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Introduction
Micropitting is a form of Hertzian fatigue 
damage that occurs on gear teeth. It 
appears as ultrafine cracks on the sur-
face of the flank, with the resulting loss 
of material looking like grey staining. 
Although the cause of micropitting is not 
fully understood, it appears to be caused 
by cyclic stresses and plastic deformation 
on the asperity scale. In addition, sliding 
between gear teeth causes traction forces 
that subject asperities to shear stress. 
Micropitting is influenced by a number 
of factors including loads, speeds, tem-
peratures, gear tooth macro- and micro-
geometry, flank surface finish, heat treat, 
and lubricant properties.

Micropitting predominantly occurs on 
case-hardened gear teeth. Figure 1 illus-
trates the appearance of micropitting.

Multiple papers have been written about 
micropitting, its description, and its causes 
(Refs. 1–2). Micropitting can lead to sig-
nificant surface damage, macropitting, 
and catastrophic failure. Alternatively, 
it may appear in patches and arrest its 
growth as tribological conditions improve 
during run-in. If one is designing gearing 
for critical applications, it is desirable to be 
able to calculate the risk of micropitting in 
an effort to avoid it.

The presence or absence of micropit-
ting is not easy to determine with an ana-
lytical model because micropitting occurs 
on the asperity level, The engineer needs 
to determine what percentage of the 
asperities will come into contact through 
the lubricant film thickness, the asperity 
plasticity, the number of cycles the asper-
ities experience as they travel through 
the contact zone, the fatigue limit of the 
asperities, and the pressure applied to the 
asperities. In 3-dimensional calculations, 
this is dependent on loads, local tooth 
geometry, roughness along the direction 
of tooth motion, lubricant selection, and 
the metallurgy of the gear. As a result, 

there is no comprehensive model to pre-
dict micropitting risk.

ISO/TS  6336-22 (Calculation of load 
capacity of spur and helical gears — Part 
22: Calculation of micropitting load capac-
ity) is the ISO technical specification con-
taining a proposal for a calculation of 
risk of micropitting in gear sets (Ref. 3). 
This document was originally published 
in 2010 as ISO/TR 14179-1 and added 
to the ISO 6336 suite of documents in 
2018. It was developed based on test-
ing and observations of many gear sets 
with normal modules between 3 milli-
meter (mm) and 11 mm, and pitch line 
velocities between 8 meters-per-second 
(m/s) and 60 m/s. The analytical cal-
culation in ISO/TS 6336-22 focuses on 
film thickness as a determinant for when 
micropitting will occur. This paper uses 
ISO/TS 6336-22 to calculate the risk of 
micropitting for gear sets in three differ-
ent operating conditions and compares 
that to field experience. The simplified 
computation in Method B is utilized in 
order to simulate how the typical gear 

engineer will use the method. For these 
examples, micropitting is not predicted 
to occur and this points out some limita-
tions in the method.

Overview of the ISO/TS 6336-22 
Calculation
ISO/TS 6336-22 contains a calculation of 
the micropitting load capacity of exter-
nal gear sets that is based on testing. It 
assumes that micropitting occurs when 
the minimum specific film thickness 
of a gear set in application falls below a 
permissible value for specific film thick-
ness. The ratio of the minimum spe-
cific lubricant film thickness to the per-
missible specific lubricant film thickness 
is the safety factor against micropitting. 
“Specific film thickness” is also called 
“lambda ratio” in some industries and is 
expressed as the ratio of the film thick-
ness to the arithmetic mean roughness.

In other sections of ISO 6336, safety 
factors are used to calculate the risk of 
macropitting and bending fatigue. 
Advice about the acceptable minimum 
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Figure 1  Micropitting on a carburized gear (From ANSI/AGMA 1010-F14 [1]).

48 GEAR TECHNOLOGY | March/April 2021
[www.geartechnology.com]

technical



value of the factor can be found in a gen-
eral rating calculation, and app 6336-22 
does not contain advice for a minimum 
safety factor; instead, it provides the fol-
lowing guidance:

“In other sections of ISO 6336, safety 
factors are used to calculate the risk 
of macropitting and bending fatigue. 
Advice about the acceptable minimum 
value of the factor can be found in a gen-
eral rating calculation, an application 
rating specification, or a user specifica-
tion for equipment design. ISO/TS 6336-
22 does not contain advice for a mini-
mum safety factor. Instead, it provides 
this guidance:”

Minimum specific film thickness. The 
calculations for minimum specific film 
thickness are performed at multiple con-
tact points in the tooth mesh region, with 
the minimum selected as the lowest value 
in the results array. This allows for the 
prediction of both the risk of micropit-
ting and the region on the tooth flank 
that will experience damage.

In the document, the minimum spe-
cific lubricant film thickness can be 
determined using two different methods. 
Method A allows the engineer to calcu-
late the value with a gear computing pro-
gram that models the complete contact 
area of the mesh. The results appear as 
a map of pressures and film thicknesses 
across the face of the pinion and gear 
flanks.

Method B starts with the assumption 
that the minimum specific film thickness 
will be on the tooth flank in the region 
of negative sliding. The lubricant film 
thickness is calculated with a modified 
Dowson/Higginson analysis along the 
line of action. It deviates from the norm, 
though, with the addition of a local slid-
ing parameter. This parameter accounts 
for the influence of sliding on tempera-
ture, which affects film thickness. This 
changes the pressure-viscosity coefficient 
and dynamic viscosity, thus adjusting the 
film thickness in the regions of negative- 
specific sliding.

(1)λGF,Y = hY/Ra

(2)hY = 1600 ∙ ρn,Y ∙ GM
0.6 ∙ UY

0.7 ∙ WY
–0.13 ∙ S0.22

GF,Y

Where
 λGF,  is the local specific film thickness
 hY is the local lubricant film thickness
 Ra  is the effective arithmetic mean 

roughness value (averaged 
between pinion and gear 

roughnesses), µm
 Y indicates the local contact point 

along the line of action
 ρn,Y  is the normal radius of relative 

curvature at point Y along the 
path of contact, mm

 GM is the material parameter
 UY is the local velocity parameter
WY is the local load parameter
SGF.Y is the local sliding parameter

The contact points along the line of 
action are determined with the familiar 
calculations for the lower point of active 
profile, lower point of single tooth con-
tact, pitch point, upper point of single 
tooth contact, and upper point of active 
profile. Figure  2 shows this in a gear 
mesh. ISO/TS  6336-22 also considers 
mid- points between the lower and upper 
points of active profile and single tooth 
contacts.

Permissible specific film thickness. The 
permissible specific film thickness can be 
determined using several different proce-
dures. All procedures require some level 
of experimental investigations, whether 
they be conducted with the actual gear set 

or with representative gear sets. Ideally, 
testing is conducted with the actual gear 
sets, lubrication, and inlet temperatures 
that match the operating conditions of 
the gearing. Method A recommends that 
this testing be conducted until micropit-
ting begins to occur. The permissible 
specific film thickness is then calculated 
per the Method A calculation for mini-
mum- specific film thickness using the 
conditions of the final load stage.

Method B uses two different options 
to set the permissible specific film thick-
ness. One option is to conduct studies 
with gearing that is similar in geometry, 
quality, and material of the gearing being 
designed. Using controlled tests, the gear-
ing is run until the micropitting failure 
limit is reached. The critical specific film 
thickness for the test gearing is then cal-
culated using the data from the failure 
stage. This is the permissible specific film 
thickness.

If comparative testing cannot be per-
formed (due to cost, timeline, test stand 
availability, etc.), the permissible specific 

Figure 2  Points along the line of contact as illustrated in ISO/TS 6336-22.
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film thickness can be generally deter-
mined from a simplified set of curves 
based on the lubricant’s performance in 
FVA-FZG micropitting tests (Ref. 4) and 
its viscosity. These curves are derived 
from mineral oils and are shown (Fig. 3).

ISO/TS  6336-22 also contains alter-
native curves that can be used to deter-
mine a value of the permissible specific 
film thickness based on the results of 
FVA-FZG micropitting testing of min-
eral oils at temperatures of 60°C, 90°C, 
and 120°C. These curves account for the 
additives in the lubricant by accounting 
for its “quality.” High-quality lubricants 

are specifically formulated with base 
stocks, additives, and thickeners to pre-
vent micropitting. These are used when 
the costs of failure are high and mainte-
nance is challenging. Mid-quality lubri-
cants have some micropitting-preventing 
additives and are used in industrial gear 
lubrication when reliability is important 
and maintenance is scheduled. Low-
quality lubricants have not been adjusted 
to prevent micropitting and are used in 
basic applications. In application, the 
choice of lubricant can be recommended 
by the gear manufacturer or specified 
by the equipment owner. It can result in 

micropitting if the lubricant is not formu-
lated to minimize the phenomenon.

Clearly, testing is a prominent theme 
in the determination of the permissible-
specific film thickness! ISO/TS 6336-22 
is careful to point out that testing should 
be carefully conducted and well-docu-
mented; testing variability is a risk to the 
precision and/or accuracy of the results. 
Practically speaking, three to five tests are 
conducted with comparable load stage 
results and either the average or (more 
conservatively) the minimum value is 
used for the calculation.

In summary, the uncertainty in 
the permissible specific film thickness 
value increases as one moves further 
from Method A. Figure 4 illustrates the 
options for methods in ISO/TS 6336-22.

Case Study – Using the 
Calculation
Case studies using ISO/TS 6336-22 or its 
predecessor document, ISO/TR 15144-1, 
have been performed in previous papers 
(Refs. 5–6). Many of those focus on using 
the Method A calculations for calculat-
ing tooth pressure and the specific film 
thickness.

Of particular interest is a paper by 
Pinnekamp and Heider (Ref. 7) that con-
tains ISO/TR 15144-1 calculations with 
practical examples from industry. The 
FVA-FZG software RIKOR was used to 
determine the specific film thickness per 
Method A. Method B was used for the 
permissible specific film thickness. The 
resulting safety factors ranged between 
1.0 and just over 3.0. Micropitting was 
observed on examples with safety fac-
tors over 2.0. The authors created 
a zoned diagram to predict the risk of 

Figure 3  ISO/TS 6336-22 Figure A.1 - Minimum permissible specific film thickness for 
mineral oils as a function of nominal lubricant viscosity and failure load stage 
in FVA-FZG micropitting tests.

Figure 4  Options for calculation of the micropitting safety factor.
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micropitting based on quality of the calcu-
lation, knowledge of operating conditions, 
and calculated safety factor.

This paper tests the behavior of the cal-
culation using the analytical calculations in 
Method B to calculate specific film thick-
nesses. In two of the cases, it was not prac-
tical to calculate the permissible specific 
film thickness with comparative testing. 
The simplified curves based on viscosity 
and failure load stage of the lubricant were 
used for these. As much as possible, the 
paper simulates the path that the typical 
gear engineer would take to evaluate an 
existing gear set that experienced micropit-
ting in operation or to assess a new design 
for the risk of micropitting.

The input data for each calculation con-
sists of the gear geometry and arrange-
ment, the lubrication, and the gear loads. 
The results are presented as the minimum 
specific film thickness, the permissible spe-
cific film thickness, and the safety factor 
that is calculated. Pictures of micropitting 
damage are also included.

Case 1 – high-speed gear set. The first 
case is a speed increasing gear set from 
a centrifugal compressor. Micropitting 
was found on the pinion on the deden-
dum extending through the pitch line 
to the addendum, favoring the drive 
end. Macropitting was also present. 
Micropitting was also found on the gear 
around the pitch line. The gear set had run 
for approximately 120,000 hours (54.6 × 109 

cycles) (Figs. 5–7).
ISO/TS  6336-22 applies to gearing with 

pitch line velocities between 8 m/s and 
60 m/s. This example has a pitch line veloc-
ity of 88 m/s, which exceeds the limits of the 
calculation. We will apply the analysis to see 
how it works in this case. The input data for 
this calculation is shown in Table 1.

ISO/TS 6336-22 calculates the minimum 
specific film thickness as 2.117, meaning 
that the minimum film thickness of the 
lubricant was much larger than the average 
roughness value of the tooth surfaces. This 
minimum occurred at the lower point of 
the active profile, which corresponds with 
the actual location of micropitting in the 
zone closest to the compressor (Fig. 8).

The permissible specific film thickness 
was calculated using the lubricant viscosity 
and failure load stage. The value determined 
from ISO/TS 6336-22, Figure A.1 was 0.157. 
This is consistent with the expectations of 
the performance of an ISO viscosity grade 

Figure 5  Micropitting on the flank of the pinion teeth. The red zone is closest to the 
compressor (drive end). The black zone is the motor side. (Photo courtesy of 
Artec Machine Systems).

Figure 6  Close-up of micropitting, which begins 100 mm into the face and extends 
to 270 mm. There is a single macropit on one tooth. (Photo courtesy of 
Artec Machine Systems).

Figure 7  Close-up of the micropitting in the region just above the macropit. (Photo 
courtesy of Artec Machine Systems).
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(vg) 32 mineral oil in an FVA-FZG micro-
pitting test rig. By comparing the values of 
the minimum specific film thickness and 
the permissible value, a safety factor of 
13.484 was calculated.

This safety factor is very high and our 
first concern is that the high pitch line 
velocity is outside the regime where the 
calculation model has been tested. In 
order to test whether the result is more 
reasonable within the limits of 8 m/s to 
60 m/s, we assumed constant torque and 
brought the pinion speed down to 5,000 
rpm; the pitch line velocity became 58 m/s. 
This resulted in a minimum specific film 
thickness of 1.68 and a safety factor of 
10.701. We cannot claim that being out-
side the limits of the calculation is the only 
reason for the high safety factor.

Safety factors of this magnitude nor-
mally indicate that this gear set is safe 

from micropitting, which is not the case 
in operation. The large value occurs as 
the specific film thickness becomes much 
larger than the permissible specific film 
thickness of the lubricant. With a spe-
cific film thickness that is over 2.0, the 
film thickness is much larger than the 
average roughness value of the surfaces. 
Theoretically, the tooth surfaces are not 
coming into contact and we are in a 
regime of full elastohydrodynamic lubri-
cation (EHL) lubricant film (Ref. 8). This 
can be verified by observing the non-
micropitted tooth flanks in Figures 5 and 
6, which look almost new. Micropitting 
has occurred without apparent tooth 
flank or asperity contact! In this regime, 
film thickness is not an accurate indica-
tor of micropitting risk. Micropitting may 
have been caused by hydraulic forces due 
to contact pressure, lubricant viscosity, or 

shear forces.
Case 2 – wind turbine gear set. Case 

2 is a gear set from a 1.5-MW wind tur-
bine at the National Wind Technology 
Center on the National Renewable 
Energy Laboratory’s (NREL’s) Flatirons 
Campus in Colorado. The turbine began 
operating in May 2009. It was physically 
inspected in 2012 with a borescope with 
no signs of damage to the bearings or 
gear teeth. Further inspections revealed 
damage, though, such as:
• A 2015 borescope inspection of the 

gearing and bearings showed damage 
on the sun pinion teeth in the form 
of hard contact lines on several teeth, 
abrasive wear marks on one tooth, and 
evidence of micropitting on the flank of 
one tooth and in the region of the start 
of active profile (SAP) of several teeth. 
Normal wear was observed on the 
planet gears and bearings.

• A 2017 inspection noted excessive black 
sludge in the lubricant filter sediment 
collector. Tests of lubricant samples 
pointed out particle counts that were 
higher than acceptable, reduced lubri-
cant performance, and warning levels of 
water in the lubricant.

• The gear drive was removed from ser-
vice in December 2017. A third bore-
scope inspection was conducted on 
the gear drive at the repair shop before 
tear down in April 2018. Micropitting 
was found in the start of active profile 
(SAP) of all of the sun pinion teeth. 
Micropitting and some abrasion were 
also found higher on the flanks of the 
sun pinion teeth. The gear set had been 
installed for 8.5 years. It had produced 
approximately 6-million kilowatt-hours 
of energy in 14,170 hours of grid opera-
tion time. This represents approxi-
mately 8% of its minimum design life. 
Micropitting was noted after 6.5 years 
of operation. Figure 9 contains pic-
tures of the micropitting and additional 
details about the gear drive condition 
are reported in (Ref. 9).

Additional details about the gear drive 
condition are reported (Ref. 9).

As mentioned in Case 1, ISO/TS 6336-
22 applies to gearing with pitch line 
velocities between 8 m/s and 60 m/s. 
This example has a pitch line velocity 
of 3.0 m/s, which is below the limits in 
the calculation. In order to review the 
results of the method with slow speed 
applications, though, we will apply the 
analysis to see how it correlates to field 
experience.

Table 1  Input data for Case 1
Dimension Units Pinion Gear

Number of teeth - 37 163
Ratio - 4.405

Center distance mm 600
Normal module mm 5.90

Face width mm 280
Outside diameter mm 236.30 987.29
Pressure angle degrees 20.00

Helix angle degrees 10.00
Addendum modification coefficient - 0.2407 -0.0876

Surface roughness µm 0.41 0.40
ISO accuracy grade - 4 4

Material surface hardness HRC 58-64 58-64
Pinion speed rpm 7,582.0
Pinion torque N-m 12,209.3

KA Kv KHα KHβ product - 1.4170
Lubricant - Mobil Teresstic AC 32

Inlet lubricant temperature °C 54

Figure 8  Graph of contact stress and specific film thickness along the line of action.
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ISO/TS  6336-22 calculates the min-
imum specific film thickness as 1.589, 
indicating that the film thickness is much 
larger than the roughness of the teeth. 
The specific film thickness was deter-
mined at the lower point of the active 
profile of the pinion. This agrees with the 
location of the start of micropitting in the 
SAP of the flanks of the sun pinion.

The permissible specific film thick-
ness was calculated using the simplified 
graphs in Method B, relying on the lubri-
cant viscosity and failure load stage. The 
value determined from ISO/TS 6336-22, 
Figure A.1 was 0.239. This is consistent 
with the expectations of the performance 
of an ISO vg 320 synthetic lubricant in 
an FVA-FZG micropitting test rig. By 
comparing the values of the minimum 
specified film thickness and the permis-
sible value, a safety factor of 6.635 was 
calculated.

It was noted that the gear drive sump 
temperature averages 50°C, but can get as 
high as 70°C. To test the range of sump 
temperatures, the calculation was run 
again using 70°C as the lubricant inlet 
temperature. The thinner film thick-
ness caused the curve of the specific film 
thickness over the contact points in the 
line of action to flatten, decreasing the 
safety factor to 3.614 (Fig. 10).

This safety factor is lower than what 
was calculated in the first case, but still 
higher than what is typically seen in a 
mechanical rating of a gear set. Without 
knowing that the gear set has experienced 
micropitting, it would be easy to assume 
that a safety factor over 1.0 means that 
damage will not occur.

Figure 9  Micropitting on the sun pinion teeth. (Photos by Scott Eatherton, Wind Driven, NREL 61193 and 61194).

Table 2  Input data for Case 2
Dimension Units Pinion Gear

Number of teeth - 28 88
Ratio - 4.6987

Center distance mm 487.51
Normal module mm 8.0609

Face width mm 200.9
Outside diameter mm 247.955 759.079
Pressure angle degrees 22.5

Helix angle degrees 17.584
Addendum modification coefficient - 0.0804 0.0804

Surface roughness 1.1m 0.22 0.55
ISO accuracy grade - 6 6

Material surface hardness HRC 59-63 58-62
Pinion speed (nominal) rpm 254.17
Pinion torque (nominal) N-m 20,880
KA Kv KHa K-03 product - 1.478

Lubricant - Castro! Optigear A320
Inlet lubricant temperature °C 50

Figure 10  Specific film thickness at the points along the line of action with inlet temperatures 
of 50°C and 70°C.
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As with Case 1, this case has a high 
value for the specific film thickness and 
the tooth flanks and asperities should not 
be in contact. The undamaged sections 
of the tooth flanks are witness to this. Yet 
micropitting occurred on the flanks in 
the area of highest sliding.

As in the previous example, studies 
were not done with similar gearing to 
determine the permissible specific film 
thickness. Micropitting test results per 
Method A were not available. As a result, 
the calculation used the general permis-
sible specific film thickness curves from 
FVA-FZG testing of mineral oils per ISO/
TS 6336-22, Annex A. If the lubricant 
quality and operating temperature are 
taken into effect, the permissible specific 
film thickness is calculated to be 0.319 
assuming a high quality lubricant.

Whether the minimum specific film 
thickness is calculated with an inlet lubri-
cant temperature of 50°C or 70°C, the 
safety factor will still be greater than 2.50.

Wind turbines are considered to be 
critical applications due to the difficulty 
of repairing a gear drive that is high 
above the ground in close quarters. To 
seriously apply ISO/TS 6336-22 to a wind 
turbine gear drive, Method A should 
be used to determine the lubricant film 
thickness in the entire contact zone. A 
more representative way of determining 
the permissible specific film thickness 
should also be assessed.

Case 3 – AGMA tribology test gear set. 
The third case is the gearing used in the 
AGMA Tribology Test Program (Ref. 10). 
This program was a project of the AGMA 
Helical Gear Rating Committee to 
explore the effect of lubricants on gear 

Figure 11  Micropitting images of test pinion after (a) Stage 6 and (b) Stage 10.

Table 3  Input data for Case 3
DimensionDimension UnitsUnits PinionPinion GearGear

Number of teethNumber of teeth -- 2020 3030
RatioRatio -- 1.501.50

Center distanceCenter distance mmmm 91.5091.50
Normal moduleNormal module mmmm 3.6293.629

Face widthFace width mmmm 13.9713.97
Outside diameterOutside diameter mmmm 82.04282.042 116.716116.716
Pressure anglePressure angle degreesdegrees 20.0020.00

Helix angleHelix angle degreesdegrees 00
Addendum modification coefficientAddendum modification coefficient -- 0.25330.2533 -0.0296-0.0296

Surface roughnessSurface roughness IdmIdm 0.340.34 0.220.22
ISO accuracy gradeISO accuracy grade -- 44 55

Material surface hardnessMaterial surface hardness HRCHRC 59-6159-61 59-6159-61
Pinion speedPinion speed rpmrpm 2.2502.250
Pinion torquePinion torque N-mN-m 265265

KA Kv KHot KHp productKA Kv KHot KHp product -- 1.08261.0826
LubricantLubricant -- VariousVarious

Inlet lubricant temperatureInlet lubricant temperature °C°C 8080

Table 4  Lubricant data for Case 3
Lubricant Designation M-460-EP M-220-EP M-220-RO M-068-EP
Base Lubricant Type Mineral Mineral Mineral Mineral

Additive Type EP EP R&O EP
Kinematic Viscosity @40°C 

(cSt) 427.9 211.9 215.5 68.2

Kinematic Viscosity ©40°C 
(cSt) 30.6 18.7 19.0 8.5

Table 5  Input data for FZG “C” gear set
Dimension Units Pinion Gear

Number of teeth - 16 24
Ratio - 1.50

Center distance mm 91.50
Normal module mm 4.5

Face width mm 14
Outside diameter mm 82.45 118.35

Pressure angle degrees
. 20.00

Helix angle degrees 0
Addendum modification coefficient - 0.1817 0.1716

Surface roughness !dm 0.5 0.5
Pinion speed rpm 2,250
Pinion torque N-m 265.1

Ka Kv KHa KI-Ip product  - 1.05
Inlet lubricant temperature °C 90
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life with tests that mimic actual opera-
tion. Several AGMA member compa-
nies collaborated to design and manu-
facture gearing that is similar to FZG “C” 
gears, but more representative of indus-
trial gears. They have finer pitch, dif-
ferent tooth counts, and incorporate tip 
relief and profile modifications to remove 
interference. They also have axial crown-
ing to increase compressive stress near 
the center of the face width. One hundred 
gear sets were manufactured and run in 
a four-square FVA-FZG test rig with the 
sump temperature set to 80°C. The tests 
were stopped every 24 hours for inspec-
tion with a stereomicroscope set to 10x 
magnification. The test was terminated if 
one of three events happened:
• Macropitting damage that exceeded 1% 

of the total surface area of all pinion or 
gear teeth.

• Macropitting damage that exceeded 
4% of the total surface area of a single 
tooth.

• 400 hours of running time without 
damage.

Note that the presence of micropitting 
didn’t stop the test — it was noted in the 
results.

The gear sets were run with five dif-
ferent mineral lubricants from three 
viscosity grades (68, 220, and 640) and 
two additive packages (EP and R&O). 
The torque was set to 265 Newton-
meter (N-m) and the pinion speed was 
2,250 rpm. The pitch line velocity of 
this gear set is 8.624 m/s, which is at the 
lower limit of the speed range of ISO/
TS 6336-22.

Unfortunately, detailed pictures of the 
gear teeth after testing have not been 
retained. The Tribology Test Program 
report describes micropitting on most 
gear teeth. Houser included some pic-
tures of micropitted pinion teeth his 2015 
AGMA Fall Technical Meeting paper 
(Ref. 11).

The gear sets in this example are rela-
tively close to the FZG “C” gears. It’s 
possible to calculate the permissible spe-
cific film thickness with the geometry of 
the FZG “C” gears and the failure load 
stage of each lubricant. ISO/TR 6336-
31 (Ref. 12) illustrates this calculation 
in Example 1. The FZG “C” gears are 
known to begin micropitting at contact 
point A. The nominal torque for fail-
ure load stage 10 is 265.1 N-m. Method 

A calculations of the nominal Hertzian 
contact stress at point “A” come to 1,476 
N/mm2. This stress was entered into the 
analytical model to find the permissible 
specific film thickness. The input data 
for the FZG “C” gears is shown in Table 5.

The calculation results for the four 
different lubricants are shown in Table 
6. After running all calculations at 265 
N-m, additional load cases of 300 N-m 
and 400 N-m were calculated to see if 
increasing the load would push the safety 
factor below 1.0.

Micropitting was found in the deden-
dum of most gearing during the AGMA 
Tribology tests. The minimum specific 
film thickness is below 1.0 in all cases, 
indicating that gears are running in a 
boundary lubrication regime. In bound-
ary lubrication, the properties of the 
lubricant and the roughness of the tooth 
flank surfaces can contribute to surface 
distress, such as micropitting. The safety 
factors against micropitting remain above 
1.0, though.

This is not an unusual result from ISO/
TS  6336-22 and it has been reported 
in other papers. Both Pinnekamp 

(Ref. 7) and Sagraloff (Ref. 13) present 
graphs of safety factors calculated for var-
ious examples as functions of the quality 
of the calculations and knowledge of the 
operating conditions; these graphs are 
similar to Figure 12. Assuming that the 
calculations for this case are average, the 
results fit into the grey space in the chart.

As the load increased, the shape of the 
film thickness curve along the points 
of the line of action remains consistent. 
This can be seen in Figure 13. Note that 
the contact stresses for each case are not 
shown in the figure in order to make the 
graph more readable. The prominent 
“bump” in the curves is caused by the 
local sliding factor in the film thickness 
equation, which rises sharply to a value of 
1.0 at the pitch point and then drops off 
quickly.

Conclusion
ISO/TS  6336-22 is the only published 
technical document for predicting the 
occurrence of micropitting on gear tooth 
flanks. It should not be applied without 
a careful study of the calculations in the 
document and an understanding of the 

Figure 12  Probability of micropitting as a function of calculation method and application 
knowledge.

Table 6  Results of ISO/TS 6336-22 calculations for AGMA Tribology Test gearing
Case Number Lubricant Torque N-m λGFmin λGFP Sλ

1 M-460-EP 265 0.331 0.185 1.79
2 M-220-EP 265 0.226 0.129 1.75
3 M-220-RO 265 0.237 0.136 1.75
4 M-068-EP 265 0.123 0.073 1.69
5 M-220-EP 300 0.201 0.129 1.56
6 M-220-EP 400 0.147 0.129 1.14
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gear set application. This paper uses ISO/
TS 6336-22 to calculate the risk of micro-
pitting for three cases: a high-speed cen-
trifugal compressor example, a low-speed 
wind turbine example, and the AGMA 
Tribology Test Program gearing. From 
the results, one can observe limitations in 
the method.
• When the specific film thickness is 

much larger than unity, micropitting 
cannot be predicted by film thickness 
and surface roughness alone. This was 
seen in the Cases 1 and 2. The sci-
ence behind micropitting is still being 
researched and developed. As more is 
understood about the causes and pre-
dictability of micropitting, ISO/TS 6336-
22 should be updated. Until then, it 
would be good to include in the docu-
ment a discussion of the applicability of 
the method when the minimum specific 
film thickness is above 1.0.

• The permissible specific film thick-
ness may not be representative of the 
lubrication used in service if testing 
with real gears cannot be done. ISO/
TS 6336-22 contains Method B to cal-
culate this value based on standardized 
testing, but this will become less certain 
as the geometry of the gear set differs 
from the geometry of the test gearing. 
The formulation of the lubricant used 
in the application also may differ from 
the reference curves in Annexes B and 
C. ISO/TS 6336-22 contains warnings 
about these limits and the engineer 
should be aware of them.

• High safety factors do not indicate low 
risk of micropitting. Users of ISO/
TS 6336-22 should review guidance to 

select the minimum safety factor based 
on the critical nature of the applica-
tion, the accuracy of the gear measure-
ments, the availability of test data, and 
the uncertainty of operating conditions. 
If the application is critical, Method 
A should be used for the calculation 
rather than Method B.
Future work with the cases in this 

paper would further explore the behavior 
of the ISO/TS 6336-22 specification by 
calculating the safety factor using Method 
A to arrive at the minimum- specific film 
thickness. Ideally, full roughness profiles 
would also be used for the calculations so 
that the impact of roughness variation in 
the contact zone and of different types of 
roughness measurements (Ra, Rq, Rmr, 
etc.) can be determined. These results 
would be compared to Method B and 
field experience.

There are limits to the accuracy of ISO/
TS  6336-22, both in the specific film 
thickness calculation and the determina-
tion of permissible specific film thick-
ness. It is suggested that the minimum 
safety factor against micropitting be 
selected based on experience with simi-
lar gear sets. If this is not available, the 
gear designer must decide if micropitting 
can be tolerated in the application. If not, 
micropitting can best be avoided by mod-
ifying tooth microgeometry to reduce 
overall contact stresses, reducing surface 
roughness (through superfinishing or by 
other means), and/or using high-quality 
lubricants.

For more information.
Questions or comments regarding this paper? 
Contact Robin Olson at Robin.Olson@rexnord.
com.
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