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Abstract: Due to strategic interest in renewable energy ever more powerful wind power-plants are built. Turbine parts 
are exposed to extreme working conditions. Past experience with these complex devices disclosed special damage types, 
where micro-pitting is the most problematic in this context. Researchers proposed several solutions to this severe 
problem. However, these solutions mostly tend to escalate expenses. Yet, another solution is alternative gear tooth 
geometry. This paper discusses S-gear tooth geometry which improves contact circumstances by lowering the contact 
pressure, which consequently enables thicker oil film and which diminishes amount of sliding and thus lowers friction. 
Another alternative are uniform power transmission gears whose characteristics are also described in the paper. 
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1. INTRODUCTION 
 
Since the environmental impact of thermal power-plants 
is regarded as a problem due to CO2 emission of such 
power-plants or due to nuclear waste and danger of 
pollution, many efforts have been put to development of 
new renewable energy sources. These natural resources 
such as sunlight, wind, rain, tides, and geothermal heat 
represent about 19% of globally generated electricity, 
with 16% coming from hydroelectricity and only 3% from 
new renewables [1], which are small hydro, modern 
biomass, wind, solar, geothermal, and biofuels. Among 
these, the wind power is growing at the rate of 30% 
annually, with a worldwide installed capacity of 238,000 
megawatts (MW) at the end of 2011 [1], with similar 
development trends also in Chine. This makes wind 
power source development of a particular interest. 
Contemporary engineering is generating new, innovative 
solutions with regard to growing, sharp demands towards 
capacity and geographical positioning (e.g. open sea wind 
power-farms). The theoretical background in this case 
derives from aircraft propeller technique, use of electro-
magnetic field for generating electric power, and 
development of durable mechanical components for 
power transmission.  
For example Windtec developed the 10MW turbine, 
SeaTitan, having the rotor diameter of 190 m [2]. Fig. 1 
displays another Windtec’s product - wt5500df/fc 5,5 
MW offshore turbine, which can produce approximately 
27000 MWh annually at average wind speed 10 m/s. It 
contains a planetary gear train with forced lubrication and 
flexible coupling between the gear train and generator and 
is currently in certification procedure by Lloyd. 
The essential mechanical assembly is a planetary gear 
train connecting a generator with the rotor. The rotor 
speed is about 10-15 RPM and that of the generator 1000-
1500 RPM. Direct drives which require just another type 
of generators, more expensive and bigger size can be 
treated as the alternative solution. Many alternative 
solutions have been introduced to improve reliability, e.g. 

usage of a distributed gear train with multiple paths and 
several generators, so the continual turbine operation is 
ensured even if one of the generators fails [3]. However, 
wind as unsteady energy source also implies complex 
electronics and/or speed stabilization means, such as 
continuously variable transmissions (CVT), which could 
significantly improve working speed range of the wind 
power-turbines.  
 

 
 

Fig.1. Windtec wt5500df/fc 5,5 MW turbine [2] 
 
The towers, on which turbines are mounted, can be 
exceedingly high and the power-plants can be situated 
inaccessible locations, which makes assembly operations 
and maintenance demanding and expensive. This is the 
reason for requirements to prolong life-time of machine 
parts up to 20 years, put by investors. The planetary gear 
trains or gearboxes which increase speed for a factor 100 
are critical in this context. It is quite common to replace 
them only after 5 years. German insurance company had 
around 1000 damage claims in the year 2006 alone [3]. 
And a gearbox replacement can cost even 10 percent of 
the original investment, which lowers profit significantly. 
More experience with this new technology in recent years 
discovered micro-pitting, which was less pronounced 
damage type in the past. Micro-pitting manifests 
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particularly on slowly rotating gears and roller-bearings. 
Micro-pitting emerges in lubricated heavily loaded 
contact surfaces even only after 106 cycles and the 
running-in period might be crucial in this context. So, 
surface roughness, oil film parameters including lubricant 
and hardness combination in the contact are the most 
influencing factors. Difficulties also derive from the 
“lean” design imposing higher loads in ever smaller gear-
boxes dimensioning gears to load levels close to 
admissible values. Due to this prospecting field many 
gear producers joined with their optimally designed 
solutions. All above stimulated researchers in search of 
boundary conditions for emergence of micro-pitting and 
optimal conditions for its prevention [4], [5], [6] and 
should be followed by producers. The mentioned gear 
train is a vital part of the wind power-plant, thus its 
reliability is of the utmost interest, since failure means 
loss of the income and expensive repair. This leads to 
conflicting interests between producers and investors, so 
technical expertise and legal advising is incorporated [7]. 
Because of high costs of failures, insurance companies are 
also involved. Notwithstanding the question of endurance 
of gear-trains with regard to micro-pitting is still open [8]. 
The remedy for micro-pitting is being sought in various 
ways: (a) selection of more appropriate oil, where the oil 
film thickness depends on the oil type, additives and the 
most on viscosity; (b) improving (surface) hardness and 
minimising surface roughness; (c) change in the tooth 
shape, e.g. helical gears, minimal number of teeth above 
20; (d) special coatings for the running-in period. Yet 
another possibility is novel teeth design, which improves 
contact circumstances by lowering the contact pressure, 
which enables thicker oil film and which diminishes 
amount of sliding and thus lowers friction. 
 
2. ORIGINS OF MICRO-PITTING 
 
Gear-boxes of contemporary wind turbines are exposed to 
the most severe working conditions. The slowly rotating 
input rotor shaft implies high, even extreme loads on the 
teeth flanks. Hundred thousands of up till now day 
produced gear-boxes are implemented with involute gears 
in which micro-pitting manifested. Micro-pitting occurs 
under mixed-film elasto-hydrodynamic lubrication where 
oil film thickness is of the same order as surface 
roughness average and load is borne by surface asperities 
and lubricant. When asperities carry a significant portion 
of load, collisions between asperities on opposing 
surfaces cause elastic and/or plastic deformation, depend- 

 
Fig.2. Damage induced by the micro-pitting 

short test [9] 
ing on the severity of local loads. Cyclic contact and shear 
stresses accumulate  plastic  deformation on asperities and 
at shallow depths below asperities. Plastic flow produces 
tensile residual stresses and with sufficient cycles fatigue 
cracks initiate [9], [10]. Micro-pits initiate and grow on a 

scale of a few micrometers but coalesce and spread to 
produce surface damage on a scale of millimeters or 
centimeters, degrading accuracy. Micro-pitting appears 
visually as a dense pattern of very small pits causing the 
surface color gray. This forces the producers to use 
expensive technologies, carburizing and grinding, to 
improve roughness and hardness of surfaces. 
Fig. 2 shows records of damages when gears prolong 
operating after initial micro-pitting. Fig. 2 also reveals 
that damages appear at the lower part of the driving gear 
tooth dedendum near the meshing start point A, and that 
they increase over time, which initiates non-uniform 
rotation transmission and increased noise. Experts from 
FZG also mean that initial micro-pitting can be cured by 
selection of more appropriate oil. The short micro-pitting 
test is also used for selection of suitable oil guaranteeing 
appropriate lubricating film thickness without damage 
[11]. The oil type, additives and prevailingly viscosity are 
the oil characteristics which influence the oil film 
thickness the most [12]. 
Wear circumstances of the involute gears in the vicinity 
of the meshing start point are represented in Fig. 3. The 
gear pair has 16 and 24 teeth, where the pinion is the 
driving gear and A represents the meshing start and E its 
end. The curvature radius of the driving gear ρ1 is defined 
by the distance AT1 and the counterpart radius ρ2 by AT2. 
Since ρ1 is very small compared to ρ2 in the vicinity of 
the meshing start point A one can conclude that also the 
velocity vtG1 is small comparing to vtG2. The subtraction of 
these gives the sliding speed vg= vtG1-vtG2. The normal 
force FN is transmitted through the contact, which causes 
the force of friction Ftr oriented tangentially to the contact 
and the corresponding power of friction, Ptr = Ftr vg, The 
power of friction being generated in the contact 
representing losses transforms to the heat flow, distributed 
to both involved flanks. The distribution of heat is 
strongly influenced by the velocities in the contact. A 
greater part of the heat is therefore distributed to the 
almost standing still driving gear and the rest to the longer 
contacting area of the driven gear. Assuming high torques 
and low rotating speeds, the forces near A are very high, 
therefore the friction force and the power of friction, 
which originates damages, cannot be low. The friction 
force grows to very high levels already at the meshing 
start, which negatively influences (braking) the contact 
point velocity along the path of contact and induces 
negative sliding on the driving gear flank. This fact is 
well known among experts and solutions are being sought 
for lowering friction. The most prospecting is effective 
hydro-dynamic lubrication preventing metal contact, 
which is accomplished by proper lubricant and even 
smoother surface. 
 
3. S-GEAR TOOTH FLANK SHAPE 
 
Gear tooth flank geometry change can improve micro-
pitting prevention [9]. A proposal in this context is the S-
gear shape as a non-involute solution, extensively 
reported in [13], [14], [15]. The S-gear shape is illustrated 
in Fig. 4. Dissimilar to the involute gears with the straight 
path of contact and straight teeth of the rack, the basic 
rack profile for S-gears is defined by a mathematical 
curve, y=f(x), thus any point Pi(xi,yi) can be calculated. 
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Knowing y’ one can calculate the path of contact simply 
by yUi=yPi and xUi=yPi yPi’. 
 

 
 

Fig.4. Development of the S-gear tooth flank from the 
basic rack profile [16]  

 
This means that for any basic rack profile there exists 
only one path of contact. Nevertheless, arbitrary 
numbered gears derive from there. The lowest possible 
number of teeth is four whereas the rack can be treated as 
a gear with infinitive number of teeth. 
The rolling principle – the rack’s datum line rolls over the 
kinematic circle of the gear – is employed to define a gear 
tooth flank. So, any point of the gear flank Gi is cutted in 
the contact point Ui on the path of contact. The gear tooth 
flank is rotated so that the tangent of Gi corresponds to the 
tangent of the rack point Pi in the contact point Ui. If the 
rack and gear flank are pushed to the coordinate system 
origin in C, the rack is translated back for the distance 

UiPi. The angle of rotation is defined by an arc based on 
the kinematic circle of the gear of the same size. 

0/)( rxx PUOU +=ϕ  (1) 
The radius rU and ϕU of Ui on the path of contact are 
calculated through xUi, yUi and r0. Based on this we get: 

UOUG ϕϕϕ −=  (2) 
And the Cartesian coordinates of Gi are 

0cos
sin

rry
rx

GUG

GUG
−=

=
ϕ
ϕ
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3.1. Rack profile 
 

The basic rack profile is half-symmetric, with the point of 
symmetry in C, Fig. 5. If the S-rack is intended for cutting 
according to Maag shaping principle [17], [18], then it 
should be designed with proper cutting angles. All the 
other manufacturing principles can be also used, like 
Fellows rotational tool for inner gears or worm cutters. 
For illustration, Fig. 6a shows a Magg type shaper, 
whereas Fig. 6b shows a gear pair cutted by the above 
shaper. 
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Fig.5. The S-rack 
 

3.2. Curvature radii and flank pressure 
 

The curvature radii can be computed simply by Eq. (4): 

ss ∆
∆

=
→∆

α
ρ 0

lim1
 (4) 

where ∆α stands for the change of the direction angle and 
∆s for the increase of length of a curve. 
The radii are illustrated by an example of a gear pair 
having 10 and 30 teeth, Fig. 7. Dissimilar to the involute 
gears, in S-gears the change of direction of curvature can 
be observed. Namely, the flank shape becomes concave in 
the dedendum part of a gear. The concave part is rather 
small for low number of teeth and extends near the pitch 

 
 

Fig.3. Circumstances in the meshing start area for the involute gears  
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circle for bigger number of teeth. Anyway, this assures 
convex-concave contact in the vicinity of meshing start 
and meshing end, since the dedendum of one gear meshes 
with the addendum of the other. Therefore, the contact 
circumstances in this critical area are improved.  
 

 
 

 
 

Fig.6. Manufacturing of the S-gears 
a) Maag type cutter; b) the gears (16/24 teeth) 

 
The reduced radii of curvature, Eq. (5) essentially 
influence pressure to which contacting flanks are exposed. 
The individual radii should be summed for the convex 
contact and subtracted for the concave one. 
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Fig.7. Course of curvature of the S-gears (m=1 mm) 
 

 
 

Fig.8. Reduced radii of curvature for m=30 and gears 
with 10 and 30 teeth 

 
Fig. 8 shows a course of the reduced radii of curvature, 
which essentially influence the contact pressure [19], 
along the path of contact. Both local maxima are due to 
maximal values and direction change of individual radii 
of curvature. Since the gear ratio shifts to higher speed, 
starting values of ρred are high which influences to 

lowering contact pressure. Towards meshing end point 
these values are comparatively smaller. Approximate 
values for the Hertzian stress, revealing reverse situation 
in comparison to ρred, are shown in the diagram, Fig. 9, 
where the influence of double meshing towards both ends 
can be observed. 
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Fig 9. Hertzian pressure for m=30 and gears 
with 10 and 30 teeth 

 
3.3. Oil film thickness 
 

An effective step, which prevents tooth flanks damages, is 
quality lubrication. And a measure of its quality is the 
minimal oil film thickness, which should be greater than 
average roughness Ra. The oil film thickness depends on 
contact speeds, Hertzian pressure, material properties, 
geometry and above all on viscosity [20], [21]. Fig. 10 
represents the course of the oil film thickness for the 
above example, where increase in thickness can be 
observed towards meshing ends, due to double meshing. 
The values are calculated employing Dowson’s and 
Higginson’s equation. 
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Fig.10. Oil film thickness for m=30 and gears 
with 10 and 30 teeth 

 
3.4. Addendum modification for S-gears 
 

The corresponding procedure is the same as in involute 
gears [22], which means that S-gear cutter rolls over the 
kinematic circle, shifted by a needed value, as Fig. 11 
indicates.  
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Fig.11. Addendum modification for S-gears 

 
The addendum modification is defined as shifting the 
midline of the basic rack profile from the pitch point for a 
desired modification value v, which also implies a higher 
addendum part and lower dedendum part of a gear. The 
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basic rack datum line retains its position at the pitch point, 
whereas the higher position of the basic rack defines a 
new, modified path of contact. The path of contact 
becomes asymmetric due to modification. The path of 
contact does not depend on the reference circle size, 
which means that the new path of contact can be 
employed for arbitrary teeth numbered gears with the 
same modification value v. However, only gears of equal 
module and a gear with a positive v and its counterpart 
gear with a negative modification value -v can be 
combined because of the asymmetry. The negative 
modification value also modifies the gear tooth shape in 
such a way that a tooth becomes taller, whereas the 
positive modification makes teeth thicker and the tooth 
root strength higher, which can be important for low 
numbered teeth gears.  
 
4. VELOCITIES AND EFFICIENCY 
 

4.1. Velocity circumstances in vicinity of meshing 
start point 

 
Since the meshing start imposes rather radical thrust, and 
it has been explained how in manifests in the involute 
gears it is also important to show corresponding 
circumstances in the S-gears. Fig. 12 shows the situation, 
with the driving gear flank velocity vA1, the driven gear 
flank velocity vA2, both deriving from the tangential 
velocity vt, and the system velocity vs, which is the rolling 
velocity of the contact in the direction tangential to the 
path of contact. The differences of vectors vs and vA1 or 
vA2 are the relative velocities vr1 and vr2, which contribute 
to EHD lubrication essentially. In the involute case the 
edge of the driven gear thrusts into the flank of the 
driving gear before its tooth takes over full load, what 
increases wear of flanks. As already stated, the contact in 
S-gears at the meshing start is convex-concave. That is 
why in S-gears starting contact such a phenomenon does 
not occur.  
 

4.2. Share of sliding and rolling speed 
 
Fig. 4 reveals how the S-gear tooth flank is defined, that 
is from the point P of the rack profile to the point U on the 
path of contact and therefrom by rotating around O1 the 
point G1 emerges and by rotating around O2 the point G2, 
where G1 stands for the driving and G2 for the driven 
gear. Fig. 13 illustrates contact density of the driving 
dedendum, designated by G1i’, and driven addendum, 
designated by G2i. It can be observed that the dedendum 
part is shorter, and even shorter due to the lesser number 
of teeth, and the addendum part longer, which indicates 
that the driving dedendum contact point density is higher 
than in the driven gear addendum. 
If both densities had been equal pure rolling would have 
resulted. The density difference therefore indicates 
amount of sliding of the partner with the longer 
intermediary path that is with lesser density. So, if we 
designate the path on the dedendum partner with s1i and 
the path on the addendum flank with s2i we can write 
formally 
 

iii sss 12 −=∆ . (6) 

 
 

 
 
Fig.12. Velocity relations in vicinities of the meshing start 

point A and meshing end point E 
 
The smaller of two, s1i or  s2i, gives the value for pure 
rolling and the difference ∆si gives the value of sliding. 
Of course, the situation is reversed for the upper side, 
above C. 
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Fig.13. Density of the contact 
 

4.3. Specific sliding 
 

Specific sliding is defined as a quotient  

i

i
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s

1

∆
=γ . (7) 
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meaning the ratio of sliding against rolling in an arbitrary 
contact point Ui. Fig. 14 illustrates the situation. Sliding 
of one flank on the other always means lost energy. An 
important attribute of the S-gears is that more power is 
transmitted from the driving to the driven gear by rolling 
and less by sliding, which is a comparative advantage. It 
is particularly important that greater part of energy is 
transmitted by rolling also in the vicinity of A. 
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Fig.14. Specific sliding 
 

A less favorable situation is in the involute gears, where 
contact loads are higher, as well as friction is. The 
involute sliding part is represented in Fig. 3 by the high 
sliding velocity vg, which is the difference of vtG1 and vtG2. 
 

4.4. Efficiency 
 

A common definition for efficiency is defined as the ratio 
of a output and input power. Losses of power in a gear 
train result from friction and the power of friction is a 
product of the friction force Ftr and the sliding velocity vg. 
Ftr is a product of the pressure force Fb and the coefficient 
of friction µtr. The sliding velocity is a product of the sum 
of angular velocities and the distance of a contact from 
the velocity pole C. 

lvg ⋅+= )( 21 ωω . (8) 
Fig. 15 illustrates values of the sliding velocity along the 
path of contact for the involute and S-gear case. It can be 
observed that the end distance l of S-gears is shorter than 
that of the involute one, so the sliding velocity maximum 
in S-gears is lower. Fig. 15 additionally reveals that more 
power in S-gears is transmitted by rolling and less by 
sliding, so friction tends to be lower. The consequence of 
above facts is that power losses in S-gears are lower. 
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Fig.15. Sliding velocities in involute and S-gears 
 
5. DISCUSSION 
 
Let us point out that the crucial benefits of the S-gear 
concept include convex-concave contact in the meshing 
start zone, high relative velocities particularly in this area 
and less dense contact area of the mating flanks. This 
enables design of planetary gear trains with smaller gears, 

whose schematics is represented in Fig. 16. This 
exemplary gear train has an internal ring gear with 96 
teeth, three planetary gears with 42 teeth and a sun gear 
with 12 teeth. Assuming module 30 mm the internal ring 
gear pitch circle diameter amounts to 2880 mm, necessary 
for high torques developed by rotor blades. Meshing for 
the combinations (a) internal ring gear – planetary gear, 
and (b) planetary gear – sun gear is illustrated in Fig. 17. 
The two stage arrangement could have been used to 
increase the rotational speed for a factor 100, required in 
wind power-plants. It is of particular importance that the 
sun gear can and in this case has only 12 teeth, which is 
advantageous in comparison to classical involute gear 
trains, which require at least 20 teeth. The gear train 
volume is reduced strongly in this way. 
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Fig.16. Simple triple-axes planetary gear train 
 

Yet another “non-involute” possibility is the usage of 
uniform power transmission gears, extensively described 
in [24], which have conformal shaped teeth flanks that 
enable a more uniform transmission of power and motion. 
The proposed teeth flanks comprise three arcs: an 
addendum arc, a dedendum arc, with both of these joined 
by a connecting arc. These UPT gears have been derived 
from Hawkins’ patented Zero Sliding Gears (ZSG) [25]. 
All the gears produced with the same shape of rack have 
teeth with the same radius of addendum ra, the same 
radius of dedendum rd, and the same helix angle β, which 
implies that all the gears with the same module and the 
same helix angle β can be manufactured with the single 
tool. The two gears, z1 = 20 and z2 = 30, are designed with 
the same rack profile and can work together, as shown in 
Fig. 18. 
There are two concave-convex contacts: the first is at 
point Pd, where the power transmission between the 
dedendum of the driving gears and the addendum of the 
driven gears occurs, and the second, at point Pa, where the 
transmission from the addendum of the driving gear to the 
dedendum of the driven gear occurs. 
It is important to point out that the gear’s teeth are bent in 
the axial direction. The driving and driven gear in the 
working position should be positioned so that the pitch 
points C coincide, as schematically shown in Fig. 19. The 
mutually interacting surfaces are marked and they come 
into contact at Pa and Pd in the transverse plane, 
positioned at the pitch point, as exposed in Fig. 19, where 
the gears are shown in the working position and in the 
axial view. 
For UPT gears the contact load of the tooth flanks, w, is 
divided between two pairs of contacts for gear-tooth 
flanks and remains constant.  
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Fig. 18. Pair of UPT gears with a double concave-convex 

contact of teeth 
 

The reduced radius of curvature ρred for the involute gears 
is formed by two cylinders (the contact area is 
rectangular) and for the UPT gears it is formed by two 
pairs of contacts (the ellipsoidal contact area). The 
reduced radius of the UPT gears appears to be greater 
than that of the involute gears. 
It was also stated that the summary velocity vΣ for the 
UPT gears is, because of the axial motion of the contacts, 
much higher than for the involute ones. The sliding 
velocities of the involute gears are at the extreme points 
of contact A and E (the path of contact limits) greater than 
vg for the UPT gears. 

All the discussed factors have a big influence on the 
technical characteristics of the gears. 

sl
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Fig. 19. UPT gear pair in working position 
 

6. CONCLUSION 
 
Solutions for preventing or diminishing micro-pitting 
occurrence are in general searched for in the direction of 
better lubrication means, in high quality surface treatment 
(super-finishing), in the gear tooth flank profile change in 
meshing start area, and finally in better materials. This 
paper introduces the S-gear tooth flank profile, which 
assures higher comparative curvature radii, and thus lower 
contact load and higher relative velocities of the contact 

 
 

Fig.17. Circumstances in the meshing start area for the involute gears  
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surfaces which implies better lubrication. The mating 
gears exhibit convex-concave contact in the vicinity of the 
contact start and contact end. Due to their S-shape, the 
velocity characteristics of mating gears are improved, 
especially in both external areas with high relative 
velocities and low sliding velocity. 
The meshing start zone in involute gears represents 
potential danger of micro-pitting, whereas S-gears exhibit 
advantage in this context due to the tick oil film in this 
area, which diminishes possibility of damage. The high 
relative velocities of the mating flanks and the convex-
concave contact in the vicinity of the meshing start point 
are decisive influencing factors. 
Another important feature of the S-gears is more evenly 
distributed contact point density, which causes lower 
sliding and less power losses. The dedendum flank of 
pinion is not substantially smaller as that of gear 
addendum even for low number of teeth. 
This is why authors believe that S-gear type can be a 
successful substitute for involute gears for diverse 
applications, as gear-boxes for wind power-plants on the 
large scale and miniature plastic gears for domestic 
appliances. 
The uniform power transmission gears, which have been 
also mentioned in the paper, have been developed as a 
research effort in the direction of diminishing power 
losses and mechanical noise. 
The essential characteristic of the UPT gears is the 
absence of a pitch line and the gear-teeth contact in the 
transverse plane. In addition, there is no sliding between 
the teeth flanks in the transverse plane. Power is mainly 
transmitted by the rolling of the teeth flanks at the contact 
points Pa and Pd, with the simultaneous sliding of the teeth 
flanks around the pitch point C. The contact load is 
divided into two contact points. Better lubrication 
conditions can be expected as a result of the thicker oil-
film thickness. Due to the characteristics of the UPT gears 
a lower flash temperature can be anticipated. However, 
the most important features of the UPT gears are constant 
sliding, constant power transmission and reduced heat 
generation. The above mentioned features indicate that 
UPT gears can be used with heavy loads in non-stop 
operating condition, for example, in the power 
transmission of wind turbines, gear units for refinery 
services, and similar applications. 
 
 

REFERENCES 
 
[1] REN21 (2011). Renewables 2011 - Global Status 

Report. Paris, REN21 Secretariat 
[2] Windtec (2012). http://www.amsc.com/windtec/tur-

bine_designs-licenses.html, accessed 22.3.12 
[3] Ragheb, A., Ragheb, M. (2010) Wind Turbine 

Gearbox Technologies. Proc. 1st Int. Nuclear and 
Renewable Energy Conference INREC10. Amman, 
Jordan, March 21-24. 

[4] Höhn, B.R., Oster, P., Steinberger, G. (2002) Short 
Test Procedure for the investigation of the micro-
pitting load, Forschungsprojekt 575, FZG TU Mün-
chen & DGMK 

[5] Predki, W., Lützig, G. (2004) “Karies-Prophylaxe” 
für Zahnrad Schwergewichte. RUBIN Wissenschafts-
magazin, Ruhr Universität Bochum, Sonderheft Ma-

schinenbau Rubin 2004. Konstruktionstechnik – Bei-
trag 10. http://www.ruhr-uni-bochum.de/rubin/ma-
schinenbau/konstukt-technik.htm, accessed, 22.3.12 

[6] NREL (2007). National Renewable Energy Labora-
tory, Colorado: The gear-box reliability collaborative. 
http://www.nrel.gov/wind/grc/about.html, accessed 
23.3.12 

[7] BWE (2012). Bundesverband WindEnergie. http://-
www.wind-energie.de/tags/recht, accessed 23.3.12 

[8] Klempert,O. (2010). Belastungen im Getriebe werden 
zum Streithema. VDI Nachrichten 14.5.2010 

[9] Sheng, S. (2010). Wind Turbine Micropitting Work-
shop: A Recap. Technical Report NREL/TP-500-
46572. NREL. 

[10] Theißen, J. (2007). Graufleckenbildung an 
Zahnrärern. Ursachen, Prüfverfahren, Berechnung, 
Praxiserfahrungen. Vortrag am 09.07.07 auf dem 
BWE-Arbeitskreis Graufleckigkeit. http://www.-
ib24.de/04-links_Weitere-Links.php, access. 23.3.12 

[11] Höhn, B.-R., Oster, P., Steinberger, G. (2003). The 
new Micro-Pitting Short Test. 1st Int. Conf. Power 
Transmissions, ‘03. 

[12] ISO TR (2010). Calculation of micropitting load ca-
pacity of cylindrical spur and helical gears. ISO/TR 
15144. 

[13] Hlebanja,J., Hlebanja G. (2010). Anwendbarkeit der 
S Verzahnung im Getriebebau. Antriebstechnik 44 
(2005)2, p. 34-38 

[14] Hlebanja, J., Hlebanja, G. (2005). Konkav-Konvexe 
Sonderverzahnungen, Vorteile und Nachteile gegen-
über evolventen-Verzahnungen, 3rd Int.Conf. Power 
Transmission '09, Kallithea, Greece, p. 21-26 

[15] Hlebanja, J., Hlebanja, G. (2008). Constructive 
measures to increase the load capacity of gears, 
Machine Design, Faculty of technical Sciences, Novi 
Sad, p. 33-42 

[16] Hlebanja, J., Hlebanja, G. (2010). Spur gears with a 
curved path of contact for small gearing dimensions. 
VDI Berichte, Nr. 2108.2, p. 1281-1294. 

[17] Hlebanja, J., Okorn, I. (1996). Investigation of Tooth 
Surface durability of Non-involute Spur Gears. VDI 
Berichte, Nr. 1230, p. 443-450 

[18] Hlebanja, J., Okorn, I. (1999). ,Characteristische 
Eigenschaften von Zahnrädern mit stetig gekrümter 
Eingriffslinie. Antriebstechnik 38(1999)12, p. 55-58 

[19] Niemann, G., Winter, H. (1989). Maschinenelemente, 
Band II. Springer Verlag, p. 140 

[20] Dowson, D., Higginson, G.R. (1977). Elasto-Hydro-
dynamic Lubrication. Pergamon Press, p.96 

[21] Linke, H. (2010). Stirnradverzahnung. Hanser Verlag 
[22] Niemann, G., Winter, H. (1989). Maschinenelemente, 

Band II. Springer Verlag, p. 54 and 273 
[23] Hlebanja, J., Hlebanja, G. (2002). Lubrication 

effiency of S gears. VDI Berichte, Nr.1665, p 1065-
1076 

[24] Hlebanja, G, Hlebanja, J. (2009). Uniform power 
transmission gears. J. of Mech. Eng., 2009, Vol. 55, 
No. 7/8, p. 472-483. 

[25] Hawkins, R. Non-involute Gears with Conformal 
Contact. US patent 6,837,123. United States Patent 
and Trademark Office, Alexandria. 2005. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


