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Table 1—Factors Affecting Selection of Industrial Gear Lubricants.
Factor

Requirement

Gearing type
• Spur and bevel
• Helical and spiral bevel
• Hypoid
• Worm

Low slide, low speed
Moderate slide, moderate to high loading
High slide, high loading
Excessive sliding, moderate to high loading

Loading

Highly loaded industrial gear drives require the use of extreme
pressure gear lubricants

Surface finish

Rougher surfaces require high-viscosity oils, smoother surfaces
can use lower-viscosity oils

Transmitted power

As load is increased, viscosity must be increased

Gear speed

The higher the speed of the gear drive, the lighter the viscosities
need to be

Materials compatibility

Some types of extreme pressure additives can attack yellow metals,
such as brass and bronze

Temperature

The industrial gear lubricant’s viscosity must be selected based
on the lowest and highest operating and/or ambient temperature
experienced

S

electing the proper industrial gear lubricant is
important to the long-term, efficient operation
of the gear drive. There are many factors to consider when selecting an industrial gear lubricant
for a particular application. These factors are summarized in
Table 1.
In addition to these factors, the gear lubricant selected for a
particular application should match the recommendations of
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the original equipment manufacturer (OEM). These lubrication specifications can be found inscribed either on the industrial gear drive’s nameplate or in the published specifications
found in the operator’s manual. These lubrication specifications are designed to balance the lubrication needs of the
bearings, which generally require a light-viscosity lubricant,
with the lubrication needs of the gears, which usually require
the use of a medium- to high-viscosity lubricant. This balance
can be achieved only through proper viscosity selection.

Table 2—Viscosity Ranges.
Former R&O
Gear Lubes
AGMA Grade

Former EP
Gear Lubes
AGMA Grade

1

Equivalent
ISO Grade

Viscosity Range,
cSt @ 40°C

Viscosity Range,
SUS @ 100°F

46

41.40–50.60

193–235

2

2EP

68

61.20–74.80

284–347

3

3EP

100

90–110

417–510

4

4EP

150

135–165

626–765

5

5EP

220

198–242

918–1,122

6

6EP

320

288–352

1,335–1,632

7 COMP

7EP

460

414–506

1,919–2,346

8 COMP

8EP

680

612–748

2,837–3,467

8A COMP

8A EP

1,000

900–1,100

4,171–5,098

Viscosity and Viscosity Selection
Viscosity is the most important property of any lubricating
oil. Viscosity provides the proper thickness of the oil film at
the operating temperature and conditions to keep the mating
surfaces of the gears and bearings apart during hydrodynamic
lubrication conditions. It also allows for the proper flow of
the lubricant to carry frictional heat away from the stress
points, along with any wear debris or contaminants present.
In addition, the viscosity selected is important to the overall
load-carrying ability of the gear lubricant. The higher the
viscosity, the more the lubricant contributes to load-carrying capacity. However, care must be taken in selecting the
proper viscosity for an industrial gear application. The use
of too heavy of a viscosity can result in excessive heat generated, excessive power losses, decreased gearbox efficiency and
improper oil flow.
The optimum selection will take into consideration ambient
temperatures, the operating temperatures, drive loads and
operating speeds that are most desirable in keeping wear rates
at a minimum.
The manufacturer of the industrial gear drive generally will
specify the viscosity grade to use based upon the ambient
temperatures and operating conditions. An OEM will usually
specify the industrial gear lubricant’s required viscosity grade
in centistokes (cSt) at 40°C (104°F), specify it in Saybolt
Universal Seconds (SUS) at 100°F (38°C) or reference the
required AGMA or ISO viscosity grade. The ways these different viscosity grades can be specified by an industrial gear
drive OEM are summarized in Table 2.
If the OEM does not specify a particular viscosity grade
to use, or if the lubrication recommendations are no longer available due to lost maintenance records, misplaced
operator’s manuals or painted-over nameplates, the correct

viscosity grade for a particular industrial gear lubricant can
still be determined.
There are many ways to determine what viscosity grade
should be used for a particular industrial gear drive application. One of the easiest and perhaps the most overlooked
ways is to go directly to the OEM’s website. Many OEMs
offer PDF files of the lubrication recommendations for the
different types of gear drives they manufacture.
Another good source for determining the appropriate viscosity for a particular type of industrial gear drive is the AGMA
9005-E02 “Industrial Gear Lubrication” standard (formerly
AGMA-D94). The AGMA 9005-E02 standard shows suggested viscosity grades for industrial gear drives operating
under normal loads over a range of speeds and ambient
temperatures.
A third method to determine ideal viscosity grade is to use
Table 3 or 4. The viscosity grade selection is based upon the
industrial gear drive’s horsepower rating, reduction ratio, the
speed of the gear drive in rpm and the type of lubrication
method used to lubricate the gears.
The fourth and final method that can be used to select the
viscosity grade uses the following equation (Ref. 1).
1. Calculate the Viscosity

V40 = 7,000
V1
V40 = Kinematic viscosity @ 40°C, cSt
V1 = Pitchline velocity of the lowest speed gear, feet per
minute (fpm)
= 0.262 X speed (pinion rpm) X pinion diameter (inches)
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Table 3—Industrial Gear Lubricant Viscosity Selection (Ref. 2).
Power
HP
1,000

Reduction < 10:1
(Simple Reduction)
ISO 0
0
10

O

IS
100
75
50

Splash Lubrication

6

I

SO

I

0

46

I

SO

I

0

I

10

15

2,000

c
uli

AW

SO

I

46

3. If there is an oil cooler, the maximum ambient temperature is less important because the oil’s temperature can
be controlled. Therefore the viscosity should be based on
the oil’s temperature.
• Increase one ISO viscosity grade if the oil temperature
exceeds 150°F (65°C).
• Increase two ISO viscosity grades if the oil temperature exceeds 185°F (85°C).
4. If the oil temperature exceeds 194°F (90°C), use a cooler,
such as a fan or a heat exchanger.
5. The pour point of the industrial gear lubricant should
be at least 9°F (5°C) below the minimum expected
ambient temperature during startup. If this cannot be
achieved, use an industrial gear lubricant that has a
lower pour point, such as one that is formulated with
semi-synthetic or synthetic base fluids, or use a heater
to heat the oil before starting the industrial gear drive.
Other Considerations
Selecting the proper viscosity grade for an industrial gear
drive application is a key step. However, there are other fac-

10
68

I

R&O ISO 32

5,000 rpm

15

SO

ra

2. If there is no oil cooler on the industrial gear drive, it’s
best to determine the maximum expected ambient temperature during operation and:
• Increase one ISO viscosity grade if the ambient temperature exceeds 95°F (35°C).
• Increase two ISO viscosity grades if the ambient temperature exceeds 122°F (50°C).

August 2006

30
20

0

d

Hy

1

Gear Product News

0

32

68
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1,000

0

46

I
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300

100
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5
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0
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32

SO

150

1,000

0

SO

30
20

0
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Power
HP

ISO 0
0
10

80

SO

Reduction > 10:1
(Multiple Reduction)

0

150

300

1,000

2,000

Hydraulic
AW 46

5,000 rpm

5
1
0

tors to consider. These include the type of gearing, the loads
and transmitted power applied to the industrial gear drive,
the speed of the gears, the operating and/or ambient temperatures, the materials used and the condition of the gears.
These factors can help with determining the type of industrial gear lubricant to use for a particular application.
The four types of industrial gear lubricants that could be
used in the lubrication of industrial gear drives include rust
and oxidation (R&O) inhibited oils, extreme pressure (EP)
gear oils, compounded gear oils, and synthetic gear oils.
Rust and Oxidation Inhibited Gear Oils
Rust and oxidation (R&O) inhibited gear lubricants can
perform well over a wide range of gear sizes and speeds and
ambient temperatures ranging from –5°F to 250°F (–15°C to
121°C). R&O inhibited oils are commonly used to lubricate
single helical and herringbone reduction gear sets that have
pitchline velocities greater than 3,500 feet/minute (17.5
meters/second) and are subjected to light to moderate loads.
They are also used in the lubrication of spur, straight bevel
and spiral bevel gear drives that are subjected to light loads.
R&O inhibited industrial gear lubricants are ideal for lubricating bearings if both the gears and bearings are lubricated
from the same system. Constant relubrication by the use of
either splash lubrication or circulation lubrication systems of
the gear teeth is preferred because R&O inhibited industrial
gear oils do not adhere to the surface of the gear teeth. They
can be used effectively to cool the gear mesh and flush the
tooth surfaces of wear particles or debris.

R&O inhibited gear oils can be easily conditioned with filters
and heat exchangers for consistent temperature and cleanliness.

EP gear lubricants should never be used in industrial gear
drives that use internal backstops, such as those found on
conveyor belts, or in the lubrication of cooling tower gear
drives that employ ratchets. The EP chemistry will not allow
the clutch or sprag mechanisms to properly engage, resulting in the mechanism slipping. This can cause serious safety
hazards, such as a conveyor belt continuing to turn or slip
after the enclosed industrial gear drive is shut off.

Extreme Pressure Gear Oils
EP gear lubricants are recommended for use with spur,
straight bevel, spiral bevel, helical, herringbone and hypoidtype gear drives that are subjected to high loading conditions,
moderate to high sliding conditions and high transmitted
power conditions. Because some types of EP gear lubricants contain chemically active additive systems, care must
be taken if they are used in systems where the gears and
bearings are lubricated from the same system or if they are
used in heavily loaded worm gear drives. EP gear lubricants
can contain active chemistries that are corrosive to brass or
bronze components. When used in these applications, the
lubricant supplier should be contacted to determine if the
EP gear lubricant can be used in such applications. EP gear
lubricants that utilize nonactive sulfur chemistries or borate
chemistries that are noncorrosive to yellow metal components are available.

These industrial gear lubricants perform well over a range
of gear sizes and speeds and ambient temperatures ranging
from –5°F to 250°F (–15°C to 121°C). Constant relubrication by the use of either splash or circulation systems of the
gear teeth is preferred because EP industrial gear oils do not
adhere to the surface of the gear teeth. They can be used
effectively to cool the gear mesh and flush the tooth surfaces
of wear particles or debris. EP gear lubricants can be easily
conditioned with filters and heat exchangers for consistent
temperature and cleanliness.
Finally, the use of EP gear lubricants cannot compensate for
design or mechanical inadequacies where an enclosed industrial gear drive is used in a poorly designed application or
where the enclosed industrial gear drive is at or near the end
of its useful life. The use of EP gear lubricants under these
conditions will postpone the final failure of the enclosed gear
drive for a brief time only.

Some EP gear lubricants will also contain solid lubricants,
such as graphite or molybdenum disulfide, that are held in
suspension. These solid lubricants are formulated into the
industrial gear lubricant to further improve the gear lubricant’s load-carrying capabilities. When EP gear lubricants
that contain solid lubricants are used, care must be taken
in fine filtration. Extremely fine filtration can remove solid
lubricants. Ideally, if an EP gear lubricant containing solid
lubricants is going to be used, the solid lubricants should
be colloidially suspended and have a particle size no greater
than 0.5 microns.

Compounded Gear Oils
Compounded gear oils are used primarily to lubricate
enclosed worm gear drives, where the high sliding action of
continued

Table 4—Industrial Gear Lubricant Viscosity Selection (Ref. 3).
Circulation Lubrication
Reduction > 10:1
Reduction < 10:1
(Multiple Reduction)
(Simple Reduction)
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1,000
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0
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Table 5—Industrial Gear Lubricants Used with Different Gears.
Lubricant
Rust and
oxidation
inhibited

Spur

Helical

Normal loads

Normal loads

EP gear lube

Heavy or
shock loading

Heavy or
shock loading

Compounded

Not normally
used

Not normally used

Synthetics,
shock loading

Heavy or
shock loading

Heavy or shock
loading, used by
most OEMs, especially at operating temperatures
exceeding 180°F
(82°C)

Worm
Light loads
and slow
speeds only
Satisfactory
for use in most
applications
Preferred for use
by most OEMs
Preferred for
shock loading

Bevel
Normal loads
Heavy or
shock loading
Not normally
used
Heavy or
shock
loading,
must contain
extreme
pressure
additives

Hypoid
Not
recommended
Required or
specified for most
applications
For lightly loaded
applications
Gear lubricant

the gear teeth requires a friction-reducing agent to reduce
heat and improve efficiency. The surface active agent, which
is a fatty oil or synthetic fatty oil, provides the lubricity
needed to reduce sliding wear. The use of compounded gear
oils is limited by an upper operating temperature of 180°F
(82°C). Constant relubrication by either splash or circulation
systems of the gear teeth is preferred because compounded
industrial gear oils do not adhere to the surface of the gear
teeth. They can be used effectively to cool the gear mesh and
flush the tooth surfaces of wear particles or debris.

• Resistance to the formation of residues and deposits
at high temperatures,
• Improved efficiency due to reduced tooth-related friction losses (low traction coefficients),
• Lower gearing losses due to reduced frictional losses
(low traction coefficients),
• Extended oil drain intervals,
• Reduced operating temperatures, especially under
fully loaded conditions, and
• Reduced energy consumption.

Most worm gear drives normally require an ISO 460 or 680
compounded oil, and in some cases an ISO 1000. The viscosity grade required depends upon the worm gear drive’s speed
and operating temperature. Generally, the lower the worm’s
gear speed, the heavier the viscosity grade.

Selection Summary
Though more than one type of enclosed industrial gear
lubricant can be used in the lubrication of enclosed gear
drives, careful analysis of all the factors outlined in Table 1
should be used when selecting an industrial gear lubricant
for a particular application. Table 5 presents a guide for
selecting a gear lubricant for various enclosed gear types. 

Synthetics
Synthetic gear oils are primarily used in spur, straight bevel,
spiral bevel, helical, herringbone and hypoid worm enclosed
gear drive applications whenever petroleum-based industrial gear lubricants have reached their performance limits.
Synthetic gear lubricants can contain R&O inhibited additive systems or contain antiwear or EP additives. They are
used in enclosed gear drive applications where very low or
high ambient and/or operating temperatures are encountered. Synthetic gear lubricants offer the following advantages in enclosed gear drive applications:
• Improved thermal and oxidation stability,
• Improved viscosity-temperature characteristics (high
viscosity index),
• Very good to excellent low temperature characteristics,
• Lower volatility and evaporation rates,
• Reduced flammability (dependent upon the type of
synthetic base used),
• Improved lubricity at mesh temperatures above
185°C,
38
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