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1 Introduction

Gear wheels and simple gear units
were already common ancient times
and used in grain mills (Fig. 1),
water pumping stations and wind
mills.

Even today, many centuries after
the gear wheel was invented, there
is nothing better, more compact or
efficient than a gear unit when it
comes to transferring power, con-
verting torques and adapting speed.
It is therefore not surprising to find
gears in all fields of technology, e.g.
in turbo-generator drives with an out-
put of 100 MW and more, tube mill
and kiln drives, or small and minia-
ture low-output drives used in mecha-
nical equipment and computers.

The development of gear systems
is characterized by the requirement
for enhanced power and torque
transfer by means of smaller and
lighter gears on all performance
levels.

This requirement resulted in very
compact gears with a high power
density. In other words, the power-
weight ratio (kg/kW) of gears was
reduced considerably in the past
few years.

Increased efficiency is mainly
achieved by means of gear mate-
rials that are more resistant to wear
(case hardened, high alloy steel),
improved flank machining methods
and optimized tooth geometry.

The power-weight ratio of gear units
can also be improved by means of
torque division (planetary gears),
light weight construction (light metal
or plastic casings, hollow shafts), or
by increasing the thermal limit which,
as far as standard gears are
concerned, often lies below their
mechanical load limit (e.g. by using
synthetic lubricating fluids).
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Fig.1: Roman corn mill with a right angle gear (acc. to Vitruv)

The requirements of lubricants have
to meet in terms of anti-wear and
anti-scuffing properties as well as
high temperature resistance in-
crease while the power-weight ratio
of the gear units decreases. Excess
heat must be dissipated from gears
with a very small housing surface.
This often results in higher operating
temperatures, which has a negative
effect on the service life of gears
and lubricants.

Measures to decrease power losses
and reduce temperatures are gain-
ing more and more importance.
They include the reduction of friction
losses in gear components as well
as gear cooling.

The use of synthetic lubricants with
a low friction coefficient and high
resistance to increased tempera-
tures and oxidation turned out to be
a cost effective way of decreasing
power losses and reducing opera-
ting temperatures. In many cases

complicated cooling installations are
no longer necessary.

But these are not the only reasons
why synthetic lubricants, especially
synthetic lubricating oils, are so
important in gear units. Apart from
reducing gear temperatures, it is
possible to ensure a substantially
longer lubricant life (in case of worm
gears this can even mean lifetime
lubrication) or transfer more power
by increasing the oil’s operating
temperature. Costs and energy will
be saved in any case.

The importance of synthetic gear
oils also increases in view of eco-
logical concerns. Increased lubri-
cant life (3 to 5 times longer than
mineral oil) means a lot less
consumption and less used oil to
dispose, hence less damage to the
environment.

Reduced maintenance costs due
to less frequent oil changes is an
additional spin-off.
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This brochure will focus on synthe-
tic gear oils and describes their ad-
vantages as compared to mineral
hydrocarbon oils. The application-
related advantages such as im-
proved performance, extension of
oil change intervals, reduced energy
costs and high temperature lubri-
cation will be explained in detail by
means of practice related examples
(see 7.2.2).

The selection of synthetic oils (7.2.2
and 8.3) and determination of vis-
cosity based on the new Kluber
selection method (8.2.2) will also
be described in detail.

A special lubricant manufacturer,
Kluber offers a comprehensive
range of modern synthetic, high
quality and high performance oils
suitable for all gear lubrication pur-
poses, including food grade lubri-
cants for the food processing and
pharmaceutical industries and
rapidly biodegradable gear oils.
Gear oils are very important for
stationary industrial gears that are
used to transfer power. Gear greases,
on the other hand, are mainly ap-
plied in small and miniature gear
motors used in all industrial sectors
and, owing to automation and im-
proved comfort, also in domestic
equipment (household and garden
appliances, hobby tools).

Small and miniature gears are often
lubricated with greases because
they may not be oiltight, be installed
in inaccessible or hard-to-reach
places, because it may not be pos-
sible to perform maintenance, the
gear may not be stationary during
operation, or because lifetime lubri-
cation is required.

There is no such thing as a univer-
sal gear grease because there are
many types of small gears whose
components are made of most dif-
ferent materials (steel, nonferrous
metals, plastics, composites).

Application, operating and ambient
conditions also vary considerably.

6

For the sake of completeness this
brochure also briefly deals with the
lubrication of large open girth gear
drives and open gear stages. This
special type of gear lubrication
mainly relies on adhesive gear
lubricants.

More detailed information about the
lubrication of large gear drives with
adhesive lubricants is contained in
our brochure Lubrication of large
gear drives, 9.2 e.

Fig. 2: High-performance worm gear, made
by ZAE-Antriebssysteme, Hamburg
F 10288

Therefore a large number of diffe-
rent gear greases is required, and
offered by Kluber, with a consistency
varying between fluid to soft, with
different base oils, additives suitable
for the specific gears and loads, and
with thickeners imparting special
properties to the greases such as
adhesiveness, resistance to media,
noise damping, etc.

As compared to gear oils which are
exclusively used in oiltight gears,
the selection of a suitable gear
grease is not that easy. Apart from
the type of base oil and viscosity it
is important to determine the
grease’s consistency and the re-
quired type of thickener.

As there is not very much written
information available about gear
greases, their application and
selection, and because DIN stan-
dards are restricted to an absolute
minimum, the selection of gear
greases is treated in detail in this
brochure.

This chapter, together with the
survey of Kliber gear greases at
the end of the brochure, will make it
relatively easy even for the not-so-
versed reader, to select a suitable
product.
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2 Gear systems

Being extremely versatile, gear
units are widely used in all industrial
sectors. Their task is to modify the
torque and speed generated by a
power source at the input end of
the gear with maximum efficiency
and in such a way that it suits the
requirements of the output end.
Gear units are speed/torque con-
verters which also provide the
possibility of reversing the direction
of rotation. A simple gear unit
comprises:

® two shafts
® two meshing gear wheels, and

@ the required number of shaft
bearings.

These components are either fully
or semi-enclosed by a housing. In
open gears the shafts of the driving
and the driven gear wheel are sup-
ported by separate bearings (e.g.
girth gear drives).

The quality and efficiency of a gear
unit depend on the amount of power
loss resulting from the tribo-system
made up by the power transmitting
tooth flanks (friction system).

2.1 Gear types

Gears are classified in three main
groups depending on the position
of the shafts relative to each other,
the type of flank contact and the
characteristic tooth traces:

® primarily rolling contact gears

@ combined rolling and sliding
gears

® primarily sliding contact gears

Table 1 is based on DIN 868 and
the GfT worksheet 2.4.2 and pro-
vides a survey of gear types (GfT =
Gesellschaft flr Tribologie, German
Society of Tribology).

A gear unit performs rolling and
sliding movements on the power

transmitting flanks of the meshing
teeth. The load on the tooth flanks
is a function of the tooth geometry
and the forces generated by the
sliding movement.

In gears mainly performing a rolling
movement (spur and bevel gears)
the load on the tooth flanks is
generally lower than in gears mainly
performing a sliding movement
(worm and hypoid gears), see

table 1, column "sliding percentage".

The higher the sliding percentage,
the higher the wear load on the
tooth flanks, the higher the require-
ments a lubricant has to meet.

Position of Sliding percentage
Types| Gears [ e Tooth flank contact Gear components Type of movement [%]
- Spur . . . -
§ gears parallel line cylinders 5 rolling and sliding 1010 30
c
o
o
(o))
£
o Bevel inter- . . -
o gears secting line cones % rolling and sliding 20 to 40
g Crossed
% helical crossing point cylinders increased sliding 60 to 70
; gears
C
S
@
@ | Hypoid . . , .
% gears crossing line cones @ increased sliding 60to 70
o
o5 cylindrical
c g Worm . . and . -
% § gears crossing line globoid @ mainly sliding 70to 100
element
Table 1: Types of gears C 10194 a-e
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2.1.1 Spur gears

Spur gears are characterized by the
cylindrical shape of the gear wheels
and the parallel shafts. A distinction
is made between straight toothed,
helical, double helical and herring-
bone gears depending on the tooth
trace, and between internal or
external gears depending on the
relative position of the gear wheels.
The contact of the intermeshing
teeth is linear over the entire flank
width.

A4 10197 C 10195 a

Fig. 3: Spur gear, external gear pair

Straight-toothed spur gears usually
have one or two meshing pairs of
teeth. As they have to transfer the
full power, their load carrying
capacity is relatively low and they
generate a lot of noise.

Helical gears are better because
their contact ratio is higher. Shocks
during meshing and running noises
are reduced as the flanks mesh
gradually. The manufacturing costs
of helical gears are higher, and the
shaft bearing design is more com-
plicated due to the axial forces that
are generated.

Axial thrust can be eliminated by
means of double helical or herring-
bone gears. The latter are very
complicated in design and are
therefore rarely used.

The combination of internal and
external gear wheels provides the
advantage of a relatively short
center distance. Internal gears are
often used as an "annulus" in
planetary systems.

8

A4 10197 C 10195 b

Fig. 4: Spur gear, internal gear pair

2.1.2 Planetary gears

Planetary gears have a driving and
a driven shaft located on the same
axis. Their main advantage as com-
pared to conventional spur gears is
the increased power density, i.e.
they utilize the installation space
much better. The input torque is
split and transmitted to three or
more planetary wheels.

I“

C 10196 a

A410198 C 10196 b

Fig. 5: Planetary gear, three wheels

By splitting it is possible to multiply
the transferrable power under the
same specific load.

Other advantages include low rol-
ling and sliding speeds of the tooth
flanks.

2.1.3 Bevel gears

Bevel gears are characterized by
intersecting axes, most frequently
at 90°, and cone-shaped gear
components. The gear teeth mesh
in a line contact.

The tooth trace can be straight,
inclined, curved or helical and
depends on the required power
transmission and smooth operation.

A410197 C 10195 ¢

Fig. 6: Bevel gear pair

Straight-toothed bevel gears gene-
rate a lot of noise, whereas bevel
gears with other types of teeth
operate much more silently and
permit a higher degree of power
transfer. It is important to remember
that bevel gears always generate
axial thrust.

2.1.4 Crossed helical gears

These gears are characterized by
crossing shafts and cylindrical
rolling elements. The teeth are the
same as in the case of helical spur
gears. Owing to the offset axes the
teeth only have a point contact, i.e.
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when two flanks mesh there is no
line as in the case of spur gears
with parallel shafts.

A4 10197 C 10195d

Fig. 7: Crossed helical gear pair

This results in a high sliding speed
and, in consequence, high thermal
load on the tooth flanks. Therefore
cross helical gears are only suitable
to transfer movements and can only
carry low loads.

2.1.5 Hypoid gears

Hypoid gears are characterized by
hyperbolic teeth, crossing shafts
and a pinion axis offset to the center
of the crown gear. The tooth traces
are curved. Owing to the staggered
axes the hypoid pinion has a larger
diameter than that of a bevel gear
with the same crown diameter. In
consequence, hypoid gears have a
better load carrying capacity while
ensuring the same transmission
ratio.

A410197 C 10195 e

Fig. 8: Hypoid gear pair

When the teeth are meshing there
is a point contact with an ellipsoid
surface, which results in vertical
sliding movements and an in-
creased percentage in the horizon-
tal direction.

Owing to the increased contact
ratio and the additional sliding
motion, hypoid gears operate much
smoother than bevel gears.

Their disadvantage, however, is
that the horizontal sliding movement
reduces the scuffing load capacity
the more the axes are offset, resul-
ting in a lower gear efficiency.

Special hypoid gear oils can help.
As compared to bevel gears of the
same size, hypoid gears have a
better noise behavior, higher trans-
mission ratio and increased power
transfer capacity. Their efficiency, in
contrast, is worse.

2.1.6 Worm gears

These gears are characterized by
shafts crossing at an angle of 90°.
Fig. 10 shows the main worm and
wheel types and the respective
geometrical components. Cylindri-
cal worm gears (Fig. 10 a) are most
common.

Having a high transmission ratio
(i=5to 70), worm gears usually are
of a single-stage design. They can
transfer increased forces and are
still small in size. As compared to all
other gear units, they have the best
noise behavior but also a very high
sliding percentage which results in
friction losses. Worm gears there-
fore operate hotter and have a lower
efficiency.

A4 10197 C 10195 f

Fig. 9: Worm gear pair

a) Cylindrical worm gear
(cylindrical worm — globoid gear)

=7/

b) Spur-type worm gear
(globoid worm — cylindrical gear)

8]

AT N

c) Double enveloping worm gear
(globoid worm — globoid gear)

WS

\\\\‘(‘\\\lllf!’
JNNN

j

A410199 C 10197 a-c

Fig. 10: Worm gears
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3 Gear components

Gear systems are made up of
wheels, shafts, bearings and
housings. All components interact
closely, and lubricants play an
important role.

3.1 Gear wheels

A gear wheel is a machine element
rotating around a shaft. It consists
of a wheel body, contact surface
and teeth. Depending on the posi-
tion of the teeth relative to the wheel
body, a distinction is made between
internal and external gear wheels.

A gear pair consists of two gear
wheels separated by the center
distance a. The smaller wheel is
called pinion, the larger wheel.

a center distance

2 wheel

1 pinion

A4 10200 C 10198

Fig. 11: Main components of a gear pair

The general terms relating to gear
wheels, pairs and units are defined
in DIN 868 which also explains the
basic principles.

Other relevant standards include
DIN 3960, 3971, 3975 and 3989.

3.1.1 Tooth geometry

Involute gears are most widely used
in machine construction. As com-
pared to other gears, the tooth

10

geometry has the following advan-
tages:

— simple and precise
manufacturing

— exchangeable when used in
spur gears

— uniform transfer of movements
even with center distance
variations

— uniform direction and amount
of normal force

— one tool with variable profiles
can be used for various tooth

geometries and center distances.

Positive and negative profile correc-
tions are made in order to avoid
undercutting when the number of
teeth is low and to increase the

root’s load carrying capacity. They
are also made to improve the flanks’
load carrying capacity (larger curve
radius) and reduce the sliding
percentage to decrease power
losses.

Other gears such as cycloid gears
(e.g. for pinion stands, clocks) and
lantern gear drives (e.qg. live ring
drives) are not used very often.

Even though cycloid gears operate
more precisely than involute gears,
they are much more sensitive to
variations in the center distance,
and are very expensive to manu-
facture.

Designation
(from this point:

left or right flank)

1 Gearrim

2 Left flank

3 Right flank

4 Reference cylinder
(operating pitch cylinder)

5 Right tooth trace

a Center distance

b Face width

¢ Bottom clearance

d Reference circle (pitch
circle)

d¢ Root circle

da Addendum circle

e Space width

dq Length of action A-C-E

o Pressure angle

hy Addendum

h; Dedendum

I Length of action (path
of rotation from start of
action Al to end of
action E1)

p Pitch
s Tooth thickness in
reference circle

C 10199 a

A Start of action

B Internal point of action:
the leading teeth have
just ended action (E)

C Pitch point

D External point of action:
the following teeth are
just starting action. —
B is the external point of
action of wheel 2.

C 10199 b

Fig. 12: Nomenclature and dimensions of involute gears (no profile offset)
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3.1.2 Gear materials

In view of the ever increasing
requirements for higher gear out-
put, smaller dimensions and lower
weight, the materials used for gears
were refined to an extremely high
degree and the flank machining
methods were improved.

Table 2 illustrates how high grade
materials, improved flank surfaces,
improved hardening methods and
the application of high performance
lubricants made it possible to reduce
the size, weight and manufacturing
costs of gear units considerably.

Today high performance gear units
are usually equipped with gear
wheels of alloyed steel and case
hardened teeth which are ground
after heat treatment. Industrial
worm gears subject to high loads
generally have a worm of alloyed
case hardened steel and a gear
wheel made of a high grade bronze
alloy material. Gears subject to low
loads are usually made of alloyed
heat treatable steel, nitriding steel,
alloyed cast steel or spheroidal
graphite iron.

Gear wheels made of synthetic
materials are rarely used in indus-
trial gears due to their inferior load

carrying capacity and low thermal
resistance. They are mainly found in
small and miniature low capacity
gears used to transfer movements
and speeds. In these cases low
vibrations and noises as well as
emergency running properties are
of greater importance, as the flanks
are often lubricated only once.

Pinion and gear Pinion and gear | pinion: 20 Mn cr 5 | Pinion and gear Pinion and gear Pinion and gear
Material wheel wheel Gear wheel: 42 Cr wheel wheel wheel
C45 42 Cr Mo 4 Mo 4 31CrMoV9 34 Cr Mo 4 20Mn Cr5
Heat lizi hardening and pinion: case-hardening itridi induction hardening hardeni
treatment normalizing tempering wheel:tr:;(:)(;r:il:g and gas nitriaing of flanks case haraening
Machining . . pinion: grinding ) . . ) o
hobbin hobbin fine millin milling and lappin rindin
method g g wheel: hobbing 9 9 PPINg g g
Center distance a 830 mm 650 mm 585 mm 490 mm 470 mm 390 mm
Module m 10 10 10 10 14 10
Size e kil o
‘\ s Sy f-a -+ s
(welded ST ﬁﬂ'ﬁ = oy -} 2370 N
housing) : N —~ 7 S %P €3 Ep %’ﬁ %
L ey DZini
C 10200 a-f
Weight of rolling
bearings 95 kg 95 kg 95 kg 105 kg 105 kg 120 kg
Total weight 8 505 kg 4860 kg 3465 kg 2620 kg 2390 kg 1581 kg
Total weight b
perce‘r'lvt;ge y 174 % 100 % 71 % 54 % 49 % 33%
Price b
; erceni’ag . 132 % 100 % 85 % 78 % 66 % 63 %
Reliability Sy 1.3 1.3 1.3 1.3 1.4 1.6
Reliability Sg 6.1 5.7 3.9 2.3 2.3 2.3

Table 2: Comparison of gear units equipped with gear wheels of different materials. Rated pinion moment 21 400 Nm ; n; = 500 rpm; i = 3;
application factor K, = 1.25; prevention of pittings: Sy min = 1.3; root: Sg i, = 2.3; individual design
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3.2 Bearings
_ _ o e} e}
3.2.1 Rolling bearings - 5 ° o ¥ 2 o S
Low to medium capacity gear units o o o
operating at speeds up to approx. - o
3000 rpm are mainly equipped with —_— -
rolling bearings. = o
o]
Advantages: ° §
. - O o @) o o K N o ©
— low starting friction
0 O o)

— glow friction losses throughout
the speed range

— the shaft material does not have
an impact on the running proper-
ties

— easy lubrication; lifetime
lubrication is possible

— good emergency running proper-
ties in case of bearing failure

— bearings are less wide and still
accommodate the same loads

— international standardization

Disadvantages:

— limited suitability for high speeds
(centrifugal forces)

— susceptible to contaminated
lubricants

— limited service life

Rolling bearings can be lubricated
with grease or oil. In case of oil
lubrication the lubricant is usually
applied by immersion or splashing,
in some cases by means of a
pressurized circulation system or by
injection.

Lifetime lubrication is possible if a
grease is used (depending on the
intended service life of the gear).

3.2.2 Plain bearings

Plain bearings are generally used
wherever the performance limit of
rolling bearings is exceeded (speed,
load), for example in high speed
turbo-gears (speeds between 3000
and 70,000 rpm) or large scale
generators (power plants, ships).

They are also used in gears which

have to operate especially smoothly.

12

A4 10202

C 10201

Fig. 13: Bevel / spur gear with rolling bearings

Advantages:

— simple design

— unlimited life if lubricated
adequately

— suitable for very high speeds

— not sensitive to the ingress of
dust

— good vibration, shock and noise
damping properties

Disadvantages:

— require complex lubrication and
cooling systems

— plain hydrodynamic bearings:
mixed friction occurs during
starting and stopping

— hydrostatic jacking pumps
required for large gears

Plain bearings are normally
lubricated with oil by immersion,
splashing or pressurized circulation.
Bearings generating a low amount
of heat and subject

to low loads can
also be lubricated
with grease.

Low-capacity small
and miniature gears
are often equipped

with plain sintered
metal bearings
which are lubricated
for life with special
impregnating fluids
and are suitable for
high speeds.

Small bearings sub-
ject to low speeds
and loads may also
be equipped with
plain bearings made

A4 10203

of tribo-system
materials (dry

C 10202

Fig. 14: Spur gear with plain bearings

bearings).
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Kluber offers semi-finished and
ready-to-use bearing bushings
made of tribo-system materials
under the trade name Kiiiberplast.

3.3 Seals

A distinction is made between static
and dynamic seals depending on
whether the machine elements to be
sealed have a relative movement or
not.

Dynamic seals are divided into non-
contact gap type seals, contact seals
and sealing elements combining the
functions of the first two types.

3.3.1 Static sealing elements

Flat seals

Flat seals are used to seal static
gear components such as flanges,
housing parts or oil trays. The
sealing effect is generated by the
fact that the two opposing surfaces
exert pressure on the seal and thus
compress irregularities into the seal
surface.

Flat seals can be of the hard,
composite or soft type, the latter
being most common today.

Soft seals can be made of elasto-
mers, rubber asbestos (IT materials
in acc. with DIN 3754), cork and
rubber compounds, artificial resin
and thermoplastic materials.

Sealing masses, tapes,
and putty

In contrast to flat seals, pressure is

not required for these types of seals.

They form a very thin sealing layer
between the surfaces to be sealed
without requiring any additional

pressure. They are available in the
form of removable rubber, knead-
able and hardening masses and are
preferred over flat seals if an impact
on center distances or the concen-
tricity of split bores is possible.

| O-ring seals |

Such seals are standardized under
DIN 3770 (compression molded
seals) and DIN 2693 (extrusion
molded seals). They are made of
elastomers and are used in gears
for static sealing purposes, e.g. in
bearing covers, inspection holes,
threaded pipe connections, etc.

C 10203

Fig. 15: O-Ring cover seal

3.3.2 Contact dynamic
seals

are used on shafts and require
precisely machined shaft surfaces
as well as continuous lubrication to
keep wear to a minimum. The use of
such seals may be limited at high
speeds due to the high friction
temperatures that are generated.

Radial shaft seals

These sealing elements are used on
rotating shafts. They are standard-
ized in DIN 3760. The standard
types are A and AS, i.e. radial shaft
seals with a rubber coating without
(A) and with (AS) an additional dust
lip. For special cases of application
there are also radial shaft seals with

an outer metal case and seals with
an outer case plus a (reinforcing)
cap.

Radial shaft seals with a helix for
reverse pumping action are used to
improve the sealing effect in case of
oil lubrication and to extend the
service time, especially if elastomer
seals (acrylate or fluorinated rubber)
are used at increased temperatures.

Type A DIN 3760

Type AS DIN 3760

C 10204 a-d

Fig. 16: Radial shaft seals

The speed limit of radial shaft seals
depends, among other things, on
the elastomer base material, the oil
level in case of oil lubrication

13
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(dissipation of heat), the type of
lubricant (oil, grease), the possibility s
of dissipating frictional heat (hollow
or solid shaft, shaft diameter) and
the surface roughness of the contact
areas. If radial shaft seals are used
in front of grease lubricated bearings
(fig. 17) the space between the
protective lip and the sealing lip
must be completely filled with
grease (NLGI 1 or 2) in order to
prevent the seal from wearing and
protect the shaft against corrosion.
It is important to test the compati-
bility of the grease and the sealing
material prior to application.

N\

&\\\\\\1 7

O-ring

C 10206

b)

C 10207

Fig. 18: a) Axial lip seal
b) Axial sliding seal
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Rolling bearings with sealing
disks

Sealing disks located at one or both
sides of the bearing serve the pur-
pose of retaining the initial fill of
grease in the bearing and preven-
ting the ingress of water and dust.
These seals are not effective
against fluids.

|.4|| =
\\\ \\\\\\ \\\ \\\

5

A410204 C 10205

Fig. 17: Bevel gear with a radial shaft seal

The sealing and dust lips must never
dry out and require greasing or oiling
prior to installation. The same
applies to the sealing surfaces on
the shaft. In case of oil lubrication
the oil must dissipate the frictional
heat generated at the sealing lip.

[ ]

C 10208

Fig. 19: Sealing disk— RS

Axial lip seals 3.3.3 Non-contact, dynamic

seals

The sealing effect is generated by
exerting axial pressure on the
elastomer sealing lip, thus pressing
it against a contact surface that is
perpendicular to the shaft axis — no wear at high speeds
(Fig. 18 a).

dynamic seals:

— negligible frictional heat

— no special requirements in terms
| of chemical and heat resistance

| Axial sliding seals

These seals rotate together with the medium).

shaft. The sealing lip slides against a
contact surface at a right angle to
the shaft axis (Fig. 18 b).

A disadvantage is that these ele-
ments do not provide static sealing,
i.e. they must never be in contact

14

Advantages as compared to contact

of the seal material (temperature,

with the ol if the gear stands still
in order to avoid leakage. Splash
lubrication is therefore only possible
to a limited extent because it is
dependent on the oil level.

A basic distinction is made between
seals with a smooth gap, (convey-
ing) grooves, labyrinth gap, labyrinth
and flinger.

Seals performing the function of a
gap type seal after a certain period
of running in are also counted
among the non-contact seals.
These include felt rings, resilient
laminar rings and resilient sealing
disks.

Smooth, gap type seal

Shield type Z

Rotating disk

Tz

C 10209 a-e

Fig. 20: Gap type seals
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C 10210 at+b

Fig. 21: Gap type seal with flinger
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resilient lamellar
ring

C 10212 a-d

Fig. 23: Resilient sealing disk

4 Gear lubrication basics

4.1 Types of movement and
speed

In all types of gears described under
2.1 the tooth flanks perform rolling
and sliding movements while the
teeth are meshing. Table 1 on page
7 shows that the sliding percentage
of the combined rolling/sliding move-
ments varies depending on the type
of gear. The ratio of the sliding and
rolling speed is of vital importance
for the load to which the lubricant is
subject.

In gears where the rolling movement
is predominant the tooth flanks and
the lubricant are subject to less load
than in gears with a predominant
sliding movement (parallel/ helical
gears, helical gears).

Fig. 26 illustrates the speed condi-
tions in parallel gears and parallel/
helical gears. Point a) shows that in
parallel gears the sliding speed is
only vertical. It is zero in the pitch
point (pure rolling friction) and in-
creases in the direction of the tip of
the tooth. Point b) illustrates that in
parallel/helical gears there is also a
sliding (spiral) movement in the
horizontal direction and that there is
even a certain percentage of sliding
movement in the pitch point.

This is the reason why the ratio
between the sliding and the rolling
speed is relatively high in worm

a) rolling movement

//O\\ L \\
[ o 1l o
Q \\ // \\ Q/

/

b) sliding movement

Fig. 24: Rolling and sliding movement

/.
C 10213 a+h

Like symbols: surfaces touching at contact
point

O U; = Uy mere rolling movement © 10214

X U; £ Ujy: rolling and sliding movement

Fig. 25: Schematic drawing of a combined
rolling and sliding movement

gears and hypoid gears with offset
shafts. The direction of the sliding
speed is not constant but changes
in the vertical direction. The "wiping"
movement considerably impairs the
formation of a lubricant film under
pressure.

The load on the tooth flanks and the
lubricant increases as the sliding
percentage grows.

Vgn: vertical sliding speed
VgE: horizontal sliding speed
VgR: resulting sliding speed on the tooth

tip
2 g
/ y 4
@
7 —/®
7
7
reference /A N N
circle \\
tip B I
O >

sliding speed vgg

C 10215 a+b

Fig. 26: Sliding speeds on tooth flanks of rolling spiral and helical gears

15



Lubrication of Gear Systems

y 4

LUBRICATION

4.2 Lubrication condition
4.2.1 Full fluid film lubrication

Full fluid film lubrication would be
the ideal condition of lubrication.
The meshing tooth flanks would be
completely separated by a lubricant
film. Due to the gap geometry and
the various movements, however,
full fluid film lubrication on the
meshing flanks is only achieved on
sufficiently large flank areas under
certain operating conditions. Mixed
friction prevails on the other areas.
The size of the full fluid film areas
mainly depends on the tooth flank
geometry and is largest in spur and
bevel gears.

The formation of a load-carrying and
separating lubricant film around the
pitch point can be explained by
means of the elasto-hydrodynamic
lubrication theory (EHD), which is
based on the following:

— High pressures up to 10,000 bar
occur in the contact zones
between the tooth flanks. They
have an impact on the oil's visco-
sity since pressure increases
viscosity.

— In the meshing phase the contact
surfaces are deformed elastically
(contact stress).

The high surface pressure between
the tooth flanks results in a sudden
increase in the oil film's viscosity
making the lubricant so viscous that
it cannot flow off. The oil film
pressure deforms the tooth flanks
elastically in the contact points

(flatter and larger contact area),
which leads to a greater lubricant
gap and a thicker oil film.

The most favorable conditions for a
separating film are present in spur
gears due the high percentage of
rolling movement and the line
contact when the teeth mesh.

Film thickness increases as the
pressure related viscosity and the
peripheral speed rise. It decreases,
however, as the pressure increases
further and internal friction causes
the oil film temperature to rise which,
in turn, results in a decrease of
viscosity.

a) no load

W Surface !
& surface 2

b) load, no movement

maximum pressure
=oHz
W

c¢) load and rotation with lubricant film

pressure
distribution

surface 1

FN
outward ) nl inward turning side

turning side
©)
deformation
surface 1
{ thickness h
h, 7 without

constriction

*

[
defor-
surface 2| | elor

n
! \ mation
(U,)) surface 2
EHD pressure | |
distribution
|_contact stress

distribution

2b

C 10217 a-c

Fig. 28: Formation of a lubrication gap in case
of elasto-hydrodynamic lubrication (EHD)

—

Sy ) ¥

Full fluid film
]

a) low peripheral speed

b) high peripheral speed

A ... E: meshing points
in acc. with DIN 3960

A initial meshing point

B internal individual meshing
point of the driving gear,
external individual meshing
point of the driven gear,

C pitch point

D external individual meshing
point of the driving wheel,
internal individual meshing
point of the driven wheel,

E final meshing point
FR full fluid film lubrication

MR mixed lubrication

A4 10205
C 10218 at+b

Fig. 27: Full fluid film lubrication
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C 10216

Fig. 29: Typical friction areas on tooth flanks
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4.2.2 Mixed lubrication

Mixed lubrication is the lubrication
condition that includes both fluid
friction and dry friction.

The surfaces of the meshing teeth
are not completely separated by a
fluid film and are in direct contact in
some parts.

Full fluid film >

O Surface layer friction
1 Lubricant

2 Surface reaction layer C 10219

Fig. 30: Mixed friction

Mixed friction occurs in cylindrical
and bevel gears operating at high
peripheral speeds and subject to
high specific load. At increased
peripheral speeds mixed friction is
replaced by fluid friction (Fig. 30).

Worm and hypoid gears usually
operate under mixed friction condi-
tions.

A lubricating oil with antiwear addi-
tives forms reaction layers (bound-
ary layers) on the flank surfaces.
This largely prevents metal/metal
contact and avoids scoring and
coarse wear. The most common
extreme pressure additives are of
the sulfur/phosphorous type.
Chemical reactions with the tooth
material produces iron sulfide and
iron phosphorate layers.

The course and intensity of these
tribo-chemical reactions depend on

the following reaction parameters:
pressure, temperature, type and
guantity of the additives involved.
The additives are usually combined
in such a way that they become
active with an increasing tooth flank
temperature.

As compared to the base materials,
the reaction layers have a low shear
stability. This ensures a continuous
process of wear and renewal of the
boundary layers (layer wear).

Fig. 31: Gear motor with a three-stage helical gear, made by Getriebebau Nord, D - 22941 Bargteheide, Germany

F 10241
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5 Types and methods of
lubrication

There is a correlation between the
type of gear and its peripheral
speed, and the type and method of
lubrication. See also table 17 on
page 47.

Depending on the type of lubricant,
the application methods listed in
table 3 are most common for the
lubrication of gear systems.

5.1 Oil lubrication

The majority of closed industrial
gears are lubricated with an oil by
means of splash lubrication.

Other application methods include
splash/circulation lubrication (used
if heat dissipation is important) and
force-fed circulation lubrication (in
large gears operating at high
speeds).

Other lubrication methods are irre-
levant in context with stationary gear
drives and will not be dealt with in
the following.

5.1.1 Splash lubrication

A lubricant depot in the gear housing
into which the teeth are immersed is
the easiest way of ensuring continu-
ous lubrication. It is therefore the
most common lubrication method
for closed, oiltight gear systems.

It is especially economic, simple in
design and reliable. Its cooling
effect is sufficient for most applica-
tions and can be improved by
means of special housing designs
(e.g. cooling ribs) or auxiliary units

18

Lubricant type | Lubrication method

Splash lubrication

. Combined splash and
Oil circulation lubrication
Force-fed lubrication
(injection lubrication)

Fluid grease )| Splash lubrication

Splash lubrication

Splash lubrication with a
gear housing almost com-
pletely filled with grease

Spray lubrication

(total loss lubrication)
Lifetime lubrication of the
tooth flanks

Grease %)

Splash lubrication
(if fluids are used)
Spray lubrication
(intermittent and
quasi-continuous)

Adhesive
lubricants  2)

1) See also table 17, page 47

2) See also our brochure 9.2 e,
"Lubrication of large gear drives"

Table 3: Types of lubricants and lubrication
methods

such as cooling fans or water
cooling lines.

In splash lubrication one wheel per
gear stage usually plunges into the
oil sump and carries some oil to the
meshing zone. Oil dripping off the
gears and shafts due to centrifugal
forces either runs into special oil
return lines and is carried to the
bearings that also require lubrica-
tion, or runs directly back into the
sump along the housing walls.

Splashing oil to a certain extent also
lubricates the wheels that are not
immersed. In some cases the shafts
are equipped with additional olil
splashers to intensify the splash
effect.

Oil splash lubrication without any
additional design measures is
feasible up to a peripheral speed

of approx. 20 m/s. Oil guides (baffle
plates, oil pockets, etc.) are required
for increased peripheral speeds.

C 10220

Fig. 32: Splash lubrication. Oil lubrication of
rolling bearings via intermediate
reservoirs

Tests with single-stage spur gears

have shown that splash lubrication
is efficient up to a peripheral speed
of 60 m/s.

horizontal arrangement

\
Splashing oil

C 10221 a+b

Fig. 33: Examples of oil guide plates
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Oil level and immersion depth

With splash lubrication it is important
that a certain oil level is retained at
all times in order to prevent damage
and ensure reliable operation.

If the oil level is too low, it may result
in starved lubrication, inadequate
heat dissipation and increased wear.

If the ail level is too high, churning
losses may increase, resulting in
higher temperatures. This, in turn,
accelerates oil ageing, decreases
the oil's service life, increases visco-
sity and thus reduces the lubricant’s
pressure absorption capacity in the
meshing zone. It also results in the
generation of foam and noises.

When the peripheral speed is in-
creased, the depth of immersion is
reduced in order to keep churning
losses to a minimum. The following
rule of thumb applies to spur gears:

Depth of immersion

3 to 5 times the module
up to 5 m/s

1 to 3 times the module
>51t0 20 m/s

With higher peripheral speeds it
becomes more difficult to wet the
tooth flanks sufficiently, and the oil
level is reduced due to oil splashing.
In case of very high peripheral
speeds it is therefore important to
increase the depth of immersion of
the gear wheels irrespective of
potential churning losses. Gears
with fully immersed pinions (e.g.
bevel gears) are found quite often.
A great difference in wheel dia-
meters in the individual gear stages
may also be a reason for deviating
from the immersion depths listed in
the following.

Type of gear Operating conditions Depth of immersion
Peripheral speed up to 3 to 5 times the module
5m/s

Spur gears berioheral d
eripheral spee 1 to 3 times the module
>5..20m/s
Bevel gears _ Immersion of teeth over the
9 entire width of the wheel
Wheel immersed to approx.
Worm on the top 1/3 of its diameter
Worm gears Worm at the bottom Wheel immersed to approx.
the center of the meshing zone
Worm at the side Wheel immersed tq at least
1/2 of the worm height

Table 4: Recommended depth of immersion

5.1.2 Combined splash and
circulation lubrication

If additional cooling ribs, fans or
ducts in the housing are not enough
to compensate for the power losses
in a splash lubricated gear, heat can
also be dissipated by using a com-
bined splash and circulation lubrica-
tion system.

The easiest method is to install a
pump driven by the gear which
takes a certain oil quantity out of the
oil sump and returns it to the gear

via an oil cooler. Electrically ope-
rated oil pumps (main and backup
pumps) are also used.

Thermostatically controlled coolers
and filters installed in the oil circuit
make it possible to extend the oil
change intervals. The depth of
wheel immersion is determined as
described for splash lubrication.

The oil fill quantity has to be some-
what higher because a certain
amount of oil is always circulating.

Fig. 34: Planetary worm gear, Rhein-Getriebe GmbH, D-40667 Meerbusch, Germany

F 10242
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5.1.3 Force-fed circulation
lubrication
(injection lubrication)

Force-fed circulation lubrication is
used at peripheral speeds too high
for splash lubrication and in case of
gears equipped with plain bearings.
This lubrication method is suitable
for even the highest peripheral
speeds encountered in gear
systems (approx. 250 m/s).

Oil is brought onto the tooth flanks
via slotted or perforated nozzles.
The oil is injected into the contact
zone, either at the initial or the final
meshing zone. It is assumed that oil
injected into the initial meshing zone
is more benefitial to the lubrication
process, while oil injected into the
final meshing zone intensifies the
cooling effect.

The injection quantity depends on
the amount of heat to be dissipated.
As a rule of thumb we recommend
0.5to 1.0 I/ min per cm of tooth
width.

The required oil circulation quantity
is made up of the lubricant quantity
required for the gear wheels plus
the quantity required for the bear-
ings.

Depending on the type of circulation,
a distinction is made between wet
and dry sump lubrication. In wet
sump lubrication (Fig. 35) the oil
reservoir is the oil sump in the
housing from which the oils is
brought to the friction points.

In dry sump lubrication (Fig. 36)

the oil which returns from the friction
points is collected in the housing
and then transferred into a separate
oil container from where it is brought
back to the friction points.

Dry sump lubrication is used if the

oil volume is too big to be accom-
modated in the gear housing.

20

1 Flanged-on pump
2 Pressure relief valve

3 Filter with pressure
difference indicator

4 Manometer
5 Spray nozzles
6 Gearbox

C 10221

Fig. 35: Schematic drawing of a wet sump lubrication system

1 Oil container
2 Motor/ pump unit
3 Pressure relief valve

i

Filter with pressure difference
indicator

Qil / water heat exchanger
Thermometer

Pressure control unit
Manometer

© 00 N o O

Gear box

C 10222

Fig. 36: Schematic drawing of a dry sump lubrication system

5.2 Grease lubrication

Grease lubrication is normally used
for gears that are not oiltight or, for
safety reasons (leakage), for oiltight
gears installed in a position pre-
venting maintenance and repair.
Grease lubrication is also suitable

With grease lubrication it is im-
portant to take into account that
exchanging the grease is very
complicated because the gearbox
usually has to be taken apart com-
pletely and cleaned thoroughly.
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for gears with a limited life that are
suitable for lifetime lubrication.

As grease cannot dissipate heat

or only to a limited extent, grease
lubrication is restricted to low and
medium capacity gears operating in
short or intermittent intervals.

Grease is mainly used on gear
motors and in all types of small and
miniature gears, e.g. power tools,
household and office equipment,
automotive servo drives, etc.

Splash lubrication is the common
method of application. Gears with

a low specific load that are mainly
used to transfer movements over a
limited period of time or gears de-
signed for a certain operating period
are usually lifetime lubricated. With
this application method the peri-
pheral speed is limited to 2 to 3 m/s.

5.2.1 Splash lubrication with
gear greases

As already mentioned it is important
to take into consideration that
greases have a considerably lower
heat dissipation capacity than lubri-
cating oils.

Splash lubrication with gear greases
is therefore restricted to low to me-
dium capacity gears. As the devel-
opment and dissipation of heat
largely depend on the individual
operating conditions (permanent or
intermittent operation) and the
casing design, it is not possible to
indicate a specific capacity limit for
grease lubrication.

Unless the gears have a very low
capacity we recommend carrying
out tests to establish the gear
heating rate.

Gears with high peripheral speeds
operating continuously and/or used
to transfer power require a grease

with a high base oil content to
ensure heat dissipation: a fluid
grease of consistency grade 000 or
00 or at least a very soft grease of
grade 0.

In continuous operation the
peripheral speed limit is as follows:

NLGI grade Peripheral speed
DIN 51 818 [m/s]
000 6to8
00 4t05
0 2t03

Fluid gear greases have a less
favorable flow behavior than oils.
Excess grease thrown off the gear
returns to the lubricant sump at a
much lower speed. It is therefore
important to fill the grease immer-
sion bath to a higher level than in
case of oil lubrication in order to
prevent starved lubrication.

Depending on the grease’s consis-
tency the approximate depth of im-
mersion should be between 1 and 3
times the tooth depth.

Splash lubrication with a gear grease
at peripheral speeds above 8 to

10 m/s in continuous operation is
possible if the following steps are
taken:

a) Use a gear grease of consistency
grade 0 or 00 and fill the casing to
approx. 30 to 40 % of its volume.

b) Use a gear grease of consistency
1 or 2 and fill the casing almost
completely.

Low capacity gears in short term or
intermittent operation can be lubri-
cated with a gear grease up to a
peripheral speed of 25 m/s if
method b) is applied.

NOTE: For detailed information
about lubrication with gear greases
refer to section 8.4, page 57,
Selection of gear greases.

5.2.2 One-time lubrication of
tooth flanks

See NOTE above.

5.3 Lubrication with adhesive
lubricants

Adhesive lubricants are mainly used
for the lubrication of open gears and
gear systems of large to very large
dimensions, e.g. drives of rotary
kilns, tube mills, lifting cylinders,
cranes and construction machines.

Depending on the operating mode
and/or conditions and the drive
design (with/without cover, with/
without lubricant reservoir), the
lubricant is applied

— once (or several times at very
large intervals)

— continuously (long term lubrica-
tion)

— intermittently (total loss lubrica-
tion)

Fig. 37 on page 22 shows the
correlation between the types of
lubrication and the application
methods.

Peripheral speeds

(m/s] Application method

upto 2 manual application

up to approx. 8 | splash or spray lubrication

> 8 to approx. 11 spray lubrication

Table 5: Correlation between the peripheral
speed and the application method
in case of lubrication with adhesive
lubricants

The lubricant to be used determines
the type of lubrication and the suit-
able application method.

Adhesive lubricants used on open
gears can be fluid or semi-solid and
therefore have an impact on the
application method.
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A description of all common
methods of application would go
beyond the scope of this brochure.

For details about lubrication with
adhesive lubricants please refer to
our brochure

“Lubrication of large gear drives",
9.2e.

Fig. 37: Lubrication types and application
methods common with adhesive
lubricants

Type of lubrication | |

Application method

| | Type of lubricant

One-time lubrication

|| Application by brush, spatula,
aerosol can or manual spray gun

Solid lubricant powder,
bonded coatings, greases

and pastes, especially those
with solid lubricants

Splash lubrication

Highly viscous gear oils or

fluids with a mineral base oil

Continuous (long term)
lubrication

Circulation lubrication

(free from solvents and

bitumen), with EP additives,

Transfer lubrication

with or without solid lubricants

Sprayable adhesive gear
lubricants (free from solvents

Intermittent (total loss) _|
lubrication

Spray lubrication

and bitumen), with or without
solid lubricants.

Consistency grades
NLGI 0, 00, 000

6 Energy losses and heating
of gear systems

6.1 Efficiency of gear systems

The efficiency n o gear systems is
defined as the ration of the input
power Py and the output power P,.

Gears with a low sliding percentage,
such as spur and bevel gears, have
a very high efficiency (up to 99 % in
the case of single-stage spur gears),
whereas gears with a high sliding
percentage, e.g. hypoid and worm
gears, have a relatively low effi-
ciency. Table 6 gives a general
survey on gear efficiency.
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It is important to note that efficiency
decreases with an increasing num-
ber of gear stages.

The efficiency of worm gears
depends on the worm speed, the
transmission ratio and the overall
size of the gear system. Efficiency
increases with a higher worm speed
(increasing sliding speed of the
teeth), lower transmission ratio
(increasing pitch angle) and larger
center distance. Efficiency values
stated in gear brochures usually
refer to the gears’ rated efficiency
and apply to full load operation.

The efficiency of gear systems
varies as a function of the load. It is
at its maximum under full load and
decreases under partial load.

Unless specified otherwise, the
indicated efficiency applies to
standard gears lubricated with a
gear oil with a mineral hydrocarbon
base.

Synthetic gear oils can improve a
gear’s efficiency up to 30 %, espe-
cially in the case of gears with a
high sliding percentage, such as
hypoid and worm gears. See also
section 7.2.2, page 33.

Overall efficiency
Type of gear under nominal load
approx. [%]
Spur gears
single stage up to 98.5
two stage up to 97
three stage up to 95.5
four stage up to 94
Bevel gears up to 98
Straight bevel
gears
two stage up to 96.5
three stage up to 95
four stage up to 93.5
Planetary gears
single stage up to 97
Crossed helical
gears 50t0 98.5
Hypoid gears
high transmission ratio 50 to 90
low transmission ratio 85 to 96

Table 6: Efficiency of industrial gears
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. 6.2.1 Tooth-related power loss Pvz Py
6.2 Power loss in gear systems P, P Type of gear % of P, % of P,
Industrial

The total power loss Py, of a gear This type of loss occurs due to the gears 021005 | 101028
system is made up of various sliding movement of the meshing Worm drive

individual types of losses: tooth flanks operating under load. i= 5 4.010 9.0

The individual coefficient of friction i=10 7.0to0 11

on the tooth flanks is of decisive i=70 241035

| Py = Pyz+Pyz0 +PygtPygot PyptPyx I

total power loss

Py; = tooth related power loss,
under load

tooth related power loss,
no-load condition

Pyg = bearing related power loss,
under load

bearing related power loss,
no-load condition

Pyp = sealing related power loss,
irrespective of load

Pyx = other losses
irrespective of load

Tooth and bearing related power
losses are divided into losses under
load and under no-load conditions.

Fig. 38 shows that, with reference
to the overall power loss (P,), the
losses under load decrease and the
no-load losses increase with an
increasing peripheral speed. The
curve shown below applies to gears
equipped with rolling bearings.

2
) ]
% bearing related loss

1.6 '

tooth|related loss under no-load conditions

bearing related loss under load
| overall loss under

* 1.2 NS + no-load conditions
——

—
0.8

~§:
04 —— tooth related loss toth
0 4 8 12 16 m/s 20
==V  C10223

Fig. 38: Total loss in a gear system broken
down by individual losses as a
function of the peripheral speed (v) —
(standard tooth load: 100 N per mm
of tooth width)

importance.
The tooth related power loss P,
depends on the meshing position
of the teeth.

100%

50%
Pt
0%
A B CDE
C 10224

Fig. 39: Variation of the sliding friction
coefficient g, the sliding speedvy
and the standard tooth load Fp;on
the tooth flank and the distance of
action A - E

6.2.2 Tooth related power loss
PVZO

In splash lubricated gears this type
of power loss comprises the chur-
ning and squeezing losses, and in
case of gears lubricated by oil injec-
tion it is equivalent to the injection
loss.

Churning losses

Churning losses occur while the
gear teeth plunge into the oil sump.
It is determined by the following
factors:

— width, diameter of the addendum
circle and number of plunging
gears

— shape of gear casing (clearance
volume, juts, etc.)

— depth of immersion

— peripheral speed of the plunging
gears

— operating viscosity of the lubricant

Table 7: Average values of tooth related
losses Py and total losses P per
gear stage. P, = driving power

Churning losses in high speed

gears may result in increased tem-

peratures which, depending on the
gear oil, may be excessive.

Squeezing losses

Squeezing losses occur when
excess lubricant is forced out of the
meshing zone in a vertical and/or
horizontal direction. They are
intensified with an increasing nomi-
nal viscosity of the lubricant.

Injection losses

Injection losses are generally lower
than churning losses in case of
splash lubrication. They occur when
the oil is forced off the tooth flanks
and the injected oil is accelerated
and deflected. They depend on the
injected oil quantity, the oil viscosity,
the tooth width and the wheel dia-
meter. Injection losses are intensi-
fied when these factors are in-
creased, but are reduced when the
module is increased.

6.2.3 Bearing related power loss
I:)VB

This type of loss mainly depends on
the type of bearing, mounting posi-
tion, lubrication, speed and load.
Rolling bearings generally produce
lower losses than plain bearings.

| Rolling bearings

Bearing related power losses are
made up of a load related portion
(Pyg) and a portion not related to the
load (Pygp). Load related losses are
caused by the elastic deformation of
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the rolling elements and the race-
ways and by sliding movements at
the points of contact. Losses not
related to the load occur due to the
sliding friction between the cage,
the rolling elements and the guide-
ways, and because there are hydro-
dynamic losses in the lubricating oil.
They depend on the lubricant’s
viscosity and quantity as well as the
average peripheral speed of the
gear.

It is known from experience that
the power loss per rolling bearing
amounts to approx. 0.1 % of the
gear’s efficiency.

Plain bearings

Losses in plain bearings are inten-
sified with an increasing load.

Power losses are relatively high at
low speeds. In the mixed friction
regime they decrease with an in-
creasing sliding speed, whereas
under fluid friction conditions they
increase with an increasing speed.

The average power loss of standard
plain bearings is approx. 0.5t0 1.5 %
of the nominal efficiency and in case
of high performance bearings
approx. 0.1 to 0.3 %.

Fig. 41: Three-stage straight bevel gear driving a stone crusher, VOITH
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F 10251

Fig. 40: Three-stage spur/bevel/spur gear motor, oil lubricated
SEW-EURODRIVE GmbH & Co, D-76646 Bruchsal

6.2.4 Sealing related power
loss P \p

These losses mainly depend on the
type of sealing. With respect to the
total power losses they are relatively
low in case of non-rubbing seals.
However, they play a more important
role in case of rubbing seals.

If radial shaft seals are used, sealing
related losses increase with a larger
shaft diameter and with a higher
peripheral speed at the sealing lip.
The average loss is between 0.01
and 0.04 kW per radial shaft seal.

6.2.5 Other losses P 4

These include losses caused by
freewheels, couplings, oil pumps
and fans.

The average oil pump loss is
between 0.15 % (large gears) and
1 % (small gears) in relation to the
nominal output.

Fan losses usually are below 0.5 %.

R

A4 10206 C 10225

F 10244

Fig. 42: Shaft-mounted spur gear
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6.3 Heating of gear systems

The power losses produced in the
friction points between the teeth,
bearings and seals result in exces-
sive heat that has an impact on the
gears and the lubricating oil.

The gears may be heated additio-
nally by the sun or heat dissipated
from the motor. Heating occurs until
enough heat is exchanged with the
surrounding elements to reach a
thermal balance. In most gear sys-
tems heat is only dissipated via the
casing.

The following equation applies if
there is a thermal balance between
the gear system and the ambient
elements:

Py =Qy
Power loss = Thermal capacity

This means that the total power loss
Py is the same as the thermal loss
Q, dissipated via the casing surface
to the environment.

6.3.1 Heat dissipation

Most of the heat generated by the
power losses is dissipated from the
friction points via the lubricating oil
and transferred to the environment
through the gear casing. Only a
small share of the heat is dissipated
through the connected shafts and
foundations.

The gear casing dissipates heat to
the environment by way of convec-
tion (the casing surface is cooled by
air flowing past) and thermal radia-
tion.

The thermal capacity of a gear
system, i.e. to what extent waste
heat can be dissipated by way of
convection and thermal radiation,
is determined by

the heat transmission coefficient a,
the casing surface area A,
and

the temperature difference between
the oil bath and the ambient air

(toi — t)

| Qu=0o- A (ti - t,) I

From this equation it can be deduc-
ted that the amount of heat (Q,) that
can be dissipated from the gear can
be increased by increasing the oll
sump temperature. This also implies
that it is possible to increase the
total power loss (P,) that can be
balanced and in consequence also
the transferrable power.

Whether the oil sump temperature
can be increased depends on the
type of oil and the temperature limit.
Mineral hydrocarbon oils have a
relatively low temperature limit and
are therefore not suitable to in-
crease a gear’s thermal capacity by

increasing the oil sump temperature.

Synthetic high temperature gear oils
are suitable for oil sump tempera-
tures between 100 and 150 °C and
therefore make it possible to in-
crease a gear'’s efficiency conside-
rably by increasing its thermal capa-
city (Q,). See also section 7.2.2,
page 36.

Example:
Temperature limit of a standard
mineral oil: approx. 90 °C

Supposed ambient temperature:
22 °C

Increase of thermal capacity after
conversion to a synthetic oil and
increase of the oil sump tempera-
ture:

t,;[°C] | Qyincreased by = [%]
100 14.7
110 29.4
120 44.1

A gear’s thermal capacity can also
be increased by means of additional
cooling (fan, fan + oil cooler) or by
reducing the ambient temperature
(ventilation).

6.4 Temperatures in gear
systems

Heating of a gear system, individual
gears, bearings and lubricants is
one of the most important criteria to
evaluate gear’s performance. The
existing temperatures are indicative
of the power losses. Fig. 43 shows
the characteristic temperatures in a
gear system.

A Temperature of the gear body
(roughly corresponds to the
temperature of the tooth center)

B Various tooth flank temperatures
Bearing temperature

D Oil sump temperature
A4 10132

Fig. 43: Characteristic temperatures in a gear
system

The various temperature levels
have a decisive impact on

— the ratio between fluid friction
and mixed friction,

— the formation of pittings on the
tooth flanks,

— the degree of scuffing,

— the lubricant ageing rate,

— the bearing’s service life, and

— the gear’s efficiency.
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It is important to ensure that the
pertinent temperature limits are not
exceeded when the individual gear
components, the lubricant and the
accessories (filter inserts, pumps,
etc) are heated.

Synthetic gear oils, which have a
considerably higher temperature
limit than mineral oils, are suitable
for high temperature lubrication
(lubricant temperature > 100 °C)
and make it possible to increase the
thermal limit and, in consequence,
the transferrable power.

The lubricant’s operating tempera-
ture (defined by Kliber as the oil
sump temperature or the tempera-
ture of the injected oil) is a decisive
parameter when selecting a suitable
viscosity.

Operating temperatures above
average or temperature peaks
indicate malfunctions or incipient
damage.

6.4.1 Tooth flank temperatures

Fig. 44 illustrates the temperatures
typically found on a tooth flank of a

straight or helical spur or bevel gear.

Contact temperature t

The contact temperature t¢is the
flank temperature existing during
the meshing phase at the individual
contact points along the action dis-
tance E-A. In contact point C it is
equal to the gear body temperature

ty.

Integral temperature t

The integral temperature t;, is the
tooth flank temperature calculated
from the contact temperature curve
tc. Scuffing occurs if a critical inte-
gral temperature (depending on the
lubricant and the gear material) is
exceeded.

Gear body temperature t

The gear body temperature ty;, also
known as the mass or tooth center
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tc = contact temperature

tint = integral temperature
tym = gear body (mass)
temperature

oil temperature

Loil

Fig. 44: Temperatures typically found on a tooth flank

temperature, roughly corresponds to

the tooth flank temperature before
meshing occurs. It lies between the
integral temperature t;,; and the oil
temperature ty; in the casing (oil
sump); toi < ty < tine-

The gear body temperature deter-
mines the temperature of the lubri-
cating oil and its operating viscosity
before reaching the lubrication gap,
which, in turn, is decisive for the
thickness of the oil film in the gap.

Oil temperature t

The oil temperature t,;, also known
as the oil's operating temperature,
is equal to the oil sump temperature
in case of splash lubrication and to
the injection temperature in case of
oil injection lubrication.

The temperature along the action
distance E-D in the lubrication gap
between the meshing teeth roughly
corresponds to the gear body tem-
perature ty. In the remaining action
distance it is almost equal to the
contact temperature tc. This also
applies to the oil film temperature.

The various tooth flank tempera-
tures explained above are important
for the calculation of the load carry-
ing capacity of the flanks. GfT work-
sheet no. 2.4.2 illustrates the calcu-
lation principle to obtain the perti-
nent temperatures and scuffing
resistance. This worksheet is based
on DIN 3990 which describes how
to calculate the load carrying capa-
city of spur and bevel gears.

6.4.2 Temperature limits

The temperature limit is the tem-
perature which a (gear) component
can sustain without suffering
damage.

The temperature limit of a gear is
determined by the component (in-
cluding the lubricant) most suscep-
tible to high temperatures. In mine-
ral oil lubricated gears this usually is

Component Temperature
P limit [°C]

Gear wheels
Case hardened steel 180 to 300
Tempered steel > 200
Bronze > 200
Rolling bearings
Standard bearings 120
High temperature
bearings 300
Plain bearings
Standard bearings 90
High temperature
bearings 150
Shaft seals
Nitrilorubber 100
Polyacrylate rubber 125
Fluorinated rubber 150
Lubricating oil (oil sump)
Mineral olil 100
Synthetic oil 160

Table 8: Approximate temperature limits
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the lubricating oil, which has a much

lower temperature limit than the
other gear components.

Gear lubrication with a synthetic oil
makes it possible to increase gear
temperatures by 20 to 30 °C while
ensuring the same oil life than with
a mineral oil.

This can increase the gear’s ther-
mal capacity and the transferrable
power, provided the temperature
limit of other components, materials
and substances is not below the
oil's operating temperature. In such
a case it might be necessary to
replace them with components with
a higher thermal resistance.

This also applies to all components
in contact with the gear oil but not

listed in table 8, such as filter inserts,

hoses, inspection glasses and
couplings.

The temperature limit of the respec-

tive lubricating oil also has to be
taken into account!

6.4.3 Oil temperatures
(empirical values)

The permanent oil temperature in
industrial gears is between 40 and
150 °C, depending on the type of
gear, the application and the lubri-
cant (mineral /synthetic oil).

Apart from design related influences,
oil temperatures mainly depend on
the existing operating temperatures.
They rise with an increasing ambient
temperature and if the oil is exposed
to thermal radiation. They fall when
the gear is operated under partial
load conditions or intermittently.

A permanent oil sump
temperature of 80 °C
should not be exceeded
if mineral gear oils are used.

Oil sump

U2 EIFErEE temperature °C

Splash lubrication

Worm gears

Spur and bevel gears 8010 100
Force-fed lubrication

Gears equipped with

rolling beaflngs _ 50 to 80
Gears equipped with 40to 60

plain bearings

Table 9: Permanent oil sump temperatures
(empirical values) if a mineral oil is
used. The lower values pertain to
an ambient temperature of approx.
20 °C, the higher values to high
ambient or room temperatures.

Fig. 45: Two-stage spur/worm gear motor,
oil lubricated, SEW-EURODRIVE
GmbH & Co, D-76646 Bruchsal,
Germany

F 10253
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7 Lubricants for stationary

gear systems

7.1 Tasks, requirements

Lubricants for gear systems have
the following general tasks:

transfer forces
minimize wear
reduce friction

Fluid lubricants also have to

dissipate heat
and
remove abrasive particles

Depending on the type of gear and
the operating conditions gear lubri-
cants have to meet various require-
ments, some of them even conflict-
ing. There is no universal gear lubri-
cant which would meet all require-
ments. Instead there are different
types of gear lubricants, such as

gear oil, greases and adhesive lubri-

cants, whose properties have to suit
the individual operating conditions.

Gear oils may have to meet the
following requirements:

excellent resistance to ageing
and oxidation

low foaming tendency
good air separation behaviour
good load carrying capacity

neutrality towards the materials
involved (ferrous and nonferrous
metals, seals, paints)

suitability for high and/or low
temperatures

good viscosity-temperature
behaviour

Gear greases , in contrast, may be
required to ensure

28

good adhesion
low oil separation
low starting torques

compatibility with synthetic
materials

noise damping

Adhesive lubricants , e.g. for the
lubrication of large open gear drives,
have to meet the following require-
ments:

o excellent adhesion

e optimum separating and lubrica-
ting capacity under mixed friction
conditions

e good emergency running proper-
ties in case of starved lubrication

e good pumping characteristics in
automatic spraying equipment
The natural properties of the starting

materials, mineral or synthetic oils
or a mixture of both, usually are not
sufficient to meet all the require-
ments listed above. The base oils
are therefore equipped with addi-
tives improving their natural proper-
ties or imparting new properties.

two-stage
spur gear

three-stage
spur gear

four-stage
spur gear

A4 10207

|——-|

The type and quantity of additives
depends on the intended use and
the type of lubricant. In case of gear
greases not only the additives but
also the thickening agents have an
impact on the lubricant’s properties.

[ —

C 10227

Fig. 46: Schematic drawing of multi-stage spur gears
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7.2 Types of gear lubricants

7.2.1 Gear oil with a hydro-
carbon base oil

Mineral oil lubricants are widely
used in closed industrial gears.

Paraffin base solvent raffinates are
often used as the standard base oil
for the various lubricant types.
These raffinates are called plain
mineral oils or simply "lubricating
oils ".

Plain mineral oils (in acc. with DIN
51 517, Pt 1, lubricating oils "C")
are no longer important for the
lubrication of gear systems. They
are only used if the requirements in
terms of ageing resistance, corro-
sion and wear protection are very
low.

Plain gear oils were largely re-
placed by additive treated oils, i.e.
mineral oils containing oil soluble
additives enhancing their properties
and/or imparting new ones.

Depending on the additive types,
a distinction is made between the
following gear oils:

CL lubricating oils DIN 51 517

These are mineral oils containing
additives to improve corrosion
protection and ageing resistance
("L"). In accordance with the above
standard they are recommended if
corrosion may occur, for example
due to the impact of water, or if oils
of the "C" type (plain mineral oils)
would fail to achieve a sufficient
service life at increased tempera-
tures.

CL lubricating oils do not contain
antiwear additives and are therefore
mainly used in older gears subject
to low loads, with a peripheral speed
below 30 m/s, which are equipped
with hardened and tempered gear
wheels and are particularly resistant
to fatigue.

Just like type "C" oils, lubricating oils
type "CL" are not very important for
gear lubrication.

CLP lubricating oils DIN 51517 |

These are mineral oils containing
additives to improve corrosion pro-
tection and ageing resistance ("L")
plus additives to minimize wear
under mixed friction conditions ("P").

They are recommended if improved
wear protection is required because
the friction point (meshing zone) is
subject to increased load and/or if
tooth flank damage (scuffing) should
be prevented in case of overloading.
This type of oil is frequently used in
industrial gear systems.

The pertinent antiwear additives are
classified in two categories: addi-
tives improving lubricity and EP
additives. Additives improving lubri-
city are also called "polar additives".
They enhance the base oil's wetting
and adhesion properties by means
of solid organic (animal or vege-
table) or synthetic particles which
separate the contact points by
forming an adhesive, semi-solid,
pressure resistant film, thus redu-
cing friction and wear.

EP (extreme pressure) additives are
used for increased wear protection.
They mainly consist of organic
phosphorous and sulfur compounds
having a chemical impact on the
lubricant.

When subject to increased tempera-
tures these compounds form a
protective layer on the tooth flanks
which reduces metal contacts
between the flank surfaces, prevents
welding and scoring and minimizes
friction.

A combination of EP and lubricity
enhancing additives is often used to
make a lubricating oil suitable for
many types of gears including gears
with a high sliding percentage, such

as worm gears. CLP lubricating oils
are not suitable for bevel gears with
offset axis (hypoid gears) unless
they contain specific EP additives.
Hypoid gears are usually lubricated
with special oils with enhanced EP
additives, so-called "HYP" oils

(DIN 51 502).

DIN 51 517, Pt. 3 specifies the
minimum requirements for lubri-
cating oils containing antiwear addi-
tives. It stipulates, among others, a
scuffing load capacity of 12 in the
mechanical test on the FZG test rig
in acc. with DIN 51 534, Pt. 2

(FZG = Forschungsstelle fur Zahn-
rad- und Getriebebau, TU Minchen
— Technical Institute for the Study of
Gears and Drive Systems of the
Munich Technical University).

| Multi-purpose oils |

Such oils are not only suitable for
the lubrication of gear systems but
also for other machine components
(clutches, backstops, etc.). They are
often used as a working medium
transferring power in turbines,
electric current transformers and
hydraulic systems.

Multi-purpose oils are used in
machine tools equipped with only
one circulation system for gear
systems and hydraulic units, or for
the lubrication and feedback control
of steam and gas turbines while
simultaneously supplying connec-
ted machines and gear systems.

They are also suitable for product
streamlining purposes if, for
example, one lubricating oil is to be
used in various components in a
larger system, provided it meets all
the different quality and viscosity
requirements.

Mineral multi-purpose oils include:
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Lubricating and control oils L-TD
DIN 51 515

Turbine oils with a mineral base oil
plus additives improving corrosion
protection and ageing resistance.
They are used for the lubrication
and/or feedback control of steam
turbines, stationary gas turbines,
machines operated electrically or
by steam turbines, e.g. generators,
compressors, pumps and gear
systems.

Hydraulic oils HL
DIN 51 524, Pt. 1

Pressure fluids based on mineral oil
plus additives enhancing corrosion
protection and ageing resistance.
They are used to simultaneously
supply hydraulic units and gear
systems.

Hydraulic oils HLP
DIN 51 524, Pt. 2

Pressure fluids based on mineral oil
plus additives improving corrosion
protection and ageing resistance
and reducing fretting corrosion
under mixed friction conditions.
They are used to simultaneously
supply hydraulic units and gear
systems subject to high wear.

F 10246

Fig. 47: Shaft-mounted gear motor with three-stage spur gears, make Getriebebau Nord, D-22941 Bargteheide, Germany
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7.2.2 Gear oils with a synthetic
base oll

Synthetic gear oils are used when-
ever mineral gear oils have reached
their performance limit and can no
longer meet the requirements, e.g.
at very low or high temperatures,
extremely high loads, extraordinary
ambient conditions, or if they fail to
meet special requirements, e.g. in
terms of flammability.

Even though many properties of
mineral oils can be improved by
means of additives, it is not possible
to exert an unlimited influence on all
their properties. This applies espe-
cially to material properties depen-
ding on the chemical structure, such
as

o thermal resistance

o low temperature properties
(fluidity, pour point)

o flash point
e evaporation losses

Synthetic oils provide a number of
advantages. However, they do not
necessarily outperform mineral oils
in all respects and may even result
in some drawbacks despite their
advantages.

The advantages of synthetic lubri-
cating oils (depending on the base
oil) include:

e improved thermal and oxidation
resistance

e improved viscosity-temperature
behaviour, higher viscosity index

e improved low temperature
properties

o lower evaporation losses

¢ reduced flammability

e improved lubricity

o lower tendency to form residues

e improved resistance to ambient
media

Possible disadvantages include:

o higher price
e reaction in the presence of water
(hydrolysis, corrosion)

e material compatibility problems
(paints, elastomers, certain
metals)

o limited miscibility with mineral oils

Application related advantages
usually prevail, so that synthetic
lubricants will be increasingly used
for gear lubrication, especially
under critical operating conditions.

Synthetic lubricants based on
synthetic hydrocarbon oils  (SHCs),
polyglycols (PGs) and

ester oils (ES)

have proven particularly efficient in
gear systems.

Lubricating oils based on
synthetic hydrocarbon oils

They are similar to mineral hydro-
carbons in their chemical structure.

They are equal to mineral oils as far
as their compatibility with sealing
materials, disposal, reprocessing
and miscibility with mineral oils are
concerned. Their main advantage is
their excellent low temperature
behaviour.

It is possible to manufacture food
grade lubricants for the food
processing and pharmaceutical
industries with SHC base oils and
special additives.

Lubricating oils based on
polyglycols

These lubricants ensure especially
low friction coefficients, which
makes them suitable for gears with
a high sliding percentage (worm and
hypoid gears).

Containing appropriate additives,
they have an excellent antiwear
effect, for example in steel/bronze
worm gears, and a very good
pressure absorption capacity.

Polyglycol oils may have a negative
impact on sealing materials and
may dissolve paints. At operating
temperatures above 100 °C only
seals made of fluorinated rubber or
PTFE are resistant, below that also
seals made of NBR are resistant to
PG ails.

This information is only a guideline.
Before using PG oils in series
applications it is important to test
compatibility with paints, seals and
inspection glass materials.

Miscibility with mineral oils is very
limited; mixtures should therefore
be avoided.

Polyglycols are neutral towards
ferrous metals and almost all non-
ferrous metals. In the case of friction
pairings with one component con-
sisting of aluminum or aluminum
alloys (e.g. rolling bearing cages
containing aluminum) there may be
increased wear under dynamic load
(sliding movement and high load).
In such cases we recommend
carrying out compatibility tests.
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Lubricating oils based on

ester oils

Ester oils are the result of a reaction
of acids and alcohols with water
being split off. They exist in nume-
rous structures, all of them having
an impact on the chemical and
physical properties of lubricants.

In the past these lubricating oils
were mainly used in aviation tech-
nology for the lubrication of aircraft
engines and turbines as well as
gear systems in pumps, starters,
etc.

Ester oils have a high thermal
resistance and excellent low tem-
perature behavior. In industrial
applications rapidly biodegradable
ester oils will gain importance
because it seems possible to
achieve the same efficiency as
with polyglycol oils by selecting an
appropriate ester base oil.

Application related advantages
of synthetic lubricating oils

The following application related
advantages result from the improved
properties of synthetic lubricating
oils as compared to mineral oils:

o improved efficiency due to
reduced tooth related friction
losses

o lower gearing losses due to
reduced friction, thus less energy
required

e 0il change intervals 3 to 5 times
as long as compared to mineral
oils operating under the same
temperature

e reduced operating temperatures
under full load, thus increased
component life; cooling devices
may not be required.
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Reduction of gearing losses and
efficiency improvement

Owing to their special molecular
structure, synthetic lubricating oils
based on polyalphaolefins and
polyglycols ensure that tooth related
friction is considerably lower than
with mineral oils. It may be up to

30 % lower than if a regular mineral

gear oil with EP additives were used.

As the friction coefficient of synthetic
oils is lower, tooth related friction is
reduced to a large extent, thus
increasing the gear’s efficiency.

The efficiency of gears with a high
sliding percentage, worm and
hypoid gears, may be increased
up to 15 % if a synthetic oil is used
instead of a mineral oil. Even in
case of spur and bevel gears, which
already have a high degree of effi-
ciency, it is possible to achieve an
increase of up to 1 % by using a
synthetic gear oil. This may not
seem very much at first sight, but it
may result in considerable cost
savings depending on the nominal
output of a gear or if several gears
are concerned.

Table 10 shows to what extent syn-
thetic gear oils can reduce losses,
especially in gear systems with a

high share of load dependent losses.

The data were gathered empirically
in many tests conducted on Kluber’s
gear test rig. These results have
been confirmed by gear manufac-
turers and operators.

Advantages of synthetic gear oils
based on reduced friction

Increased gear efficiency

e Smaller gears with smaller
motors sufficient for equivalent
output

o Higher output with the same
power input

Reduced oil temperatures

e Extension of the oil's life (5 times
longer than mineral oils)

e Extended component life

e Cooling units may no longer be
required

Reduced energy consumption

e Reduced costs for lost electric
current due to lower total losses;
30 % and more in the case of
worm gears

e Costs for electric power reduced
up to 10 % due to improved
efficiency

Type of gear
Effect

Worm gears,
Hypoid gears

Spur gears
Bevel gears with axis not offset

Reduction of total
losses

30 % and more

20 % and more

ture

Improved efficiency 15 % and more uptol%
Reduction of operating
(steady-state) tempera- 20 °C and more upto 12 °C

Table 10: Potential reduction of gearing losses and improvement of efficiency if a synthetic
gear oil is used instead of a mineral oil.



Lubrication of Gear Systems

y 4

LUBR/ICATION

The following test results and
calculation examples illustrate the
advantages of synthetic gear oils
over mineral oils.

Improved efficiency and
reduced wear when using
synthetic oils

Synthetic gear oils can reduce
power losses and operating tem-
peratures in almost any gear type
and thus increase gear efficiency.
This applies particularly to gears
with high or predominant sliding
percentages (hypoid and worm
gears) if oils on a polyglycol basis
are used.

Previously it was assumed that the
efficiency of spur and bevel gears
could be increased up to 1 % and
that of worm gears up to 10 % by
using synthetic gear oils.

Tests comparing high grade CLP
oils and modern synthetic gear oils,
however, prove that the efficiency
of spur, bevel and worm gears can
be increased far beyond the values
stated above.

Such tests were carried out with
Kluber gear oils on our in-house
test rig for worm gears.

The results show clearly that syn-
thetic oils make the gears more
efficient than mineral oils.

Klubersynth GH 6 , a polyglycol
lubricating oil, resulted in the high-
est degree of efficiency: 18 % more
than with Kluberoil GEM 1 , a high
performance CLP oil. This proves
once again that PG oils are particu-
larly suitable for the lubrication of
worm gears.

Klubersynth GEM 4 and

Kluberoil 4 UH 1 , two SHC gear
oils, also made the test gears 8 to

9 % more efficient. The performance
of Kluberoil 4 UH 1, which is author-
ized as a food grade lubricant in

accordance with USDA-HL1, is ex-
cellent. Food grade lubricants are
often thought to be inferior to
"normal" lubricants as far as their
performance is concerned, an
opinion which the test results
definitely disprove.

The results are also confirmed by
very positive practical experience in
all sectors of the food processing
and pharmaceutical industries.

Synthetic base oils already have an
excellent wear protection behaviour
which is even enhanced by appro-
priate antiwear additives contained
in Kluber lubricants.

Test oils
Kluberoil GEM 1 - 460 (mineral oil)

Kluberoil 4 UH1 - 460 (SHC oil)
Food grade lubricant

Klibersynth GEM 4 - 460 (SHC oil)
Kltbersynth GH 6 - 460 (PG oil)

The diagrams in Fig. 48 show that
the antiwear behavior of synthetic
lubricating oils is superior to that of
mineral gear oils.

Wear was particularly low when
Klibersynth GH 6 was used.

All this is convincing proof that PG
base gear oils containing specific
additives are most suitable for the
lubrication of gears with a high
sliding percentage, especially
worm gears.

Test gear

Standard worm gear
i=1:39 center distance a = 63 mm

Worm shaft: steel 16 Mn Cr S5
Worm wheel: GZ - Cu Sn12 Ni
Test conditions

Input speed: 350 rpm
Output speed: 300 Nm
Test duration: 300 h

100
= 95T a)
=
> 9F
2
g &t
S sof Kiibersynth GH 6-460 Test results: Efficiency
75 E// Kliberoil GEM 1 - 460....... 60 %
70 }\/‘—ﬁd% Kluberoil 4 UH 1 - 460...... 69 %
65 £ Kliberoil GEM 4 - 460....... 68 %
o SRR ESTCE Kliibersynth GH 6 - 460 ... 78 %
55 Mineral oil
50 T T T T T T T T T T
0 50 100 150 200 250 300
Running time [h]
. 250T
e b)
§ 200 * Mineral oil
= §
Test results: Wear
150 T
Kllberoil GEM 1 - 460 ... 225 pm
aamlL Kliberoil 4 UH 1 - 460... 142 pm
Kliiberoil 4 UH 1-460 Kluberoil GEM 4 - 460..... 40 pm
5ol Kliibersynth GEM 4-460 Kliibersynth GH 6 - 460 .... 2 ym
[ Kliibersynth GH 6-460
ok

Y T T T T T T
0 50 100 150 200

Running time [h]

Fig. 48: Test diagrams a) Efficiency b) Wear

T T
250 300
C 10228 at+b
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Extended oil change intervals
using synthetic oils 30000 7
L 25000 |
Synthetic oils have a much better < I
resistance to ageing and high © 20000 :'\\
temperatures and a longer service = I Mineral oil
life than mineral oils. E I T T e B I SHC oil
. . S 15000 +— ,
Depending on the base oil (SHC or g NN T - PGail
PG), the oil change intervals are S 10000 1|\
3 to 5 times longer at the same oil ¢ ] \
temperature. RN
5000 e

Approximate oil change intervals at an oil 1 S~ T —

temperature of 80 °C: T3 o0 100 110 120 120 140 10 160

Mineral oil: 5 000 operating hours Oil sump temperature [°C]

C 10229
SHC oil: 15 000 op.h. (extension factor 3)

PG oil: 25 000 op.h. (extension factor 5)

Synthetic oils have a lower gear
related friction coefficient than
mineral oils (up to 30 % lower) and
a more favorable viscosity-tempera-
ture behaviour. This generally per-
mits the use of an oil of a lower
viscosity grade and makes it pos-
sible to reduce the oil temperature.

The extension factors for oil change
intervals of synthetic oils are longer
than the values stated above, which
refer to an identical oil temperature.

The following comparison of test
results illustrates this advantage.

Three high-performance Kluber
lubricants were tested in a splash
lubricated worm gear mounted on
an in-house test rig.

Results and evaluation
The test records (Fig. 50) show the

following oil sump temperatures
after 300 operating hours:

Kliberoil GEM 1-460 ............ 110 °C
Klibersynth GEM 4-460 ........ 90 °C
Klibersynth GH 6-460 ........... 75 °C

Based on these results the diagram
in Fig. 49 indicates the following
approximate oil change intervals:
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Fig. 49: Approximate oil change intervals in gears with oil sump lubrication. Comparison of
synthetic oils Kliibersynth GEM 4 (SHC oil) and Kliibersynth GH 6 (PG oil) with

Kiltiberoil GEM 1 (mineral oil)

Kliberoil GEM 1-460
800 op. hours

Klibersynth GEM 4-460
7,500 op. hours

Klibersynth GH 6-460
approx. 25,000 op. hours

The life extension factors of syn-
thetic oils as compared to mineral
oil are as follows:

GEM 4 (SHC oil) / GEM 1 (min. oil):
approx. 9.4

GH 6 (PG oil) / GEM 1 (min. oil):
approx. 31

These test results indicate quite
clearly that a synthetic gear oil
reduces the oil sump temperature
drastically. It is also obvious that
Kliibersynth GH 6, a polyglycol
gear olil, is particularly suitable for
the lubrication of worm gears. This
oil allows especially long oil change
intervals, or even lifetime lubrication.

KlUber gear oils on a PG basis, e.g.
SYNTHESO D...EP, are also suit-
able for the lubrication of hypoid
gears which are mainly used in
automotive transmissions. Hypoid
gears are increasingly used in
industrial applications because of
their advantages over bevel gears
(see section 2.1) and because
lubrication is quite simple.

Kliiberoil GEM 1 - 460

140

120%

1001
80
60
401
20f~

0 j ; o
0 50 100 150 200 250 300
running hours [h]

Klibersynth GEM 4 - 460

140

120 ;ﬂﬂ\ .....
00 e T
40+ L

0 : ! . + +
G 50 100 150 200 250 300
running hours [h]

Kliibersynth GH 6 - 460

140
12071

0 . . n "
0 50 100 150 200 250 300
running hours [h]

e ghaft
e pe SUMP

=G casing
iz @Mbi€Nt area

For data on test gears and conditions see
box on page 33 C 10230 a-c

Fig. 50: Gear temperatures
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How to save energy costs by using a synthetic lubricating oil, calculation example

A B
Worm gear lubricated with a mineral oil Worm gear lubricated with a synthetic oil
Power input P5 = 100 kW Power input P = 100 kW
Power output Pp = 70 KW Power output Pp = 79 kW
Power loss Py =Pg-Pp=100-70 =30 kW Powerloss Py= Pg-Pp=100-79=21kW
Efficiency n =(1- i ) 100 [%]
Pa
30 21
na=(1- 5557)-100=70% ng= (1~ 155)-100=79%
5 ;‘ E“ AP, = 11.4 kW
P ™
Py g \ v i B, A_g Y
“y APy =9 kW— 4 v
E 4 4 A ?2
3
nlt_lv Pb = Po | S Po 12| o
o ™~ o &
™ ™~ I
©
o
y y A A A 4
A B1 B2

With a synthetic oil the reduction of friction results in power losses Py of only 21 kW. In consequence:

PvB 21
Reduced overall power loss: APy = (1 - ) 100 [%] = (1 - —) 100 = 30 %
v A 30
Increased efficiency: AN=mMB-MNa=79-70 = 9%

Advantages of a synthetic gear oil based on increased gear efficiency:

o Higher power output P, — increase from 70 to 79 kW with the same input P = 100 kW.
= increased efficiency of 13 % (see chart B1), or

® Reduced power input P, with the predefined output of Pp = 70 kW

P 70
Pa= Wb = —— = 88.6 kW —> Reduction of power input of 11.4 kW (see chart B2).
0.79

The reduced power input saves the following energy costs:

Assumption: 5 worm gears, 2-shift operation (4000 operating hours per year), electric energy cost
DEM 0.23/kWh, reduced power input: 5 x 11.4 = 57 kW

Calculation: 57 kW x 4000 hrs x DEM 0.23/kWh = DEM 52,440 less per year
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High temperature lubrication The folllow;?g prahctlce relatid . Fan speed 425 rpm
with synthetic oils example shows how a sy_nt etic, Nominal transmission ratio
high temperature oil can increase a iy = 3.55
Synthetic gear oils are much more ~ gear’s thermal capacity while en- o
resistant to high temperatures and suring an extended lubricant life. Operating time 24h/ day
ageing than mineral gear oils, which Starts per hour 5

makes it possible to increase the
thermal load limit of gear systems
and their overall performance.

The term "thermal load limit" refers
to a gear’s power output at a tem-
perature at which even the least
stressed component and the lubri-
cant will not suffer any damage.
Many gear systems are still lubri-
cated with a mineral oil, a fact
which limits the maximum tempera-
ture and thus a gear’s output. Table
11 shows that mineral oil has one of
the lowest temperature limits of all
gear components.

The temperature limit of synthetic
gear oils is much higher than that of
mineral oils. The gear temperature
can therefore be increased by 20 to
30 % while still achieving the same
oil life. The thermal load limit and the
transferrable power are increased
accordingly.

This, however, is only feasible if the
temperature limit of all other ele-
ments and materials used in a gear
system is not below the limit of the
pertinent synthetic oil.

If a mineral oil is used, the mecha-
nical capacity (nominal output) of
splash lubricated standard gears is
generally higher than its thermal
load limit. This difference indicates
to what extent the gear’s perfor-
mance could be enhanced by in-
creasing the thermal load limit.

The thermal limit can be increased
by installing additional cooling units
(fans, internal coolers, etc.) or by
applying a synthetic, high tempera-
ture lubricating oil (permanent oil
sump temperatures between 100
and 150 °C), which in most cases is
the less expensive solution, espe-
cially for gears that are already
operating.
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The synthetic oils of the
Kliibersynth GEM 4 and
Kliibersynth GH 6 series are parti-
cularly suitable for high temperature
lubrication of gear systems.

Example

A standard single-stage splash
lubricated spur gear is required to
drive an axial fan without any addi-
tional cooling units.

Operating conditions:

Electric motor P, =100 kW

Driven machine

(axial fan) Pe= 96 kW

Motor speed 1500 rpm

. Temperature
Component/Lubricant limit [°C]

Gear wheels

case-hardened

steel 180 /300

tempered steel > 200

bronze > 200
Rolling bearings

standard bearings 120

heat stabilized

bearings 300
Plain bearings

standard bearings 20

heat stabilized

bearings 150
Shaft seals

nitrile rubber 100

polyacrylate rubber 125

fluorinated rubber 150
Lubricating oil (oil bath)

mineral oil 100

synthetic oil 160

Table 11: Temperature limit of components
and lubricants used in gears

Ambient temperature 20 °C

1. Determination of the gear's
nominal capacity

PNZPeXC

(c = machine output correction
factor, to be determined as speci-
fied by the gear manufacturer)

Pn =96 x 1.44 =138 kW

2. Determination of the gear’s
thermal capacity during opera-
tion without additional cooling

Pth = Pe X CW

(cw = thermal factor depending on
the ambient temperature and the
operating time per hour, to be
determined as specified by the
gear manufacturer)

Py =96 x 1.0 = 96 kW

3. Selection of a suitable gear from
a standard brochure

Based to the values Py und Py,
calculated above, a gear is required
that has a nominal capacity of

295 kW and, without additional
cooling, a thermal load limit of

105 kW when lubricated with a CLP
gear oil which would be sufficient in
view of the required thermal limit of
96 kW (fig. 51).

However, the difference between
the nominal capacity of the standard
gear (295 kW) and the required
capacity (138 kW) is too big, i.e. the
gear is too large for the intended
use.

A gear of the next smaller size
would be sufficient as far as the
nominal output (185 kW) is con-
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cerned, but its thermal capacity of
86 kW without additional cooling is
too low.

As additional cooling will not be
provided, this problem can only be
solved by means of a synthetic, high
temperature lubricant with a high
thermal capacity (permanent oil
sump temperature between 100
and 150 °C). The thermal capacity
of standard gears with a mineral oil
lubricant is generally limited to

100 °C (thermal limit of the oil) and
cannot be increased without addi-
tional cooling.

4. Determination of the anticipated
oil sump temperature and lubri-
cant life when increasing the
thermal load limit from 86 kW to
96 kW by using a synthetic oil

4.1 Anticipated oil sump
temperature

The possible increase of the thermal
limit and the transferrable power can
be deducted from the thermal capa-
city equation Q, (see section 6.3.1,
p. 25).

Qu=a-A-(ty-t)
whereby:

thermal transfer coefficient
[W/m2. K]

o

A = housing surface [m?]
toi = oil bath temperature [°C]
t,. = ambient air temperature [°C]

To achieve the required thermal limit
of 96 kW it is necessary to increase
the gear’s thermal limit (86 kW) by
11.62 %, i.e. the thermal capacity
(Qy) must also be increased by the
same amount.

With an oil bath temperature (t,;) of
100 °C and an ambient air tempera-
ture (1) of 20 °C the gear’s thermal

capacity is as follows:

: .m2.°
Q.1 = 23-0.85-(100 — 20) [WLC}
m2.K
- 1564 W

Qy1 increased by 11.62 %

Qp = 1746 W

By rearranging the le equation it
is now possible to calculate the oil
bath temperature expected after
increasing the thermal limit from
86 to 96 kW.

1746
L=
(a.- A)

19.55
= approx. 110 °C

This calculation did not take into
account that synthetic lubricating oils
reduce the friction losses occurring
in gear systems up to 25 %, which
means that the permanent oil bath
temperature is expected to remain
under 110 °C during operation.

4.2 Determination of the lubricant’s
service life

The diagram in Fig. 49, page 34,
shows that the service life of a syn-
thetic gear oil at an oil bath tem-
perature of 100 °C is twice
(Kliibersynth GEM 4) or approx.
three times (Klubersynth GH 6) as
long as the life of a mineral oil at an
oil sump temperature of 100 °C.

Assuming an identical service life,
the oil sump temperature could be
increased to approx. 123 °C when
Klibersynth GH 6 is used instead
of a mineral oil.

It would therefore be possible to
increase the thermal limit of the
selected gear by approx. 29 %
from 86 kW to about 111 kW.

Ratio Speeds (rpm) Gear unit size
M M Mz 014 016 018 020 022 025 028 032 036
Nom. power rating Py (kW)
1500 | 1340 | 280 410 500 730 1000* 1400*| * Additional injection
112 1000 | 890 | 210 300 400 500 680 1000 lubrication required
1500 425 [125 185 295 390 510 700 920 1250 1700
385 1000 | 280 90 135 200 280 340 480 620 860 1150
750 210 70 110 150 220 270 380 550 700 920
1500 375 | 110 160 230 320 500 650 870 1230 1550
4 1000 250 75 110 160 220 330 450 600 850 1100
750 187 60 85 | 115 175 260 350 490 660 830
1500 335 85 140 200 270 380 560 820 1100 1400
45 1000 220 60 95 140 185 260 380 580 800 1020
750 166 45 75 105 | 150 200 290 460 620 780
1500 300 75 125 160 220 370 480 680 1000 1300
5 1000 200 50 8 | 106 145 260 340 480 720 880
750 150 40 65 85 110 | 195 260 375 550 700
1500 270 70 105 140 200 300 420 580 900 1150
56 1000 180 15 75 90 ] 140 205 290 410 610 800
750 134 35 55 75 105 160 | 220 310 460 620
Thermal limit capacities Py, (kW)
Gear unit size 014 016 018 020 022 025 028 032 036
without cooling Pint 63 86 105 129 162 201 251 329 411
with fan Pin2 100 131 167 206 259 321 402 536 657
with built-in cooler Pins 162 208 245 288 366 437 516 737 879
with fan and built-in
cooler Pina 199 253 307 365 436 557 667 934 1125
[ cCooling required
C 10231
Fig. 51: Excerpt from a gear brochure, VOITH TURBO
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Notes on high temperature
lubrication

High-temperature lubrication, which
is possible with synthetic gear oils,
is only feasible if the temperature
limits of all other gear components,
gear wheels, bearings, seals, filters
inserts, internal coatings, are not
exceeded. It may be required to
install new seals or replace other
heat sensitive components.

If standard gears are converted
from a mineral to a synthetic oil, it
is indispensable to coordinate this
process with the gear manufacturer
and the lubricant supplier.

Advantages of high temperature
lubrication with synthetic gear oils

® The thermal limit (Py,)of the gear
system can be increased by up
to 50 %.

® Due to the increased thermal limit
(Pin) @ gear with a smaller nomi-
nal performance (Py) can be
selected from a gear brochure to
achieve the same output (see
example calculation above),
provided Py, < Prech -

® In many cases additional cooling
units are not required.

® Future gears can be designed
with an increased performance
(smaller gears with a higher
power transfer).

Synthetic oils help to save
maintenance and disposal
costs

As compared to mineral oils, the oil
change intervals of synthetic oils are
usually five times longer under the
same thermal conditions.

Despite the fact that the purchase
price and the costs of disposal of a
synthetic oil are higher than that of
a mineral oil, the extended oil

change intervals save purchase and
disposal costs when taking into
account the gear’s service life.

Table 12 shows a comparison of
the costs for mineral and synthetic
oils which proves that it is possible
to save a lot of money by using a
synthetic oil while at the same time
conserving resources and reducing
environmental impacts by reducing
lubricant consumption.

Mineral oil
(Kltiberoil GEM1 - 220)

Synthetic oil
(Klubersynth GH6 - 220)

(DEM 15.00/100 1)

Filling quantity (1) 70 70

Oil change interval annually every 5 years
Gear life (years) 15 15
Amount of lubricant

required (1) 1050 210
The above data is the basis of the following calculation:

Purchase price /| * DEM 7.30 DEM 11.90
Total cost

of DEM 7,665.00 DEM 2,499.00
lubricant

Disposal costs DEM 157.50 DEM 210.00

(DEM 100.00 /100 I)

Maintenance costs
(2 hours a DEM
100.00 per cycle)

DEM 2,800.00
(14 x DEM 200.00)

DEM 400.00
(2x DEM 200.00)

Overall costs DEM 10,622.50 DEM 3,109.00
Cost savings

with a DEM 7,513.00

synthetic oil

* Price per liter if a 200 | drum is purchased, as of May 1994

Table 12: Comparison of costs incurred when using a mineral and a synthetic oil
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7.2.3 Gear greases The oils in_co_rporated in t_he thicke_— rotgry kilns, cement mills, Iifting
ners are similar to those in gear oils:  cylinders, cranes, construction
Lubricating greases are used in raffipates, hydrocracking oils, syn- machinery, etc. They are called
gear systems instead of lubricating thetic hydrocarbons or polyglycols. "gear greases type OG" in accor-
oils if they are more suitable for Depe_ndlng on the type and the dancg ywth I_DIN 51 509, Pt. 2 and
technical or economical reasons co_nS|stency of the grease, the are dIYIded |nt_o two ca_tegone_s:
or if it is not possible to use a Iué)ri- thickener share is between 5 and adhesive lubricants without bitumen
: . . 25 %, i.e. the oil share prevails. and adhesive lubricants containing
cating oil, for example in open gears, bitumen
closed gears that are not oiltight, Synthetic base gear greases have '
for safety reasons (leakages) in the same advantages as synthetic  Kliiber only manufactures high
gears that are difficult to access, gear oils: reduction of friction losses, quality adhesive lubricants free from
and wherever it is not possible to good low and high temperature bitumen and solvents which are
perform maintenance work or behavior, high resistance to ageing,  suitable for many applications.
exchange the lubricant. suitability for lifetime lubrication.
These lubricants are available for all
Fluid greases of NLGI 00 and 000 Additives are incorporated in the types of lubrication and application
(DIN 51 818) are typically used in greases in order to obtain specific methods. Modern adhesive fluids
gear systems, mainly for splash properties such as resistance to are used for splash and circulation
lubrication in gear motors. ageing, corrosion protection, in- lubrication, and grease type adhe-
Gear greases are widely used in c_reased pressure absorption capa- sive spray lubricants of_NLGI 0 and
small and miniature gears, for city, wear protection, etc. Their 00 are suitable for application
’ share is up to 5 %. through automatic spray systems.

example in office machines, domes-

tic appliances, DIY machines, power  The theory that soaps contained in  Modern adhesive lubricants contain
tools, automobiles, model toys, etc.  |ubricating greases are nothing but  EP additives to ensure optimum

G ith a high ist a carrier medium and have no lubri-  lubrication under mixed friction con-

(NrEgSI%S ‘1Nlan§ 2')ga?é ?T?;f]'l‘; 322; cating effect has been disproved. ditions (which are often found in

in such :qears because quite often The base oil and the thickener both  large open drives), adhesion impro-
have a lubricating function. vers to optimize adhesion on the

they are not oiltight or the tooth

, tooth flanks and solid lubricant
flanks are only lubricated once.

particles to increase the load carry-

Gear greases are selected in accor- i i ing capacity and improve emergency
dance with DIN 51 509, Pt. 2. The 24 Adhesive lubricants lubrication properties.

minimum requirements these i . ) S | brochure "Lubricati
greases have to fulfill are listed in This type of lubricant is used on ee also our brochure ‘Lubrication

DIN 51 826, "lubricating greases ~large open gears, e.g. the drives of  of large gear drives", 9.2 e.

type G".

Gear greases, like lubricating
greases in general, consist of a
mineral or synthetic base oil or a
mixture of both plus a thickening
agent.

The most common thickening
agents include metal soaps such
as aluminum, barium, calcium and
lithium soaps, but also non-soap
thickeners such as gels, polyurea
and bentonite. Fig. 70 on page 63
shows the general structure of a
lubricating grease. Fig. 52: Combined worm and spur gear unit with IEC-Motor, Rhein-Getriebe, Meerbusch, Germany
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7.3 Standard requirements for
gear lubricants

Gear lubricants have to fulfill a
number of standard requirements in
terms of application, composition,
and lubrication properties which are
checked for compliance with the
pertinent standard.

The standards’ purpose is to make
lubricants of the same type inter-
changeable.

DIN standards only indicate the
minimum requirements for gear
lubricants. Modern products, espe-
cially synthetic gear oils and greases
and most of the gear lubricants
offered by Kllber, exceed these
requirements by far.

Similar to new technologies, new

types of lubricants are only included
in standards if they have been used
successfully for some time and have
gained acceptance on a wide basis.

State of the art lubrication techno-
logy proves that lubricants have
kept pace with the general techno-
logical development and are well
ahead of standardization.

Table 13 lists all gear lubricants
meeting DIN requirements.

Standardized
lubricants

Requirements

Type of lubricant

Application

Kliber lubricants

CLP lubricating
oils

DIN 51 517, Pt 3

Mineral oils with additives
enhancing resistance to
corrosion and ageing, and
reducing wear under mixed
friction conditions.

FZG scuffing load stage
(A/8.3/90): at least 12

Gears with high flank
loads and/or a high
sliding percentage;
permanent oil bath
temperature up to
100 °C

Kliiberoil® GEM 1

L - TD lubricating
and control oils

DIN 51 515, Pt 1

Mineral oil base turbine oils
with additives enhancing
resistance against corrosion
and ageing

Gears in steam and gas
turbines

HL hydraulic oils

DIN 51 524, Pt 1

Pressure fluids made of
mineral oils containing additi-
ves to enhance resistance
against corrosion and ageing

Combined application in
hydraulic systems and
gears

HLP hydraulic oils

DIN 51 524, Pt 2

Pressure fluids made of
mineral oils containing additi-
ves to enhance resistance
against corrosion and ageing
and to reduce wear.

FZG scuffing load stage
(A/8.3/90): at least 10

Combined application in
hydraulic systems and
gears subject to a high
degree of wear

LAMORA® HLP

Lubricating
greases type G

DIN 51 526

Fluid to very soft greases of
NLGI grade 000 to 1, based
on mineral oil and/or synthetic
oil plus thickener

Splash lubrication of
closed gears, e.g. gear
motors, drum motors,
actuators

See product survey
p. 75-77: Greases
for industrial gears
p. 78-82: Greases
for small gears

Table 13: Standard requirements for common gear greases
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7.4 Properties of gear oils

Gear oil properties are determined
by the base oil (mixture) and the
additives and are described in
standards, classifications and
specifications.

Individual properties are divided into
selection parameters and quality
parameters (see table 14).

Selection parameters include those
properties which are important for
the individual case of application
but do not provide any information
about the oil’'s quality or operational
properties (e.g. viscosity).

Quality parameters, in contrast, are
indicative of the service properties
of a particular product.

The distinction between primary and
secondary properties does not indi-
cate a qualitative graduation.

Instead, primary properties describe
the gear related requirements such
as antiwear and antiscuffing beha-
viour.

Secondary properties, on the other
hand, are important from a general
point of view. For example, it is
important that the base oil and addi-
tives contained in a specific gear oil
do not attack the sealing material.

7.4.1 Viscosity

Gear oils change their flow behaviour
depending on temperature and pres-
sure. Their viscosity! decreases
with a rising temperature and
increases with a rising pressure.

This crucial behaviour of gear oils
is therefore of primary importance
when determining the required
viscosity and selecting a suitable
type of oil (mineral, synthetic).

The impact of an oil’s viscosity on
gear lubrication can be summarized
as follows:

Increased viscosity results in a
thicker lubricant film, thus improving
antiwear and damping behaviour
and, to a certain extent, the oil’s
scuffing load capacity.

If the viscosity is too high, in-
creased churning and squeezing
losses result in excessive heat,
especially at an increased periphe-
ral speed. The operating viscosity
will finally decrease.

Decreased viscosity improves the
flow behaviour at low temperatures,
the air separation properties and
idling losses.

If the viscosity is too low, mixed
friction conditions prevail and will
result in increased wear.

Viscosity-temperature beha viour|

An oil’s viscosity-temperature (VT)
behaviour describes the fact that
viscosity changes as a function of
the existing temperature. It in-
creases when the temperature rises.

The degree to which viscosity
changes with the temperature varies
from oil to oil. It depends on the
base oil (mineral or synthetic) and
the additives influencing (improving)
the oil's VT behaviour.

An oil’s VT behaviour is generally
depicted on an Ubbelohde VT chart.
The coordinates were defined in a
way to make it possible to describe
the VT characteristics of mineral
lubricating oils as a straight line.

Synthetic hydrocarbon base oils
(SHC) also show a straight VT line,
whereas PG (polyglycol) base oils
result in a curve.

Fig. 53 on page 42 shows the
general viscosity temperature
characteristics of gear oils with
different base oils.

The flatter the VT line, the less
viscosity depends on temperature.
The viscosity index (VI) generally
describes the temperature-related
change of viscosity. It is calculated
according to DIN ISO 2909 and is a
dimensionless number.

Quality parameters

Antiscuffing behaviour

Running-in behaviour

Selection
parameters Primary properties Secondary properties
Viscosity Friction behaviour Chemical behaviour (corrosion,
) . ) attack on nonferrous metals)
Service Viscosity/temperature behaviour
. . Thermal resistance
temperature Antiwear behaviour dat
range (oxidation)

High temperature behaviour

Low temperature behaviour

Foaming properties

Table 14: Gear oil properties

1)

Viscosity is the property of a fluid that en-
ables it to resist the laminar shearing forces
(deformation) of two adjacent layers (internal
friction, shear stress).

DIN 1342, DIN 51 550, DIN ISO 3104
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The higher a gear oil’s viscosity
index, the smaller the change in
viscosity depending on temperature,
i.e. the wider its service temperature
range.

1 Mineral ol
2 Synthetic hydro-
carbon oil
i AN 3 Polyglycol oil
> g
3 D
é \‘\t*\
> \
N
N
N
SO\
N3
2
40 °C 1
|

Temperature — ¢ 10232

Fig. 53: Viscosity-temperature curves of
different types of gear oils

Comeparison of Vls:

Gear oils on the basis of

Mineral oil VI approx. 85 to 100
Synth. hydrocarbons

VI approx. 130 to 160
VI approx. 150 to 260

In practice a high viscosity index
means that a gear will start smoothly
under low temperature conditions
and have only minimum power
losses, or that a load bearing lubri-
cant film is formed at increased
temperatures that provides good
protection against wear.

Polyglycols

This comparison above shows that
synthetic gear oils have a clearly
higher viscosity index than mineral
gear oils. In consequence, they also
have a wider service temperature
range. It is between approx. -50 and
160 °C, depending on the base oll

type.

The service temperature of mineral
gear oil ranges between approx.
-20 and 100 °C.

Viscosity-pressure behaviour

A lubricating oil’s viscosity increases
when the pressure rises. Elasto-
hydrodynamic processes occurring

42

in the lubrication gap between the
intermeshing flanks produce pres-
sures up to 10,000 bar or more.
This results in an increase of visco-
sity that may be some powers of ten
higher than the initial viscosity of the
oil under atmospheric pressure

(Fig. 54).

| Viscosity measurement

Viscosity is measured by means
of a viscometer. Viscometer types
include:

@ capillary viscometer
(kinematic viscosity)

@ drop-ball viscometer
(dynamic viscosity)

@ rotational viscometer
(dynamic viscosity)

Capillary and drop-ball viscometers
are used for measurements above
0 °C, rotational viscometers below

0 °C.

If the lubricant flows out of the
measuring equipment only due to its
own gravity, like in a capillary visco-
meter, it is possible to determine the
kinematic viscosity v using the Sl
unit [mm?2- s,

The gear manufacturers’ instruc-
tions, the lubricant manufacturers’
product information leaflets and
technical brochures, and the DIN
standards almost exclusively con-
tain information about a lubricants’
kinematic viscosity.

If viscosity is measured by means
of additional parameters, e.g. drop-
ping ball, pressure, torque, it is
possible to determine the dynamic
viscosity n using the Sl unit [MPa - s].

A lubricating oil’s kinematic viscosity
v is obtained by dividing its dynamic
viscosity n by its density p.

| v=nm/p I

Viscosity units:

Kinematic viscosity

Sl unit: m2 . g

Derived Sl unit: mm? . s°!

Conversion factor: 1 m2.s-1 = 106 mm?2.s -1

Dynamic viscosity

Slunit: N-s-m? =Pa- s (Pascal second)
Derived Sl unit: MPa - s

Conversion factor: 1 Pa-s =103 MPa - s

60 °C Isotherme
100 °C Isotherme

0 1000

2000

3000
p [bar] —

4000

C 10233

Fig. 54: Pressure-temperature behaviour of a synthetic oil ISO VG 220 at 60 °C and 100 °C
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7.4.2 Ageing behaviour

External impacts continuously
change an oil’s chemical structure,
thus causing it to age. Changes
mainly occur under high tempera-
tures, when the oil mixes with air,
and when it is in contact with metal
catalysts (e.g. copper, iron). The
speed of the ageing process prima-
rily depends on the oil’s structure
and the amount and duration of
heat to which the oil is subject. The
ageing process can be retarded by
means of additives.

Contaminants like water, rust or dust
also have a negative impact on oil
ageing. Ageing is indicated by oil
discolorations, increased viscosity,
formation of acids enhancing corro-
sion, as well as residues in the form
of lacquer, gum or sludge clogging
oil lines and filters.

Ageing also has a negative impact
on the oil's demulsifying and anti-
foaming capacity, its anticorrosion
and antiwear properties, and, to a
certain extent, its air separation
capacity.

When using a mineral oil it must be
ensured that the permanent oil bath
temperature never exceeds 80 °C
because the ageing speed doubles
with every temperature increase by
10 K. As compared to mineral oils,
synthetic gear oils in similar appli-
cations are much more resistant to
ageing. Depending on the oil type,
oil change intervals can be 5 times
as long and service temperatures
can be increased (Fig. 49).

Even though there are a number of
ageing tests, there is no generally
accepted test method. One of the
methods used to determine the
ageing properties of gear oils is laid
down in DIN 51 586 (CLP lubricating
oils).

7.4.3 Behaviour in the mixed
friction regime

Under mixed friction conditions, fluid
and dry friction occurs on the inter-
meshing tooth flanks. In order to
minimize the effects of dry friction,
scuffing and abrasive wear, it is
important that the lubricating oils
contain antiwear additives preven-
ting direct metal contact between the
tooth flanks (boundary lubrication).

The effects of the additives are
described in section 7.2.1, page 29,
"CL lubricating oils".

7.4.4 Anti-corrosion properties

Anti-corrosion properties are eva-
luated from two points of view:

— corrosion protection on steel
(rust prevention)

— corrosion protection on copper
(compatibility with nonferrous
metals)

| Rust prevention

If there is water in a gear system,
either leakage or condensation
water, it will combine with ambient
oxygen and lead to rust forming on
inadequately protected steel sur-
faces.

Wear is the result of corrosion
caused by rust particles contained
in the oil that are returned to the
meshing zone and the bearings,
where they have an abrasive effect.

Rust also has a negative impact

on an oil’s ageing resistance and
demulsification (water separation)
properties, and may result in the
formation of sludge.

To enhance their rust prevention
properties, gear oils contain polar
rust inhibitors forming a compact
and protective, water repelling layer.
Other additives neutralize the corro-

sive decomposition products
generated during ageing.

DIN 51 355 and DIN 51 385 de-
scribe standardized tests to deter-
mine an oil’s rust prevention ability.

Compatibility with
nonferrous metals

Gear oils containing EP additives
(to form boundary layers) must not
react with nonferrous metals, i.e.
they must not lead to corrosion on
such materials, especially on copper
or copper alloys (bronze, brass),
throughout the entire service life.
Components made of nonferrous
metals are found, for example, in
worm gears (bronze wheels), shut-
off valves, cooling units (copper
alloys).

According to the requirements
specified in DIN 51 517 Pt 3, CLP
lubrication oils must not be corrosive
on copper. The corrosion behaviour
of lubricating oils on copper is tested
in accordance with DIN 51 759
(copper strip test).

All CLP and synthetic gear oils
offered by Kliber comply with this
requirement and are not corrosive
on copper.

7.4.5 Behaviour towards air

Gear oils should be able to separate
rapidly from dispersed air and pre-
vent the formation of stable surface
foam. Foam is generated by air
bubbles rising to the surface. The
bubbles should burst as quickly as
possible to keep the foam to a
minimum.

In case of splash lubrication at
medium to high peripheral speeds,
the oil has a pronounced foaming
tendency due to the air that is con-
stantly introduced. Contaminants
such as water, dust, corrosion
particles and ageing residues may
even increase the foaming tendency.
Foaming has a high negative impact
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on thg Iuprlcant S properties, sgch Viscosity Pour point
as oxidation, pressure absorption e index DIN ISO
capacity, etc. Excessive foaming Product DIN 1SO 3016
may cause the foam to be forced DIN 51519 29 09 [°C]
out of the breather vent; in case of approx.
pressurized circulation lubrication Klilberoil GEM 1-220
there is the danger of foam being (mineral oil) 220 9 <—10
sucked into the oil pump. Klibersynth GEM 4-220 oot oo w0
. (Synthetic hydrocarbon/ester oil) > <
The foaming tendency can be -
reduced by means of anti-foam (AF) | Klibersynth GH 6-220 220 > 220 < -30
.\ . (PG oil)
additives. However, a too high con-

centration may have a negative
impact on the air separation capa-
city.

The foaming tendency of a lubrica-
tion oil is determined in accordance
with DIN E 51 566.

7.4.6 Cold flow behaviour

Depending on the base oil type,
lubricating oils solidify at low tem-
peratures due to their increased
viscosity (synthetic oils) or wax
crystallization (paraffin mineral oils).
An oil’s pour point is indicative of its
cold flow behaviour. The pour point
is the lowest temperature at which
the oil still flows if it is cooled down
under specified test conditions. It is
determined in accordance with DIN
ISO 3016.

In order to ensure rapid and suffi-
cient lubricant supply during a cold
start, the lowest temperature occur-
ring in a gear (starting temperature)
should always be several degrees
above the pour point.

Synthetic gear oils show a much
more favorable cold flow behaviour
than mineral oils. Their pour point is
much lower, sometimes even below
-50 °C. Due to their high viscosity
index, synthetic oils are less viscous
at lower temperatures than mineral
oils with the same nominal viscosity.
Their cold starting behaviour is
therefore particularly good at very
low temperatures. Friction points in
the gear are supplied with lubricant
more rapidly, which makes oil pre-
heating elements unnecessary. In
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Table 15: Comparison of approximate low-temperature values of a mineral gear oil and

synthetic gears oils (Kliiber gear oils)

addition, friction losses are reduced
during the heating phase which is
often very long.

7.4.7 Compatibility with
elastomers (seals)

The term "elastomers" refers to a
number of different synthetic mate-
rials used to manufacture rotary
shaft lip seals. When exposed to
operating temperatures, the gear oil
and its additives must neither em-
brittle nor soften the seals or impair
their sealing effect. A certain amount
of swelling is desired in order to
compensate for minimum wear of
the sealing lips.

Gear oils must be compatible with
shaft seals and all other nonmetallic
components installed in a gear
system or in a connected oil circu-
lation system. These components
include flat, O-ring and molded
seals, sealing putty, rolling bearing
cages, and filter inserts.

The nonmetallic materials must not
release any particles into the gear
oil which would change the oil’s
properties or have a negative effect
on the gear’s performance.

The impact of a gear oil on a seal’s
swelling behavior and Shore-A hard-
ness are determined in accordance
with DIN 53 521 and DIN 53 505.

The extent to which a gear oil has
an impact on elastomers depends

on the oil’'s composition and its
viscosity. Low viscosity promotes
swelling, which, in turn, can result
in excessive seal wear. Sulfur addi-
tives may lead to embrittlement and
impair the sealing effect.

With increasing oil temperatures the
interaction between the lubricating
oil and the seals intensifies.

Table 16 gives a general survey of
the compatibility of gear oils with
various sealing materials.

Converting a gear from a mineral
to a synthetic oil is often done to
improve performance at higher
operating temperatures.

Compabitility with the sealing
material, however, must also be
taken into account. This pertains
especially to the base oil type
(SHC/PG oil) and the temperatures
occurring at the sealing points.
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7.4.8 Compatibility with interior
coatings

Gear housings made of grey cast
iron or sheet steel are usually
coated to protect them against
corrosion during storage, transport
or extended periods of standstill.
Artificial resin primers are generally
resistant to mineral gear oils up to

a temperature of 100 °C. However,
they are not resistant at higher tem-
peratures (> 100 °C) or to synthetic
gear oils, especially those with a PG
base oil. The coatings may get soft,
dissolve or form blisters and chip off,
thus causing gear malfunctions or
damage by clogging oil lines, filters
and deaeration holes.

We recommend to have the paint
manufacturer carry out compatibility
tests prior to series applications.

7.4.9 Miscibility of different
types of gear oils

Different mineral gear oils are
miscible with each other. However,
we recommend to mix only such oils
which meet the gear manufacturer’s
instructions in terms of quality and
viscosity (observe collective lubri-
cant charts).

Lubricants of different manufacturers
generally vary in their composition
(base oil, additives) and properties.
Mixing such oils may therefore result
in quality impairment, for example, a
reduction of antiwear properties and/
or viscosity-temperature behaviour.
If possible, the same type of ail
should be used for refilling.

Mineral and synthetic gear oils are
not miscible or only to a certain ex-
tent. Synthetic oils with a different
base oil (PG/SHC) must not be
mixed. The following is important
when changing from a mineral to a
synthetic gear oil:

Sealing material Lubricating oil
Mineral gear SHC base PG base
/\-/\it;tt)iz)en- Type rg;}:{;ile oils for indus- oils oils
trial gears
Acrylonitrile-buta-
NBR | diene-rubber, t0 100 °C @ [ ] [ ]
e.g. Buna-N
ACM | Acrylate rubber to 125 °C ) ) 2]
VQM | Silicone rubber t0 125 °C Cpmpatlblg with all gear oils, but impact on
air separation capacity
Fluorinated rubber, o
FKM e.g. Viton to 150 °C @) [ ] Jo2s]
PTFE | Polytetrafluoro- to 150 °C @) ([ ] o
ethylene
Legend:
@ = compatible
1) = no or limited compatibility
O = mineral oils suitable for sealing point only up to 125 °C

Table 16: Compatibility of gear oils with sealing materials, e.g. radial shaft lip seals

SHC gear oils |

These gear oils (e.g. Klibersynth
series GEM 4) are miscible with
mineral oil residues (up to approx.
5 %) which cannot be removed by
normal draining and remain in the
gear system (including the oil con-
tainer and filter).

PG gear oils |

These gear oils (e.g. Klibersynth
series GH 6) are neither miscible
with mineral oils nor synthetic HC
oils. Before changing over to a PG
oil the previous oil has to be re-
moved completely by flushing the
system with the new product. Filter
inserts have to be changed. The
PG oil used for flushing must not
be used for lubrication purposes.

It can, however, be re-used for
flushing purposes. The gear should
then be filled with fresh oil.

Residual amounts of mineral or
SHC oail (up to 5 %) in polyglycol
are not problematic.
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8 Selection of gear lubricants

Maximum operational security
throughout a gear’s service life can
only be ensured if lubricants are not
only considered necessary ingre-
dients but are taken into account
during all design phases as integral
structural elements.

Lubricants should already be selec-
ted in the initial design phase.
Based on the gear’s performance,
speed, ambient influences and
operating conditions (e.g. connec-
tion to an oil circulation system), the
following parameters are important:

e type of lubricant
¢ application method
e Viscosity and consistency

e lubricant quality

8.1 Selection of lubricant type
and application method

The selection of a suitable lubricant
type and application method de-
pends on the type of gear and its
peripheral speed.

Table 17 shows correlations and
makes it possible to determine
appropriate lubricants and appli-
cation methods.

The indicated peripheral speeds are
guide values that can be exceeded
if appropriate design measures are
taken, e.g. oil pockets, depots, baffle
plates or cooling units. The decisive
selection parameter is the gear
stage with the highest peripheral
speed.
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8.1.1 Notes on lubricant
selection

Oil lubrication

Oil lubrication is preferred in closed
gears because a fluid lubricant not
only lubricates the meshing teeth
but also dissipates heat from the
friction points.

Another decisive edge: All other
friction points in a gear system,
such as rolling and plain bearings,
seals, couplings, backstops, etc.
can be lubricated with only one pro-
duct. In individual cases, however,
additional grease lubrication may
be required for the rolling bearings.

Lubrication with gear greases

Gear greases are only used in ex-
ceptional cases and under certain
design conditions, for example if it
is not possible to change the lubri-
cant on a regular basis (long-term
or lifetime lubrication), or in closed
gears that are not oiltight. Gear
greases are frequently used in
small closed gears whose mounting
position is unknown or whose posi-
tion changes during operation,
because such gears are often not
completely tight. Gear greases have
a lower heat dissipation capacity
than oils, which makes them only
suitable for low-performance gears.

The general peripheral speed limit is
4 m/s. It is, however, possible to use
fluid greases in gear motors up to
20 m/s.

Fluid greases are only applied by
way of splash lubrication supplying
both the gear wheels and the
bearing.

Fluid greases of NLGI grade 00 and
000 are particularly suitable to lubri-
cate the various stages of gear
motors.

Lubricating greases of NLGI 0, 1,
and 2 are often used in small and
miniature gears in office machines,
domestic appliances, automotive
gear motors, power tools, etc.

Lubrication with adhesive
lubricants

Adhesive lubricants are mainly
used on the tooth flanks of open or
encased gears (girth gear drives,
open gear stages). State-of-the-art
adhesive lubricants are high-perfor-
mance specialty lubricants free from
bitumen and solvents. They are
available in the form of fluids (for
splash and circulation lubrication)
or grease-like adhesive spray lubri-
cants for application through auto-
matic spray systems.

The main characteristics of modern
adhesive lubricants are determined
by excellent EP additives, adhesion
improvers and solid lubricants en-
hancing the load-carrying and
emergency lubrication capacity.

Being a specialty lubricant manu-
facturer, Klliber has developed a
systematic lubrication method for
large girth gear drives (tube mills,
rotary kilns, etc.) known and applied
worldwide under the name "A-B-C
lubrication ".
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Type of gear > Closed gear, Closed gear, Open gear
system oiltight not oiltight
) L : . Adhesive lubricant
> L | .
Type of lubricant ubricating oi Gear grease (fluid grease) (grease, fluid)
Type of gear Peripheral Application Peripheral Application Peripheral Application
speed method speed method speed method
v [m-s ] [m-s-] [m-s]
to=20 immersion to 4 immersion to 2 manual
Spur and bevel from = 20 to=8 immersion or
gears to 250 spraying Spraying
from=8to 11 spraying
to=12 immersion to4 immersion
Worm gears o
(immersing worm) from=12 | spraying in di- - -
rection of action
Worm gears to=8 immersion tol immersion
(immersing wheel) from=8 spraying in di- - -
rection of action

Table 17: Guide values to determine the lubricant type and application method depending on the type of gear and its peripheral speed.

Fig. 55: Closed oiltight gear F10248  Fig. 56: Closed gear, not oiltight (exposed Fig. 57: Open gear (girth gear drive) F 10250
miniature gear) F 10249

a7
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8.2 Determination of the
required viscosity

8.2.1 Determination of the
viscosity of mineral
lubricating oils
DIN 51 509

Due to the different kinematic con-
ditions it is important to distinguish
between spur and bevel gears on
the one hand and worm gears on
the other hand.

Depending on the type of gear, the
nominal kinematic viscosity is deter-
mined in mm?2 ¢ s at 40 °C (mid-
point viscosity) as a function of the
force-speed factor (ks/v) by means
of the curves shown in fig. 58 and
59.

They are based on practical gear
lubrication experience. The force-
speed factor (k¢/Vv) takes into con-
sideration the specific load on the
gear. The indicated viscosities are
guide values referring to an ambient

temperature of approx. 20 °C and
an oil service temperature of 70 °C.

Viscosity values will differ in case
of other ambient temperatures and
special operating conditions.

See also notes on page 50/51.
The power-speed factor is calcu-

lated in accordance with the
following equations:

for spur and bevel gears

Calculation of the force-speed factor

for worm gears

ks/v = Force-speed factor [N -s/mm?2-m ke/v =
= MPa-s-ml]

% = Peripheral speed on the reference circle [m-s1] % =

Ks = Stribeck’s rolling pressure [N/mmZ] T, =

F = (Nominal) Peripheral force [N] a =

b = Tooth width [mm] ne =

d, = (Pitch) Reference circle diameter [mm] Ky =

u = Gear ratio z, / 21 (2, > z,)

Zy = Zone factor *

Ze = Contact ratio factor *

Ka = Application factor **

Force-speed factor
[N-min/m?]

Peripheral speed [m-s1]
Initial torque [Nm]

= Center distance [m]
Worm speed [min-1]
Application factor **

. .52 52
estimate: ZH - Z€ =3

* Zyand Z¢ are determined in accordance with DIN 3990 Pt 2.
The following equation can be taken as the basis of a rough

** Approximate values of the application factor Ka are listed
in table 21. This table as well as tables 22, 23 and 24

were taken from DIN 3990 Pt6.

Calculation examples

Example 1:

Determination of the nominal kinematic viscosity
required for a single-stage spur gear driving a fan

Operating conditions

Peripheral speed
on the reference circle \Y;

(Nominal) Peripheral force

48

Tooth width

(Pitch) Reference circle diameter d; =

Gear ration z,/z;
Application factor

Drive motor

b = 25mm
230 mm

u = 25

Ka = 1 (Table 21)

Electric motor

Calculation of Stribeck’s rolling pressure k s

4m-S'1 k Ft
3000 N ST h.d;

u+l

-zj -z: - Ka [N/mm?]
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For a rough calculation of Stribeck's rolling Force-speed factor k s/v
pressure (except for hypoid gears) it is possible
to use the equation ks _ 22 N-s

Ze Z3%4-72=3 asabase. . L .
€ oo Having calculated the force-speed factor, it is possible

to determine the required nominal kinematic viscosity in

3000 25+1 N Fig. 58.
<= : 3-1 - e .
25 - 230 2.5 mm - mm In our example the nominal kinematic viscosity at 40 °C
=150 mm?2- s,
~ 9o N According to table 18, page 50, the oil suitable for this
" mm? application would be ISO VG 150.
103
5 LT
If /’l
3 ///
2 ped
b s o e e L L L e ] e i
B =l
B i
4/L’A/’ :

Kinematic viscosity v at 40 °C in mm?/s

—
— pa—y
[ N SO o
—-_ ~

02 2 345 100 2 34585100 2 345 W0 2
N-s

ks
Force-speed factor —— in
v mm2-m

C 10245

Fig. 58: Determination of the required viscosity for spur and bevel gears (except for hypoid gears)
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Kinematic viscosity v at 40 °C in mm?/s

(
{
A
!
!
]

g \ 4 5

10" 2 345 1028 2 345812100 2 345 0% 2 345 10
T, Nmin
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Fig. 59: Determination of the required viscosity for worm gears
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Example 2: Mid- Kinematic viscosity limits
Determination of the nominal kinematic viscosity point at 40 °C
required for a worm gear driving a light-weight Viscosity viscosity [mm?2- s
elevator grade ISO at 40 °C
Operating conditions [mm?.s]
Initial torque T, = 1000 Nm min. max.
Center distance a =0125m ISO VG 2 2.2 1.98 2.42
o ISO VG 5 4.6 4.14 5.06
Application factor Ka = 1 (Table 21)
. ) ISO VG 7 6.8 6.12 7.48
Drive motor Electric motor ISOVG 10 10 9.00 11.0
ISOVG 15 15 135 16.5
Force-speed factor k /v
- ISOVG 22 22 19.8 24.2
ks 72 __ 1000 Nm ISOVG 32 32 28.8 35.2
v a’-ns 012531000 m3 . mint ISOVG 46 46 41.4 50.6
N - min ISOVG 68 68 61.2 74.8
= 512 s ISOVG 100 100 90.0 110
ISOVG 150 150 135 165
On the.ba5|s of thlg force-speed factor |t' is possﬂ?le.to ISOVG 220 220 198 249
determine the required nominal kinematic viscosity in
Fig. 59. ISOVG 320 320 288 352
In our example the nominal kinematic viscosity at 40 °C ISOVE 2D &S0 G "
=360 mm?2- s, ISOVG 680 680 612 748
As the determined value exceeds the limits of ISO VG ISO VG 1000 1000 900 1100
320 (see table 18) an oil of the next higher viscosity ISO VG 1500 | 1500 1350 1650

— in this case ISO VG 460 — has to be selected.

Table 18: 1SO viscosity grades for industrial lubricating oils acc. to

DIN 51 519

NOTE

When determining the force-speed
factor (K¢/v) for the viscosity calcu-
lations, it is important to take into
account that in multi-stage gears the
individual gear steps are subject to
different operating conditions.

In case of two-stage gears the
operating conditions existing at the
final stage are important for the
calculations.

In case of triple-stage gears the
force-speed factor (k¢/v) has to be
determined for the second and the
third stage. The average of these
two values is required to calculate
the nominal kinematic viscosity for
the entire gear system. The calcu-
lation process for gears with more
than three stages is the same.
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Correction of the nominal
kinematic viscosity

The nominal kinematic viscosity
values determined in Fig. 58 and 59
are valid for normal operating con-
ditions and an average ambient
temperature of approx. 20 °C
(tolerance range: 10 °C to 25 °C).

If the ambient temperature is per-
manently outside the tolerance
range it is necessary to correct the
nominal viscosity in order to ensure
that the operating viscosity remains
the same.

Apart from temperature related
corrections, it may also be neces-
sary to correct the nominal viscosity
due to loads, materials involved or
tooth-related reasons.

Conditions for increased viscosity
values

o If the ambient temperature is
permanently above 25 °C, the
nominal kinematic viscosity has
to be increased by approx. 10 %
for every 10 °C.

o If the gear pairs consist of similar
steels or CrNi steel, the nominal
kinematic viscosity has to be in-
creased by 35 %. This does not
refer to surface-hardened or
nitride steel.

e Gear pairs susceptible to scuffing
(no or inadequate elasto-hydro-
dynamic lubricating film) also
require an increased nominal
kinematic viscosity. The same
applies to lubricants not con-
taining antiwear additives.
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Conditions for decreased viscosity
values

o If the ambient temperature is
permanently below 10 °C, the
nominal kinematic viscosity has
to be decreased by approx. 10 %
for every 3 °C.

e The nominal kinematic viscosity
can be decreased up to 25 % if
the tooth flanks are phosphated
or copper-coated.

If temperature-related viscosity
corrections are required because
the actual ambient temperatures
differ from the normal temperature
range (10 °C to 25 °C), it is possible
to use the viscosity-temperature dia-
gram shown in Fig. 60 to determine
a suitable viscosity. The indicated
example shows how to proceed.

In case of doubt always select the
next higher viscosity grade. At low
temperatures it is important to
observe the lubricant’s flow limit.

IMPORTANT

After having determined a viscosity
grade suitable for your gear, we re-
commend to calculate the scuffing
resistance, for instance by means
of the GfT Worksheet 2.4.2 (GfT =
German Tribological Society).

In addition, it is important to take into
account the viscosity requirements
of the other friction points in the gear
system which will also be lubricated
with the gear oil, e.g. rolling or plain
bearings, mechanical or hydraulic
couplings, oil pumps and connected
hydraulic systems.

Normal ambient

mm?/s / temperature range
100 000
\\\\ I
10 000 SR
R N \\
SIN ISO-VG
N &%h\ 680
1000 \\ \Q\“Y 460
N\ \\\ 320
R \\\ 220
100 AN
1 \]\‘1\ NN
> N, ; \
£ TN
| &\
10 | 1SO-VE M-, \‘\
150 < \\
[ESE AN
|| 68 \\
5 | 46 \\
) i
3
-40 -20 0 20 M0 60 80 100 °C
35 Temperature —

Example:

Normal ambient temperature of
the gear: 10 ... 25 °C. Required
viscosity grade: ISO VG 68.
Ambient temperature changes to
35 °C.

As shown in the diagram the
required viscosity grade is now
ISO VG 220.

C 10234

Fig. 60: Viscosity-temperature diagram / Example of oil selection at ambient temperatures outside the normal range
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8.2.2 Determination of the
viscosity of synthetic
Kliber oils

Viscosity calculations in accordance
with DIN 51 509 are only valid for
mineral oils with a viscosity index
between 90 and 95. These calcula-
tions only take into account a speci-
fic viscosity-temperature behaviour.
In case of synthetic lubricating oils,
whose viscosity is not determined
by way of calculation (e.g. on the
basis of the EHD theory), it is impor-
tant to take into account the different
viscosity-temperature behaviour of
synthetic oils as well as their tem-
perature-related pressure-viscosity
behaviour.

As there are no standardized pro-
cedures to determine the required

viscosity of synthetic oils and the
methods currently used are quite
complicated, we have developed
special worksheets for our new syn-
thetic gear oils (Klibersynth GEM 4
and Kltbersynth GH 6 series). These
worksheets make it quite easy to

select an appropriate ISO VG grade.

The selection process is partly
based on DIN 51 509. Calculate the
force-speed factor (ks/v) — taking into
account the type of gear — and use
the result to determine the Kliber
viscosity number. With this viscosity
number and the expected oil ope-
rating temperature it is possible to
determine the required 1ISO VG
grade in the selection diagram

(Fig. 61 and 62) pertaining to the
respective Kliber oil series. The
selection diagrams take into account

the specific viscosity-temperature
and viscosity-pressure behaviour
of synthetic oils.

NOTE

Kliber defines the oil operating
temperature as the oil sump tem-
perature or the temperature of the
injected oil.

The expected oil operating tem-
perature is determined on the basis
of the gear’s thermal economy
(considering losses) or, in case of
installed gears, is simply measured.

Examples for the determination of the viscosity
according to the Kliiber selection process:

Example 1:

Determination of the viscosity grade required for a

single-stage spur gear driving a fan

Table 19.

Determination of the Kltiber viscosity number (KVZ)
The Kliuber viscosity number is determined in

The example calculation results in a force-speed

factor of 0.55 MPa-s-m.
The corresponding Kliiber viscosity number is 4.

Operating conditions Force-speed factor Kllber viscosity number
) ks/vV [MPa-s -] Kvz
Peripheral speed on = 0.02 1
the reference circle Vv = 4m-st -
. . > (0.02 to 0.08 2
Nominal peripheral force Ft = 3000N 0081003 3
. > 0.08 to 0.
Tooth width b = 25mm 03 008 2
. . —> >0.3 to0. —>
Reference circle diameter d; = 230 mm
_ >0.8 t01.8 5
Gear ratio z,/z1 u = 25
Application f Ky= 1 (Table 21 >18 035 °
ication factor = able
PP A= 1( ) >35 107.0 7
Drive motor Electric motor
>7.0 8

Expected oil temperature

approx. 90 °C

Table 19: Kliiber viscosity number as a function of the force-speed

Selected lubricant:

Klubersynth GEM 4
(SHC oil)

gears)

Determination of the force-speed factor k

Calculation corresponding to page 48,
"Determination of the nominal kinematic viscosity
required for a single-stage spur gear ... "

k
— = 0.55 MPa-s-mt
Vv
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s/V

factor (ks/v) for spur and bevel gears (except for hypoid

Determination of the viscosity grade
The required viscosity grade is determined on the
basis of the viscosity selection diagram (Fig. 61).
Assuming a Kluber viscosity number (KVZ) of 4 and
an expected oil service temperature of approx. 90 °C,
the diagram indicates a suitable viscosity grade of

ISO VG 220. In other words:

Klibersynth GEM 4-220

is the suitable lubricant.
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Fig. 61: Viscosity selection diagram for Kliibersynth GEM 4 - 32 ... 680 lubricating oils (see notes on page 54 on how to use the diagram)

Example 2:

Determination of the viscosity grade required for the
worm gear stage of a gear motor driving a circular
conveyor

Operating conditions

Output torque T, = 300 Nm
Worm speed ns = 350 min?t
Center distance a = 0.063m
Application factor Ky = 1 (Table 21)

Expected oil temperature approx. 85 °C

Drive motor Electric motor

Determination of the Kliiber viscosity number (KVZ)

The Kluber viscosity number is determined in
Table 20.

The example calculation results in a force-speed
factor of 3428.6 N - min / m2. The corresponding
Kluber viscosity number is 8.

Selected lubricant: Klibersynth GH 6

(PG oil)

Force-speed factor Kliber viscosity number
ks/V [N - min / m?] Kvz
< 60 5
> 60 to 400 6
> 400 to 1800 7
—» >1800 to 6000 —» 8
> 6000 9

Determination of the force-speed factor k  ¢/v

ks T2 ‘ - 300 L
v ad%-ng ™ 0.063% 350
- 34286 M
m

Table 20: Kliiber viscosity number (KSV) as a function of the force-
speed factor (ks/v) for worm gears

Determination of the viscosity grade

The required viscosity grade is determined on the
basis of the viscosity selection diagram (Fig. 62).

Assuming a Kliber viscosity number (KVZ) of 8 and
an expected oil service temperature of approx. 85 °C
the diagram indicates a suitable viscosity grade of
ISO VG 460. In other words:

Klibersynth GH 6 - 460 is the suitable lubricant.
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Fig. 62: Viscosity selection diagram for Kliibersynth GH 6 - 32 ... 1000 lubricating oils (see notes below on how to use the diagram)

NOTES

— In example 1 the viscosity grade

can be determined quite easily
because the coordinates of the
Kluber viscosity number and the
oil service temperature (90 °C)
intersect exactly on the VG 220
curve.

If the point of intersection is
located between two curves (see
example 2: between VG 320 and
VG 460), always select the higher
viscosity grade (in this case

VG 460).

Viscosity selection as shown in
example 1 and 2 is only valid for
one gear stage. In case of multi-
stage gears each stage has to be
considered individually. From all
the determined viscosity grades

select the one which is the best
compromise to ensure reliable
lubrication of the gear stages
and the other gear components
involved.

— In order to ensure adequate lubri-

cation during cold start and at low
ambient temperatures it may be
necessary to select a lower visco-
sity grade. Check the viscosities
at the pertinent starting tempera-
ture (especially in case of oil
circulation lubrication) and test
the involved components under
the expected starting tempera-
tures (especially in case of
splash lubrication).

When determining a suitable
viscosity grade in accordance
with the Kliber selection process,

take into account that the selec-
tion diagrams only pertain to one
Kliber oil series. The different
types of lubricating oils have
different synthetic base oils and
vary considerably in their visco-
sity-temperature behaviour.
Before determining a suitable
viscosity grade it is therefore
important to know the type of oil
to be used.

The viscosity selection diagrams
for Kliibersynth GEM 4 and
Klibersynth GH 6 products are
shown in Fig. 61 and 62.

Note on page 55:

Tables 21 - 24 were taken from
DIN 3990 Pt 1/12.87, Appendix A.
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Operation of driven unit
Operation of driving unit uniform moderate shocks medium shocks heavy shocks
Uniform 1.00 1.25 1.50 1.75
Light shocks 1.10 1.35 1.60 1.85
Moderate shocks 1.25 1.50 1.75 2.0
Heavy shocks 1.50 1.75 2.0 2.25 or more

The values pertain to the nominal torque of the driving unit, alternatively to the nominal torque of the drive motor if it corresponds to the torque re-

quired by the driven unit. They are only valid for machines not operating in the resonance range and only if they have a uniform power requirement.
In applications with exceptional loads, motors with a high starting moment, intermittent operation, extreme and recurring shock loads, the gears have

to be checked for static and fatigue strength. For examples see DIN 3990 Pt 6, page 9.

Table 21: Application factor Kx

Mode of operation

Driving unit

Uniform

Electric motor (e.g. direct current), steam or gas turbine operating uniformly *)
(low, infrequent starting torques) **)

Light shocks

Steam or gas turbines, hydraulic or electric motor (high, frequent starting torques) **)

Moderate shocks

Multi-cylinder combustion engine

Heavy shocks

Single-cylinder combustion engine

*) As determined in frequency tests or as known by experience
**) Comparative life curves Zyt; Y1 of the material in DIN 3990 Pt 2 and 3 takes into account short-term overload torques

Table 22: Examples of driving units with different modes of operation

Mode of operation

Driven unit

Uniform

Power generators, uniformly fed belt conveyors or apron feeders, light-weight elevators, packaging
machines, feed drives of machine tools, fans, light-weight centrifuges, rotary pumps, agitators and
mixers for light fluids or substances of a uniform density, cutters, presses, punches 1); rotary units,
drive units 2).

Moderate shocks

Intermittently fed belt conveyors or apron feeders, main drive of machine tools, heavy elevators, rotary
units of cranes, industrial and mining fan systems, heavy centrifuges, rotary pumps, agitators and
mixers for viscous fluids or substances of varying density, multi-cylinder piston pumps, feeding pumps,
extruders in general, calenders, rotary kilns, rolling mills 3) (continuous zinc and aluminum belt rolling
mills, wire and rod mills).

Medium shocks

Rubber extruders, intermittently operating mixers for rubber and synthetic materials, light-weight ball
mills, woodworking machines (automatic saws, lathes), blooming mills 3), 4); lifting units, single-cylinder
piston pumps

Heavy shocks

Excavators, bucket wheel and chain drives, screen drives, dredging shovels, rubber kneaders, stone
and ore crushers, mining machinery, heavy feed pumps, rotary drilling installations, brick presses,
debarking drums, peeling machines, cold belt rolling mills 3), 5); briquetting presses; edge mills

1) Nominal torque = maximum cutting, pressing, punching torque 2) Nominal torque = maximum starting torque 3) Nominal torque = maximum rolling torque
4) Torque based on power limit %) K4 up to 2.0 due to frequent belt breakage

Table 23: Industrial gears, examples of operating modes of driven units

Mode of operation

Driven unit

Uniform

Radial compressor in a/c systems (for process gas), power test rig, generator and exciter for base or
permanent load, main drive of paper machines

Moderate shocks

Radial compressor for air or pipelines, axial compressor, centrifugal fan, generator and exciter for peak
loads, all types of rotary pumps except rotary axial-flow pumps, gear pumps, paper industry: Jordan
refiner, secondary drives of paper machines, pulp compactors

Medium shocks

Rotary cam blower, rotary radial-flow cam compressor, piston compressor (3 or more cylinders),
suction fans for industrial or mining applications, (large units with frequent starts), rotary boiler feed
pump, rotary cam pump, piston pump (3 or more cylinders)

Heavy shocks

Double-cylinder piston compressor; rotary pump (surge tank); slurry pump; double-cylinder piston
pump

Table 24: High-speed gears, examples of operating modes of driven units
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8.3 Selection of synthetic
gear oils

Lubricating oils with a synthetic
hydrocarbon (SHC), polyalkylene
glycol (PG) or ester base oil have
proven particularly efficient in the
lubrication of gear systems.
Lubricants with a PG base oil are

usually referred to as polyglycol oils.

Synthetic gear oils have the follow-
ing advantages over mineral lubri-
cating oils:

e Dbetter resistance to temperatures
and ageing

¢ lower tooth-related friction
coefficient

e better cold flow properties

e more favorable viscosity-
temperature behaviour

Table 25 shows a comparison of the
properties of high quality mineral oil

base gear oils and synthetic oil base
lubricating oils.

Type of oil | High-quality EP gear oils | Gear oils with a SHC Gear oils with a PG Gear oils with a
with a mineral base oil base oil base oil ester base oil

Properties Kliberoil GEM 1 series |Klibersynth GEM 4 series| Kliibersynth GH 6 series Kliberbio series
Viscosity-temperature behaviour 2 1 1 1
Low-temperature properties 2-3 1 1-2 2
Wear protection 2 2 1 2
Friction behaviour 2 1/2 1 1
Oxidation resistance 2 1 1 1
Water separation capacity 1 1 3 2
Corrosion protection 1 1 1 2
Miscibility with mineral oil 2 4 2
Behaviour towards paints 1 1 3 3
gc;r:;praiztlflllty with sealing 1 1 2 3
Low evaporation loss 2 1 1 1

Table 25: Comparison of the properties of mineral and synthetic gear oils (Kliiber products). 1 = excellent, 2 = good, 3 = sulfficient, 4 = poor

A direct comparison of the properties of SHC, PG, and ester oil base lubricating oils gives the following hints on

lubricants selection:

SHC base lubricating oils

PG base lubricating oils

Ester oil base lubricating oils

Advantages

excellent low-temperature behaviour
miscible with mineral oil residues

compatibility with paints and sealing
materials equal to that of mineral oils

(also in case of low viscosity)

disposal or treatment same as for
mineral olil

lubricants

« very low evaporation losses up to 140 °C

SHC suitable as a base oil for food grade

low friction coefficient, therefore espe-
cially suitable for the lubrication of gears
with a high sliding percentage (worm and
hypoid gears)

excellent viscosity-temperature
behaviour (high VI)

excellent antiwear behaviour

very good pressure absorption capacity

« good low-temperature behaviour
« low friction coefficients possible
« high viscosity index (VI)

« high resistance to oxidation

« rapidly biodegradable

Disadvantages

« antiwear behaviour inferior to that of PG
oils

o less favorable lubricating behaviour than
PG oails

not miscible with mineral oils

« may change sealing materials and
dissolve paints; only resistant to fluori-
nated rubber or PTFE seals as well as
epoxy resin coatings

« may change sealing materials and
dissolve paints; compatibility tests
required

« antiwear properties not as good as that
of PG oils
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8.4 Selection of gear greases

In DIN 51 509 Pt 2 lubricating
greases for gear systems are divi-
ded into two groups:

Gear greases type G

Lubricating greases for closed
gears and splash lubrication,
where grease lubrication is pre-
ferred over oil lubrication due to
the sealing or operating conditions.

Gear greases type OG

Adhesive lubricants free from
bitumen or bituminous adhesive
lubricants for open gear systems.

Gear greases type G

These are lubricating greases of
NLGI grade 000 to 1, DIN 51 818,
which are very soft or fluid at
ambient temperatures between 18
and 28 °C according to DIN 51 014.
They contain an increased amount
of mineral and/or synthetic oil as
well as a thickener (typically a metal
soap).

They may also contain additives
reducing friction and wear and/or
increasing the load-carrying capa-
city.

The minimum requirements for
such a grease are specified in

DIN 51 826. According to this stan-
dard the application range of these
greases is very limited because it
only mentions closed gears with
splash lubrication, e.g. gear motors,
axial cylinder motors, actuators and
gear couplings.

The standard does not refer to small

and miniature gears, which are also
lubricated with gear greases type G
of NLGI grade 0 and 1 as well as

lubricating greases of NLGI grade 2.

Gear greases type OG are not
suitable for such gears.

Gear greases type OG

These are used for the lubrication
of open gear systems or girth gears
of large or very large dimensions
with steel/steel gear teeth, e.g.
drives of rotary kilns, tube mills,
lifting cylinders, cranes, construc-
tion machinery.

They are not suitable for the
lubrication of small open gears!

Today large open drives are mainly
lubricated with special adhesive
lubricants free from bitumen and
solvents, such as the products of
Kliber's GRAFLOSCON or
Kluberfluid series.

Depending on the type of lubrication
and the application method, these
lubricants are available as consistent
spray lubricants of NLGI grade 00,
0 and 1 or in the form of fluids
classified in NLGI grade 000.

Selection criteria for gear
greases

To select a suitable gear grease it is
important to take into consideration
the type of gear, lubricant application
method, gear performance, opera-
ting conditions and ambient in-
fluences. In addition, the following
parameters have to be determined:

e suitable grease consistency
e required base oil viscosity
o type of base oil

thickener properties

Power hand drill gear system

C 10237

A4 10208

Fig. 63: Power tools — main field of applica-
tion of gear greases type G of NLGI
land?2

Two-stage spur gear motor

C 10238
A4 10209

Fig. 64: Gear motors — classical field of appli-
cation of gear greases type G of
NLGI 00 and 000

Rotary kiln with girth gear drive

C 10186

Fig. 65: Open gears and gear stages — appli-
cation of gear greases type OG in the
form of adhesive sprays (NLGI 00, 0
and 1) or fluids (NLGI 000)
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NLGI grade Worked Grease Suitability for Peripheral speed Application method
DIN 51 818 penetration texture gear types [m-s7]
DIN ISO 21 37 Short-term or
Units 2) Permanent | “intermittent
Operatlon operation
. closed, . .
000 445 to 475 fluid oiltight 6108 up to 10 immersion
00 400 to 430 almost fluid cI_0§ed, 4t05 upto?7 immersion
oiltight
closed, . .
not oiltight 5) 2t03 upto 5 immersion
0 35510385 | extremely _ upto 8 up to 11 spraying (total loss lubrication) 2)
soft semi-open, open
- up to 4 one-time greasing )
closed, 0 10 2010 25 immersion with almost complete filling of
not oiltight up to 0 th housing 4
il 31010340 | very soft g e gear housing )
semi-open, open - 2t03 one-time greasing %)
closed, immersion with almost complete filling of
not oiltight up to 10 2010 25 the gear housing 4)
2 285 to 295 soft
semi-open, open - 2t03 one-time greasing 3)

1) One unit £0.1 mm

2) Under permanent operation and if power
has to be transferred it is important that
the lubricant film, which is continuously
destroyed by the friction components
(tooth flanks), is rebuilt regularly in order
to maintain a minimum film thickness
that prevents scuffing due to occasional
starved lubrication. Relubrication is most
reliable if carried out by means of an
automatic spraying equipment which
supplies the required lubricant quantity
to the tooth flanks intermittently. Other
relubrication methods: manual applica-
tion by brush or spatula (when gear is not
operating) or with a pneumatic spraying

unit — e.g. Klibermatic LB — while the
gear is operating up to a maximum
peripheral speed of 2 m - s-1.

IMPORTANT: Only if heat dissipation is
not mandatory

3) One-time greasing of the tooth flanks
sufficient for the entire service life is only
suitable for gears used to convert torques
and/or transfer movements in short-time
or intermittent operation.

4) Lubrication method ensuring reliable gear
lubrication at increased peripheral
speeds.

Approx. 10 % of the grease quantity are
used for lubrication, the rest serves as a

barrier to prevent the lubricant from
leaving the meshing zone. This type of
immersion lubrication is only suitable for
small gears transmitting power in short-
time or intermittent operation, in order to
avoid the destruction of the grease due
to excessive heating.

5) This also includes so-called semi-open
and open gears provided they are
encased and equipped with a lubricant
reservoir making them suitable for
immersion lubrication.

Table 26: Determination of the required grease consistency as a function of the gear type, peripheral speed and lubrication method

8.4.1 Determination of grease
consistency

Consistency is the resistance of a
grease to deformation, similar to an
oil's viscosity. In order to ensure
reliable gear lubrication, gear greases
must have a certain degree of flui-
dity, which is why mainly soft to fluid
grease are applied in gear systems.

Table 26 gives a survey of grease
consistencies and indicates all
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details on gear types, peripheral

speeds and lubrication methods

that are important to determine a
suitable consistency.

The table is based on DIN 51 528
but also includes NLGI grade 2.
These greases are also used for
gear lubrication, especially on tooth
flanks in small gears or for forced-
feed lubrication of gears operating
at high peripheral speeds (20 to

25 m/s) with a complete fill of the
gear housing.

Table 26 only lists the main selec-

tion criteria for consistency deter-

mination. Other criteria include:

extent of gear sealing
heat dissipation capacity
adhesion properties.
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Gear sealing

The extent of gear sealing is of
special importance if gear greases
with a consistency of NLGI 000 and
00 are to be used, so-called fluid
greases with a base oil content of
90 to 95 %. In such a case a gear
should be as oiltight as possible, or
greases with a higher consistency
should be applied.

Especially splash-lubricated small
gears, whose position may constant-
ly change (e.g. in power hand tools,
machines for craftsmen, gears in
production robots), there is the
danger of oil leakage. In these
cases we recommend at least an
NLGI O grease, if possible even a
grease of consistency 1 or 1-2.

As lubricating greases of such a
consistency are no longer fluid, a
quasi-complete filling of the gear
housing is required to ensure reli-
able gear lubrication in all operating
positions.

NOTE

If NLGI 1 and 2 greases are used
for immersion lubrication, it has to
be taken into consideration that they
have a channeling tendency, i.e.
upon immersion into the lubricant
sump, the gear wheels leave a
channel in the grease. Greases of
this consistency have no backflow
behaviour, and gear wheels or worms
are subject to starved lubrication
and increased wear after a very
short period of time.

Channeling can be avoided by means
of grease scrapers where the grease
which is removed from the sump
accumulates until it falls back into
the sump by force of gravity.

Another way to prevent channeling
is to fill the gear housing completely
with grease. This also makes it
possible to operate the gear at a
higher peripheral speed (up to

25 m/s) because the grease is not
thrown off.

Fig. 66: Cylinder-worm gear

However, this type of immersion
lubrication is only suitable for gears
transmitting power in intermittent
operation in order to avoid grease
destruction due to excessive heating.

Heat dissipation capacity

Greases, in contrast to lubricating
oils, only have a low heat dissipation
capacity. Gears operating perma-
nently at increased peripheral
speeds and/or used for power trans-
fer purposes require greases with a
high base oil content for heat
dissipation, i.e. fluid greases of
NLGI 000 and 00. The only suitable
lubrication method is splash lubrica-
tion, and the gears have to be oil-
tight.

| Adhesion capacity

Gears mainly used to convert
torques or transfer movements and
low power are often lubricated for
life. For this type of lubrication it is
important for the grease to remain
in the meshing zone throughout the
gear’s service life. It must not be
thrown off nor lose its lubricity due
to oil separation.

A410211

Gear greases with an increased

consistency, i.e. of NLGI grade 1
and 2, are most suitable to meet
these requirements.

Greases of NLGI grade 0 are also
suitable for tooth flank lubrication
provided they have special adhe-
sion properties. These greases are
adhesive greases without solid
lubricant particles and must not be
confused with gear greases of the
OG type.
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8.4.2 Determination of the re-
quired base oil viscosity

The required base oil viscosity
depends on the operating conditions
and the intended use of the gear.

In case of gears used to transfer
power the required base oil viscosity
(nominal kinematic viscosity at 40 °C)
should always be based on concrete
calculations in order to prevent
pittings and wear.

The required nominal viscosity can
be determined in accordance with
DIN 51 509 Pt 1 (section 8.2.1, page
48), no matter whether the base oil
is of the synthetic or mineral hydro-
carbon type.

Temperature or load-related visco-
sity corrections can only be effected
to a limited extent in case of gear
greases because pertinent data is
only available for the most common
base oil viscosities. When in doubt
always select the lubricating grease
— taking into consideration a suitable
consistency — whose base oil visco-
sity is above the calculated nominal
viscosity.

When determining the required base
oil viscosity for grease lubricated
gears that are used to convert
torques or transfer movements —
mainly low-performance small or
miniature gears — the requirements
in terms of smooth operation, low
starting torques, vibration and noise
damping are most important.

Smooth operation and low starting
torques are ensured by means of
dynamically light greases, i.e.
greases with a very low base oil
viscosity. Most suitable greases
have a nominal kinematic base oil
viscosity of 30 mm? - s1 and lower
at 40 °C.

Gear greases with a higher base oil
viscosity should be used (between
200 and 1000 mm? - s'1 depending
on the peripheral speed and load)
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if good vibration and noise damping
is required. High base oil viscosities
result in a thicker lubricant film on
the meshing points, which increases
vibration and noise damping.

In case of immersion lubricated
gears with modules < 3 mm the
base oil viscosity should not be
higher than 460 mm?2/s in order to
ensure that the grease flows back
into the space between the teeth.
Higher base oil viscosities are
possible with modules > 3 mm.

8.4.3 Determination of the
base oil type

Lubricating greases generally con-
sist of a base oil and a thickening
agent. Depending on the type and
consistency of the grease the
thickener share is between approx.
5 and 25 %, i.e. the oil is the main
constituent. Greases are nothing
but oils prevented from flowing by
means of a thickening agent. When
selecting a gear grease the base oil
type is therefore just as important
as in the case of a gear oil.

Base oils used for gear greases in-
clude mineral, synthetic ester, syn-
thetic hydrocarbon and polyglycol
oils. To obtain certain characteristics
it is also possible to use a mixture of
these base oil types, e.g. a mineral

oil plus a synthetic hydrocarbon oil,
or ester oil / paraffin oil / synthetic
hydrocarbon oil.

Gear greases with a synthetic base
oil have the same advantages as
synthetic gear oils:

e increased resistance to high
temperatures and ageing

e reduced tooth-related friction
coefficient

e improved behaviour at low
temperatures

e more favorable viscosity/
temperature behaviour

Gear greases with a polyglycol base
oil are especially suitable for small
gears subject to high loads (also in
case of an increased peripheral
speed), e.g. worm gears with a
worm/wheel combination made of
steel/bronze, because they have an
excellent pressure absorption capa-
city, hardly change their viscosity at
varying service temperatures and
have a very low friction coefficient.

Polyglycol gear greases are not
suitable for the lubrication of gears
consisting of aluminum alloys. Their
suitability for plastic gears has to be
checked on a case-to-case basis.

Gear greases with synthetic hydro-
carbon oils have proven effective in
the lubrication of plastic/plastic and

Fig. 67: Worm gear motor, servo drive for car seat adjustment

F 10252
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steel/plastic gears because of their
compatibility with many synthetic
materials.

In addition, SHC gear greases have
a very good low-temperature beha-
viour and are very suitable for
lifetime lubrication of tooth flanks
due to their low evaporation loss.

Gear greases with a mineral base
oil are the most inexpensive type

G PG 00 K -30

upper service temperature and
behaviour towards water

— NLGI grade (see table 26, page 58)
letter(s) identifying base oil and
— 2

additives

L— lubricating grease for:

|—Iower service temperature in °C

Lubricating grease for:

of grease. They are mainly used as G | Closed gears DIN 51 826
fluid greases for splash lubrication OG | Open gears
of gear motors SngeCt to normal K Rolling and plain bearings, sliding surfaces
loads and operating permanently DIN 52 825
at almost the same service tempera- . )
ture. Their service temperature M| Plain bearings and seals
o . p (lower requirements than K)
range is considerably smaller than

that of synthetic gear greases.

In permanent operation the grease

Additional letters identifying

Base oil types

sump temperature should not ex- E_| Esteroils
ceed 60 °C in order to avoid pre- FK | Fluorinated hydrocarbons
mature grease ageing and bearing HC | Synthetic hydrocarbons
fallyre due to a diminishing lubri- PG | Polyglycol
cating effect.
Sl Silicone oils
Gear greases with a base oil mix- Additives
ture, e.g. mineral / SHC oil, permit P | Extreme pressure additives
an extended service temperature . ) .
range F Solid lubricant particles, e.g. MoS,

Upper service temperature and behaviour

towards water under test temperature conditions *)

Temperature | Behaviour towards Test tempe-
. limit water rature
8.4.4 Properties of the
thickening agent ¢ +60°C Oorl 40*Cc
D 2o0r3
_ . _ E +80 °C Oor1l 40 °C
Thickening agents used in gear F 20r3
greases — malqu single or complex G +100 °C Oor1 90 °C
metal soaps (Li, Ca, Al and Ba H 20r3
soaps) — do more than pgrform the K 1120 °C Oor1 90 °C
function of a base oil carrier. They M 20r3
also have a lubricating effect and N 1140 °C
impart certain characteristics to the
grease. P +160 °C
R +180 °C As required
They are decisive for the service S 4200 °C
temperature range, the pressure - 220 C
. . + ©
absorption capacity and the
grease’s resistance to ambient Uj >+220°C
media. . 0 = no change
) DIN 51 8,07' 1 = minor change
. . . Pt1, static test 2 = moderate change
Depending on the thickening agent, 3 = major change

metal soap greases have the
following properties:

Fig. 68: Denomination of lubricating greases in acc. with DIN 51 502
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Aluminum complex soap
greases

Greases of this type show good
adherence to metal surfaces, are
very resistant to water and have a
good wetting behaviour due to their
special rheological behaviour (they
become softer under mechanical
load). For this reason they are
especially suitable for the lubrication
of tooth flanks of large open gears
with steel/steel gear wheels subject
to increased loads. They are also
suitable for splash lubrication.

Lithium soap greases |

Lithium soap greases are water
repellent, have a high drop point
and, depending on the type and
consistency of the base all, very
good low-temperature properties.

Li soap greases of NLGI grade 1 or
2 with a synthetic hydrocarbon base
oil or a mixture of mineral and syn-
thetic hydrocarbon oils are particu-
larly suitable for lifetime lubrication
of small gears with steel/plastic and
plastic/plastic gear wheels, especial-
ly for gears with a high centrifugal
acceleration, where oil/thickener
separation must not occur. Greases
with a low base oil viscosity permit
very low starting torques. Li soap
greases with a polyglycol base oil
of low consistency are preferred for
splash lubrication of small gears
and gear motors subject to low
loads, also for increased peripheral
and sliding speeds. They are also
suitable for the lubrication of worm
gears with steel/bronze material
pairings.

Calcium soap greases

Compared to other metal soap
greases, Ca greases have a better
flow behaviour and are more resis-
tant to working. They also have a
good pressure absorption capacity.
Ca greases with a synthetic hydro-
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carbon base oil are suitable for life-
time lubrication of small gears with
steel/plastic and plastic/plastic gear
wheels subject to increased specific
loads.

Due to their good flow properties
Ca greases of increased consis-
tency are suitable for splash lubri-
cation of gears that are not oiltight
with little free housing space and a
quasi-complete fill.

Greases with low-viscosity base oils
have good low-temperature proper-

ties and ensure low starting torques.

| Barium complex soap greases

Lubricating greases with barium
complex soap as a thickening agent
are very resistant to working, have
an excellent resistance to water, a

high load-carrying capacity and very

good wetting properties.

The thickener share is very high,
which gives these greases anti-
noise and anti-vibration properties.
As their backflow behaviour is not

very good, they are mainly used for
lifetime lubrication of tooth flanks.

Such greases usually have a low-
viscosity base oil in order to improve
gear starting properties, especially
in case of low input performance.
Barium complex soap greases are
particularly suitable for the lubri-
cation of small gears with steel/
steel components.

Fig. 69: Small gear motor (worm/spur gear) for flap adjustment in automotive a/c systems,
manufactured by Blihler Nachfolger GmbH, Niirnberg, Germany F 10255
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Lubricating grease =

base oil, thickener, additives

|
| Base oil I

| Thickener I

| Soap thickener I

|
Additives

| Non-soap thickener I

| Protection against:

o Raffinate Fatty acid 1)

« Hydrocrack oil +

« Synthetic oil

« Biodegradable
oils

Metal hydroxide 2)

Silicic acid Clay

e ageing
e corrosion

Polyurea

e Wear

Improvement of
pressure absorp-
tion capacity

Al greases
Li greases
Na greases
Ca greases
Ba greases
Mixed soap
greases 3)

« Complex
greases 4)

Bentonite Polyurea
Crellgizaizs I| greases I| greases I

barium hydroxide (lead hydroxide)
3) e.g. Li/Ca soap, Na/Al soap

1) Fatty acids on a vegetable or animal base
2)  Aluminum hydroxide, lithium hydroxide, sodium hydroxide, calcium hydroxide,

4) Al, Ba, Na, Ca, Li complex soap greases; complex soap greases need two or
more fatty acids to form a metal soap.

Fig. 70: Structure and manufacturing method of lubricating greases

8.4.5 Behaviour of lubricating
greases towards syn-
thetic materials

Lubricating greases are mainly used
for long-term or lifetime lubrication
of small and miniature gears pro-
duced in large series. In these gears
synthetic materials are increasingly
replacing metals in gear wheel,
bearing and housing components.

However, long-term lubrication of
gears with plastic components is
only possible if the affected syn-
thetic parts are lubricated as reliably
as if they were made of metal.

As the interaction between plastics
and greases is different than that
between metals and greases, it is
necessary to perform component
tests under service conditions be-
fore starting production in order to
ensure that the synthetic materials

are sufficiently compatible with the
lubricants. These practice-related
tests are required because conven-
tional compatibility tests are only
carried out under static conditions
with standardized test rods, dis-
regarding

— that additives only become
effective when the lubricant is
subjected to tribological loads,
and

— that oil ageing under service
conditions is much faster than
under static loads due to the
formation of aggressive olil
products under mechano-
dynamical loads.

There are no standardized or quasi-
standardized tests or guidelines to
identify mechano-dynamical loads.

Describing the problems of compa-
tibility of plastic materials and lubri-

cants would go beyond the scope of
this brochure. For more information,
please refer to our technical
brochure "Lubrication of synthetic
materials" 9.19 e, where you will
find everything you need to know
about the interaction between lubri-
cants and plastics, and which will
help you select a suitable lubricant.

Table 27 on page 64 provides a

general survey of the compatibility
of various thermoplastic materials
with specialty lubricating greases.

The data indicated in this table is
only intended as a guideline and
does in no way substitute specific
tests!
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A Thermoplastics ELEEEE Gl
viation
A B C
ABS ABS-copolymer not resistant not resistant resistant
CA Cellulose acetate not resistant not resistant resistant
PA Polyamide resistant resistant resistant
PC Polycarbonate not resistant not resistant resistant
PE Polyethylene
high-density resistant resistant resistant
low-density partly resistant partly resistant resistant
POM Polyoxymethylene mostly resistant mostly resistant mostly resistant
PP Polypropylene partly resistant partly resistant resistant
PPO Polyphenylene oxide not resistant not resistant resistant
PS Polystyrene not resistant not resistant resistant
PTFE Polytetrafluoro-ethylene resistant resistant resistant
PUR Polyurethane not resistant not resistant resistant
PVC Polyvinyl chloride not resistant not resistant resistant
A = Special ester oil greases with B = Special ester oil greases with C = Synthetic hydrocarbon oil greases

- alkaline earth complex soap lithium soap with

- lithium soap - alkaline earth complex soaps and

- inorganic thickener other metal soap thickener

Table 27: Behaviour of special lubricating greases towards thermoplastic materials

8.5 Notes on the lubrication
of small gears

There is no general definition of the
term "small gear". In order to
distinguish them from so-called
"industrial gears", Kliber defines
small gears as gears with an output
torque of less than 100 Nm.

Gears with an output torque below
10 Nm are called "miniature gears".

Basically there is no difference
between the lubrication of industrial
and small gears.

The type of lubrication (with an oil,
fluid grease or grease) and the
application method (immersion,
spraying, manual application) are
not dependent on the size of the
gear but on the type of gear and the
peripheral speed of gear stage
operating at the highest speed.
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Type of gear Output torque [Nm]
Industrial gear >100

Small gear <100to 10
Miniature gear <10

Table 28: Classification of gears in terms of output torque (Kliiber)

The same applies to the selection
of a suitable lubricant, which does
not depend on the gear size but on
the operating and ambient condi-
tions, the gear materials and the
type of gear.

For small gears this means that a
gear stage with an output torque of
less than 100 Nm used for perma-
nent power transfer (maximum
peripheral speed: 18 m - s') can
only be lubricated with an oil, and
not with a grease. On the one hand
it is required to dissipate excessive
heat, on the other hand a fluid

grease of NLGI 000 is only suitable
for a peripheral speed upto 8 m - s
when used in permanent operation
(see tables 17 and 26 on page 47
and 58).

The gear housing must be oiltight
and the gear motor installed in a
way to allow oil changes.

For the following reasons small and
miniature gears are mainly grease
lubricated:
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it is often not possible to make
gear housings or seals absolute-
ly oiltight,

they are often not accessible or
difficult to access, which makes
it impossible to change the lubri-
cant (long-term or lifetime lubri-
cation required),

they are of the open or semi-
open type

the gear position during opera-
tion varies

lifetime lubrication is required.

Fig. 71:  Spur gear stage of a miniature gear motor for universal application (copying
machines, vending machines, equipment of all types), manufactured by Blihler
Nachfolger GmbH, Niirnberg, Germany F 10254

65



Lubrication of Gear Systems

KLOBE
LUBRICATION

9 Tooth flank damage

More than 50 % of the damage in
industrial gears occurs on the gear
teeth. Table 29 gives a survey of the
different types of tooth flank damage
and their causes. Damage mainly
due to deficient lubrication is listed
at the bottom of the table. Fig. 72
indicates the load limits and the
pertinent tooth flank damage. Tooth
flank damage can manifest itself in
various forms.

Based on the cause of the damage

® abrasive wear
@ scuffing wear
® pitting.

DIN 3979 describes the damage
effects in detail.

Abrasive and scuffing wear are
mainly caused by deficient lubrica-
tion, whereas the formation of pit-
tings can only be influenced by the
lubricant to a limited extent.

The lubricant does not have an
immediate impact on surface fatigue.

speeds and high lubricant viscosity
in the lubricating gap, there may be
a damping effect on the additional
dynamic forces, thus exerting in-
direct influence on surface fatigue.

9.1 Abrasive wear

In the context of gear damage
"abrasive wear" is a generic term
including grinding, scratching and
scoring wear. Abrasive tooth flank
wear is caused by

@ furrowing effects of surface

a distinction is made between However, in case of high peripheral roughness
Tooth Tooth flank damage
Type of damage | preak-
age Wear Chipping Cracks Deformation c;::' Other damage
&l a 5 : Sls g
[%}
Sl s| 5| 3| @ sl ol 8lg| e o|lso | g S o
Sl @lo| 2|C|o sl o| 5| 8|S @211 g 2 £
oS 3| |5 |E ol €El2| 5| 2| lS|5|®|2)|S ° F
Slsl=s|z2|s|E|2|2 Plol2|S|8|g|lE8|2|5|&8|c|2|s|s|e|oe
Damage caused by HEIHEEE R I EHE R R EI R I IR
=l5| 5|e|E £ £ 5|5 2|35 |39 9 | @
SlE|2|2|2|8|s|8|E|a|E|5|a|S|E|8|2|2|8|6|c|8|d|a|a]|d
Slag inclusion () [ ] ([ BN )
® 0
g 5 | Forging marks [ 3K ]
(]
T D Non-metal inclusions [ )
= T
Inadequate material pairing [ I ) [ 3K )
Wrong dimensions () [ 3K ) [ ) [ )
-
c
o S | Wrong tooth geometry [ ) [ )
L'n
"g % Meshing interference [ ]
Wrong backlash [ ) [ ]
= Deficient forging [ ]
-
c O Excessive heat during mechanical
28 | treatment L L
&) =]
"g g Inadequate heat treatment . . . . .
S
= Inadequate surface quality [ ) () [ )
%"hjs' Mis-alignment [ ) [ 2K JK ) [ )
LE ®© E Insufficient insulation [ )
Frequent load alternations [ ) [ )
g’ 2 | shocks, vibrations [ X ) [ ) [ ) [ ) [ ] o0
= O
= = .
g % Overloading [ ) o 00 o [ J (] o ol
c
8‘ 8 Inadequate running in [ 3K )
Peripheral speed
too high / low ( 2K 2K J o
Insufficient lubricant quantity (] [ 3K 3K ) [ ) [ )
“g E Wrong viscosity [ ) o 0|0 ( ] [ ) [ )
=
© 8 | insufficient quality o C I XK ) o [ 2K )
Y= T
1]
[a) § Solid / fluid contaminants [ ) [ 2K ) ( } o oo
Insufficient surface quality [ )

Table 29: Causes and types of gear damage
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@ solid contaminants in the lubri- Practical experi- o

cant (dust, rust, scale, metal wear ence shows that A wear limit

particles, molding sand residues, a gear’s scuffing

etc.) which reach the lubricating load capacity pitting limit

gap and result in grooves in the depends on four

tooth flanks. main parameters
The degree of contamination of a Wh'Ch havc_a an o .
lubricant and the extent of surface :‘r:rpr)::rzgg Ilitrziger- 3 e (LR i
roughness of the gear material are ) S
decisive for the speed of wear. 1 Lubricant I scuffing load limit
Wear usually occurs most rapidly ) 3
on the tooth tip and the base. 2. Tooth geo- no-damage range

metry
3. Surface, 0 >
9.2 Scuffing (adhesive) wear material 0 peripheral speed 10940
4. Operating , , ) L

Seufing wear occurs if the ubricant " conditons 072 3 s e
film is destroyed by excgsswe tem- gradients are exemplary and do not pertain to a certain
peratures or loads, causing the Table 30 shows type of gear

metal tooth flank surfaces to touch.
Gears are susceptible to scuffing
wear if they operate at high peri-
pheral speeds (hot scuffing) or at
low peripheral speeds and high
flank pressure (cold scuffing)

Hot scuffing |

In case of high friction temperatures
and sliding speeds the lubricant film
fails due to excessive heating.

| Cold scuffing |

The lubricant film fails due to high
local flank pressure at low peripheral
speeds (up to approx. 4 m - s1).
Cold scuffing mainly occurs in heat-
treated gears with a rough tooth
surface.

Scuffing is characterized by local
seizures which are torn apart by the
relative movement of the tooth flanks,
causing rough spots of varying
widths and depths (individual spots
or over the entire flank width) on the
tooth flanks (Fig. 74). The particles
removed from the tooth surface are
carried along and deposited on other
spots, where they are subject to
plastic deformation. Scuffing wear is
especially pronounced at the tooth
tip and base because this is where
the sliding speed is highest.

the range of vari-

ation of the transferable torque (hot
scuffing limit) as a function of these
parameters. Contrary to pittings and
tooth breakage, there is no fatigue
strength as far scuffing wear is
concerned. Even a short period of
overloading can initiate scuffing
wear and damage the tooth flanks.

Fig. 73: Abrasive wear C 10241

9.3 Pitting

Pitting is a form of tooth flank mate-
rial fatigue. It occurs if a material’s
permanent rolling resistance is ex-
ceeded by loads applied locally or
over the entire tooth width.

The damage manifests itself in the
form of flat, crater-like indentations
called "pittings". Their size varies

It is therefore important to take into
account a gear’s scuffing resistance
in the pertinent design calculations.

DIN 3990, ISO DP 6336 provides
information on how to calculate a
gear’s scuffing load limit and
scuffing wear resistance.

Fig. 74: Scuffing (adhesive wear)

C 10242

from 0.01 mm (micro-pitting) to
several mm. In spur gears they
mainly occur in the area below the
pitch circle. Lubricants can have a
limited effect on the formation of
pittings, but an increased operating
viscosity retards their development.

For measures to increases a gear’s
pitting load capacity see Fig. 76.
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Fig.

75: Pittings C 10243

9.4 Micro-pitting

Micro-pitting is a lubricant related
damage manifesting itself in the
form of dull spots on the tooth flanks
of surface-hardened gear wheels.

It is characterized as follows:
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dull areas consisting of nume-
rous chippings of microscopic
size (depth approx. 20 um),

direction and development of
cracks depending on sliding/
rolling conditions (as in the case
of "conventional" pittings), i.e. the
cracks start on the surface and,
at a flat angle, develop in the
direction of the frictional force,

occurs mainly at medium
peripheral speeds when low-
viscosity oils are used on the
tooth flanks of hardened gear
wheels,

the operating time until micro-

pitting occurs may be quite short
and the loads may be significant-
ly below the pitting load capacity,

the incipient damage is wear-like,
the progressive damage is
fatigue-like,

Parameters Range of variation of the
transferable torque

Additives, same base oil viscosity 1:5

1 Oil viscosity, e.g. doubled upto1:1.5
Service oil temperature, 1:1.2
e.g. reduced by 20 °C T

5 Tooth geometry 1:1.6
Tip relief 1:15
Surface roughness,
e.g. reduction of 1:2

3 flank roughness to 1/16
Phosphatized flanks 1:1.4
Nitriding 1:1.8

4 | Peripheral speed 1:25

Table 30: Range of variation of the transferable torque (hot scuffing limit) .
Change of main parameters: 1 = lubricant, 2 = teeth, 3 = material surface
4 = operating conditions
The individual parameters cannot be combined to obtain synergistic effects.

| Lubricating oils |—}| Increased viscosity

Positive addendum modification
Increased meshing angle
Vertical gears

— P
—P
—
——P Helical gears
—>
—»
—»
—>

| Tooth geometry Ii

Tip relief

Hardening
Copper-plating
Low flank roughness

| Material, surface |7

|0perating conditions }—:: Increased peripheral speed
Low flank pressure

Fig. 76: Measures to increase a gear’s pitting load capacity

— lubricant viscosity and additives
have a great impact on micro-
pitting,

— lubricants with a low micro-pitting
resistance may lead to erosion in
the micro-pitting area, resulting
in increased internal dynamic
forces and gear noises as well
as a reduced pitting load
capacity.

Fig. 77: Micro-pitting of case-hardened gear
C 10244

The impact of a lubricant on micro-
pitting is determined in a modified
FZG test based on DIN 51 354 with
gear wheels less susceptible to
scuffing. The load is increased in
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steps until the dimensional change
of the flank is twice as high as in the
beginning. If this damage criterion is
only reached in the 8th or an even
higher load stage, the oil generally
provides sufficient resistance to
micro-pitting.

To confirm the result and obtain
information of the course of the
damage (which may be degressive)
over extended periods of operation,
the progressive load test is followed
by an endurance test with

10 ... 50 - 10° load alternations.

Types of gear damage

| Tooth breakage

| | Flank damage |

(immediate interruption of operation)

(increasing noise, unsteady operation, heating —in
case of further increase: interruption of operation)

Brittle fracture
Ductile fracture

—|0verload breakage|

| Fatigue breakage |— — — — ¢

= occurs frequently

often results in
fatigue breakage |

— initial pittings
- —I Pittings I——progressive pittings
| L ductile fracture
L — —| Flank scaling |
: — normal wear
— heavy wear
— Wear
|— _I I_—grinding wear
| —wavy wear
| — scratching, chipping
. (hot
— — —{ scuffing col d,) SIS
I | scuffing marks,
| frictional welding
I Plastic cold flowing
= deformation hot flowing
|_ _I Cracks

overloading cracks

| Overheating

idle corrosion
fretting corrosion
chemical corrosion

Corrosion

quenching cracks
grinding cracks
material cracks

| Electric discharge

| Cavitation |

Fig. 78: Types of gear damage
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1990 Fig. 29: Kliiber Fig.
Sources of photographs (numbers in Fig. 30: Kltber Fig.
parentheses refer to the additional Fig. 32: acc. to P. Walter
literature indicated above): . B Fig
Fig. 35, 36: Kluber
Fig. 1: Private photo/Kliber Fig. 38: acc. to Ohlendorf Fig.
Fig. 3, 4: from (4), page 4 Fig. 39: GfT Worksheet 2.4.2 Fig.
Fig. 5: Source unknown Fig. 42: Kliiber
Fig. 6,7,8,9: from (4), page 4 Fig. 43: acc. to GfT Worksheet 2.4.2
Fig. 10: from (2), G 128 Fig. 44: acc. to GfT Worksheet 2.4.2 Fig.

Kltber
65: FLS
66: Kltber

70: OMV brochure: Schmierstoffe
fur Kraftfahrzeuge, 1993

. 72,73,74,75: GIT Worksheet 2.4.2

76: Kltber

77: Forschungsstelle fir Zahnréder
und Getriebebau (FZG),
TU Minchen

78: acc. to Bartz
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Service temperatures are guide values
which depend on the lubricant’s composi-
tion, the intended use and the application
method. Lubricants change their con-
sistency, apparent dynamic viscosity or
viscosity depending on the mechano-
dynamical loads, time, pressure and
temperature. These changes in product
characteristics may affect the function of
a component.

Speed factors are guide values which
depend on the type and size of the rolling
bearing type and the local operating
conditions, which is why they have to be
confirmed in tests carried out by the user
in each individual case.

KlUber viscosity grades:

EL = extra light lubricating grease;

L = light lubricating grease; M = medium
lubricating grease; S = heavy lubricating
grease; ES = extra heavy lubricating
grease
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The data in this technical brochure is
based on our general experience and
knowledge at the time of printing and is
intended to give information of possible
applications to a reader with technical
experience. It constitutes neither an
assurance of product properties nor
does it release the user from the obliga-
tion of performing preliminary tests with
the selected product. We recommend
contacting our Technical Consulting
Staff to discuss your specific applica-
tion. If required and possible we will be
pleased to provide a sample for testing.

Kliber products are continually im-
proved. Therefore, Kliber Lubrication
reserves the right to change all the
technical data in this technical brochure
at any time without notice.
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