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Gear Lubrication – Gear Protection
Also At Low Oil Temperature
It has been shown that the advanced additive technologies used
in today’s high-performance gear oils are capable of inducing the
required reactions on the surfaces of gears and bearings also at
40° C, thus providing reliable damage protection even under these
operating conditions.
By Michael Hochmann

I

IN PRACTICE, INDUSTRIAL GEARS ARE OFTEN OPERATED WITH LOWER OIL TEMPERATURES
THAN WOULD NORMALLY BE GENERATED IN A FULLY-LOADED GEARBOX. LOWER TEMPERATURES

PREVAIL, FOR INSTANCE, WHILE A GEARBOX IS BEING TAKEN BACK INTO USE AFTER PROLONGED
STANDSTILL, I.E. DURING THE TIME IT TAKES FOR THE OIL TO HEAT UP FROM AMBIENT TEMPERATURE
TO SERVICE TEMPERATURE.
SIMILARLY, WHEN A GEARBOX IS BEING OPERATED BELOW ITS FULL LOAD CAPACITY, WITH

REDUCED SPEED, OR WITH FREQUENT STOP-AND-GO, THE OPERATING TEMPERATURE OF THE OIL

WILL BE LOWER THAN IT WOULD BE UNDER FULL LOAD. SUCH APPLICATIONS REQUIRE GEAR OILS

THAT RELIABLY PROTECT GEARS AND ROLLING BEARINGS AGAINST DAMAGE NOT ONLY AT FULLLOAD OPERATING TEMPERATURES, BUT ALSO AT LOWER ONES.

The oil temperature influences the bulk temperature
of the gears and bearings as well as the integral
contact temperature [3], [10]. Besides the roughness
of the mating surfaces and the applied load, the
contact temperature is strongly influenced by the
circumferential speed. At a lower speed, which mostly
occurs at the output of a gearbox, the oil temperature,
the bulk temperature of gears and bearings, and the
contact temperature approximate each other more
closely. Naturally, a reduction of the oil temperature
leads to a substantial increase of oil viscosity
during operation and hence to the formation of a
thicker lubricant film in the contact zone. Lubricant
film thickness calculations conducted for typical
gearbox applications, however, show that even at oil
temperatures as low as 40°C, the gearbox will still
operate under mixed or boundary lubrication conditions
depending on the other operating conditions. This
means that the formation of a gear oil reaction layer
on the component surfaces is vital to protect the
friction bodies against damage.

Figure 1: Typical limits of load-carrying capacity for case hardened gears.

TYPICAL GEAR FAILURES
Figure 1 shows typical limits of the load-carrying
capacity for case hardened gears according to Niemann
[11]. In the range of slow and medium circumferential
speeds, the micropitting risk is increased, compared
to very low circumferential speeds where the risk of
slow speed wear prevails.

Figure 2: Micropitting gear failure of an industrial gearbox.
Chemistry of the base oil

LUBRICANT

Type and amount of additives

MICROPITTING FAILURE OF GEARS
Micropitting is a type of fatigue failure occurring on
hardened tooth flanks of highly loaded gears [11].
This failure consists of very small cracks and pores
on the surface of tooth flanks. Micropitting looks
greyish and causes material loss and a change in the
profile form of the tooth flanks, which can lead to pitting

Viscosity of the base oil

Roughness

TOOTH FLANK SURFACE

Surface texture
Surface hardness
Normal and frictional load

OPERATING CONDITIONS

Circumferential speed
Temperature

Table 1: Influences on the micropitting load-carrying capacity.
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and breakdown of the gears. A typical micropitting gear failure
of an industrial gear box is shown in Figure 2. In this case,
misalignment was the reason for micropitting formation.
The formation of micropitting depends on different influences.
Besides material, surface roughness, and geometry of the

tooth flanks, it is the lubricant and the operating conditions
which have a major influence on micropitting formation.
See also Table 1. In modern gearboxes, the gears are often
highly loaded and run under conditions of mixed lubrication.
In this case, the tooth flanks of the mating gears are not
fully separated by the lubricant film and the additives of the
lubricant have to protect the tooth flanks against micropitting
formation.

WEAR FAILURE OF GEARS
Wear is an abrasive material removal occurring on the tooth
flanks of gears. This failure proceeds continuously and causes
material loss and a change in the profile form of the tooth flanks,
which can lead to breakdown of the gears. Typical wear on the
tooth flanks of an industrial gear is shown in Figure 3.
Also the wear behavior depends on different influences.
Besides surface hardness, material, and geometry of the tooth
flanks, it is again the lubricant and the operating conditions which
have a major influence on wear behavior. See also Table 2.

Figure 3: Wear on an industrial gear.

Chemistry of the base oil

LUBRICANT

Viscosity of the base oil
Type and amount of additives
Surface hardness

TOOTH FLANK SURFACE

Profile modification (tip relief)
Material
Normal and frictional load

OPERATING CONDITIONS

Circumferential speed

FAILURES OF ROLLING BEARINGS
Gear damage is also often caused by high rolling bearing wear
or premature fatigue of rolling bearings [14]. Failures based
on material or production mistakes are very seldom. But type,
condition, and quantity of lubricant has a main influence on
bearing failures as well as hard or liquid contaminations [13].
Figure 4 shows the typical failures on a rolling bearing. The
additives contained in gear oils may have a decisive effect on
rolling bearing damage.

Temperature
Table 2: Influences on the wear behavior.

DIMENSION

Symbol

Unit
Type
C-GF

Type C-GF

Type C-PT

Numerical value

Pinion

-

-

16MnCr5

16MnCr5

Wheel

-

-

16MnCr5

16MnCr5

Pinion

-

-

750 HV1

750 HV1

Wheel

-

-

750 HV1

750 HV1

CASE
Pinion
HARDENING
DEPTH AT
Wheel
550 HV1

-

mm

0.8 - 1.0

0.8 - 1.0

-

mm

0.8 - 1.0

0.8 - 1.0

Pinion

-

N/mm² 1000 -1250 1000 -1250

Wheel

-

N/mm² 1000 -1250 1000 -1250

Pinion

Ra

µm

0.50 ± 0.10 0.30 ± 0.10

Wheel

Ra

µm

0.50 ± 0.10 0.30 ± 0.10

BASIC
MATERIAL
SURFACE
HARDNESS

CORE
STRENGH
FLANK
ROUGHNESS

Figure 4: Typical rolling bearing failures.

Table 3: Manufacturing details of the test gears type C-GF and type C-PT.
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Figure 5: FZG back-to-back gear test rig.

TEST EQUIPMENT
Investigation of micropitting load-carrying capacity and
wear behavior of gears. The test runs conducted to
determine the micropitting load-carrying capacity and
the wear behavior of gear oils on gears were performed
on a FZG back-to-back gear test rig [6]. The setup
schematic of the FZG back-to-back gear test rig is shown
in Figure 5. The FZG back-to-back gear test rig utilizes a
recirculating power loop principle, also known as a foursquare configuration, in order to provide a fixed torque
(load) to a pair of test gears. The test gearbox and
drive gearbox are connected with two torsion shafts.
One shaft is divided into two parts and contains a load
coupling used to apply the torque (load) through the use
of weights hung on the loading arm. Heating and cooling
elements are used to control the oil temperature as
required by the operating test conditions.
In order to investigate the micropitting load-carrying
capacity, test gears type C-GF of the standard
micropitting test according to FVA 54/7 [8] are used.
The slow speed wear behavior is investigated by using
test gears type C-PT according to DGMK 377-01 [2].
The geometrical data and manufacturing details of the
test gears type C-GF and type C-PT are shown in Table
3 and Table 4.

DIMENSION

Symbol

Unit
Type
C-GF

Type C-GF

Type C-PT

Numerical value

SHAFT CENTRE DISTANCE

a

mm

91.5

91.5

MODULE

m

mm

4.5

4.5

Pinion

z1

-

16

16

Wheel

z2

-

24

24

EFFECTIVE FACE WIDTH

b

mm

14

14

HELIX ANGLE

`

deg.

0

0

_

deg.

20

20

aw

deg.

22.44

22.44

Pinion

x1

-

0.1817

0.1817

Wheel

x2

-

0.1715

0.1715

Pinion

da1

mm

82.46

82.46

Wheel

da2

mm

118.36

118.36

e_

-

1.44

1.44

NUMBER OF
TEETH

PRESSURE ANGLE
PROFILE SHIFT
COEFFICIENT
TIP DIAMETER

TRANSVERSE CONTACT
RATIO
TOOTH
CORRECTION

Pinion
Wheel

Without tip and root relief,
no longitudinal crowning

Table 4: Geometrical data of the test gears type C-GF and type C-PT.
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DIMENSION

Symbol

Unit

Numerical value

INNER DIAMETER

d

mm

60.0

OUTER DIAMETER

D

mm

95.0

WIDTH

T

mm

26

Roller

-

-

100Cr6

Cage

-

-

Brass

BASIC MATERIAL

Table 5: Geometrical data and manufacturing details of the test bearings type D.

Pinion torque

Hertzian pressure

T1 [Nm]

pC [N/mm²]

LS 5

70.0

795.1

LS 6

98.9

945.1

LS 7

132.5

1093.9

LS 8

171.6

1244.9

LS 9

215.6

1395.4

LS 10

265.1

1547.3

Pinion torque

Hertzian pressure

T1 [Nm]

pC [N/mm²]

70.0

795.1

98.9

945.1

132.5

1093.9

Pinion torque

Hertzian pressure

T1 [Nm]

pC [N/mm²]

171.6

1244.9

215.6

1395.4

265.1

1547.3

LOAD STAGE

Figure 6: FES bearing test rig.

LOAD STAGE

INVESTIGATION OF THE WEAR
BEHAVIOR OF ROLLING BEARINGS

LS 5
LS 6
LS 7

The test runs conducted to determine the wear behavior of
gear oils on rolling bearings were performed on an FE8 bearing
test rig [5] required for lubricating oils CLP according to DIN
51517-3 [4]. The schematic setup of the FE8 bearing test rig
is shown in Figure 6.
The wear behavior of rolling bearings is investigated with test
bearings type D according to DIN 51819-3 [5]. The geometrical
data and manufacturing details of the test bearings type D
(81212 according to DIN 722) are given in Table 5.

LOAD STAGE
LS 8
LS 9
LS 10

Table 6: Load stages of the micropitting test.

TEST PROCEDURES

FZG MICROPITTING TEST
(GF-C/8.3/90 OR GF-C/8.3/60)

To determine the performance capacities of gear oils with
regard to the prevention of micropitting and wear, they are
today subjected to standardized tests under critical lubricating
conditions and temperatures as are commonly encountered
in practice. The micropitting resistance in gears is analyzed
in the FZG micropitting test according to FVA 54/7 [8] at an
oil temperature of oil = 90°C. Meanwhile it has become
increasingly common to conduct micropitting tests also at a
reduced oil temperature of oil = 60°C in order to determine
if micropitting can be reliably prevented also at these lower
temperatures, which are encountered, for example, in wind
turbine gearboxes. The slow speed wear behavior of gears is
analyzed in the FZG wear test according to DGMK 377-01 [2]
at oil temperatures of oil = 90°C and 120°C. The influence
of temperature is thus taken into account, albeit on a rather
high level. The wear behavior of rolling bearings is examined
in the FE8 wear test according to DIN 51819-3 [5] at an oil
temperature of oil = 80°C.

The micropitting load-carrying capacity of gears can be
calculated according to ISO TR 15144-1 [7], where the
influence of lubricant, operating conditions, and surface
roughness is considered with the specific lubricant film
thickness. For this purpose, the specific lubricant film
thickness of a practical gear is compared with a minimum
required specific lubricant film thickness. The latter is the
specific film thickness where no micropitting risk is given for a
lubricant and can be determined by performing a micropitting
test according to FVA 54/7 [8].
The micropitting test GF-C/8.3/90 or GF-C/8.3/60 according
to FVA 54/7 consists of a load stage test and an endurance
test performed on a FZG back-to-back gear test rig [6]. Test
gears type C-GF run at a circumferential speed of vt = 8.3 m/s
and a lubricant temperature of oil = 90°C or 60°C. The load
and the test periods are varied. In the load stage test, the load
is increased stepwise from load stage LS 5 to load stage LS
10 with a running time of 16 h per load stage. After the load
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Failure
load stage

Micropitted
area

) LS 7

Sometimes
more than 50%

GFT-low

LS 8 - LS 9

About 30%

GFT-medium

DESCRIPTION
LOW MICROPITTING
LOAD-CARRYING
CAPACITY
MEDIUM MICROPITTING
LOAD-CARRYING
CAPACITY
HIGH MICROPITTING
LOAD-CARRYING
CAPACITY

* LS 10

GF-Class

Less than 20%

GFT-high

Failure
load stage

GF-Class

LOW MICROPITTING
LOAD-CARRYING CAPACITY

) LS 7

GFT-low

MEDIUM MICROPITTING
LOAD-CARRYING CAPACITY

LS 8 - LS 9

GFT-medium

HIGH MICROPITTING
LOAD-CARRYING CAPACITY

* LS 10

DESCRIPTION

GFT-high

Table 7: Classification of test results of the micropitting test.

stage test, an endurance test with a running time of 80 h in
load stage LS 8 and 5 x 80 h in load stage LS 10 is performed.
The pinion torque and the corresponding Hertzian pressure of

Now with Press Capabilites up to 8800 Tons
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Figure 7: Pinion type C-GF with measurement of the profile, nearly no
micropitting failure.

Figure 8: Pinion type C-GF with measurement of the profile, micropitting failure
in the range of the failure criticism.

the different load stages are given in Table 6. In load stage LS
10 the test gears are highly loaded. The endurance limit of the
material is about mHlim = 1400 N/mm².
At the end of the load stage test and the endurance test with
the first test gears, the load stage test is repeated with new
test gears to check repeatability.

Figure 9: Micropitting test of a high-performance gear oil (polyglycol),
measurement of the profile form deviation.

After each test period, the test gears are disassembled
and the profile of the tested flanks is measured using a 3D
measurement system.
In the load stage test, the failure criterion has been reached
once the mean profile form deviation due to micropitting
exceeds the limiting value of 7.5 µm. The load stage in which
the failure criterion is reached is called failure load stage. An
overview regarding the classification of test results obtained in
the micropitting test is given in Table 7. Lubricants with a high
micropitting load-carrying capacity reach the failure criterion of
a profile form deviation of 7.5 µm due to micropitting in load

stage >= LS 10 of the load stage test (GFT-high). Examples of
the evaluation of the micropitting test are given in Figure 7 and
Figure 8. In the endurance test, a stagnation of micropitting
formation compared with the micropitting area at the end of
the load stage test is preferred but not required. For a highperformance gear oil on the basis of polyglycol with a high
micropitting performance, a test result is given exemplarily in
Figure 9 showing the profile form deviation due to micropitting.
The profile form deviation of the pinion is below the failure
criterion for the whole load stage test (GFT-high). In the
endurance test, the profile form deviation stagnates compared
with the step test.

FZG SLOW SPEED WEAR TEST
(C/0.05:0.57/90:120/12)
The results of the FZG slow speed test according to DGMK
377-01 [2] can be used for relative ranking of gear oils
to a reference oil and in addition, specific wear rates
clT can be derived for inclusion in the wear calculation
method developed by Plewe [12]. The FZG slow speed wear
test C/0.05:0.57/90:120/12 according to DGMK 377-01
determines the wear characteristics of gear oils at two
different temperatures under mixed and boundary lubrication
conditions [2]. With an additional test part the influence of
circumferential speed can be investigated.

Custom Gear & Machine, Inc.
T H E

G E A R

S P E C I A L I S T S
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Tel 815.389.6065 • Fax 815.389.4548
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WEAR CATEGORY

Sum wear per test part [mg]

LOW

< 40

MEDIUM

< 170

HIGH

< 400

VERY HIGH

> 400

Table 8: Classification of test results of the FZG slow speed wear test

PRODUCT

Klüberoil
GEM 1-220 N

Klübersynth
GEM 4-220 N

Klübersynth
GH 6-220

SYMBOL

GEM 1 N

GEM 4 N

GH 6

220

220

220

Mineral oil

Polyalphaolefin

Polyglycol

CLP, EP oil

CLP HC, EP oil

CLP PG, EP
oil

) 20 mg

) 20 mg

) 20 mg

FZG MICROPITTING
TEST
acc. TO FVA 54/7
OIL = 60 °C

GFT-high

GFT-high

GFT-high

FE8 WEAR TEST
ACC. TO DIN 51819-3
OIL = 80 °C

) 10 mg

) 10 mg

) 10 mg

ISO VG
BASE OIL
DIN 51517,
AGMA 9005
DESIGNATION
FZG SLOW SPEED
WEAR TEST
acc. TO DGMK 377-01
OIL = 90 °C
AND 120 °C

Table 10: Oil data of the tested high-performance gear oils.
Figure 10: FZG slow speed wear test of a high-performance gear oil (polyglycol).

DESCRIPTION

Failure limit [mg]

ROLLER WEAR

) 30

CAGE WEAR

) 200

Table 9: Limits for the test results of the FES wear test.

Test gears type C-PT run at a very low circumferential
speed of vt = 0.05 m/s. The load applied is load stage LS 12
which is equivalent to a pinion torque of T1 = 378.2 Nm. This
corresponds to a Hertzian pressure of pc = 1853 N/mm² in
the gear contact. The oil temperature is oil = 90°C during
test part 1 of 2 x 20 hours and oil = 120°C during test part
2 of 2 x 20 hours. In the optional test part 3 of 1 x 40 hours a
higher circumferential speed of vt = 0.57 m/s is run at an oil
temperature of oil = 90°C.
The test is run on a modified FZG back-to-back gear
test rig according to ISO 14635-1 [6] using an additional
reducer gearbox after the drive motor in order to run very low
speeds. After each test interval the pinion and the wheel are
disassembled and weighed separately.
For a high-performance gear oil on the basis of polyglycol a
test result of the FZG slow speed wear test is given exemplarily
in Figure 10 showing a very low wear behavior. The sum wear
of pinion + wheel is below the failure criterion of 40 mg (wear
category low) not only for the individual test part of 40 h but
also for the whole test procedure of 120 h.

FE8 WEAR TEST (D 7.5/80-80)
The influence of gear oils on the wear behavior of rolling
bearings is examined in the FE8 wear test D 7.5/80-80
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Figure 11: Micropitting protection for gears also at low oil temperature by using
high-performance gear oils.

according to DIN 51819-3 [5] using the FE8 bearing test rig. In
this test, axial cylinder roller bearings type D are subjected to
a speed of n = 7.5 min-1 with an axial force of Fa = 80 kN at a
steady-state temperature of 80°C over a period of 80 h. With
a C/P < 2 a very high load is applied. Wear is then determined
gravimetrically. Gear oils in the FE8 wear test according to DIN
51819-3 have to show a roller wear of <= 30 mg according to
DIN 51517-3. Currently, the cage wear has to be reported only
but the limit of a cage wear of <= 200 mg of the former version
of DIN 51517-3 [4] is still on everybody’s mind. See Table 9.

TESTED LUBRICANTS
Industrial gears are typically lubricated with gear oils based on
mineral oil, PAO or polyglycol. To prevent gearbox breakdown,
the gear oils of today are expected to protect gears and
rolling bearings against damage such as wear or micropitting
even under critical lubricating conditions. Critical lubricating
conditions are encountered in particular in gearboxes operating

Figure 12: Wear protection for gears also at low oil temperature by using
high-performance gear oils.

Figure 13: Wear protection for rolling bearings also at low oil temperature
by using high-performance gear oils.

at low speeds, high loads or high temperatures where
mixed or boundary lubrication prevails, i.e. where the
friction bodies are not fully separated by a lubricant film.
In such applications it is vital that additives contained in
the lubricant provide effective protection against gear and
rolling bearing damage. Depending on the type of additives,
however, they require a certain temperature in the contact
zone to react at the surface of gears or rolling bearings,
leading to the formation of a protective layer.
The tested gear oils (GEM 1 N, GEM 4 N, and GH 6) are
on the basis of mineral oil, polyalphaolefin, or polyglycol
showing high wear protection as well as a high micropitting
load-carrying capacity. These high-performance gear oils
show a very low wear behavior of gears determined in the
FZG slow speed wear test according to DGMK 377-01 [2] at
oil temperatures of 90°C and 120°C. The micropitting loadcarrying capacity of gears tested in the FZG micropitting
test according to FVA 54/7 [8] at an already reduced oil
temperature of 60°C is high with a failure load stage >= LS
10 in the load stage test and a stagnation of micropitting
formation in the endurance test by selection of advanced
additive technologies. The wear behavior of rolling bearings
examined in the FE8 wear test according to DIN 51819-3
[5] at an oil temperature of 80°C is also very low. All tested
gear oils are of ISO VG 220 and are specified according to

PARKER Industries
Your Single Source for Spline Broaches and Spline Gages

(4243)
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DIN 51517-3 [4], which includes the minimum requirements
for industrial gear oils and is similar to AGMA 9005 [1]. The
oil data of the tested gear oils are shown in Table 10.

MODIFICATION OF THE
STANDARD TEST PROCEDURES
For CLP oils to fulfill the minimum requirements for gear oils
according to DIN 51517-3 [4], neither the FZG micropitting
test according to FVA 54/7 [8] nor the FZG slow speed wear
test according to DGMK 377-01 [2] is required. Only the FE8
wear test is required for CLP oils with an oil temperature
of oil = 80°C. But for today’s high-performance gear oils,
the gear box OEMs also require the FZG micropitting test
performed at an oil temperature of oil = 90°C or 60°C and
the FZG slow speed wear test performed at an oil temperature
of oil = 90°C and 120°C.
To find out if the high-performance gear oils of today
are able to reliably protect gears and rolling bearings in
gearboxes against damage also at lower oil temperatures,
the standardized test methods mentioned above had to be
modified. For the FZG micropitting test according to FVA
54/7, the FZG slow speed wear test according to DGMK 37701, and the FE8 wear test according to DIN 51819-3 the oil
temperature is reduced permanently to 40°C. All other test
conditions as load and speed are unchanged. The modified
of the micropitting test GF-C/8.3/40 consists of a load stage
test and an endurance test performed on a FZG back-to-back
gear test rig. Test gears type C-GF run at a circumferential
speed of vt = 8.3 m/s and a lubricant temperature of oil =
40°C. The load and the test periods are varied.
The wear behavior is determined in the modified FZG slow
speed wear test C/0.05:0.57/40:40/12. Test gears type
C-PT run at a circumferential speed of vt = 0.05 m/s and are
loaded with load stage LS 12. The oil temperature is oil =
40°C during test part 1 of 2 x 20 hours and oil = 40°C during
test part 2 of 2 x 20 hours. In the optional test part 3 of 1 x
40 hours a higher circumferential speed of vt = 0.57 m/s is
run at an oil temperature of oil = 40°C.
In the modified FE8 wear test D 7.5/80-40, axial cylinder
roller bearings type D are subjected to a speed of n = 7.5
min-1 with an axial force of Fa = 80 kN at a steady-state
temperature of 40°C over a period of 80 h using the FE8
bearing test rig.

TEST RESULTS
The aim of this research was to determine whether a high
performance gear oil can prevent micropitting formation and
wear even at lower oil temperatures. It has been shown that
the advanced additive technologies used in today’s highperformance gear oils are capable of inducing the required
reactions on the surfaces of gears and bearings also at 40°C,
thus providing reliable damage protection even under these
operating conditions. See Figure 11, Figure 12, and Figure 13.
For high-performance gear oils (GEM 1 N, GEM 4 N, and
GH 6) based on mineral oil, polyalphaolefin, and polyglycol, a
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FZG micropitting test at an oil temperature of oil = 60°C was
performed showing a high micropitting load-carrying capacity
of GFT-high for all these gear oils being expected. Additionally,
the FZG micropitting tests at the reduced oil temperature of
oil = 40°C reached a high micropitting load-carrying capacity
of GFT-high for these gear oils. This shows that the advanced
additive technologies can react at the surface of the tooth
flanks after also at low oil temperatures and build up a
reaction layer. Micropitting formation can be prevented even
under these operating conditions. See Figure 11.
Not only at the oil temperatures of oil = 90°C and 120°C
of the FZG slow speed wear test, the tested high-performance
gear oils (GEM 1 N, GEM 4 N, and GH 6) based on mineral oil,
polyalphaolefin, and polyglycol can show their very low wear
behavior with a sum wear on pinion + wheel of less then 20
mg but also in the modified FZG slow speed wear test with a
reduced oil temperature of oil = 40°C. The reason for this
are again the advanced additive technologies in these highperformance gear oils. Even at reduced oil temperatures,
these advanced additive technologies can react at the surface
of the tooth flanks and build up a reaction layer preventing
wear failure. See Figure 12.
Finally, also in the FE8 wear test the tested high-performance
gear oils (GEM 1 N, GEM 4 N, and GH 6) based on mineral
oil, polyalphaolefin, and polyglycol showed their optimum wear
protection not only at an oil temperature of oil = 80°C, but
also at a reduced oil temperature of oil = 40°C. This is due
to the advanced additive technologies. See Figure 13.

CONCLUSIONS
Different high-performance gear oils on the basis of mineral
oil, polyalphaolefin, or polyglycol were examined on an FZG
back-to-back gear test rig as well as on an FE8 bearing test rig
to determine if these high-performance gear oils can prevent
micropitting formation and abrasive wear even at low oil
temperatures. The standardized tests methods were modified
with regard to the oil temperature which was set permanently
to 40°C.
The test results showed that the advanced additive
technologies used in today’s high-performance gear oils
can react at the surface of the tooth flanks even at low oil
temperatures.
Even under such operating conditions gear failures in field
applications can be prevented by using high-performance gear
oils.
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