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ABSTRACT

Predicting excitation forces in rotating machinery accurately is essential to ensure dynamic stability

and prevent structural damage. However, dampers in real mechanical systems inevitably contain clear-

ances or designed gaps that induce strong nonlinearities with frictional contact that linear models

cannot capture. In this study, an integrated methodology is proposed to identify the nonlinear dynamics
of a gap-type friction damper and predict the excitation forces of an unbalanced rotor at the level of

the entire system. A modified Bouc-Wen model with hyperbolic-tangent pinching logic is formulated

to represent hysteretic behavior across a 7 mm clearance, and the stroke-dependent damping parameter

was fitted by a third-order polynomial from experimental data. The identified damper model was

integrated into a lateral-torsional coupled Jeffcott rotor with three degrees of freedom derived via the

Lagrangian formulation and solved by time-domain integration. The results of blocked-force measurements

on a front-load drum washing machine validated the framework in that component-level errors
remained within 10 %, while system-level peak amplitude errors in the 200 Hz ~ 800 Hz band re-
spectively averaged 2.38 dB and 0.23 dB on the y- and z-axes.
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Fig. 6 Comparison of measured and identified force-displacement hysteresis curves for the gap damper
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Table 2 Specifications of the unbalanced rotor system

Parameter Symbol Value
Unbalanced mass [kg] m, 0.4
Eccentricity [mm] e 250
Rotational speed [RPM] 2 900

(a) Front view

(b) Side view

Fig.7 Schematic diagram of the unbalanced rotor
system with the suspension system
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