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The Consistency Game

A Look at Gear & Gear Drive Lubrication Performance Improvements

Matthew Jaster, Senior Editor

Everything they say about
gears and gear drives is ab-
solutely true. From automobiles
to farm machinery, appliances to wind
mills, aircrafts to mining equipment,
gears today are asked to run more ef-
ficiently, cost less money and provide
longer life. Those involved in MRO
(maintenance, repair, operations) will
tell you that lubrication plays a large
role in the overall success of gears and
gear drives.

The challenge is that with so many
different applications, the lubrication
methods and procedures vary widely
and must often be optimized through
experience with each one. Still, no
matter the application, the end game
is minimizing lubricant-related break-
downs in the field. This is why a trans-
parent and consistent understanding
of gear and gearbox behavior can go a
long way in keeping your equipment
running effectively.

“Consistency is key so that as many
variables as possible can be elimi-
nated, while focusing on control-
lable factors during the optimization
process, such as lubricant type, fil-
tration methods, method of lubrica-
tion, and re-lubrication quantity and
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frequency,” said Daniel Roberts, tech-
nical services manager at Lubrication
Engineers. “When these controllable
factors are isolated, adjustments can
be made and monitored for improve-
ments in overall performance to opti-
mize the lubrication procedure for
each unique application.”

What’s my Focus?
So what are some of the most impor-
tant factors to consider when selecting

The gear units operating conditions
(speed, load), ambient conditions,
mounting position, type of housing and
seals, operational safety, gearbox and
lubricant lifetime, and efficiency are key

factors in selecting a lubrication method.
Photo courtesy of Kluber.
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a lubrication method for your gears
and gear drives?

Joe Sitta, business development
manager, power transmission and gear
products at Kluber, said that the gear
units operating conditions—including
speed and load—ambient conditions,
mounting position, housing and seal
types, operational safety requirements,
lifetime requirements and efficiency
all play a role in selecting the best
lubrication method.

Jim Girard, executive vice presi-
dent and chief marketing officer at
Lubriplate agreed. “The benefits of
selecting and following a consis-
tent lubricating procedure is that it
improves gearbox life and allows for
longer drain intervals.” Girard also said
that it’s important to follow the OEMs
recommendation for best results.

For Roberts, lubricant selection is
likely the most important factor overall
in lubrication of gears and gear drives.
“It is in the end user’s best interest to
select a lubricant with the appropriate
viscosity, base oil type, and additives
that can provide adequate protection
for the specific application,” Roberts
said.

“One example is the comparison of
lubricating an industrial gearbox to
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lubricating a differential or final drive
in a haul truck used in mining applica-
tions. The lubricant selected in indus-
trial gearbox applications may be an
ISO 220, extreme pressure type of gear
fluid meeting DIN 51517-3. Because
of the types of wet brakes/clutches
that operate using the same gear fluid
as the gears and bearings within the
final drives and differentials in min-
ing applications, industrial gear lubri-
cants cannot be selected for these
applications. Generally, TO-4 fluids
are required in these applications, as
the fluid is required to develop fric-
tion coefficients for the specific mate-
rials used in the wet brakes/clutches,’
Roberts said.

Filtration practices are also crucial.
Roberts said that keeping a gear lubri-
cant clean and dry during its use can
prolong the life of the lubricant itself,
as well as the equipment that it is
protecting.

“We have seen instances of elevated
bearing operating temperature in
industrial gearbox applications, where
bearing temperature reductions of up

to 30 degrees F have been observed
simply by moving to a more appropri-
ate gear fluid and implementing the
use of periodic kidney loop filtration to
keep the oil clean and dry in-service.
This reduction in bearing operating
temperature is attributed largely to the
reduction of abrasive wear occurring
in the application,” Roberts added.

In addition to optimizing the lubri-
cant type, re-lubrication frequency and
quantity, when the use of an intermit-
tent automatic spray system is relied
upon to apply lubricant to the gear
set, the gear set should also be moni-
tored to ensure that it has appropri-
ate lubricant coverage across its entire
facewidth.

“Sometimes, there are too few noz-
zles to ensure appropriate coverage
for larger gear sets. These nozzles can
also become plugged over time due to
lubricant buildup, or they can become
“cocked” or no longer properly aimed
at the gear. Both factors can affect the
spray pattern of lubricant to the gear.
In most instances, nozzles are oriented
to spray the bull gear immediately as it

comes out of contact with the pinion.
In these instances, the operator should
ensure that the intermittent spray cycle
time lasts for at least one revolution of
the gear, but preferably two revolu-
tions to ensure adequate coverage. An
air afterspray, or air purge, is recom-
mended after each spray cycle to keep
nozzles from plugging over time, to
ensure that the gear set always gets the
appropriate lubricant coverage that it
needs,” Roberts said.

Some Gears are Better than
Others
Unfortunately, not all gears are created
equal. Therefore, certain gear types
are more challenging to lubricate than

others.

“Gears types with high sliding
speeds and regimes of mixed friction
are the most challenging,” said Sitta.
“This type of gearing results in high
shear stress on the lubricant requiring
good extreme pressure and anti-wear
additives.”

Both Girard and Roberts also cite
worm gears as challenging when it
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comes to lubrication.

“There are several types of worm gear
drives, each with their own set of chal-
lenges. The simplest type of worm gear
set is a steel, cylindrical worm gear in
mesh with a steel bull gear. These types
of gear sets can typically operate on an
extreme pressure type of gear lubri-
cant. It gets more challenging when
single (hourglass worm gear shape) or
double enveloping (hourglass worm
gear shape and concave bull gear
teeth) worm gears are introduced into
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the mix, often with brass or bronze sac-
rificial bull gears,” said Roberts.

Due to a combination of elevated
temperatures and extreme sliding
loads at the microscopic asperity con-
tacts, EP gear lubricants are typically
avoided as they can become corrosive
to yellow metals and cause premature
wear in the sacrificial gear. These types
of worm gear drives typically require a
lubricant that can provide greater pro-
tection against these extreme sliding
loads. This typically includes synthetic
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industrial oils (non-EP), compounded
gear oils (which include synthetic fatty
acids), or polyalkylene glycol (PAG)-
based gear lubricants to facilitate more
efficient sliding in the worm/bull gear
interface, according to Roberts.

Since operating temperatures, loads
on the gear teeth, gear speeds, and
gear metallurgy vary by application,
it is important to choose an appropri-
ate lubricant that is in accordance with
OEM specifications to prevent prema-
ture gear failure as mentioned earlier.

“OEMs usually perform the nec-
essary testing to determine which
gear lubricant types are appropriate
for their equipment under expected
service conditions and duty cycles.
Unfortunately, many end users take
lubricant selection into their own
hands and perform their own experi-
ments with various lubricant types,
which puts their equipment at unnec-
essary risk,” Roberts said.

Keeping an Eye on the
Equipment

Many of the companies involved in
gear and gear drive lubrication don'’t
just offer products and disappear to
the next sales call. It’s important to
have a failure/wear analysis program
in place to monitor the machines.

“Consistent analysis of the gear
fluid helps detect wear in metals,” said
Girard. “We offer lubricant analysis
with tracking at no charge to better
serve our customers.”

Oil or grease analysis is a method
of condition monitoring that tells you
about the operating condition of the
gearbox. This is essential to predict
malfunctions or possible breakdowns.

“Ideally, the result of the analysis will
confirm if there is an existing problem
with a component in the unit and this
will allow time to schedule a preven-
tive procedure to correct the situation,”
Sitta said.

Roberts said that oil analysis can also
tell you valuable information about the
current condition of the fluid in-ser-
vice, as well as the equipment itself.

“The most common routine moni-
toring test slate that we recommend
for gear drives is simple, yet very effec-
tive. It includes viscosity, acid number,
water contamination, spectroscopy
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analysis (wear, additive and contami-
nant metals), and particle quantifier,’
Roberts said. “Through viscosity and
spectroscopy analysis alone, we often
find that a lower viscosity lubricant has
been introduced into a gear drive, caus-
ing premature gear and bearing wear.
Other times, we find that viscosity and
acid number have become elevated,
which are indications that the fluid has
oxidized and exceeded its useful life.”

“Sometimes, through cyclic fatigue
(three possibilities are old equipment,
excess loads and misalignment) par-
ticle quantifier identifies ferrous wear
particles that are too large for the stan-
dard spectrometer to read or, in other
words, would have been missed had it
not been for the particle quantifier. For
this reason, we recommend including
particle quantifier in the routine test
slate for critical gear drives. If ever a
spike is observed while trending wear
rates, analytical ferrography should be
considered. While this is more expen-
sive than the routine test slate, it can
offer valuable information about the
size and type of wear that is occur-
ring, rather than just that there is wear
occurring,” Roberts said.

Synthetics and Energy
Efficiency

All companies interviewed for this ar-
ticle discussed how upgrades to reli-
ability programs, routine oil analysis,
maintaining proper fluid levels and
utilizing in-house testing to confirm
product viability has improved gear
and gearbox reliability over time.

An additional factor to consider
is the energy efficiency of synthetic
lubricants.

“In most all cases the use of a syn-
thetic lubricant is the best choice
because it improves the operating
efficiency of the gears and bearings,
reduces the oil temperature result-
ing in slower ageing of the oil and also
extends the oil change intervals,” Sitta
said.

Roberts believes the importance of
energy efficiency depends on the goals
and preferences of plant personnel; pre-
venting downtime due to equipment
failure is typically more of a motivat-
ing factor for those seeking to improve
lubrication and maintenance practices.

Potential cost savings by reducing
downtime are generally greater than
those achievable with energy reduc-
tion. “However, when equipment is
operating properly, and lubrication
practices are optimized, significant sav-
ings are also possible with increased
energy efficiency,” he added.

He continued, “Perhaps the time
when friction is most prevalent is dur-
ing equipment startup, when boundary
lubrication exists. During this time, the
viscosity of the lubricant and its additive
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package play a significant role in the
amount of friction that two opposing
surfaces will experience. Load and sur-
face roughness also come into play, but
there is little that can be done to change
that, regardless of lubricant selection.
“Selecting a lubricant of the proper
viscosity and additive package can
reduce the friction coefficient between
opposing surfaces, thus affecting
energy consumption required to oper-
ate the gear drive. Synthetic gear lubri-
cants often have naturally lower traction
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coefficients than petroleum hydrocar-
bon-based fluids and can offer enhanced
energy efficiency. A combination of these
factors can have a synergistic effect on
energy costs, especially where low volt-
age, high horsepower electric motors are
driving the gear drives. When a plant has
several gear drives that use the same elec-
tric motors, even a fraction of a percent of
amperage reduction can add up to signifi-
cant savings, which will outweigh the cost
of using a premium lubricant, including
the higher price of synthetics,” Roberts
said.

In the end it comes down to the old
adage, “You pay for what you get”
Shortcuts and cost-savings do not trans-

late into efficient manufacturing. .| Spray patterns before (top) and after
“OEMs and end users that invest in (bottom) Lubrication Engineer’s Pyroshield Syn
. . .. . XHvy Open Gear Lubricant was introduced.
high-quality lubrication methods will Photo courtesy of Lubrication Engineers.

simply allow gearboxes to lastlonger and
their customers will realize increased
productivity,” Girard said.

It Still Comes Down to Science
Roberts said that OEMs are requiring
next generation fluids to have much bet-
ter ancillary performance with respect
to the gear set in terms of oxidative and
thermal stability, seal compatibility,
bearing protection and fatigue life, com-
patibility with paints and corrosion-re-
sistant coatings, as well as impact on the
environment.

“Many of these next gen fluid require-
ments stem from the use of smaller fluid
sumps, which puts higher thermal stress
on the fluid. Also, in many cases, gear-
::;;esl igeazzleggi;§r3§ (I:)fllll(lzlagnft)flll; Zlv;l;:r} 4 Repairs & Maintenance Spend 2006 - 2013 (U.S.) )
end of design loads, if not exceeding them.
In these cases, the fluid must be able to
tolerate the higher thermal stresses, as
well as the higher loads that it is subjected
to, while still providing the expected ser-
vice life of the lubricant as well as pro- $200,000
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will influence end users to increase fil-
tration efforts onsite to keep the in-ser-
vice lubricants cleaner and dryer”

Regarding efficiency improvements
and sustainability, Sitta believes that
new formulations of lubricants for
gearbox applications are -currently
available with water as a main compo-
nent of the formulation.

“This has shown a marked improve-
ment in reducing the traction coeffi-
cient, lowering the operating tempera-
ture and improving the efficiency,” Sitta
said. “In addition, the biodegradable
lubricants for marine applications for
example are improving with improved
performance of Ester base oils”

Lubrication Trends and

Considerations
Most lubrication methods have been
around since the dawn of the indus-
trial revolution; however, technology
continues to improve, and new inno-
vations, or tweaks to these convention-
al methods, are often introduced. Rob-
erts discussed two examples:

Technology in the automotive indus-
try: Detroit’s new tandem rear axles
with Axle Lubrication Management
(ALM) System reduces fuel consump-
tion by regulating the oil level at the ring
gear to reduce fluid friction between
the gear and the gear oil. This is accom-
plished via the use of a valve that has
been integrated into the ring gear cover.

Remote-mounted sensor technology:
Monitoring your equipment’s health
accurately and efficiently can be an
effective way to help decrease down-
time and minimize unforeseen costs.
This is now more important than ever,
as system requirements continually
demand improved performance and
greater availability.

“Bluetooth technology is working
its way into sensors that can wirelessly
transmit data via email or text notifi-
cations, including low level warnings,
changes in pressure, temperature or
humidity conditions, and fault indi-
cators. As this technology develops,
we foresee that it will become widely
popular, as users will be able to opti-
mize asset and system performance
remotely based on real-time condi-
tions, especially in remote areas that
are difficult, or dangerous to access,’

Roberts said.

Much like gear manufacturers, lubri-
cation companies will need to pay
close attention to the changing para-
digm taking place in the automotive
industry.

“The greatest change coming to the
range of automotive lubricants is the
trend toward more electric vehicles,’
Sitta added. “The trend is moving
toward specialty greases and synthetic
lubricants for high-speed, electrically-
driven gearboxes.” PTE
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