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Enhancement of Vibration Analysis Accuracy of Engine Structure

by Considering Nonlinear Properties between Components
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A high-accuracy and generally applicable method
of predicting the frequency response functions of
engine structures up to the radiated noise range has
been developed.

Because the joints between engine parts possess
nonlinear properties, as exemplified by the head
gasket, analytic models that are linearized in relation
to the state of the joints are essential in conducting
frequency response analyses. The analysis discussed
in this paper was divided into two stages. In the first
stage, pressure data for the joint sections was obtained
by means of nonlinear contact analyses. In the
frequency response analyses conducted in the second
stage, accuracy was increased by defining the stiffness
and damping of the joint sections as linear properties
based on the pressure data, and formulating vibration
analysis models that considered strain due to bolt axial
force.

Some properties of the joint sections cannot be
determined in materials tests, and pressure conversion
tables assumed to express properties dependent on
pressure were therefore defined. Uncertain values
were identified on the basis of test results for the base
engine. The application of this method to another
engine demonstrated that the frequency response
analysis achieved a level of accuracy that represented
no impediment to practical use, and indicated that the
method possessed general applicability for frequency
response analyses of engine structures.
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Fig. 1 Experimental FRF under different bolt axcial
force conditions
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Fig. 3 Composition of FE models
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(a) Young’s modulus of head gasket
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(b) Young’s modulus of dummy joint elements
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Fig. 4 Conversion tables of joint elements
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Fig. 6 Head gasket model
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Fig. 7 Elastic properties of head gasket
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Fig. 11 Assembled models

(a) Equivalent Mises stress

Fig. 8 Joint elements model
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Fig. 9 Elastic properties of joint elements Fig. 12 Nonlinear contact analysis results
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Fig. 13 Parameters of identification

(a) Young’s modulus (b) Shear modulus (c) Damping coefficient

Fig. 14 Properties of joint elements for frequency response analysis
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Fig. 16 Models for verification
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Fig. 18 FRF of assembled models for verification
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