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Reliability – it’s great
when you get it
NEW! Reliability as a Corporate Strategy –
1 Day Overview for Plant Management 
Interact with executives and reliability experts, learn how to make
your plant(s) more reliable and achieve breakthrough performance.
1-day workshop, $399 
� December 13, San Francisco, CA

NEW! Planning in a Proactive World – 
Getting to the Right Work  
Learn the proactive elements of planning and scheduling; roles and
responsibilities in a proactive, reliability focused environment; and
the basics of RCM to get to the right work. 2-day workshop, $795 
� October 24 – 25, Cleveland, OH
� December 6 – 7, Las Vegas, NV 

Reliability – Preparing for Tomorrow’s
Maintenance World
Take a leadership role in reliability by implementing a reliability
strategy in your company. 2-day workshop, $795
� November 15 – 16, Jersey City, NJ

Lean Maintenance
Improve your understanding of Lean Maintenance and learn 
how to implement Lean, step by step. 2-day workshop, $795 
� October 12 – 13, Ft. McMurray, Alberta
� November 7 – 8, Houston, TX
� November 15 – 16, Pittsburgh, PA

Best Practices in Maintenance & Reliability
Learn a new and comprehensive approach you can use today 
to evaluate how your organization’s maintenance and reliability
practices and culture compared to recognized  world-class
standards. 2-day workshop, $795 
� October 17 – 18, Detroit, MI 

KPIs – Developing Leading & Lagging
Maintenance & Reliability Indicators 
Learn how to develop both leading and lagging performance 
indictors for maintenance and reliability. 2-day workshop, $795 
� to be announced soon! 

2007 dates for all workshops will be announced soon!

Ivara’s Reliability Workshops are the best way to learn how to improve the reliability of your capital assets,
your company’s bottom line & your quality of life.  They are also the best way to make you (& your boss)
deliriously happy. So register for a course today & prepare yourself (& your boss) for a possible mood swing.  

Hold a custom workshop at your Location!
Get everyone in your organization on-board with reliability—book a
workshop at your location where you can benefit from customized content
delivered by world-renowned reliability leaders, while accommodating
larger numbers of participants. Custom Ivara reliability workshops are the
most cost-effective way to educate your workforce on asset reliability.
Cost: $3000/day, up to 20 participants. 

For more information on any workshop, visit www.ivara.com,
phone 1-877-746-3787 ext.312 or email askivara@ivara.com.  
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In the PdM/CBM industry, we are charged with increasing the MTBF as much 
as possible while keeping the MTTR to a minimum, so we can reduce the LLC 
of the equipment.  We accomplish this by doing an FMEA (or FMECA) on our 
equipment, and report our progress through KPI’s under a guiding philosophy 
of RCM, TPM, Six Sigma, Lean, etc.  And, of course, when there is a failure, we 
do RCA to identify, and do our best to eliminate, the Failure Mode so we can 
further increase the MTBF.

If you understand all of the preceding paragraph, you are in pretty good shape.  
For every person that does understand all of it, there are probably 1000 in the 
maintenance industry who don’t.  

There is at least one basic component that must be in place for any society or 
culture to make great strides.  They must be able to communicate effectively.  
A vocabulary that everyone understands is the foundation for all effective 
communication.

Joel Levitt’s contribution this month (pg 38) brings this issue to the forefront.  
If at times you feel like you’re not speaking the same language within your 
facility or organization, be sure to read the article.  Hopefully, it will start a 
conversation that could lead to establishing more of a common language, which 
will help your program move forward.

The feature article this month by Howard Penrose is also about communication.  
Dr. Penrose provides some sage advice on how to tailor your reports so they 
speak to the overall goals and objectives of the organization.  If you can show 
that fulfilling the needs of your maintenance program will also contribute 
directly to what the decision makers are trying to accomplish - the corporate 
goals for production and profitability - then you’re one step closer to receiving 
the support you need for your PdM program.  
  
Thank you for reading.  Please feel free to contact me with any questions, 
comments or suggestions that you think will make Uptime more useful for you.

My lines of communication are always open.



Web Workshop #5
October 20th       11 am – noon EST

6 Steps to an Effective Infrared Thermography Program by James Taylor 
plus Infrared Thermography Basics by Gregory Stockton

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 four presentations.

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

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

Each workshop features two presentations - one covering management aspects and 
one covering technical aspects.  Each presentation will be followed by a Q & A ses-
sion, and you can choose to continue the discussion with other participants via the 
web for days, weeks or months.  Our goal is to create a community of shared knowl-
edge that will lead maintenance & reliability professionals to a better understanding  
of reliability principles. 
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n 1878, Frederick Taylor began his work in 
developing a process that he published in 1911, 
known as Scientific Management.  This work, 
along with a century’s worth of production work 

that started with John Hall of Harpers Ferry Armory in 
1824, prompted Henry Ford’s Highland Park manufac-
turing line in 1913.  Through this period it was assumed 
that workers only worked for financial gain and would 
produce at whatever level in whatever position, as long 
as their income needs were met.  In effect, management 
philosophy was to achieve machine-like standards of 
speed and reliability with money as the incentive.  Also, 
during this time, 20% of the workforce was comprised 
of children aged 10 through 15 with a life expectancy of 
46.3 years for men and 48.3 years for women.  Addition-
ally, with a large influx of immigrants at the time, unem-
ployment remained at about 15%.  If working conditions 
were dirty, dangerous or otherwise unsatisfactory, the 
worker did not have a choice as others were always 
waiting for their position.  This fear of unemployment 
- combined with the fact that it was a time when there 
was no safety net like unemployment benefits, social 
security, welfare or OSHA - re-inforced the thought that 
money was the only incentive.

A series of studies performed by Western Electric in 
Cicero, Illinois, known as the Hawthorne Studies (1923 
to 1933) identified how work groups provided mutual 
support and resistance concerning management to 
unreasonably increased output.  These studies were 
implemented as a straightforward attempt to deter-
mine the relationship between the work environment 
and productivity.  The studies identified that the work 
environment is not one of formal organization but is, 
instead, more of a social system.  They were also able 
to determine that early managers were aware that most 
workers had a tendency to limit their personal efforts 
in order to maintain their membership in this informal 

social structure.  With the exception of the individual 
‘rate busters,’ the desire for communication, compan-
ionship and associations on the job was determined to 
be more important than the little bit of extra money 
that might be earned.  These studies initiated the con-
cept of Human Resources, which is meant to support 
and determine the requirements of this structure and 
how to increase morale amongst employees in order 
to increase production.  Basically, it became important 
to determine the ‘What’s In It For Me’ (WIIFM) of the 
employees as individuals and as a group.

Modern Reliability and Maintenance (R&M) training has 
been focusing on management with the same narrow 
view.  Reports, budget requests, recommendations 
and other tasks are usually justified with such numbers 
as cost avoidance and cost savings.  In reality, as was 
found in the Maintenance and Management Communi-
cation Study performed by SUCCESS by DESIGN in the 
Spring of 2006, these numbers have very little impact in 
the R&M decision-making process.  Instead, it takes an 
understanding of the WIIFM of individual managers or 
groups of managers.

Business WIIFM

While it is all well and good that R&M personnel should 
expect management to understand the importance 
of the maintenance function, it is not always realistic.  
Most managers and executives have had little to no 
exposure to the realm of R&M, other than home and 
auto maintenance.  Formal management training often 
leaves out the importance of the maintenance and reli-
ability function with the only understanding of it as an 
expense column in the budget.  Instead, the manager is 
focused outside the company, towards stockholders in 
publicly traded companies and the owners and custom-
er pressures in all companies.

www.uptimemagazine.com 5
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The production line can produce 15 units per 
hour which equates to 1,200 widget capacity 
per 80 hour week.  The cost for the produc-
tion line is $650 per widget at full capacity 
and $800 per widget at 1,000 unit capacity.  
Both instances maintain a $10,000 per hour 
cost for the production line which is operat-
ing at 83% capacity.  In the last fiscal year the 
sales cost for the factory has been $1,000 per 
widget, which results in a profit margin of 
$200 per widget, or 20%.  Overtime will obvi-
ously increase the throughput costs.  With 
the present environment, it is expected that 
labor, healthcare, materials and energy costs 
will increase the cost per hour of produc-
tion to $11,000 per hour while new overseas 
competition is reducing the price to $950 per 
widget.  This has resulted in a new fiscal year 
projection of $880 per widget and a potential 
profit margin of $70 per widget or 7.3%.  The 
fiscal year report has caused shares in the 
company to drop significantly, reducing the 
ability to generate more capital investment.  
In order to counter this problem, manage-
ment has tasked the sales force to increase 
sales in order to bring the production line 
to full capacity and has implemented a lean 
process in order to control costs while nego-
tiating with labor through human relations to 
absorb some of the associated costs, such as 
changes to the health care benefit.  If produc-
tion can be increased up to 1,100 units per 
week (92% capacity) while maintaining costs 
at the $11,000 per hour level, the cost per 
unit will return to $800 per widget, result-
ing in a profit margin of 15.8%.  If produc-
tion cost can also be decreased to $10,500 
per hour, then the cost per unit will drop 
to $764, resulting in a 19.6% profit margin.  
In this case, management has the task to 
reduce costs, prevent overtime and increase 
throughput by 9%, with the assumption that 
availability will be maintained at 80 hours 
per week.  The operations manager has final 
say on maintenance access to the production 
line and knows that he has only 7 hours per 
week to work with for unexpected downtime 
and his incentive is that if he can maintain 
production at 1,100 units per week he will 
receive a bonus of 10% of his/her annual sal-
ary.  If he/she falls below 1,100 widgets per 
week consistently either production will be 
moved to another location or he/she will be 
replaced.

R&M Perspective

A full infrared, vibration analysis and ultra-
sonics program has been implemented as 
part of the management objective to main-
tain equipment availability.  Management 
has reviewed enough material and vendor 
presentations to know that such a program 
has had great results in other companies.  
During the first survey of equipment three 
findings are produced including: Air leaks 
to critical parts of the production line that 
have a combined impact of $5,000 per week 
($250,000 per year) and will take 8 hours to 
repair; A noisy bearing on the main drive mo-
tor for the production line which will require 
six hours to repair ($66,000 cost avoidance if 
it fails during production); and, a hot connec-
tion on the B-phase secondary connection of 
the production transformer which would take 
five hours to repair but a total production 
downtime of ten hours if performed during 
the normal 80 hour work week.  Standard 
greasing and other preventive maintenance 
tasks require four hours planned downtime 
per week at the same time the machinery is 
prepared for the week’s work on the Monday 
morning startup.

Now, what happens, in the above example, 
when findings are reported to the operations 

The challenge is to determine the best ways 
to get management action on R&M related 
issues.  It is important to understand that 
the financial portion of the recommendation 
is of relatively little importance, instead, the 
quality of presentation, how it is presented 
and the ability to present choices are more 
important.  It is equally important to un-
derstand or recognize the existing goals of 
maintenance.  For instance, if the company is 
focused on ‘Lean Business,’ or ‘Lean Mainte-
nance,’ how will your recommendation help 
management accomplish this focus while 
minimizing the risks involved.  In effect, you 
have to take the step beyond just present-
ing a finding or recommendation, but you 
also have to identify the WIIFM factor(s) and 
address it (or them).  Will your recommen-
dation help achieve the objectives that the 
decision maker has set for him/her-self?

Example

Management Perspective

Operations has a goal to produce 1,000 
units of widgets in two shifts of five days (80 
hours), which is a rate of 12.5 units per hour.  

Figure 1 - Unplanned Failures Can Be 
Avoided Through Proper Reporting

Figure 2 - Generator Removed From 
Mission-Critical Application Three 
Months After Fault Detected As 

Recommended
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a cost benefit?

Considerations for Recommendations

  1.  Make recommendations for which 
       should be performed on overtime;
  2.  How important is each recommendation 

9www.uptimemagazine.com

First, you must consider the risks associated 
with not performing maintenance on each of 
the items identified.  Which are safety/regula-
tory?  Which are Production-Related?  Which 
are related to expensive equipment?  Which 
can be run to failure?  Can they be priori-
tized?  Can overtime be authorized and have 

manager as follows:

  •  Repair Air Leaks, 8 hours, $250,000 per 
      year
  •  Repair bearing, 6 hours, $66,000 cost 
      avoidance
  •  Repair connection on transformer, 10 
      hours, $110,000

What appears to the operations manager is 
that the production line is still in operation 
and those components have not failed.   If 
there is enough manpower, the work can be 
done during the Monday startup meaning 
that there are only 70 hours for production 
which leaves a capacity for 1,050 widgets 
with an associated cost of $800 and a result-
ing loss of 3.8% profit ($36/widget).

How do you think the operations manager 
would consider the maintenance recom-
mendations given the above scenario?  How 
could you adjust your recommendation pre-
sentation in such a way to convince manage-
ment to make the improvements?  What hap-
pens as the recommendations and findings 
begin to increase?  What happens if you have 
limited maintenance manpower to perform 
the corrections?  What is the WIIFM for the 
decision maker?  For management?  How can 
your program be used to the advantage of 
the goals for the company?

Once the WIIFM for the managers and cor-
poration are determined, recommendations 
and presentations can be developed in such a 
way as to meet the requirements of manage-
ment.  So, what can be done with the above 
situation?

First, the objectives of the company must be 
identified.  In this case, the objective is to 
return profitability back to the 20% realized 
in the past.  Management has identified that 
an increase in throughput, resulting from 
sales, and a decrease in operating costs 
through lean management/maintenance 
and labor cost improvements, can meet this 
objective.  As part of this, the application of 
planned maintenance was brought into play 
due to internal/external recommendations 
and publicity with little understanding of 
the needs of the program.  Sales needs to 
meet the commitment of 1,100 units and the 
operations manager needs to maintain levels 
for his/her annual bonus.
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In a challenging environment
where success or failure rests

on your decisions...
you excel beyond expectations!

When it’s decision time, you never hesitate to make the right call. Your competence
and confidence not only inspires others, but also reassures upper management that
as long as you’re around, the plant will run optimally.

GAF Materials Corporation, North America’s largest roofing manufacturer, with 27
plants nationwide, is expanding.

We’re looking for professionals who can demonstrate exceptional skills in:
• communication, problem-solving and leadership 
• failure analysis (i.e. FMEA, FTA, KT)
• practical knowledge of predictive technologies including vibration analysis, thermal
imaging, oil analysis, laser alignment and non-destructive testing.

Regional Maintenance Reliability Engineers
You’ll lead reliability improvements in multiple plants; develop and drive GAF’s high
performance maintenance plans; and define strategies and implement predictive tech-
nologies to improve uptime, availability and reliability. A BS in Engineering and 8+
years’ in maintenance improving reliability in a high speed, continuous manufacturing
process environment are required.

Maintenance Managers 
You’ll manage the plant’s maintenance budget and performance objectives; develop-
ing and sustaining a system that identifies work, plans, schedules, and that executes
jobs and audits work quality. You will also develop and implement a training system for
associates. To qualify, you will need a BS in Engineering, plus 5 years’ maintenance
and 2 years’ supervisory experience.

Maintenance Supervisors 
You will supervise internal and external personnel to ensure maintenance standards.
A BS in Engineering is required, plus 4 years’ maintenance and 2 years’ supervisory
experience. Ability to develop and prioritize performance plans is preferred.

Maintenance Reliability Engineers
You will develop and refine equipment maintenance plans and repair procedures; 
analyze equipment failures and initiate corrective actions; incorporate predictive tech-
nologies; and drive development and implementation of standards and specifications
for equipment, facilities, and plant systems  including parts standardi-
zation. A BS in Engineering plus 4-6 years’ manufacturing experience
in MRE are required.

We offer comprehensive benefits including relocation assistance.
Please  e-mail your resume, indicating desired position, to:
GAF@ConfidentialReply.com. (Word documents preferred). 
EOE M/F/D/V 

www.gaf.com

Maintenance
and

Engineering
Opportunities
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Maintenance & Reliability Services

Masters of Reliability Process Implementation
952-882-8122

www.rmgmpls.com

Fluid Analysis, Data Management, Field Services
877-808-3750

www.polarislabs1.com/training.htm

To learn more about these 
Top 10 Maintenance & Reliability Solution Providers please visit 

www.reliabilityshopper.com

Excellencein

Experts in Making Reliability Work
1-877-746-3787
www.ivara.com

Root Cause Analysis
804-458-0645

www.reliability.com 

Maximizing the Return on Asset Reliability
918-382-9400

www.alliedreliability.com 

Redefining Maintenance, Delivering Reliability
843-744-7110 
www.LCE.com

Leading the World in RCM
585-349-7245

www.reliabilitiysolution.com 

Oil Analysis Services
813-621-6463

www.pdma.com 

Reliability Software, Training  & Engineering Services
509.928.5083 / 5084

www.reliabilityusa.com 

RCM, Lean, Six Sigma, Asset Management
904-264-8570

www.wylelabs.com/products/vrcm.html 

1 2

3 4

5 6

7 8

9 10

Reliability
Center
Inc.
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       for the corporate goal;
  3.  How can the recommendations be 
       presented in such a way to show impact 
       on profitability; and,
  4.  How can the recommendations be 
       presented in such a way to ensure the 
       operations manager meets his goal.

As time moves forward, additional issues will 
arise that will have to be addressed.  This 
needs to be considered when developing the 
recommendations and incomplete recom-
mendations will need to be assessed each 
time new findings are brought to light.

For instance, if the Saturday rate for overtime 
is $200 per hour for multiple maintenance 
personnel who can correct the issues, then 
a ten hour overtime shift on Saturday to 
take care of maintenance actions would 
cost $2,000 per week.  Corrections to the 
compressed air system will yield $5,000 per 
week, which results in an immediate return 
on investment.  In the meantime, the over-
time recommendation results in the mainte-
nance of the three hour buffer that existed in 
availability.  The cost avoidance for all repairs 
can be measured as $426,000 per year, 
which seems impressive.  However, given the 
company’s objectives, the concept of main-
taining production capacity and reducing 
production costs of each widget by $2.73 per 
widget in compressed air costs alone, will 
have more of an impact.  This benefit can be 
directly measured in a relatively short time 
as an improvement.  Therefore, that should 
be the focus of the report, then the soft find-
ings of $176,000 and the benefit of avoiding 
lost production and meeting capacity needs 
should be presented in such a way to add 
support to the report.

Development of such a report, and its pre-
sentation, should be considered important 
along with the ability to prioritize recom-
mendations.  A common issue that causes a 
communication challenge with maintenance 
reports is that all of the problems are lumped 
into one.  However, if recommendations 
are ordered based upon severity and impact 
on the WIIFM, then at least a few of them 
should be followed once it is presented.

Repair priority should be given in the follow-
ing order:

  1.  Safety and Regulatory Impact
  2.  Production Impact and Severity of 
       the Impact
  3.  Expensive Equipment to Repair 
       or Replace

Each of these should be weighted by the 
severity of the defect detected.  For instance, 
the connection on the transformer would be 
considered a potential safety and production 
impact with a relatively high risk of failure, 
so would be rated as a first priority.  The 
drive motor bearing would have an impact on 
production with a medium risk of failure, so 
would be the second priority; and, the com-
pressed air system may impact production, 
has a low risk of failure but has a high associ-
ated expense, so would be the last priority.

By combining a report, and presenting it, 
in such a way that you are identifying an 
impending failure, making thoughtful recom-
mendations (ie: out of the box) that relate 
to the WIIFM of the company and decision-
maker and prioritiz-
ing the recommen-
dations, it is more 
likely that those 
recommendations 
will be followed.

Areas to Focus On

As the term ‘cost 
avoidance’ repre-
sents ‘imaginary 
money,’ it does not 
fit into any budget 
column.  Playing 
with magic numbers 
in your recommen-
dations will not 
normally obtain the 
results you want.  
Instead, the areas 
that management 
may consider could 
include the follow-
ing, and additional, 
issues:

Figure 3 - A Full Spectra Can Be Confusing

Figure 4 - A Closer View Can Remove Confusion 
While Conveying the Message

    •  Profitability
    •  Throughput
    •  On-time Delivery
    •  Just-In-Time Capability
    •  Bottleneck Reduction
    •  Improved Workforce Effectiveness
    •  Reduced Overtime
    •  Reduced Risk

It is also important to note that people are 
visual.  A picture really is worth a thousand 
words.  The more graphic your presentation 
the better.  In addition, you will want to 
focus on the part of the graphic that em-
phasizes what you are trying to convey.  For 
instance, if you are showing an FFT of a bear-
ing problem, if you show the whole FFT, the 
peaks may be relatively small compared to 
the lower frequency (or other) peaks (Fig Fig-
ure 3).  The result is a visual reduction in the 
severity of the problem.  Therefore, focus in 
on just the peaks that are of concern and ad-
just the scale so that they seem large on the 
image that you put into the report (Figure 
4).  We often forget, management does not 
understand the technology that we are using.  
Remember, they are probably thinking, “The 
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equipment is still running, so why should I be 
that concerned.”

Outline of the Report

Most Condition Based Maintenance findings 
reports will have the following components:

  1.  List of what was in the route;
  2.  Statements of what was detected such 
       as ‘high temperature connection’ and a 
       value or high vibration and a value;
  3.  Graphics supporting statements; and,
  4.  Sometimes the cost avoidance.

A report that will have an impact will have 
the following components:

  1.  List of findings with priorities.  You can 
       still include the list of what was in the 
       route, but place the findings at the top 
       of the list in order of priority;
  2.  A description of what was detected and 
       what it means;
  3.  Supporting graphics with emphasis on 
       the problem;
  4.  Risk of impact on business if not 
       addressed and a time limit.  For instance: 
       “There is a 50:50 chance that the wind-
       ings will fail within two weeks and an 
       85% chance that they will fail within the 
       next four weeks.  When this motor fails, 
       it will reduce production capacity by 20% 
       on this line.”  Use definitive statements!  
       You can add such things as throughput, 
       on time delivery, etc.;
  5.  State the actions that need to be taken!  
       For instance: “During shutdown next 
       week, remove the motor and replace 
       it with the spare.  Send the motor in to 
       the rewind shop for repair.”; and,
  6.  Follow up with a reminder card or report 
       (tickler) a few days after submitting 
       your report.

Figure 5 shows an example of an effective 
report.  It is important to remember that you 
usually will have only one chance to get the 
decision maker’s attention.  They will pick 
up the report, look at it, act and then put it 
down, not to pick it up again.  So, SELL your 
recommendations!

Conclusion

In order to develop a successful condition-
based maintenance report, modern R&M pro-
fessionals will have to understand the WIIFM 
of the decision makers within their organiza-
tion.  In order to do this, the professional will 
have to have a deeper understanding of the 
business impact of the machines that they 
are responsible for.  The basic design of the 
reports should de-emphasize such imaginary 

numbers as cost avoidance and, instead, 
focus on the impact of those areas that are 
most important to the organization and as-
sociated managers.

Howard W. Penrose, Ph.D., CMRP, is the 
President of SUCCESS by DESIGN, a reliability 
services and consulting firm based in Old 
Saybrook, CT.  Dr. Penrose can be contacted 
at howard@motordoc.net or by phone at 
860- 575-3087.

Figure 5 - Sample of a Successful Report Format

Name #1 Fan Motor on Production Machine Severity 1 Priority 1

Description The #1 Fan Motor on the Production Machine has loose coils in the motor windings.  
This problem has led to failure of the electric motor and loss of 20% of the produc-
tion machine operation, resulting in late product deliveries in the past.  Additionally, 
contaminants are blocking the cooling system of the electric motor accelerating the 
failure.  There is a 74% chance that the machine will fail in the next five weeks 
resulting in a 20% loss of production and late deliveries.

Coil Signature Identifying Loose Coils

Blocked Cooling Ports

Corrective 
Action

The motor needs to be removed during the planned outage in three weeks, or sooner, 
for rewind and a replacement motor is available to be installed.  Total time to remove 
and install the spare, align and commission the motor is 14 hours.  The condition of 
the other fan motors has identified that cooling port contamination is an issue and 
a maintenance procedure on cleaning the cooling ports needs to be developed and 
scheduled immediately.  Repair of this motor and return to spare stocks normally 
takes 6 weeks in the local motor repair shop.

Date July 27, 2006

Follow-Up
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reliability program, MAINTelligence™  will support you each step of the  
way at a rate that suits your organization.
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meeting your reliability goals.

MAINTelligence > helping you become proactive!         

+1.604.984.3674
info@desmaint.com
www.desmaint.com
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Corona damage is one of the problems that we find 
on a regular basis.  Because of the by-products, nitric 
acid and carbon, produced from the corona discharge 
a continuous decay of insulation is taking place, which 
makes the situation highly unpredictable.  With corona 
being the cause of most flashovers in metal clad switch-
gear you can predict that flashover is imminent in all 
cases.  There are various signs that identify corona.  In 
some cases, there is no indication of corona using non-
destructive testing.  However, with closer visual inspec-
tion we find that corona discharge had been present, 
but is not active as shown in Figures 1 and 2.

In both of these images, flashover was imminent if the 
problem was not rectified.  Even though the corona 
was dormant at the time of inspection, it would have 
started discharging again with the appropriate relative 
air density, temperature, moisture and lack of air move-
ment.  Fig. 1 shows insulation decay phase to phase on 
a 5kv feeder.  Fig. 2 shows actual air flow in the dust 
during corona activity on a 4160v conductor.  In this 
case the deterioration is on the conductor insulation 
and corrosion on the metal clad.

In other cases we find the corona discharge extremely 
active.  This is when extra caution is taken because a 
flashover could occur at any time.  Corona also pro-

duces airborne ultrasound, ultraviolet 
light and, if advanced into arcing, it 
will sometimes show a thermal sig-
nature.  This is a perfect opportunity 
for Ultrasonic detection, UV/Corona 
Imaging, and IR/Thermal Imaging to 
find out where and why the corona is 
discharging as shown in Fig. 3.

In the case of Fig. 3, a thermograph 
was able to show a temperature rise 
on the 15kv buss insulators, verified 
by the ultraviolet corona images.  The 

orona is a serious issue in metal clad switchgear because of its highly destructive nature.  It also happens 
to be the cause of most flashovers in medium voltage metal clad electrical equipment.  The fundamental 
cause of this symptom is an electrical breakdown of air brought on by electrical stress and poor air quality 
within the switchgear.  If not rectified a flashover is imminent, possibly causing enormous damage and 

injury to personnel.

Tests have proven that when a flashover occurs the 
temperature is in excess of 20,000 degrees, with the 
bulk of damage being caused by secondary explosions 
from a build up of compressed unburned gases within 
the enclosure.  Dealing with corona discharge in the 
case of metal clad switchgear is very unpredictable and 
caution must be used at all times.

With today’s instruments used for condition monitor-
ing and predictive maintenance, we are able to help 
combat and verify this problem and do it successfully.    

We always take extra precautions to prevent serious 
potential hazards such as electrical shock and severe 
burns which are the two main safety issues in the busi-
ness.  The other serious issue is making sure we are 
part of the solution and not part of the problem.  Most 
of our customers have up to a million dollar price tag 
if their plant goes off line.  Of course, we are there to 
prevent a power outage, not be the cause of one.

All experienced electrical maintenance personnel are 
familiar with the various surprises when entering any 
electrical equipment.  Always expect the unexpected.  
So prior to opening any equipment a visual inspection, 
ultrasound detection and sometimes IR imaging are 
necessary.
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Avoiding Flashover 

Tracking Down Corona Discharge in 5kv & 15kv Metal Clad Switchgear 
by Chuck Humphrey

14

C

Fig 1 - Insulation Decay due to 
Corona on 5kV Feeder

Fig 2 - Residue from Corona on 
4160v Conductor 
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as possible.  In our 
case we can stop 
the corona with our 
cleaning equipment.  
Sometimes perma-
nently and sometimes 
temporarily, depend-
ing on the situation.

At times when enter-
ing equipment the 
environment changes 
inside the metal clad 
compartment when 
you open a door or 
remove a cover.  This, 
on occasion stops 
the corona discharge 
which makes it a lit-
tle tougher to verify.  
Another by-product 
of corona is ozone 
and the odor can be 
identified.  Also there 
may be a chance of a 
thermal signature as 
shown in Figures 4 & 
5.

These thermographs 
represent two dif-

ferent cases of defective stress cones.  Fig 4 
shows a 5kv shielded cable with a stress cone 
and Fig 5 shows a 15kv shielded cable with 
stress cone.  The temperature rise is minimal, 
but the problems are very serious.  Both stress 
cones were developing corona underneath the 
insulation and would have eventually flashed 
to ground.  I have talked to different electrical 
thermographers and some believe that if the 
temperature rise is less than 10 degrees, there 
is nothing to worry about.  However, as you 

problem in this case is decay in the horizontal 
insulators causing electrical stress to initiate 
the corona.  This all started with contamina-
tion entering the switchgear, trapping mois-
ture and then, under the right conditions, 
started producing corona.  Then with nitric 
acid, ultraviolet light, ozone and carbon dete-
riorating the insulation the corona eventually 
spreads on its own.

Corona at anytime is extremely serious and 
should be dealt with and eliminated as soon 

can see from the images in Figures 4 and 5, 
the temperature rise was less than 2° C, and 
there is definitely reason for concern.

During the course of our duties we have found 
that some corona discharge events sometime 
show up well in a thermal image as shown in 
Figures 6 and 7.

Active corona in Fig. 6 shows a 4,160v junc-
tion box which is very close to flashover on 
three phases and had to be  rebuilt because 
the corona damage was too extensive.  We 
were able to temporarily stop the activity with 
cleaning, which kept it energized until they 
had a scheduled shutdown.   Fig. 7  shows 
13,800v conductors and insulators developing 
a temperature rise from corona discharge.

Corona discharge is always caused by a defi-
ciency which in turn creates electrical stress 
on the components (i.e. - contamination, de-
sign defect, or poor installation).  Corona is 
not always easy to find, but with the use of 
UV/Corona Imaging, IR/Thermal Imaging, Ul-
trasonic detection and visual inspection to 
verify your findings, it is getting easier.

Fig 3 - Corona Activity Report on 15kV Buss Insulators

www.uptimemagazine.com

Fig 4 - 5kV Shielded Cable with 
Stress Cone

Fig 5 - 15kV Shielded Cable with 
Stress Cone

Fig 6 - Active Corona in 4,160v 
Junction Box

Fig 7 - Rising Temp Due to Corona Dis-
charge in 13,800v Conductors/Insulators
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Fig. 10 shows what Fig. 9 looked 
like after it was cleaned.  We 
were able to stop the corona 
activity temporarily, to buy time 
for a scheduled power outage.  
The problem in this case was 
the red bakelite divider was 
tight against the 15kv buss and 
was starting to short out.  The 
problem was resolved by cutting 
the insulating divider a couple 
of inches back from the buss.

There is no single tool that will 
verify all corona problems ev-
ery time because the corona 
discharge is erratic and unpre-
dictable, especially in the early 
stages.  Ultrasound detection is 
used to verify if airborne ultra-
sound is present from the co-
rona discharge.  The IR camera 
is used to verify if there is any 
temperature rise from corona 
discharge.  The UV/corona cam-
era is the ultimate tool for veri-
fying corona discharge.  If the 
discharge is dormant, then none 
of this equipment will indicate 
or verify anything.  That’s when 
a visual inspection may indicate 
there was discharge previously 

as shown in Figures 1 & 2 earlier. Which will 
tell you, it will return.

When tracking down corona we have found 
that it does not always leave a thermal sig-
nature.  Corona by nature creates little or 

no heat, but as it pro-
gresses into arcing and 
tracking a thermal sig-
nature can sometimes 
be found.  Corona is 
most intense in the 
300 nanometer to 400 
nanometer range in the 
ultraviolet spectrum.  
When it exceeds the 
400nm range, corona 
can be seen in the vi-
sual spectrum if there 
is no interference from 

The corona camera that we use 
is an excellent tool to find, verify 
and know exactly where the dis-
charge is and what the corona 
discharge is doing.   When our 
customers are burdened with 
high costs for downtime, it is 
necessary to be as accurate as 
possible with our findings.

Fig. 8 shows a 5kv main feeder 
for an underground mine.  No 
outage was needed for this co-
rona problem.  After we cleaned 
the junction box and separated 
the leads, a heater was installed 
to keep the moisture out.

Corona is an electrical break-
down of air phenomenon that re-
sults from the ionizing of gasses 
due to a high electrical stress.  
This stress is often caused by 
the reasons mentioned earlier, 
such as contamination and poor 
insulation values.

After continually working in live 
metal clad electrical equipment, 
our company has grown to take 
the corona situation very seri-
ously.  By wearing fire retardant 
clothing, knowing your surroundings and ex-
its at all times and using proper tools, we have 
been able to extinguish a lot of corona prob-
lems, enhancing employees safety and insur-
ing the integrity of the equipment to prevent 
costly outages.

There are times when 
corona is quite obvi-
ous even without using 
any test equipment.  
Again we use extreme 
caution to investigate 
issues like the one 
shown in Fig 9.

Fig. 9 shows severe 
corona in a 15kv in-
terrupter switch.  The 
green material on the 

buss bar is corrosion from active corona and 
the black material on the bakelite insulation 
is carbon residue from active corona and arc-
ing.  This particular switch was very close to 
flashover.
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Figure 2 - 

Figure 3 - Hand and aluminum frying pan.

Fig 8 - Ultraviloet/Corona Imaging Report on 
5kV Main Feeder for an Underground Mine.

Fig 9 - Effects of Severe Corona on 
15kV Interrupter Switch

Fig 10 - Same 15kV Interruptor Switch 
After Cleaning
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background light. This is similar to heat com-
ing into the visual spectrum at approximately 
585°C. at the 700nm level, as shown in Fig. 
11.

Summary

Corona is a serious and dangerous phenome-
non.  Over the years Highvec has gone through 
an enormous learning curve to improve safety 

for ourselves and others, while performing 
on-line electrical cleaning and maintenance 
up to 230kv.  With the use of infrared imag-
ing, corona imaging and ultrasound detec-
tion, we are able to find problem areas before 
they become either a health and safety risk or 
a serious financial burden to our customers.  
To clean and maintain electrical equipment 
under live conditions has proven to be very 
beneficial to everyone.

Chuck Humphrey is the president of Highvec 
Canada, Inc, an electrical company specializing 
in a unique, environmentally friendly cleaning 
system for medium & high voltage switch-
gear under live conditions.  Chuck has over 
38 years experience in the electrical industry, 
forming Highvec Canada in 1992.  Highvec has 
extensive experience in on-line cleaning of 
metal clad switchgear, substation, plant/mill 
switch rooms, electric motors, etc.  Highvec 
has customers in many sectors of industry, 
including Mining, Smelting, Refineries, Steel 
Plants, Pulp & Paper, OSB Plants, and Manu-
facturing.

Chuck has been married to his wife Cindy for 
35 years and they have one child, Brianna, 
who is in college.  Highvec Canada is located 
in Timmins, Ontario, Canada, home to country 
singer Shania Twain and a city with a “Heart 
of Gold.”  Chuck can be contacted at 705-268-
6011 or at highvec@highvec.com
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Making The Right Call 
An Analysis of Large Journal Bearing Lubricant Selection  

by Mike Johnson, CMRP

ubricant selection for large journal bearings is a relatively straightforward process if one has a working 
knowledge of calculus, and/or has and can operate a machine design program that incorporates visco-
metric calculations. For those that don’t do ‘the math thing’ or have the software with which to cheat, 
there are workable alternatives if one knows the right questions to ask, and is willing to dig for the 

needed details. 

Within this two part case study, the author will pres-
ent a multi-step process that may be used to assess 
journal bearing lubricant selection fitness, without 
the complicated mathematical calculations.  (Some 
math is required, but the individual calculations are 
easy to understand).  While the outcome for this ap-
proach provides a ‘subjective’ rather than ‘objective’ 
answer,  it is hoped that with a better understand-
ing of the process, everyday practitioners will have 
a better feel for when an existing lubricant selection 
should be questioned. 

This portion of the case study will explain the steps 
needed to identify the current operating condition 
and compare that state to the required condition.  
The second part, to be provided in the next issue, will 
address the options for reliability-centered improve-
ments.  

A 3-Way See-saw

Plain bearings run in a hydrodynamic condition.  The 
rotating surface is floating on an oil film created 
through a balance of oil that is just thick enough that 
it resists being pushed out of the way by the mov-
ing surface.  There are a few simple ways to change 
the degree of ‘push back’ provided by the lubricant. 
When the amount of ‘push’ is adjusted, the depth of 
the oil film between the two surfaces is also adjusted. 
Increased resistance (increased pushing power) trans-
lates to a thicker or deeper oil film between the ma-
chine surfaces, which is desirable to a large degree.   
Increased resistance comes from increased viscosity. 

After the machine is installed, the machine maintainer 
could change the amount of push back by picking 
a higher initial viscosity (higher viscosity = higher 
resistance = more ‘push back’), which translates to 
better lifting ability and a deeper oil film.

Before the machine is built, the machine designer 
could change the machine’s lubricated surface area 
to increase oil film depth.  When the surface area 
increases the available fluid resistance (‘push’ power) 
increases; when the surface area decreases then the 
available fluid resistance decreases. 

Machine speed can also influence the oil film depth, 
but machine speed is selected during original design 
considerations, and rarely subject to enough change 
to make a difference. 

This is a 3-way see-saw that can be manipulated to 
arrive at lubricated surfaces that don’t bump and rub 
during operation.  Changes in either surface speed, 
load or viscosity will influence the balance between 
having an oil film that is either too thick or too thin.

Is it Safe Yet?

How will the machine owner know when it is time to 
review the lubricant selection?  That is also relatively 
straightforward.  Components operating in a hydrody-
namic condition do not interact.  If there is any sign 
of wear debris being produced by the component , 
mostly in the form of Copper, Lead, Tin and/or Iron, 
then the likely causes are two and three body abrasive 
wear, cavitation or corrosion.  One should not dis-
count that misalignment, imbalance, and bent shafts 
are also potential culprits for surface interaction, but 
at this point the assumption is that the ‘normalized’ 
operating state is one of precision balance, alignment 
and mechanical condition.

Debris analysis (Analytical Ferrography) will help 
the technician identify corrosive wear, and to some 
extent differentiate between the other wear modes.  
The owner can control 3-body abrasive wear (shown 
in Fig 1) by removing particles that are at or larger 
than the oil film depth (in the 3 to 10 micron range).  
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A useful cleanliness level would be in the 
ISO 17/16/13 range.   In fact, this should 
probably be the first priority for a variety of 
reasons, but that story can wait for another 
day. 

If the oil is clean, and there is wear metal 
present, even to a slight degree, then one 
may suspect the other wear modes.  This is 
known as 2-body wear and is shown in 
Fig. 2.

Double-Check the Operating Viscosity

A wholesale collapse of the oil film in a 
plain bearing will lead to rapid machine fail-
ure.  Some machines can operate for years 
with a marginally adequate oil film.  With 
the change in seasons, and/or changes in oil 
temperature, the depth of the film increases 
and decreases.  Hot weather, and hot oil 
sumps, can cause the film depth to fall to a 
degree that intermittent (or wholesale) con-
tact occurs, generating wear debris.  As the 
weather and the sump temperature cools 
the oil film depth increases and the rotat-
ing shaft floats safely above the stationary 

surface. Obviously, wear rate increases with 
the speed of rotation.  

All of this begs the question: is the depth of 
the oil film adequate to overcome incre-
mental changes in machine speed and oil 
temperature?  Without delving into the 
attributes of the Sommerfield equation (the 
mathematical formula used to calculate the 
theoretical film thickness), how might one 
go about estimating film adequacy with 
sufficient accuracy to have confidence in the 
results from the review? 

There are a few available resources that may 
be used to arrive at the degree of desired 
detail.  The chart in Fig 3 is provided by Mi-
chael Neal in the highly useful textbook ‘The 
Tribology Handbook’1.   This chart provides 
the user with a dynamic viscosity reference 
(centipoise, which equals centistokes x lu-
bricant specific gravity) for a known surface 
speed and mean load.  Surface speed and 
unit loads are calculated based on inputs 
from the machine and operating parame-
ters.   The required surface speed parameter 
is meters per second, and the load param-
eter is Kilo-newtons per square meter.  
Neither unit is necessarily convenient, but 
both are manageable. (For help with unit 
conversions try www.convert-me.com.)  

The Surface Speed, in meters per second, 
represents the speed at which a given point 
on the surface of the journal is traveling 
in its rotation.  This value is calculated by 
measuring the circumference of the journal 
(Circumference = Pi* Shaft Diameter (in 
meters)), and multiplying this value by the 
shaft speed (RPM).  

The unit load, in Kilo-newtons per square 
meter, represents the Mean Pressure on the 

loaded surface.  This value is estimated by 
dividing the total load divided by the prod-
uct of bearing width times shaft diameter 
(Mean load = Total load / (Bearing Width 
* Shaft Diameter).   The total load must in-
clude the load of any process weight added 
to the machine (such as a large rod or ball 
mill).  

To evaluate the viscosity there are several 
pieces of information that must be col-
lected.  For example, consider the following 
scenario in the table below.

From these details we calculate the bearing 
surface area and the total load distributed 
into the surface area, and arrive at a unit 
loading, as seen below. 

Once the unit mean pressure is known, one 
can verify the required viscosity at operat-
ing speed and operating temperature.  
 

Fig 1 - Three body wear occurs when the oil film is not thick enough to 
provide clearance for solid particles in the lubricant.

Fig 2 - Two body wear occurs when the 
oil film is not thick enough to separate 
surfaces, leading to prolonged surface 

interaction. 

Machine Type Ball Mill

Lubricant Type ISO 220 Circulating Oil w/ 
0.855 typical specific gravity

Size 13.5’ x 32’

Shell Static 
Weight

110.25 Tons/220,500 lbs
(two heads and shell - bare)

Liner & Ball 
Charge

141.5 Tons 
483,085 lbs

Material Feed 
Rate

77.11 Tons/hr  
154,233 lbs/hr

Total Weight 429 Tons / 857,816.6 lbs / 
3,139.89 Kilo-newtons

Bearings Type Oil Lubricated (Hydrodynamic) 
Journal Bearings - 2 ea

Bearing Width 30 inches

Shaft Diameter 72 Inches

Shaft Speed 16.2 RPM

Linear Surface 
Speed 1.5512 meters/second

Mean Pressure 1,126.58 Kn/m2
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This is a two step 
process.  First, plot the 
linear surface speed 
(bottom axis, the bold 
red dotted line), and 
then plot the load (side 
axis, solid blue line) 
as closely as possible.  
Remember the spac-
ing is logarithmic. 
Wherever the two lines 
intersect represents 
the minimum allow-
able Dynamic viscosity.  
Dynamic viscosity is 
provided in Centipoise. 
In the example, the 
absolute minimum 
appears to be around 
18 centipoise.  Keep in 
mind, there are general-
ly two bearings, so the 
surface area must be 
combined to determine 
the mean loading value.  
This completes the first 
step.  

The next step is to 
determine the actual 

dynamic viscosity.  The Centipoise measurement unit represents the thick-
ness of the lubricant within a system in operation, where the oil is liter-
ally pushed around by lubricated components. Centipoise is calculated by 
multiplying the lubricant’s viscosity rating in centistokes by the lubricants 
specific gravity.  The specific gravity can be either measured or taken from 
the ‘typical value’ shown on the product data sheet.  The typical value is 
adequate unless, in the final synopsis, the actual viscosity is lower than the 
minimum allowable limit.  The closer the actual value is to the minimum 
allowable limit the more important it is to know the exact number.  In the 
example case, the typical value is adequate.  

The second step itself has a few different requirements.  Step 2.a requires 
that one determine the lubricant’s viscosity at operating temperature.  Step 
2.b requires one to convert this value to a centipoise unit, and 2.c requires 
one to compare the actual value to the stated limit.  Hopefully, the actual 
value is around 3 times greater than the observed minimum value.    

Stay tuned for the second and final part of this analysis in next month’s is-
sue of Uptime.

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 technical papers at 
symposia and conferences throughout North America about how to use ma-
chine lubrication to drive machine reliability.   Mike is happily married, plays 
and coaches soccer, and has 3 young children that consume his remaining 
time and attention.  He can be reached at mjohnson@amrri.com or 615-771-
6030.

1.  Neal, M.J. ‘The Tribology Handbook’, 2nd Edition. 1999. Page C7. Published by: Butter-
worth – Heinemann, Div. of Elsevier PLC Group.
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erformance Evaluations provides motor testing services for industrial sites and commercial buildings 
throughout the United States.  The primary tools we use for predictive maintenance and evaluation are 
the ALL-TEST IV PRO 2000 motor circuit analyzer and the ATPOL electrical signature analyzer.  Two of 

the most common findings that we have identified in many of the commercial building applications are cable and 
connection faults both in the motor control and in the motor connection box.

Finding Faults and Failings
Using Motor Diagnostics to Detect Cable Faults 

by Richard Borge

Field Testing

During a routine predictive maintenance route in a 
New York City commercial building, we identified 
unusual Motor Circuit Analysis (MCA) test results on a 
600 horsepower, 1150 RPM, 4160 Vac electric motor 
driving a pump.  This motor is shown in Figure 1.  

The phase angle and current/frequency response (I/F) 
test results should be +/- 1 digit between phases 
if there are no problems.  As shown in Table 1, the 
phase angle and I/F were significantly off on one phase.  
The instrument software identified it as a “Shorted 
Winding; Recommend check at motor if tested from 
MCC.”

The reason for the requirement to check at the motor 
connection box, in these cases, is that MCA can detect 
cable problems when testing from the Motor Control 
Center.  If the test results are good at the connection 
box, then the cable is bad, if the test results are the 
same, then the motor, if it is still operating, has a 
developing winding short.

Discovery

Before testing at the motor, we recognized that 
the cable from the motor control to the motor was 
excessively long.  As a result, it was forced into 
the cabinet and up against one of the sides.  We 
decided to inspect the cable prior to going through 
the difficulty of taking apart the connection box and 
connections.  During the inspection, the electrician 
pulled the cable away from the side of the cabinet.  
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T1-T2 T1-T3 T2-T3

Resistance 0.6554 0.6563 0.6544

Impedance 252 232 235

Inductance 100 92 93

Phase Angle 85 86 80

I/F -47 -46 -50

Table 1 - Initial Findings with 
Motor Current Analysis

Figure 1 - 600 HP, 4160 Vac, 1150 RPM Motor
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Discoloration (shown in Figures 2, 3 and 4) 
was identified as partial discharge between 
the cable and cabinet, which would have led 
to a catastrophic cable to ground failure at 
some point in the future.

After moving the cable away from the side 
of the cabinet, MCA tests were performed 
which identified good test results, which are 
shown in Table 2.  Tests were repeated to 
confirm the discovery.

The cable was shortened and repaired by 
wrapping a high voltage tape around the 
affected area.  By shortening the cables, they 
were no longer forced against the side of 
the cabinet, removing the danger of cable to 
ground failure.

Conclusion

Cable faults are far more common in 
commercial and industrial applications than 
many realize.  The use of MCA diagnostic 
tools allow the field service technician and 
electrician to identify insulation issues in 
both the electric motor and cabling that 
feeds the motor.  Outside of the motor, 
MCA has allowed us to detect connection 
problems and cable faults.  Within the 
electric motor, we have been able to trend 
winding degradation, winding contamination 
issues, and identify broken conductors and 
rotor faults well in advance of the motor 
ultimately failing.

Richard Borge is president of Performance 
Evaluation Inc., a  company that has developed 
a unique method of testing AC/DC electric mo-
tors, cables and transformers that is known as 
“Time Domain Reflectometry”.  Performance 
Evaluation has been testing electrical equip-
ment for the past 22 years with an assortment 
of test equipment.  Performance has used 
both static and dynamic tests to help prevent 
unscheduled downtime. The testing includes 
AC/ DC motors of all sizes and transformers.  
You can  Richard Borge at 888-484-7564, per-
feval@aol.com and 973-661-4281 (fax).  The 
website is www.performancetdr.com

www.uptimemagazine.com

T1-T2 T1-T3 T2-T3

Resistance 0.6549 0.6547 0.6541

Impedance 255 233 236

Inductance 101 92 93

Phase Angle 85 85 85

I/F -47 -47 -47

Table 2 - Final Findings with 
Motor Current Analysis

Figure 2 - Cable in Motor Control Center

Figure 3 - Partial Discharge Between Cable and Cabinet Figure 4 - Partial Discharge Location On Cabinet
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tandby equipment is installed in order to ensure the availability of process systems or sub-systems at a high 
level.  The configuration may be 2x100%, 3x50%, 2x75%,  4x50%, 4x33% or similar.  The common operating 
practice is to run standby equipment intermittently with the duty equipment, so that in most cases the run-
ning hours are equalized. 

This practice has several benefits from the operational 
point of view.  For instance:

   •  Equipment changeover is often linked to the shift 
       changeover, allowing some measure of ownership.

   •  The operators `know’ that both the duty and 
       standby equipment work, because this has been 
       demonstrated.

   •  The equipment accumulate equal running hours, 
       and operating experience.

   •  In some cases, startup procedures are difficult 
       and time consuming.  So once the standby has 
       been started up,  it is convenient to leave it running.

   •  In other cases, the equipment has to accumulate 
       running hours in a predetermined fashion, as in 
       the case of gas turbine drivers.  The policy will 
       be set by this requirement.

However, running duty equipment intermittently with 
standby equipment is somewhat different from the 
maintenance point of view, and the relevant points are 
set out in this article.

Historical Background

In the days before the introduction of mechanical seals, 
the shaft sealing arrangement for reciprocating and ro-
tating machinery involved packed glands.  These pack-
ings needed regular lubrication or they would dry up 
and harden, rendering them useless.  In the majority 
of cases, the only way to lubricate these packings ef-
fectively was to run the equipment, allowing controlled 
leakage of the process fluid to provide lubrication.  The 
practice of running duty and standby equipment proba-
bly started to meet this requirement, and has continued 
long after the demise of the packed gland in reciprocat-
ing and rotating equipment.

Functional Differences

Let’s consider the case of a 2x100% product export 
pumping situation, where we have a designated duty 
and standby pump. 

The consequence of failure of the two pumps differ, as 
will be readily observed.  If the duty pump fails in service, 
the other cuts in, and in most cases, there is no impact 
on production.  Of course, in the case of large pumps, 
the cost of repairs after a breakdown can be much higher 
than corrective work done as a result of condition moni-
toring.  For the same reason, some limited preventive 
maintenance work can be justified.  When we consider 
the consequence of failure, in the majority of cases, it is 
difficult to justify any significant maintenance work.
 
As far as the standby pump is concerned, the most im-
portant failure mode is the failure to start on demand.  
Depending on historical failure-to-start rates, a test start 
can be organized at a suitable frequency, to ensure its 
desired availability.  The next failure mode to consider is 
the inability to deliver the required flow at the operating 
pressure.  The solution is to run the ‘test’ for  a reason-
able length of time, say 8-24 hours, with the duty equip-
ment shut down.  A spin off benefit from running long 
duration full load tests is that it will then be possible 
to take condition monitoring readings for the standby 
equipment regularly.

Let’s consider the situation when we run the pumps al-
ternately - either pump, if running at the time may fail 
while running, and if on standby, may not perform the 
duty satisfactorily.  Thus both pumps need to be main-
tained on a preventive basis, often with poor condition 
monitoring data (since the collection of data is a hit or 
miss affair).  The wear out rate is about equal, and the 
conservative policy would be to carry out time-based 
overhauls.  This is certainly costly and inefficient.  How-
ever, there is one small benefit - test starts are no longer 
required, as alternate running is in itself a load test.

Big Return on Little Investment
Changing Standby Equipment Procedure Could Lead to Large Payoff

by V. Narayan
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Impact on Failure Rates

Seal failures have a significant impact on over-
all failure rates.  Their failure rate is influenced 
by the number of starts, rather than the dura-
tion in operation.  This is because seals that 
are running are well lubricated, and generally 
show low wear rates.  The worst time for a 
seal is during start-up.  At start, the seal faces 
are dry, and it takes a short while to build up 
the fluid film between the faces.  Therefore, 
frequent starts are a major cause of wear in 
seals, and by reducing the number of starts, 
we can reduce the seal failure rate, and hence 
the pump failure rate.  

Intermittent operation results in many starts, 
which tends to increase failure rates, while in 
the case of duty/standby operation, the test 
frequencies will generally be quite low, and 
hence fewer startups will be required.

Discussion

There are two issues to consider, one relating 
to uptime and the second relating to costs.

In the case where both pumps are run alter-
nately, both have to be taken out of service 
from time to time to carry out maintenance. 
The work may be initiated by condition moni-
toring trends, or on the basis of running hours 

or time.  In the duty/standby case, little or 
no maintenance is required on the duty 
pump, until it exhibits performance prob-
lems.  Work on the standby pump will only 
be initiated if the test run fails.

Thus it is apparent that the total down-
time will be much higher in the first case.  
While system availability may be kept up 
to requirements by strictly controlling re-
pair times, there is a cost penalty associat-
ed with this policy.  Due to the higher seal 
failure rate, in absolute terms the work-
load will be higher.  Further, the longer 
the downtime on one pump, the greater 
the chances that the other will fail while 
running, hence overall, the system avail-
ability will tend to fall.

In general, the system availability will be high-
er when designated duty and standby services 
are identified and the operating policy suit-
ably aligned.

The volume of maintenance work is reduced 
considerably by following such a policy.  As 
discussed earlier, little or no work is required 
on the duty pump, and the only work required 
on the standby pump is to perform the test 
runs, followed by any corrective maintenance 
resulting from the test.  Any overhaul of the 
duty pump will be based on performance.  
Secondly, seal failure rates will fall, resulting 
in fewer interventions and effort.

This has an immediate favorable impact on 
maintenance costs. 

Alternatively,  a biased unequal running policy 
may be adopted.  In this case,  the duty equip-
ment runs for say 7 weeks, and the standby 
equipment runs for 1 week. The advantage 
of this policy is that it produces a lower total 
number of starts, while allowing a long dura-
tion test run (of 1 week), and a test frequency 
in this case of 7 weeks. 

Conclusion

The duty/standby operating policy should be 

www.vibralign.com
800-379-2250

Flash is a registered trademark of Adobe Systems Incorporated.

Shaft 
alignment 
in a Flash®

Introducing the 
Fixturlaser XA.

The XA, Fixturlaser’s next generation 
system for laser alignment of horizontal 

shafts, is designed to get alignments done 
fast, really fast. The system incorporates 

on-screen Flash® animations that actually 
walk the user through the alignment 

process! Other innovations include large 
30-millimeter detectors, line laser beams, 

and wireless connectivity.
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Fig 1 - Pump, piping, valves at an 
industrial waste treatment facility.



august  200628

RELIABILITY

WEB.COM

TM

Leak Detection 
Compressed Air 
Cryogenics
Wind/Water Leaks 
(Aviation, Automotive)

Bearing Analysis 

Contact: Jim Hall 
(770) 517-8747 

jim.hall@ultra-soundtech.com 
Co-editor of UPTIME Magazine

Author of: Ultrasonic War Stories

ONSITE

ONE & TWO DAY  

WORKSHOPS

LEVELS I & II

NO MATTER WHOSE  ULTRASOUND YOU ARE USING, WE CAN TRAIN YOU! 

(770 )  517 -8747  |        www.U l t ra -SoundTech .com 

“REAL WORLD ULTRASOUND” 
“VENDOR-NEUTRAL TRAINING”  
WE DO NOT SELL EQUIPMENT! 

Acoustic Lubrication 
Steam Trap T/S 
Electrical Scanning  

       (Arcing, Tracking & Corona)
Switchgear
Substations

SPECIALIZING IN

  ONE & TWO DAY AIRBORNE
  ULTRASOUND WORKSHOPS 
Call Today to Schedule Your Training! 



www.uptimemagazine.com 29

adopted as the standard mode of operation.  
Duty and standby equipment should be desig-
nated wherever redundancy exists.  As an al-
ternative, a biased unequal running policy may 
be adopted.  Reliability Centered Maintenance 
logic should be used to determine the mainte-
nance requirements of such equipment.

In specific cases, where other considerations 
dictate operating policy, exceptions can be 
made to suit the circumstances. 

Benefits

I have seen results within 6 months of imple-
menting a duty/standby policy that were truly 
amazing:
   •  10-12% rise in MTBFs
   •  10-12% fall in maintenance costs
   •  1-2% rise in sub-system availability

An additional benefit that we achieved, and 

you could too, was that our condition moni-
toring data quality improved dramatically, 
with all of our data points entered, not just 
those of the items that happened to be run-
ning when the technician came around. Of 
course, that is because we could now plan 
when they would come and it was no longer 
a hit or miss affair.  Many of our gains came 
from having a better handle on our Condition 
Monitoring program, not just the reduction in 
seal failures.

Our implementation was not unique though.  
The savings listed earlier are very achievable 
by any number of companies across many in-
dustries.  Those are the kinds of gains that 
you would normally pay consultants a lot of 
money to achieve, and you would spend an 
awful lot of effort to implement.

Implementing the duty/standby alterna-
tive costs close to nothing, can be achieved 

quickly and will generate a monetary return in 
months, not years.

V. (Vee) Narayan, is the author of Effective 
Maintenance Management: Risk and Reliabil-
ity Strategies for Optimizing Performance.  
Mr. Narayan is a mechanical engineer with 
over 38 years experience in Petroleum Refin-
ing, Pharmaceutical, Liquefied Natural Gas 
Production, Oil & Gas Exploration and Produc-
tion and in the Engineering Industries.  He led 
the Maintenance Strategy group in Shell UK 
Exploration and Production, Aberdeen until 
his retirement in March 2002.  He also man-
aged the Royal Dutch Shell Group’s Centre 
of Excellence (CoE) in Maintenance and Reli-
ability Engineering.  Within Shell, Mr. Narayan 
has been teaching Reliability Centred Mainte-
nance, Root Cause Analysis and Maintenance 
Management for about 12 years. 
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n religion and politics people’s beliefs and convictions are in almost every case gotten at second-hand, and without 
examination, from authorities who have not themselves examined the questions at issue but have taken them at 
second-hand from other non-examiners, whose opinions about them were not worth a brass farthing.”

                                                        -- Autobiography of Mark Twain by Samuel Clemens

Could Samuel Clemens have also been referring to ultrasonic scanning for electrical switchgear?

A Real Life Saver
Scanning Electrical Switchgear with Ultrasound Increases Safety

 
by Jim Hall

Have you received your information about scanning elec-
trical switchgear with airborne ultrasound second-hand 
from so-called authorities?  Have you put a lot of thought 
into that information?  Do you trust that those authorities 
have examined the questions about ultrasonic scanning, or 
could they have taken what they know, second-hand from 
non-users of ultrasound? 
 
For those of you who have never used ultrasound for leak 
detection or for electrical scanning of switchgear, I urge 
you to borrow a unit right now and start scanning and 
listening.  All of the technicians now using airborne ultra-
sound to scan electrical switchgear first had to become fa-
miliar with the sound of arcing, tracking, corona discharge 
and destructive corona discharge. This knowledge can only 
be gained by proactively using the instrument in the field.

Know the Warning Signs

There was one southern utilities engineer who had taken 
the time to familiarize himself with his ultrasound equip-
ment  - as well as what corona, arcing and tracking sound-
ed like through an ultrasonic receiver.

One day this engineer had a call from a customer complain-
ing about power interruption, so he decided to scan the 
area using his ultrasound receiver.  He drove out to the 
plant and parked near a metal clad switchgear cabinet. He 
rolled down the window of his truck and scanned from 
about 20 feet away using a long range parabolic dish.  To 
his surprise he heard what sounded like destructive coro-
na.  Using his infrared (IR) camera he scanned but did not 
see any obvious IR signatures for concern.  He then got 
out of his truck and dressed himself in the proper personal 
protective equipment (PPE). 

Now, this engineer knew the possibility of what could hap-

pen when he opened the door to the switchgear but, he 
was now prepared both mentally and physically. 
A hot summer day, high humidity, and possible carbon 

build-up from the active arcing.  Everything was present 
for a potential flash-over.  As he slowly opened the door 
to the cabinet, sure enough he experienced the dreaded 
flash-over.  After picking himself up off the ground he ex-
amined the switchgear to find that the Bakelite boards had 
“L” shaped holes in them and that the paint was discolored 
on the inside.

Within just a few hours a major problem had been discov-
ered and a replacement cabinet had been ordered to divert 
a possible shut-down.

I have spent many hours talking with infrared thermogra-
phers and electrical technicians.  Yet most of the doubting 
Thomases - those who don’t see the validity or value in 
using airborne ultrasound for electrical inspection - are the 
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Figure 1 - Scanning a substation for 
problems using SDT 170 and Parabolic.
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As with all airborne ultrasound applications, ul-
trasound readings can be very subjective.  How-
ever, it is not so much the readings that should 
compel you to take action, it is the familiar 
sound that may precede the opening of an elec-
trical panel or door or the sounds discovered 
before entering a vault or substation.

Corona

Corona is a faint glow adjacent to the surface 
of an electrical conductor at high voltage as a 
result of the ionization of gases due to the high 
electrical stress. 

Corona is really just air.  With no ground there is 
no heat build up.  No ground, no heat, no IR sig-
nature.  In detecting corona, listen for a steady 
frying or buzzing sound, some say an egg frying 
sound.
 
Destructive Corona  

Just like corona, destructive corona also is a faint 
glow adjacent to the surface of an electrical con-
ductor at high voltage as a result of ionization of 
gases due to the high electrical stress. 

As with corona, Destructive Corona is also air.  
With no ground there is no heat build up and, 
as a result, no IR signature.  The signature sound 

for destructive corona is a 
steady frying or buzzing 
sound with intermittent 
popping sounds.  The 
popping sound is typical 
of an advanced condition.  
Take action immediately.

Tracking

“Baby arcing” is a phrase 
sometimes used to de-
scribe tracking.  Dam-
aged insulation provides 
a path for tracking to oc-
cur.  As with corona, con-
taminants like moisture, 
dust, dirt or fiber particles 

ones who have not actually used the technology 
themselves.  Unfortunately, it seems many of 
these people are still living in the past, when the 
fact that ultrasound was subjective was some-
how interpreted to mean it is not valid.  Don’t 
confuse subjective with inaccurate or invalid.  
They are not the same.

Audioception

Audioception: a: to take an audio signal (wave 
file) into one’s mind <conceive a prejudice> b: 
to form a conception of : Imagine.

Think of this word as you familiarize yourself 
with the sounds that are described in Figure 2.  
Form a conception in your mind, perhaps a men-
tal picture of the inside of an electrical cabinet 
you are scanning.  Then while using a little men-
tal dexterity as you scan think of the sound you 
are hearing and relate it to the situation at hand.  
Ask yourself, is it corona, tracking or arcing?

Of course “audioception” is not limited to elec-
trical scanning.  Audioception can also be used 
when listening, for instance, to a bearing on 
a motor.  What is the sound you are hearing - 
outer race, inner race, flat spots, brinelling or lu-
brication?  Concentrate and try to form a visual 
image.

must be present to provide a path for tracking.  
Again, heat is not present until the problem is 
very advanced and failure is certain.  If tracking 
is occurring, you will hear the  sound build in 
intensity, discharge and then the process starts 
over again.

Arcing

Arc: A sustained luminous discharge of electric-
ity across a gap in a circuit or electrodes (or con-
ductors) 1

Arcing is the flow of electricity through the air 
from one conductor to another.  Arcing can 
produce visible flashes and flames along with a 
crackling sound.  It is generally caused by over-
loaded electrical equipment, and requires im-
mediate attention.  To detect arcing, listen for a 
sound with an abrupt start and stop.

When scanning electrical equipment, do not rely 
solely on either the lack of volume or increased 
decibel levels to identify a problem.  As a tech-
nician, you should also rely on your instincts.  
Again, the more ultrasound scanning you do, 
the better you will get at it.  Remember to take 
each situation you experience as a separate, and 
potentially dangerous, case. 

Here is an example of audioception.  You are 
scanning a panel and you unexpectedly hear a 
steady frying or buzzing sound as you scan the 
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Figure 3 - Ultrasonic inspection of a 
480v panel using an SDT 170.

Figure 2 - Visual representations of the sounds formed 
by electrical problems.

Arcing -
Abrupt start and stop

Tracking -
Builds in intensity, dis-
charges and starts over

Corona -
Steady frying or buzzing 
sound

Destructive Corona -
Steady frying or buzzing 
with loud popping sounds
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Jim Hall is the president of Ultra-Sound Technolo-
gies (UST), a company providing on-site predic-
tive maintenance consultation and training.  UST 
provides an Associate Level, Level I & II Airborne 
Ultrasound Certification.  Jim is also a regular con-
tributor at both ReliabilityWeb.com and Uptime 
Magazine.  Jim has provided airborne ultrasound 
training for many Fortune 500 Companies in 

front lower right-hand corner of a 13.8kv recti-
fier panel.  This particular panel has a vacuum 
breaker in the lower right hand corner.  What is 
it?  What do you do?   Are you properly attired?  
This particular panel was scanned just days be-
fore with IR, and no IR signature was seen. Yet, 
ultrasonically it could be a screamer that sends 
chills down your back.

Most importantly, get familiar with the sounds 
of arcing, tracking, corona discharge and de-
structive corona discharge. 

Wave files of these sounds are posted at www.
Ultra-SoundTech.com. Feel free to visit and lis-
ten to get familiar with the ultrasonic sounds of 
electrical scanning.

NFPA 70E – Standard for Electrical Safety in the 
Workplace covers the full range of electrical 
safety issues from safety-related work practices 
to maintenance, special equipment require-
ments, and installation.  If you are responsible 
in any way for inspecting electrical systems, you 
should get a copy.  Read it and get familiar with 
Personal Protective Equipment and how to per-
form an electrical panel safe boundary survey.  
This is one area where you should not depend 
on information from other people.  It’s your 
life.

Although you may have the PPE on, you should 
scan electrical panels, switchgear and substa-
tions with airborne ultrasound before you open 
them.  You shouldn’t ever let your guard down 
just because you don’t hear anything. However, 
if ultrasound does allow you to hear arcing, 
tracking or corona discharge, you will certainly 
be better prepared, both mentally and physi-
cally, to handle the situation.

electrical generation, pulp & paper, petro-chemi-
cal and transportation.  A 17-year civil service 
veteran, Jim served as an aerospace engineering 
technician for Naval Aviation Engineering Service 
Unit (NAESU) and with the Naval Aviation Depot 
Jacksonville Florida (NADEP).  

1.  Webster’s Ninth New Collegiate Dictionary, published 
by Mirriam Webster Inc.

Figure 4 - Electrical cabinet inspection 
with appropriate personal protective 

equipment (PPE).
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ondition monitoring works.  It is a well-proven technique which helps keep planes flying, power stations 
generating, paper machines making paper and presses printing.  The concept of vibration monitoring using 
a portable digital vibration analyzer is roughly the same age as the PC.  We all know that if our PC fails to 
perform we re-boot and carry on.  However, if vibration monitoring fails to perform, many people think it is 

because the technique “doesn’t work”.

The common perception of condition monitoring, 
and vibration analysis in particular, is one of the 
trouble-shooter called out to solve the acute problem.  
However, the large majority of the money lost in the 
operation of any plant is not from the acute problems. 
It is lost in the chronic, everyday problems.  These are 
the problems that everyone has become accustomed 
to solving through the “quick fix” in order to just 
“keep things going”.

The tools involved have become more complex over 
the years, and today we basically have two signifi-
cantly different streams:

   1.  Those organizations prepared to throw tens of 
        thousands of dollars into condition monitoring

   2.  Those organizations who still have fitters 
        listening to screwdrivers.

Which way moves you forward?
 
Moving Forward

One of the key benefits of predictive maintenance 
is the ability to predict failures and trap them 
before they occur.  Another must be to learn from 
your mistakes.  When reviewing the effectiveness of 
operating condition monitoring regimes, one is often 
brought face-to-face with what can best be described 
as the “saw-tooth” trend i.e. a historical trend where 
an increase has been identified, maintenance per-
formed, trend drops, trend increases, maintenance is 
performed, trend drops, etc.

Technically, it is predictive and it is certainly mainte-
nance, but is it moving forward? Of course the answer 
has to be “no”. Such a system has reached its asymp-
tote, there is no room for further expansion, nor for 
further improvement.

This is a classic case for the need to move from daily to 
diagnostic – to use the data collected not only via the 
data collector but also via the fitter, mechanic, greaser, 
operator and floor cleaner to piece together a bigger 
picture.  The three letters RCM have come to be well 
recognized as Reliability Centered Maintenance.  An-
other, and arguably more powerful, use of those three 

letters would be Root Cause Maintenance.
Look at the trend in Figure 1.  Initial greasing of this 
bearing reduced the vibration level.  When the vibra-
tion level increased again a strip down of the bearing 
was ordered and the old grease removed and cleaned 
out thoroughly.  Since then, the same bearing has been 
fine and the vibration levels have remained down.   
Without the stripdown, this case could have easily 
developed into the sawtooth trend, making for more 
repetitive work without finding the real solution.
 
Never Assume

One of the golden rules in safety is “Never Assume”.  
This same rule has very powerful benefits in mainte-

The Bigger Picture
Making Vibration & Other Condition Monitoring Tools Go Further 

By Thomas J. Murphy

C

Figure 1 - Trend of Vibration Levels for Bearing
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nance.  Just because it is new or just because 
it has recently returned from overhaul does 
not justify the assumption that it is perfect.
 
The spectrum in Figure 2 shows looseness 
of a bearing on a fan shaft.  Damage had oc-
curred within 2 weeks of fitting new bearings 
to an old shaft.  The smudge on the axis in 
the foreground is the  “properly” repaired 
condition.

Hand-held vs. Continuous On-line 
Monitoring

The primary reason that most organizations 
fail to develop the correct regime of monitor-
ing is due to a fundamental lack of under-
standing of the problems and the costs at the 
board level.  There is understanding regard-
ing photocopiers and company cars but not 
maintenance.

In the final analysis the choice is not an 
either or, it is both.  There will be some parts 
of a press, paper machine or other piece of  
equipment where continuous monitoring 
will be the only way to provide the depth of 
operating condition information necessary to 
make an informed judgement about incipi-

ent failure.  At the other extreme, monthly 
checks on some pumps or fans using a por-
table instrument will probably be more than 
sufficient. 

One of the biggest problems with portable 
monitoring is the frequency of measure-
ment.  Once again price becomes an issue 
and companies fall into a false economy of 
quarterly or twice-a-year surveys.  Condition 
monitoring measures the condition now. If 
the condition is good and the prognosis is 
good then all is apparently well.  However, 
two months from now – maybe even two 
weeks from now - the story may be different, 
and that change may result in a failure before 
the next scheduled visit.  If that happens, the 
conclusion will be that the technique does 
not work!

A simple car analogy would be checking tire 
condition.  Routine checks will reveal wear 
problems and some prediction about the 
onset of poor handling may be made.  But, 
even daily checks cannot predict a puncture.  
There will always be mechanisms for poten-
tially catastrophic machine failures – like 
blockages in a shared lubrication system 
-  which, if overlooked or not present at the 

time of the routine survey, will inevitably 
lead to premature machine failure. 

It is for these reasons - as well as the need to 
gather and process significantly more data 
than can sensibly be collected by hand - that 
on-line systems have their place in the tool-
kit.  The most important aspect must be the 
integration between the two.  It is essential 
that the on-line and off-line should use the 
same database and present the same user 
interface.  This keeps all data accessible to all 
people and in a universally understandable 
format.

Benefits of Multiple Approaches

I often hear “we use thermography” or “we 
use oil analysis” as if that is the only tech-
nique which works, and is used to the total 
exclusion of all others.  In fact, most of the 
techniques are complementary rather than 
mutually exclusive. 

Oil analysis is fantastic for identifying wear 
and trapping damage due to incorrect lu-
brication.  I would be tempted to say “only” 
except for the fact that wear and inadequate 
lubrication are two of the biggest killers in 
industry.

Thermography works by detecting infrared 
radiation.  If you have a defect which gener-
ates heat (or the lack of it) and that heat 
conducts or convects to a surface which you 
can see, then you can use thermography.  It 
is a quick, easy method of identifying many 
of the common problems found in manu-
facturing industry.  Apart from the common 
electrical surveys, thermography can be used 
to investigate mechanical problems, lubrica-
tion problems and product quality issues.

Oil analysis can tell you if a gear is wearing, 
thermography can tell you if the bearings are 
warm or if the oil is warm.  However, only vi-
bration can tell you if a gear is eccentric, how 
significant the wear is, if there is a bearing 
defect or if there is an internal misalignment 
of a meshing pair.

Thermography can tell you if you have a 

Figure 2 - Vibration Levels of Bearing on Fan Shaft
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phase imbalance on a large motor.  Vibration 
can show the influence of this imbalance in 
the dynamic behavior of the motor.

Advanced Diagnostic Methods

The same tools we use for routine monitor-
ing can also be used to perform a variety 
of more complex diagnostic and remedial 
techniques.  With the addition of nothing 
more than a laser tachometer and the ap-
propriate software, a mundane vibration data 
collection system can be transformed into a 
powerful diagnostic tool for operating deflec-
tion shape testing, phase analysis and in-situ 
balancing.

Many companies still pay large amounts of 
money to have fans and motors balanced 
externally by manufacturers.  In fact all of this 
work could be performed in-house for a frac-
tion of the cost using the existing vibration 
equipment.

All of the vibration analysis we use is dedi-
cated to the micro level: looking inside the 

machine and deducing the 
condition of a motor, gear 
or bearing.  ODS looks at the 
macro level: it is a very power-
ful technique for visualizing 
defects associated with how a 
machine or structure moves in 
operation.

Trying to increase the operat-
ing speed of a paper machine 
by merely changing belts or 
gearboxes is one of the most 
common problems solved by 
ODS.  Another common one is 
a badly-designed, or installed, 
pump.  The following exam-
ples are pump problems.

The first is a new pump.  It was noted during 
the commissioning phase that there were 
cracks appearing in the concrete bases of 
three new pumps.  “Not unusual” was the 
cry from the commissioning team.  What 
was unusual was that all three pumps 
showed similar cracking and that the crack-

ing showed some symmetry.  An operating 
deflection shape test was performed on one 
of the pumps.

Using almost any decent FFT-based data col-
lector, the right software and practice, it is 
possible for any vibration engineer to carry 
out such a test.

Figure 3 - Cracks in concrete base of new pump
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become a long-term 
problem.
This electric motor 
pump set produced 
very high vibration 
levels on the motor. 
All of the normal 
“micro” methods such 
as balance, alignment, 
hot alignment, chang-
ing coupling, etc. had 
been tried and failed. 
Operating deflec-
tion shapes was then 
employed to assist.

The motor was bolted to lands which were 
part of a skid mounting arrangement with a 
concrete infill represented in Figure 4.  The 
dots are the measurement locations - in this 
case 83 points.

A laser tachometer was positioned in front of 
the motor fan and a trigger was taken from 
a white paint marker on one of the blades.  

The total time to acquire all the data was 
roughly 4 hours.
Running speed was the largest of the modes 
of vibration.  Figure 5 shows the locus of 
all points of motion.  This shows the motor 
rocking front to back on the bed plate.

After Modification

In response to the operating deflection shape 

A good animation software will not only 
allow you to show individual frequency be-
havior but it will also be able to superimpose 
multiple frequencies in order to produce a 
motion which is more representative of real 
life.

In this case, the main excitation frequen-
cies were the vane passing frequency of the 
pump, the running speed of the motor/pump 
and a 100Hz signal coming from an electrical 
supply defect to all three motors.
 
The entire test took less than a day from 
start to finish. The animation clearly shows:

1.  The holding-down bolts are moving and 
     are thus ineffective
2.  The frame under the motor is twisting
3.  The frame is lifting under the pump

This is one of three new machines which, 
purely by providence, was not passed off by 
the commissioning engineers and handed 
over to the maintenance department to 

xy
z

Land

Pump Bowl
Pump

Motor

Skid

Figure 4 - Setup of Electric Motor Pump Set
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A Doctor Beam

This doctor, on a 
coater, was causing 
quality problems. A 
test was performed 
which confirmed 
that the beam was 
operating with virtu-
ally no constraints at 
either end (free-free 
motion) and this lack 

of constraint produced vibration patterns 
consistent with the coating thickness varia-
tions observed.

Presentation of this data to the machine 
manufacturer produced a simple solution. 
The manufacturer’s drawing showed the 
back-side mounting dowelled into position, 
but this had not happened during the instal-
lation. 

Correcting this oversight resulted in the vi-
bration on the doctor beam being reduced by 
a factor of 6 in amplitude and cleaning up the 
shape of the vibration sufficiently to remove 
the problem. 

Conclusion

Most organizations are aware of the benefits 
of condition monitoring, though for many 
there is still room for expansion of the tech-
niques and the benefits.

test, structural modifications were made.  
A series of clamps were bolted in place on 
bolts which had been set in the concrete of 
the bed-plate.  These clamps were bolted 
securely onto the lands at 10 positions along 
the length of the land.  This action effectively 
coupled the lands directly to the seismic 
mass of the bed-plate.

To check the efficacy of these modifica-
tions and to provide an “after” set of results 
for comparison, a repeat of this test was 
performed.  The after results showed that the 
fundamental mode shape which is causing 
the motor vibration remained unchanged.  
What we succeeded in achieving is a reduc-
tion in amplitudes of vibration of significant 
proportions.  The peak amplitudes on the 
four corners of the motor, both before and 

after modification, are shown below:
Paper industry applications for the use of 
phase analysis are vast.  Frequently, compa-
nies are sold the idea that by simply chang-
ing the belts, gears or motors of a drive 
system, the paper machine can be operated 
at higher speeds.  This is simply not true.  
Such a simplistic approach takes no account 
whatsoever of the dynamics of the machine 
and therefore, more often than, not leads 
to vibration and/or process problems which 
ultimately limit the speed increase.  The fol-
lowing example is taken from the archives of 
operation problems solved using operating 
deflection shapes.

Vibration measurement of machines is gener-
ally considered to be in quite an advanced 
stage of evolution.  Considerable work has 
been performed over the last 15 years to 
spread the knowledge that vibration tech-
nology can be used as a diagnostic tool to 
provide insight into machine condition.

The majority of this work could be described 
as having taken place at the micro level of 
the machine - that is looking inside the ma-
chine to find out what is happening inside. 
Sometimes it is more important to look at 
the macro level - that is, how the machine 
is performing in its environment and what 
interactions are taking place there. Unfortu-
nately, comparatively little effort has been 
put into this area.

There are numerous anecdotes concerning 
the persistent machine problem: frequent 
coupling failures, impossible to align, high 
noise levels, buildings shaking, etc.  Fre-
quently these problems are either “lived 
with”, handed over to consultants or thrown 
back to the machine supplier. Normally the 
problem cycles between these three until the 
machine fails catastrophically or additional 
protective systems are installed to deal with 
the disastrous consequence.

Techniques and software tools are available 
to give the plant vibration engineer the infor-
mation to solve such problems.

Tom Murphy is an Acoustics graduate from 
Salford University and has 25 years experi-
ence in the world of industrial vibration 
measurement – 15 of those years have been 
involved with the use of ODS techniques in 
the paper, printing, petrochemical, power 
generation, pharmaceutical and food indus-
tries.  Tom is the Managing Director of Adash 
3TP Limited, based in Manchester England, a 
Company specialising in the application of vi-
bration, infrared and ultrasonic technologies 
to improve maintenance.  More info can be 
found at www.reliabilityteam.com and Tom 
can be contacted at +044 161 788 9927 or at 
tom@adash3tp.co.uk

All illustrations used in this article are ©1995  
by Adash.

Figure 5 - Readings at Running Speed
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Figure 6 - Free Moving 
Doctor Beam
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Autonomous Maintenance: Routine maintenance and 
PM’s are carried out by operators in independent 
groups.  These groups solve problems without manage-
ment intervention.  The maintenance department is 
called for bigger problems that require more resources, 
technology or downtime.

Asset: Either a machine, building or a system.  It could 
be a machine, piece of equipment, area (floor in a 
building), product production line, or even a major 
component.  It is the basic unit of maintenance and 
the driver of the PM and computerized maintenance 
systems.

Backlog: All work for the maintenance department that 
has been formally identified with a work order.  While 
in Backlog identified work is approved, parts are either 
stocked or bought, and (in ready backlog) everything is 
ready to go.

BNF equipment: Equipment left off of the PM system, 
left in the Bust ‘N Fix mode (it busts and you fix- no PM 
at all).  BNF is a choice used when PM is not advanta-
geous.

CBM (Condition Based Maintenance):  a maintenance 
strategy based on measuring the condition of equip-
ment, usually with a predictive technology.  Based on 
the data collected, an assessment of future equipment 

failure is made, and then actions are taken to avoid that 
failure.  Many people use CBM and PdM interchange-
ably. 

Capital spares: Usually large, expense, long lead-time 
parts that are capitalized (not expensed) on the books 
and depreciated.  They are kept for protection from 
excessive downtime. 

Call back: Job where maintenance person is called 
back because the asset broke again or the job wasn’t 
finished the first time. See rework. 

Cause: (Special to FMECA) A Cause is the means by 
which a particular element of the design or process 
results in a Failure Mode.

Charge-back: Maintenance work that is charged to the 
user.  All work orders should be costed and billed back 
to the user’s department.  The maintenance budget 
is then included within the user budgets. Also called 
“rebilling”.

Charge rate:  This is the rate that you charge for a 
mechanic’s time. In addition to the direct wages you 
add benefits and overhead (such as supervision, clerical 
support, shop tools, truck expenses, and supplies).  You 
might pay a tradesperson $25.00/hr and use a $65/hr or 
greater, charge rate. Important to compare your cost 

What’s In A Word? 
The Importance of a Standardized Maintenance Vocabulary

by Joel Levitt

n medical school the students struggle to learn the formal (Latin) names for all the common body parts and hun-
dreds of smaller parts (most of which that they probably never knew existed).  This language exercise allows doc-
tors to describe conditions very accurately to other doctors.  In law school young aspiring lawyers learn the legal 
definitions of common and also Latin words to more precisely write contracts and briefs.

In the maintenance field there is no agreed upon language.  You don’t go to maintenance school and learn the 
specific language of maintenance, and every company has its own language.  This makes for a sometimes difficult 
challenge when people from different companies, and even different plants within the same company, try to com-
municate.

However, the tide seems like it is just beginning to come in for the maintenance world.  Helpfully, the largest insti-
tutions (like the U.S. Army and Exxon-Mobil) and the big software packages (SAP and Maximo) are starting to drive 
language in a consistent direction.  This is good since the language is portable and allows you to communicate more 
productively with people in other companies and, perhaps, even within your own company.

I hate to say it but “Call a Meeting!”  At the meeting, put forward the words and definitions below and vote them up 
or down or amend them.  Once you have completed it, publish your vocabulary to all your maintenance, operations, 
purchasing, engineering folks, and anyone else you can think of, in all of your plants. Let the communications begin.

I
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nal departments, people, and processes that 
will be adversely affected by product failure.

Deferred maintenance: This is all of the work 
you know needs to be done that you choose 
not to do.  You put it off, usually in hope of 
retiring the asset or getting authorization to 
do a major job that will include the deferred 
items.  You worry the asset will fail before 
you get to it.

Detection (Special to FMECA):  Detection is 
an assessment of the likelihood that the Cur-
rent Controls (design and process) will detect 
the Cause of the Failure Mode or the Failure 
Mode itself, thus preventing it from reaching 
the Customer.

DIN work: ‘Do It Now’ is non-emergency 
work that you have to do now. An example 
would be moving furniture in the executive 
wing.

Effect Cause: (Special to FMECA) A Cause 
is the means by which a particular element 
of the design or process results in a Failure 
Mode.  An Effect is an adverse consequence 
that the Customer might experience.  The 

of doing a large maintenance job or using a 
contractor.

Continuous Improvement (in maintenance):  
Reduction to the inputs (hours, materi-
als, management time) to maintenance to 
provide a given level of maintenance service. 
Increases in the number of assets, or use of 
assets with fixed or decreasing inputs.

Core damage: When a normally rebuildable 
component is damaged so badly that it can-
not be repaired.

Corrective maintenance (CM): Maintenance 
activity that restores an asset to a preserved 
condition. CM is normally initiated as a result 
of a scheduled PM or PdM inspection.  See 
planned work also.

Criticality (Special to FMECA): The Critical-
ity rating is the mathematical product of the 
Severity and Occurrence ratings.  Criticality 
= (S) * (O).  This number is used to place pri-
ority on items that require additional quality 
planning. 

Customer: Customers are internal and exter-

Customer could be the next operation, sub-
sequent operations, or the end user.

Emergency work or emergent work: Mainte-
nance work requiring immediate response 
from the maintenance staff.  Emergent work 
also refers to work that emerges after you 
open up an asset (pump, vessel, etc).  Emer-
gency work is usually associated with some 
kind of danger, safety, damage, downtime or 
major production problems.

FMEA Element: FMEA elements are identified 
or analyzed in the FMEA process.  Common 
examples are Functions, Failure Modes, 
Causes, Effects, Controls, and Actions.  FMEA 
elements appear as column headings in the 
output form.

Failure Mode: Failure Modes are some-
times described as categories of failure.  A 
potential Failure Mode describes the way 
in which a product or process could fail to 
perform its desired function (design intent 
or performance requirements) as described 
by the needs, wants, and expectations of the 
internal and external Customers.



october  200640

Feedback: (When used in the maintenance 
PM sense) Information from your individual 
failure history is accounted for in the task 
list.  The list is increased in depth or frequen-
cy when failure history is high and decreased 
when it is low.

FMECA: Failure Mode Effects and Criticality 
Analysis

Frequency of Inspection: How often do you 
do the inspections?  What criteria do you use 
to initiate the inspection?  See PM clock.

Function: A Function could be any intended 
purpose of a product or process. FMEA or 
RCM functions are best described in verb-
noun format with engineering specifications.

Future Benefit PM: PM task lists that are 

initiated by a breakdown rather than a 
usual schedule.  The PM is done on a whole 
machine, assembly line, or process after a 
section or sub-section breaks down.  This is 
a popular method with manufacturing cells 
where the individual machines are closely 
coupled.  When one machine breaks then 
the whole cell is PM’ed. 

GLO (Generalized Learning Objective): Are 
the general items necessary to know to be 
successful in a job.  Each job description 
would be made up of a series of GLO’s.
by your service person.

In-box:  Maintenance jobs not ready to 
release to the mechanic.  You haven’t ap-
proved, received money, parts are on order 
but not received, or other problem.  In-box 
jobs are the first step of the maintenance 
work order process before the job is re-
viewed and entered into backlog.

Inspectors: The special crew or special role 
that has primary responsibility for PMs and 
PdMs.  Inspectors can be members of the 
maintenance department or can be members 
of any related department (machine opera-
tors, calibration, drivers, security officers, 
custodians, etc.)

Interruptive (task): Any PM task, which inter-
rupts the normal operation of a machine, 
system or asset and required maintenance to 
take custody of the asset.

Labor: Physical effort a person has to expend 
to repair, inspect, or correct a problem.  Ex-
pressed in hours and can be divided by crafts 
or skills. 

Life Cycle: This denotes the stage in life of 
the asset.  Three life cycles or stages are 
recognized by the author: start-up, wealth, 
and breakdown.

LCC (Life cycle cost): A total of all costs 
through all of the life cycles.  Costs should 
include PM, repair (labor & parts & supplies), 
downtime, energy, ownership, overhead.  An 
adjustment can be made for the time value of 
money.

MTBF (Mean Time Between Failures): Impor-
tant calculation to help set-up PCR schedules 
and to determine reliability of a system.

MTTR (Mean Time to Repair): This calcula-
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tion helps determine the cost of a typical 
failure.  It also can be used to track skill level, 
training effectiveness and effectiveness of 
maintenance improvements.

Maintenance: The dictionary definition is  
“the act of holding or keeping in a preserved 
state.”  The dictionary doesn’t mention re-
pairs.  It presumes that we are acting in such 
a way as to avoid the failure by preserving 
the asset.

Maintenance Prevention:  Maintenance free 
designs resulting from increased effective-
ness in the initial design of the equipment.

Maintainability Improvement:  Also Mainte-
nance Improvement. This is an activity that 
looks at the root cause of breakdowns and 
maintenance problems and designs a repair 
that prevents breakdowns in the future.  Also 
includes improvements to make the equip-
ment more easily maintained.

Non-interruptive task: PM task that can safely 
be done without interrupting production of 
the machine.

Non-Scheduled work: Work that you didn’t 
predict or plan for at least the day before.  
Falls into three categories: 1. Emergency   2. 
DIN   3. Routine.  Also includes work that 
you knew about but didn’t think about in a 
systematic way and didn’t add to a schedule.

Occurrence:  Occurrence is an assessment 
of the likelihood that a particular Cause will 
happen and result in the Failure Mode during 
the intended life and use of the product.

OEM: Original Equipment Manufacturer

PCR: Planned Component Replacement. 
Maintenance schedules component replace-
ment to a schedule based on MTBF, down-
time costs and other factors. Technique for 
ultra-high reliability favored by the aircraft 
industry. 

Parts: All of the supplies, machine parts and 
materials to repair an asset, or a system in or 
around an asset.

Planned maintenance: Maintenance jobs for 
which all resources have been identified.  
Once the resources are written into the 
planned job package and backlog relief hours 
are available the job can be scheduled for 

execution.  Also see scheduled work.

PM: Preventive Maintenance is a series of 
tasks that either: extend the life of an asset 
or detect that an asset has had critical wear 
and is going to fail or break down.  

PM Clock: The parameter that initiates the 
PM task list for scheduling.  Usually buildings 
and assets in regular use days (For example, 
PM every 90 days) as the clock.   Assets 
used irregularly may use other production 
measures such as pieces, machine hours or 
cycles.

PM  frequency: How often the PM task list 
will be done.  The frequency is driven by the 
PM clock.  See frequency of inspection.

Predictive Maintenance (PdM): Maintenance 
techniques that inspect an asset to predict if 
a failure will occur.  For example, an infrared 
survey might be performed on an electrical 
distribution system looking for hot spots 
(which would be likely to fail).  In industry, 
predictive maintenance is usually associated 
with advanced technology such as infrared, oil 
analysis, ultrasound, vibration analysis, etc.

Priority: The relative importance of the job. A 
safety problem would come before an energy 
improvement job.

Proactive: Action before a stimulus (Antonym: 
reactive). A proactive maintenance depart-
ment takes actions before a breakdown.

RCM: Reliability-centered Maintenance.  A 
maintenance strategy designed to uncover 
the causes and consequences of breakdown.  
RCM sets up the priority by the severity of 
the consequences.  PM tasks and redesign 
are directed specifically at those high conse-
quence failure modes.  RCM is a procedure 
for uncovering and overcoming important 
failures.

RM: Replacement/Rehabilitation/Remodel 
maintenance.  All activity designed to bring 
an asset back into good shape, upgrade an 
asset to current technology or make an asset 
more efficient/productive.

Reason for write-up (also called reason for 
repair): Why the work order was initiated.  
Reasons could include PM activity, capital 
improvements, breakdown, vandalism, and 
any others needed in that industry.

Rework: All work that has to be performed 
again.  Rework is bad and indicates a 
problem in materials, skills, or scope of the 
original job.  See call back.
Risk Priority Number:  The Risk Priority 
Number is a mathematical product of the nu-
merical Severity, Occurrence, and Detection 
ratings. RPN = (S) *  (O) *  (D).  This number is 
used to place priority on items than require 
additional quality planning.

Root cause (and Root Cause Analysis - RCA): 
The root cause is the underlying cause of a 
problem.  For example you can snake out 
an old cast or galvanized sewer line every 
month and never be confident that it will 
stay open.  The root cause is the hardened 
buildup inside the pipes.  Analysis would 
study the slow drainage problem and figure 
uncover the cause and also estimate the cost 
of leaving it in place.  Some problems (not 
usually this type of example) should not be 
fixed.  Root cause analysis will show this.

Route maintenance: Mechanic has an estab-
lished route through your facility to fix all 
the little problems reported to them.  The 
route mechanic is usually very well equipped 
so they can deal with most small problems. 
Route maintenance and  PM activity are 
sometimes combined.

Routine work: Work that is done on a routine 
basis where the work and material content is 
well known and understood. Example is daily 
line start-ups.

SLO: Specific Learning Objective is the de-
tailed knowledge, skill or attitude necessary 
to perform a specific job or task.

SM: Seasonal Maintenance.  All maintenance 
activities that are related to time of year or 
time in business cycle.  Cleaning roof drains 
of leaves after the autumn would be a sea-
sonal demand.  A swimming pool chemical 
company might have some November activi-
ties to prepare for the next season.

SWO: Standing Work Order, Work order for 
routine work.  A standing work order will 
stay open for a week, month or more.  The 
SWO for daily furnace inspection might stay 
open for a whole month.

Scheduled work: Work that has been planned 
and is written on a schedule at least a few 
days in advance.  Many writers use the 
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phrase, ‘planned maintenance’ to refer to 
maintenance work that is both planned and 
scheduled.

Severity: Severity is an assessment of how se-
rious the Effect of the potential Failure Mode 
is on the Customer.

Short Repairs: Repairs that a PM or route per-
son can do in less than 30 minutes with the 
tools and materials that they carry.  These 
are complete repairs and are distinct from 
temporary repairs.

String based PM: Usually simple PM tasks 
that are strung together on several machines. 
Examples of string PM’s would include lubri-
cation, filter change, or vibration routes.

Survey: A formal look at the overall condition 
of all assets.  All of the aspects of the facility 
are recorded and defined.  The survey will 

look at every machine, room, building and 
around the grounds.  The surveyor will note 
anything that looks like it needs work.

TPM: Total Productive Maintenance.  TPM is 
a maintenance system set-up to eliminate all 
of the barriers to and losses to production.  
TPM identifies production losses and using 
teams solves the problems causing the waste.  
It uses autonomous maintenance teams (fo-
cusing on operators) to carry out most basic 
maintenance activity.

Technical Library (Maintenance Technical 
Library): The repository of all maintenance in-
formation including (but only limited by your 
creativity and space) maintenance manuals, 
drawings, old notes on the asset, repair his-
tory, vendor catalogs, MSDS, PM information, 
engineering books, shop manuals, etc.  The 
maintenance technical library could be virtual 
(entirely computer-based).

Task:  One line on a task list (see below) that 
gives the inspector specific instruction to do 
one thing.

Task List: It contains directions to the inspec-
tor about what to look for during that inspec-
tion.  Tasks could be inspect, clean, tighten, 
adjust, lubricate, replace, etc.

UM: User Maintenance.  This is any mainte-
nance request primarily driven by a user.  It 
includes breakdown, routine requests, and 
DIN jobs. 

Unit: Also see asset.  The unit can be a ma-
chine, a system, or even a component of 
a large machine. See asset.

Work Order: Written authorization to 
proceed with a repair or other activity to 
preserve an asset.

Work request:  Formal request to have work 
done.  Work requests are generally entered 
or filed by a maintenance user.  Work re-
quests are usually time/date stamped and are 
the basis of the work orders.

Joel Levitt is a leading trainer of maintenance 
professionals. He has trained over 7000 
maintenance leaders in 3000 organizations 
from 20 countries in over 425 sessions. Since 
1980 he has been the President of Springfield 
Resources, a management consulting firm 
that services all sized clients on a wide range 
of maintenance issues. 

Joel has almost 25 years experience in many 
facets of maintenance including, positions 
such as a process control designer, source 
equipment inspector, electrician, field service 
technician, merchant marine worker, manu-
facturing manager, and property manager.  
He is a frequent speaker at maintenance and 
engineering conferences and has written the 
texts: Handbook of Maintenance Manage-
ment, Managing Factory Maintenance and 
Internet Guide for Maintenance Management. 
He has published over a dozen articles on 
the topic.  Mr. Levitt has also served on the 
safety board of ANSI, Small Business United, 
National Family Business Council and is cur-
rently a member of AFE and on the board of 
the Miquon School.  Joel can be contacted at 
800-242-5656 or at JDL@maintrainer.com

VIBXPERT® —a most powerful data collector.
Automated fault detection provides a visual
indication when a fault is present.
Breakthrough technologies such as 102,400 lines of
spectrum resolution, 256MB compact flash storage
(up to 1 Gigabyte optional), order spectrum, phase,
cepstrum, cross-channel phase, orbits, run-up and
coast-down and signal post processing make the
VIBXPERT® a powerful tool whether in the hands of a
novice or the most advanced expert.

Vibration
Analysis

LUDECA, INC. • (305) 591-8935 • www.ludeca.com
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Revving Up Reliability 

Be In The Driver’s Seat

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

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

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

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

 Computerized Maintenance Management Systems for Small to Midsize Companies

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

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

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

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

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

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

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

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

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

and the International Proactive Maintenance User Group (IPMUG). 

for more info or to register 
www.maintenanceconference.com
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Give us a brief overview of the benefits of Fast Funnel.

Fast Funnel® disposable funnels are the simple, convenient, and 
clean way to pour.  This unique product is one of the most innovative 
approaches to assist in pouring in years, and offers several advan-
tages over traditional funnels.  These disposable funnels come folded 
flat in handy 3-packs so a funnel is always available where you need 
one…when you need one.  Fast Funnel is easy to use; simply tear 
the top funnel from the header, pop open and they’re ready.  When 
you’re finished there are no spills and no clean up to worry about… 
just throw the used funnel away.  Made of coated, heavy grade paper 
stock, they can be used with virtually any liquid or powder and are 
designed to fit a wide variety of openings.  Most importantly, since 
you always have a new funnel ready for use, foreign material pre-con-
tamination and fluid cross-contamination of your lubrication system is 
virtually eliminated.  Fast Funnels are just as useful in the field as they 
are in the plant, so whether you’re adding oil to a company truck or a 
turbine pump you always get a clean pour.

The concept is so simple.  
How did the idea for Fast Funnel develop?

As lifelong “gearheads” Larry and I always had a 
passion for tinkering and inventing.  We like to joke that 
while other kids were out playing ball, we were usually taking 
things apart, putting them back together and, in the process, trying 
to figure out how to make them better.  I think we can attribute 
most of our mechanical aptitude to genetics.  Our father was always 
working on something and had his sons under the hood turning 
wrenches and pouring oil as long as they can remember.  When we 
teamed up to start developing new products, it seemed natural that 
it would have something to do with mechanics.  With our experi-
ence in auto maintenance, we recognized that no matter how many 
funnels you have lying around, there’s never a clean one when you 
need it.  When we designed Fast Funnel, we wanted it to be compact 
enough to be handy but also wanted to ensure that what you were 
pouring stayed clean.
 
How long has Fast Funnel been around?

Fast Funnel has been around since 2000, but has only been available 
commercially since 2002.  Our first customer was Amsoil, who saw 
Fast Funnel as a perfect compliment to their line of high performance 

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

Fast Funnel
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Looking for an Astonishingly Simple Solution 
to Help Clean Up Your Lubrication Practices?

Every industrial facility in the world uses lubricants 
for their machinery.  That is a lot of facilities.  So 
it stands to reason there are untold numbers of 
plants using questionable methods of pouring 
their lubricants.  The old Folger’s can, elaborately 
outfitted with a handle and spout from the 
machine shop, might be a more interesting relic 
than a Fast Funnel.  However, if getting clean 
lubricants into your machinery is more important 
to you than an old, dirty reusable funnel, Fast 
Funnel is definitely the tool of choice.  We talked 
to Ted Salani of S & S Concepts, the makers of Fast 
Funnel, about how the idea of a disposable funnel 
came to fruition, and how the product can help 
industrial facilities.
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synthetic lubricants.  At the time our focus 
was predominately on the automotive and 
powersports aftermarket and we had a lot to 
learn about selling and distributing a product 
on the national level.  Fast Funnel is now 
available to consumers through a variety of 
retail outlets including Advance Auto Parts, 
Sears, and Wal-Mart to name a few.

When I think of Fast Funnel, the first thing 
that comes to mind is changing oil in my car.  
How did Fast Funnel become involved in the 
industrial market?

Well thank you, I’m glad to know the time we 
spent brand building on the automotive side 
wasn’t in vain.  

We actually recognized the potential of the 
industrial market from the beginning.  Our 
decision to get our start on the retail side 
was simply a matter of resources.  With the 
vast number of applications and sectors Fast 
Funnel could serve, we realized it would be 
difficult for a small company such as ours to 
market a new product effectively.  We saw 
more consolidation in the automotive after-
market and therefore a better opportunity to 
build brand identity quickly.  We were also 
confident that many customers using Fast 
Funnel to maintain their own vehicles, would 
help us market to industry by seeing how the 
product could benefit them on the job.

From what we’ve been seeing this year, I 
think our plan is paying off.  The number of 
inquiries we’re getting from industry has in-
creased tremendously.  More often than not, 
the buyers will tell us that someone in their 
company saw or used Fast Funnel outside 

work and specifically requested it 
for their job.

What materials are Fast Funnel 
made of?

Fast Funnel is made of heavy 
grade, cardstock paper.  The prop-
erties of this material provide us 
with an optimum balance between 
the formability we need to fold 
down flat and the durability re-
quired to hold up while conveying 
fluids.  Furthermore, the paper is 
sealed with an “aqueous” coating, 

a standard mill process, to bond the 
fibers.  This coating serves both to reduce 
porosity and prevent paper fibers from enter-
ing the fluid stream. 

Are there Fast Funnels available for different 
sizes and types of machinery?

Yes there are.  We cur-
rently have three pro-
duction versions of Fast 
Funnel.  Our standard size 
is the general-purpose 
version available in stores 
and is around 6 in. tall.  
Next in line is the Fast 
Funnel Professional.  At 
nine inches tall and with 
a 4-5 inch opening, this 
size will probably be most 
applicable to industrial 
applications.  Finally, we 
have Fast Funnel extended, 
which at over 16 inches tall 
and with a ¾ inch outlet is 
perfect for pouring viscous 
fluids in hard to reach areas.

However, beyond our current inventoried 
product line, we’re always willing to work 
with businesses on custom sizes designed to 
fit a specific application.

What is some of the feedback you’ve gotten 
from industrial users.

Fast Funnel is fairly new to the industrial 
market but initial feedback has been very 
positive.  In retail, most end users are more 
concerned with how their vehicles look on 

the outside than how their oil looks on the 
inside.  It takes a bit of explaining to commu-
nicate that with all they have invested in their 
vehicles Fast Funnel is very cheap insurance 
against contamination.  Maintenance profes-
sionals know that it’s what’s going on inside 
that really counts, so when we introduce 
them to the product they’re immediately im-
pressed.  In fact, most of the time, they end 
up giving us a lesson on where the product 
would be most useful and why.

Do you have Fast Funnel success stories in 
the industrial market to share with us?

I think our best story comes from a nuclear 
plant in California - Diablo Canyon Power 
Plant.  Diablo Canyon’s predictive main-
tenance group brought Fast Funnel in to 
eliminate the contamination potential that 
reusing plastic funnels presented.  One un-
known at the time was how the maintenance 
crews would receive the product.  My own 

engineering career started 
in the nuclear industry 
and I spent a good deal 
of time in the field work-
ing with the crews.  As a 
result, I knew that chang-
ing well-established work 
procedures wasn’t always 
welcomed with open arms.  
When we received a re-
order from the plant within 
the first month I was a 
little surprised by the quick 
turnaround and called in to 
see how things were going.  
It turned out that it wasn’t 
maintenance who had gone 
through the inventory that 

fast but requests from other 
groups that wanted to start using that handy 
new funnel the maintenance guys had.  

How can interested readers get more infor-
mation about Fast Funnel?

They can log onto www.fastfunnel.com and 
get information about sizes, contamination 
control, applications and ordering.  Or if they 
prefer, anyone can feel free to call us at (847) 
434-1560 and we’ll be happy to help them 
personally.

www.uptimemagazine.com 45
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NILOS®-Ring “Type LSTO” steel-disk seals can provide superior protec-
tion for grease-lubricated bearings exposed to extreme levels of con-
tamination.  Applications for these specialized bearing seals include 
lubrication and fluid power equipment; construction, mining, paper, 
and agriculture machinery; and conveyor rollers, among others.
Type LSTO steel-disk seals satisfy key performance requirements 
by minimizing bearing friction losses and heat 
build-up and preventing lubricant leak- age and 
penetration of dirt.

Kody T. Fedorcha, SKF Linear 
Motion & Precision Technologies 
800-541-3624 or 610-861-3733 
www.linearmotion.skf.com

New Fixturlaser XA form Vibralign

VibrAlign Inc. introduces the new Fixturlaser XA, a breakthrough in 
laser shaft alignment designed to allow users to perform alignments 
more quickly.  

The Fixturlaser XA is the result of an effort to completely reinvent laser 
shaft alignment .  The system incorporates many technologies new to 
laser shaft alignment, along with completely redesigned software.  The 
result is a laser shaft alignment system that is more user friendly than 
any previous offering.  With the XA, users will be able to perform align-
ments significantly faster.  

The touch-screen graphical user interface, first pioneered in laser 
alignment systems by Fixturlaser, now incorporates Flash® animated, 3-
dimensional graphics.  The screen graphics keep the user in touch with 
exactly where they are in the process, and prompts them through the 
correct steps to quickly complete an “express alignment”.

Other new technologies incorporated in the new Fixturlaser XA 
include:  rectangular 30-mm detectors to eliminate preliminary rough 
alignment, a line laser to improved target acquisition and range and 
CCD technology for better laser reception.

The system is PC compatible and comes 
with network, RS-485 and USB 
ports allowing options for data 
download and upload.  

Amy Newcomb 
(804) 379-2250  
(800) 394-3279 toll free
info@vibralign.com

Thermography Training from Snell Infrared

Level I     Electrical Applications
•  October 23-27, Toronto   •  October 24-25, Charlotte, NC
•  November 6-10, San Antonio, TX •  November 29-30, Toronto
   
Level II    Mechanical Equipment
• October 30-November 3, Toronto • October 26-27, Charlotte, NC
• November 6-10, Charlotte, NC

For More Info or To Register Call 
1-800-636-9820 
or visit us online 

http://www.snellinfrared.com

Series 103B ICP® Acoustic Pressure Sensors from the Pressure 
Division of PCB Piezotronics, Inc. measure pulsating, transient, and 
turbulent acoustic phenomena on transportation vehicles and 
other structures.  These low-profile, high-sensitivity sensors are 
ideal for applications such as automotive and aerospace wind tun-
nel testing, aerodynamic testing and analysis, aircraft 
cabin and cockpit noise testing, and acoustic fatigue 
testing on airframes.             

Pressure Division - PCB Piezotronics, Inc 
888-684-0011 Toll Free (U.S./Canada)
716-684-0001
pressure@pcb.com   
www.pcb.com

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

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

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

Benchmate - A Simpler CMMS

Benchmate understands that more effective maintenance manage-
ment begins with better organization of maintenance data. To provide 
maintenance department and associated users with easy access to 
the data they need, Benchmate is designed with six major screens 
— Equipment, Work Order, 
Preventive Maintenance, Trouble 
Call, Service Log, Inventory 
—  each organized logically for 
simple information access.

Benchmate Systems, Inc.
www.benchmate.com 
360.678.8358

Klüber Lubrication announces the release of Klϋberplex BM 21-322 
US, a lubricating grease for aggressive environments.  Designed 
for use in slow to moderate-speed rolling bearing applications, the 
Klüberplex BM 21-322 US is now available in the U.S. and Canada. 
This product offers extended component life, 
is extremely resistant to aggressive media and 
water wash-out and offers excel-
lent wear and corrosion protec-
tion. 

Klüber 
800-447-2238  Toll Free
603-647-4104
www.kluber.com 
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Force/Torque Div          888-684-0004          force@pcb.com
PCB Piezotronics                  www.pcb.com

 The Force/Torque Division of PCB® 
Piezotronics, Inc. offers a series of 
strain-gage reaction torque sensors 
for torque measurements on ac-
cessories such as Starters, Alterna-
tors, Air Conditioning Compressors, 

Power Steering Gearboxes, and Water 
Pumps.  Series 2300 and 2500 reaction 

torque sensors feature high torsional stiffness, 
flange mounting, and are available in full-scale ca-

pacities from 5 to 500 k in-lb (0.56 to 56.5 k N-m).  

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

Paul Froome          
Tel:  +44 1903 731470
paulf@kittiwake.com

www.kittiwake.com

Kittiwake’s New ANALEXrs Moisture Sensor

Remote online sensor technology is increasingly being recognized as the way forward in the 21st Century 
and Kittiwake has merged the features of their current onsite and lab based equipment to develop the 
ANALEXrs online moisture sensors.  Water contamination in critical fluids certainly produces problems; ad-
ditive depletion, oxidization, bacterial growth, component wear and corrosion to name but a few, but the 
ultimate issue is critical failure of your plant!

Moisture sensors can be used in Hydraulic Fluids, Lubricating Fluids, Dielectric Fluids and Fuel Oils, 
they need not be in the oil itself, and are of use in the headspace of a piece of machinery, for 
example, in a gearbox High moisture levels through a failed breather to the airspace above oil will 
dissolve into the oil – so this is a good place to monitor moisture – before it gets into the oil.

The intelligent Moisture Sensors are constructed from high grade stainless steel, designed to screw 
directly into the oil flow and are extremely robust in all conditions.  The inherently stable nature of the 
materials and technology employed in the sensor negates the need for periodical recalibration, thus the 
sensor can be permanently installed, and is considered maintenance free robust in all conditions.  

Onset Computer Corporation has released the HOBO® U-Shuttle, a 
new data transport device for use with HOBO® data loggers.  The 
new Shuttle allows users to offload HOBO U-Series and 
FlexSmart data loggers at multiple locations 
in a facility and safely, transport the data 
back to a PC or Mac computer for analysis. 
Key features include a bright LCD display 
that provides current sensor readings, 
battery and logger status, memory ca-
pable of storing data from multiple data 
loggers, convenient, direct USB connec-
tion to host computer and easy and fast 
offload with Onset’s HOBOware® software.

Onset Computer Corp           1-800-LOGGERS 
sales@onsetcomp.com         www.onsetcomp.com

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

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

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

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

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

www.metrix1.com      713-461-2131

This simple two-wire transmitter wired directly to 
your PLC or DCS is all that is required for early warn-
ing of impending problems and 24/7 protection 
against catastrophic failure. No wiring or special 
electronics are necessary.  Just mount the transmit-
ter on the machine case, connect the loop wiring to 
your PLC and read or record the vibration in units of 
velocity.  

The ST5484E vibration transmitter features the Inde-
pendent Polarity Terminal (IPT)™  circuit to eliminate 
sensor wiring errors.  

The new AEGIS SGR™ Conductive MicroFi-
ber™ 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 channeling potentially damag-
ing shaft currents away from the motor bear-

ings to ground.    The AEGIS SGR prevents costly motor failure, repairs 
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
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How It Works
Use ReliabilityShopper.com to request information about maintenance and reliability products, software, services and 
training for a fast response from leading edge solution providers.

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

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

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

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

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

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

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

Introducing Reliability Shopper
Want Fast and Reliable Solutions?

the newest way to find what exactly you need
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5 Pillars: Maintenance & Reliability 
Professional  Certification Review 

by Dave Krings, CMRP

Achieving Total Productive 
Maintenance (TPM) 

by Terry Wireman, CPMM

Benchmarking Best Practices Maintenance 
by Terry Wireman, CPMM

Change Management For Maintenance & 
Reliability Professionals 

by Steve Thomas

www.MasteringMaintenance.com 888-575-1245 ext 118 (USA) 305-735-3746 ext 118
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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 1.888.506.3900 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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