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High-robust and energy saving control of air turbine spindle using HPQR
Tomonori KATO

The purpose of this research is to establish a quick and robust rotation control method of an air turbine spindle and
apply it to an ultra-precision machine tool. We developed the high-precision quick-response pneumatic pressure
regulator (HPQR) to control of air supply pressure of the air turbine spindle. We also set a disturbance force
observer in the feedback control system to avoid changes of the rotation speed due to disturbance forces imparted
to the air turbine spindle. The effectiveness of the proposed method was demonstrated through an air power
evaluation experiment by rotation control and a disturbance force giving experiment. Compared with the
conventional method, the superiority of the proposed method is clearly shown in terms of quick response,
robustness, and low energy consumption. In order to demonstrate the effectiveness of the proposed method, a new
air turbine spindle system equipped with rotation control devices was designed and fabricated for the use in an
ultra-precision milling machine. The effectiveness of the proposed method with the newly developed air turbine
spindle has been demonstrated through rotation control experiments and disturbance giving experiments. The
robustness and energy-conserving characteristics of the proposed method were demonstrated.
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Fig.2 Block diagram of proposed rotation control system
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Fig.3 Experimental results of rotation speed control

Table 1 Experimental result of the rotation speed

Time constant Settling time
Control method
[s] [s]
Rotation control 1.3 9.55
Constant pressure control 6.9 20.49

Table 2 Experimental result of integral value of air power

Integral value of

Control method ) Reduction [%)]
air power [kJ]
Rotation control 5.94
46.2
Constant pressure control 11.04
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Fig.4 Photograph of the ultra-precision milling
experiment
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Fig.5 Experimental result of the milling experiment
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