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Abstract

Tactile displays that can present the stiffness distribution with high resolutions can be applied to
imitating the surface textures of objects and to precise tele-palpation and tele-operation. For example,
tele-palpation using endoscopes with tactile sensors are expected to detect small tumors that cannot be
detected by computed tomography. For such applications, cells that can control their stiffness individually
need to be densely arrayed. In this thesis, the characteristic of micro-encapsulated magnetorheological (MR)
fluid that can change its mechanical property with an external magnetic field is exploited. Encapsulating
processes of MR fluid into millimeter- and sub-millimeter-sized chambers made of flexible polymer are
proposed and characterized. Tactile displays with densely-arrayed cells that encapsulate MR fluid are
enabled by the developed processes and are characterized by compression tests and sensory tests.

Chapter 1 introduces the background of the research and related works including stiffness tactile
displays using micro/nano manufacturing technologies. The objective and significance of this research is
highlighted.

Chapter 2 describes the proof-of-concept experiments of the tactile display using MR fluid. MR fluid is
encapsulated in a single chamber made of polydimethylsiloxane (PDMS). The display is characterized in
both compression tests and sensory tests. The results indicate the display encapsulating MR fluid can change
the stiffness along the magnetic field and can present the stiffness distribution.

Chapter 3 discusses newly proposed encapsulation technologies of MR fluid into millimeter- and
sub-millimeter-sized chambers. First, encapsulation of MR fluid into millimeter-sized spherical structures
made of thin PDMS membranes is proposed. The process parameters that determine the shape of the PDMS
structures are discussed theoretically and experimentally. Second, forming a thin PDMS membrane directly
on a droplet of MR fluid is demonstrated, where a droplet of MR fluid is immersed into uncured PDMS
solution. The contact area between the MR fluid and the substrate and the concentration of the MR fluid are
revealed to define the PDMS membrane geometry. The other encapsulating process starts with filling MR
fluid in the chambers made of soft silicone rubber. Sequentially, a stainless plate is bonded onto the chamber
to encapsulate MR fluid. The accuracies and compatibility with manufacturing of the stiffhess tactile
displays of the proposed technologies are discussed. The encapsulation process exploiting bonding of the
stainless plate is concluded to be the best. The tactile display with a resolution of 5 mm, which is composed
of chambers 3 mm in diameter arrayed with gaps of 2 mm, is manufactured.

Chapter 4 demonstrates the stiffhess distribution display that consists of an array of micro-encapsulated
MR fluid. The display is characterized by the compression tests and it is verified that it can present uniform
stiffness without an external magnetic field and can change the stiffness distribution with the magnetic field.
The effectiveness of the proposed tactile display is experimentally validated.

Chapter 5 summarizes the research and discusses future research prospects.




