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Development of Pneumatic Ball Probe (1st Report)
— Basic Construction —

Kiyoshi TAkAMASU, Kuo Chih-Che, Akihiro Suzuki,
Masahiko HIRAKI, Ryoshu FURUTANI and Shigeo OzZONO

The measurement of a diameter of a small hole with low measuring force and a high resolution is one of key issues for evaluating
products in the industry of semiconductor and micro machining. However, there is no good sensing system to measure the diameter
of a small hole by low measuring force. Therefore, we have developed a novel sensing system using a pneumatic system for
measuring the diameter of a small hole. The sensor consists of a small ball, a thin pipe, a vacuum generator and a differential
pressure gauge. In this sensor, the small ball is kept at the center of the thin pipe by the vacuum pressure. When the ball touches a
wall of asmall hole, the ball is shifted from the center of the pipe and it causes the airflow from outside to inside of the pipe. The
differential pressure gauge detects the airflow, then the sensor finds the touching between the small ball and the wall of the small
hole. A first prototype of the pneumatic ball probe is made and tested. From the theoretical analysis and the experimental tests, the

probe is found to detect the touching and to measure the ball shift.
K ey words: pneumatic sensor, ball probe, two-dimensional sensor
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Fig. 1 Basic construction of the pneumatic ball probe
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Fig.2 Measuring force F of the pneumatic ball probe from
the moment balance at point E
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Fig. 3 Measuring force F versus diameter ratio D/d for the internal
diameter d is0.1 mm, 0.2 mm and 0.4 mm

Fig. 4 Opening area s between the pipe and the ball
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