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Abstract In this research, in order to accurately estimate the external force acting on a rotating
machine, we applied a motion control technology and developed a measuring device using a piezo
actuator. From the experimental results, it was confirmed that the proposed measuring device
can control the orbit of the rotating shaft in micro order. In this study, a mechanical seal was
installed in the plant part to measure the external force generated in the mechanical seal part. The
mechanical seals are parts that prevent fluids handled by rotating machines from leaking outside
the machine. In the design of mechanical seals, the estimation of the force generated by coupling
the fluid and structure in the machine is an important factor. We also confirmed that the force
generated in the mechanical seal can be estimated in real time from the control signal.
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Fig. 1: Overview of the proposed experimental system
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Fig. 2: Close up the actuator part in the proposed

experimental system
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Fig. 3: Schematic diagram of the proposed experi-

mental system
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Fig. 4: Relationship between the external force and

the orbit of the rotating shaft
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Fig. 5: Schematic diagram of the control system
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Fig. 6: Block diagram of the feedback control system
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Table 1: Angular frequency ωafc−i

i 1 2 3 4 5 6
fafc−i [Hz] 16.67 33.33 50 66.67 100 21.67
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Fig. 7: Experimental results: orbit of the shaft
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Fig. 8: Experimental results: amplitude spectrum of

displacement in x direction
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