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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations. governmental and
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Introduction

Gear lubrication is important in all types of gear applications. Through adequate lubrication, gear design and
selection of gear lubricant, the gear life can be extended and the gearbox efficiency improved. In order to
focus on the available knowledge of gear lubrication, ISO/TC 60 decided to produce this Technical Report

combining

primary information about the design and use of lubricants for gearboxes.

Vi
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Lubrication of industrial gear drives

1 —Seope

Thfs Technical Report is designed to provide currently available technical information with yespect to the
lubrication of industrial gear drives up to pitch line velocities of 30 m/s. It is intended to-serve ag a general
guldeline and source of information about the different types of gear, and lubricants, @nd”’their selection for
gegrbox design and service conditions. This Technical Report is addressed to gearymanufacturers, gearbox

users and gearbox service personnel, inclusive of manufacturers and distributors of’lubricants.

Thifs Technical Report is not applicable to gear drives for automotive transmissions.

2 | Terms and definitions

For the purposes of this document, the following terms, definitiafsy’symbols, indices and units apply

Table 1 — Symbols; indices and units

Symbol, index Term Unit
A,B,CD,E points on the path of contact —
b face width mm
C cubic capacity of the oil pump cm3
d diameter mm)
day 2 outside diameter pinion, wheel mm
dpy 2 base circle diameter pinion, wheel mm
A1, 2 operating pitch diameter pinion, wheel mm
Ty curvature factor NO-3/mm1.5
M load factor —
Fiy circumferential load at base circle N
L Iy ——rolational-speed-of-the-oil-pump-driving-shaft asts
p pressure bar
Py hertzian stress N/mm?
P gear power kW
P, gear power loss kW
P rsum total gearbox power loss kw
s slip —
t time sec

© 1SO 2008 — All rights reserved
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Table 1 (continued)

Symbol, index Term Unit
14 oil quantity I
O oil flow I/min
Qbearings oil flow through the bearings I/min
Qgears oil flow through the gear mesh I/min
oo oH-pump-flow Herin
Oseals oil flow through the seals I/min
v pitch line velocity m/s
I surface velocity pinion, wheel m/s
Vg sliding velocity m/s
Vi pitch line velocity m/s
Vs sum velocity m/s
Viank oil tank volume |
Z4 number of pinion teeth —
B helix angle degree
2 relation between the calculated film thickness and the -
effective surface foughness

21
intermittept lubrication
intermittent common lubrication of gears which:are not enclosed

NOTE Gears that are not enclosed are referred to as open gears.

2.2
manual luprication

hand appligation

periodical ppplication of lubricant by a user with a brush or spout can

lubrication

continuous application of lubricant to the gear mesh in service

25

splash lubrication

bath lubrication

immersion lubrication

dip lubrication

process, in an enclosed system, by which a rotating gear or an idler in mesh with one gear is allowed to dip
into the lubricant and carry it to the mesh

2 © 1SO 2008 — All rights reserved
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2.6

oil stream lubrication

pressure-circulating lubrication

forced-circulation lubrication

continuous lubrication of gears and bearings using a pump system which collects the oil in a sump and
recirculates it

2.7
drop lubrication
use of oil pump to siphon the lubricant directly onto the contact portion of the gears via a delivery pipe

2.8
spray lubrication
prgcess in oil stream lubrication by which the oil is pumped under pressure to nozzles that deliver g stream or
spiay onto the gear tooth contact, and the excess oil is collected in the sump and then-returned tq the pump
viga reservoir

2.9
spray lubrication for open gearing
comtinuous or intermittent application of lubricant using compressed air

210
oil|mist lubrication
prqcess by which oil mist, formed from the mixing of lubricant with compressed air, is sprayed against the
contact region of the gears

NQTE It is especially suitable for high-speed gearing.

211
brush lubrication
prqcess by which lubricant is continuously brushed onto the active tooth flanks of one gear

2.12

transfer lubrication
comtinuous transferral of lubricant ontojthe active tooth flanks of a gear by means of a special transfer pinion
immersed in the lubricant or lubricated by a centralized lubrication system

3 | Basics of gear lubrication and failure modes
3.1 Tribo-technical parameters of gears

3.1.1 Geartypes

There are~different types of gear such as cylindrical, bevel and worm. The type of gear used depephds on the
application necessary. Cylindrical gears with parallel axes are manufactured as spur and helical ggars. They
typicatlhave—a-tine-contast-and-sliding-enhy—inprofile—direction—Cylindrical-gears—with-skewed-axes have a
point contact and additional sliding in the axial direction. Bevel gears with an arbitrary angle between their
axes without gear offset have a point contact and sliding in profile direction. They generally have
perpendicular axes and are manufactured as straight, helical or spiral bevel gears. Bevel gears with gear
offset are called hypoid gears with point contact and sliding in profile and axial directions. Worm gears have
crossed axes, line contact and sliding in profile and mainly axial direction.

3.1.2 Load and speed conditions

The main tribological parameters of a gear contact are load, pressure, and rolling and sliding speed. A static
load distribution along the path of contact as shown in Figure 1 can be assumed for spur gears without profile

© 1SO 2008 — All rights reserved 3
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modification. In the zone of single tooth contact the full load is transmitted by one tooth pair, in the zone of

double too

th contact the load is shared between two tooth pairs in contact.
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Figure 1 — Load and speed distribution along the path of contact
The statiq load distribution along the path of, contact can be modified through elasticity and profile
modificatigns. Due to the vibrational system of(the gear contact, dynamic loads occur as a function of the
dynamic gnd natural frequency of the system:>'A local Hertzian stress for the unlubricated contact can|be
derived frdm the local load and the local radius of curvature (see Figure 1). When a separating lubricating film
is present| the Hertzian pressure distribution in the contact is modified to an elastohydrodynamic presspre
distributior} with an inlet ramp, a region of Hertzian pressure distribution, possibly a pressure spike at the
outlet and ja steep decrease from the_pressure maximum to the ambient.
The surfage speed of the flanks’changes continuously along the path of contact (see Figure 1). The suni of
the surfacg speeds of pinien‘and wheel represents the hydrodynamically effective sum velocity; half of this
value is krjown as entraining velocity. The difference of the flank speeds is the sliding velocity, which together
with the frictional force results in a local power loss and contact heating. Rolling without sliding can only|be
found in the pitch<point with its most favourable lubricating conditions. Unsteady conditions with changjng
pressure, sum and sliding velocity along the path of contact are the result. In addition, with each new topth
coming intp contact, the elastohydrodynamic film must be formed anew under often unfavourable conditiong of
the scrapingedge of the driven tooth (see Figure 2).
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Figure 2 — Scraping edgeat the ingoing mesh

) Gear lubricants

1 Overview of lubrication

garding gear lubrication, the primary.concern is usually the gears. In addition to the gears there
er components that must also be served by the fluid in the gearbox. Consideration should also

choice of lubricant. In many open gear drives the bearings are lubricated independently of the

allpwing for special fluid requirements should the need arise. However, most enclosed and sen

ge
Th
no

Al
en
ca
ac
thg

br drives utilize a singléubricant and lubricant source of supply for the gears, bearings, seals, p
brefore, selecting the-gorrect lubricant for a gear drive system includes addressing the lubricatio
only the gears bat-all other associated components in the system.

ubricant is useéd in gear applications to control friction and wear between the intersecting surfa
closed geandrive applications to transfer heat away from the contact area. They also serve as a
ry the additives that can be required for special functions. There are many different lubricants 3
complish these tasks. The choice of an appropriate lubricant depends in part on matching its pr
particular application. Lubricant properties can be quite varied depending on the source o

are many
be given to

bearings, seals, and other antillary equipment, e.g., pumps and heat exchangers, that can be szected by

ears, thus
i-enclosed
umps, etc.
n needs of

tes, and in
medium to
vailable to
operties to
the base

st

ck(s), thetypeof additive(s),and—any thickeners—thatmight beused—Thebasestock—amno

thickener

components generally provide the foundation for the physical properties that define the lubricant, while the
additives provide the chemical properties that are critical for certain performance needs. The overall
performance of the lubricant is dependent on both the physical and chemical properties being in the correct
balance for the application. The following clauses describe the more common types of base stocks, thickeners
and additive chemicals used in gear lubricant formulations today.

3.2.2 Physical properties

The physical properties of a lubricant, such as viscosity and pour point, are largely derived from the base
stock(s) from which they are produced. For example, the crude source, the fraction or cut, and the amount of
refining, such as dewaxing, of a given mineral oil can significantly alter the way it will perform in service. While
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viscosity is the most common property associated with a lubricant, there are many other properties that
contribute to the makeup and character of the finished product. The properties of finished gear lubricants are
the result of a combination of base stock selection and additive technology.

3.3 Base fluid components

A key element of the finished fluid is the base oil. The base oil comes from two general sources: mineral; or,
synthetic. The term mineral usually refers to base oils that have been refined from a crude oil source, whereas
synthetics are usually the product of a chemical reaction of one or more selected starting materials. The
finished fluids can also contain mixtures of one or more base oil types. Partial synthetic fluids contain mixtures

of mineral - ils.
As a current example, mixtures of polyalphaolefins (PAO) and esters are commonly used in synthetic
formulations. Mixtures are generally used to tailor the properties of the finished fluid to a specific application] or
need. An |overview of the general characteristics of different base fluids is shown in Table 2.+ Additional
information regarding base fluid characteristics is shown in the following sections.
Table 2 — General characteristics of base fluids
. . Mineral Polyalpha— Poly-alkylene- Phosphate

Characteristic paraffinic olefins (PAO) Ester glycol (PAG) esters
Viscosity -{temperature
relationship (typical viscosity 90 - 130 130 - 150 50 — 140 200 - 240 <100
index)
Specific heat 1,0 13-1,5 11,3 11-1,3 1,0-1,2
(relative)
Presgure—viscosity at 1 GPa 1.0 0.8 0.5 ~1,0 1.0-1.1
(relative)
Cgmparab lity solvency with Excellent Good Excellent Poor Good
mineral fluids
%)ignsparab lity solvency with PAO Good Excellent Excellent Poor Good
Additive sdlvency Goode Good Excellent Limited Good

Exeellent

3.3.1 Minperal-based fluids
Mineral-based gear oils/have been successfully used for several years in many industrial gear drive systems.
Mineral ofl lubricants;are petroleum-based fluids produced from crude oil through petroleum refining
technology. Paraffinic)mineral-based gear oils have viscosity indices (VI) that are commonly lower than mast,
but not all synthetic-based gear oils. This usually means that the low temperature properties of thgse
mineral-based |ubricants will not be as good as for a comparable grade synthetic fluid. If low ambient
temperatufesare involved with the operation of the equipment, this should be factored into the decisjon

process. At high temperatures, mineral-based Tubricanis are more prone o oxidafion than synthefics due in
part to the amount of residual polar and unsaturated compounds in the base component. Mineral-based
lubricants will generally provide a higher viscosity under pressure than most synthetics and therefore provide
a thicker film at moderate temperatures. On the other hand, at higher temperatures, usually around 80 °C to
100 °C or more, the higher VI of synthetic fluids generally overcomes the disadvantage of having a lower
pressure-viscosity coefficient. At these higher temperatures, the film thickness can be higher for PAOs
compared to mineral oils. Probably the primary advantages of mineral-based oils over synthetic-based oils are
their lower initial purchase cost and greater availability worldwide. If a mineral oil is preferred, some of the
weaker properties, compared to a synthetic fluid, can be improved through the thickener and additive systems
available today.

6 © 1SO 2008 — All rights reserved
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3.3.2 Synthetic-based fluids

Synthetic oils differ from petroleum-based oils in that they are not found in nature, but are manufactured
chemically and have special properties that enhance performance or accommodate severe operating
conditions. Because they are manufactured, many of their properties can be tailored to meet specific needs
through the choice of starting materials and reaction processing. Many synthetic oils are stable at high
operating temperatures, have high VI, i.e. smaller viscosity changes with temperature variations, and low pour
points. This means that equipment filled with most commercially available synthetic gear oils can be started
without difficulty at lower bulk oil temperatures than those using mineral oils. Another key advantage is that
they are inherently more stable at higher temperatures against oxidative degradation than their mineral

improve gearbox efficiency and can operate cooler than mineral oils ‘because of their
perature characteristics and structure-influenced heat transfer propeérties. Decreasing the
perature of a gearbox lubricant is desirable. Lower lubricant temperatures increase the gear a
@s by increasing lubricant film thickness, and increase lubricant life by.reducing oxidation.

re are several different types of synthetic base oils availabléytoday. Their compositions and
ult from the different chemicals that are combined in théir manufacture. Some of the maijg
thetic base oils are described in the following clauses. The lubricant supplier is generally co
Jitional information on synthetics for a given application.

3.3.21 Polyalphaolefin-based oils

PAQOs, or olefin oligomers, are paraffin-like liquid:hydrocarbons which can be synthesized to achiev
combination of high viscosity-temperature characteristic, low volatility, excellent low temperature vi
angl thermal stability, and a high degree of-exidation resistance with appropriate additive treatment
a dtructure that can improve equipment efficiency. These characteristics result from the wax-free ¢
of [moderately branched paraffinic hydrocarbon molecules of predetermined chain length. Co
conventional mineral oils, some RAO lubricants have poorer solvency for additives and for sludg
form as the oil ages. Lubricantformulators commonly add a higher solvency fluid, such as ester g
argmatic fluids, in order to Keep the additives in solution and to prevent sludge from being depos
gefrbox components.

3.3.2.2 Syntheticester lubricants

Esters are produced from the reaction of an alcohol with an organic acid. There are a wide varief
available that can be produced because of the numerous existing combinations of acids and alc
pri
soine-s_poor hydrolytic stability. When in contact with water, esters can deteriorate through a rever
anr reévert to an alcohol and organic acid. A secondary weakness with some esters is a VI lower

structure.
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paraffinic mineral-based oils. Some esters do, however, provide a VI higher than mineral or PAO lubricants. It
is possible for some ester-based gear oils to be suitable in water protection areas since they can be
biodegradable.

On the negative side, ester-based gear oils or lubricants containing esters can adversely affect filters,
elastomeric seals, adhesives, sealants, paint, and other surface treatments such as layout lacquer used for
contact pattern tests. Therefore, lubricants with esters should be tested for compatibility with all gearbox
components before they are used in service. Another weakness of the ester class of lubricants is their poor
film-forming capabilities. Esters tend to have very low pressure-viscosity coefficients which relate to the ability
of the fluid’s film thickness in the contact region. This could lead to higher wear.
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3.3.2.3 Polyalkyleneglycol (PAG) lubricants

PAG-based oils have a chemical structure that is distinctly different from both PAO and ester-based oils.
PAGs are generally made from the reaction product of ethylene oxide and propylene oxide to form a polyether
type structure. The properties of the structure are dependent on the molecular weight and the ratio of ethylene
and propylene oxides used in the reaction mixture. PAG-based gear oils can have excellent thermal and
oxidative stability and most have exceptionally high VI, many of which are greater than 200. However, many
PAGs have poor corrosion properties in the presence of salt water. In standard distilled water corrosion tests,
carefully selected additives can control rust.

The primapydifficultieswith PAG lubricants are that they can be very hygroscopi and
not very nfiscible with mineral or other synthetic fluid-type base fluids. The affinity lity
with more| common fluids is a function of the ethylene oxide to propylene oxide ratio. Special~flushjng
procedure$ are required when switching between a PAG and mineral or other synthetic fluid lubricant; the
lubricant supplier is consulted for specific details. A secondary difficulty with PAG lubricants is-that they ¢an
require different specifications for paints, seals, sealants, and filters. Also, special handling would be requifed
for the disposal of PAG-type lubricants.

3.3.24 |Phosphate esters
While therg are many groups of phosphates, it is the trisubstituted, neutral esters_of orthophosphoric acid that
have found significant use as synthetic base stocks. The commercially significant derivatives used |as
synthetic hase stocks are compounds in which all three substituents on ¢he phosphorus molecule are alky,
aryl, or alklyl-aryl moieties containing at least four carbon atoms plus hydrogen and oxygen. They are probably
best known for their inherent fire-resistance and find wide use as_fife-resistant industrial hydraulic fluids.
Additionallly, they can be used as gear lubricants in the gearboxes of\gas and steam turbines.

The trisubsgtituted phosphate esters, being neutral, have demonstrated chemical stability through many yepgrs
of practicdl industrial service over a wide temperature range. They generally do not react with most organic
compounds and are excellent solvents for most commganly used lubricant additives. In addition, they have
demonstrated excellent thermal and oxidative stability” in various laboratory tests. When one thinks| of
synthetics| the most common characteristic is excellent viscosity-temperature relationships. This, however is
not the cage for phosphate esters as they typicallj‘have viscosity indices (VI) below 100.

Consideration should also be given to phosphate ester-type fluids during service due to their affinity with water.

ickeners

$, also known as viscosity modifiers (VM) or viscosity index improvers (VIl), are not commor] in
industrial gear oil formulations,-but are used in some applications. Thickeners are generally polymers, which
cause the [oil to thicken to-a‘much greater extent per unit volume of material than a conventional base stock,
such as a|bright stock or-cylinder stock. At higher temperatures the molecule expands creating a thickenfng
effect. As the temperature decreases the polymer molecule tends to contract minimizing the thickening effgct.
A schemalic diagram_of this principle is shown in Figure 3. The unique ability of these polymers to expand gnd
contract a$ a function of temperature enables the finished blend to have much better viscosity-temperatpre
characterigticsthus the terms VM and VII.

Polymers are merely a chemical combination of one starting unit, known as a monomer, into many repeating
units. The properties of the polymer are a function of the relative molecular mass (34,, the number of repeating
units) and the chemical structure of the monomer. Some of the more common polymer types used as viscosity
modifiers include poly-alpha-olefin, poly-isobutylene, poly-alkyl-acrylate and -methacrylate, and olefin
copolymers.

In addition to altering the viscosity-temperature properties of the finished fluid the choice of polymer can also
have an impact on the supporting film in the gear and bearing contact regions. The film formed in the contact
will be a function of the temperature, pressure and velocity of the surfaces that come into contact with each
other. On the negative side, polymers are subject to mechanical and thermal shearing which results in a
temporary and/or permanent loss of viscosity. The rate of loss is directly proportional to the molecular weight
(M,) of the polymer, i.e., higher relative molecular mass polymers result in higher viscosity losses (see
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Figure 3). Different polymer structures can also influence the response to pressure, temperature, and shear
rate. Each of these parameters becomes important in the overall choice of a thickener.
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Figure 3 — Schematic diagram of;shear effects on thickeners

3.5 Chemical properties of additives
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prqvide benefit in multiple areas. For example, certain thiophosphorus compounds while primarily u
can @lso provide protection against scuffing or function as oxidation inhibitors. As a minimum bage, oils are
tre da iretllating oils.
These oils are not intended for applications where boundary lubrication is expected to occur. Blends
containing AW and antiscuff agents are generally referred to as EP oils.
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Additives alone, however, do not establish oil quality with respect to oxidation resistance, demulsibility, low
temperature viscomentrics and viscosity index. Lubricant producers do not usually state which compounds are
used to enhance the lubricant quality, but only specify the generic function such as AW, EP agents, or
oxidation inhibitors. Furthermore, producers do not always use the same additive to accomplish a particular
goal. Consequently, it is possible for any two brands selected for the same application not to be chemically
identical. Users should be aware of these differences, which can have significant consequences when mixing
different products. Another important consideration is incompatibility of lubricant types. Some oils, such as
those used in turbine, hydraulic, and gear applications, are naturally acidic. Other oils, such as engine oils and
some automotive driveline fluids, are alkaline. Acidic and alkaline lubricants are incompatible. Oils for similar
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applications but produced by different manufacturers can be incompatible owing to the additives used. When
incompatible fluids are mixed, the additives can be consumed due to chemical reactions with one another.
The resulting oil mixture can be deficient of essential additives and therefore unsuitable for the intended
application. When fresh supplies of the oil in use are not available, the lubricant manufacturer should be
consulted for a recommendation of a compatible oil. Whenever oil is added to a system, the oil and equipment
should be checked frequently to ensure that there are no adverse reactions between the new and existing oil.
Specific checks should include bearing temperatures and signs of foaming, rust or corrosion, and deposits.

Certain precautions must be observed with regard to lubricant additives. Some additives are consumed during
use as part of thelr method of funct|on|ng As these additives are consumed, Iubncant performance for the
specific app ing
programmgs should be |mplemented to periodically test 0|Is and verify that the essential additives have,hot
been depleted to unacceptable levels.

3.6 Solid lubricants

Solid lubri¢ants have been used in many different ways over the years to provide additional functionality gnd
performange to the application. They have been used as supplements to liquid lubricapts“and greases and|as
dry film cdatings in specialized applications where liquid lubricants or greases could\not be used. The solids
can be grduped into a few classes, the most common being lamellar and polymer. ‘Graphite and molybdenfum
disulfide (MoS,) are the best known examples of lamellar solids and poly tetra-fluoroethylene (PTFE) or
Teflon®1) {s the most well-known polymer type. When these are applied to the~surface they have a very great
effect on the friction of the interacting surfaces. The key issue with many solid lubricants when used|as
additives in other liquid or grease formulations is enabling them to reach the surfaces and perform their
function. Attention must also be given to the type of lubricating systemc<in place on the equipment, i.e. splash
or pressure-fed, pump tolerances, filtration levels, etc., as problems could arise that outweigh the poteniial
benefit of the solid lubricant.

G — In the case of gear oils, special attention.is drawn to the fact that the effect of the sqlid
§ is not impeded by the existing detergent/dispersant additive system. This is why highly
dted solid lubricant suspensions should only be added to EP gear oils after consultation with
the manufacturer of these oils.

3.7 Fridtion and temperature

The local foefficient of friction changes:also with local parameters of load and speed. Mean values for the
coefficient|of friction along the path of‘cantact can be recalculated from power loss measurements.

The balange between power loss.in the components of a transmission and heat dissipation over the housfng
and the shafts results in a steady state oil temperature of a sump lubricated gearbox. For spray lubricatipn,
part of thg generated heat\is’removed in an external radiator. The oil bulk temperature is regarded as the
decisive parameter for the thermal-oxidative behaviour of the lubricant throughout its service life. The
allowable maximum oil’sump temperature for a given application is dependent on the choice of base oil type
and additiye chemistry. Sump temperatures in excess of 95 °C can require special materials for non-metdllic
components such.as oils, seals and shims.

Heat dissipation is related to ambient temperatures, typically in the range of —40 °C to +55 °C. The ambient
temperature is defined as the dry bulb air temperature in the immediate vicinity of the installed gears. Specific
oil type and viscosity grade will be determined, in part, by ambient temperature.

The mean gear tooth temperature determines the relevant viscosity of the lubricant transported into the
contact and thus film thickness and together with surface roughness the lubricating regime of boundary, mixed
or elasto-hydrodynamic lubrication. Film thickness is directly or indirectly correlated with wear, scuffing,
micropitting and pitting performance of the gear pair.

1) Poly tetra-fluoroethylene, known under the trade name Teflon®, is an example of a product available commercially.
This information is given for the convenience of users of ISO/TR 18792 and does not constitute an endorsement by ISO of
this product.
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The gear bulk temperature, together with the local flash temperature in the mesh, govern the scuffing

behaviour of the gear pair.

3.8 Lubricating regime

Using local values of load, speed and temperature, the local film thickness can be calculated along

the path of

contact. A good approximation for the estimation of the lubricating regime is to calculate the film thickness at
the pitch point, introducing the viscosity, n, at gear bulk temperature, 9),, and the pressure-viscosity
coefficient, a, of the lubricant, and 8, into the film thickness equation of Dowson and Higginson [54]. The

relatlon k between the calculated f|Im thickness and the effectlve surface roughness determines the lubricating
re i shown by
Wellauer and HoIIoway [55].
For A values below 0,7 boundary lubrication, for A between 0,7 and 2 mixed lubrication and\for A pver 2, full
film separation is expected. To prevent damage, the flank surfaces must be protectedfrom diregt metal-to-
mgtal contact. For full film lubrication, the viscosity effect is sufficient, for smaller. film thickness values,
additives building up physically adsorbed or chemical reaction layers have to protect the flank surface (see
Fidure 4).

1

2

3
Ke

1 elastohydrodynamic (hydrodynamic) lubrication
2 lubrication by physically adsorbed layers
3 boundary lubrication by chemically reacted layers

Figure 4 — Mechanisms of surface protection for oils with additives

3.9 Lubricant influence on gear failure

Definitions and pictures of individual failures are given in ISO 10825 [16]. The mechanism of gear failures

influenced by lubricants is given in the following paragraphs.

© 1SO 2008 — All rights reserved
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3.9.1 Wear

Wear is a continuous removal of material from the flank surfaces. It occurs when there is asperity contact
between the mating surfaces. As the film becomes thinner there is more asperity contact and, therefore, more
wear. Wear rates can be affected by many factors such as lubricant, material properties and operating
conditions. Some of the influential factors and their relative effects are shown in Table 3.

Table 3 — Example of influence factors on wear

Life time

Influence Lower Same Highef

Material pairing of same hardness

reference: case carburized
gas nitrided XX
through hardened
globular cast iron
hardness difference up to 50 HV X

pairing of different hardness
reference: case carburized/case carburized

through hardened/through hardened X
case carburized/through hardened XX
case carburized/globular cast iron X

Lubricant | reference: straight mineral oil ISO VG 220
straight mineral oil ISO VG 460 X
ISO VG 220 with AW additives X
ISO VG 220 with EP additives X X
unlubricated, hard/hard XX
unlubricated, soft/soft XXX

Geometry || reference: module 4 mm, balanced( sliding, without profile
modification

unbalanced sliding X
module 8 mm
adequate tip relief X

x  Lowet, higher
xx  Much|lower, higher
xxx Very fnuch lower, higher

3.9.2 Scffing

At high preéssdre'and temperature without any surface protection the mating flanks weld together and dug to
the inhereptZenergy and kinematics of the system are immediately torn apart again. Thus scuffing always
occurs in corresponding areas of the mating tooth flanks, typically near the tooth root and tip with high sliding
speeds. Scuffing is an instantaneous failure where one single and short overload can already cause
catastrophic failure.

Newly manufactured surfaces have a higher probability of scuffing than well run-in surfaces. It has been
shown that new surfaces can only carry 20 % of the load compared to run-in surfaces [55]. Lubricants with EP
additives can improve resistance to scuffing, but other factors also influence performance. Some of the
influential factors affecting scuffing are shown in Table 4.
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Torque capacity
Influence Lower Same Higher
Material reference: case carburized, martensitic  structure,
surface Ra = 0,5 ym, run-in surface
Ra=0,1pm X
newly manufactured surface XX
through hardened X
gas nitrided X
phosphated X
copper plated X
30% retained austenite X
stainless steel XX
Lybricant reference: straight mineral oil ISO VG 220
straight mineral oil ISO VG 460 X
ISO VG 220 with AW additives X
ISO VG 220 with EP additives XX
Ggometry reference: spur gear module 4 mm, balanced sliding, without
oglerating profile modification, medium speed
cdnditions unbalanced sliding
module 8mm X
helical gear X
adequate tip relief X X
low speed XX
X Lower, higher
x{ Much lower, higher
xxx Very much lower, higher
3.9.3 Micropitting
Gdars running under mixed or boundary lubrication conditions can experience micropitting. Micropitting is a
form of surface fatigue which occurs mainly, but not exclusively, in the dedendum of the gear flanks under

negative sliding conditions. It is ‘characterized visually as a grey, matte finish area on the tooth surface. It can

pragress to an unacceptable,)material loss with increased dynamics and secondary failures. Suc
todth modifications, surface‘roughness, viscosity, and the choice of additive have been shown f
influence on the amount of micropitting. A summary of some of the key factors influencing micrg

shown in Table 5.

h items
o have
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Table 5 — Example of influence factors on micropitting (transmittable torque)

Torque capacity

Influence Lower Same Higher
Material reference: case carburized, martensitic  structure,
surface Ra =0,5pym
Ra=0,1uym XX
through hardened X
30% retained austenite X
Lubricant reference: straight mineral oil ISO VG 220
straight mineral oil ISO VG 460 X
ISO VG 220 with AW/EP additives X X X
polyalphaolefin X
Geometry reference: balanced sliding, without profile modification,
operating medium speed
conditions high negative sliding X
adequate tip relief X
high speed X
X Lowef, higher
xx  Muchl|lower, higher
xxx Very jnuch lower, higher

3.9.4 Pitfing

Pitting is 4l
under high

fatigue failure that occurs mainly in the dedendum of(the gear flanks in the area of negative slid
Hertzian stress and surface shear conditions. There is generally a strong relationship betwgen

ng

stress levgls and cycles to failure. Again, key factors such as material properties, lubricant and operafjng

conditions

can have an effect on the pitting life of gears astshown in Table 6

Table 6 — Example of influence factors on pitting (transmittable torque)

Torque capacity

Influgnce

Lower

Same

Higher

Materigl
surface

reference: case carburized, martensitic
ground and run-in surface

through hardeped

gas nitrided

hobbed

coppenrplated

307% retained austenite

structure,

XX

Lubrica

reference: straight mineral oil ISO VG 220
straight mineral oil ISO VG 460
ISO VG 220 with AW/EP additives

polyalphaolefin, polyalkyleneglycole

Geometry

reference: spur gear module 4 mm,
angle 20 °, without profile modification

module 8 mm
pressure angle 28°
high addendum teeth
helical gear
adequate tip relief

pressure

X X X X

XX
xxx Very

X Lower, higher
Much lower, higher

much lower, higher
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4 Test methods for lubricants

4.1 Gear tests

Experience has shown that correlation with practice is enhanced when gear tests with appropriate

conditions

are performed. Simple bench testing may be used for batch or identification controls when base oil, additive

types and concentration are known [61].

411 Wear test

Wear performance of gear oils may be tested with the FZG test method as specified in ASTM(B
Tept gears are run at a pitch line velocity of 0,57 m/s and an oil sump temperature of 121 °€.und
20(|h. After that, the weight losses of pinion and wheel are determined. Experience has shown adv
rating the AW performance of industrial gear oils when carrying out the test a sufficient humber
engure repeatability (see Figure 5).

Anpther test method may be conducted at a pitch line velocity of 0,05 m/s with eil sump temperatu

4998 [38].
er load for
antages in
bf times to

e of 90 °C

in a first test sequence and 120 °C in a second sequence [45]. The result of{the' test can be expr¢ssed as a

spgcific wear rate; this calculation is based on a method outlined by Plewe [62].

Gear lubricants are often used to lubricate bearings as well as gears,-DIN 51819-3, a bearing wes
common method for evaluating bearing wear performance of gear ldbricants.

r test, is a

- ‘_._.—r_————-_—'—.

ht loss

inion weig

P

Running time
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1 oilA
2 oilB
3 qilC

Figure 5 — Examples of gear oil wear test results
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4.1.2 Scuffing test

The scuffing load capacity of industrial gear oils may be evaluated with ISO 14635-1 [24]. This method is
identical with national test methods as found in DIN 14635-1 [27], ASTM D 5182 [39], IP 334 [47] and
CEC L-07-A-95 [44].

For lubricants of higher scuffing capacity as such used in manual gearboxes and final drives in automotive
applications, modified procedures are used, e.g. ISO 14635-2 [25].

The results of the different scuffing tests can be introduced into the standard scuffing calculation specified in
ISO/TR 13989 [20, 21].

4.1.3 Micgropitting test

The micrppitting capacity of lubricants may be tested using the test procedure described | in
ereinigung Antriebstechnik (FVA) Information sheet No. 54/I-1V [49].

Adjusted tp the operating conditions of the gearbox, modifications of the test are performed.at higher spged
r temperature. For example, in wind turbine applications the oil temperature is redtced from 90|°C
. |In spite of better lubricating conditions with higher operating oil viscosity; sometimes loyer
micropitting capacity is observed due to different additive systems.

A micropitfing capacity rating method is currently being investigated [57, 69].

4.1.4 Pitting test

The influepce of lubricants on the pitting life of gears can be evaluated’many ways. One method is descriljed
in FVA Information sheet No. 2/IV [50]. S-N curves can be developed\from the data which can be useful when
making comparisons or carrying out failure accumulation calculations [67]. Other operating conditions can|be
applied to meet the needs of different applications [49].

4.1.5 Effjciency test

The influepce of lubricants on power loss and efficiency can be evaluated as specified in FVA Information
sheet No.[345 [52]. Under these conditions load®independent and load-dependent losses in the area| of
boundary, [mixed and full EHD conditions are measured and evaluated in comparison to a reference oil and|as
loss factorp and mean values for the coefficient of friction.

The result$ of the test can be introduced into the calculation of power loss and expected gear oil temperatlre
as per ISQ/TR 14179-1 [22].

4.2 Other functional tests

4.2.1 Cofrosion

There are|several types of corrosion tests for petroleum products, depending upon the classification or fhe
applicatior| of thesldbricant. In order to examine the corrosion characteristics of a lubricant, tests are defined
for conditipns4hat approximate the conditions encountered in service. In general, properly formulated gear
lubricants pre-not considered corrosive to steel or copper containing alloys. Most corrosion test methods are
intended tomeasure—theability of atubricanttopreventcorrosiomomanmoitimcontact-witha—metat—surface.
The methods are usually grouped, in keeping with the material to be protected, in general categories such as
ferrous and non-ferrous. These tests indicate the tendency of the lubricant to prevent corrosion of the gears,
bearings and other components while in service under normal operating conditions. If adverse conditions are
expected such as high operating temperatures or high contamination levels or types, other considerations can
be required to protect steel and cupric metal parts from corrosive attack.

The 1ISO 7120:1987 [14]/ASTM D 665-95 [32] test method evaluates the ability of an oil to prevent the rusting
of ferrous parts in the event that water becomes mixed with the oil. The method consists of two parts:
Procedure A using distilled water, and Procedure B using synthetic seawater. In this test method, 10 % water
(distilled or synthetic seawater) is mixed in the oil and a polished 10180 grade carbon steel rod is immersed in
the stirred mixture for 24 h at 60 °C (140 °F). If there is no rust on the specimen, the oil passes the test.
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The ISO 2160 [5]/ASTM D 130 [30] copper corrosion test method measures the protective nature of
lubricating oil on a copper strip that is immersed under static conditions in the oil. Sulfur containing
compounds are the main sources of tarnishing or corroding of the copper and its metal alloys. The extent of
the reactivity of the copper with the oil is classified by comparing the appearance to standard coupons. The
method consists of placing a polished, cleaned copper strip in a test tube with the oil sample. The test is run
for 3 h at 100 °C (212 °F). Discolouration of the copper is matched against reference standards and the oil is
rated on a scale of increasing corrosivity from 1 to 4. An acceptable gear rear oil is required to a rating of 1a or

1b, which is considered slightly tarnished.

4.2.2 Oxidation resistance and thermal stability

Oxjdation is a chemical process in which oxygen combines with the free radicals generated within
to produce organic acids that can corrode metals and produce higher molecular weight by-prod
prqduce sludge and deposits in a lubricated system. Another product of oxidation is jincréased
Oxjdation is enhanced by an elevated temperature and in the presence of a catalyst such, as coppe
forpign matter. Thermal stability is often, but inappropriately, interchanged with oxidation. Thermal
thg property of a lubricant that characterizes its relative chemical stability in response.to thermal stre

A thermally unstable compound can decompose in response to heat alone/Awithout the contribu
oxidative processes. Thermal decomposition, like oxidation, can be catalyzed by metals, wate
chémical compounds. Thermal breakdown products can themselves beyreactive and promote
cofrosion, or sludge formation.

There are many tests used to assess the thermal and oxidative stability of lubricants. Often thes
mqtal catalyzed and it is possible for them to include the presence of water.

a lubricant
Licts which

viscosity.
r, water or
stability is
SS.

tion of the
r, or other
oxidation,

b tests are

Oxjdation resistance is an important measure of the functionality and useful service life of a Iyibricant. A

lubricant’s base oil and additive package are equally important determinants of its oxidation life.

Operating

temperature, however, is normally the most influential variable impacting the rate of oxidation. In any gear

driye, localized heating (hotspots) must be taken\into account in addition to a bulk lubricant
temperature. These areas of localized heating can be sites where accelerated oxidative aging a
de¢omposition occur. Examples of localized heating include instantaneous frictional heat at the me
theg gear teeth (referred to as flash temperature), the point of highest load in support bearings and th
of heating devices that come in direct contaet with the lubricant.

4.2.3 Foaming

Fopming in a gear oil is detrimental to the performance and durability of the gear drive in which
usged. It can also create housekeeping problems if it escapes the confines of the gear drive. Fo
lubricant can be controlled through the use of a foam inhibitor. This additive causes the foam t
mqre rapidly by promating the agglomeration of small bubbles into large bubbles which burst m
Fopm inhibitors are~commonly produced from silicon or polymeric compounds.

One method_commonly used to measure the foaming tendency of oils is that of ISO 6247 [12]/AS
This involves subjecting a fixed volume of the test oil in a graduated cylinder to air flowing throu
sparging-device for 5 min and measuring the increase in volume of the liquid/foam mixture at the f
floyving~air and then again after another 10 min of standing. This is done at 24 °C, 93.5 °C, and r
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°C_with the same oil used in the 93,5 °C evaluation as specified in ISO 6247. The criteria for 4

cceptance

are defined by the user, consistent with the needs of the application.

4.2.4 Air entrainment

Air entrainment is also referred to as the air release property of a fluid. With industrial oils, this property is
determined by establishing the density of the fluid in its natural state, aerating it, and measuring the time it
takes to return to its original density. Viscosity and temperature will affect the rate at which a fluid will release
entrained air. The ability of the bulk fluid to release entrained air is an inherent property of the base fluid. A
base fluid with marginal air release capabilities in neat form can develop severe air entrainment with the use
of the wrong combination of additives and/or the use of too high a concentration of additives. The same
applies to base fluids with excellent inherent air release properties if too much additive is used. Therefore, the
doping of gear oil with additional additives, especially foam inhibitors, should only be attempted under the
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careful guidance of the lubricant supplier. The addition of improper or too much additional additive(s) can lead
to major gear drive operational problems and possible irreversible damage to the gears and/or bearings.

The only standardized test method designed to quantify air entrainment in oils is ISO 9120 [15], but this is
limited to light viscosity turbine type oils. There are no specific requirements for air entrainment properties for
high viscosity oils typically used in industrial gear applications. There are some specialized test methods for
certain applications where air entrainment/release properties are important. An example is the Flender foam
test which measures both the foaming tendency of the oil and its subsequent time to release the air entrained
during the foam portion of the test.

4.2.5 Depmuisibitity

Demulsibiljity, also known as water separation, is the ability of a lubricating fluid to separate from water. The
common demulsibility test method used for light and medium viscosity gear oils is ASTM D 1401+[34]. In this
method, al40 ml sample of both oil and distilled water are placed in a 100 ml graduated cylindef.and placed in
a temperagure bath. The test is run at 54 °C (130 °F) for ISO 68 and lower oils and 82 °C (180°%F) for oils that
are 1SO V§ 100 and greater. After stirring (1 500 rpm) for 5 min at the appropriate test temperature, the time
required fgr the oil and water to separate is measured. If separation does not occur in/fh; the test is stopped
and the vdlumes of water, oil and emulsion are recorded. For medium and high viscosity gear oils the typical
test used is ASTM D 2711 [35], also known as the Wheeling Steel Demulsibility Test since it was develoged
by WheelitIg Steel to measure the water separation properties of oils used to lubricate steel rolling mill stands.

In the ASTM D 2711 [35] test method, 405 ml of oil and 45 ml of water are stirred together (4 500 rpm) far 5
min in a sg¢paratory funnel at 82 °C (180 °F). After settling for 5 h, a 50 miksample is withdrawn from near the
top and cgntrifuged to determine the “percentage of water in oil, volume,/%”. The free water is drained frpm
the bottom of the funnel and then a second volume of 100 ml of oil and water emulsion is withdrawn and
centrifuged. The initial amount of free water drawn off plus the centrifuged water is recorded as “total ffee
water”. The amount of water and oil remaining as emulsion aftep centrifuging is recorded as “Emulsion, m|s”.
This methpd was developed specifically for rust and oxidatien inhibited oils, but it can be used to test hjgh
viscosity dirculating oils and anti-scuff / EP gear oils. For\these types of lubricants the method is usually
modified tg reduce the oil amount to 360 ml, increase the ‘water to 90 ml and the stirrer slowed to 2 500 rpm.

4.2.6 Elgstomer compatibility

The compatibility of lubricant with elastomer(can be measured in a number of ways depending on the sealjing
system an(d its requirements. Two major types are static immersion testing and dynamic testing. Dynamic
tests require special rigs and are often_genducted to an equipment manufacturer's preferred duty cycle. A test
can last 500 to 1 000 h or more. Dynamic testing is usually assessed by quantifying the amount of leakage
that occurg during the course of the'‘test. In addition, at the end of testing some require more in-depth analysis
of the seallitself. This also requires’ specialized equipment, which is usually only available at the seal vendgr’s
laboratory

Static immnfersion tests @are“popular and relatively simple to conduct. Static immersion test methods such|as
ISO 6072 [11] or ASTM'D 5662 [41] are examples. These tests usually consist of suspending samples of the
elastomer [in a glass\test tube containing the oil to be assessed. The test tube is placed in a controlled heated
bath for a[specified length of time. At the end of the specified time the elastomer samples are removed and
rinsed with a-hydrocarbon solvent to remove the oil. The elastomer is then evaluated for changes in volume,
hardness, tensile strength and elongation

Although ASTM D 5662 [41] specifies certain elastomer types and test conditions, these may be modified to
accommodate the needs of specific end user applications. Regardless of the method chosen to determine
elastomer compatibility, it is always recommended that the results are compared with a standard, or the
results obtained with a reference oil, preferably one with a positive field service history.

4.2.7 Filterability

Oil with poor filterability characteristics will plug filters and can cause inadequate lubrication of vital machine
components. It has been found that the poor filterability characteristics of some industrial lubricants are
caused by the use of certain base stocks or additives, or contamination of the finished oil. Filterability has
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been assessed by several methods, with 1ISO 13357-1 [17] and ISO 13357-2 [18] the first to become widely
accepted. However, these methods are designed to evaluate low viscosity turbine and hydraulic type oils.
There are no International Standards available at this time for higher viscosity oils typically used in industrial
gear applications. Equipment manufacturers have long been aware of the importance of filterability. Several
have developed in-house filterability test methods. As with ISO 13357-2 [18], some of the methods determine

the

time to filter a quantity of water-free oil through a specified filter under prescribed conditions.

Since many types of filter media are adversely affected by the presence of water, some filterability test
methods like 1ISO 13357-1 [17] will measure the filterability of a mixture of oil and water after it has been
subjected to an ageing procedure. This test method is meant to simulate in-service conditions and to assess

W

Fol enclosed gearing, the following guidelines are for selection of a lubricant forcylindrical and bevs
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Lubricant viscosity selection

Guideline for lubricant selection for parallel and bevel gears (not hypoid)

he absence of a recommendation from the gear manufacturer the following method is offered

visfosity for the application.

Th
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bse guidelines are available for a tangential speed ranging\from 1 m/s up to 30 m/s and
hperature from 10 °C up to 100 °C.

order to select the lubricant it is necessary to use the pitch line velocity of the lowest sp
hsideration should be given to the following points.

Viscosity requirements of the bearings.
The viscosity calculated is compatible withits lubrication system (if present).
The tangential velocity of the high-speed stage of the gearbox should be less than 35 m/s.

bles 7, 8, 9 and 10 cover four_representative viscosity index type fluids.

| gearing.

to select a

for an oil

bed mesh.
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Table 8 — ISO Viscosity grade 1) tb Ik oil operating temperature for oils
havmga osity index of 1202)

Temp.

10
15
20

Pitch line velocity m/s 3

/////%

1,0-2,5

30
35
40
45
50
55
60
65
70
75
80
85
90
95

NOTES:

B

_

eeeeeeee

Slttl@\ ygdthtmtppptfth nticipated stabilized bulk oil operating temperatufe range

Ba@@ abilized bulk oil operating temperature and bearing lubrication requirements.

N

Ny

the lubricant manufacturer if this does not apply.

s table assumes that the lubricant retains its viscosity characteristics over the expected oil change interval.

680 460 320 150 o\mo 100 100 68
1000 460 320 Q(( 150 150 100 68
1000 680 460 \2<go 150 150 150 100
1500 1000 | 460 ‘\0 320 220 220 150 100
egg\g 460 220 220 220 100
460 320 320 220 150
‘ 680 320 320 320 220
w 7 680 460 460 320 220
C)‘\\O
Consult gearbox, bea @‘vd lubricant manufacturers if a osity grade less than 32 or greater than 3 200 is
d ated.
R ew a tp ge&ldtrtpk and operating temperatur ervice duty and range of loads when consjdering

Determine the pitch line velocity of all gear sets. Select the viscosity grade for the critical gear set taking intq accoun

cold start-up conditions.
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Table 9 — ISO Viscosity grade?) at bulk oil operating temperature for oils

having a viscosity index of 1602)

Pitch line velocity m/s 3
5 0 10 0

2,5

68
35 150 100
40 150 100

45 220 150 100
50 220 150 100 68
55 320 220 150 100
60 460 220 150 100
65 460 320 220 150 100 C
70 680 460 220 150 100 100 68
75 680 460 320 220 \~\Q1 50 150 100 68
N
80 1000 680 320 220‘\\' 150 150 150 100
85 1500 680 460 ,{'@% 220 220 150 100
90 1 500 1000 680 QS 320 220 220 220 150
%}
1 500 GSGA\ 460 320 220 220 150
1500 \L’(&O 460 320 320 220 150
N 0\
N
N O
W // % Consult gearbox, bearing and @ht manufacturers if a osity grade less than 32 or greater than 3 200 is
/i ndicated.
Review a tptd Idt@k and operating temperatur ervice duty and range of loads when considering
thes tyg rade
Sltth é that is most appropriate for the anticipated stabilized bulk oil operating temperature range.
Baselin t@@blklp ating temperature and bearing lubrication requirements.
2) This tab ’ umes tha tth lubricant retains its viscosity characteristics over the expected oil change interval. Consult
the Iu% t manufacturer if this d not a ppIy.
3) e the pitch lin I city of II gear sets. Select the viscosity grade for the critical gear set taking into account
(ol t rt up conditio
=4
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Table 10 — ISO Viscosity grade?) at bulk oil operating temperature for oils having
a viscosity index of 2402)

Temp. Pitch line velocity m/s 3
10 0 15 0 20 0

68
30 100 68
35 150 68
40 150 100
45 220 100
50 220 100
55 320 150
60 320 150
65 460 220
70 460 320
75 680 320 220 \19)0 100 100 68 68
80 680 460 220 ‘\\> 150 100 100 100 68
85 1000 460 3@6 220 150 100 100 68
90 1000 680 @0 220 150 150 100 100
95 1000 680 \‘\\®460 320 220 150 150 100
100 1500 1 Obp 460 320 220 150 150 100

: 2
\IO‘1I')ES. Q\\O

%%//% Consult gearbox, bearir@wd lubricant manufacturers if a viscosity grade less than 32 or greater than 3 200|is indicated.

Review anticipate(t§d> start, peak and operating temperatures, service duty and range of loads when cons|dering these
viscosity grad

Select the @ysity grade that is most appropriate for the anticipated stabilized bulk oil operating temperature range.

Ba@@ stabilized bulk oil operating temperature and bearing lubrication requirements.

% is table assumes that the lubricant retains its viscosity characteristics over the expected oil change interval. Consult

the lubricant manufacturer if this does not apply.

é& Determine the pitch line velocity of all gear sets. Select the viscosity grade for the critical gear set taking intd account
cold start-up conditions.
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5.2 Guideline for lubricant selection for worm gears
The following guideline is available to select a lubricant for worm gears gearing.

In the absence of a recommendation from the gear manufacturer the following method, in Table 11, is offered
to select a viscosity for the application.

Table 11 — ISO viscosity grade guidelines for enclosed cylindrical worm gear drives

Pitch line velocity ISO viscosity grade for ambient temperature, °C 2,°
of final reduction stage 40 t0 -10 “101t0 +10 +10 t5 55
Less than 2,25 m/s 220 460 680
Above 2,2% m/s 220 460 460

2  Worm gear applications involving temperatures outside the limits shown above, or speeds exceeding 2400 rpm or 10 m/s slid{ng
velocity are|addressed by the manufacturer. In general, for high speeds a pressurized lubrication system/accompanies adjustmentq in
the recommgnded viscosity grade.

b This table is relevant to lubricants with a viscosity index of 100 or less. For lubricants with a viscasity index greater than 100, widler
temperaturg ranges are appropriate. The lubricant supplier is usually consulted.

5.3 Guigdeline for lubricant selection for open girth gears

5.3.1 Lubricant selection for open girth gear

Table 12 lists some of the advantages and disadvantages of various lubricants for open girth gears.
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Table 12 — Advantages and disadvantages of various open girth gears lubricants

Product

Advantages

Disadvantages

Oil
Either petroleum-based (R&0O), EP, or
synthetic oils with or without EP additives.

Diluents are not generally needed to
aid flow of lubricant.

High viscosity.

Heat tracing and drum heaters
might be required to obtain a

proper spray pattern.

vidcosity\ef the lubricant changes with the
préssure ' experienced during operation.
These’ products utilize friction modifiers to

These prosﬂucts also Qperate on the principle [ No build-up tendency in tooth roots or Annual usage cost might be
of an oil film §eparat|ng the.surfaces qf the on gear guard. higher.
gear and the pinion. These oils are applied in Drains freely f d
much the same way as the residual rains freely from gear guards.
compounds. Very good inspection results.
Greases Diluents are not generally needed to|Necessitates use)-|of run-in
Pdtroleum-based or synthetic oils to which|aid flow of lubricant. compounds.
sopp thickeners or carriers are added.|Can have better low temperature|Application ‘raies are more
Friction modifiers (typically, graphite and|pumping characteristics with 0 or 00 | frequent, with.less volime.
mélybdenum disulfide) and EP chemicals are | grades. Possiblé\gréater total usage than
uspially added. Some have thixotropic other. products.
prpperties where the viscosity of the lubricant Marginal film thick
chgnges with the pressure experienced arginal fim thicknesses.
during operation. bubricant builds up| on gear
guard sides.
Annual usage cost$ can be
higher.
Base oil in the grease]|is the only
source of viscosity
Total loss lubricant.
Difficult to see tooth|surface at
inspection.
Rgsidual compounds High viscosity. Replacement solvenfs have a
A| viscous mixture of petroleum-based | Diluents;allow cleaner spray nozzles, |lower flash point.
compounds, also referred to as asphaltics. |aid flow,”and allow lower temperature | More frequent application can
Mgst residual compounds use non-|pumping. wash off lube.
chlorinated diluents to provide pump ability. | Newer base stocks no longer build up | Requires air purge of| nozzles to
Mgst contain EP additives or friction}in the tooth roots and on the gear|prevent clogging.
madifiers (solid lubricants) such as graphjte | 5,5rqg -
- g . Difficult to see tooth|surface at
or|molybdenum disulfide. . . N -
Residuals provide extended lubrication | inspection.
film retention. Compressed air required.
Spent product drains freely from gear
guards.
Cgmpounds The friction modifiers can be viewed as | Thinner oil film.
A | synthetic or petfoteum-based oil with|2 Safety margin in addition to the oil | \ore gifficult to pump.
frigtion modifiers -and EP additives. Some f'lr.n-. . | Marginal EHD oil film.
coptain diluents_for pump ability. Many have | Friction modifiers  can provide Harder to drain f N d
padymer additives as viscosity enhancers.|protection at start-up or very slow arder to drain from ggar guard.
Sdme have thixotropic properties where the | speeds.

assist their thinner load carrying oil films.
These products are applied in much the
same way as the residual compounds and
oils, above.

Compounded oils (high viscosity)

High viscosity, high lubricant film
thickness, high temperature stability,
high pressure stability, no deposits in
the tooth fillet, lubricant depot in the
tooth fillet, high lubricant film retention.

Heater needed for:

good transport and delivery;

good spray ability;
good drainage.
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5.3.2 Continuous lubrication

Minimum kinematical viscosity recommendations for continuous lubrication are given in Table 13. For

compounds, the base oil viscosity is used.

Table 13 — Minimum Viscosity recommendation for continuous lubrication [mm?2/s at 40 °C]

Ambient temperature Tooth temperature Spray and splash Idler immersion

45 °C 220 1000

-10°Cto 0 °C
>45°C 460 1000
<45°C 460 1000

0°Cto20°C
>45°C 680 1500
<45°C 680 4200

20°Cto40°C
>45°C 1000 5000

>40°C > 1500 > 6200

5.3.3

Intermittent lubrication

Minimum Kinematical viscosity recommendations for intermittent lubrication are given in Table 14. For grease,
compound| or residual products (asphalted) the base oil viscosity,is used.

Table 14— Minimum base oil viscosity recommendation for intermittent lubrication [mm?2/s at 40 °C]

Ambien{ temperature Tooth temperature Grease Compounds Residual lubricants?
<45°C 460 3000
-10{Cto 0°C
>45°C 680 4000 420-650 [mm?/s at 100 °C]
<45°C 680 5000
0°dto20°C
>45°C 1000 8 000
X <45°C 2000 10 000
20°C to 40°C 850-1 100 [mm?/s at 100 °C
> 45°C 2000 16 000
40°C >2 2000 16 000

a Defined jn agreement with equipment and lubricant manufacturers.

6 Lubrication principles for gear units

The most important functions of a lubricant in gear units are:

— reduction of friction;

— discharge of particles and foreign matter;

— prevention of corrosion;

— reduction of wear;

26
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dissipation of heat;

medium for carrying additives.

To ensure that those tasks are fulfilled, an optimum quantity of lubricant has to be supplied to the proper
location.

6.1 Enclosed gear units

6.1.1 lash lubrication

Th
ge

b simplest method of supplying lubricant is splash lubrication, in which at least one of the\gedrs of each
br stage is immersed in a lubricant bath as shown in Figure 6. Splash lubrication is standard for pitch line

vel

ocities up to 15 m/s (see Figure 6); with specific provisions it can reasonably be used‘up-to 30

/s and, in

soime special applications, even up to 100 m/s. The oil level in the gearbox has to be-¢ontrolled by|a dip stick

or
brd

an oil sight glass, for instance. For adjusting the internal gearbox pressure due(to heating a
athers are required. These can be simple vent holes or full systems including water and parf

d cooling,
icle filters.

La
ma

ge oil inlet openings and smaller oil outlet holes are required. The oil outlet can be combined with a
gnetic drain plug to prevent iron debris and wear particles from damagingthe bearing races, in particular.
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Figure 6 — Immersion of gear wheels?)

rouds with
nstalled to

Dependent on the actual gear design for pitch line velocities between 15 m/s and 30 m/s special sh
holes-for limiting the oil access to the immersed gear wheel can be applied. Special baffles can be
direct a sufficient oil stream into the bearings and the gear mesh.

Sufficient immersion depth has to be maintained at any operating condition to provide lubricant to the bearings
and gears for lubricant film formation and for heat removal from the mesh. Inclination of the gearbox has to be
taken into account when immersion depth is defined (see Figure 7). Higher immersion depth causes, however,
higher churning losses. Typical immersion depth of the gear wheel under operating conditions for horizontal
centre distance is 2,5 times module, for vertical centre distance 6 times module. A minimum immersion depth

2) Source: A. Friedr. Flender AG.
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of the gear wheel of 12 mm should be maintained in any case [66, 67]. The bearings have also to be
immersed, either directly or with suitable aids.

The amount of lubricant in the gearbox has to be chosen considering air release and oil ageing phenomena.
For industrial gearboxes a typical oil quantity, V, in litres, is given in Equation (1):

4PVZSUI‘T‘I < V< 12Pvzsum (1)
where

P,, is the estimated gear power loss for one stage. in kW, from Equation (2):

RyAp—O1 003 @)

z4-COSf8 v+2

where

zq i9 the number of pinion teeth;

£ i the helix angle;

v ig the pitch line velocity, in m/s.
The oil v@lume in multistage gearboxes can be limited by adjusted’ design of the gearbox bottom (see
Figure 8).

Splash lubjrication is limited by the thermal capacity of the gearbox. The power loss from gears, bearings,
seals etc. [in the system has to be dissipated to the ambientvat a reasonable oil temperature level. Typical
maximum [recommended continuous oil temperature .in>an industrial gearbox should not exceed 95 C,
independent of the oil type used. Thermal capacity calculation as the equilibrium between generated and
dissipated|heat is given in ISO/TR 14179-1 and ISO/TR 14179-2 [22, 23]. For too high calculated geartox
temperatufes, the generated heat can be reduced.by, for example, reducing churning losses with reduced| oil
viscosity qQr mesh losses by using synthetic<low friction oils or the dissipated heat can be increased|by
additional [cooling fins or an external fan, forinstance. In case the steady state oil temperature cannot|be
reduced by these measures to an acceptable value, external oil cooling has to be applied.
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Figure 7 — Immersion depth for different inclinations of the gearbox3)

3) Source: A. Friedr. Flender AG.
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Figure 8 — Immersion of gear wheels in a multistage-gearbox*)

6.1.2 Spray lubrication

Spray lubr|cation is used for three main reasons:

— pitch ljne velocity too high to ensure a good immersionJubrication;

— necespsity of a high oil quantity in order to ensurera cooling of the unit;
— use of a central lubrication unit with one tank.for several units.

The number of nozzles depends on the face.width. The oil spray should cover the complete active flank of fhe
teeth.

Instead of|circular nozzles, so called flat-spray jet nozzles are often used. With these the number of nozzes
can be cornsiderably reduced.

6.1.2.1 Determination of the spray parameters
6.1.2.1.1 | Position of the point of injection

Common industrial gear units have pitch line velocities of the gears up to 30 m/s. The oil spray should|be
directed into-the gear mesh, ingoing or outgoing. In particular cases with very big gears and adequate large
power losses, it would be possible 1o spray info the ingoing and info the oufgoing gear mesh. This variant is
used especially for cooling.

6.1.2.1.2 Oil flow on the gear

Only a very small quantity of oil is necessary in order to ensure a correct lubrication of the meshing gears. The
main quantity is required to ensure the cooling of the contact.

a) an oil quantity of 0,05 I/min up to 0,1 I/min per mm of gear facewidth is recommended;

4) Source: A. Friedr. Flender AG.
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b) spray nozzle should be equally spaced along the facewidth of the gear;

c) consideration is to be given, however, to the amount of heat that needs to be dissipated.
6.1.2.2 Typical spray unit configuration

There are two typical types of spray lubrication:

— wet sump lubrication, where the gearbox housing is used as a lubricant tank;

—| dry sump lubrication, where an external tank is used.

A tlypical spray unit will have the following equipment:

—| tank;

—| pump;

—| pressure limiter;

—| filter.

On this minimum configuration some equipment can be added, stich'as:

—| cooler in order to inject oil with an optimum temperature;

—| heater in order to permit the pumpability of the lubricant at low temperatures;
—| off line oil filtering system.

Other monitoring devices such as flow, pressure temperature sensors, filter clogging sensor, level ¢ontrol and
patfticle counter can be added to the circuit:

6.1.2.3 Description of the elements
6.1.2.3.1  Oil tank

The oil tank performs thefollowing functions:

—| cooling of theoil;
—| sedimentation of foreign particles;

—| deagration of oil.

The-oiltankcan be equipp

ed-with the following-elements:

— oil level checking device,

NOTE This device can be visual or electrical.

— breather, in order to enable air dilatation in the tank;

— drain, in order to change oil or to take oil sample for analysis.

The oil tank volume must be defined in order to have a sufficient dwell time of the oil to allow the deposit of
pollution and the oil deaeration.
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The oil tank volume is given by Equation (3):
Viank = qump -t (3)
where

Opump is the oil flow rate, in I/min, of the pump;

t is the minimum dwelling time, in minutes.

NOTE The dwelling time is usually between 4 min and 10 minutes.

The longef the dwelling time, the better will be the sedimentation of foreign particles and oil deaeration:
6.1.2.3.2 | Pump

Oil pumps| which are mostly volumetric, should be chosen using the following parameters,

a) Cubic|capacity: in order to determine the cubic capacity of the pump it is necessary to define the pump
flow:

The pump flow, Opump is the total flow needed to perform the gearbox lubrication, given in Equation (4):

Qpump = 2 Ogears *+ D Coearings + 2, Oseals (4)
The cubic capacity is given by Equation (5):
C = 1poo Zeume (5)
" shaft
where
C is the cubic capacity, in cm3;
Opumg s the total flow needed, in limin;

nenat | is the rotational speed of the pump drive shaft, in rpm.

b) Pump [pressure: the oil-pressure at pump outlet is the sum of the pressure needed at injection point ang of
the pressure loss inpipes and accessories (valves, filters, coolers...).

NOTE The pump, would be able to handle the lubricant at the lowest temperature defined. If not, heaters can| be
added.

6.1.2.3.3 Pressure limiter

A pressure limiter should be installed in order to protect the lubrication unit from high pressure that might
occur. It should be adjusted in order to limit the pressure at a value below the pressure capability of the
weakest element of the unit.

6.1.2.3.4 Filter

A filter should be installed in the lubrication unit in order to prevent wear. The selected filter mesh size may
range from 5 to 60um. This is mainly dependent on two parameters:

— the filtration needed in order to have the optimal component life;

— the pressure drop caused in the filter system.
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6.1.2.3.5 Pipes

In lubrication systems there are normally three types of pipe:

— suction pipes from the tank or directly from the gear housing to the pump;
— pressure pipes from the pump to the spray point(s);

— return pipes from the gear unit to the tank.

Thedesigrreriteria for themmmur diameter of these pipesare the permitted-fftow vetocities amd-the pressure
losses.

Typical maximum values for the flow velocities are given in Table 15.

Table 15 — Typical maximum oil flow velocities

Type of pipe Typical oil flow velocW)s]
Suction pipe 1
Pressure pipe 3

Return pipe 223

The pressure losses in the pipes depend on the oil flew; the oil viscosity, the pipe diameter, the pipe length
and the pipe bends. For the acceptable pressure loss in the different pipes one has to consider the geodetic
altitude difference of the tank and the gear unit too:

The following points have to be considered.

a) | The type and dimension of the suction pipes should be appropriate to the pump size used.
b) | The size of the pressure pipes is governed by the maximum pressure loss allowed for the system. The
allowable pressure loss js+limited by the pressure rating of the pipe and the setting of safgety valves.

Consideration should be given to the oil viscosity at low temperatures.

c) | Return pipes shouldyguarantee the free run back of the depressurized oil. They should be designated to
be no more than‘gne-half full during normal operation.

7.1.2.3.6 Cooler

There arestw0 main types of coolers, oil-air and oil-water coolers. The selection of the cooler depénds on its
tedhnology and the service and operation conditions should be performed by the manufacturer.

7.1:2.3:.7—Heater
In case the lubricant has to be preheated in order to allow the starting of the lubrication unit at low temperature,
a heating system should be provided in the tank. The surface power at the heating elements in contact with
the oil should, typically, not exceed 0,7 W/cm?Z, in order to avoid the risk of lubricant decomposition.

In case of long pipe distance between the gearbox and the pump, and low ambient temperature, a thermal
insulation and heat tracing of the pipes might also be necessary.

Figure 9 presents an example of a gearbox lubrication unit.
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Higure 9 — Examples of circuit design, combination of filtration and cooling systems

6.2 Open gearing
Large girth gear lubrication is as important for open gears as in other enclosed gearboxes. Optimum
lubrication|depends on the lubricant type and its method of application on the tooth. Indeed, the majority of
gear surfage distress problems occur (such as wear, scuffing or pitting) due toylubrication related issues. The
correct tyde and application of lubricant is critical to the long-term servicédlife of gearing. The lubricant type
and delivefy method must be compatible. Issues include:

— oil lubtication is preferable to grease lubrication;

Base rules for application
— continuous lubrication is preferable to intermittent lubrication; system selection

— recirclilating lubrication is preferable to loss lubrication;

— recirclilating lubrication is preferable to sump_ lubrication;

NOTE Recirculation lubrication is preferable to spray lubrication.

— contamination, airborne, external contamination in lubricant;

— quantfty;

— frequgncy; Base rules for lubricant
s selection

— applicption;

— draindge;

— lubricant type and grade;

— air temperature.

The gear manufacturer’s recommendations should be followed

6.2.1 Open gear lubricant types

In some applications running-in lubricants have been used to improve the surface roughness and the contact
pattern. This type of lubricant must be used under the supervision of the lubricant supplier.

6.2.1.1 Residual compounds

Residual compounds are a viscous mixture of petroleum-based compounds, also referred to as asphaltics or
bituminous.
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Most residual compounds use non-chlorinated diluent to provide pumpability. Most contain EP additives or
solid lubricants such as graphite, or molybdenum disulfide, or both.

The use of residual compounds can be restricted by local authorities due to ecological and health reasons.

6.2.1.2 Greases
Greases are petroleum-based or synthetic oils to which soap thickeners or carriers are added.

Solid lubricants (typically, graphite and molybdenum disulphide) and EP additives are usually added. Some
haye NIXoropic properties wnere tne visCosIty Of the TUDrIcart charnges with the shedl Tale experie ced during
operation. This type of grease should have high adhesion properties. The advantages and disadvantages of
grgases are given in Table 16.

Table 16 — Advantages and disadvantages of greases

Advantages Di*‘éﬁﬂages

Marginal film thickness

Diluents not needed to aid flow of lubricant
Lubricant builds up on gear guard sides

N¢ leakage problems Loss lubrication system

Heat disSipation

6.2.1.3 OQils
Oils are either mineral-based or synthetic, with ERZadditives.

These are gear oil type lubricants. Advantages’and disadvantages of oils are given in Table 17.

Table 17 — Advantages and disadvantages of oils

Advan}a@\ Disadvantages
High Viscosity Heat tracing and heaters can be required to obta|n proper
No diluents are used spray pattern
No build up tendeney/in tooth roots or on gear guard Leakage problems in cases of insufficient seals
Drain freely from™gear guards
High temperature capability (synthetic only)

6.2.1.4 Lubricating compounds

Lubricating compounds are synthetic or mineral-based oil with or without solid lubricants and EP additives.

Some contain a diluent for better pumpability. Many have polymer additives as viscosity enhancers. Some
have thixotropic properties where the viscosity of the lubricant changes with the flow experienced during
operation. Advantages and disadvantages of lubricating compounds are given in Table 18.
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Table 18 — Advantages and disadvantages of lubricating compounds

Advantages Disadvantages

High viscosity More difficult to pump

No build up tendency in tooth roots or on gear guard Heat dissipation

High adhesion properties

roots — lon

Re-lubrication effect due to lubricant depot in the tooth Leakage problems in cases of insufficient seals

g film life time

6.2.2 Method of lubrication — application

The applic]

— typed

htion method is to be selected considering the following parameters:

f lubricant;

— lubrication environment (temperature, contamination);

— pitch |
— level ¢

6.2.2.1

Continuou

6.2.2.2

This meth
For single
is taken-ug
and the ge

To ensure
channellin
losses. In

order to aV

ne velocity;

f monitoring expected.

Continuous lubrication

5 lubrication means that the lubricant is distributed inthe meshing area without interruption.

Immersion lubrication

bd consists in filling the housing with lubricant so that the pinion(s) or gear dips into the lubrica
pinion drive the lubricant is taken up by!the pinion or by the girth gear, for dual pinions the lubric

by both pinions as shown in Figurex10: This method requires that the lubrication bath remains fil
ar housing is sufficiently sealed in ‘erder to avoid leaks and contamination of the lubricant.

reliable and safe operation/of'the gear, the lubricant has to have good backflow behaviour to av

case the lubricant cannot-undergo extreme cold temperatures a heating device must be installeg
oid channelling of the-{ubricant.

nt.
ant
ed

pid

j, good viscosity/temperature behaviour to exclude heating or cooling device and low evaporafjon

in
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6.2
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channelling, good viscosity/temperature behaviour to exelude heating or cooling device and low €
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org

=

6.2

y
gear rim 3 girth gear cover
inward turning pinion 4 outward turning pinion
Figure 10 — Immersion lubrication®)
.2.3  Transfer lubrication

s type of lubrication consists in using paddle wheels that plunge into the oil tank and then t
ricant to the driving pinion as shown in Figure 11.

ensure reliable and safe operation of the gear, the lubri¢ant has to have good backflow behavioj

ses. In case the lubricant cannot withstand extremeé.gold temperatures a heating device must be
er to avoid channelling of the lubricant.

Figure 11 — Transfer lubrication®)

.2.4 ¢ Circulation lubrication

ansfer the

ur to avoid
\vaporation
installed in

In

his—systermma flow of tubricant isdistributed—omthepimion(s)workingtoothftanks—throughra

ipe by the

means of an external pump as shown in Figure 12. For double pinions a lubrication pipe for each one is
required. Its main advantage is that the lubricant can be mechanically cleaned by filters. If needed, the system
can be equipped with a heating system, a cooler and a monitoring system (pressure, flow, temperature).

NOTE Technically the favourite type of lubrication is circulation lubrication by using an oil of a kinematic
680 mm2/s — 1 500 mm2/s or a very soft type of grease. Attention should be drawn to the selection of an adequate sealing
system.

5)
6)

Source: Kliber Lubrication Miinchen KG.

Source: Kliber Lubrication Miinchen KG.
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Figure 12 — Circulation lubrication?)

6.2.2.5 Intermittent lubrication

Intermittent lubrication means that a certain quantity of lubricant is applied at infervals.

6.2.2.6 [Automatic spraying lubrication

This system consists in spraying a suitable amount of lubricant onithe gear flanks. The spraying system is
driven by gressurized air as shown in Figure 13.

Figure 13 — Automatic spraying lubrication®)

Generally fthe lubricants are applied on the pinion(s). For double pinions, spray equipment for each ong is
required. Hor gears-of larger modules the lubricants are applied on the pinion(s) as well as onto the girth ggar.
More frequent_ application of small quantities of lubricant is preferred. For some residual compounds the
lubricant i applied to the girth gear.

For residual compounds the intended intervals between applications must be sufficient to permit complete
diluent evaporation. The position of spraying nozzles has to be checked to obtain a complete covering of the
tooth width of the working flank.

This is done to allow sufficient time between application and entry into mesh for complete diluent evaporation.

7) Source: Kliber Lubrication Minchen KG.

8) Source: Kllber Lubrication Minchen KG.

38 © 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=810b0088c6780d16949c3c537ac1d465

ISO/TR 18792:2008(E)

6.2.3 System selection

Table 19 gives the useable lubrication system in keeping with the pitch line velocity of the drive. Table 20
gives the options based on the type of lubricant.

Table 19 — Lubrication system selection based on pitch line velocity

Tangential speed (m/s) 0 1 2 3 4 5 6 7
Transfer X X !
Immersion X X X
Cifculation X X X X X
Adtomatic spraying X X X X
X F ok

Table 20 — Lubrication system selection based on the type of lubricant

c:rﬁ:ig::(lis Qil Compound Grease

Transfer X X
Immersion X X
Circulation X X
Adtomatic spraying X X X X
X §F ok

7 | Gearbox service information

7.1 Initial lubricant fill and.initial lubricant change period

The lubricant cleanliness in_service is essential for maximizing gear drive and component life. |n order to
minimize the risk of damage due to small, hard particles in the lubricant, a filtration system using an
appropriate filter pore—size should be used. This is especially important in fill-for-life applichtions. An
appropriate filter pore“size depends on system design and lubricant viscosity. Therefore, it is recommended to
contact the equipment manufacturer and lubricant supplier for guidance.

The initial start*up and operating oil of a new gear drive should be thoroughly drained after a perigd between
250 and 500 operating hours. The importance of a thorough gear case cleaning with flushing oil {to remove
particles‘\during the first lubricant change cannot be overemphasized.

7.2 Subsequent lubricant change interval

Recommendations for subsequent lubricant changes are given in the gearbox manual. The basis for setting
change periods are, generally, the worst case known by the gearbox manufacturer. With active support from
the lubricant supplier, optimized change periods can be defined based on the working conditions and results
from used oil analysis. Under normal operating conditions the lubricant should be changed in keeping with the
recommendations of the gear manufacturer or responsible party, e.g., lubricant supplier. In a clean operating
environment and supported by the aid of lubricant analysis the service period may be extended, but should be
done so only after consulting the responsible party for the equipment. Conversely, under more severe
operating conditions, more frequent change periods should be considered.

Higher operational temperatures and more severe operating conditions can require a more frequent lubricant
change.

© IS0 2008 — Al rights reserved 39


https://standardsiso.com/api/?name=810b0088c6780d16949c3c537ac1d465

ISO/TR 18792:2008(E)

Typical recommendations for an adequate lubricant service are given in Table 21.

Table 21 — Typical recommended lubricant service

Task

Inspection interval

Oil temperature
Oil pressure

Oil level

Daily to weekly

Qil filtgrs
Oil leakages

Gearbpx sound (noise)

Gear dil condition:

visual [nspection
sampl¢ examination

Weekly to monthly

Once to twice per year

Tooth flank inspection

Inner gondition of the gear housing

Function of the oil circulating system

At every oil change

For larger gear drives, computer controlled online oil condition mopitoring systems are available on the market.
These systems are very valuable only if the information generated by different sensors is combined
adequately. A system based on only one or two types of sensor may support the manual oil service, put
cannot be used as a full information system regarding the lubricant service condition.

In Table 22 information and recommendations regarding the use of online lubricant condition monitoring

systems afe given. As this is rapidly changing technology, an adequate market search should be done and the
lubricant sppplier should be consulted before installation.

Table 22 — Examples for an online oil condition monitoring system

Task Remarks

Oil temperature
Oil prepsure

Oil level
Oil flov
Oil filtdrs

Oil cleanliness (particles)

Plot trend over time

Set alarm points for minimum and maximum
Set alarm points for minimum and maximum
Plot trend over time

Plot pressure difference trend over time

Plot trend over time

Water content

Oil viscosity

Plot trend over time

Set alarm points for minimum and maximum

7.3 Recommendations for best practice for lubricant changes
WARNING — It has been assumed by the compilers of this document that anyone using the following

recommendations will either be fully trained and familiar with all normal engineering and laboratory
practice, or will be under the direct supervision of such a person.
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There are some recommendations for best practice.
a) Drain oil when still warm from service, just after shut down of the drive. Take care that as much of the
used oil as possible is drained from the system.

b) Clean the magnetic plug and the oil level control stick (if available).
c) Replace the filters.

d) Flush gearbox with same type of lubricant as used for service, alternatively with a non-additivated oil. The
flushing oil might be chosen of lower viscosity (maximum two viscosity grades) to improve flushing

officienevNoload-is-annlied tao-the -drive - durina flushina
HE18 R —ho+1oaa+s—apPpHE a+oHRe-GHVe-GUHRGHHESHIRG-

e) | Take care that the flushing process removes all deposits in corners and bearing housings:

f) | Avoid flushing with special cleaning fluids containing detergents, dispersants and other cleaning agents.
Even small amounts of residual fluid remaining in the system can affect the service\lubricant fillfnegatively.

g) | Replace the filters after the flushing process. (If needed, flushing can be cofitinued until the filters remain
clean.)

h) | Refill the system with the same type of lubricant as used before. Us€e a filter of adequate filte[ pore size
on the inlet line to ensure clean fluid.

i) | Avoid mixtures of lubricants of different base oil and/or different additive technology. Consult the lubricant
supplier if lubricant compatibility questions arise.

7.4 Used gear lubricant sample analysis

The importance of obtaining a representative lubricant sample cannot be overemphasized. However, the
intTrpretation of results of the sample analysis onsite and in the laboratory can only be as valid as the sample
is tepresentative of the bulk oil in the lubrication system. For the analysis results to be of value, samples must
be|drawn into clean containers, from a representative stream of oil from the lubrication system at it$ operating
temperature. Proper technique in obtaining an oil sample is critical, especially if the sample will b¢ analysed
for|coarse metal particles. Larger heavy-particles settle out quickly and are more readily removed in the filter.
Therefore their distribution in a machine’s oil system is not always uniform. Obtaining the sample from a bulk
oil[source in the same way each-time is required to attain reliable trending results. The selection of the
sampling point and method should be made with input from the gear drive manufacturer and lubricgnt supplier.
To|accurately monitor a gear/drive using performance and condition analysis, it is essential to edtablish, as
sopn as possible, alarm(or ‘out of control levels, above which some form of remedial action is :lequired to
prgvent irreparable drive damage or failure. Alarm levels in the initial stages of monitoring afe typically
determined from expeérience. A single sample of lubricant when analysed can reveal interesting information
regarding the condition of the complete drive or a component part from which it was drawn. Hpwever, to
obtfain maximum:>benefit from a used lubricant analysis programme, the results must be trended| Graphical
regresentation of the data can be advantageous. Spurious data, especially from incorrectly drawn o}l samples,
often leads.to unappreciated stoppages in production, only to discover no abnormal condition exists

7.4.1— Sampling techniques for oil

WARNING — Properly used oil sampling procedures involves working with hot lubricating oil that can
cause injury to unprotected, exposed human tissues. Always wear appropriate personal protective
equipment and follow appropriate safety practices when performing used oil sampling procedures.

Obtaining a representative sample containing the full range of particle sizes of wear debris and other
contaminants is of vital importance. Wear particles and contaminants are a separate phase in the oil and most
will eventually settle out of the oil sample. Most particles that are very small, in the order of 5 um or less, will
usually stay suspended in an oil sample. These can be the only particles the laboratory detects if the sample
is not representative of the “working” oil in the system. Lubricant analytical laboratories typically cannot test for
metal particles larger than 5 ym unless they are equipped to perform Particle Quantification (PQ), Ferrography
or XRF Spectroscopy. Thus, it becomes especially important to obtain a representative sample in order for the
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analytical laboratory to measure coarse metals. Without a coarse metal analysis, severe wear modes will
likely be undetected. There are three generally accepted methods for properly obtaining representative oil

samples.

a) From the drain plug of the compartment.

Two precautions should be observed if this method is used. First the entire area around the plug must be
wiped or washed clean before the plug is removed. Secondly, after the drain plug has been removed, a litre or
more of the used oil must be allowed to drain until it is at the bulk oil temperature before the sample is drawn
into the sample bottle. Do not over or under fill the sample bottle. 85 % to 95 % of the bottle capacity is usually

satisfactor

/ (The drained oilcan be nlaced back in the aearbox or oil reservoir.)
\ Ll ~J 7

b) Throu

Ensure tha

sample bottle. 85 % to 95 % of the bottle capacity is usually satisfactory. Follow the”same clean

precaution
c) With e

NOTE
this techniq

When obtg
modified 3
sample is
drawn fron
or gear Cca
85 % to 95

7.4.2 Sa

It is of utmost importance that sample containerstbe both meticulously clean and free of moisture before

samples a
laboratorie
been displ
the analyti
usually als
delivered t

7.4.3 Sa

Every oil s
a card, fo
report issu

gh a sample probe fitting, or sampling valve installed on the return line to the reservoir.
t the sample probe fitting or sampling valve is prior to any in-line filters. Do not over or under fill
5 as described in a).

suction pump, to which is attached a flexible plastic tube.

ie.
ining samples, the clean flexible sampling tube may be insertéd\through the reservoir filler tubs

drawn into the sample container that is mounted directly:on the pump. Ensure that the sample
n approximately midpoint of the working level of the oil and not near or at the bottom of the reser

% of the bottle capacity is usually satisfactory.

mple containers

e placed in them. The typical nominak100 ml capacity sample bottles supplied by lubricant analy
s as part of a kit are generally of-an acceptable cleanliness standard, providing the cap has

hced prior to use. If foaming and/or air release properties of the oil samples are to be determined
cal laboratory, sample volumes of 500 ml to 1 000 ml are usually required. Sample containers

0 available from lubricant,suppliers. Samples and the appropriate submission forms should
b the analytical laboratory-immediately for valid results.

mple identification

ample takeAshould be correctly and consistently identified with the following information, usually|
m or label)supplied. Lack of the required information lessens the validity and usefulness of
ed.

— companyhame;

Fresh, new flexible sampling tubing must be used when obtaining each represéntative lubricant sample usgi

ir breather connection, dipstick tube, or the filler/level plug/on a gear case or transmission. T

the
ng

oir

se where debris and sludge typically accumulates-‘Do not over or under fill the sample bottle.

oil
sis
hot
by
are
be

on
the

— location site;

— machi

— machi

— machi

ne plant no.;
ne make;

ne type;

— compartment;
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lube brand,;

lube grade;

date sample taken;
total machine hours;

oil hours;

74
Th
ho
ten

Re|

oil changed: yes/no;
date/hours oil changed;

comments.

.4 Frequency of sampling

b physical properties of lubricants are subject to change during service.(The speed of these ch
v they happen depend very much on the type of lubricant, the servieg) conditions, such as lo
nperature, and the environment, e.g. dust and humidity.

gular checks on the lubricant conditions by sample analysis<are recommended. A combinatior

sa

ple analysis onsite and sample analysis in a specialized\dubricant laboratory can lead to a

lubricant life extension, if properly done.

The frequency of sampling is dependent on the operating criticality of the machine. In the first
operation, the monitoring interval should be short s@ that a database of information can be create
m4dchine component. Whenever abnormal conditiofi-reports are received, the frequency of sampling
ingreased until the machine health condition is\oence again under control. A typical sampling fre
geheral industrial equipment would be evenyymonth for the first six months, then reviewed ang
Whenever abnormal condition reports are(received, the frequency of sampling should be increase

Co
reg
sui
wit
thg

chine health condition is once again:under control. If reliable trend line reporting is required for p
chine condition, then a strict programme of sampling is absolutely essential. Some typical freque
ge of machines are shown below:

gearboxes, high speed/duty’ 500 h or monthly;

gearboxes, low spéed’duty1 000 h or every two months.

mputer-based.Software is available for the management of sampling intervals based on conditig
ults obtained:{The software makes use of cumulative distribution function, and probability densi
tably adjusted for time intervals, condition status, and cost/risk potential. As a further step, when
h the caests’of inspection and the costs of failure, the software also takes this forward to the deter
ecengmically optimum point at which the inspection should be undertaken.

anges and
ad, speed,

of simple
significant

months of
d for each
should be
juency for

adjusted.
d until the
ediction of
ncies for a

n analysis
y function,
combined
mination of

7.

.9 Simple lubricant sample analysis onsite

Simple sample analysis onsite gives first impressions of the lubricant service condition. This type of analysis
can be carried out by skilled service personnel and should be done as a comparison test of the fresh, unused
lubricant. Sophisticated laboratory equipment is not needed for these tests. The main recommended tests are
of appearance, colour, odour, crackle and sedimentation.

7.4.51 Appearance test

This is useful to identify potential problems with gross contamination or oxidation. Place a sample of the
lubricant in a clean, glass bottle (a tall, narrow bottle is best). Compare the sample from the equipment to a
new oil sample in the same type of container. The oil should appear clear and bright. A hazy, cloudy, or milky
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