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This dissertation, titled “Study on the Viscoelastic Effects on Microscopic Contact and Friction
of Elastomers Using Atomic Force Microscopy,” is structured into five chapters

Chapter 1 introduces the challenges in analyzing microscopic contact and friction in elastomers

It highlights the intertwined effects of viscoelasticity and adhesion on contact, as well as the
unclear factors contributing to friction, setting the stage for the research objectives and approach

Chapter 2 describes the technical and theoretical foundation for the study. Technologically, it
explains the Atomic Force Microscopy (AFM) system used. Theoretically, it explores linear
viscoelastic models and contact mechanics models. The role of tribology in analyzing friction is
also discussed

Chapter 3 focuses on analyzing AFM force curves to understand the viscoelastic effects on adhesive
contact. While conventional studies often used elastic contact models, this research adopts a more
accurate viscoelastic model (Barthel model). Through optimization techniques, force curve analysis
for polydimethylsiloxane (PDMS) elastomers reveals how viscoelastic behavior in the contact area
and near the contact line affects contact conditions. Additionally, a comparative evaluation of
viscoelastic models shows that fractional viscoelastic models offer more realistic insights than
standard linear solid (SLS) models.

Chapter 4 investigates the microscopic friction of elastomers using lateral force microscopy
(LFM). The research challenges the applicability of the Bowden-Tabor law for elastomers. The study
quantifies the effects of roughness, tangential forces, and viscoelasticity on contact area, using
a newly developed contact model and conventional contact models. It concludes that LFM friction
contains not only area—proportional components but also other components arising from contact
asymmetry and energy dissipation

Chapter 5 summarizes the findings and discusses future directions. It emphasizes the importance
of viscoelastic considerations for more general elastomers and the need to explore alternative
friction mechanisms for a deeper understanding of microscopic friction.

These contributions provide valuable insights into both tribology and the fundamental behavior of
elastomer surfaces
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