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Comprehensive pre-travel error compensation for on-machine
measurement of face gear and tooth surface matching method
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2. School of Mechanical Engineering, Chongqing Technology and Business University, Chongqing 400067, China)

Abstract: On-machine measurement can be used for real-time measurement during machining, which can effectively improve the
machining quality and measurement efficiency of face gear. Considering the influence of the pre-travel error of face gear on-machine
measurement on the tooth surface accuracy and the low tooth surface matching accuracy, an on-machine measurement strategy based on
worm grinding wheel gear grinding machine, which takes various error influencing factors as input and the comprehensive pre-travel error
of probe as output. A comprehensive pre-travel error prediction model based on PSO-CNN neural network is formulated to complete error
compensation. A precise tooth surface matching method is proposed, and a six-parameter optimization model is established to match the
measured tooth surface with the theoretical tooth surface to obtain the tooth surface error. Finally, the experimental results show that the
accuracy of the left tooth surface is improved by 61.33% , and the accuracy of the right tooth surface is improved by 71.15%. The
results of on-machine measurement are basically consistent with those of Klingeln Berg measuring instrument, which meet the
requirements of on-machine measurement accuracy of face gear.
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Fig. 1 Two-parameter envelope
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Table 1 Basic parameters of the face gear
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Fig.2 Theoretical measurement grid
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Fig. 3 Flow chart of on-line measurement of the face gear
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Fig.4 Matrix transformation process
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Fig.5 Model diagram of gear grinding machine
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Fig. 6 Comprehensive pre-travel error prediction model
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Fig. 7 Diagram of probe calibration
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Fig. 13 Influencing factors of radial pre-stroke error
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Fig. 14 Variation diagram of axial pre-stroke error
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Table 2 Comprehensive pre-travel error analysis table
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Fig. 15 PSO-CNN and CNN prediction effect
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9.1723x10™ mm, CNN Fiili%2E 5 K{E M 0. 005 2 mm,
/MBS 5. 442x107° mm , SEHME R 0. 001 2 mm, X H %

s N FoMt/mm P/ mm TR RS 70 0 00 A R AR R, T DA R e O vk R AT
80 mm/min 0.050 8 0.021 3 0.035 6 I,
et S el e Sz ANh A
120 mi/min 0.0742 0.022 4 0.047 0 %B’J*ﬁﬁﬁ{a,J&TT%MK,ZFU\%E/J?\'JE 45 i ,Efﬂ} 9 %
, 2, Vw5 Akgk, d 45 AN SRR 3 s B ER 4
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Table 3 Predictive compensation value of comprehensive pre-travel error of left tooth surface

e RN/ (o) RINAE/(°) SR TR/ mm g KLh /(o) KMZE/(°)  GEHTTRRZE/mm
1 20.289 8 -85.026 3 0.039 17 11 20.988 1 -88.552 1 0. 030 90
2 22.158 6 -85.848 9 0. 040 97 12 22.6340 -89.103 2 0.030 03
3 23.7949 -86.588 8 0.032 17 13 24.122 8 -89.647 4 0.030 03
4 25.259 4 -87.259 3 0.039 17 14 25.484 5 89.833 0 0. 040 97
5 26.591 3 -87.873 2 0.035 12 15 26.742 0 89.341 4 0.035 12
6 27.817 1 ~88.440 4 0. 040 97 16 27.912'5 88.877 2 0.032 17
7 28.955 6 ~88.968 5 0. 040 97 17 29.009 1 88.438 4 0.039 17
8 30.020 7 -89.463 3 0.039 17 18 30.041 9 88.022 6 0.036 44
9 31.0229 ~89.929 4 0.036 44 19 31019 1 87.627 8 0.040 97
10 20.289 8 -85.026 3 0. 033 66 20 21.213 7 88. 366 8 0.037 73
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Fig. 16 Comparative experimental diagram of left

tooth surface error
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Fig. 17 Comparative experimental diagram of right
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Table 4 Measurement results of P26 tooth surface

error of left tooth surface

kR 91 92 93 94 95 96 97 98 99

#m 8.0 6.3 50 48 44 42 39 40 3.7

6.6 6.1 45 28 20 05 -07 -1.6 -1.9
-2.8 -0.6 1.3 0.8 0.0 09 00 -0.9 -1.0
-7.2 -6.4 -4.5 -3.1 -1.7 -0.7 1.2 18 1.9

it -15.8 -15.4 -14.5 -12.3 -12.1 -9.7 -8.0 -6.0 -4.9

RS AKNEPG6EERENELER
Table 5 Measurement results of P26 tooth surface

error of right tooth surface

1 91 92 93 94 95 96 97 98 99

W 5.2 44 35 35 42 41 39 47 3.6
5.8 7.0 6.6 6.6 6.2 56 48 3.7 3.0
53 46 40 35 00 28 31 30 3.3

.8 1.0 -0.1 -1.2 -1.6 -2.5 -2.8 -2.9 -2.3

Wil -13.7 -12.9 -10.4 -9.0 -8.1 -6.6 -5.9 -5.2 -4.9
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