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Abstract Asymmetric gears have been proposed more than twenty years ago as
the ultimate solution to increase the load capacity of gear drives while reducing
their weight and dimensions. However, there are apparently contradictive state-
ments in the literature regarding whether the higher pressure angle should be
applied to the driving or coast side of the gear tooth surfaces. In this work, modern
technologies of design and analysis of enhanced gear drives will be applied in
order to validate the advantages of application of asymmetric gears and to
determine what the right configuration of the asymmetric gear drive should be in
terms of application of the higher pressure angle to the driving or coast side of the
gear teeth. The evolution of contact and bending stresses as well as contact
pressure for the whole cycle of meshing is investigated and compared for sym-
metric and asymmetric gears. Two configurations of asymmetric gears will be
considered, taking into account both, the higher and the lower pressure angle for
the driving side. In this way, the advantages of application of asymmetric cylin-
drical gears as well as the right configuration to get them are established.
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1 Introduction

Asymmetric gears have been proposed more than twenty years ago as the ultimate
solution to increase the load capacity of gear drives while reducing their weight
and dimensions [1]. The term asymmetric means application of different pressure
angles for both sides of gear tooth surfaces. Detailed procedures of design and
computation of asymmetric spur gear geometry can be found in [1, 2]. Other works
[6-12] are focused in different aspects of design, analysis and optimization of
asymmetric gear drives.

A common subject of investigation regarding applicability of asymmetric gears
has been the determination whether the higher pressure angle should be applied for
the driving or coast sides. One of the first works referring to the application of
asymmetric gears and proposing using higher pressure angles for the coast side of
the gear tooth surfaces in order to achieve the advantages enumerated above
according to [2] was [3]. However, shortly after, many works applied the higher
pressure angle for the driving side of the gear tooth surfaces in order to get an
increased load capacity or reduced weight and dimensions of the gear set.
Recently, in [4] the application of higher pressure angles for the coast side of the
gear tooth surfaces is again proposed, showing the advantages by numerical and
experimental tests of prototypes. These apparently contradictive statements have
motivated this work, with the main goal of validation whether application of
asymmetric gears yield indeed advantages and if so, determine what the right
configuration should be in terms of application of the higher pressure angle to the
driving or coast side of the gear teeth.

2 Methodology

In this work, modern technologies of design and analysis of enhanced gear drives
will be applied based on the computerized generation of gears, application of tooth
contact analysis and application of FEA enhanced models for stress analysis [5].
Application of modern gear technologies of design and analysis allows the time of
development of new gear drives to be drastically reduced, lowering production
costs and offering high quality final products wherein gears are applied. In this
case, those modern gear technologies will be applied by using the Integrated Gear
Design (IGD) software developed by the Enhanced Gear Drives Research Group
(GITAE) in order to investigate the advantages of application of asymmetric
cylindrical gears with respect to traditional symmetric cylindrical gears.

The bending stresses as well as contact stresses and contact pressure will be
determined by using enhanced finite element models that allows investigation of
the formation of the contact patterns on the gear drive along the whole cycle
of meshing. We will be considering 21 different positions of meshing along a cycle
of meshing. The evolution of contact and bending stresses as well as contact
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Table 1 Common basic design data of all cases of design of a symmetric and asymmetric spur
gear drive

Pinion Wheel
Number of teeth 24 34
Module [mm] 2.0
Addendum coefficient 1.0
Dedendum coefficient 1.25
Face width [mm] 20
Input torque [Nm] 210.0

pressure will be compared for symmetric and asymmetric gears in order to find and
quantify the real advantages of application of asymmetric gears. Two configura-
tions of asymmetric gears will be considered, taking into account both, the higher
and the lower pressure angle for the driving side. In this way, this paper will
definitely establish what the advantages of application of asymmetric cylindrical
gears are and what configuration has to be used in order to get those advantages.

3 Numerical Example and Discussions of Results

In order to establish the baseline design, a spur gear transmission 20 x 20
(symmetric gear set with 20° for the pressure angle of the driving side and 20° for
the coast side) has to be optimized. The common basic design data for the baseline
design is shown in Table 1.

A torque of 210.0 N-m will be applied to the pinion for all cases of design.
When investigating the evolution of maximum contact and bending stress, and
contact pressure for the baseline design with no surface modifications, high contact
stresses and contact pressures are obtained for the pinion and wheel tooth surfaces
contacting on the top-edge. In order to get an optimized design, a top relief have
been provided to the pinion and wheel members of the gear set, by application of a
rack-cutter with modified generating profile as shown in Fig. 1.

As shown in Fig. 1, a top-relief height A, of 0.7 mm has been used for the
baseline design, in order to provide gear tooth surface modifications outside of the
single tooth contact area, and not introduce, in this way, transmission errors into
the gear drive design. Figure 2 shows the modified top-edge area with a maximum
profile modification at the top edge of 14.3 pum for the pinion and 9.1 pum for the
gear.

Figure 3 shows the evolution of contact and bending stresses (Figs. 3a, b) as
well as contact pressure (Fig. 3c) for the pinion, along 21 contact points of a cycle
of meshing. Several cases of design, obtained by application of gradually increased
value of parabola coefficient of top-relief area of the generating rack-cutter profile
(see Fig. 1), have been investigated in order to establish the optimum value of top
relief. The values in parenthesis in the legends of Fig. 3 represent the maximum
top relieves applied to the pinion. As represented in Fig. 3, a value of 14.3 um of
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Fig. 1 a Rack cutter with modified generating profile for top-relief generation. b Three-

dimensional model of the generating rack-cutter
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Fig. 2 Comparison of top-reliefs modifications for optimized design of a pinion and b wheel
members of the baseline design of the gear set

top relief yields a smooth evolution of contact stresses and contact pressure, and
can be considered the optimum value of the top-relief for the base-line design. It
has to be mentioned that higher or lower values than the optimal ones of top-relief
yield high contact stresses and contact pressure, so that optimization of the top-
relief is very important in order to get a smooth evolution of contact stress and
contact pressure all over the cycle of meshing.

Figure 4a shows the contact stresses for the pinion at contact point number 7.
As shown in Fig. 4a, an area of high contact stresses appears all over the top edge
of the pinion tooth surfaces. In Fig. 4b, contact stresses for the optimized design
with top-relief modification of 14.3 um are represented, reducing in this way
substantially the maximum contact stress at the pinion tooth surfaces, allowing a
smooth load transfer between consecutive gear teeth.
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Fig. 3 Evolution of a contact stress, b bending stress, and ¢ contact pressure for several cases of
design

(b)

Fig. 4 Contact stresses for the pinion with a no top-relief, and b an optimized top-relief of
14.3 um

Figure 5 shows three cases of design to be investigated and compared. A
rotation counter clockwise will be considered to determine the driving side of the
gear tooth surfaces. In Figure 5a, a symmetric gear drive with 20° of pressure
angle for both the driving and coast sides is shown. In Fig. 5b an asymmetric gear
drive with pressure angle of 30° for the driving side and 20° for the coast side is
represented, and finally in Fig. 5c an asymmetric gear drive with pressure angle of
20° for the driving side and 30° for the coast side is represented.

Figure 6 shows the evolution of contact stress (Fig. 6a), bending stress
(Fig. 6b), and contact pressure (Fig. 6¢) for the pinion of cases of design obtained
by considering increased pressure angle for the coast side with respect of baseline
design. The legend in Fig. 6 is self-explanatory. As shown in Fig. 6a, maximum
contact stress on the pinion only depends on the pressure angle of the driving side.
No reduction of contact stresses or contact pressure is obtained by considering
different pressure angles for the coast side. In the same way, Fig. 6¢ shows that
maximum contact pressure only depends as well on the pressure angle of the
driving side. On the contrary, a reduction of bending stresses is obtained for higher
pressure angles on the coast side. This result is in total agreement with statements
in [3, 4] and according to experimental tests presented in [4].
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(a) (b)
Fig. 5 Cases of design of a symmetrical gear drive; b asymmetric gear drive with higher
pressure angle for the driving side; and ¢ asymmetric gear drive with higher pressure angle for the
coast side
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Fig. 6 Evolution of a contact stress, b bending stress, and ¢ contact pressure for the pinion of
symmetric and asymmetric gear drives for increasing angle of pressure angle for the coast side

Figure 7 shows the evolution of contact stress (Fig. 7a), bending stress
(Fig. 7b), and contact pressure (Fig. 7c) for the pinion of cases of design obtained
by considering increased pressure angle for the driving side with respect of
baseline design. As shown in Fig. 7a, the minimum contact stress is obtained for
the case of design with higher pressure angle for the driving side. Figure 7b shows
also that bending stresses are reduced for case of design with higher pressure angle
for the driving side. Same results are obtained when considering contact pressure.
By observing Fig. 7, we can conclude that application of higher pressure angle for
the driving side, not only a reduction of bending stresses is obtained but also
reduction of contact stresses and contact pressure is expected, increasing in this
way life and endurance of the gear drive.

Finally, in order to evaluate what design is more favourable, the baseline design
is compared with asymmetric designs considering the same increased angle of
pressure angle for the coast and driving sides of the pinion and wheel tooth
surfaces. Figure 8a shows that reduction of contact stresses is only achieved for
design 30 x 20, wherein higher pressure angle is applied for the driving sides.
Regarding bending stresses, Fig. 8b shows that reduction is achieved in almost
similar values for both asymmetric designs, being this result in agreement with
previously published works with apparently contradictive statements. Contact
pressure is reduced significantly for the case of design 30 x 20.
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Fig. 7 Evolution of a contact stress, b bending stress, and ¢ contact pressure for the pinion of
symmetric and asymmetric gear drives for increasing angle of pressure angle for the driving side
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Fig. 8 Comparison of evolution of a contact stress, b bending stress, and ¢ contact pressure for
base line design and asymmetric gear drives for higher pressure angle applied to the driving side
(case 30 x 20) and to the coast side (20 x 30)

4 Conclusions

The developed research allows the following conclusions to be drawn:

1. The application of asymmetric gears is directed indeed to the reduction of
contact and bending stresses, and therefore contributes to the increase of the
endurance and life of the gear drive.

2. Maximum contact stresses and contact pressure on the gear teeth depends only
on the pressure angle of the contacting side (driving side) of the gear drive, no
matter what the pressure angle of the coast side is.

3. Bending stresses are reduced when higher pressure angles are used, not only for
the coast side as stated in [3, 4] but also for the driving side.

4. The driving side of the gear drive should have the highest pressure angle, when
the goal is to reduce contact stresses and contact pressures, and not only reduce
bending stresses.
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