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Recent trends for the miniaturization and weight reduction of portable electronic parts is the use
of subminiature components. Assembly of the miniaturized components requires subminiature
screws of which pitch sizes are in a micrometer scale. To produce such a subminiature screw
with high precision threads, not only a precision forming technology but also high-precision
measurement technique is required. In the present work, a vision inspection system is developed
to measure the thread profile of a subminiature screw. Optical simulation based on a ray fracing
method is used to design and analyze the optical system of the vision inspection apparatus.
Through this simulation, optical performance of the developed vision inspection system is
optimized. The image processing algorithm for the precision screw inspection is also discussed.
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Fig. 1 Configuration of a precision screw (M3x6) with its
dimensional parameters

Table 1 Specifications of the precision screw (unit: mm)

No. Description Dimension Tolerance
1 Head diameter 5.0 -03~0
2 Bit size 2.6 0.2 ~0
3 Head thickness 1.0 -02~0
4 Shank length 6.0 -0.4 ~ 0
5 Thread pitch 0.5 -0.01 ~ 0.01
6 | Major diameter 3.0 -0.12~0
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Fig. 2 Schematic description of vision-inspection system
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Fig. 3 Configuration of the vision optical system
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Fig. 6 Spot size change w.rt. the working distance
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Fig. 9 Flow chart of the vision inspection system
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Fig. 10 Inspection images from the side views of a
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Fig. 11 An image for the top view of a precision screw
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Fig. 12 Inspection images for the head part of a precision
screw with different ROIs
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Table 2 Summary of the vision measurement results with
the process capability (unit: mm)

No. Description Average | Std. Dev. | o level
1 Head diameter 4.828 0.0632 3.45
2 Bit size 2.508 0.0295 4.55
3 | Head thickness | 0.910 0.0354 3.96
4 Shank length 5.789 0.0343 6.96
5 Thread pitch 0.505 0.0081 2.07
6 | Major diameter | 2940 | 00151 | 5.19
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