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Vibration analysis of a dual-stage spur geared mechanical system
By Prof. Shuting Li

In order to be able to accurately analyze the vibration of geared mechanical systems, the studies on constructing a
vibration analysis method and developing software were begun very early by combining the theoretical modal method and
the Duhamel integral method. But these studies could not be completed for a long time because stable results could not be
obtained in some cases. Through many years of effort, the cause of the unstable results was found finally, and it succeeded
in developing software that can obtain stable results in all cases. This paper explains the technical difficulties that must be
overcome when analyzing the vibration of geared mechanical systems at the first. Then the flowchart used for numerical
analysis of gear vibration and software development is introduced using the theoretical modal method and the Duhamel
integral method. In order to verify the validity of the developed software, a vibration analysis on a two-stage spur gear
system is performed. Since the calculated results are almost consistent with the experimental results, it can be said that a
reliable way is found to analyze geared mechanical systems. The results analyzed by the newly developed software provide

some new insights into the phenomenon of gear vibration.
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(a) FEM model and Tooth mesh stiffness (b) FEM model and pressure of rolling bearings

Fig.1 Contact stiffness analyses of gears and bearings using FEM
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(a) Conventional one—spring model (b) Newly proposed multiple—springs model

Fig.2 Contact models of contact teeth used for vibration analysis of gears
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Fig. 3 Flow—chart of software development used for gear vibration analysis




XH - BRRERAGH TATEMEGHT R ELax = bk
2026 4£ 2 A 22 H Email: shutingnpu@yahoo.co.jp

4. BASELT=REBMRTY 7 oA

B L2 7 FOZYMARRFET 572012, £ 9K 4 124 B B (o5 L CIREMET T U o
T AT, TORREKSITRL TS, T L TCHSIRTETAEZHANTT VT 0V 25 CiEd A%
BNz R RRICEWEE A K SR TN E R L Y 7 TR, FEROIRBVENL, REhEE
EREINEE NG OND.

T A7 HER HBE =R
7L—% il | CeERD | | (BERD) =

T | W W AR
=
|
—

N
)

et
T

4
\%%a|\%$4\ #¥3 B2 BF1

Fig.4 A dual-stage geared mechanical system
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Fig.5 Modeling for vibration analysis of the geared mechanical system
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Fig. 6 Campbell diagram comparison of gear accelerations (Torque=110Nm)
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Fig. 7 Campbell diagram comparison of gear vibration accelerations (Torque=306Nm)
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