

VII - 1739

Succinimide Dispersant - 1706

ZDDP - 965

Sulfate/C-O-C Oxidation - 1155

Nitration - 1630

Oxidation - 1728
Fuel Dilution - 820

Ester Oxidation - 1736

Figure 22- Comparative FTIR scans on new and used oil.
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specific raw materials used in the lubri-
cant, then the clues shorten the process to 
discovery, which is most likely when the 
manufacturer of the lubricant is conducting 
the analysis. 

The prospect of a degraded amine inhibitor 
itself does not mean the lubricant is com-
promised, but it certainly points the way 
for future predictive activity, and helps to 
set a timetable for corrective action.  In this 

direction for additional analysis.

Special recognition to Bill Herguth of Herguth 
Laboratories for information and guidance on 
some of the IR details found within this article.   

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.

1 Geach, Alistair. “Infrared Analysis as a Tool for 
Assessing Degradation in used Engine Lubricants”.  
Wearcheck, S. Africa. http://www.wearcheck.ca/lit-
erature/techdoc/WZA002.htm  
2.  Wooton-Consulting, Dave_Wooton@att.net
3  Herguth, W., Adams, H; “Sunlight Degradation 
of Lubricants”.  Herguth Laboratories. 2005.
4.  Ibid 3.

particular case, there is evidence 
of change (color, viscosity) and evi-
dence of lost oxidation resistance 
from Sample A (PDSC and RPVOT), 
but no similar evidence in the other 
samples.  

Summary

This brief introduction to FTIR 
analysis should whet the appetite 
for users of lubricant analysis to 
incorporate this method into their 
routine analysis.  The added extra 
cost, particularly on critical ma-
chines, produces real value when 
the data is used for long-term reli-

ability management. 

Whether standing alone as a preliminary 
‘screen’ or coupled with other meaningful 
data, the FTIR analysis provides meaningful 
clues that help the skilled analyst identify 
the root causes that may yet lead to trouble.  
In some instances, the clues are compelling 
(such as soot concentration measurements) 
and in other instances, the clues only offer 
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Figure 3 - FTIR scan of Sample “A’ in Herguth Lab’s 
experiment.  Notice pronounced spike.
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The key to fully understanding condition-based monitoring of AC electric motors is to determine the capabilities 
and limitations of each technology.  With this knowledge, the maintenance and reliability technician can make 
decisions with a known degree of reliability.  In this article, we will discuss some of the primary methods of motor 
testing along with their capabilities, how they are applied and pass/fail (where possible) as well as trending limits.  
The basis for this discussion will be “IEEE P1415: Draft Guide for Induction Machinery Maintenance Testing and 
Failure Analysis.”

AC Motor Testing and PdM
Helpful Standards Hopefully on the Way

by Howard W. Penrose, PhD, CMRP

Introduction

The requirement for an inclusive AC induction 
machinery standard that outlines known condition-
based testing technologies and their capabilities has 
been needed for quite some time.  For the past nine 
years, an IEEE Power Engineering Society Standards 
Committee has been in the process of developing the 
“Guide for Induction Machinery Maintenance Testing 
and Failure Analysis,” designated IEEE P1415.  At the 
time this paper was drafted, IEEE P1415 was in the final 
stages of voting to become an IEEE Standard.

What makes this particular standard unusual is that it 
provides an overview of both electrical and mechanical 
test methods and provides test limits where possible.  
In many cases, it splits a particular technology into 
sub-tests.  For instance, a Motor Circuit Analysis test 
that involves resistance, impedance, inductance, phase 

angle, current/frequency and insulation to ground 
is broken into individual tests such as: Winding 
Resistance, Insulation Resistance, Phase Angle, Phase 
Balance (Inductance and Impedance) and Variable 
Frequency.  The purpose is to both cover existing 
technologies and provide room for future technologies 
that may use different combinations.

Electrical Motor Diagnostics Defined

One of the most troublesome areas that has come 
along with our modern times is keeping track of 
definitions.  For instance, on-line can mean using 
the internet or while equipment is running.  Lately, 
the concept of Electrical Motor Diagnostics has been 
considered as only the technologies of Motor Circuit 
Analysis (MCA) and Electrical or Current Signature 
Analysis.  However, in 2004, the Institute of Electrical 
Motor Diagnostics (IEMD) defined Electrical Motor 
Diagnostics as all technologies used to test or evaluate 
the condition of the electric motor system or capable 
of being used in motor system maintenance and 
management programs.  

Motor system maintenance and management was then 
defined:

“Motor system maintenance and management is 
the philosophy of continuous improvement of all 
aspects of the motor system from incoming power 
to driven load.  It involves all components of energy, 
maintenance and reliability from system cradle to 
grave.”

The result of these definitions is that a broader scope of 
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Figure 1 - Motor Circuit Analysis through 
a Motor Control
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technology is encompassed, providing 
the concept of a broader range of tools 
available for electric motor health 
diagnosis.  This definition, combined 
with the IEEE P1415, gives us the 
slate of technologies that are to be 
explored with this paper.  However, 
the focus will be on the motor only, 
including:

     •  Stator winding and core
     •  Rotor winding and core
     •  Vibration and noise
     •  Bearings and shafts
     •  Structure and frame
     •  Ventilation
     •  Accessories

Condition-Based Technologies

The following technologies are cov-
ered by the proposed standard:

•  AC High Potential: Is a pass/fail test applied 
at twice the rated voltage plus 1,000 volts for 
new insulation systems and 125-135% of mo-
tor nameplate voltage for existing insulation 
systems.
•  Acceleration Time: Increased or decreas-
ing starting times may indicate problems with 
power supply, motor or load.
•  Bearing Insulation: Evaluation of the insula-
tion integrity of the bearings for purposes of 
reduced shaft currents and resulting bearing 
damage. Performed following IEEE Std 43-
2000.
•  Bearing Temperature: Measured by RTD, 
thermocouple or bulb-type thermometer.  
Temperature limits vary but generally fall 
in the range of 90-100°C for alarm and 105-
120°C for shutdown.
•  Capacitance: Measurement is trended and 
values to ground increasing over time indicate 
surface contamination, high humidity, high 
temperature or insulation breakdown.
•  Core Loss (Loop Test): Test performed dur-
ing motor repair to evaluate the interlaminar 
insulation of the stator core.  No spot should 
be greater than 10°C than the ambient core 

temperature.
•  Coupling Insulation: Performed to ensure 
that no shaft currents flow into driven equip-
ment.  Performed following IEEE Std 43-2000.
•  Current Demodulation: Used in motor cur-
rent signature analysis as a method of remov-
ing the fundamental frequency from current 
FFT spectra.
•  Current Running: Can be used as an indica-
tion of load.  Pulsating current, measured with 
an analog current probe, is an indicator of ro-
tor bar problems.
•  Current Signature Analysis: Used to provide 
analysis of electro-mechanical condition and 
driven equipment condition.  Requires analy-
sis of current FFT spectra.
•  Current Starting: Inrush and starting cur-
rent is evaluated for anomalies.
•  DC High Potential: DC High Potential is 
a trendable test when leakage is recorded.  
Uses twice the voltage plus 1,000 volts time 
1.7 as the maximum applied.  If, while increas-
ing voltage, the leakage value increases very 
quickly, then the test has failed.
•  Dielectric Absorption: Is a ratio of the DC 
insulation resistance readings of the 60 sec-
ond value to the 30-second value.  A ratio of 
1.4 or greater, in pre-1970 insulation systems, 
is considered acceptable.  Otherwise, trend-

ing is required.  Reference IEEE Std 43-
2000.
•  Dissipation Factor and Power Factor: 
Are both tests that use an alternating 
current voltage at the rated voltage of 
the motor being tested.  The trended 
value should not exceed a change of 2% 
over the period of test.
•  Grease Analysis: Used to trend and 
evaluate deterioration of lubrication 
properties of grease.
•  Growler: Used to evaluate the condi-
tion of rotor bars when the rotor is re-
moved from the electric motor.
  •  Insulation Resistance: Measures the 
insulation value between conductors 
and ground after 1 minute.  The applied 
voltage is less than the motor rated volt-
age with a temperature corrected result 
of 5 MegOhms for random-wound ma-

chines and 100 MegOhms for form-wound 
machines.  Reference IEEE Std 43-2000.
•  Oil Analysis: Used to evaluate the degrada-
tion of the lubricating properties of oil.  Can 
also be used to detect excessive mechanical 
wear in equipment.
•  Partial Discharge: Is a measurement of ca-
pacitive discharges within the electrical insu-
lation itself.  This value is trended generally 
on machines over 6,000Vac.
•  Phase Angle: The timed measurement be-
tween the peak voltage and current at about 
7Vac applied to a coil.  When two coils are 
compared, the value should be within one 
digit of both results.
•  Phase Balance (Inductance and Impedance): 
Used to detect severe winding unbalances or 
to compare in order to detect winding con-
tamination.  Test results are compared phase 
to phase to determine if the pattern is the 
same, or not.
•  Polarization Index: The ratio of the 10 
minute insulation to ground test and the one 
minute insulation to ground test.  A ratio of 
2 or more is required on pre-1970 insulation 
systems.  Reference IEEE Std 43-2000.
•  Single Phase Rotor Test: 10 percent of the 
motor nameplate voltage is applied across 
one phase of the motor.  The rotor is turned 

Figure 2- Motor Circuit Analysis of a 
Submersible Pump
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test component.  Defects can cause a high 
temperature rise at the point of fault.
•  Torque Analysis: Uses three phases of volt-
age and current in order to calculate torque.  
The value is then displayed and analyzed as 
torque FFT spectra.
•  Ultrasound/Ultrasonic: Used to detect bear-
ing and other electro-mechanical defects on 
motors.  Also used to detect other motor sys-
tem opportunities.
•  Variable Frequency: Using about 7Vac, the 
motor current is measured then the applied 
frequency doubled and the resulting current 
compared to the initial current result.  The 
value should be no more than one to two dig-
its different between phases.
•  Vibration: FFT spectra of vibration informa-
tion is used to trend and detect mechanical 
and some electrical faults.
•  Voltage Balance: Voltage measurements 
used to detect voltage unbalance defects in 
the supply.
•  Voltage Distortion: Harmonic content of 
voltage.  If this value is too high, rotor and 
stator heating will occur.
•  Voltage Drop: Is a trended measurement of 
the voltage drop when starting a large electric 
motor.  Changes may indicate electric motor 
defects.

•  Voltage Level: Voltage measurements are 
used to ensure that the supply voltage re-
mains within +/- 10% of nameplate voltage.
•  Voltage Spikes: Monitoring voltage spikes 
allows the ability to evaluate supply and con-
trol conditions.
•  Winding Resistance: Used to detect broken 
wires and loose connections.
•  Winding Temperature: Winding tempera-
ture can be trended over time in order to de-
termine if overload conditions or insulation 
failure is going to occur.

Each of the tests is described, effectiveness 
determined (i.e.: Effective for trending?), on-
line or offline, typical test frequencies, any 
precautions or considerations and related 
standards cited.

Application of Combined Technologies

As previously mentioned, the technologies 
cited can be used both individually and in 
combination with one another.  The use of 
multi-technologies allows for a more accurate 
analysis of the condition of a machine.

An important part of understanding the ap-
plication of any testing technology is also the 
knowledge that findings represent a prob-
ability of the type of fault being diagnosed.  
For instance, an insulation resistance test that 
shows a very low test result may be a failed 
insulation system, winding contamination, 
high humidity, improper testing procedure 
or a damaged instrument.  It is common that 
the call is made based upon the experience 
of the user.  For instance, if a 480Vac motor 
tests at 0.5 MegOhms to ground, based upon 
the experience of the user, they may state that 
the insulation system has failed or that there 
is high humidity.  The corrective action taken, 
if any, may be incorrect as a result.

Instead, by understanding the technologies 
and practices available, how they are applied 
and what the results may mean (including the 
probability of the different results), the main-
tenance and reliability technician now can se-

and current values taken.  Variations of 3%, 
or more, of the current value through 360 
degrees of rotation identify probable broken 
rotor bars.
•  Shaft Grounding Current: A measurement 
of the shaft current.  Can identify that shaft 
currents are not flowing through the shaft 
grounding system.
•  Shaft Testing: Magnetic particle, liquid pen-
etrant and ultrasonic examination are used 
to evaluate the condition of the motor shaft 
material.
•  Shaft Voltage: Voltage measurements taken 
from the shaft of the motor.    Variations in 
the voltage value indicate problems with the 
motor.
•  Speed: Uses measurements of motor RPM 
in order to determine if potential motor or 
load problems exist.
•  Surge Test: High frequency, high voltage 
impedance-based test used to check the turn-
to-turn dielectric strength of the insulation 
system.  Waveforms compared with devia-
tions indicating faults.
•  Surge PD: Variation of the surge test,  eval-
uates partial discharges that result from the 
high voltage, fast rise-time test.
•  Thermography: Utilizes an infrared camera 
to compare the background (ambient) to the 

Figure 3 - Failed motor being prepared for testing 
on the shop floor
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lect the combination of tools to improve con-
fidence in findings.  For instance, using the 
above example, a combination of insulation 
resistance, phase balance, phase angle and 
variable frequency testing are used.  The low 
insulation value is coupled with out of toler-
ance phase angle and variable frequency and 
the impedance and inductance phase balances 
do not match.  The most likely result would be 
an insulation failure with the corrective action 
being a rewind or motor replacement.

Another benefit of evaluating condition, or 
trending, with multiple technologies is the 
ability to more accurately estimate remaining 
life.  As a result, many technology manufactur-
ers now combine multiple technologies into 
single package solutions.

Case #1: DC Thruster Analysis

Electrical signature analysis of DC machines 
provides a solid picture of both the driven 
equipment, motor and DC drive.  In the case 
of marine thrusters, the DC allows for variable 
speed to propellers that are used to position 
a vessel.  The challenge of analyzing thrusters 
is the ability to detect problems in the gears, 
bearings, seals and propeller with resulting 
cavitation, which directly affect vibration test 
results.

By using a combination of Voltage Signature 
Analysis and Current Signature Analysis (Elec-
trical Signature Analysis - ESA), the results can 
be compared and the driven equipment evalu-
ated.  In one recent case, vibration analysis 
was performed on a thruster followed by ESA.  
ESA identified a strong running speed signa-
ture that would signify an extreme unbalance, 
severe misalignment or bent shaft.  A review 
of vibration data provided additional input 
that suggested the result was a bent shaft.

Case #2: Generator Analysis

An operating generator on board an ocean-go-
ing vessel tripped offline due to high tempera-
ture several times during loaded operations.  

Infrared thermography determined that the 
cooling system was operating satisfactorily.  
MCA was utilized and it was determined that 
a developing winding short coupled with an 
insulation to ground fault was developing.  
Following an online test, performed with ESA, 
it was determined that there was a rotating 
field problem, as well.  Another MCA test was 
performed and the rate of insulation failure 
was determined.

Utilizing the information provided by these 
tests, it was determined that the generator 
could operate in a derated condition for ap-
proximately three months.  This allowed the 
vessel to fulfill its next mission.  The generator 
was rewound, due to insulation failure, during 
the next dry-dock period, as scheduled.

Conclusion

The identification of technologies available 
for motor condition-based testing, their lim-
its and capabilities provides a powerful tool 
for electrical motor diagnostics.  The hoped 
for publication of IEEE P1415, “Draft Guide 
for Induction Machinery Maintenance Testing 
and Failure Analysis,” addresses the need for a 
full electrical and mechanical test standard for 
electric motor condition testing.  By utilizing 
the combined capabilities of the technologies, 
early and accurate analysis and remaining life 
estimation can be performed.

Dr. Penrose is the President of SUCCESS by 
DESIGN, a maintenance and reliability con-
sulting firm.  Dr. Penrose has over 20 years in 
the industrial electrical motor industry and 
is the Executive Director of the Institute of 
Electrical Motor Diagnostics.  He can be con-
tacted via e-mail at howard@motordoc.net
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The title of this article is drawn from an observation by a colleague.  In a recent conversation he observed that 
today, midway through the year 2006, the state of precision alignment knowledge is still very lacking among main-
tenance practitioners.  There certainly is no shortage of alignment equipment suppliers.  A quick internet search 
would confirm that one can get dial indicator kits or laser alignment systems from a multitude of sources.  However, 
the knowledge level and acceptance of precision alignment is still sorely lacking.

I will share a recent experience that promoted this 
article.  I was hired to deliver a 2 day training class to 
a customer who had bought one of our laser align-
ment systems.  On the first day of the class there was a 
maintenance technician (let’s call him Stan) who openly 
voiced disapproval of his company’s purchase of the 
laser system.  Why?  Because Stan said he had always 
done alignments with dial indicators and he saw the 
laser system as a waste of money (about $1,200 for 
a dial indicator kit, and $4,100 for the laser system).  
Stan was quite experienced and influential among his 
co-workers.  I knew that I had to prove to Stan and 
his co-workers that the investment in the laser system 
was worth it.  If I didn’t get their “buy-in” to the laser 
system, their time in the training class would have been 
far less effective.  

I asked the group what type of dial indicator method 
they had been using.  No one stated it exactly, but 
what they had been using is the rim & face method.  
Led by Stan, they asserted that this was a good method 
that was “fast” and easy for them.  As a way of making 
my point that there was value in the laser alignment 
system, I went to the white board and made a sketch of 
a typical rim & face setup as shown in Figure 1. 

They all nodded and agreed that this is how they would 
setup to do an alignment.  I then wrote some typical 
dial indicator values (DIR = -40, DIF = +10) and asked 
them to figure out where the movable machine was 
sitting and what would be needed to be done to get it 
into alignment.  There was some rustling of papers as 
everyone attempted to do some calculations or plotting 
of the solution.  After about 5 minutes no one, includ-
ing Stan, had offered a solution.  The room fell into a 
painfully dead silence and it was apparent to everyone 
that they really did not understand this method they 
had been using all along.  Why?  Probably because their 
only knowledge of the method was acquired the same 
way humans passed on knowledge before writing was 
developed, by word of mouth.  And you all know what 
happens as a story is told and retold over and over 
again – it changes over time.  These technicians had 
unfortunately been shortchanged in their training of a 
basic and essential alignment skill.

As we tried to solve the problem together, a little dis-
cussion with the group revealed that what they usually 
did was to first minimize the DIF (the Face dial indica-
tor) by shimming the movable machine.  They would 
add or remove shims until the new DIF values were 
very close to zero.  Then they would add or remove 
shims, AGAIN, until the DIR (the Rim dial indicator) 
value was close to zero.  It was very much a trial and 
error method.  But it was they way they were taught.  I 
offered up a more methodical way of doing this.

To measure vertical misalignment, which must be 
corrected before aligning horizontally, perform the fol-
lowing steps:

   1.  Rotate the dial indicators to 6:00.

 Precision Alignment 2006.5
Are We Where We Need To Be?   

by Ron Sullivan
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Figure 1 - Typical setup for rim 
& face method
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   2.  Set the face dial indicator to read zero.
   3.  Set the rim dial indicator to the sag 
        value (bar sag would have been 
        measured before setting up).
   4.  Rotate both shafts to 12:00. 

Next, construct a simple graph with the di-
mensions of the machine (dimensions B & C) 
laid out to scale as shown in Figure 4.

In the rim-face graph example shown the DIR 
value is -20 mils the DIF value is +4 mils, and 
the A dimension is 5”.

After setting up the graph, the next step is 
to divide the Rim Dial DIR by 2 to obtain an 
offset value.  This value is plotted along the 
vertical line representing the plane that the 
Rim indicator swept.  On the graph in Figure 
5 the value of -10 has been plotted.

A second point is obtained from the face dial 
indicator (DIF) reading and the “A” dimension 
(‘A” is the diameter that the Rim indicator 
swept).  In this example the DIF was +4.  A 
+4 means that the coupling faces are closed 

at the top and open at the 
bottom.  This means that the 
movable machine centerline 
is angled upwards as you 
move from left to right. And 
how much is it angled?  It is 
angled by 4 mils every 5 “ (di-
mension A).  So on the graph 
we would plot a second point 
(offset) that is 4 mils higher 
than the first point at a dis-
tance of 5 inches away.   

Once the two offsets are plot-
ted, a straightedge can be 
used to draw a line between 
them.  If the line is extended 
until it intersects the planes 
of the front and rear feet, the 
position at these feet can be 
determined.

In the example shown in 
Figure 6, the front feet of 
the machine are 2 mils low; 
shims need to be added.  The 
rear feet are positioned 6 
mils too high; shims need to 
be removed from both rear 
feet.

All this can be done much 
more easily than the old “trial 
and error” approach.  They 
all agreed that this seemed 
like a better way to use the 
rim & face method.

Next, I asked how they cor-
rected for horizontal mis-
alignment?  Pretty much the 
same way they did for vertical 
misalignment, trial & error.  
Here is a simple technique 

 

Figure 2 - Dial Indicators at 6:00

Figure 3 - Shaft Rotated to 12:00

 

Figure 4 - Graph with Machine Dimensions Laid 
Out to Scale

 Figure 5 - Offset Value (-10 mils) plotted along 
vertical line of the plane the Rim Indicator swept.

 Figure 6 - Line drawn between the two offsets & 
extended to intersect planes of front and rear feet.
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that I presented to them.  Zero the 
indicators at the 9:00 position (as 
viewed when looking from behind 
the movable towards the station-
ary machine).  Rotate to the 3:00 
position.  Adjust the DIR to half 
of the value.  Use the “Near-Near, 
Far-Far” technique to move the ma-
chine into alignment.  “Near-Near, 
Far-Far” means that the front foot 
will control the near indicator (the 
DIR), and the back foot will control 
the far indicator (the DIF).

I asked one last question to the 
class – when do you stop aligning?  Some 
said “when I get zeros all around”.  Others 
said “when I get it to about 1 or 2 mils”.  
Others admitted they stopped when they had 
had enough of fighting with the machine or 
it was time for the shift to end!  Again, trial 

& error was ruling.  In fact, they really should 
always work towards a specific tolerance. 
And since they all work at the same plant, it 
would make sense for all of them to work to-
wards the same alignment tolerances.  Align-
ment tolerances such as those in Figure 7 are 

usually achievable and result in 
smooth running machinery.

So we got back to discussing why 
the plant bought a laser system.  
The reason is that most of these 
maintenance technicians (includ-
ing Stan) were not performing 
precision alignments.  The fact 
is that there was a lot of time 
being wasted.  It was a hit & miss 
proposition whether a piece of 
machinery got aligned at all, not 
to mention properly.

What does the laser unit bring to the table?  
It eliminates the need to plot or calculate the 
results every time a set of readings are taken.  
It does the calculations and presents the an-
gularity and offset values, which are the true 

Serving the predictive maintenance community for over 15 years with: 
Balancing Correction Weights 
- Over 5 million weights in stock 
- 100 sizes in 15 styles 
Custom metal stampings 
- Quotes from print or sample 
Alignment Shims 
No order too small! Same day shipping 

Do you BALANCE  ROTATING  MACHINERY ?
CDI is your balancing correction weight specialist! 

CD Internat ional ,  Inc .  
In  the U.S.   www.balancingweights .com

In Canada  www.balancingweights .ca
5540 Shimervi l le  Rd.    C larence,  NY 14031 

Tel :  716-741-8851   Fax:  716-741-0022 
e-mai l :   info@balancingweights .com 

CD International, Inc. 
www.balancingweights.com

 Opening in EUROPE July 1st, 2006.    Visit www.balancingweights.eu.com 

 Figure 7 - General Alignment Tolerances

Angular Misalignment
Mils per inch (000.1/1”)

Offset Misalignment
Mils (.001”)

RPM Excellent Acceptable Excellent Acceptable

3600 0.3 0.5 1.0 2.0

1800 0.5 0.7 2.0 4.0

1200 0.7 1.0 3.0 6.0

900 1.0 1.5 4.0 8.0

www.balancingweights.com
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objectives of precision alignment.  As they 
would see, the laser system also gives live 
values that represent the current position 
of the front and back foot, which will help 
reduce the time it takes to get an alignment 
completed.  

At the end of the class, there was near 
unanimity that the laser system was a good 
idea after all.  There was also candid (and 
somewhat embarrassing) acknowledgement 
that what had been handed down as dial 
indicator training over the years was not all 
that it was cracked up to be.  The technicians 
appreciated learning some fundamentals 
about alignment, like offset and angularity.  
This new found understanding would give 
them confidence in using the laser (or a dial 
indicator kit) when performing alignments in 
the future.

So here we are, 2006.5 (midyear 2006).  Dial 
indicator based alignment kits have been 
around for generations (from the “old days” 
as my kids would say).  Laser alignment 
systems have been available for almost 20 
years.  Yet, the vast majority of alignments 

performed today are still done by 
“trial & error”.  Take a hard look 
at your procedures.  Or, at the 
techniques your technicians are 
employing.  Is there a solid under-
standing of the fundamentals?  
Are alignment tools being used 
effectively?  Is everyone work-
ing towards the same alignment 
tolerances, or goals.  Are you 
leveraging the latest technology 
in precision alignment (yes, laser 
alignment), so you can get back 
to focusing on your core compe-
tencies?  The answer is probably 
no to several of these questions.  

I am sure you have heard a man-
ager say something to the effect 
of  “…well if we spend money 

for equipment and train them, they will just 
leave and go somewhere else…”.  But this 
question still remains, if they don’t get train-
ing what kind of job will they be doing for 
you along the way?   Well, don’t let 2007.5 
catch you in the same place.  Don’t be stub-
born.  Don’t keep doing things the same way 
you’ve done them in the past, and expect a 
different result!

Ron Sullivan was recently appointed as 
Regional Manager – Latin America for Com-
mtest, Inc, Prior to this, Ron worked 16 years 
for VibrAlign, Inc.  Starting as a Field Ser-
vice Manager in 1989, he progressed to the 
position of President (in 1996).  At VibrAlign, 
Ron supported industrial customers (e.g., alu-
minum, tobacco, pulp & paper, tire making, 
plastic films, food processing, defense, and 
ship building) with predictive maintenance 
consulting services, including: vibration 
analysis, training, field balancing, and laser 
alignment services.  Before joining VibrAlign, 
Ron spent 13 years with Carrier Corpora-
tion.  Starting as a field service engineer with 
Carrier Corporation’s Machinery & Systems 

Division specializing in airside equipment & 
systems.  Ron has presented papers at vari-
ous industry conferences including SMRP, 
Enteract, Paper Industry Maintenance Confer-
ence, P/PM Technology, Vibration Institute, 
IR/INFO and the GM Symposium.  He has also 
written articles and contributed to several 
maintenance publications.  Ron is a Me-
chanical Engineer with over 27 years of field 
experience. 
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Airborne ultrasound is one of the most cost effective PdM instruments in the marketplace today.  For years, 
many have thought of this instrument as “only” a leak detector.  However, today’s airborne ultrasound is both an 
instrument that is to be used for troubleshooting and as a predictive maintenance tool.  Today’s airborne ultrasound 
instruments are far too valuable to let sit on a shelf and go “unused”.  How long has it been since you used your 
airborne ultrasound instrument, 7, 10, 30, 60 or 90 days? Why?  You are simply leaving money on the table if you let 
your instrument sit too long. 

The Versatility of Ultrasound
One Technology, Many Uses

by Jim Hall

So, now that you have decided to recharge the batter-
ies of your old unit or, have decided to finally purchase 
an ultrasound instrument, what next? 

Air Leaks

Air leaks?  Everyone has them in their plant.  And 
they are expensive.  Why not find and fix them?  The 
number one answer is, “man-power”.  The need for 
man-power to find them and, once identified, the man-
power to fix them is usually the problem. 

Have you ever thought about hiring a third party to 
locate the leaks?  Many of these third party leak detec-
tion companies do not repair, but they do find leaks, 
mark them, and catalog the leaks.  It may take the leak 
detection service 2-4 days to complete a “leak detec-
tion audit” (depending upon the size of a plant).  But, 
remember, those are 2-4 days that you did not dedicate 
your maintenance personnel 
to identifying leaks.

If man-power isn’t your 
problem, then arm a tech-
nician with an ultrasonic 
instrument, a parabolic 
dish, long range horn, a 
digital camera, a 3 part 
leak audit tag (find, repair, 
inspect) and start saving 
money in two possible 
ways: 

  1.  The cost of the supply and demand of the leak.
  2.  An increase in production or an increase the 
       efficiency of a process. 

It is possible that your leaks have been starving the air 
system, creating a production problem or a causing a 
process to slow down.  

A good leak audit should be comprised of the follow-
ing:

     1.  Pictures (preferably digital) to aid a 
          technician in locating and identifying leaks.
     2.  A 3-part leak audit tag (Find, Repair & Inspect).
     3.  Leak Audit Spreadsheet, a catalog identifying 
          all leaks found and the size of leaks (Small, 
          Medium and Large).  
 
Remember this - What is noisy to you and me is not 
noisy to the ultrasonic receiver!  One of the hardest 

obstacles to overcome in train-
ing technicians on how to use 
airborne ultrasound is to get 
them to realize just how much 
background noise can be elimi-
nated by frequency tuning.

Bearing Analysis

Bearing analysis using airborne 
ultrasound is best achieved 
when the bearing is trended 
over a period of time.  Testing 
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Fig 1 - When using any airborne ultrasound 
instrument, first scan the area without a 

rubber cone or isolation tube affixed to the 
unit. Once the leak is heard, then apply the 

cone to focus in on the leak or leaks.
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bearing was considered to be in need 
of lubrication.  After lubrication if the 
bearing did not return to a normal 
range the inspection time would be 
decreased to 30 day instead of 60 day 
intervals.  Once the bearing reached 
20 decibels over the normal running 
baseline, replacement was ordered.

Now, this does not mean that using 
these numbers will or should work 
for you.  This is one plant and one 
engineer who spent the time needed 
to establish his baseline.  However, it 
does provide a good example of the 
process you should use. 

When trending bearings, attention 
should be paid to the frequency of 
inspections.  If the man-power exists, 
take readings every 60-90 days.  Once 
a bearing starts trending consistently 
8-10 decibels over an established 
baseline, lubricate the bearing.  If, 

after lubrication of the bearing, readings con-
tinue to track high or enter a failure mode 
of 10-15 decibels over baseline, increase the 
inspection intervals.  If decibels reach 16 or 
more over normal, removal or replacement 
should be scheduled at the next convenient 
time.  However, if the bearing spikes upward 

a bearing over time is done once a baseline is 
established.

Here is an example.  One user took readings 
from several motors and established a base-
line of 35 to 55 decibels.  Once the reading 
reached 10 decibels over the normal decibel 
range, which was established over time, the 

to 35 decibels or more over the normal read-
ings, it should be considered catastrophic 
and should be removed and replaced im-
mediately. 
Ultrasound and Vibration Analysis

Using airborne ultrasound in combination 
with vibration instruments is not something 
new.  The first time I saw an ultrasound re-
ceiver connected to a vibration analyzer was 
at the Pearl Harbor Naval Station in 1990.  
A young US Navy 2nd Class Machinist Mate 
attached to the US Navy Submarine Fleet’s 
Performance Monitoring Team was using his 
ultrasound receiver and vibration analyzer to 
detect valve leakage due to unseated and/or 
worn valve seats.  Later this same technician 
earned a degree in mechanical engineering 
and is now very active in the vibration analy-
sis industry. 

Today, you can purchase an ultrasound 
receiver from the various manufacturers and 
receive software that will allow you to per-
form waveform analysis.  Waveform analysis 
can be very effective when diagnosing bear-
ing problems such as an outer race problem 

Fig 2 - The size of air leaks does matter, as 
well as the material from which it is leaking.

16x
4x

Size Does Matter...

0.03125 0.0625 0.125

Diameter

Net Result is an orifice that is 4x larger 
will produce 16X the Air Loss.

Material Matters Too...

Same Opening But Different Materials Will Sound Differently

Bearing Failure Modes Decibels Over Baseline
(0 db = 1 µV) Action

Pre-Failure or Lack of 
Lubrication 8-10 dBµV Lubricate and Retake Reading

First Failure
or Beginning of Failure

10-12 dBµV Watch over time

Failure 16 dBµV
Schedule Removal/

Replacement
(next convenient  time)  

Catastrophic Failure 35-50 dBµV Removal/Replacement 
Immediately

Fig 4 - Corona (60 Hz peaks), 13 kV 
Oil-Filled Transformer

Spectra-Plus Software courtesy of Sound Technology, Inc

Fig 3 - Bearing Failure Modes and Actions
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remains open.

Valve Inspections

Do you have a valve or valves that 
you suspect may not be seating 
properly?  Or perhaps a valve 
that can not be easily removed or 
taken off line? By using airborne 
ultrasound to inspect valves, you 
can easily determine if they are 
functioning properly.  Fig 4 shows 
a typical valve inspection, in which 
you use your ultrasonic contact 
probe to check Points A, B, C and D 
with the valve closed.

Building Envelope Leaks

Most ultrasound kits have a tone 
generator device that emits high 
frequency sound into a volume 
(room or opening).  The ultrasonic 
receiver then hears the sound that 
allows the user to locate a leak 
site.  This technology is also used by manu-
facturers that build vaults, ovens, tanks and 
even clean rooms to locate leaks.  The tech-
nology can be used as a pretest before using 
helium or other trace gases to locate leaks at 
a much smaller leak rate than the ultrasound 
receiver (airborne ultrasound sensitivity rated 
to 1x10-3 std/cc/sec) that is used for gross 
leaks.  The use of airborne ultrasound first 
to locate the gross leaks is a “best practice” 
method application. When using helium to 
find leaks in the 1x10-3 std/cc/sec, you could 
possibly saturate your sensor rendering it 
useless.  It is always useful to find the gross 
leaks first with ultrasound.    

and/or electrical discharge to identify corona.  

Electrical Scanning

Ultrasound is used to scan electrical switch-
gear and substations for corona, tracking 
and arcing.  But airborne ultrasound is more 
than just a predictive tool for detecting these 
problems.  
 

You are probably familiar with the term 
ARC FLASH.  Scanning electrical switchgear 
with an ultrasonic instrument could possibly 
save your life.  Before entering an arc flash 
boundary be sure to review NFPA 70E and 
remember that anyone working inside an Arc 
Flash Boundary must wear the appropriate 
protective equipment.  For electrical switch-
gear applications, it is helpful to think of 
using airborne ultrasound for safety reasons 
first and view the predictive data you gain as 
an added bonus. 

If you are not sure whether what you are 
hearing is corona or a mechanical problem, 
you can record a wave file and play it on a 
spectrum analyzer or use one of the many 
sound analysis software programs available in 
the marketplace.  Look for high peaks every 
60 Hz (120, 180, 240, etc.).
 
Steam Traps Troubleshooting

Ultrasound alone can be used to diagnose a 
steam trap.  A pyrometer is helpful but not 
always necessary.  When you listen to an in-
verted bucket trap, you can actually hear the 
linkage as it moves the bucket.  Also, when 
listening to the discharge side of the inverted 
bucket trap, if you hear a “continuous” blow-
by you know that the trap has failed and 

Troubleshooting Hydraulic Systems

Airborne ultrasound is very directional 
because of the short wave signal.  You can 
detect and diagnose problems by using the 
contact probe or magnetic sensor to listen 
to an actuator that has bypassing fluids or 
pneumatic air escaping from the cylinder 
and/or to listen for scraping of the cylinder as 
it is moving in and out of the barrel.

Underground Leak Detection

Airborne ultrasound is commonly used to 
successfully locate underground leaks of both 

Valve Inspection
Valve closed but is leaking past 
seal.  ΔP is greater at leak site.  

If valve is leaking “C” will 
always be greater.

A

B

C

D

Pressure 
Differential

ΔP

Valve 
Closed

Ultrasonic
Contact Probe

Fig 4 - Typical Valve Inspection
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gas (air) and liquids.  I have personally used 
ultrasound for this application and have been 
very successful doing so.  I suggest reviewing 
the April issue of Uptime in which you will 
find an article dedicated to this topic.  Please 
understand that there are limitations in using 
ultrasound for this application.  Your instru-
ment must be able to frequency tune to 20 
kHz, and some instruments can even tune as 
low as 15.1 kHz.  Also, you must touch the 
ground with the microphone, preferably the 
contact sensor.

Other Applications

There are literally hundreds of applications 
for airborne ultrasound, of which we have 
only mentioned a handful.  Other applica-
tions include:

   •  Condenser Leaks (waterboxes)

   •  Heat Exchanger 
        Leaks (on/off-line)
   •  Expansion Joints
   •  Acoustic Lubric-
       ation
   •  Automotive, 
       Marine, Aviation   
       (wind/water leaks)
   •  Boiler Inspections
   •  Radio/TV Inter-
       ference

More Than Just A 
Leak Detector

By now you get the 
idea that airborne ul-
trasound is much more 
that just a leak detec-
tor.   Your instrument 
can even do more than 
just ultrasound related 

applications.  There are instruments in the 
marketplace that can be used with rpm sen-
sors, an A-weighted decibel sensor and py-
rometers (temperature guns).  Some of these 
ultrasound instruments can actually take the 
reading directly from the accessory and load 
it onto an onboard data-logger.  Sometimes 
it seems that ultrasound applications are 
limited only by the users imagination. 

A high-quality ultrasound instrument is one 
of the greatest “Return-On-Investment” pre-
dictive maintenance instruments ever made.  
So why is it sitting in the tool room?

Seek training (on-site is most effective) if you 
are not familiar with the instrument.  A one 
or two day workshop on equipment orienta-
tion and applications will easily pay for itself 
and will, over time, return huge dividends.  

Final Thought

A final thought on the use of airborne ultra-
sound.  One unknown user recently made the 
following statement during an on-line forum 
discussion about airborne ultrasound.

“We use ultrasound for bearings, monitor-
ing grease application, valve leakage and air 
system leaks.  The success or failure of the 
investigation depends on the experience of 
the user, their familiarity of the instrument 
and the machine being scanned.  Like many 
users we had a tough time getting enough 
experience and confidence to make the pro-
gram effective. Training and experience goes 
a long way.”

So pick up your instrument right now, start 
identifying and fixing problems.  You’ll be 
amazed at how quickly the savings begin to 
roll in.

Jim Hall is the president of Ultra-Sound 
Technologies, a “Vendor-Neutral” company 
providing on-site predictive maintenance 
consultation and training. UST provides an 
Associate Level, Level I & II Airborne Ultra-
sound Certification.  Jim is also a regular 
provider of on-line presentations at Reli-
abilityWeb.com.  Jim has provided airborne 
ultrasound training for several Fortune 500 
Companies in electrical generation, pulp 
& paper, petro-chemical and transporta-
tion (marine, automotive, aerospace).  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 Jackson-
ville Florida (NADEP).

Fig 5 - Underground leak located 4 feet below ground. 
Using ultrasound and steel rods driven into the ground.

Photo courtesy of All Leak Detection, LLC
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Machinery and mechanical systems face potential failure when their ability to function normally is compromised 
due to worn components or when their normal operating condition becomes upset in some manner.  If the worn 
component or process upset can be detected, then operator warning or immediate shutdown can safeguard the 
machinery from catastrophic failure.  A simple detection technique can be based on vibration — where an increase 
in measured machinery vibration is utilized to trigger an alarm or shutdown.  It is a known fact that machinery vibra-
tion increases when problems such as worn bearings, cracked gears, lack or contamination of lubrication, imbalance, 
looseness, and misalignment become worse. 

For such applications, the mechanism used 
to detect a vibration increase and trigger 
an alarm or shutdown is called a vibration 
switch.  A vibration switch can also be used 
to alert an operator of a decrease in vibra-
tion levels — as may be the case when a 
motor ceases to function.

Continuous monitoring of increasing and 
decreasing vibration levels helps avoid 
expensive unplanned shutdowns by detect-
ing machinery faults before they become 
catastrophic events.  Early detection is es-
sential for efficient machine maintenance, as 
well as protecting equipment from further 
damage during an upset condition.  The 
advancement in vibration switch technology 
from mechanical to electronic switches has 
offered a very useful tool for maintenance 
engineers, allowing for better planning and 
less headaches while sustaining equipment 
performance and longevity.

The classic style of an electronic vibration 
switch utilizes a built-in, or remotely locat-
ed, vibration sensor whose electrical signal 
is conditioned and monitored.  The switch mechanism 
itself is a circuit board with a mechanical relay that 
is typically housed in an electronics enclosure.  The 
circuitry monitors the sensor’s generated vibration 
signal against a pre-set threshold value and activates 
the relay when an exceedance is encountered.  Such 
devices are bulky for mounting onto a machine, have 
a limited range, require a separate power source, and 
require individual wiring to their respective program-
mable logic controller (PLC) or alarming device.  To 

overcome some of the complexities and shortcomings 
of the classical style electronic vibration switch, a new, 
intelligent, two-wire, solid-state vibration switch has 
been developed.  The operating principle for this new 
switch is shown in figure 1.

This intelligent, two-wire vibration switch is a new 
type of device for machinery protection.  It has been 
designed to be a cost effective tool for generating an 
alarm or initiating shutdown of small to medium-size 
machinery, such as electrical motors, pumps, fans, and 

Smart Switches
A First Line Defense

By Dr. George Zusman, Ray Limburg & Joseph P. Jank

Figure 1 - Intelligent 2-wire Vibration Switch
Operating Principle
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compressors.  The device is entirely self-con-
tained within a hermetically sealed, stainless 
steel housing.  With its 2-pin MIL type electri-
cal connector, the unit’s appearance is very 
similar to an industrial accelerometer.  The 
unit is simple to install and is virtually univer-
sally compatible with any type of load, relay, 
monitoring system, or control device.  In 
many instances the intelligent two-wire vibra-
tion switch will be the only device necessary 
for permanent machinery protection.

The fact that switches now have the ability to 
be mounted and installed like a sensor ( see 
Figure 2) allows for easy introduction into 
existing plant machinery.  Systems engineers 
are no longer launching a brand new technol-
ogy that is foreign to maintenance supervi-
sors, who ultimately will be responsible for 
their upkeep.  The unique two-wire design 
allows for standard wiring configurations 
which mirror that of existing accelerometers.  
In many cases, spare parts and cables are 
already part of plant inventory.

Functionally, the unit incorporates a piezo-
electric accelerometer, signal conditioning 
electronics, a microprocessor, and a solid-
state switch with a 500 mA current capac-
ity.  This unit is relatively small in size with 
a height of 2.75 inches and a 1-1/4 inch hex 
diameter.  Its weight is 7 ounces.  The small 
size and weight offer excellent frequency 
response and low cross axis sensitivity as 
compared with alternative devices.

The intelligent vibration switch operates 
over two wires.  It installs in series with a 
load and its power source to form a loop.  In 
this case, the load is the alarm or shutdown 
device, such as a PLC, annunciator, or relay 
coil.  To energize itself, the vibration switch 
scavenges power from the load’s power 
source.  When a threshold exceedance is 
encountered, the switch is activated and the 
load’s power circuit is completed to facilitate 
the desired alarm or shutdown.

The intelligent vibration switch is installed 

by screwing into a tapped mounting hole on 
the machinery surface.  During operation, the 
vibration sensor generates an analog signal 
that is proportional to the acceleration of the 
vibration present at the installed location.  
This signal is amplified, filtered, integrated 
(to velocity), digitized, and interrogated by 
the microprocessor.  The microprocessor 
compares the rms velocity signal against the 
programmed threshold value and activates 
the switch when an exceedance is encoun-
tered.

The programmed threshold value is the up-
per limit of acceptable vibration for the spe-
cific machine operating within its particular 
application.  This value may be different for 
dissimilar machines, or even for identical ma-
chines operating under different conditions.  
If the vibration limit can be determined, 
then a vibration switch with a fixed thresh-
old value can be deployed.  Often, however, 
this limit is not known, making the ability to 
adjust the threshold value, in the field, a re-
quirement.  To support field adjustability of 
the threshold value, the intelligent vibration 
switch offers an option called Magnetically 
Adjustable Vibration Threshold (MAVT™).  
This option provides an effective and easy 
way to change and set the threshold value at 
any location.

The MAVT option adds a magnetically 
actuated sensor within the housing of the 
intelligent vibration switch.  This sensor is 
activated by touching the housing of the 
switch, at the proper location, with a strong, 
permanent magnet.  This action then initi-
ates a process within the microprocessor 
to change the threshold value.  During this 
process, the vibration experienced by the 
intelligent vibration switch is averaged over 
a fixed sample period of approximately 30 
seconds. This average vibration value is then 
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Figure 2 - Intelligent vibration switch installed in a power plant on a 
1500 horse power boiler feed pump.
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doubled and this new value (2 x measured 
average) becomes set as the new threshold 
value.  This process is entirely automatic and 
requires no additional calibration devices or 
instrumentation.  With MAVT capability, the 
intelligent vibration switch can simply be 
installed onto machinery that is operating 
normally, touched with a strong, permanent 
magnet, and then, in about 30 seconds, it is 
all set to begin protecting machinery against 
potential catastrophic failure.  Addition-
ally, to achieve a more precise set-up of the 
threshold value, the vibration switch may be 
mounted to a controlled vibration shaker in 
order to experience measurable vibration 
amplitude.  In this scenario the threshold 
value will be set to 2 x the shaker vibration 
amplitude.

The MAVT capability permits easy installation 
on a piece of machinery; even if nothing is 
known about its natural frequencies.  Never 
before has switch protection been this easy 
to install.  Integration of this type of technol-
ogy no longer requires extensive vibration 
analysis or trial and error to become reliable.  

As previously mentioned, the intelligent 
vibration switch derives its excitation power 
from the power source used to energize the 
load with which the switch it is connected 
in series.  This arrangement, which is shown 

in Figure 3, serves to restrict the amount of 
current passing through the switch, which is 
limited to 500 mA.

The power requirements for the switch 
are very broad, which permits its use with 
virtually any type of load such as a PLC, 
annunciator lamp, alarm device, electrome-
chanical relay, or solid-state relay.  A variety 
of application examples are shown in figure 
4.  Specifically, the switch can be powered 
by anything from 24V to 265V, AC or DC.  
With the switch in its open condition there 
is a leak current of approximately 1 mA, 
whereby in the closed condition, the switch 

can support passing a current of up to 500 
mA with a voltage drop of approximately 8V.  
In circumstances where a lower voltage drop 
is required, a special switch can be offered, 
which operates from 10V to 30V DC, and 
possesses a voltage drop, in the closed condi-
tion, of 1.5V DC.

Another intelligent design feature of the 
vibration switch safeguards its compat-
ibility with electromechanical relays, which 
are a popular choice for use in machinery 
shutdown and alarm requirements.  Such 
relays operate with a dropout current that 
is smaller than their pickup current.  For 
certain relays, the dropout current could 
potentially be near to, or less than, the 1 
mA leak current of the vibration switch, thus 
compromising successful dropout when the 
vibration switch becomes open (OFF).  To 
ensure successful dropout of the relay when 
the vibration switch returns to an open state, 
the vibration switch will turn itself off for 
approximately 100 milliseconds.  This feature 
is illustrated in figure 5. During this period 
of time, there is zero current on the output 
leads of the switch. This action guarantees 
proper dropout of the electromechanical 
relay. For almost all electromechanical relays, 
their pickup current is significantly higher 
than the 1 mA leak current of the vibration 
switch, so there is little chance for incompat-
ibility from this perspective.

Because this unit is universally powered, 
it can be installed virtually anywhere.  Any 
existing mechanical switch installations can 
be immediately replaced with intelligent 
electronic vibration switches, without the 
need to run separate power to the unit.  At 
less than $500 per switch, it provides an 
extremely economic solution to online vibra-
tion monitoring.  The cost of this system 
can be justified by the reliability of constant 

Figure 4 - Application Examples of 
2-wire Vibration Switch
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24/7 vibration protection.  Not only does this 
allow machinery to be protected around the 
clock, it can help minimize and better control 
route based vibration analysis which can only 

be reliable if utilized effec-
tively and repeatably.  This 
technology is not intended 
to replace scheduled vibra-
tion analysis, but rather to 
act as a first line of defense 
against potential machinery 
failure.  This technology 
serves an important role in 
any industry where machine 
reliability is essential to 
everyday operations.

Dr. Zusman has a Ph.D. 
in Electronics, an Sc.D. in 
Vibration Monitoring and 
has more than 30 years of 
experience in industrial 
vibration monitoring instrumentation.  Dr. 
Zusman joined PCB Piezotronics as Direc-
tor of Product Development in 2005.  He 

was formerly Director of Engineering, and 
later, president of Metrix Instruments, Co. 
/ PMC-Beta.  Dr. Zusman started his career 
as an R&D engineer at one of the leading 
universities in Moscow, Russia. Subsequently, 
he held numerous R&D and engineering 
management positions. He holds about 20 
patents and has authored nearly 100 techni-
cal publications.  

Ray Limburg is a Technical Marketing Special-
ist with PCB Piezotronics,Inc., and holds a BS 
degree in Interdisciplinary Engineering and 
Management from Clarkson University. Since 
1982 he has held various sales, product man-
agement, and marketing positions related to 
sensors and instrumentation for test & mea-
surement and process control requirements.

Joseph P. Jank from Buffalo, NY is the Product 
Manager for the IMI Sensors division of PCB 
Piezotronics; specializing in the new line of
electronic vibration switches and industrial 
vibration monitoring equipment.
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Figure 6 - Electronic vibration switch installed on a 
circulation water feed pump at a paper mill.

Figure 5 - Plot depicting 100 milli- 
second turn-off of Switch, ensures 

reliable dropout of Electro-Mechanical 
Relays.
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Why don’t you briefly explain what ExerTherm actually is and what it 
does?

ExerTherm is a constant thermal monitoring system 
that uses an assortment of thermocouples 

that are permanently installed. What 
makes ExerTherm unique is our minia-
ture passive Infrared (IR) thermocouple 
(requiring no external power) for non-

contact measurement of a target. The IR ther-
mocouple reports the temperature rise above ambi-

ent, eliminating the ambient temperature fluctuations 
in the data as a variable.  The system not only monitors and alarms, 
but also collects and stores data for trend analysis for true predictive 
maintenance.  The system can be used for electrical switchgear and 
distribution equipment, motors, pumps, bearings and so on.

When did you develop the idea for this product?

Power Service Concepts is the authorized USA distributor and Service 
Company for ExerTherm. QHi Group in the UK developed ExerTherm 
about 6 years ago.

How long has ExerTherm been used successfully by industry?

ExerTherm was rolled out in the UK about 5 years ago. With success of 
over 20,000 sensors and associated ExerTherm equipment installed in 
the UK, QHi decided it was time to introduce ExerTherm to the US. 

What industries is ExerTherm best suited for?

Data Centers, Financial, Telecom, Utilities, Shipping, Media, Petro-
Chemical, Large Scale Manufacturing Plants.  Really any facility or or-
ganization where failure of mission critical equipment will potentially 
result in significant down time costs.

What type of machinery is ExerTherm being used on currently?

Key joints / connections (the most common cause of failure) in critical 
electrical enclosures (switchgear, transfer switches, PDUs, UPSs, trans-
formers). In addition, critical mechanical equipment such as HVAC, 
bearings, gearboxes, motors, pumps, etc.

Is ExerTherm appropriate for any size operation?  

Yes. ExerTherm is completely scaleable. A facility can start with an af-
fordable single data card system with up to 8 sensors today, and incre-

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

ExerTherm
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Thermal monitoring has been dominated by infrared thermography for many 
years.  Now there is a new alternative that provides continuous monitoring.

Constant thermal monitoring.  Just think about that 
phrase for a minute.  A constant stream of data giving 
you the temperature status of  your equipment.  That’s 
pretty powerful stuff.  That’s information that can lead to 
more informed decisions about your equipment’s health.  
That is what ExerTherm provides.  We caught up with Bob 
Kern, the product manager for Exertherm in the U.S., and 
a 25-year veteran of the power conversion and control 
equipment industry.  Here is what Bob had to say about 
ExerTherm - a product that’s been aound a while in the 
UK, but one which is very new to the United States.
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mentally install more monitoring as needed by 
purchasing additional data cards and sensors.  
Large-scale OEM and “Green Field” (new con-
struction) installations are common, as well 
as retrofits.  The basic ExerTherm System will 
operate on a PC.  ExerTherm can be integrat-
ed many different ways in up to 450 different 
Business Managament Systems as well. 

What kind of impact does ExerTherm have on 
overall plant and machinery reliability?

ExerTherm has two functions, the 1st being 
predictive maintenance.  The software has 
built in trending and graphing functions so 
the technician or engineer can review the data 
and make decisions based on the data that has 
been collected.  From there they can decide 
how well their equipment is performing and 
look for problems during a “growth period” 
or un-usually heavy production period. Are 
parts starting to fall short of their ratings or 
expected life?  Can components or the system 
handle the expected growth? Answers only 
the collected trend data can answer.  
The 2nd function is the alarms. The respon-
sible engineer can turn on the alarm func-
tion for each channel independently and set 
the “warning alarm level” and the “maximum 
alarm level”. So in real time ExerTherm will 
initiate an alarm when one of the levels is 
tripped on any of the channels. The basic Ex-
erTherm system includes an alarm card with 
SCADA compatible dry contacts.

Can a business case be made to justify the 
cost of ExerTherm?

Yes, the trend data collected and stored on the 
PC, will allow the owner to optimize the time 
between scheduled preventive maintenance 
sessions.  Preventive maintenance is sched-
uled on a calendar time or hours of operation.  
Of course the time interval is based on what 
the responsible engineer believes will provide 
the most operating time between scheduled 
down times for the maintenance work with-
out incurring failures.  If the cycle time is too 
short, there is a waste of time and money.  If 
it’s too long and a failure may occur in which 
the repair cost, collateral damage, and the 
cost of the unexpected down time will be 
more than the cost of an ExerTherm System.  
In the case of electrical switchgear, many 
companies open the cabinets and perform the 

torque maintenance once a year, just in case. 
But if the bus bars are monitored 24/7/365, 
the data can be reviewed and if no increase in 
temperature is seen, that maintenance cycle 
can be extended.  So, instead of once a year 
maybe the torque cycle is once every 3 years 
or 5 years or as indicated by the data from the 
ExerTherm System after review.

Based on the na-
ture of calendar 
or operational 
time based pre-
ventive main-
tenance cycles, 
unforeseen prob-
lems can become 
failures.  The dam-

age caused by a failure will be more expensive 
and more time consuming to fix compared 
to an initial repair of a minor problem which 
would be inexpensive and quick to facilitate 
– if found in time.  Review of the ExerTherm 
24/7/365 Trend Data and or the ExerTherm 
alarms can highlight a problem before it 
grows into an expensive failure or catastroph-
ic event.
As electrical demands grow in Data Centers 
and Manufacturing Plants, their electrical 
switchgear and distribution components need 
to handle the load.  As of now, most compa-
nies perform Thermography scans once a year 
for preventative maintenance.  But as the loads 

grow daily/weekly/monthly, at some point dur-
ing the year between preventive maintenance 
intervals, some component of the system may 
reach a premature limit.  As the electrical de-
mand growth occurs, real time trend data can 
show how the electrical system is handling 
the growth, allowing a more precise estimate 
of the expected capacity life span of the elec-
trical equipment, optimizing the original in-
vestment of the equipment in place.
All physical maintenance is intrusive to a sys-
tem.  There is always a chance of something 
happening, such as a mistake that causes 
failure of the equipment or puts a technician 
in harms way.  With electrical switchgear, at 
the least there maybe an issue of the system 
not coming back online timely, at the worst a 
technician can be killed from an accident or 
arc flash.
In short ExerTherm is all about mitigating the 
risks of downtime of mission critical equip-
ment in the high downtime cost environ-
ment.

What is the best success story you have heard 
from the implementation of ExerTherm?

It’s extremely hard to describe a “success 
story”.  ExerTherm’s mission is to highlight is-
sues when they are minor problems, before 
they become major problems or catastrophic 
in nature.  Since not one system ExerTherm is 
installed in has reported any major problems 
or catastrophic events and not a single sen-
sor or data card has failed to date. I would 
consider that our best success story.  Also the 
majority of our customers that are blue chip 
organizations have extended the use of Exer-
Therm following the initial installations. This 
probably speaks for itself.

How can our readers get more information 
about ExerTherm?

To get more info, please visit our ExerTherm 
Web site at  www.psc-exertherm.com or, feel 
free to contact the USA Product Manager di-
rectly at 631-736-0593 or bkern@psc-exer-
therm.com and for the UK contact QHi Group 
Ltd: 44 (0)1582 461123 or sales@qhigroup.
com
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the Force/Torque Division of PCB Piezotron-
ics, Inc. simultaneously measure dynamic and 
quasi-static forces in three orthogonal direc-
tions (X, Y, and Z-axes).  The sensors are used 

during vibration testing of aerospace structures 
to match the mechanical impedance of shaker 
inputs and may be used to force limit the shaker 

controller to prevent damage to expensive 
structures.  Other applications include cutting 
tool monitoring, biomechanics feedback, and 

automobile chassis dynamics.

Perpetuum has launched the world’s first truly effective vibration energy 
harvester to power wireless and battery-free devices capable of sending 
large amounts of data from many types of industrial equipment.  The 
PMG7 high-performance microgenerator enables users to power sensors, 
microprocessors and transmitters for accurately monitoring the condi-
tion of plant equipment and machinery without the need for batteries, 
expensive cabling or maintenance.  The easy-to-install solution is now 
available to OEMs, sensor manufactur- ers and end-users in all 
industries, allowing them to make sig-
nificant cost savings.

+44 23 8076 5888
info@perpetuum.com
www.perpetuum.com UE Systems, Inc.  info@uesystems.com

800-223-1325  www.uesystems.com

Force/Torque Division      800-684-0004 (U.S & Canada)       716-684-0001
PCB Piezotronics, Inc         force@pcb.com                           www.pcb.com

The new Telemecanique Connexium IP67 Ethernet switch from Sch-
neider Electric offers OEM and industrial network designers flexibility 
for outdoor applications when designing Ethernet architecture.  The in-
dustrially rugged, direct-mount, IP67-rated switches meet switching re-

quirements for demanding applications in harsh envi-
ronments and can be directly installed onto machines 
or within a plant floor environment.  The IP67 rating 
provides connections that will withstand water spray 
and other conditions in outdoor applications, and its 
built-in store-and-forward technology checks mes-
sages for proper length and CRC, ensuring the correct 
messages are always forwarded, increasing reliability 
and reducing traffic.

         800-392-8781          SquareD@banta.com
                  ww.us.telemecanique.com

The new AEGIS SGR™ Conductive MicroFiber™ 
Shaft Grounding Brush from Electro Static 
Technology boosts reliability of AC motors 
controlled by variable frequency drives 
(VFD) in any manufacturing application.  
The patent pending AEGIS SGR protects 
motors from catastrophic failure caused by 
shaft current in motor bearing by chan-
neling potentially damaging shaft currents 
away from the motor bearings to ground.    
The AEGIS SGR prevents costly motor failure, re-
pairs and downtime.    It is installed in minutes by sliding the brush over 
the motor shaft and locking it in place with simple screw-on brackets.  

Adam Willwerth       866-738-1857                          (207) 998-3493             
                                       sales@est-aegis.com           www.est-aegis.com

UE Systems’ Remote Access Sensor (RAS) 
includes a sensing transducer that’s per-
manently mounted on a test subject 
such as a pump, motor, bearing or valve 
housing.  It’s connected to a cable, which 
can be inserted through a test port and 
attached to an Ulraprobe to data log and/
or record sound samples for analysis.  An-
other remote sensor, the RAS-MT is a magnetically mounted transduc-
er assembly with cable, included with the Ultraprobe 10,000 and avail-
able as an optional accessory for the 9000.  This accessory provides 
consistency while monitoring equipment condition and will operate 
in difficult-to-reach test points.   

The fact that corona and arcing cannot be overlooked motivated EPRI 
and Ofil to develop the state-of-the-art DayCor®II imaging system that 
reliably pinpoints corona and arcing sources, documents the inspec-
tion process and generates quick and straight forward reports.   Corona 
generates only small amounts of heat and therefore will usually not be 
detected by thermovision IR cameras that are used to detect hotspots.  
Since corona discharge has a periodic glimmering appearance it has to 
be inspected with video recording equipment such 
as the DayCor camera.  DayCor® combines both vis-
ible channel and highly sensitive solar blind UV 
filtration to yield a reliable output of the corona 
in its actual original surroundings.

Ofil Ltd  www.ofilsystems.com
866-2798672 ofil@ofilsystems.com

New MRC® “R Series” small inch-size ball bearings can serve as pre-
mium-quality “miniature” solutions to fit the smallest shaft diameters.  
Their availability in stainless broadens potential applications for 
these bearings by providing the capability to resist cor-
rosion typically encountered in demanding or harsh 
operating environments.  The design of these 
single-row deep-groove radial conrad-type 
bearings contributes to their capability 
to carry significant radial loads and 
substantial thrust loads in either 
direction, even at very high speeds.  

Jay Carlson
716-661-2727
www.mrcbearingservices.com

The Mikron M7500 infrared camera 
is configurable for midwave or long-
wave imaging and four different 
temperature bands, for a fraction 
of the cost of cryogenically cooled 
midwave IR cameras.  Longwave or 
midwave configurations let New Mi-
kron M7500 image glass, steel, food, 
furnaces through flame, textiles, 
paper and many other processes 
with ±2°C temperature accuracy, 
320x240 resolution.

Jon Chynoweth
888.506.3900

jon@mikroninfrared.com 
www.mikroninfrared.com
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Larson Davis has introduced the Human Vibration 
Meter utility software, known as HVManager™, 
for Vibration Exposure Assessment and Manage-
ment, designed to provide instantaneous tool as-
sessments to all new standards, including the HSE 
recommended points system; EU physical agents 
directive 2002/44/EC; ISO 5349; and ISO 2631.  With 

one click of a button, HVM 100 data can be down-
loaded directly from the instrument and saved to create da-
tabases of HVM100 Human Vibration Meter measurements 
for hand-arm and whole-body vibration.  Daily vibration ex-
posure for a worker using multiple tools for varying activities 

can then be generated in a single report.

Juliette Rowe                            972-915-1626 
jrowe@flowserve.com          www.flowserve.com/education             800-579-4875                             310-534-1505 

webmaster@ledtronics.com      www.ledtronics.com

Larson Davis         www.larsondavis.com 
888-258-3131      sales@larsondavis.com    

LEDtronics® announces TBL3xxF Series 
Sealed Tube LED Light Strips that offers 
great illumination in many applications. 
Constructed of a sturdy UV-resistant 
polycarbonate housing over the LED 
tube, the TBL3xxF provides increased 
protection and shielding against many 

environmental effects allowing you to place these light tubes in loca-
tions where typical lights would be more vulnerable to the elements. 
Solid-state design renders LEDs impervious to shock, vibration, fre-
quent switching, and environmental extremes. With an average life 
span of 100,000-plus hours (11 years), LED lamps operate more than 
20 times longer than the equivalent incandescent lamp. 

JOIN THE LEADERS IN MOTOR DIAGNOSTICS

ALL-TEST Pro, LLC invites you to the Level 1 Motor Diagnostics Work-
shop.  The three day workshop is taught in an open classroom environ-
ment by Bill Kruger, who has over 30 years experience.   The Curriculum 
combines a mix of theory and hands-on training, designed to give 
attendees the maximum experience.  Learn to be more proactive than 
reactive in your predictive maintenance program.

 July 18-20, 2006  August 15-17, 2006
 Holiday Inn Elk Grove Holiday Inn International Drive
 Chicago, IL  Orlando, FL

Enrollment is limited to maximize effectiveness.  Contact ALL-TEST Pro 
to reserve your seat

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

Flowserve Corp announces the 
launch of new Learning Resource 
Center (LRC) instructional labs, 
which offer hands-on technical 
facilities for pump, valve and seal 
system optimization and main-
tenance training.  The LRC offers 
hands-on training in a simulated 
plant environment that features 
complete pumping systems and 

equipment from both Flowserve and other manufacturers.

The LRC, part of Flowserve Educational Services, sets a new standard 
in technical education, with up to 50 percent of training time spent 
working in the operational labs with the pump, valve and seal systems 
plant professionals use every day.  Courses are specifically designed to 
increase participants’ skill levels in equipment selection, installation, 
repair, failure analysis, and troubleshooting.  Participants return to 
work with practical knowledge to improve plant performance, increase 
machine availability, lower the cost of maintenance, and improve plant 
safety.

Class size at the LRC is limited, providing ample opportunity for partici-
pants to experiment and test the “what-ifs” of the equipment they use 
every day, as well as ask questions and discuss theoretical topics.

The Learning Resource Center is located in Irving, Texas, in the heart of 
the Dallas/Fort Worth Metroplex. Courses are also offered at Flowserve 
Learning Centers across the U.S. and on-site at plant locations around 
the world.

The Vibration Division of PCB® Piezo-
tronics, Inc., introduces Series 495B10 
differential remote charge con-
verters, for use with differential 
charge output piezoelectric accel-
erometers.  Differential sensors and 
signal conditioning electronics are widely 
used in flight test applications due to their common mode 
noise rejection, which greatly reduces noise in the measurement 
signal.  These rugged, low noise units not only convert a transducer’s 
differential high impedance charge input signal to a low impedance 
voltage output and supplies the normal acceleration output, but also 
supplies a separate integrated output for velocity.

Vibration Div, PCB Piezotronics, Inc.      888-684-0013 (in U.S. & Canada)         
                vibration@pcb.com                       www.pcb.com.             

(609) 585-5588
www.triple5industries.com

TRIPLE 5
I N D U S T R I E S
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The VIBNODE® is the most comprehensive entry-level online monitor-
ing system allowing the end-user to access customized spectrums 
from a remote location.  VIBNODE’s functionality includes scanning 
6 or 12 channels, making it ideal for replacement of switchboxes or 
new installations.  The system is configured with the powerful OMNI-

TREND® software for easy set-up, storage and 
analysis of spectrums.  The spectrums can be 
monitored and referenced to narrow band 
alarms.  The intelligent system will notify the 
end-user via email or text message when the 
vibration level exceeds an alarm band.  

 Alex Nino 305-591-8935  
 LUDECA, INC ww.ludeca.com

www.triple5industries.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 com-
pete 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 process:

 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

The Reliability Shopper

Want Fast and Reliable Solutions?

One Website  ∙  One Phone Number  ∙  All The Answers 
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www.ReliabilityShopper.com    ∙    1-800-789-9037 
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Four Times
The Camera.

Half The Cost.

Mikron Infrared, Inc. •  Thermal Imaging Div.
1101 Elevation St. Suite 3  •  Hancock, MI 49930
Tel: 906.487.6060  •  Fax: 906.487.6066
email: jon@mikroninfrared.com

©copyright 2006 Mikron Infrared

That's right! You need four 160x120

infrared cameras to equal one M7800

camera. Our 320x240 detector gives you

76,800 temperature measuring pixels –

FOUR TIMES WHAT YOU GET WITH 

A 160X120 DETECTOR.

Our pixels cost a lot less, too.

Just 19-25¢ each, compared to 50¢ or

more for low-resolution cameras. That's

a lot more temperature accuracy and

imaging quality for the money. In fact,

there isn't a better price-per-pixel on the

infrared market today.

So don’t settle for a toy when you need

a tool. The M7800 gives you -40° to

500°C range with ±2°C accuracy.

There's a free one-day PdM workshop coming to your area soon!
Call 1.800.506.3900 or register at www.mikroninfrared.com

For building diagnostics, our

M7815B gives you all the same

features optimized to a range 

of -40° to 120°C for $16,500.

Just 21¢/pixel.

Visual camera and laser pointer. All for

less than $19,000. And it's backed by

the best service in the industry. We turn

it around in five business days, or you

get a free loaner.
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