Possibilities for Reducing Car Gearbox
Vibration and Noise

E. Tomeh

Abstract This article deals with the possibilities for reducing car gearbox vibration
and noise in connection with the production quality of its parts on machine tools. The
technical condition of these machine tools 1is monitored by vibration
diagnostics. The article explains as well the method of gear pinion machining. The
accuracy of manufacture, installation and adjustment of the gearbox mechanisms
and the method of machining gearbox pinion (grinding or superfinishing) contribute
significantly to the overall level of car gearbox vibration and noise. The location of
gears and bearings has also a similar effect. The level of production, assembly and
the superfinishing method in processing the gearbox pinion are shown in the
vibration spectrum as affecting the reduction of gearbox noise and vibration.
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1 Introduction

The technical diagnostics of machines and equipment is mainly based on vibration
measurements and analysis of all critical components of these machines for pre-
defined operation conditions and at the stage of installation of the new machine and
its subsequent operation. One of the possible noise sources in the car is the drive
system, which includes the gearbox.

Frequency analysis of vibration spectra is a modern tool for the process of
identifying the mechanical defects that affect the quality of production, assembly
and overall noise in car gearboxes. The analysis of vibration spectra is performed
using frequency analysis methods and means of technical diagnostics that monitor
the influence of gears and rolling element bearings in a complex gearbox.

The article deals with the possibilities of reducing car gearbox vibration and noise
in connection with various methods of machining the pinion (grinding, superfin-
ishing) with bearing diameter 32h5 (see Fig. 1). The bearing is fitted to the diameter
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Fig. 2 The difference in machining a gearbox pinion

32h5 without an inner ring, so that the cylindrical pin serves as the inner rolling
surface of the bearing. The difference in machining a grinded and super-finished
pinion is shown in Fig. 2.

2 Measurements Analysis

On the stand (see Fig. 3) and using a measuring instrument—the vibration analyser
—the noise of the gearbox with an accordingly machined gear pinion was evalu-
ated. The next steps were to remove the pinion from the gearbox, then to

Sensor of Analyser Sensor of Stand

Fig. 3 Determination of measuring points



Possibilities for Reducing Car Gearbox Vibration and Noise

257

Table 1 Resulting overall Velocity | Pinion grinding a.¢ Pinion superfinishing
values of bearings noise [Gy]—envelope aer [Gs]—envelope
amplitude method method
In Backward In Backward
traction traction
1 0.216 0.192 0.034 0.028
2 0.163 0.144 0.023 0.021
3 0.164 0.181 0.025 0.020
4 0.187 0.201 0.025 0.029
5 0.200 0.258 0.029 0.045
04
®= Grinding
= Super finishing
o2 In traction Backward 0,258

0,163 0,164

5 Velocity 1

Fig. 4 Graphical comparison of noise for a grinded and super-finished pinion

super-finish it on the superfinishing machine, to mount it back in the gearbox, to
measure it and to evaluate the gearbox noise once more. The analysis of the spectral
envelope measurements shows that superfinishing a cylindrical diameter of 32h5
has decreased gearbox noise (see Table 1 and Fig. 4).

3 Measurement Protocols of Gear Parameters

The gearing involute profile and pitch helix curves were measured including the
nominal values of the above parameters. The measurement informed us about the
components kinematics (throw, pitch). The drawing tolerance of the parameters is
also included in the measurement protocol.
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4 Example of Measured Noise Spectra

The first example refers to the first gearing speed level, where gearing noise tol-
erance parameters didn’t significantly comply. The parameters fHB exceeded by
about 50 um and fHa by about 10 um. Figure 5 shows measured spectrum—MIX
—In Traction.

The picture shows the difference between this case (the red curve) and the serial
measurement of non-defective gearboxes of the same day (black line).

The measured spectrum shows the whole continuous spectrum as relatively
elevated. The first harmonic frequency (Ord 14), corresponding to the first gearing
speed level, is within the norm in comparison with non-defective gearboxes. But the
second (28 Ord) and the third (42 Ord) harmonic frequencies of this gearing are in
comparison with others increased by up to 10 dB.

The second example relates to the missing process. On the assembly line, a gear
of the third speed level was released without performing the final process of teeth
finishing (grinding)—the gear was therefore only milled. This defect was very
much reflected on the gearbox measured spectra. The noise level was increased not
only when the mention third gear was loaded (Fig. 6) but also in all other gears,
even when the third one was not loaded. In the measured spectrum of the third gear,
increased component harmonic frequencies are displayed including their sidebands.

In the other gears, the harmonic frequencies belonging to the mentioned third
speed level were evident.

As a demonstration, here is noise spectrum MIX for the fifth speed level In
Traction (Fig. 7). It is evident that the manifestation of the first (35 Ord—106 dB)
and the second (75 Ord—103 dB) harmonic frequencies of the defective gear are
identical to that when the gear was loaded.
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Fig. 5 Noise spectrum 1-S (MIX)
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Fig. 6 Noise spectrum 3-S (MIX)

Spectra / 5-S / Prvni (Mix,KS) / Spectrum’
GAb |

dB(g) Dépohon

+

3
f
‘ L
i
- | L 1‘

90

80

70

60 i A
0 15 30 45 60 75 90 105 120 Ord

Fig. 7 Noise spectrum 5-S (MIX)

The grinded pinion on stand showed increased noise at all speed levels and for In
Traction and Backward (Fig. 8). The green curve is for the super-finished pinion,
the black one is for the grinded pinion.
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Grinding Super finishing
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Fig. 8 Order analyses for 4th and 5th speed levels in traction and backward

5 Conclusions

The article discusses the influence of the processing methods (grinding or
super-finishing) for a pinion with a 32h5 bearing diameter on the resulting car
gearbox noise. For both mentioned technologies, measurements of the overall
vibration levels on the stand, as well as the frequency and envelope analyses were
evaluated for each gear speed.

The most effective influence on decreasing the overall vibration levels in a
gearbox appeared in the analysis of spectral envelopes on a pinion of 32h5 diam-
eter, which serves as inner ring of bearing. It was reduced by 86 % on average.
Furthermore, comparing orders analyses on the stand, the noise was reduced on the
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Grinding Super finishing
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Fig. 8 (continued)

super-finished pinion by up to about 15 dB in some orders. For these reasons, it is
possible to state that superfinishing has a great impact on the overall noise of car
gearboxes.
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