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Abstract: A contact performance model for bolted joint interfaces considering the macro-micro
morphology has been developed to accurately predict the true contact state of bolted joint
interfaces. The model solves the problem of extracting and reconstructing the measured rough
surface by using the wavelet decomposition method. A cross-scale model for bolted joint
interfaces that considers the coupling of micromorphology and macro geometric size is constructed
using techniques such as equivalent contact between two rough surfaces, data-driven modeling,
and macro-micro variable grid partitioning. This model can be used to accurately calculate the

contact performance for bolted joint interfaces. The pressure distribution on the contact surface
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of bolted joints is measured with an I-Scan pressure film sensor to verify the correctness of the

calculation model. Based on this, a systematic analysis is conducted on the effects of the thickness

of the connected component, preload, and bolt size on the contact performance of the joint

surface. The results indicate that the actual pressure distribution on the contact surface is

discontinuous, and the maximum pressure lies between the bolt hole and the outer diameter of the

bolt head instead of at the edge of the bolt hole of the connected component. The actual contact

area of the joint surface is much smaller than the nominal contact area. In addition, as the

thickness of the connected component, the preload, and the bolt size increase, the pressure

distribution range on the contact surface also increases. The impact of thickness and preload is

nonlinear, while the effect of bolt size follows a certain linearity with a slope of 0. 37. The results

can support the reliable evaluation of mechanical equipment assembly performance, including

stiffness, damping., and sealing.

Keywords: contact performance; rough surface; cross-scale model; bolted joints
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Fig. 1 Measuring device of rough surface
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Fig. 2 Actual two-dimensional morphology and profile of

rough surfaces
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results of raw topography
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Fig. 4 Contact simplified processes between rough surfaces
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Fig. 8 Y-component of stress in experimental case
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under different thicknesses of connected parts
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