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port is the biggest teacher of it

all! The first lessons in one’ life

generally come from sports in the

form of pames and activities in
one’s childhood. The leaming continues with
our growth and I can say with confidence
that some of our best lessons in life come
from having played some sport or the other.
The lubrication world is no stranger to
learning from games and sports. There have
been numerous equipment and reliabilicy
management lessons from sporting events,
bie it Cricket, Foothall, Chess or Badminton.
1+ billion people across the country suffered
hearthreak in Wov 2023 as India fell short of
winning the ODI World Cup after a terrific
campaign, For 40 nights since their firse win
against Australiz in Chennai, India strode
like the invincible, but would stumble on the
41st night to a tame defeat,

The ODI World Cup match berween India
and Australia had it fair share of owists
and rturns, showcasing the importance of
adaptability, grit. and strategic thinking.
Failure is productive when it occurs in a
new, unexplored area thar produces valuable
knowledge. When chronic,
controllable, known t management and
significant in its impact, such as with
lubrication-induced equipment failures, it is

failure s

embarrassing and irresponsible.

Likewise knowing when a picce of equipment
is going o fail (predictive maintenance)
is much more dithcule than making it st
!ﬂng [pmactiv: maintenance). Even more
complex is root cause analysis (RCA) which
is performed postmortem, like an autopsy.
Still, reliability professionals are increasingly

stressing the importance of performing RCAs
following all failures of critical machinery. As
odd as it sounds, it s more productive to
study failures than successes. Muny have said
that RCA is more art than science. Indeed,
it scems to draw from a range of skills,
talents, experience and knowledge. Some
investigators seem to have a special knack for
it while others toil through the process, But
even if an RCA is unsuccessful at uncovering
the root cause, the process usually brings
forth new knowledge and greater awareness
of reliability risk factors to the team,

Similarly lubricant users should understand
the cssence of world-class lubrication, They
should define a clear pathway to excellence
and best practice. After all, much has
changed in the lubrication field over the past
two decades, vet too ofien, the activitics of
lubrication have remained unchanged from
more than hall a century ago. As today’s
industries face harsh competition and razor-
thin operating margins, there is real need to
challenge conventional wisdom regarding
how machines are lubricated,

Specific skills and tasks may vary significandy
from company to company. bur it will
typically incluode measuring  performance
of critical assets, identifying root causes
for feilures, managing selated dara, and
implementing maintenance tasks to improve
reliability:

Maintenance technology is advancing at a
breath-taking pace. This cover story takes
a detailed look into how connected worker
technology offérs organizations of all sizes
4 real opportunity o minimize capital

spend and operating costs while improving
equipment availability, safety, and  asser
longevity. Some other topics covered in
this cdition includes: The cra of mobile
dominance, chat GPT in lubrication,
maintenance and reliability roor canse analysis
explained, a comprehensive exploration of
tribology unveiling the historical evolution,
managing turbine oils in a sustainable way,
what am T looking at 3 questions in ol
analysis, enhancing equipment performance:
the role of oil analysis and particle counting,
We look forward o your support and
feedback to enable us to improve the content
and layouat of Machinery Lubrication India.
We welcome readers to participate by sending
their feedback & contributing articles, We'd
like to hear from you abour case studies or
new products in the Aeld of lubrication,
especially methods and/or products  tha
haye been successful, We look forward 1o dhe
continued patronage of the advertisers and
the subscribers.

Warm regards,
Udey Dhir

www.machinerylubricaticnindia.oom | Ja




Bannatt Fitch
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In today’s digital age, mobile phones have be-
come an indispensable tool for professionals
across various induseries. This is particularly
true in the industrial sector, where mobile
phones have revolutionized how profession-
als manage their tasks, Mobile phones have
taken precedence over traditional compur-
crs, from communication and dara analysis
to condition monitoring and maintemance,
In the realm of lubrication management,
mobile phones have emerged as a vital com-
ponent, oftering unprecedented convenience
and efficiency. In this article, we will explore
how most professionals, especially those in
the industrial sector, rely on their mobile
phones rather than their computers for man-
aging machines that require lubrication and
daily lubrication tasks

According o Zippia, "60% of all website
trathic worldwide comes fromt mobile devic-
s That is the

crease over the previous ten years since 2012,

ast data point in a steady in-

which reported only 8.53%. The most sig-
nificant increases weee in the fiest fow years,
with it crossing the 50% mark in 2016, Nev-
ertheless; mobile hardware technology con-
tinues to evolve rapidly, and the applications
developed are evolving even faster, In the
United States, this is still hovering around
the 30% mark comparing mobile device use
versus standard personal computers (PCs).
This primarily refers to mobile phones and

tablets that have created most of this wse,
Still, other wearable technologies, like smart-
watches, are also becoming a factor.

[f the web trathe on mobile devices versus
PCs specifically represented usage types,
such as personal or professional use, there
would be a difference, Personal use 15 around
G0-80% on mobile devices, and professional
use is 40-00% on mobile devices. And de-
pending on the specific profession, we could
also analyze the professional use even more
pranular into categories such as peneral com-
munication {email. texts), content crcation
twritings anid gr.}phi:&]. As5e0 MARIgement
{physical assets, financial assets, people man-
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THE ERA OF MOBILE DOMINANCE:
Smart Phones are Overtaking Machinery
Lubrication Management

.Ig{.‘ﬂltri[':l. Fl:l'ﬂjﬂ.'f H'Iilm'l.]:"{'mt'['lt-. and more,

IF this were taken down to the lubrication
management aspects, including lubrication
work execution, even a smaller percentage
use a mobile device. But the poinr &5 not
how low the rate might be right now but
where that trend is headed ... UT Generally
speaking, lubrication technology has always
been a laggard compared o rechnology de-
veloped for larger markets. But that presents
an opportunity to see the larger market tech-
nology as a predictor of whar w expea for
lubrication management in the furure. And
the reality is already serting in: lubrication
management is quickly becoming overtaken



by the growing dominance of mobile devices
as the standard tool. So for those who have
not considered [ubrication solutions like this

themselves. A warning.

GLOBAL MOBILE WEBSITE TRAFFIC OVER TIME

B0

500
=W
A0 riusal
57 r
TTH R Prolenr s Wi
%
i
i /_—-—./
E= lf,.,-"
L

IO 200 S0 DO MR 2T AMEC 30 223 HHY 3007

Sowrce
et eraane grpp e, corauice e nr-adnk . atage- st

DESKTOP V5 MOBILE MARKET SHARE

L.\I'III'I "

e toranes ST p i cormd e el

EF .,;','.jj','.l,l-\. ﬁ']n"_\"l’- SRR

Lubrication Management and Mobile
Devices

Maintenance and reliability professionals face
the challenge of effectively monitoring and
maintaining the lubrication needs of ma-
chines dailyv. They know how critical lubri-
cation is to the machine’s reliability: smooth
operations and prolonged  equipment life
depend on careful lubrication and contami-
nation control pracrices. Mobile phones have
emerged as an indispensable technological

tool for professionals in this field.

It all starts with convenience providing ac-
cessibility through this pocket tool. Mobile
phones -are becoming the preferred device
for your machinery lubricarion management
needs. As a lubrication consultant working

with lube techs and reliability professionals
on the plant Hoor, T often see mobile devic-
es used to pull up necessary data, even when
the data source wasn’t intended for mobile-
accessibility. Yet, while convenience 1s the #1
benefit, maobile devices also provide levels of
ethciency and enhanced capabilities that have
driven their use as a clear winoer o meet busi-
ness objectives. The sccond half of this article

revicws some of these benefits:

1. Mobility and Accessibility:

Mobile phones provide unparalleled mobiliry
and accessibility, making them ideal for pro-
fessionals in diverse industrial environments,
Unlike computers thar are typically fixed 1o a
specific location, mobile phones can be car-
ried effortlessty, enabling professionals to ac-
cess Jubrication data and perform tasks more
accurately and comprehensively on the plant
foor. Whether inspecting machinery, moni-
toring lubrication levels, or accessing lubrica-
tion schedules. mobile phones allow profes-
sionals to access critical information anyrime,
anywhere. This mobility ensures that lubrica-
tion tasks can be addressed promptly, mini-
mizing costly communication hurdles and
wltimately risking equipment downtime and
lost productiviry.

2. Real-time Monitoring and Alerts:
Mobile phones empower professionals with
real-time monitoring capabilities, revolution-
bring  machinery lubrication management,
With dedicated mobile applications and con-
nected devices, professionals can wirelessly
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ASISEEIT

connect to machinery and receive instant
updates on lubrication status. These apps
provide real-time insights inte |ubrication
conditions through sensor data and Interniee
of Things (loT) technology, ensuring cha
professionals can prompily addeess any devi-
ations or issues. Mobile phones can also gen-
erate alerts, notifying professionals of critical
lubrication parameters, allowing them to
take immediate action and prevent potential
equipment failures or damage.

3. Digital Documentation and
Data Analysis :

Gone are the days of manual paperwork

and documentation associated with lubrica-
tien management. Mobile phones facilitate
efficient digital documentation, enabling
professionals to seamlessly record and track
lubrication tasks, With dedicated applica-
tions, professionals can digitally capture es-
sential information, such as lubricant type,
quantity and application details. This digital
documentation  simplifies  record-keeping,

climinates paperwork errors, and enables
easy synchronization with cloud-based plar-
forms, Moreover, mobile phones facilirate
data analysis, empowering professionals to
gain insights into lubrication patterns, iden-
tify trends, and make dara-driven decisions
to optimize lubrication pracrices.

4. Task Management and
Scheduling

Mobile phones excel in task management
and scheduling, ensuring that lubrication
activities are well-organized and executed cf-

ficiently. With specialized applications, pro-

fessionals can access lubrication schedules,
set reminders. and track completed tasks,
all from thelr mobile devices, These featurcs
give pmﬁ:ﬁsinnnh a cnmprchtnsiw OveTview
of lubrication activities, preventing tasks
from being overlooked or delayved. Mobile
phones facilitate effective communication
and collaboration among team members,
enhancing teamwork and coordination for
seamless |ubrication management  across
multiple machines or facilities.

5. Resource Accessibility and
Training :

Mobile phones are a gateway to extensive
resources and training materials for ma-
chinery lubrication professionals. With a
wide range of educarional apps, online -
torials, and technical documentation readi-
bv available, professionals can access critical
information and training materials instantly.
Mubile phones enable professionals to stay
updated with the [atest lubrication best prac-
tices, equipment chu.'iﬁf;atitnn.c. and trou-

6 | January-February 2024 | www.machinenylubricationindia.com

bleshooting techniques, cnsuring they are
well-cquipped to handle any lubrication re-
lared challenges. This accessibility promotes
continuous learning and skill development
and empowers professionals to excel in their
lubrication management roles,

Adopting a New Tool Takes Time

For the last ten vears, T have heard coundless
debates about the use and benchits of mobile
devices in lubrication management. The po-
farity on this wopic sometimes has a personal
preference aspect, especially with those sea-
soned with years: of working a certain way.
Lubrication work activities are particularly
affected by this. Bur this goes hand in hand
with the general trends with mobile phone
use across different gencration age groups.
Younger gencrations [nking more toles in
these types of jobs will enly strengthen the
use of these technologies. In some industries,
there is also a corporate-driven suppression
of the technolopy used. Sometimes there
is lepitimacy to this with safery risks with
electrical devices or the simple distraction it
sometimes can cause. But over time, these

EMARTPHOKE DEFERDENCY FOR INTERNET ACCESS BY AGE
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concerns will be overcome with more devel-
oped solutions and awareness,

Regardless of the hurdles, mobile phones
are transforming the machinery lubricarion
manzgement landscape by providing pro-

cient tool. LubePM is one example of how
this has taken shape with 2 comprehensive
approach to managing lubrication, blending
strengths with PC and mobile-based features
to streamline and optimize the lubrication
work activities. These technologies provide
solutions beyond mobility, incloding  re-
al-time monitoring capabilities, digital doc-
umentation, task management features, and
access 1o valuable resources. We are only ak-
ing what we all know about mobile phones,

their unmarched convenicnce and enhanced
capabilities, and extending that to the daily
activities of mainténance and reliability pro-
fessionals. As the industrial landscape contin-
ues to evolve, embracing mobile phones as
the primary tool for machinery lubrication
management ensires streamlined operations,
optimized maintenance practices, and im-
proved equipment performance, leading to
increased |:nr|:nductj'-'jtj: and cost savings.

About the Author
Bennett Fitch is the Chicf Strategy Obhcer

{CS0) for Noria Corporation. His years of

experience at Noria includes director of de-
velopment for Lubrication Program Devel-
opment (LD} services and LubelMM. the
lubrication program management platform.
Additionally; he serves as a senior technical

consultant and is an instructor for Noria's
Machinery  Lubrication and Oil Analwsis
courses with an interactive, yet relaxed ap-
proach o engage his audience. His expertise
is cstablished from years within oil analysis
and machinery lubrication as the coee of his
career. He received his bachelors degree in
mechanical engineering from Georgia Insti-
tute of Technology with a concentration in
applied tribology and a master’s depree in
business administration from the University
of Tulsa, Bennett is also certified through the
[nternational Council for Machinery Lulbri-
cation {ICML) as 2 Machinery Lubrication
Engineer (MLE), Machinery Lubrication
Technician Level 11 (MET 1) and Machine
Lubricant Analyst Level 1T {MLA 111}, Con-

tact Bennetr at bfirch@noria.com.
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It’s ditheult to open an industry publication
and not read about the Industrial Inteenet of
Things (1T}, advanced analytics and con-
nected workers, Although this technology
and its potential are exciting, many compa-
nies don't have the resources for 2 complere
digital transformation and will be using lep-
acy equipment for vears to come.

However, digitalization and  connecred
workers don't need to be an all-or-nothing-
discussion. The available technology allows
companies to make minor investments while
achicving tangible benehrs. In this article,
we'll look at ways businesses can enhance
critical lubrication practices using connected
workers and HoT to increase asset longevity,

reduce break downs and improve safery.

1: MONITORING
LUBRICATION QUALITY

Orpanizations can start small with connected
technology, implementing wireless nerworles
and selecting 0T sensors to monitor enky
their most critical equipment in near-real
time. Seek applications requiring minimal
investment, with casy implementation but

strong financial retums.

Many companies offer rugpedized, minia-
turized, commercial-off-the-shelf (COTS)
sensors 0 monitor Huid levels, How, and
pressure differential. The callected dara pro-
vides several benefies, Service tcams cpn en-
sure that lubricant quantities are sufhcient
for continued equipment operation without
physical inspection, and maintenance teams
can monitor trends that might indicate
poorly seated pressure relicf valves, clogped
filters or pumps in bypass. The information
pathered also becomes part of the in-ser-
vice record, evidencing correct lubrication
practices in the event of warranty claims for
equipment malfunction.

Ultrasonic sensors can be installed to warn of
increased friction in rolling elements; allow-
ing plants o schedule lubrication or main-
[CMANCE INECIVEntion pmacriv:i}: Ensuring

optimum bearing operation reduces wear,
inceeases  assee lifes and reduces energy use,
all of which improve equipment availability
and lower operating costs,

Connected desiccant breathers can point to
the precise time a breather requires chang-
ing, ensuring you don't replace a breather wo
soon, which costs money, or too late, atect-
ing lubricant quality. With many breathers
in remaote or dithcult locations on operating
equipment, connected breathers also de-
crease the risk of injury to technicians.

More recently, sensors are becoming avail-
able to monitor fluid cleanliness using lasers,
pressure ditferential or image - processing
technologies, While these sensors do not yer
rival laboratory analysis, their data comple-
ments an oil analysis program by helping
initiate timely inspections, filtration rasks or
water removal processes.

2: ANALYZING
LUBRICANTS CONDITION
Laboratory lubricant analysis & the gold
standard for understanding the condition of
lubricants and the assets they protect. Yer,
such analysis takes time, is cxpensive and
the collection process can intreduce con-
taminants. Also, it doesn't puarantee that the
sample represents the entire fluid body.

Technology has advanced suthciently to en-
able real-time oil analysis using in-line sen-
sors, While still new and requiring further
testing, IMHNEALUTE SCMASO0S  Use tcthniqucs
including capacitance, magnetic Hux and
infrared and X-ray spectroscopy to measure
contamination and fAuid degradation in real
time, warning of imminent failure or erig-
pering maintenance tasks and operational

adjuscments,

Having analyzed the lubricant, data analysis
is the next step, With such an abundance
of data, and as-an organization’s conneceed
worker strategy becomes more sophisticat-

ed or widespread, it can use the collecred

data from sensors for more than eperational
tweaks and maintenance tasking.

Cloud-based data, analysis, and presentation
can inform tactical decision-making through
real-time dashboards and KPI menitoring,
Making such information widely available
improves communication and knowledge
transfer throughour 4 company because ev-
ervone can view the same information,

The information about the cffectivencss of
maintenance strategics, the outcome of lu-
brication trials, increased energy wse and
the impact of changes in servicing regimes
is available to inform connected personnel,
enforce accountability, and initiate actions.
The data access s device-agnostic, meaning
in-factory, remote or international personnel
can access information wherever they use
their mabile devices.

3: STREAMLINING
MAINTENANCE
INTERVENTION

Knowledge and analysis are fine, but they
are nothing if they don't ultimately resulr in
data-driven decision-making and proacrive
intervention, A connected workplace using
[T, machine learning (ML), and Al ensures
a layered approach to maintenance interven-
tions.

In its most basic form, connected worker
technology can fag assets that diverpe from
an acceptable range of operating characteris-
tics. These alerts or advisories can take many
forms, from audio or visual warnings to
emails or texes. Contextually relevant, they
can target workers best qualified to address
the issue or those currently on shift.

Auromated responses can also initiste an
intervention. If an ultrasonic sensor regis-
ters increased friction in a bearing, it could
activate a single-point [ubricator w deliver
a calibrated measure of lubricant to provide
optimal bearing lubrication, returning the
ultrasonic signals to pre-alert levels. Such
automation removes the need for human

wherw-machineryluoricationindia.com | January-February 2024 | 9
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intervention, addresses the issue prompely,
and avoids over or under-lubrication: that is
wasteful or damaging,

A sophisticated connected platform imple-
mentation uses augmented reality (AR) rech-
nu]og}-' to dssist service or maintenance tech-
nicians during a maintenance intervention,
Smart glasses, tablers, mobiles or headsets
puide workers to the component requiring
attention, using data overlapping the image
of the object. Current operating parameters
can stream in near-real time, with checklists,
maintenance data, and task information
avallable for selection.

PARTING THOUGHTS

Companies don't need to commit to exten-
sive digitalization investment to access the
benehits of connected worker technology,
Starting small and investing in sensing and
menitering for lubrication tasks on critical
equipment provides an immediate benefir,
with a considered implemencation resulting

in cxcellent returns on investment from in-
creased asset life and equipment reliability

As the technology proves its value, organi-
zations can Incrementally develop enhanced
management  strategics and - automaced
cquipment lubrication practices, Conneceed
technology plices equipment pedformance,
lubrication information, manufacourer darta,
and porential solutions into the hands of
front line workers, empowering them to take

timely ction.

Muintenance technology is advancing at a
breathraking pace. Connected worker tech-
nology offers organizations of all sizes a real
opportunity to minimize capital spend and
operating costs while impmving cquipment
avaifability, safery, and asset longevity,

About the Author

Eric Whitley

For more than 30 years, Eric Whitley has
beoen a noteworthy leader in the manufac-

turing space. In addition to the many pub-
lications and articles he has written on var-
ious manufacturing topics. you may know
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ductive Maintenance cffort ar Autoliv ASP
or from his involvement in the Management
Certification programs at The Ohio State
University, where he scrved as an adjunct

faculty membier,

After an cxtensive carcer as 4 reliabilicy
and business improvement consultant, Eric
joined L2L, where he currently serves as the
Director of Smart Manufacturing. His role
in this position is to help clients learn and
implement L2015 pragmatic and simple ap-

proach to corporate digital transformarion.

Eric lives with his wife of 35 years in Morth-
ern Utah, where, in his free time, he can usu-
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DIGITAL TRANSFORMATION

Chat GPT in Lubrication

In what has become the most buzzworthy
trend of the past decade, Artificial Incelli-
zence (Al) is making huge waves in every-
thing from art to essays and even diagnosing
machinc issucs. It has started a conversation
around whart the confines of the technology
should be and how much impace this will
have on people’s jobs and livelihoods.

While similar to the conversation sturround-
ing robots taking over certain duties, the Al
conversation is very interesting because the
bartlepround isn't necessarily what physical
work could be taken over but whar logical
or cerchral work can be accomplished by AL

Many commercials and fun videos have
shown the harmonious union berween peo-
ple and technology to perform all sores of
tasks. Robor dogs dancing to music and sar-
castic sofrware giving Tony Stark a hard time
are examples of how culture is beginning to
anthropomarphize tools that are more so-
phisticaced than what weare used to. Robors
aside, Al is continually being scrutinized as
to whether it is sentient or able to display
emotion, or in seme cases, forcing the ques-
tion of what emotions or feelings truly are,

The Impact of Artificial Intelligence

Outside of students using Char GPT to
write their homework (or consultants using
it to write their articles), how wseful is this
technology? Let’s take it a step further and

ask, how will this impact industry, and spe-
cifically, how will this impacta Lubrication
Technicians daily work? To bestanswer these
questions, we must first understand the tvp-
ical work of a Lube Tech.

Lubrication is 2 skilled trade requiring spe-
cialized training and tools to perform it cor-
recely. Sometimes this work is shared across
multiple parties, such as maintenance, reli-
ability, and operations, and sometimes it is
designated to a single team. Regardless of
how it is statfed. the work has to be complee-
ed in an optimal manner to ensure that the

machine operates effectively and reliably, all
while extending the component's life.

Let’s start by looking at the normal activities
within a typical lubrication program.

Typical Lube Tech Activities Greasing of
Components

This is where high demand for manpower
typically exists. While it depends on the type
of facility, it is not uncommen For there to be
thousands of grease points thar muse be vis-
ited multiple tinves over the course of a year,
The Lube Tech must apply the correct grease

wiwrw . machineryiubncationindia.com
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with the correct volume at the correct time

to-cach of these fitrings.

Diling of Components

Like greasing, multiple components must
either be periadically refilled with oil, par-
ticularly total-loss systems, or the oil must
be completely changed based on interval or
condition, This involves draining the Huid,
rehlling it with new fluid, and then dispos-
ingr of the used oil, Knowing the correct fluid
and performing this to ger the appropriate
Auid volume and minimize opportunities for

contamination is ley.

Inspections

Ofien, this activity is shared across muli-
ple departments. Proper inspections should
provide information on the equipment’s ex-
ternal and internal conditions and operating
parameters. Oil level, temperature, ditferen-
tial pressure, and breather condition are all
examples of valuable data thar should be col-
lected and used to trigger corrective action
when needed,

Some of these may result in changing a lubri-
cant, filtering the lubricant, alerting mainte-
nance and operations of a pending failure,
or a litany of other things that might have
to happen.

Change Outs

Several consumables are often attached to
equipment that helps with lubrication or
contamination control.  Seme  examples

waoild be:

»  Replacing a single-point lubricarar.

*  Changing a hileer thart has hit a high dif-
ferential pressure,

*  Swapping out a breather that has be-
come saturated with moisture,

All the changeouts require having the correct

replacement parts on hand and are ofien the

result of inspections.

Lube Room Duties

The lube room is the heart of the lubrica-
tion program and, as such, must be managed
in the same manner as a critical asscr. The
Lube Tech must beinvalved in cleaning and
organizing the room, but, more imporantly,
they must ensure they have the appropriate
volumes of lubricants and consumables an-
hand. They will look ar furure planned ac-
tivitics, erder these products, and work with
cstablished lead times with vendors,

Lubrication Sampling

With the desire to move o 2 more condi-
tipn-based approach with maintenance and
lubrication, sampling of equipment is be-
ginning to be a bigger component of a Lube
Tech's work. This includes extracting repre-
sentative lubricant samples, sending them
to a lab for analysis, interpreting results and
scheduling corrective actions.

This is just a simplified listing of activitics,
but vou can already sce how involved the
daily work in a lubrication program could
actually be,

Lube Tech Activities with Al

Mow, ler’s layer over where Al could be effec-
tive or help supplement the work that has to
be completed.
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Greasing and Qiling of Components

We are far from employing Al to lubricare
cquipment on A rouatine basis. There are
some options our there thar urilize condition
monitoring to apply lubricants when the
machine needs it Seill, those are typically
reserved for specific applications, and using

them on every point is not cost-cHective.

Al could help in decermining the proper
frequency of application and the proper lu-
bricant to use, Each application is unique
and, as such, may require something slightly
different from the lubricant and how often
it needs o be applied. Subtle changes in
additives and viscosity can yield sipnificant
improvements in reliability when marched

correcily,

Inspections

There has been a grear deal of buzz around
the use of technologies such as robotics and
drones to perform machine inspections; in
some cases, this is already happening, The
biggest impact Al could have is interpreting
the resules of inspections or identifying small
changes in a machine’s condition that mighs
have ocherwise pone unnoticed.

However, 1 do not foresee a tide change
replacing the human imspector as there are
too many peripheral things a person might
plck up on that a machine might not where
a coexistence between people and machines
would be incredibly benchcial in this area.

Changeouts

Proper accessory sclection is important and
similar 1o the lubricant conversation; many
variables must be weighed to ensure the
proper filter, breather, sight glass, etc, is se-
lected. Giving these variables to the Al and
other information, suchas pricing and avail-
ability, could remove this responsibility from
the technician or manager and make it more
automated. This, of course, depends on the
amount of [nformation available from the

manufacturers of these types of products.



Lube Room Dwuties

Short of rabot vacuums, there has been little
in the market for automaced cleaning and or-
ganization. While the Lube Techs will largely
manage the daily dleanup work, the procure-
ment of lubricants could be off loaded 1o the
Al

Provided it can review past usage, current
volumes, and furure planned maintenance
activities, it could interface with the pur-
chasing system to ensure the timely delivery
of lubricants and consumables to minimize
expedited deliveries and product swaps due
to lead times and availabiline issues,

Lubricant Sampling

The biggest value in this area comes from in-
terpreting results from the sampling. Many
laboratories are already using Al in some
fashion to look at larper sets of data and pro-
vide better alerts to issues thar may be oecur-
ring inside the machine.

With a good set of historical daa, the Al
might be able to track and perceive incipient
failure more casily than semeonc just look-
ing at the dasa withour understanding the
full scope of trending.

Conclusion

The industry is mainly on the upsweep of the
“hype curve” in relation to AL but there will
definitely be significant adoption in many
fucers of operations, maintenance, and reli-
ability. What all of thiswill look like is yet to

be fully realized.

Like any new tool or technology, this will
require a cultural shift in many facilities,
which can cause friction and frustration. The
mast successful users of this technology will
find a way to imbue it with the proper data
s0 that ir can make meaningful recommen-
dations and contributions to thelr work.

Dellvere Cloan O
wto Your Machines

Scan to watch

video

*Extension Hose pipes and other accessories available

P +91-9153964416

B2 enquiry@lubeservindia.com

Lubrication Hardware
& Accessories

ML

Regardless, this technology will be impactful
in many ways, and hopefully, it can be put to
work, helping drive reliability into the com-
mon practice of the industry. Meanwhile,
I'll continue using it to write song lyrics and

joles abour my friends and family.
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MAINTENANCE AND RELIABILITY

Root Cause Analysis
Explained

What Is Root Cause Analysis?

Root cause analysis {RCA) is defined as a
svstematic process for identifying the oot
canses of problems or events and an action
plan for responding to them. Many orpa-
nizations: tend to focus on or single out
one factor when trying to identify a cause,
which leads 1o an incomplete resolution.
Root cause analysis helps avoid this tenden-
cv and looks at the event as a whole. Anoth-
£T commen occurrence is for companies 1o
treat the symproms rather than the actual
underlying problems contributing to the is-

stie; leading to recurrence.

Using root cause analysis to analyze prob-
lems or events should help you rackle the
primary goal of determining;

*  What happened

*  How it happened

*  Why it happened

* Actions for preventing recurrence of

the issucs
In the end, root cause analysis boils down
to three goals. The first poal is just as the
name implies: to discover the root cause of a
problem or evene. The second goal is to un-
derstand how to fix, compensate for or learn
from issues derived from the root cause. The

third and most important goal is to apply

what you learn from the analysis to prevent

issucs in the fumre,

How to Conduct a Root Cause Analysis
(RCA)

Root cause analysis can be used in a variety
of settings across multiple industries. Each
industry might conduct the analysis in a
slightly different way, but most follow the
same general fve-step process when inves-
tigating issues involving heavy machinery.
This process was laid out by the United
States Department of Energy (DOE-NE-
STD-1004-92) back in 1992, Root causc
analysis is commonly ecferred 1o as detec
tive work at ies finest. You'll see similarities

between how a detective works to solve a
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case and how manufacturers can Agure our

the root cause of an issue in the five-step

FlFI:IL' C55,

Phase 1 - Data Collection

Just like how detectives preserve a crime
scene and meticulously collect evidence for
review, collecting data is probably the maost
important step in the root cause analysis
process, It's best practice to collecr data im-
mediately after a failure happens o, if pos-
sible, while the failure is occurring, In ad-
dition to data. be sure to note any physical

cvidence of the fathire as well.

Examples of data you should collect in-



clude conditions before, during and after
the occurrence: employee involvement (ac-
tions taken): and any environmental factors,
When machinery is involved, collect data
and samples on things like lubrication sys-
tems, hlters and separators, by product de-
posits (gums, varnish or sludge), oil analysis,
and tank and sump conditions

Phase 2 - Assessment

During the assessment phase, analyze all col-

lected data to identify possible causal factors

until enc {or mere) root causes are deter-
mined. According to the DOE's process, the
assessment phase incorporates four steps:

L. Identify the problem.

2. Determine the significance of the prob-
lem.

3. Identify the causes (conditions or ac-
tions) immediately preceding and sur-
rounding the problem.

4. Identify the reasons why the causes in
the previous step exist, working back-
ward to determine the root cause; the
root cause being the reason(s), which
if correcred, will keep these and similar
tailures around the facility from hap-
pening. Identifying the root cause is the
stopping point in the assessment ph:ur.

Common assessment conclusions for man-
ufacturers include things like contaminared
lubricant, using the wrong lubricant, using
too much or too litde lubricant, and abnor-
mial wear debris.

Later we will discuss common root cause
analysis methods and tools to help with the
assessmient phase of this process, Common
methods include Parcto charts, determining
the 5 Whys,” fish bone diagrams and more,

Phase 3 - Corrective Action

Imp]:m{'nting COrTECtive action onoe a root
canse has been established lets you improve
your precess and make it more reliable, First,
identify the corrective action for each cause,

Then, ask these hive questions or criteria laid

out by the DOE and apply them to your

corrective actions to make sure they are prac-

tical.

I, Will this comective action prevent re-
currence?

2. Is this corrective action feasible?

3. Does this corrective action prevent re-
currence and still allow for the meeting
of production objectives?

4. Arc new risks intmoduced with chis cor-
rective actdon? Are all assumied risks
clearly stated? Keep in mind that cor-
rective action(s) should not degrade the
safety of other systems.

5. Were immediate actions appropriate

and effective?

Before taking corrective action, your com-

pany as a whole should discuss and weigh

the pros and cons of implementing these

actions. Consider the cost of carrying out

these changes. The costs may include train-

ing, engineering, risk-based and operational

cxpenses among others, Weigh the benefits

of the costs associated with eliminating the

failure(s) with the probability the corrective

action(s) will worlk. In addition o cost, your

team should discuss questions like:

« Wil the outlined corrective actions ad-
dress all causes?

+  Will the corrective actions cause nega-
tive cffects?

*  What are the consequences of imple-
menting the corrective actions?

« Wil rraining be required?

*  How long will it take to implement
these corroctive actions?

*  What resources are required for imple-
mentation?

»  Whar impact will implementing these
coTrectivea ctions have on other depart-

ments?

Phase 4 - Inform

Communication is key. Ensure all atfected
partics are informed of the pending correc-
tion or implementation. In the manufactur-

ing setting, these partics may include super-

MLI

Visors, Managers, cngineers, and opcrations
and maintenance staff. It’s also a pood idea
to communicate any corrective actions with
suppliers, consultants and subcontractors,
Many companies inform all departments of
any changes so they can be aware and deter-
mine if or how the changes apply to their
unique situation as it relates to the overall
manufacturing process,

Phase 5 - Follow-up

The follow-up phase is where you establish if

your corrective action is effective in resolving

the issues.

»  Track corrective actions to confirm that
they were implemented properly and
are working as intended.

»  Deriodically review the new corrective
action tracking system to verify thar it is
being implemented effectively.

*  Analyze any recurrence of the same
cvent and determine why the corrective-
action(s) were not etfective. Be sure o
note any new occurrences and analyze
those symproms.

Following up regularly lets you see how well
your corrective actions are working and helps
vou identify new issues thar could lead o fo-
ture failures. For a mare detalled look at how
to-conduct root cause analysis specifically for
lubrication professionals and manufacturers,
check out “Root Cause Analysis Techniques-
for the Lubrication Professional.”

Root Cause Analysis (RCA) Tools and
Methods.

As discussed earlier, the data collection and
assessment phases in the RCA process are
perhaps the two most important aspects
when it comes to properly determining the
oot cause of 4 particular failure, There are
many root cause analysis tools o choosc
from when you're assessing data. Each one
can be used to evaluate ditferent information
or provide another way to look at similar
data. Below are eight common root cause

analysis toals and methods:

www machineryiubrcationindia,com
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1.areto Charts:
A Parcto chart combines both bar and line graphs, with bars repre-

senting individual values (lengths or costs) shown in descending order

Factor Factor  Factor

Factor  Faclor  Factor  Factar
—— Ccoaroms —e— Cumulilive %

and lines used to illusrrate the cumulative toral, In quality control, a

Pareto chart can highlight the most common sources of defects or the

type of defect that occurs most frequently. When should you use a

Pareto chart for oot cause analysis?

When looking ar data on how often problems ocour or the causes in

AProcess

*  When you want to weed out other problems and focus on the
maost significant

*  When looking at broad or general causes by analyzing their spe-
cific components

= Asa pood communicative tool

2. 5 Whys:

You can think of the § Whys method like a curions child continu-

ously asking “why” until he or she receives a satisfacrory answer. Each

time you ask “why” the answer produces another “why” question. Tt is

a simple waol, so vou shouldn’ use it to determine complex problems.

However, it can be useful o help dive into the results from other

method slike a Parero chart. An example of using the § Whys mighe

look fike the following:

*  Why did Machine A stop working? The circuit overloaded caus-
ing a fuse to blow.

*  Why is the circuit overloaded® The bearings locked up due to
insufficient lubrication.

*  Why was there insutficient lubrication on the bearings? Machine
A's oil pump isn't circulating enough eil.

»  Why is the pump not circulating enough oil? The pump’s intake
is clogged with particulate,

*  Why is the in take clogged? There is no filter on the pump.
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You may need more or less than five questions to get to the mot of
your problem, but as long as your questions keep peeling away issues
on the surface, the more likely vou are to uncover your oot cause,

3. Fishbone Diagrams:

Sometimes called a cause-and-effect diagram, a fishbone diagram is
helpful for sorting possible causes into multiple carepories which all
branch off from the original problem. The main categories addressed
in this diagram are the six “Ms" — man, material, method, machine,
measurcment and Mother MNarture (environment), A fishbone dia-
gram can dlso have numerous sub-causes origimating from eachmain
category. When should you use a fishbone diagram?

»  Taidentify possible causes for an issue.
*  When your team'’s thinking and brainstorming tends to get stuck
Or stagnate.

Work the diagram right to left, having your team brain storm possible
causes of the problem and placing each idea in the appropriate cate-
gory. Once the team is done brainstorming, rate the potential causes
by level of impartance and likelihood of contributing to the problem.
From here, select which causes to investigate further,

In the example above, the fishbone diagram includes a main problem,

six factors contributing to the main problem and potential causes of
those factors branching off-

4. Scatter Plot Diagrams:

A scareer plot diagram is used to show the relationships berween rwo
variables by using pairs of data points. One variable is placed on the
x-axis and another on the y-axis, Once you plot your data points, if
the variables are correlated, the points will form a curve or a line. The
closer the data points are, the berter the correlation. As a quantitarive

method for determining correlation, these diagrams can be used with



other methods, such as to test potential causes identified in your fish-

bone diagram. When should you use a scarrer plot diagram?

¥ s Vanahia

*  When you have paired numerical data.

*  When trying to verify whether two variables are related.

*  When attempting to determine if two related effects are from
the same cause.

»  After brainstorming with a fishbone diagram,

5.Failure Mode and Effects Analysis (FMEA):

FMEA is used o analyze and determine potential risks, failures and

causes, The process looks at ways in which failures such as errors or

defects might accur and then studies or analyzes those failures. When

should you use FMEA?

*  During the design or redesign of a process. product or service.

*  When npp]}ring an CXISng process, prnduct 07 SCTVICE 10 3 mew
way.

*  Before coming up with control plans for a new or modified pro-
Cess;

*  When planning improvement goals for existing processes.

*  When looking into failures of an existing process.

¥ou can think of FMEA as more of a proactive tool rather than a

reactive tool,

6. Fault Tree Analysis:

Similar to FMEA, fault tree analysis helps identify potential risks ina
svstem of process before they happen. Sometimes calleda “rop-down
approach,” this deductive process starts with a peneral conclusion and
attempts to Agure out the causes of the conclusion by making a logic
diagram called a fault tree. The diagram utilizes shapes called “pates”
to denote various interactions among contributing failure events. The
two most common gates are the “and” and “or” gates, When using
these gates, consider two events: input events, which can lead ro an-
other event, referred to as an outpur event. If cither of the input

c¥ents causcs the ourput event to occur, connect these events with an

MLI
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“or” gate. If both inpur events must happen for the ourput event to

occar, connect the musing an “and” gate, as shown below,

A fault rree can be used o build a safety program, discover what went
wrong in a process or determine why employees may not be meeting
company standards. For example, you can take a hypothetical inci-
dent like a lubrication spill, break down the contributing facrors and
sce the chain of events or failures along the way. You can then choose
safety procedures that help minimize these outcomes,

7. Barrier Analysis:

Barricr analysis is a tool used with other methods to understand why
a failure happened and how it can be prevented. The main idea be-
hind it is that a failure or problem can be prevented by having set
barriers to control hazards, The three basic elements of barrier anal-
ysisare the tarpet, the hazard and the barrier. The tarpet is generally

a person, The hazard is something that can cause harm to the target,

such as rotating parts or electricity. Barriers can be physic
dural or actions, and are intended to protect the targer.

8. Change Analysis:

Change analysis is another rool that can be used with other meth-
ods to help define 2 problem. This process examines an event while
considering it with and without a particular problem and then com-
paes the rwo sitnations, taking note of the differences. It then ana-
lyzes the differenices and identifies consequences of the differences.
Change analysis usually is employed in tandem with another RCA
method to distinguish a specific cause instead of the root Guse. For
example. ler’s say you have an abnormally pood sales day and want
to figure out why so you can replicate it. You'd start by considering
every possible internal and extemal factor, such as whether a new

sales traiming was implemented the day before or iF it was the last
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day of the month and people were trying to
hit their goals. Next, examine each event to
see if it was an unrelated factor, contributing
factor, correlated factor or the probable ot
cause. This is where all vour analysis is done
and where you can loop in other methods
like the 5 Whys: Finally, see how the cause

can be replicated.

Root Cause Analysis FAQs

How do you decide when to conduct a
root cause analysis?

You can perform root cause analysis to help
solve day-to-day problems using brainstorm-
ing technigues or the 5 Whys. Employ RCA
routinely 45 a proactive ool o analyze safe-
iy and environmental data, evaluare asser
atilization, and idently trends that point
to chronic losses or systematic defecrs.
High-level RCAs are costly, so you need a
process to help decide when one is appropri-
ate. If you're considering a high-level RCA,
you'll want ro define triggers thar determine
the point at which a formal RCA should be-
conducted. Below are some ideas for form-
ing trigper criteria

*  Eguipment damage or failure

*  Operating performance

*  Quality

*  Economic performance

»  Safery performance

+  Regulatory compliance

(s

How do you prepare for a root cause anal-
ysist

It important to spend time preparing for a
root cause analysis by doing some initial in-
vestigation, identifying the appropriate per-
sonnel and antcipating problems that could
arise during the RCA meeting. A common-
example of preparing for an RCA is that of
a puzzle builder, Even the moste xperienced
purzle builder, who may know tips and
tricks for efficient puzzle-building, can't be
successful if a puzzle plece is missing or there
is no place to build the pozzle,

Like wise, a team can’t complete a root cause
analysis if it is missing important evidence,
team members are absent, or the facilities are
dysfunctional. Sa, make sure vou collect ev-
idenee, identify key team members and pre-
pare for the unexpected prior to your RCA
meeting,

What is the difference between proactive

and reactive root cause analysis?

In most cascs, RECA s used after an event or

failure has occurred. The goal with roor cause

analysis is to be proactive or eventually move
from beingre active to proactive.

*  Proactive root cause analysis consists
of the actions, behaviors er controls
implemented to prevent a failure from
OCCUITIng,

*  Reactive root cause analysis encom-
passes the actions, behaviors or controls
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implemented to mitlpate or lessen the
severity of a failure that has already oc-

curred.

How long does a root cause analysis take?
The time required for a root cause analysis
will depend on certain factors, such as the
complexity of the incident, the availability of
employees to be interviewed, whether there
is regulatory interference and how far you
want to dig into the causes. Most RCAs can
be completed in 2 couple of weeks or a few
months;

What are some examples of internal and
external factors that could contribute to
failures uncovered in a root cause analysis?
Examining internal and external factors in
the weeks and months leading upro a fail-
ure event can help you obtain a snap shor of
what happened. Let’s say you want to find
out why revenue dipped kst quarter in your
food-processing company. Examples of in-
ternal and external factors might include:
Sewvere weather reduced rice, corn and wheat
production {external),

+  The cost of sugar has risen (external).

»  Trade restrictions have been implement-
ed in some of your pariner countrics
{external).

*  Your processing plant experienced more
frequent shurdowns (internal).

»  New shift managers were hired in the
processing plant (internal).

Vernion;
Red, Green, Yellow or blue,
Material:Polyethylens (PE-LLO)
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A COMPREHENSIVE
EXPLORATION OF TRIBOLOGY:

Unveiling the Historical Evolution

INTRODUCTION

Tribology, the scienee of fricion, wear, and
lubrication, is a multidisciplinary field that
has revolutionized the world of machinery
and materials, Understanding the histori-
cal evolution of tibology provides valuable
insights into the advancements that have
shaped modeen industries. In this compre-
hensive article, we delve intothe intriguing
history of eribology, from its ancient origins
IO its COntemporary .1_pp|iu_';tciu:1:~'.

ANCIENT BEGINNINGS

The roots of wribolegy can be traced back to
ancient’ civilizations. Early humans recop-
nized the need o redoce friction and wear
in various a|'.~}r]u'atmm. The Egyptians, tor
instance, used lubricants made from animal
fats and vegerable oils to reduce friction in
sledges and charior wheels. The Greeks ex-
plored the concept of low friction by using
lubricants derived from olive wil.

The word “tribology™ is derived from the
Greele words “tribos.” meaning rubbing ar
sliding, and “logos.” meaning study or sci-
ence. However, the principles and practices
of tribology existed long betore the erm was
coined. In ancient civilizations, the need to
minimize friction and wear in various 3 ppli-
cations led to the development of rudimen-

tary tribological knowledpge.

One of the carliest examples of tribological

practices can be found in the ancient Egyvp-
tians use of lubricants such as animal fat and
plant oils to reduce friction in the movemen:
of J-J:gu stones during CONSITUCTIon projects,
notably the building of the pyramids. They
recognized the importance of reducing fric-
tion and understood that applying a lubri-
cant between two surfaces would ease their

movement.

Similariy, the ancient Greeks and Romans
centributed significantly to the carly under-
standing of tribology, The Greek mathema-
tician Archimedes, known for his studics in
physics and mechanics, observed the concept

of static and dynamic friction. He recopnized

that the force required ro keepian object in
motion is less than the force required to ini-
tiate its motion—a concept later formalized

as the laws of friction.

EARLY SCIENTIFIC CONTRIBU-
TIONS

Tribology as 4 scientific discipline began o

take shape during the Renaissance. Leonardo
di Vinci's skerches and observations on fric-
tion and lubrication laid the foundation for
further exploration. Guilliume Ameontons,
a French physicist, conducted experiments
and developed the laws of friction, provid-
ing a quantitative underseanding of frictional

forces.
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Another notable Agure in the early sclentific discoveries of wibolegy was Charles-Augustin de
Coulomb, a French physicist. In the late 18th century, Coulomb conducted experiments to
understand the laws of friction. He discovered that the frictional force between two sirfaces s
proportional to the normal force pressing them together, repardless of the contact area. This
discovery, known as Coulomb's friction law, was a ground breaking revelation that formed the
hasis for our understanding of friction.

In the 19th century, more advancements were made in tribology, particularly in lubrication.
Sir Isaac Newrton, renowned for his laws of motion, conducted experiments on the fow of lig-
uids and developed mathematical equations to describe the behavior of viscous fuids. These
equations laid the ground work for the study of fluid film lubrication, where a Buid separates
and reduces the friction beoween two surfaces.

In the early 20th century, a significant breakthrough in tribology came with the work of Adolf
Martens and his examination of steel surfaces under a microscope. Martens discovered thar
the surface of steel was not smooth but consisted of microscopic irmepularities called asperities.
These asperities played a crucial rolein determining marerials’ friction and wear characeeristics,
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The mid-20th century broughrt further advancements in tribology with the development of
scanning electran microscopy (SEM) and atomic for cemicroscopy (AFM). These technolo-
gies allowed researchers to visualize surfaces atan unprecedented level of detail, enabling them

to study the intricare interactions berween asperities and understand the mechanisms of wear.

INDUSTRIAL REVOLUTION AND TECHNOLOGICAL ADVANCES

The advent of the Industrial Bevolution in the 18th century marked a significant turning
point for tribology. With the rise of steam enpines; machinery bécame more prevalent, cre-
ating a demand for effective lubrication techniques. Engineers and inventors like John Har-
rison, John Smearon, and James Watt made notable contributions o tribology by designing
better lubrication systems and developing new materials.

The significant advancements and changes
of the Industrial Revolution revolutionized
various industries and technologies, leading-
to challenges and opportunities in the study

of tribology.

Introduction of Machinery: The Industrial
Revolution marked a shife from manual la-
bor to machinery in various industrics. The
widespread use of machines introduced new
types of surfaces and materials, such as metal
gears, shafts, and bearings. Tribologists were
tasked with understanding and mirigating
the friction, wear, and lubrication issucs that

arose from these new interactions,

Increased Industrial Production: The In-
dustrial Revolution led to a significant in-
crease in industrial production and the scale
of manufacturing, which meant thar ma-
chines were operating for longer durations,
at higher speeds, and under heavier loads.
Tribologists had w develop techniques
handle these increased demands, including
developing more durable: materials, better
lubricants and improved maintenance prac-

f1Ccs.

Technological Innovations: The Industrial
Revolution brought numerous technologi-
cal innovations that impacted tribology. For
example, the invention of the steam engine,
which plaved a central role in the Industrial
Revolution, required advancements i wi-
bology to address issues such as steam leak-
age, wear, and frictional losses. Similarly, the
development of rail transportation systems
required understanding the tribelogical in-
teractions between wheels and rails o reduee

friction and wear.
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Development of Lubricants: The increasing
demand for machinery during the Industri-
al Revolution prompted the development of
new lubricants to redoce friction and wear,
Tribolegists worked on improving lubrica-
tien techniques, including developing more
effective oils and greases, which played a vi-
tal role in ensuring the smooth operation of
machines and preventing damage to compo-
nents.

Standardization and Precision Engineer-
ing: With the rise of industrial production,
there was a need for standardization and
precision engineering. This necessitated a
deeper understanding of tribological prin-
ciples to ensure consistent performance and
minimize varizgtions in m:lnuf;fturing pro-
cesses. Tribologists were crucial in establish-
ing standards and specibications related to
surface finish, tolerances and friceion/wear
characteristics.

Scientific Investigations: The Industrial
Revelution sparked a greater scientific inter-
est in understanding the fundamental prin-
ciples of tribology. Scientists and engineers
conducted  extensive rescarch oo unravel
the complex mechanisms of friction, lubri-
cation, and wear. This led to new theorics,
maodels and experimental techniques, form-
ing the foundation of modern tribology as 4

scientific discipline,

THE EMERGENCE OF
TRIBOLOGY AS A DISCIPLINE
The 20th century witnessed the formal rec-
ognition of tribology as a distinet scientif-
ic field. In 1966, the term “rribology™ was
coined officially by Dr. H. Peterfost in his
now-famous “Jost Report”, He highlighted
the economicand industrial importance of
studying friction, wear and lubrication. It is
worth noting that others, years earlier, began
using the roor “tribo” from the Greek word
tribous, meaning rubbing. For instance, Da-
vid Tabor ar the urging of his colleague Phil-
ip Bowden, both from Cambridge Universi-

ty, laid the foundation for the term tribology,

Taber conceived the name “tribophysics™ to
describe laboratory work he was doing ar-

rime.

Jost is considered 2 founder of the modern

discipline of wibology, and from his report,
a greater spotlight was placed on the subject,
His report called for the establishment of In-
stitutes of Tribology and the publication of a
handbook on tribo-design and engineering.

[n an interview conducted by Jim Fiech,
founder of Noria Corporation, Jost was
asked to describe tribology’s conception, and
he pinpointed that moment to September
1964 at the Joint Iron and Stcel Institute!
IMechE Lubrication and Wear Group Con-
ference on Lubrication in Iron and Steel
Wiorks in Cardiff.

At this conference, fallures were discussed,
particularly in broken steel mill machinery
and equipment. After this, Jose was asked to
form a commitiee to investigate the question
of hibrication cducation, rescarch, and in-
dustry needs,

Shortly after the publication of the Jost Re-
port, the Committee on Tribology was for-
mally established on September 26, 1966,
and was charged with several duties, includ-
ing:

*  Advising the minster of technology on
measures o cffect technological prog-
tess and economic savings in the sphere
of tribalogy

+  Advising government departments and
other bodies on matters associated with
tribology

*  Examining and recommending o the
industry the latest techniques in

tribology

*  Reporting to the minister of technology
annually on its activitics and on trends
and developments in rribology consid-
cred to be of technological or economic
significance to the nation

Tribology gained further prominence during
World War 11, as the need for ethcient ma-
chinery and lubrication systems became par-
Amount,

KEY MILESTONES IN
TRIBOLOGY

Tribology has seen several critical milestones
through out its history. Here are some nota-
ble milestones in the held of ribology:

Leonardo da Vincis observations (1493):
Leonardo da Vinci made significant observa-
tions about friction and lubrication, inchud-
ing the concepr of reducing friction by using
a layer of lubricant berween moving surfaces,

Guillaume Amontons’ laws of friction
(1699): Guillaume Amonions formulated
empirical laws of friction, known as Amon-
tons' laws, which established the relationship
berween frictional force and applied load or
contact area.

Invention of the ball bearing (1794):
Philosopher and mathemarician [.%W. Land
developed the concept of the ball bearing,
which revolutionized machinery design by
reducing friction and enabling smooth rora-
tional motion.

Establishment of the feld of tribology
{1966): The term “tribology” was coined by
Peter Jost in a report commissioned by the
British government, highlighting the eco-
nomic and industrial importance of under-
standing friction, wear, and lubrication.

Introduction of the Stribeck curve (1902):
Richard Seribeck presented a graphical rep-
resentation of the relationship  between
friction, lubrication repime, and lubricant
properties, known as the Srribeck curve. It
provided a frame work for understanding the
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lubrication regimes: boundary, mixved, and
hvdrodynamic,

Development of the ISO viscosity classi-
fication system (1921): The International
Organization for Standardization (ISO) es-
tablished a viscosity classification system [or
lubricants, which cnables standardization of
lubricant viscosity grades across industries.

Introduction of elastohydrodynamic lu-
brication (1949): Hersey and Tabor de-
veloped the theory of elastohydrodynamic
lubrication (EHL), which describes the lu-
brication of heavily loaded contacts where
elastic deformation of the surfaces plays a
significant role,

Discovery of super lubricity (19906): Ee-
searchers at IBM discovered the phenome-
non of super lubricity, where friction prac-
tically vanishes between atomically smooth
surfaces sliding apainst each other under cer-
tain conditions, This finding opened up new
possibilities for reducing friction and wear.

Advancements in surface engineering and
coatings: The development of advanced
coatings and surface treatments, such as
diamond-like carbon (DLC) coatings and
nanocomposite coarings, has sipnificandy
improved the tribological performance of
materials, reducing friction and wear in vari-
ous applications.

Progress in computational tribology: Us-
ing computer simulations and modeling
techniques has expanded our understanding
of tribological phenomena and allowed for
more etficient design-and optimization of [u-
bricated systems, including predicring wear
and Friction behavior

MODERN APPLICATIONS AND
FUTURE TRENDS

Tribology has numerous modern applica-
tiens and is expected to undergo exciting
future trends. Here are some of the modern

applications and Future trends in tribology:

Energy Efficiency: Tribology is crucial in
improving energy etficiency in various indus-
tries. Tribological advancements can lead to
sipnificant energy savings and reduced green
house gas emissions by reducing friction and
wear in machinery and engines.

Advanced Lubricants: Developing  ad-
vanced lubricants is a critical area in -
balogy research. Modern lubricants offer
enhanced performance under extreme con-
ditions, such as high remperatures and pres-
sures, and provide better wear protection
and [riction reduction,

Nanotribology:  MNanotechnology  has
brought about significant advancements in
tribology. The study of nanotribology in-
volves understanding the behavior of mare-
rials at the nanoscale, enabling the develop-
ment of nanoscale lubricants, coatings, and
surface modifications to reduce friction and
WA,

Biomedical Applications: Tribology is vi-
tal in the field of biomedical engineering,
It contributes to designing and developing
artificial joints, prosthetics, and medical de-
vices by ensuring smooth and friction-free
MOVEIMENL, MHOMITing wear, and Improving
longevity.

Microelectromechanical Systems(MEMS):
MEMS are miniature devices with moving
components, often found in sensors and
actuators. Tribology is critical for ensuring
these devices' reliable and precise operation,
optimizing their performance, and minimiz-
ing wear-induced failures,

Tribocorrosion: Tribocorrosion is the com-
bined effect of friction, wear, and corrosion,
Understanding and controlling tribocarro-
ston is crucial In various automotive, 2ero-
space, and marine industries to mitigan
material depradation and enhance durabiliey.

Computational Tribolegy: With the ad-
vancement of compurtational methods and

simulations, tribology research increasingly
relies on computer models and simulations
to study complex phenomena, optimize de-
signs, and predict friction and wear behavior
under different operating conditions.

Sustainable Tribology: The future trend
in tribology emphasizes: sostainability and
environmental considerations, Rescarchers
are focusing on developing environmentally
fricndly lubricants, coatings, and materials

that offer improved tribological performance

while minimizing ecological impact.

Internet of Things (IoT) and Cendition
Menitoring: [oT technologics, coupled
with sensors and daca analyrics, enable re-
al-time monitoring of machinery and equip-
ment, In wibology. this allows for condition
monitoring, predictive maintenance, and
optimization of |ubrication strategies, lead-
ing to increased equipment lifespan and re-
duced downtime.

These applications and trends in tribology
reflect the ongoing efforts to improve cffi-
ciency, durability, and sustainability across
variows industrics, making tribology an es-
sential field for rechnological advancements
in the future,

Conclusion

The historical evolution of tribology show-
cases humanity's relentless pursuit of reduc-
ing friction and wear. Tribology has come a
long way, from ancient civilizations' crude
lubricants to modern scientific advance-
ments. The contributions of notable scien-
tists, engineers, and inventors have paved
the way for significant progress in various
industries. As we look to the furure, ongoing
research in tribology will continue to drive
innovation and coable more sustainable and
efficient machinery and materials. Tribology
continues to evolve, striving to enhance the
efficiency, reliability, and sustainabilicy of the
systems and devices that shape our modern
world.
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Jeramie Edwards

Maoria Corporation

ASCEND ROADMAP

WHEN TO USE A
SINGLE POINT LUBRICATOR

When it comes 1o the cfficient and cffective

application of grease, a single point lubri-

cator (SPL) can prove to be an extremely

beneficial wol in our amsenal. Single paint

lubricators help engineers regularly and au-

tomatically deliver a small amount of grease

ot lubricating oil to a specific area, which:

+  Extend the life of bearings

*  Prevent cxtended downtime due o lu-
brication-related failures

= Eliminate the human-crror clement

Because of their importance, it's cratical that

Did You Know?
Up to 8% of all bearing Failures

can e traced back to & fubrication

lgsu,

paghinery Lubreatlon

B
%WI

we understand when it's appropriate to apply
this technology to capitalize on the available
benchits for our teams and facilities. But of-

ten times thisis easier said than done.

SPLs are not a one-size-firs-all type of tech-

nology: there are many ditferent types and

1%

variations available on the marker thar can

meet 4 varicty of greasing needs, and not all

of them function the same.

So, before we start selecting SPLs at random
and bepin plugging them into all our bear-
ings, there are several questions we should
ask ourselves first to determine if a specific
single point lubricator is justifiable for your
specific application, or if you should stick

with manual greasing practices.

Does the Bearing Require Frequent
Lubrication?
Yes — Consider a single point lubricaror.

Mo — Consider manual greasing,

Is the Bearing Difficult to Access?
Yes — Consider a single point lubricator.

No— Consider manual greasing.

Is the Bearing Critical to Equipment
Operation?

Yes — Consider a single point lubricator,
No — Consider manual greasing.

Is the Environment Harsh or Dirty?
Yes — Consider a single point lubricator,

No— Consider manual greasing.

Does the Application Require Precise and
Consistent Amounts of Lubrication?
Yes — Consider a single point lubricator,

No — Consider manual greasing,
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By answering these simpl: qucstions, you
can begin to determine if a single point lu-
bricator is the best decision for your greasing

needs.

When reviewing vour answers, if your re-
sponses were all “no.” you most likely have
na necd for an SPL, but if you answered

es” to at least one of the questions, you
may in fact have a case for deploying a single

point lubricator.

After you understand whether or not an SPL
may be an appropriate solution for your fa-
cility, vou will need to idenrify what kind

vou need,

To determine this, there are several factors
that will need to be evaluated. Will This
Application Have High or Low Tempera-
ture Conditions?
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«  [Fso, vou need to consider whether the
SPL can withstand extreme tempera-
tures,

+  Positive displacement pump SPLs han-
dle these conditions better than those

driven by i chemical reaction.

Are There Routine Inspections That Must

Be Done Frequently?

+  Although the lubricating task may be
more convenicnt with an SPL, it may be
more beneficial to perform the greasing
manually in order to encourage team
members o physically visit 2 location
and perform an inspection.

Is the Equipment Located in a Corrosive

or Harsh Chemical Environmeni?

»  Some manufacruring chemicals have
the potential to eat through single point

lubricators: so you need to ensure that

you aren’t setting yourself and your
equipment up for failure,

Is There Adequate Space to Place the SPL:
*  Space is notalways a limiting factor, but
it is something that should be consid-
ered. While the possibility exists to in-
stall a remore SPL in a tight area, we stll
need to look at how far we will be push-
ing the grease and if the chosen SP'L can

adequately perform the rask.

Are There Multiple Maintenance Points
Close by That Are All Taking the Same Lu-
bricant and Will All Use SPLs?

*  When we run into a case similar to this,
we need o ask ourselves if installing a
centralized preasing system would make
more sense. Though these systems may
have a higher cost initially, the lifecyele
cost would be much lower over time for

this specific application.

While it’s easy to understand the appeal of
defaulting to a single point lubricator when
there are multiple tasks thar are all a priority
to complete, these units are meant 1o be a
tool, not a crutch. We need o use informed
forethought when it comes 10 making a de-
cision on whether or nor o utilize SPLs for
our equipment— look at your reliability goals
and ask yourself if chey are truly helping you
reach these goals: 1f the answer is no, den't

do it

About the Author

Jeremic Edwards & a Technical Consultant
at Moria Corporation. He is one ofan clite
few certihied by the Intemational Council
for Machinery Lubrication (ICML) as a Ma-
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TURBINE LUBRICATION, MAINTENANCE & RELIABILITY

Many companies utilizing rotating equip-
mient have either initiated, or plan o initiate,
decarbonization strategies. This is a process
that reduces and compensates the emissions
of the carbon dioxide eguivalent (CO.e)
down to"Net Zera™

Lubricants are an essential component in ro-
tating equipment, so we must determine the
maost optimal and sustainable ways of man-
aging these fluids, which includes enhancing

their performance.

Lite Cyele Assessment (LCA) is a methodol-
ogy for assessing the environmental impace
associated with every stage of a product’s life
cyele, and it is the accepred wol o analyze a
product’s potential environmental impact. Tt
is the optimal tool for measuring a lubrica-
tion program’s sustainability and comparing
various products and serategics.

The process-of performing an LCA is defined
in IS 14040 and takes a thorough inven-
tory of all the materials and energy required
to make a product, calculatinga cumulative
potential environmental impact, Part of this
calculation involves assessing various mid-
point indicators, such as:

*  Stratospheric ozone depletion.

= Acidification,

*  Eutrophication.

= Water scarcity.

»  Toxicity petential.

For the purposes of this paper, we will focus

on the global warming potential measured in
Che:

LCA is a usehul rool for a variery of purposes.
For example, how do you know if an elec-
tric vehicle will lower emissions compared
to an internal combustion vehicle? Whae
it the electric vehicle pets its power from a
coal-burning power plant! Doesn't mining
lithium and manufacturing batteries pro-
duce a lot of emissions? There are a lor of
complexities with these questions, and the
answers would not be possible without per-
forming a cradle-to-grave LCA,

Cradle-to-Gate Versus Cradle-to-Grave
When performing an LCA on a lubricant,
one can look at the product's various lifes-

MANAGING TURBINE OILS
IN A SUSTAINABLE WAY

tages. Cradle-to-gate represents the carbon
impact of 2 product from its inception to the
moment the product is ready for sale. This is
the most commaon LCA performed on |ubri-
cants, a5 manufacturers do not have conrrol
over the use of the product once it is sold.
Cradle-to-grave also covers the product’s use
and how it is treated ar its end of life.

The image below illustrates these stages and
identifics the difference berween cradle-to-
gate and cradle-to-grave.

The CO,e contribution of extracting, refin-
ing, and blending the crude oil (cradle-ro-
gate) makes up a smallervalue of green house
gases compared to its end of fife (cradle-to-
gravel,
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EMNVIROMNEHEMTAL IMBACT OF MANURACTURIMG THE PRODUCT
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Although antloxidanes have. approximarely
twice the carbon footprint of mineral oils,
they contributea relatively small amount o
the overall total since they are used ata small
percentage in the formulation. Depending
on what part of the world the used oil is gen-
crated, the contribution of CO,e at the end
of life is defined by what percentage is incin-
crated or re-refined.

Ditferent base oils may also contribute more
COye o the overall product. For example,
polyalphaolefins (PAOs) have abour twice
the cradle-to-gate CO e foorprine as mineral
oils. However, the end of life of both prod-
ucts is the same, representing a larger per-
centage. The overall COye contribution of a
mincral turbine oil versus a PAD turbine oil
is illustrated in Figure 2, There fore, the effor
to extend the life of in-service oils will have a
sipnificant impact on lowering the total car-

bon footpring of a lubricant.

It is also interesting to note that transporta-
tion plays 3 minor role in the overall carbon
footprint. This is the case as long as lubri-
cants are not being flown around the world.

It is also interesting to note that transporta-
tion plays a minor role in the over all carbon
foorprint. This s the case as long as lubri-
cants are not being Hown around the world.

Mineral Turbine Oil

W Omdis e Gate by OOZ0 @ Thinssorsdon kE 003 & BOL sy 200

PAD Turbine Qil

WiGqile UGes = frapodalon ®EDL

Comparing Lubricant Sustainability
There are many factors that go into measur-
ing the sustainability of a lubricant. Figure 3
illuserares the various factors and path ways
for making a lubricant more susgainable.

o
i

-
1 g

Using a comparison like this, it is possible
to compare the sustainability of various lu-

bricants and lubrication practices. Keep in
mind thar cach catepory can be converred
to kg COye, cxcepr for environmental per-
formance, which is its own category. Bio-
degradability performance, bivaccumula-
tion resules, and the oils toxicity mating are
important aspects of the oil’s sustainabilicy,
but because they are on different scales, they
miust be dircctly compared.

Based on this spectrum, the ultimate sustain-

able lubricant would be one that:

+ Isplant-based (oleo-sourced).

+  Ismade from renewable energy.

+  Isreadily biodegradable.

« s non-toxic.

« [Doesn't have bio accumulation.

+  Providesa long service life.

+  Improves the energy efficiency of the
system its lubricating,

+ Isre-refined or reused in other applica-
tions at the end of the fluid’s life:

Also, for a sustainable lubricant to be prac-
tical, it needs to be fully compatible with
the application, including materials of con-
struction and contamination ingression.
For example, an oleo-based ester may tick
all the boxes but may shrink system seals
and hydrolyze due to high water contami-
nation, making it unsuitable for a specific
application.

Lubricant Sustainability Case Studies
The following are two examples of compar-
ing the sustainabiliry of different lubricanes
using LCA. The examples illustrate that the
product with the highest cradle-to-gate car-
bon footprint is not necessarily the one with
the lowest carbon footprint once a cradle-to-
grave analysis is performed,

Case Study 1: Awoiding a “Varnish
Flush”

Maintaining a turbine oil with low varnish
potential has many fAnancial benefits for a
power plant. In addition to increased avail-
ability and reliability, one may avoid having
to do a “varnish flush” in between oil chang-
es. Flushes are both energy and volume in-
tensive, which accumulates 1o a sizcable car-
bon feorprint.

For this case study, & solubility-enhancing
technology was pur to the rest 1o examine its
sustainability impact on an in-service turbine
oil in the hope savoiding having to perform
an ail flush. This technology, which claims
to decontaminate lube oil svstéms, there by
helping rotating equipment users avoid the
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need ro perform a varnish flush, was added to an in-service pas turbine oil ara rate of 3%, The  Case Stud}r 2: R,Ep-leniihil'l_g Turbine
Oil Antioxidants Instead of Perform-
ing an Oil Change

Antioxidants are sacrificial compenents in

was turbine oil had a $.000-gallon reservoir and an eight-year life span.

The cost and carbon footprint of adding the solubility-enhancing technology were compared
and measured against the value of not having to perform a flush during the next oil change,

Tic:results:can be viewod in Figure 4 turbine oil formulations. The life of a turbine

O Flilbae  aneiissimiiisietminmy

e

oil is largely dictated by the rate of antioxi-
dant depletion, with the condemning limit
by most OEMs and industry bodies stating
that action needs to be raken when the an-

Fripag vt tioxidants reach 25% of their original value.
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4 shows the results of adding an antioxidant

By using solubility-enhancing technology and avoiding having to perform a lubeoil system concentrate to the in-service oil

flush, this turbine would avoid generating 18 metric tons of CO,e peryear. A calculation
like this would be challenping without performing a cradle-ro-grave LCA. As with most sus-  In this case, over 200,000 kgs CO,e arc es-
tainable lubrication practices. avoiding a varnish flush also saves considerable money for the

power plant.

timated to be saved over a ten-year period,

which translates to almost 60 kgs COLe per
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day. The power plant also benefits from cost savings, waste reduction, and other benefits,
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Other Strategies to Manage Oils in a More Sustainable Way

There are multiple other lubricant management strategies that can lower the carbon footprint

of your lubricant program, including:

*  Selecting the best-performing oil for your application, resulting in longer drain intervals
and lower maintenance costs.

*  Implementing an oil analysis program to optimize the drain intervals of your oils, Keep
in mind that not acting when oil analysis warrants not only increases maintenance costs
bur can also dramatically increase your carbon footprine.

+  Avoiding varnish. In addition to failed components, deposits can create an insulating lay-
er on bearing surfaces resulting in higher temperatures, which lowers the system’s energy
cificiency,

*  Re-refining an oil at the end of its life. Creating a circular economy with your lubricant
at the end of is life by re-refining instead of incinerating will reduce your lubricant pro-
gram’s carbon foorprint.

= Minimizing contamination ingression.
Studics have shown that contamination
is responsible for up to 70% of prema-
wre machinery failures, Deploying 4
strong contamination control program
not only saves significant operational
costs but will also reduce the associated
carbon footprint,

Summary

As the saying goes, “IF it doesn't get mea-
sured, it doesn't ger managed.” In the case
of achieving sustainable lubrication, using
cradie-to-grave LCA principles allows you
to measure and improve the sustainability of
your lubricant program. This paper illustrates
how o perform these calculations, and as
the case studies illuserared. the inigal carbon
tootprint of the lubricant does not necessari-
ly mean decreased sustainabilioy
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Johan Ross

OIL ANALYSIS

Noria Corporation

WHAT AM | LOOKING AT?
3 QUESTIONS IN OIL ANALYSIS

I promise this is an article on oil anabysis.

“Captain Ross,” the colonel yelled as he held
up a freshly unearthed picce of metal. “Whar
am I looking ac?”

“Colonel, that's part of the right rear strake,”
I told him while adjusting my chemical war-
fare gear.

One hundred miles behind the Republican
Guard during the Gulf War was not aplace
vou could hurry to get vour chem-gear on
if you had to. Not for an Air Force ofheer,
very unaccustomed to being this close o the
encmy or to carrying an M-16,

“How do you know!" the colonel sshed
while examining an almost indistinguishable

hunk of junk.

“Because,” [ said, “I know every single part

of this airplane.”

The airplane was a crashed Air Force asser,
currently spread out over two miles of un-
forgiving wasteland thar was now ours to
investigate. We had abour eight hours on
the ground before the Navy Seals came back
for us. Ong hundred miles behind cnemy
lines; a lost aircraft, two miles of scartered
and charred evidence, wearing full chem-
pear, five Air Force officers (with guns), eight
hours on the clock, and we had to hgure our

why this plane crashed. No pressure,

We didn't have a lot of equipment, bur whar

we did have was incredible analytical skills,

From thar spor and piece of airframe.. we

could reconstruct exacely how the aircrafi
impacted the pround and came apart. An
entire investigation was conducted, report-
ed, dnd filed and advancements in aviation
warfare were made because of the absolute

recognition of what we were looking at.

| don't have many grear war stories, and even
fewer thar T might use as a pseudo-segue
into maintenance and reliability. But, I hope
vou'll agree that being certain of what you
are looking ar can ger you closer 1 a success-

ful canclusion. How certain are you of what
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you're looking at?

Oil Analysis Results: Three Questions to
Ask Yoursell

I promised an article on oil analysis, bur I
wanted to introduce the aiscraft story be-
cause [ hope to use it, metaphorically,
throughout this message.

As a near-40-year practitioner of mainte-
nance and reliability, let me cut 1o the chase,
When looking at the results from an oil anal-
vsis, the three most important guestions to
ask vourself are:

l.  What is the condition of the ail?

2. What is the condition of the additives?
3. What is Hoating around in the oil?

[ lilkee to think thac my ability to analyze evi-
dence is as strong as anyone’s. As one mighe
imagine, aircraft crash investigation training
is intense. In a clean, antlseptic classroom,
vou learn how to forensically picce topeth-
er “what happened”. One such laboratory
recreation was simply the fuel door from an
F-16. Thar's it. Just the deor. Nothing and
no one clse was ever recovered.

The intent of an official crash investigation
is to discover whar happened, and. more im-
porcantly, to find out how the Air Force can
keep it from happening again. Mo punirive
measures can be taken by law. Simply inves-
tigate and prevent,

Our oil analysis should pursue a similar
path of investigative curlosity and preventive
measures. 150 14224 instructs thas “leader-
ship will determine whar to measure, how to
measure if, and what o do with that mea-
sure.” Considering thar the lubrication pro-
cess and systems are in facr “systems,” and
perhaps the most important systems of all,
wouldn't it make sense that the leadership
use this instruction to calculate the health
and performance of the lubrication and its
systems?

I think ir does.

“Systems” is an important word, as s “per-
formance”. One aspect necessary to conduct
a crucial analysis is to understand the system
and another important feature is to under-
stand the needed and demonstrated equip-
ment performance.

The Socicry for Maintenance and Reliability
Professionals states in their globally recog-
nized Body of Knowledpe that “stakeholders
that can influence performance and safery
must have a complere process understand-
ing.” This leaves little room to rationalize a
substandard understanding of whar ir takes
to make a systemn or process run efficiently

and etfectively.

It's highly unlikely that if vour pearbox shells
out due to improper lubrication thar the
consequences will be grave. Imagine that
gearbox strapped to a jer alrcraft ar 48,000
feet traveling ar Mach 2. Or worse, as our
incident aircrafr, maveling 50 feet off the
ground at Mach 1+, Not a lot of mom for
CTror

Lets break down those three important
questions to ask yourself when you receive

the results from your oil analysis.

Question One: What is the Condition of
the Qil?

The results of an oil analysis review should-
indicate if the oil is up o the task and ser-
viceable, Viscosity is the chicf characteristic
of a lubricant and the best indicator of the
oll's ability to perform its essential duries,
which include:

*  Reducing friction.

»  Absorbing and reducing shock.

When an aircraft is involved in-an incident,
specifically a crash, all the servicing equip-
ment used on that aircraft prior to launch is
impounded for further review. This includes
the fuel and lubrication equipment. Also,
the investigating maintenance officer will
conduct a thorough review of the aircraft re-
cords and interview those associared with the
aircraft. The purpose is to determine if there
it any evidence thar the airworthiness of the

aircraft was suspect,

Question Two: What is the Condition of
the Additives?

Additives are introduced into the labricant
asa way to aid or enhance its inherent fea-
tures, and an oil analysts should provide
great insight into their condition. Common-
additives include:

+  Rustand corrosion inhibitors

«  Amti-wear

= Viscosity improvers

+  Anti-foaming

«  Extreme pressure

When considering additives for lubrication
purposes, it is vital to also look ar the en-
vironment the system will be operating in.
This means not only understanding the
physical ‘environment, but the conditions
the additives will be subjected to, such as
tatil hours of continuous operation and the
starting and stopping frequencies. By inves-
tigating and analyzing the condition of the
additives, we can gauge how our entire sys-

tem is performing.

It's difficult to imagine & smooth transition
into a metaphor for aircraft incident inves-
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tigations other than o peint out that the

operating context of the aircraft’s mission

must be determined before vou can acrually

conduct an effecrive evidence analysis. This

helps in:

= Creating alternative scenarins.

*  Derermining what evidence might be
tound ar a possible crash site,

*  Creating a plan to make a crash site safe
for investigators,

These are just a few examples of things thar
have added to the complexity of an investi-
pation:

+  Jet Assisted Take Off equipment (JATO)

«  Armaments — bombs and bullets {re-
quires EOD-explosive ordinance dis-
posal)

Couanter measurcs — chaff and flares
{both can be extremely dangerous)

*  Dual cockpit configuration, but only
one aviator on board, or any configu-
ration: of airmen — how many souls on
board?

»  Ejection seats (very dangerous: if the
ejoction wasn't initiaced)

We located a TOW Angi-tank missile launch-
erin the center of the major aircraft material
in the incident mentioned at the beginning
of this article. An anti-tank missile launcher?

Question Three: What is Fleating Around
in the Oil?

Evidence of metals or other such debris thae
is reported in oil analysis hndings gives us
preat insight into what might be wearing ar-
tailing. Sludge in a gearbox might be a resule
of oxidation and could be evidence of the
reduction of an antioxidant additive. There
is'a lot o learn from what's foaring around

in the oil.

Below 15 a shor list of where the wear can
come from:

Aluminum — Pistons, bearings, pumps
Barium — Rust and oxidation inhibitor ad-
ditives

Calcium — Derergent/dispersant additives
Copper — Bearings, bushinps

Molybdenum — Excessive pressure additives
Iron — Gears

Silicon — Dust/dirt, defoamans addirives

Tin — Journal bearings, bearing cages

There is a very direct comparison berween
this charzcreristic and an aircraft crash inves-
tigation. If vou recall the story thar stareed
this article, 1 was able to quickly and accu-
rately identify the piece of metal my com-
mander had uncarthed. I was able to do this,
as I explained, because T knew everything
there was to know abour this airplane. In

truth, I really did.

Do you recall the SMRP's dircctive in their
Body of Knowledge, which | also mentioned
carlicrt “Stakcholders .. .must have a com-
plete process understanding.” Our investiga-
tion team was able to deduce, in very shon
arder, the complexity of a crash site because
we had a complete process understanding,
On that toam were:

«  Commanders

+  Dilat members

+  Flight surgeons

«  Weather officers

«  Maintenance officers

Each of us was highly knowledpeable about
the systems we were responsible for, 1o the
point that a random piece of wreckage, no
longer than four inches, could be positive-
by idenzified. Mot only did we have systems
knowledpe, we knew that there would be
signs of distress, and we knew what w look
for. For example:

o Indicator pointers (needles) in a gauge
will make an impression on the inside
of a gauge’s plass to show their position
upon lmpact,

+  Broken light bulbs that are on during
impact will leave a light layer of seotin-
side the remaining glass.

»  [Fa jet engine is running upon impact,
the compressor’s fans will be bent in the
direction of rotation, and there will be
dirt (or ground debris) through out the

:ngi Mne.

Just like the tell-tell signs of component wear
found in oil analysis comes from whar you
find floating in the oil, the tell-tell signs of
an aircraft crash investigation can be found
by analyzing the evidence provided by the
“littde” things.

Conclusion

Sadly. our entire investigation was further
thrust into the spotlight to determine an ab-
solute root cause because of our uber-limited
resources. At the time, this was a highly clas-
sified aircrafr. Both pilots were lost in the ac-
cident, and the entiremizssion was conducted
under classic mdio silence. All we had was
the evidenceon the ground and the piccing
of other forensic ovidence, This loss was cat-
astrophic.

Thete was one tiny factor that could have al-
tered the events of tha day, T'm noc ar liberty
to divulge this factor, but it would have been
a murning point. A difference maker.

This is truly a poar transition, but I wanr to
bring this point home. Each day weget an-
other picce of the puzzle. TF we are tracking
and trending whar will be“evidence™ to an
investigator, how much better and more fo-
cused are we going to be knowing that we
could averr disaster?

Do we know our systems and processes well
enough to recognize the significance of the
insignificant

Do we have a complete understanding of the
process and systems?

Anything less than complete and compre-
hensive won't get it done in the 21 Century.

I probably dent know you. The fact is, I'd
hate for us to mecet for the first time while
I'm sigting in your beardroom, looking ar
you and wondering if you knew whar you
were looking ar?
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PARTICLE C

Monitor Internal Conditions from the
Ouside

Ol analysis is a diagnostic, predictive main-
tenance tool for monitoring and evaluating
lubricant and equipment coenditions. Partic-
ipating in an oil analysis program allows you
to sec what’s happening inside your equip-
ment to identify issues, prevent catastrophic
tailures and increase equipment reliability.

Testing and analysis provide viral information
as to the condition of both the oil and the
equipment being tested. Wear particles and
contamination concerns can be identified us-
ing several methods and, if left unchecked,
can severely affect equipment performance
and reliability or cause a significant failure.
In addition, sources and causes of equipment
issues like abnormal wear, lube degradation,
and component failures can be identified and
mitigated.

Predict Maintenance

Playing a crucial role in predictive mainte-
nance strategics, oil analysis results can help
foresee maineenance needs by providing early
indicators of potential issues, including fuel
dilution, excessive idling, and component
malfunctions. Establishing and monitoring
trends within the oil properties can idenrify
changes or deviations from normal operating

IUNTING, OIL ANAL

conditions and may reveal deteriorating con-

ditlons, increased contamination levels, and
degradation of the lubricane.

Establishing a trending history of oil analy-
sis for equipment components can give early
indications for maintenance activirics like oil
changes, filter replacements, and component
repairs belore the concerns turn to failure,

0il Analysis Value: More Than Testing
Standard oil anabysis teses include Elemental
Analysis by 1CP Fuel Dilution, Mitration/

ENHANCING EQUIPMENT PERFORMANCE:
THE ROLE OF OIL ANALYSIS AND
PARTICLE COUNTING

Onxidation, Acid Number/Base Number, Vis-
cosity, Farticle Count, and many mare. Fach
of these tests, performed by an accredited
laboratory, provides equipment users with
test results wich severities, 4 review by a Dam

Ana VLS [cam, and maintenance recommen-

dations to address the identificd concern.

Effectively interpreting your sample test re-
sults and acting timely is where a world-class,
successful oil analysis: program differs: from
others — and has the greatest return on in-
vestment (ROT).
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Mumerical test results are indicated on the oil analysis sample report, and these results include:
»  Wear metals

*  Contaminant metals

*  Multi-source metals

»  Additive metals

»  Contaminants {fuel, soot, water)

*  Fluid properties {viscosity, acid number, base number, oxidation, nitration)

For each data set, resules are Hapged by severity, and a dara analyst comments after reviewing

the results.
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A systematic approach to interpreting results can help vou better understand the dara and
make informed maintenance decisions. Comprehending each specific testing parameter and
severity can help determine what the value represents and how it relates to the overall perfor-
mance and health of the equipment and lubricant.
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Baseline values and trends can be established by collectively analyzing historical dara from
previous samples and comparing them against baseline reference samples, Baselines serve as
ideal reference points for comparisen and should represent normal eperating conditions for
the equipment.

Addressing Problematic Particle Contamination with Oil Analysis

The most common cause of component failure is the contamination of particles. This includes
external particle contaminants, such-asdirt or sand, and the microscopic pieces of metal pen-
erated during equipment operation that work their way into the lubricant. Through several
oil analysis tests, incloding Particle Count, Particle Quantifier, Analytical Ferrography, and
Filter Debris Analysis, these particles can be idensified and quantified, and the root canse
investigated,

MLI

Particle Count

Particle count is a valuable test for determin-

ing fluid and system cleanliness in hltered

systems such s

*  Hydraulics

*  Turbines

= Compressors

*  Auto/power-shifi transmissions

*  Recirculation systems

»  Filter gear systems with a fluid viscosity
of approximarely ISCY 680 or less

Particle count resting measures all particles
accumulated in a system, including metallic
and non-metallic particulates, dirt, fibers, bi-
alogical growth, etc.

Several test methods exist to quantify the
particles when measuring the number of
particles within a used lubricant. Results can
differ by instrument and laboratory, so s
important to know what method is'used on
vour oil sample and understand how the test
methods can influence your resules,

The Automatic Particle Counting method
uses an instrument to count the particles in
a sample. The particle count instrument has
a laser and sensor to detect and measure the
number of particles via light omission, Typi-
cally, the results are presented as the number
of particles per millilicer ar several different

micron sizes.

Particle Quantifier

To measure the concentration of sizeable fer-
rous wear particles in used lubricants, par-
ticle quantitving (P'CY) is the preferred rest
method. Tarticle quantifying technology
mcasurey the density of ferrous debris with-
out @ particle size limitation and assigns a
value based on the degree of metallic content

present in the sample.

When used in conjuncrion with AES-ICI
comparing PQ results with ICP results, the
severity of an abnormal wear event becomes
evident. The FCP will detect the smallerwear

sizes but has a limitation with larger (> 7pm)
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particles. An elevated Particle Quantifier re-
sult from the same sample would indicare
that the component has begun generating
larger-sized wear debris no longer detectable
by the ICE Further testing can then be per-
formed to investigate the size and shape of
the parricles 1o help maintenance personnel
discover the source of the contamination and
assess the damage to the component.

Carefully monitoring iron concentrations
with elemental metals analysis (1CP) and the
particle quantifier will identify increasing
wear trends and alert the operator to a po-
tential problem early on. This will also help
act as a cue to have the laboratory perform
an Analytical Ferrography test on the lubri-
cant sample to qualify the type and severity
of the wear.

Analytical Ferrography is a powerful ool
when correctly performed by a trained an-
alyst and provides decper insights into me-
chanical wear or contamination. When used
in conjunction with metals analysis, PO},
viscosity, acid number, and water content, a
well-defined course of action is provided o
the user to correct the condition of the uni

and the lubricant,

Analytical Ferrography

Analytical Ferrography takes particle con-
tamination identification to the next level
by analyzing and characterizing wear parti-
cles suspended in lubricating oils. It provides
derailed information about the size, shape,
compasition, and distribution of wear de-
bris, allowing for a comprehensive under-
standing of the equipment’s condition.

Analytical Ferrography involves reviewing a
terrogram (4 slide prepared from the sample
to study the wear and contamination under
@ microscope). A portion of the used oil is
transferred to a slide on which the ferrous
{containing iron) objectsin the oil are collect-
ed. After proper agitation, a small amount of
the sample is poured through a thisde wbe
across a glass slide suspended over a powertul
magnet. The oil, soot, dirt, and other debris
are rinsed from the slide, leaving the ferrous

wear visible under a microscope.

Figue 3. Analytical Fervagram Showing Fevrori
Slialing Wear, Lead!Tin Sliding Wear

Analyzing a ferrogram allows the analyst o
see the different tvpes of wear mechanisms
in the oil. It is not limited by the size of the
wear particle; like some other types of test-
ing, meaning that large and small wear is eas-
ily identified in addition to clues of possible

CALLECE,

Figure 4. Analyrical Fervopram Shawing Corvosive
Whaar, Abrusives, LeadfTin Aﬁqp

Filter Debris Analysis

Oil hlters installed in equipment systems
are designed to remove. contaminants and
particles that would otherwise circulate
and damage the system. However this also
removes evidence that can help determine
recommendations to address problems. By
extracting the marterial canght by the filter
and examining it, more insight can be gained
into the type and magnitude of system wear

and contamination.

The Filter Debris Analysis process removes
particulates from the filter media and isolates

them for laboratory analysis. This includes
preparing 2 fler patch of debris present,

an analytical ferrography, and an elemental
meral test on any il thar arrived with the
filter A trained ferrographic analyst can
then identify the particulates’ type, size, and
shape. Combined with routine oil analysis
testing, this can be valuable in discovering
the root cause of equipment wear or cata-
strophic failure.

0il Analysis: A Predictive Maintenance
Tool

Ol analysis is an accurate and effecrive ool
to detect abrasive particle contamination in
lubricating oils with the proper interpreta-
tion, which can alert to needed maintenance
well before failure occurs. Timely detection
of potentially harmful contamination allows
maintenance personnel to identify poreneial
sources, take corrective actions, prevent ad-
verse ctfects on performance and reliability,

and improve the overall equipment lifetime.

(G}Ubricnﬁpn*
L‘.'LE.“ ri'TE

| SAVE THE DA )
Masterclass In
LUBRICANTS BLENDING,
QUALITY ASSURANCE &
GREASE MANUFACTURING

22nd - 24th April - 2024

This 3 day training course will pravide
an In-depth understcnding of the
principles, economics and flexibility of
lubricant blending plants and how to
operate o lubriconts blending plant
efficiently. and e%uﬁmllm
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Wind Energy Sector in India

Indias wind energy sector is led by indige-
nous wind power industry and has shown
consistent progress. The expansion of the
wind indusery has resulted in a strong eco-
system, project operation capabilities and
manufacturing base of about 10,000 MW
per annum. The country currentdy has the

fourth highest wind installed capaciry in the
world with total installed capacity of 39.25
GW (as on 31st March 2021) and has gen-
erated around 60.149 Billion Units during
2020-21.

Wind Mill Lubrication

Wind turbine lobrication exists at the very
extremes of industrial pear applications in
terms of temperature, load weights, bearing
wear, maintenance, accessibility and basic lu-
bricant performance. Most of the wind tur-
bine gearbox manufacturers have compiled
ot are in the process of compiling new lubri-
cation specifications. These specifications are
more stringent than those for industrial gear
applications, and more accurately reflect true
operating conditions, including low-tem-
perature conditions. Structure of the wind
mill is asunder:

The gearbox is situated just where the winds
are the strongest - as high as 300 feer. A
special gearbox oil filter, separate from the

normal oil cooling system, ensures high il

cleanliness. This is a key factor in desert or
arid conditions where airborne dust can get
into gearboxes, act as an abrasive, and even-
tually lead to (three-body} contact fatigue
failures. The FAG FE 8 bearing test, which
is part of the standard DIN 51517 Pare ITI
specification, is required by all gearbox man-
ufacturers, Nonetheless, oil drain intervals
have rested berween & and 12 months: The
expectations for new generation oils for off-
shore applications could be a drzin interval

of up to three years.,

The ultimate pearbox oil for wind rrbine
application should have the thermal seabil-
ity of a top-tier hydraulic oil combined with
the EP properties of current gear oils. In
addition, the components added to prevent
micro- pitting need to be carefully seleced
to cnsure that surface activity is balanced.
Additionally, turbine gear oil specifications
are beginning to reflect demand for higher
lubricant performance through testing for
enhanced oxidation and corrosion resistance,
and improved bearing and long-term opera-

tienal performance.

DEVELOPMENT OF WIND TURBINE
GEAR OIL - SERVOMESH WEG 320

The Ultimate Solution

With continuous focus on innovation while
exploring, creating, and delivering value to
the customer under Make In India cam-
paign, SERVOMESH WEG 320 was devel-
oped meeting DIN 51517 Part 111 specifica-
tion with OEM requirements of FAG FES.
The product {(Servomesh WEG 320 ) is railor
made for the wind turbine gear oils for ca-
tering this niche segment. The product not
only meets viscosity temperature behavior
& oil service life standards bur also has ex-
cellent resistance to foaming. The product is
designed for excellent filterabilicy & demul-
sibility characreristics.

Starting with ‘zero' penetration and success
in the wind energy segment, the produc
was offered to Inox Wind, [Indias leading
wind energy solutions provider servicing
IPPs, Utilitles, PSUs, Corporates and Rerail
Investors. While instilling the belief that an
Indian Company can actually supply a com-
petitive and ‘value for money” formulation,
negotiations were carried our, The customer
saw the potential and capability in Indian
Ol and placed the first ever purchase order
for direct supplies of both initial fill and
maintenance business with SERVOMESH
WEG 320 without any trial.

Today, TOC stands with 100% business for
wind turbine gear oil with M/s Inox Wind
It is pertinent to note that the development
of wind mrbine gear oil by 10C is the first
such offering by an Indian company. Wind
encrgy is a niche market segment, the suc-
cessful supply and post supply scamless op-
erational efficiency by IOC has been a great
breakthrough in this segment.
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Bharat Petroleurn  Corporation  Limited
{(*BPCL"}, a Fortune Global 500 Company
& a Maharaina Enerpy Conglomerate, and
IIMEK LIVE, the incubarion centre of Indian
Institute Of Management, Kozhikede (“1IM
Knzhikode"), have joined hands to strength-
en the growth of start-ups in the clean energy
and deep tech sectors, as part of the Project
Ankur' initarive of BICL,

BPCLs Start-Up Scheme “Project Ankur”
alms to develop a supportive ecosystem thar
nurtures entreprencurship in the country by
backing innovative ideas and concepts thar
have the potential to grow into start-ups. By
joining hands with [IMK LIVE, BPCL aims
to provide essential incubation, mentorship,
and training to selected start-ups, amplifying
their potential for success,

Through Project Ankur,” BPCL has already
funded over 30 impactful start-ups, includ-

Aqmnmpg®
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BPCL COLLABORATES WITH IIMK- LIVETO
EMPOWER START-UPS IN INDIA

Aifuitoel Savkian, Feecutive Eivecrar of MK Live and Saveer Pai, Head of Corparare Sategy, BPCL afrer

gy Mull

ing companies like M/s Genroborics, M/s
Detect Technologies, Mds Anchill Creations,
Mis Cypenica, and M/s EyeROV, These suc-

cess stories stand as testament o the trans-
formative power of innovation, bolstered by
dedicated suppore.
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[n a momentous cvent held today, Ms. Shee-
tal Devi, the World Mo. | para-archer, was
welcomed into the IndianQil family, mal-
ing her the first para-athlece to join Indian-
il sports fraternity. Mr. Shrikant Madhay
Vaidya, Chairman, IndianOil, presented the
tenure-based engagement letter to Ms, Shee-
tal Devi, celebrating her remarkable journey
in the world of para-archery.

Padma Shei Dr. Uma Tuli, Founder, Amar
Jyoti Charitable Trust, Fadma Shri & Arjuna
Award Winner Ms. Deepa Malik, and func-
tional dircctors of IndianOil, Mr. ¥ Satish
Kumar, Director (Marketing), Ms, Sukla
Mistry, Dircctor {Refineries), Mrno Sujoy
Choudhury, Director (P&BD) holding ad-

wWaWImachiner l.l'||i.l|.:II’I '_'lr 100 IF‘dI-C.‘ com

INDIAN OIL WELCOMES WORLD NO. 1 PARA-
ARCHER, MS. SHEETAL DEVI, INTO ITS ILLUSTRIOUS
SPORTING ROSTER

ditional charge of Director (R&D and HR)
and Mr. N, Senthil Kumar, Director (Pipe-
lines) and IO Cians were also present on-the
pCcasion,

Welcoming Sheetal to IndianOil, Mr. Vaidya
said, “Indian Oil has a longstanding com-
mitment of supporting the sporting talent in
the country and nureuring world class cham-
pions. Ms. Sheetal Devi will be a shining star
Admir-
ing Sheetal’s courage and resilience and her

in Indian Oil's Sporting Galaxy”,

journcy as the world's firsc armless archer in
the world, Mr Vaidya offered the Compa-
ny's steadfast support to her in realising her
dreams and win more laurcls for the nation.
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Introducing New Age Technology In World-class Lubrication Products
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One stop shop for all your lubrication
hardware and accessories
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It turned to VAS Tribology Solutions

We have helped them cut down on their lubricant consumption, increase the machine uptime, decrease

their maintenance cost and decrease their carbon footprint. We have also trained their engineers and
technicians on the subjects of Machinery Lubrication, Qil Analysis & best practices in lubrication.

['ubrication’&'Coolant.

Trainin e g
J {Management
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Solutions Unlimited

Publication Consulting Conferences

info@tribologysolutions.com | www.tribologysolutions.com

L] prefe = ] ci L) B B L e



