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Flexible in-line measurement technology for surface defects

of small bores

Wu Bin, Xing Xiukui, Zhang Yunhao
(State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: To fulfill the need of measurement on the small bore’s interior features, a specially designed
optical transmission component was adopted to divert exterior illumination into the interior of small bores
and to export the interior image. This study surpassed the traditional mode and achieved the exterior
placement of the measurement sensors to make it possible for the measurement in narrow space. To fulfill
the need of measurement on small bores in different position and direction, a new flexible in-line
measurement system was set up utilizing the movement platform of industrial robots. Firstly, the design of
the measurement system was proposed based on analysis of preliminary method, and the flow of the work
was given. Then, the question of alignment between sensor and sample was analyzed in detail, and a
novel, reasonable method of aligning was given. Based on the system, the measuring experiment was
carried out on 0.6 mm, 1.0 mm and 2.0 mm simulated defect points on interior wall of 10 mm diameter
bore, the standard deviation is all less than 0.01 mm. The experimental result shows that the system is
valid and able to accomplish the feasible, on-line measurement.
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Fig.1 Sight-pipe structure and imaging principle
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Fig.3 Structure of system
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Fig.4 Sectional view of the aligned and misaligned system
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Fig.6 Procedure of alignment
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Tab.1 Axis deviation measurement results

Axis 1 and 2 2 and 3 3 and 4
Angle/rad 0.029 0.026 0.033
Angle/(°) 1.718 1.472 1.903
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Fig.7 Structure of adjusting system
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Fig.9 Coordinate system in the alignment (first step)
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Fig.10 Coordinate system in the alignment(second step)
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Fig.11 Coordinate system in the distance adjustment
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Fig.15 Result image of this measurement (details)
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Tab.2 Measurement results of 3 simulated defects

Results
Type of defects Mean value Standard
/mm deviation/mm

Defectl 0.592 536 0.007 149

0.6 mm Defect2 0.601 317 0.008 23
Defect3 0.614 053 0.005 736

Defectl 0.985 098 0.003 167

1.0 mm Defect2 1.009 553 0.004 886
Defect3 0.992 863 0.005 098

Defectl 1.999 146 0.003 455

2.0 mm Defect2 2.003 669 0.011 575
Defect3 2.121 783 0.005 497
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Fig.16 Combined image from system without motion stage and

its details
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