An attempt to reduce the vibration of gearbox with
non-parallel shaft axes by modifying the spur gear fixing
method
Grzegorz Wojnar1, Michał Juzek2, Paweł Słowiński3
Silesian University of Technology Faculty of Transport, Katowice, Poland
2Corresponding author
E-mail: 1grzegorz.wojnar@polsl.pl, 2michal.juzek@polsl.pl, 3pawel.slowinski@polsl.pl
Received 5 September 2018; accepted 18 September 2018
DOI https://doi.org/10.21595/vp.2018.20227
Copyright © 2018 Grzegorz Wojnar, et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. In this paper authors carried out research, while modified gear fixing was used to limit
the vibrations of the gearbox with non-parallel shaft axes. For tests modified back-to-back test
stand was used. During test gearbox worked without load, with various rotational frequency and
value of non-parallelism of shafts axes. Analysis of the obtained results presents that only in some
cases the use of modified fixing of gear causes a reduction of the measured vibrations.
Keywords: gearbox vibrations, non-parallelism of axes.
1. Introduction
In many drive systems gearboxes are one of the basic components. They are commonly used
in construction of transmission systems of various vehicles, industrial machines or even aircrafts
such as helicopters. Especially if transmission of torque and rotational speed with possibility of
changing their value between input and output is required, gearboxes are one of the most popular
way [1-3]. Unfortunately, gearboxes are not without drawbacks, to which belong vibrations
generated during its operation. Generated vibrations affect the durability of the transmission
components and undesirably affect their surroundings together with the accompanying noise.
Many scientific studies aimed at reducing vibroactivity of gearboxes are continuously carried out
[4-6]. The authors of these scientific works are looking for the possibility to limit generated
vibrations in many areas, which include e.g.: the appropriate gearbox’s housing design,
appropriate selection of lubricants used in the transmission, right choice of couplings parameters
and bearings types [6-12].
The aforementioned searching areas for new possibilities to reduce generated by the
transmission vibrations undoubtedly provide valuable data. Also, it should be noted, that one of
the main vibrations sources are variable in time forces derived from meshing. Cooperating gears
and load distribution along the contact line of their teeth are very important parameters affecting
gearbox vibroactivity. Uneven load distribution on the meshing width can be a common problem
due to random deviations of the gears and other transmission elements, or assembly errors of these
elements, which may result in non-parallelism of shaft axes. In this paper authors presented results
of research, while a modified gear fixing was used to limit the gearbox vibrations with non-parallel
shaft axes.
2. Description of test stand and conducted research
For the tests a back-to-back stand was used, which was purposely modified. The following
modifications were made: replacement of the driven gear shaft of the tested gear with a stationary
axis, use of eccentric bushings to seat the stationary axis in the gearbox housing and enable to
change the value of axes non-parallelism, disassembly of closing gearbox to eliminate additional
stationary disturbances. During the research the tested gearbox was a kinematic transmission and
did not transmit the torque. Two fitting methods of driven wheel on a stationary axis were used.
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First of them prevents the angular deflection of the axis of rotation of gear relative to the stationary
axis (MS designation), second method enables angular deflection of the axis of rotation of gear
relative to the stationary axis (MW designation).

Fig. 1. Back-to-back test stand: 1 – tested gearbox; 2 – axis of drive gear (𝑧 ); 3 – stationary axis of driven
gear (𝑧 ); 4 – eccentric bushing of bearing (Z1); 5 – sensor measuring vibration acceleration of the
transmission housing at the point K; 6 – sensors measuring vibration acceleration of axis
in a direction parallel to the action of the lateral force 𝐹 (designation O1Z_FO)
and parallel to the action of the radial force 𝐹 (designation O1Z_FR)

During the tests, the vibrations of gearbox housing was measured at the point K (Fig. 1), and
the vibrations of stationary axis at point 6 (Fig. 1) at different positions of eccentric bushes as well
as for different rotational frequencies of the drive gear 𝑧 . Piezoelectric vibration sensors were
positioned in such way that enable the measurement of vibration accelerations in the direction
parallel to the action of the lateral force 𝐹 and parallel to the action of the radial force 𝐹 .
3. Obtained results with analysis
Based on the vibration signals recorded during the tests in points K, O1_FO and O1_FR (Fig. 1
– 5, 6), their RMS values were calculated. Obtained RMS values are shown in diagram 2 for point
K and diagrams 3, 4, 5 for points O1_FO, O1_FR. Results are presented as a function of
representative bearing position Z1 for two selected rotational frequencies of drive gear 𝑧 .

Fig. 2. The RMS values of the measured vibration signals in point K in the function of the bearing “Z1”
position and the method of fixing the gear 𝑧 on the stationary axis, rotational frequency
of the gear 𝑧 was 𝑓 = 20 Hz
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Fig. 3. Spectrum of measured vibration signals in points O1_FO and O1_FR in two parallel directions

Fig. 4. The RMS values of the measured vibration signals in points O1_FO and O1_FR in the function of
the bearing “Z1” position and the method of fixing the gear 𝑧 , rotational frequencies
of the gear 𝑧 was 𝑓 = 20 Hz and 𝑓 = 40 Hz

Fig. 5. Sums of amplitudes of the first 4 harmonic of meshing frequencies obtained from the vibration
signals measured in points O1_FO and O1_FR in the function of the bearing “Z1” position and the method
of fixing the gear 𝑧 , rotational frequencies of the gear 𝑧 was 𝑓 = 20 Hz and 𝑓 = 40 Hz
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Gearboxes with spur gears very often generates vibrations signals, which frequency spectrum
parts associated with the meshing frequency, and its harmonics have the largest amplitudes. This
fact was taken into account and an indicator of the vibration level, as the sum of the amplitudes of
the first 4 harmonics of the meshing frequency, was affiliate.
4. Conclusions
Provided that non-parallelism of the gearbox axes occurs, level of generated vibrations during
gearbox operations changes and it is strongly connected with the relative positions of shafts.
For gearboxes, which operates unloaded for a long period of time, the use of gear fitting
enabling angular deflection is not recommended. As shown in diagrams in Chapter 3, in a many
cases application of the mentioned solution increases the RMS values of the vibration signals. For
point K, which was placed at the gearbox’s housing, reduction of generated vibrations was
unnoticeable.
In the case of the sum of the amplitudes of the first four harmonics of the meshing frequencies
(Fig. 5), the fitting application enabling angular deflection of gear was beneficial in a large number
of investigated cases. Due to the fact that the dominant amplitudes have the meshing frequency
and its harmonics in event of gearbox with spur gear, the fitting application used in gear 𝑧 may
create the possibility of reducing the effects caused by the non-parallelism of the axes of the
transmission shafts.
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