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Measurement of Pinion Type Cutter Using Coordinate Measuring Machine

Zongxian LIU, Hisashi TAMURA,
Kazumasa KAWASAKI and Ken-ichi MITOME

A method for inspecting a pinion type cutter using a coordinate measuring machine (CMM) is
proposed. In this method, the cutting edge profile of the cutter is indirectly measured as the
intersecting curve between the flank of tool and the cutting face. Left and right side flanks of the
cutter are considered to be the tooth surfaces of two different involute helical gears. The coordinates
of a large number of points on the tooth surface and the face are measured with CMM. The tooth
surface and the face are estimated from the measured data by the method of least squares. The
cutting edge profile is calculated from the estimated tooth surface and the face. While the cutting
edge profile is moved helically along a helinx of an imaginary gear which should be generated by the
ideal cutter, it forms the tooth surface of the imaginary gear, and a pressure angle of this gear can
be calculated. Pressure angle error of the pinion cutter is the imaginary gear’s one.
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Fig.3 Coordinate systems of left and right
tooth surface

Fig.4 Relationship between coordinate systems
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Fig.5 Cutting face of pinion cutter
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Fig.6 Cutting face in the coordinate system of CMM
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Table 1 Basic dimensions of pinion cutter

Module m, 3 mm
Number of teeth Zg 40
Pressure angle a, 20°
Helix angle Bo 29° 56’ 387
Side relief angle £,,E, 2°
Sharpening angle o 29° 57/
Rake angle 4 5°

Table 2 Basic dimensions of equivalent helical gear

Left Right
Module m, 3 mm 3 mm
Number of teeth z, 40 40
Pressure angle  a,,,a,, | 23° 22" 377 | 22° 32’ 56”
Basic helix angle #,,, 8., | 29° 477 13” 26° 6 17
Base circle dia. 27,27, 127. 12 mm 127. 90 mm

Plane perpendicular
to the axis

Fig. 7 Relationship of normal of the cutter
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Table 3 Results of measurement

Number of measurement 1 2
Results At Results At Results At
icccczrrl;r:l;:t)ilve pitch error ? iiz 1.6 um ;1 ;ZE 2. 1um 14046;;1 2-0pm
Pressure angle error of left Aa,, 0. 4 min. 1.3um 1.2 min. 1.2 um 1. 6 min. 1.4 um
and right tooth surface dag, | 0.2 min. 1.5um —0. 2 min. l.1um ~0. 3 min. 1.1pm
Helix angle error of left 45, 0.1min. |1.3um 0.2min. |1.2um 0.3min. |1.4um
and right tooth surface 4B, | 0.9 min. 1.5um L. 3 min. 1.1 um 1. 7 min. 1.1um
Position and posture of ¢ —1. 14 rad. -1. 14 rad. -1. 14 rad.
cutting face 7 0. 53 rad. 1.Oum 0. 53 rad. L. Tum 0. 53 rad. L.1pm
I 16. 3 mm 16. 3 mm 16. 3 mm
Pressure angle error da, 1. 1 min. 1.2 min. 1. 1 min.
Ao, | —4.3 min. ~4. 4 min. ~4. 4 min.
Shifting coefficient of profile x, 0. 004 —_— 0. 004 R 0.003 e
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