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ness affects the natural frequency of the gearbox. It is pos-
sible to more accurately and consistently set and adjust the
bearing preload or clearance through the comparison of
modeled and experimentally determined natural frequencies
of the gearbox assembly.
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BEARING ADJUSTMENT USING MODAL ANALYSIS
CROSS-REFERENCE TQ RELATED APPLICATIONS

{6001} This application claims priority to 1.8, Provisional Patent Application No.
61/912,082, filed on December 5, 2013, the entire content of which is hereby incorporated by

reference.
BACKGROUND

[0062] The present invention relates to setting bearing preload or clearance in a

transmission assermbly.

03] A correet setting (e.g., bearing preload or clearance) of bearings is inmportant for
bearing life performance and proper functioning of power transmissions, including
gearboxes. However, it {s very challenging to achieve consistent and reliable bearing setting
in complex power transmission and gearbox assemblies due to variations of parl geometries.
Currently, setling methods based on rolling torque or deflection are widely used. However,
the consistency of these methods relies heavily on the experience and skill of the workers
who perform the setting. A new setting method that can improve the setting consistency and

accuracy is needed in the art,
SUMMARY

[0004] In one aspect, the invention provides a method for sefting bearing preload or
clearance for a bearing mounted in a transwission assembly. The method includes
determining a modeled natural frequency of a vibration model of the bearing and
transmission assembly developed using a pre-calcutated stiffiness of the bearing, performing a
modal analysis on an assembled bearing and transmission assembly to determine an actual
natural frequency of the assembled bearing and transmission assembly, comparing the actual
natural frequency of the assembled bearing and transmission assembly to the modeled natural
frequency; and adjusting an actual preload or clearance of the bearing based on the

comparison of the actual natural frequency and the modeled natural frequency.

[0085] in another aspect, the invention provides a method for selting bearing preload or
clearance for a bearing mounted in a transmission assembly. The method includes

calculating a stiffness of the bearing based on 8 design preload or clearance, developing a
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vibration model of the bearing and transmission assembly using the calculated stiffness of the
bearing, determining a modeled natural frequency of the vibration model, assembling the
bearing into the transmission assembly, performing a modal analysis on the assembled
bearing and transimission assembly to determine an actual natural frequency of the assembled
bearing and transmission assembly, and comparing the actual natural frequency of the

assembled bearing and transmission assembly to the modeled natural frequency.

[8006] In another aspect, the invention provides a method for setting bearing preload or
clearance for a bearing mounted in a transmission assembly. The method includes
determining a modeled natural frequency of a vibration model of the bearing and
transmission assembly developed using a computer modeling software with finite element
analysis capabilities and using a pre~calculated stiffness of the bearing. The pre-calculated
stiffhess of the bearing is determined using computational software, and the modeled natural
frequency of the vibration model is determined by the computer modeling software. The
method also includes performing a modal analysis with a modal analysis system on an
assembled bearing and transmission assembly to determine an actual natural frequency of the
assembled bearing and transmission assembly. The modal analysis system includes a
vibration sensor, a vibration excitation instrument, and a signal analyzer. Further, the method
inciudes comparing the actual natural frequency of the assembled bearing and transmission
assembly to the modeled natural frequency, and adjusting an actual preload or clearance of
the bearing based on the comparison of the actual natural frequency and the modeled natural
frequency. If the actual natural frequency is fess than the modeled natural frequency, the
actual preload of the bearing is increased by reducing an internal clearance of bearing
components. If the actual natural frequency is greater than the modeled natural frequency,
the actual preload of the bearing is decreased by increasing an internal clearance of bearing

components.

[6007] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a schematic drawing illustrating 3 gearbox and modal analysis kit in

accordance with an embodiment of the invention,
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{0069 Fig. 2 is a flowchart illustrating the steps for setting bearing preload or clearance

using modal analysis.
DETAILED DESCRIPTION

[0010] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or iflustrated in the
following drawings. The invention is capable of other embodiments and of being practiced

or of being carried out in various ways.

[0011]  The invention presents a new setting method for bearings in gearboxes or other
transmission assemblies. The method uses modeling and modal analysis techniques. The
stiffiess of bearings varies depending on a set preload or clearance of the bearing, Bearings
can be set with varying levels of clearance between bearing elements to vary the internal
stress or preload of the bearing before the bearings receive an external Ioad. A higher preload
on the bearing resuls in increased bearing stiffness, while a lower preload will resalt in
decreased bearing stiffness. Bearing stiffness influences the natural frequency of the
gearbox. It is possible to more accurately and consistently set and adjust the bearing preload
or clearance through the comparison of modeled and experimentally determined natural

frequencies of the gearbox assembly.

[0012] Fig. 1 illustrates a transmigsion assembly or gearbox 10 including a bearing 14.
The bearing 14 is illustrated as a tapered rolling bearing, but may also be one of various other
types of bearings. The bearing 14 receives a first shaft or input shaft 16 in the bearing bore,
which may be driven by various means. The bearing 14 includes an inner ring or race 18a
and an outer ring or race 18b. The outer ring 18b is coupled to the gearbox 10 so that it does
not rotate with the inner ring 18a and the input shafl 16. The rotational movement between
the inner ring 18a and the outer ring 18b is facilitated by a low friction interface using various

techniques such as, but not limited to, rolling elements.

0813} The gearbox 10 further includes a second shaft or output shaft 20 and a plurality
of gears (not shown} located within a housing 22. The plurality of gears engages with each

other to effectively transmit the rotational movement and torque from the input shaft 16 to the
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output shaft 20. The plurality of gears may be of various sizes and types to provide a desired

gear ratio for a specific application.

[0014] With further reference to Fig. 1, a modal analysis system 24 is illustrated
including a vibration sensor 26. The vibration sensor 26 is attached to a computer or signal
analyzer 30, for example, through an electrical cord 32, The modal analysis system 24 also
includes a vibration excitation instrament 38, which may be an impulse or impact hammer or
any other device {e.g., a shaker, modal exciter, etc.) capable of exciting the gearbox 10 to
vibrate at its natural frequency. The vibration excitation instrument 38 may be altached to the

signal analyzer 30, for example, by an electrical cord 34,

{8015} Fig. 2 illustrates the process a user would follow to use modeling and modal
analysis to adjust the setting of the bearing 14 when it is assembled in the gearbox 10. In step
$1, the user first calculates a bearing stiffness matrix of the bearing 14 using a designed
bearing setting {e.g., preload or clearance). This calculation may be done using traditional
analysis using known equations or with available computational software. In step 52, the
user develops a vibration modet of the gearbox 10 and the installed bearing 14 using the
stiffbess matrix previousty calculated, The vibratinﬁ modet may be created using computer
modeling software (e.g., finite element analysis software) which includes vibrational analysis
capabilities. In step 83, the aser determines a modeled natural frequency of the gearbox 16
and the installed bearing 14 using the created vibration mode} of the gearbox 10. Afier the
system has been mathematically modeled, the actual bearing 14 is installed in the actual
gearbox 10 with an approximate preload or clearance provided to the bearing 14 during
installation. In step S4, the user then measures the actual natural frequency of the gearbox 10
and instailed bearing {4 using the modal analysis system 24. In operation of the illustrated
modal analysis system 24, the user fisst couples the vibration sensor 26 to the assembled
gearbox 1. The vibration excitation instrument or impact hammer 38 is used to induce
vibrations of the gearbox 10, The vibration sensor 26, such as an accelerometer, detects the
vibration of the gearbox 10 and the vibrational signal is received and recorded by the signal
analyzer 30. Through signal processing techniques, the actual natural frequency of the

gearbox 10 and installed bearing 14 is determined.

[0016] In step 83, the actual natoral frequency of the gearbox 10 and installed bearing 14
is compared to the modeled natural frequency previously determined. If the actual natural

frequency of the gearbox 10 and installed bearing {4 is lower than the modeled natural
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frequency, the preload on the bearing 14 is too low, and is therefore increased as shown in
step S6. As is understood in the art, bearing preload is increased by reducing the internal
clearance of the bearing elements refative to each other. For example, in a tapered roller
bearing, when axial endplay (i.e., a maximum relative displacement, in a direction parallet to
the bearing axis, between the two rings of an unmounted bearing) is reduced, prefoad is
increased, By increasing the bearing preload, the stiffness of the bearing 14 and natural
frequency of the gearbox 10 and installed bearing 14 also increase. I the actual natural
frequency of the gearbox 10 and installed bearing 14 is greater than the modeled natural
frequency, the preload on the bearing is decrcased as showa in step S7. Again, as is
understood in the art, bearing preload is decreased by Increasing the internal clearance of the
bearing elements relative to cach other. For example, in a tapered rolier bearing, when the
axial endplay is increased, the preload is decreased. By decreasing the bearing preload, the
stiffness of the bearing 14 and the natural frequency of the gearbox 10 and installed bearing
14 also decrease. If the actual natural frequency of the gearbox 10 approximately equals the
modeled natural frequency, the preload of the bearing does not need to be changed. In certain
applications, the bearing preload may be set to zero (i.e., the bearing elements are not
touching) and the bearing elements may be set with a desived clearance or separation, If
changes to the bearing preload or clearance have been made, steps 534 and S5 are repeated
until the actual natural frequency of the gearbox 10 and instalied bearing 14 approximately

equals the modeled natural frequency.

[0017] Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS
What is ¢claimed is:
l, A method for setting bearing prefoad or clearance for a bearing mounted in a

transmission assembly, the method comprising:

determining a modeled natural frequency of a vibration model of the bearing and
transmission assembly developed using a pre-calenlated stiffhess of the bearing;

performing a modal analysis on an assembled bearing and transmission assembly to
determine an actual natyral frequency of the assembled bearing and transmission assembly;

comparing the actual natural frequency of the assembled bearing and transmission
assembly to the modeled natural frequency; and

adjusting an actual preload or clearance of the bearing based on the comparison of the

actual natural frequency and the modeled natural frequency.

2. The method of claim 1, wherein the actual preload of the bearing is adjusted by

changing an internal clearance of compenents of the bearing.

3. The method of claim 1, wherein if the actual natural frequency is less than the

modeled natural frequency, the actual prefoad of the bearing is increased,

4, The method of claim 1, wherein if the actual natural frequency is greater than the

modeled natural frequency, the actual preload of the bearing is decreased.

3. The method of claim 1, wherein the pre-calculated stiffhess of the bearing is

determined using computational software.

6. The method of claim 1, wherein the vibration model of the bearing and transmission
assembly is developed using computer modeling software which includes finite element

analysis capabilities.

7. The method of claim 6, wherein the modeled natural frequency is determined by the

computer modeling software.
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8. The method of ¢laim 1, wherein the modal analysis is performied by a modal analysis

system including a vibration sensor, a vibration excitation instrument, and a signat analyzer.

9, The method of claim 8, wherein the vibration excitation instrument is one of an

impact hammer and a shaker.

10, A method for setting bearing preload or clearance for & bearing mounied in a
transmission assembly, the method comprising:

calculating a stiffness of the bearing based on a design preload or elearance of the
bearing;

developing a vibration mode! of the bearing and transmission assembly using the
calculated stiffuess of the bearing;

determining a modeled natural frequeney of the vibration model;

assembiing the bearing into the transmission assembly;

performing a modal analysis on the assembled bearing and transmission assenmbly to
determine an actual natural frequency of the assembled bearing and transmission assembly;
and

comparing the actual natural frequency of the assembled bearing and transmission

assembly to the modeled natural frequency.

11, The method of claim 10, further comprising adjusting an actual preload or clearance
of the bearing bascd on the comparison of the actual natural frequency and the modeled

natural frequency.

12.  The method of ¢laim 11, wherein the actual preload of the bearing is adjusted by

changing an internal clearance of components of the bearing.

13, The method of claim 11, wherein if the actual natural frequency is less than the

mudeled natural frequency, the actial preload of the bearing is increased,

14, The method of claim 11, wherein if the actual natural frequency is greater than the

modeled natural frequency, the actual prefoad of the bearing is decreased,
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15, The method of claim 10, wherein calculating the stiffiess of the bearing is performed

using computational software.

16.  The method of claim 10, wherein the vibration model of the bearing and transmission
assembly is developed using computer modeling software which includes finite element

analysis capabilities.

17.  The method of claim 16, wherein the modeled natural frequency is determined by the

computer modeling software.

18.  The method of claim 10, wherein the modal analysis is performed by a modal analysis

system including a vibration sensor, a vibration exeitation instrument, and a signal analyzer,

19, The method of claim 18, wherein the vibration excitation instrument is one of an

impact hammer and a shaker.
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20. A method for selting bearing preload or clearance for a bearing mounted in a
transmission assembly, the method comprising:
determining a modeled natural frequency of a vibration model of the bearing and
transmission assembly developed using & computer modeling software with {inite element
analysis capabilities and using a pre-calculated stiffness of the bearing, the pre-calculated
stiffness of the bearing being determined using computational software, the modeled natural
frequency of the vibration model being determined by the computer modeling software;
performing a modal analysis on an assembled bearing and transmission assembly with
a modal analysis system to determine an actual natural frequency of the assembled bearing
and transmission assembly, the modal analysis system including
a vibration sensor,
a vibration excitation instrument, and
a signal analyzer;
comparing the actual natural frequency of the assembied bearing and transmission
assembly to the modeled natural frequency; and
adjusting an actoal preload or clearance of the bearing based on the comparison of
the actual natural frequency and the modeled naturat frequency, wherein if the actual natural
frequency is less than the modeled natural frequency, the actual preload of the bearing is
increased by reducing an internal clearance of bearing components, and wherein if the actual
natural frequency is greater than the modeled natural frequency, the actual preload of the

bearing is decreased by increasing an internal clearance of bearing components,
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