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Research on Online Measurement and Evaluation of Axial Straightness
Errors for Deep-hole Parts

SHEN Wenhua WANG Xibin QIAN Yonghao LIU Zhibing" SONG Ci
School of Mechanical Engineering s Beijing Institute of Technology , Beijing, 100081

Abstract: To realize the accurate online measurement of axis straightness errors for deep-hole parts, a
multi-sensor integrated measurement system was constructed by eddy current displacement sensors, elec-
tromagnetic ultrasonic transducer, rotary encoder and laser interferometer. By analyzing the arrangement
and distribution of spatial sample points, a rough error filtering method was proposed based on sine and co-
sine distribution characteristics, and the influences of random errors were reduced by Kalman filtering
method . and data information closer to the real contour of parts was obtained. Based on the principle of ap-
proaching the minimum area, the evaluation of axis straightness errors was transformed into a parameter op-
timization problem, and the IZOA was adopted to solve this problem. In the comparative measurement ex-
periments of commercial laser trackers. the measurement error of the developed measurement system is
only 0.053 mm in the length range of 1500 mm deep-hole parts(with an inner diameter of 150 mm) , and
the straightness measurement errors are less than 0. 065 mm/m, which meets the requirements of enter-
prises(0. 15 mm/m) and may effectively guide the machining processes of deep-hole parts.

Key words: deep-hole part; axis straightness error; multi-sensor integrated online measurement; im-
proved zebra optimization algorithm (IZOA)
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Fig.1 Schematic diagram of axis straightness error
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Fig.2 Multi-sensor integrated online measurement system
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Fig.3 Structure of self-adaptive distance

adjustment mechanism
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Fig.4 Lift-off distance control principle of self-adaptive

distance adjustment mechanism
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Fig.5 Gross error and random error
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