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Fig.1 Schematic diagram of the conical disc spring
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Fig.2 Schematic diagram of spherical disc spring cross-section
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Fig.3 Simplified diagram of spherical disc spring cross-section
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Fig.4 Simplified schematic diagram of the equivalent structure
based on large deformation of thin plates
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Table 1 Geometry and material parameters of spherical

discspring
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Fig.5 Parametric FE model of spherical disc spring
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Fig.6 Deformation contour of spherical disc spring
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Fig.7 Load curve with deformation of spherical disc spring
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Table 2 Maximum relative error of equivalent model under
different geometrical dimensions

s d/mm S,/mm T/mm Hymm I RIRZE Y%
1 12 7 0.1 04 3.6
2 2 7 0.1 0.4 3
3 26 7 0.1 04 3.7
4 32 7 0.1 0.4 4
5 12 5 0.1 04 6
6 12 10 0.1 04 5
7 12 14 0.1 04 6
8 12 7 02 0.4 8
9 12 7 03 0.4 9
10 12 7 0.4 0.4 7
11 1.2 7 0.1 0.2 7
12 12 7 0.1 03 6
13 12 7 0.1 05 26
14 12 7 0.1 0.6 61
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Fig.9 Displacement characteristics of spherical
disc springs under different thicknesses
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Fig.10 Calculation error of spherical disc spring
equivalent model under different thicknesses
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Fig.12 Calculation error of spherical disc spring
equivalent model under different height
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Equivalent Modeling Approach of Spherical Disc Springs for Precision Miniature
Components
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Abstract: Spherical disc springs are the core components of precision miniature assembly, and their displacement
characteristics directly determine the reliability and stability of the assembly systems. In order to quickly and accurately
predict the displacement characteristics of spherical disc springs, this paper presents a mechanical modeling method for
disc springs based on the thin plate flexure theory with large deflection. Consequently, an equivalent model of spherical disc
springs for precision miniature components is developed. The model involves an equivalent coefficient with the range of [0,
1]. The three-dimensional Finite Element (FE) model of the spherical disc spring is built to determine the key equivalent
coefficient. The analysis results show that the internal radius and spherical radius of spherical disc spring have little effect on
the optimal equivalent coefficient, while the thickness and height have significant influence; The increases of the thickness
and height will increase the calculation error between the equivalent model and FE model, and the stable range of the
displacement characteristic curve is gradually narrowed. Based on this, the optimal equivalent coefficient as a dimensionless
function with the thickness and height of the spherical disc spring is obtained by polynomial fitting, which can improve the
prediction accuracy of the spherical disc spring equivalent model for precision miniature components.
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