Application / Equipment
(Why We Need Lubricants and
Why We Need to do Better)




Introduction

Lubricants used for skids (pyramid building) and
axle (chariot) greases have been shown to have
been around for thousands of years.

Naturall as the equipment and needs are




Introduction

Of concern now can be sustainability, byproducts
formed during manufacturing, handling, service




What Does It Do?

First the lubricant generally acts to physically
separate the moving and static parts.

For example, to separate a shaft from the support
structure.




What Else Does It Do?

For bearings, gears and the like it can;

Reduce (or increase) friction.
Carry away heat.
Reduce wear.
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Minimum Viscosities for Rolling
Element Bearings*®

Ball Bearings 13 ¢St (70 SUS)
Cylindrical Roller Bearings 13 ¢St (70 SUS)
Spherical Roller Bearings 20 cSt (100 SUS)




Rolling Element Bearings Lives -1

L 0 = (C/P)?

L .0, is the basic rating life in hours for 90% reliability

C is the bearing basic dynamic load rating




Rolling Element Bearings Lives -2

An adjusted rating life takes into account the viscosity ratio of
actual vs. required, type of bearing and type of loading.

Lna = a1 az 33(C/P)P




COMMON

ISO VISCOSITY GRADES
cSt@40°C  RANGE #10%
32 28.8 - 35.2
46 41.4 - 50.6

68 61.2-74.8




Rolling Element Bearings Lives - Now

New life theory takes into account the viscosity ratio of actual vs.
required, type of bearing, type of loading and cleanliness of the
oil.

Lnaa = a1 aSKF(C/ P )P




Adjustment Factor for Contamination

Very clean - Debris size the order of the film thickness

Clean — typical of bearings greased for
life and sealed

Normal — typical of bearings greased for life




So What's The Problem?

The improper, incomplete or total lack of the
application of proven tribological principles and
devices is costing industry billions of lost dollars.

Perhaps even worse is that even companies with




Brown’s First Law Of Applied Tribology

(Power Generation)

If it's running,




Corollary 1: if not the above then it may be
on standby in case something else wears
out.




What Problem!

70% of machines are removed from service due to;
degradation of mechanical surfaces. Degradation may
occur as a result of abrasive, adhesive, erosive, corrosive




Rolling Element Bearings
(Ball And Roller Bearing

Or Anti Friction Bearings)

$2.3 billion worth of rolling-contact bearings will




Rolling Element Bearings

Since more than half (57%) of these bearings are
used industrially, the performance shortfall in the

United Sates amounts to a $2.8 billion annual cost
of bearings alone.




Rolling Element Bearings

Unfortunately the leading causes of failures are
reported to be improper lubrication and improper

mounting.




Rolling Element Bearings




Rolling Element Bearings

Remaining causes are;

Marginal lubrication 30%
Other 17%




Bearing Failures

The majority of bearing failures are from lubrication
and or the lubricant;

14% too much or too little lubricant
19% dirty lubricant




Figure 1 | Common contributors to bearing degradation.
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Preventing Bearing Failures

Problem: Poor fitting, usually using brute force,
accounts for 16% of premature bearing failures.







Mounting forces must not pass
through the rolling elements




Lube Causes of High Bearing Temperatures

e Over-greasing the bearing, which forces the balls to push through
excess grease as they rotate, leading to a sharp temperature rise

* Too little grease in the anti-friction bearing, or too little oil in the sleeve
bearing

* Too low, or too high temperature, of the oil cooling water for the sleeve
bearing




NLGI Grease Grades
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Grease Quantities

For replenishment from the side of a bearing;

Gp = 0.005D B

For through the bearing outer or inner rinQg;:




Example

6316 ball bearing;
it should get about 0.005 X 170mm X 39mm =
339 (1.20z) of new grease.




Greasing Bearings
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LEADING CAUSES OF MOTOR FAILURE
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Better Seals




When Is Enough?




Contamination

Contamination was shown to cause 70-85% of
failures.




Contamination

These originate in the fresh lubricant, in new or
repaired machines and in running equipment as either
generated or ingested matter.




Motor Failures

Motor failures were found to be bearing related in 41%
of the cases.

Causes included;
~Design 39.1%




Steam Turbine Bearing Failures

Failures of steam turbine bearings and rotors cost
the utility industry an estimated $150 million a year. A
third of these failures involve contaminated
lubricants or malfunctioning lubricant supply system
components.




Pump Failures

Boiler feed pumps: 49% of the failures causing
outages were because of tribological components.




Motor Failures Caused By Bearings

“The proprietary in-house statistics of a number of
petrochemical plants in the United States indicate
that approximately 60 percent of all motor
difficulties originate with bearing troubles.

If a bearing defect is allowed to progress to the




Pump Failures

Unknown or Undetermined >10
Bearing Design >80
Incorrect type or application >50




Major Causes Of Premature
Engine Bearing Failure

%
Dirt 44.9
Misassembly 13.4




Boiler Fans

Bearings were the leading cause of fan failures.




Motor Operated Valves (MOV)

Tribological related problems including lubrication and

wear were including in the grouping that was the
leading cause of failures.

Mechanical damage, lubrication, loose connection,




Steam Turbine EHC Systems

Trouble free operation of steam turbine control

systems is dependent on keeping the fluid in good
condition.

Most EHC system failures are related to problems with
fluid cleanliness and chemistry.




Oil Leakage — Why Bother?

A one drop per second is equal to 420 gallons a
year.

It has been estimated that over 100 million gallons
of fluids could be saved every year in North America



Oil Leakage — Cost

It was reported that Mobil Oil did a study in the U.S. that compared
hydraulic reservoir oil capacity to actual oil consumption. This resulted
Mobil’'s Hydraulic Fluid Index (HFI) which concluded that the HFI
average is 4. This means that every year, the average plant uses four
times more oil than it's machines actually hold!




National Studies - Canada

There are a large number of studies that have been done in
various countries that highlight in dollars the costs of poor
tribological practises.




Lubrication

Providing equipment components with the correct
lubrication is often the simplest and most cost effective
measure that can be taken to keep equipment operating at
or close to their potential.




Ten Benefits Of
Effective Lubrication

Reduced downtime

Increased machine availability
Extended lubricant changeout intervals
Reduced energy consumption
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‘New'’ Tests
(BRODKAELD

ER R

R/S Rheometer



‘New'’ Tests

Ruler Test Equipment




‘New'’ Tests

Spectroil Q100 Oil Analysis Spectrometer




Blotter

Fresh And Three Aged Samples — Color Change
(Left For 5 Hours At Room Temperature)




Reducing Motor
Bearing Failures

Shell Canada found that at one of their refineries,
91% of the problems with motors were the




Greasing Motors - Nukes

Over greasing rolling element bearings in motors has been
an industry problem for several years.




Over Greasing




Preventing Over Pressurization




Improved Efficiency

Using a synthetic PAO based gear oil a coal fired plant
with worm gears in their pulverizers were able to
achieve 8-10% energy savings. This was based on the




Benefits of Synthetic Lubes

A brewery with several large motors totaling 347.5 HP,
with an average efficiency of 85%, an average load
factor of 75% and one shift operating using synthetic
lubricants would see a 10% reduction in energy losses.

This works out to electric power savings of $1,050 per




Steam Turbine Bearing Solution

A station with eight 500mw turbines was experiencing LP

bearing wipes when on turning gear or half speed whirl
when at speed.

The solution was to modify the top half of existing lemon

bore (elliptical) bearings to incorporate a pressure dam.
ne bearing was modelled using computer prograrmn



The "Right" Stuff

Achieving any real benefit requires true consideration
of the Right Stuff which are the five R’s of lubrication.

7 right lubricant

L




Plus

Some form of feedback or monitoring




Adding True Value

Many people can sell a lubricant that will
likely work, but the added value is to provide
the most suitable Ilubricant for the




Cost effective factors could include;

Manufacture Location
Purchase Price
Training Required
Efficiency

Noise/smell/vibration/light/radiation




Are we getting better?

Still recalls.
Still failures.




Wind Turbines — expensive candles

e




Port Hope — water pumps




Systemic Obstacles to
Improvements

Supply only considers the purchase price.

Maintenance has to carry the added cost of
any better lubricants.




Who dun it?

Most failed bearings are murdered!

Most failed lubricants are poisoned!




Summary

- Friction, wear and failures of tribological
components are costing industry billions




3. To be effective requires both cost accounting
and management systems that encourage
improvement and methods to monitor costs.




TAKING ACTION

Who makes lubricant and tribological decisions
at your facility?




TAKING ACTION

As a designer price will always be important but
to the end user the keys to $ savings are also
efficiency and uptime.







