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Benefits of Use of Spur Gears with Asymmetric

Profile
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Abstract: Using of different angles for the left and right side allows creating a tooth with the
beneficial parameters. The software was developed to control the shape of the teeth, for calculation of
the reduced radii of curvature of the asymmetrical teeth, Hertz pressures, the pressure angles limits
and specific sliding. The asymmetrical gearing is suitable mainly for one direction of rotation, and the
pinion can, therefore, have a lower number of teeth. By comparing the values, one can determine the

benefits of their application.
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1. Introduction

Symmetrical teeth are commonly used for the entire spectrum of
applications [3. 4]. Classical design of gears is based on the num-
ber of teeth and design module, the shape of basic rack is defined
by the standard module and the pressure equal to 20°. The
minimum number of teeth, for the normalized pressure angle,
also depends on the addendum coefficient value. To improve the
mesh conditions, various tooth corrections are mainly used. The
most common type of correction is a correction by moving the
tooth profile, and in case of helical gears, it is also a correction of
helical angle. The majority of corrections are applied in order to
achieve not only the desired centre-to-centre distance, but also to
improve strength, stiffness properties of the teeth, or to remove
the teeth undercutting or balance the specific sliding [1-3, 7, 9].

2. Asymmetric Teeth

Involute curve changes its shape depending on the pressure
angle (Fig. 1).

In Fig. 1, there are involute curves for pinions with a num-
ber of the teeth z =17, module 10 mm and selected angles
o are 15°, 20°, 30°, 40°.

An asymmetric involute tooth is formed by two involute
curves. The involute curves satisfy the law of gearing. The
mesh is only on the line of action. The tooth asymmetry is
created by different values of the tooth pressure angle for the
left side o, and the right side o, [1-3, 6, 7].
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Fig. 1. Involute curves for a variety of pressure angles
Rys. 1. Ewolwentowe profile zeba dla réznych katéw przyporu

Pictures in the article are made so that the left side is deter-
mined from the minimum number of teeth (i.e. defined by the
angle &, ). The right side is determined by the condition of the
maximum value of the angle a,, taking into account that the
total top land thickness is >0.25 m . At a fixed value of the left
pressure angle, the right pressure angle can be from the interval
<a,, a,>. The right involute can be between the curves 1 and 2
(Fig. 2b). As shown in Fig. 2¢, it is possible to see a change rel-
ative to the symmetrical shape, the area 3 is removed and the
area 4, is added to the symmetrical shape. If, however, the left
angle ¢, is increased, the right angle ¢, is decreased in order
to comply with the condition of a sufficient top tooth thick-
ness [1-3]. The limit values of pressure angles can be deter-
mined by using the custom made software (Fig. 5). Figure 3
presents a tooth segment with a large asymmetry, the num-
ber of the teeth of pinion 2 =17. Base circle is not identical
for left and right sides. The base circle diameter is smaller for
a bigger angle a.
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In Fig. 4, there are the mesh and radii of curvature for

a different direction of rotation. Points N, and N, are the

interference points. As the radius of curvature increases, the

pressure angle a increases also. The change of angle a leads

to changes in the radii of curvature, which affects the Hertz
pressures. Centre-to-centre distance stays the same.

The minimum number of teeth with allowed undercutting z,,,;,

(1)

5 2-h,

min —

z R
6 sin” o

where: h, — tooth addendum coefficient, & — pressure angle ©).

The radii of curvature at the first point of mesh A (Fig. 4)
for the tooth defined by pressure angle ¢ and «, are:

Piar = (a-sino(L)—\/(r2 +h, <m)2 —(ry - cosary )? (2)

,OIAP=(a-sinutp)—\/(r2+h:-7n)2—(r2-cosotp)2 (3)

where: m — module (mm), r, — pitch radius of the wheel (mm),
a — centre distance (mm).
Specific sliding of pinion for the left side is:

o, — - 0.
By, = Piar =D = Prap @y (4)
Piar @

where: ¢ ,, — specific sliding at the first point A of the mesh,
a,— pressure angle (°), @, — input angular velocity (rad/s),
w, — output angular velocity (rad/s), p,,, — radius of curva-
ture at the point A.

Fig. 2. Tooth shape: a) symmetrical tooth, b) asymmetric tooth,

c) 3 — Area where material is removed, 4 — area where material is
added

Rys. 2. Ksztatt zgba: a) zgb symetryczny, b) zgb asymetryczny, c) 3 — strefa
z usunigtym materiatem, 4 — strefa z dodanym materiatem

A formula for specific sliding at point A for the right side is
analogical to formula (4).

3. Software for Control and Analysis

The software (Fig. 5, Fig. 6) was developed to address the
issue with asymmetric teeth, it allows to check and compare
the following important parameters:

— design of a pinion without undercutting,

— design of a pinion with allowed undercutting,

— contact ratio,

— calculation of the radii of curvature and their reduced values,

i.e. basic characteristics of the calculation of Hertz pressures,
— pressure angles limits,

— specific sliding for pinions.

For asymmetric teeth, it is required to follow more param-
eters simultaneously. For given parameters, several separate
profiles can be created.

The software has a number of work modes. In every work
mode, a different number of parameters can be defined.

The software draws graphs for pressure angle limits (Fig. 5).
It draws graphs for specific sliding separately for right and left
sides (Fig. 6). It controls the value of contact ratio (must be
larger than one). It controls sufficient top land thickness. It
also calculates values of radii of curvature at different mesh
points and draws their reduced values. The software checks
possible interferences.

The important benefit of asymmetric tooth profile
applications is mainly a significant reduction in specific sliding

Fig. 3. Segment of the pinion, z,= 17, a, = 20°, a, = 39.5°
Rys. 3. Segment watka zebatego, z,=17, o =20° o, = 39,5°

Fig. 4. Mesh of asymmetric teeth: a) driving side alL = 20°, b) driving side aP = 35°
Rys. 4. Zazebienie zebdw asymetrycznych: a) strona napedowa dla ol = 20°, b) strona napedowa aP = 35°
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Fig. 5. The software for the control and analysis of asymmetric teeth,
pressure angles limits for the left side and right side

Rys. 5. Oprogramowanie do sprawdzania i analizy zebéw asymetrycznych,
katéw granicznych przyporu dla strony lewej i prawej

and Hertz pressures at the point of the first contact of the
teeth. Fig. 7, specific sliding is a function of the pressure angle
a. The left side is defined by standard value of 20°.

In the Tab. 1 the values for examined parameters by different
number of the teeth z are listed.

Tab. 1. Specific sliding and radii of curvature for gear ratio equal to 1
oneand h =1

Tab. 1. Srednie poslizgi i promienie krzywizny dla przetozenia réwnego 1
i wspotczynnika h,*=1

2 a,(°) By | Py (mm) | (%) Yp | Py (m)

8 27 -27.03 1.25 28 -15.35 2.17

11 22 -43.70 0.90 34 -2.05 15.19

14 20 -18.37 2.35 37.5 -1.08 27.64

17 18 -17.95 2.63 39.5 -0.74 39.41

20 17 -12.21 4.12 40.5 —0.58 50.41
4. Conclusion

The asymmetry allows to decrease number of the teeth on the
pinion. The assymmetric teeth make it possible to decrease the
gearing dimensions and to reduce weight. The course of specific
sliding is advantageous especially for larger pressure angles.
However, a disadvantage may be a lower value of contact ratio.
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Fig. 6. The course of specific sliding, above, for driving side a,=18.5°,
below, for driving side a,=39.5°

Rys. 6. Przebieg srednich poslizgéw, u géry dla strony napedowej o kacie
a,=18,5, u dotu dla strony napgdowej o kgcie o(,=39,5°

Fig. 7. The course of specific sliding on the involute tooth profile with
the first point of mesh A defined for z, =17, a =20°, a,=39.5°

Rys. 7. Przebieg zmian poslizgu na profilu ewolwentowym zeba dla
pierwszego punktu zazgbienia A okreslonego przez z,=17, o =20°,
,=39,5°

The software mentioned herein allows quick and comfortable
monitoring of asymmetric teeth. This gearing may be used
only if the cost is not the ultimate criterion.
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/alety stosowania czotowych kot zebatych o profilu asymetrycznym

Streszczenie: zastosowanie roznych katow dla lewej i prawej strony zeba pozwala na stworzenie
ksztattu o odpowiednich parametrach. Opracowane oprogramowanie umozliwia: ustali¢ wtasciwy
ksztatt zeba oraz obliczy¢ zredukowane promienie krzywizny dla zebéw asymetrycznych, naciski
Herza, katy graniczne profili oraz srednie poslizgi. Pordwnanie tych wartosci pozwala okresli¢ zalety
stosowania tego rodzaju profili asymetrycznych.

Stowa kluczowe: ewolwenta, zab asymetryczny, specyficzne przesuwne, kat cisnienia
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