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Three-Dimensional Visualization of the Micro-Structure and Mechanism
of Magnetorheological Fluids Using Digital Micro-Holography

Wang Qiukuan Yang Hong Li Guangyong Yang Yan
(Key Laboratory of Advanced Manufacturing Technology for Automobile Parts, Ministry of Education ,
Chongqing University of Technology, Chonggqing 400054, China)

Abstract A digital micro-holographic (DMH) system is designed for the observation of the micro-structure and
mechanism of magneto rhedogical (MR) fluids. To obtain the actual magnification of ferromagnetism micro-particles
in the MR fluids, the experimental method using calibration target is employed. The overall-sharpness (OS) method
and the constrained least squares (CLS) filter are introduced to enhance the precision of focal plane of ferromagnetism
micro-particles determination in digital holography. Based on the digital holography system and these numerical
methods, the three-dimensional (3D) distribution of ferromagnetism micro-particles in MR fluids without an applied
magnetic field and the micro-structure of MR fluids with an applied magnetic field are investigated. The
transformation process of micro-structure of MR fluids under an applied magnetic field is monitored in real-time, the
chaining structure., chaining speed and responding time of MR effect are obtained, and the responding time of MR
fluids to be millisecond level is verified. The experimental results of MR fluids measured by DMH are contrasted with
electron microscope, which indicates DMH is a high-efficiency, simple and real-time measuring system for
measurement of behaviors of MR fluids.
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Fig. 1 Schematic of ferromagnetism micro-particles in
MR fluids. (a) Random distribution of particles
without magnetic field; (b) chains distribution of
particles with magnetic field
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Fig. 2 Optical setup for off-axis digital hologram recording
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Fig. 3 Optical set-up of off-axis

digital micro-holography for MR fluids
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Fig. 5 Reconstruction images of micro-particle

hologram at different distances
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(c) Wiener filtering; (d) CLS filtering
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Fig. 8 Experimental system of measurement of MR fluids by digital micro-holography.

(a) Experimental devices of digital micro-holography; (b) partial view of experimental setup; (c¢) calibration target
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Fig. 11 Reconstruction and magnified image of MR

fluids without applied magnetic field
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Fig. 13 Three-dimensional distributions of ferromagnetism micro-particles in MR fluids without and with an

applied magnetic field. (a) Without magnetic field; (b) with magnetic field
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Table 3 Chaining speed and responding time of MR fluids

observed by electron microscope
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Fig. 17 Chaining structure and distribution of MR fluids with applied magnetic field observed by electron microscope
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