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This study analyzed the nonlinear dynamic behavior of a cylindrical coil spring under full

compression. While previous research has primarily focused on the linear characteristics of springs,

this study considers the nonlinear response arising from interwire friction and contact. To achieve

this, the Rayleigh energy method is applied to theoretically derive the dynamic characteristics of a

spring-mass system, and the results are validated through experimental analysis. The experiments include

stiffness measurement using a universal testing machine and dynamic response analysis employing a

laser Doppler vibrometer and accelerometers. Time-frequency analysis is conducted under single and

multiple impact conditions using short-time and fast Fourier transform to quantitatively evaluate the

dynamic behavior of the spring. The findings of this study are expected to contribute to the design

of spring-based isolators in defense applications and the evaluation of operational characteristics in

extreme environments.
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Fig. 2 Deformation-spring force hysteresis

Table 1 Spring stiffness values per sector

Spring stiffness Compress [N/m] Release [N/m]

Sector 1 452 260
Sector 2 1733 1492
Sector 3 12276 13932
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