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ABSTRACT
The main requirements for transmissions are a high load carrying capacity, a low sound
excitation behavior and high efficiency, which become more and more important with the

increasing environmental awareness.
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1. Introduction

Depending on the project use, the main
requirement for spur gear transmission beside from a
long life time, high safety factor, reduction of losses
in gear mesh, highest strength, low manufacturing
costs it could find the sound behavior.

Due to the increasing environmental requests
this aspect become more and more important. The
limits for the allowable noise are given by the
customer or by the existing regulation.

The design of gears can be done e.g. according
to the ISO/DIN/ AGMA standards [1, 2, 3]. Besides
these standards there are further possibilities of
optimization in respect to excitation behavior and
reduction of losses in a gear mesh i.e. using modern
simulation soft like KISSsoft, IDZP, WTplus, etc.

With the support of suitable software, new
possibilities open up for the calculation and the
optimization of the gear with regard to operating
noise, meshing and strength characteristics. In this
way can be open new horizons to improve gears.

Main reason for noise is the excitation from
the gear meshing because of variation of the mesh
stiffness. First at all, the excitation starts from the
gear meshing contact and it is transmitted to the rest
of gears components like shafts, bearings and, at last,
is transmitted to the environment through the housing
system.

The excitation caused by the gear meshing is
mainly the result of:

e The periodical change of the mesh stiffness;

e Engagement impact, the elastic deflection of
the teeth under load at the beginning and the
end of the line of action.

2.1ssue

A helical gear pair is to be designed such that
it has a service life of 8,000 h when transmitting 91,5
kW at 750 rpm (application factor = 1.50). The gears

have 27 respectively 54 teeth, center distance 125,
normal module 3, ratio shall be 1:2 (reducing speed)
and 18MnCr10 (16 MnCr 5 —cf. DIN 17210-69) is to
be used as the gear material.
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Fig.1 - Initial contact stiffness for considered gear
transmission

3. Goal

In this paper, the goal is that the helical gear
pair to be optimized to achieve the best possible
noise/contact ratio. The variation of the tooth pair
stiffness during a meshing cycle is a well known
source for the generation of vibrations and noise.

The KISSsoft program is especially considered
for the design of gear transmissions. A procedure is
implemented in KISSsoft which determines the
meshing stiffness:

1. A tooth form is calculated by simulating of the
manufacturing process;

2. For every position of the two teeth during a
meshing cycle, the single tooth stiffness is
determined.

3. The overall stiffness it is obtained through
superposing the single stiffness of all teeth in
contact.
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If the vibration reduction is very important for
optimizing the gear geometry, after every solution
was checked, the solution with lowest possible
stiffness it should be selected.

Strength calculation is to be performed as
specified in 1SO 6336 Method B - Calculation of load
capacity of spur and helical gears.

4. Optimizing gear geometry

Number of teeth

After having decided on a centre distance
(imposed in this study case) for the gear transmission,
selecting the proper number of teeth (without
changing of the center distance) for a gear pair it is a
next important step.

In the below figures, different solutions for a
gear pairs with ration i=2 * 5%, a=125 mm, P=91.5
kKW, number of teeth (gear 1) between 21 and 30, are
shown in Fig.2 and Fig.3.

Geometry
Pressure angl...ormal section  a. 20,0000 | @ Suppress integer ratios
Helix angle at reference circle [ 6.0000 | = Maominal ratio/deviation in % i, ic 2.0000 5.0000
Center distance a 1250000 | mm [|  Quality {150 1328) Q 65,0000 6.0000
Strength
Calculation method (130 6336:2006 Method B w Refer... gear Gear 1 w
Required service life H 3000,0000 | b Power P 91,5000 | kw (]
Application Factor Ka 1.5000 Tarque T 582.5071 | Mm ®

Speed n 15000000 | 1fmin (O

Materials

Gear 1

Gear 2

16 MnCr 5 (1), Case-carburized steel, case-hardened, 150 6336-5 Figure 9410 (MO, core strength ==25HRC Jominy J=1Zmm<HR

16 MnCr 5 (1), Case-carburized steel, case-hardened, 150 6336-5 Figure 910 (MQ), core strength ==25HRC Jominy 1=1Zmm<HR +

Fig. 2. Initial conditions for gears
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Fig.3 The result returned for gears
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Fig. 4. The contact stiffness for rough sizing
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Helix angle and profile shift

Measurements prove that a higher helix angle
(higher overlap contact ratio) will result in lower
noise level. Selecting the profile shift such that a
lowest possible amount of sliding occurs is a highly
efficient way to optimize gears in terms of high
frequency noise. In the figures below (Fig.5 and
Fig.6), different possible gearing solutions were
found by variation of helix angle at reference circle
and profile shift coefficient. Reference profile and
centre distance were maintained for given values.
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Fig. 5. The conditions imposed for fine sizing
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Fig. 6. Possible gearing solutions
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Fig.7. The contact stiffness for fine sizing
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Fig.8 - Optimized gears
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Fig.10. Variation of contact stiffness / profile shift coefficient
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Fig.11. Variation of contact stiffness / total contact ratio

5. Conclusions References
The excitation from the tooth mashing has a [1] *** — 1SO 6336:2006 Method B - Calculation of
main influence on the noise behavior of a  load capacity of spur and helical gears
gearing and should be taken measures to reduce  [2] *** — DIN 3990, method B - Calculation of load
this excitation. capacity of cylindrical gears
In the Fig. 9, Fig. 10 and Fig.11 it is presented ~ [3] *** — AGMA 2001-C95 - Fundamental Rating
three methods to reduce the noise of gear  Factors and Calculation Methods for Involute Spur
meshing. and Helical Gear Teeth
[4] *** — KISSsoft Release 03/2011 User Manual,
KISSsoft AG, Hombrechtikon Switzerland, 2011
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