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The kinematic constraints used in a computerized numerical control (CNC) interpolator are one of the main factors
determining a machine tool’s machining accuracy. The CNC generates velocity profiles by applying kinematic constraints
such as jerk and acceleration. Therefore, changing the kinematic constraints values can adjust the cycle time and cornering
error. This study proposes a method to adjust the kinematic constraint values. First, the relationship between CNC
kinematic constraints and cornering errors were analyzed. The relationship between the kinematic constraints and the
cornering error was expressed as an analytical solution. Kinematic constraint values that satisfy specific cornering error
values were selected using the analytical solution of cornering error. Finally, a method was devised to apply the appropriate
kinematic constraint values to each machining section within a part program. The analytical solutions for cornering errors
and using different machining segments to control cornering errors were verified using tool path generation simulation.
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Fig. 1 Overview of tool path generation method
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Fig. 2 Determination of the machining section in a part program
according to the cutting and non-cutting motion
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[Example] If (€,,€7) = (75, 25) is given, : Selected Lv.
Machining Maximum cornering error
section Lv. | Lv.2 Lv.9 Lv. 10
1 (Roughing) 73 67 26 13
2 (Roughing) 79 74 22 11
N (Finishing) 104 96 33 22

Fig. 3 Selection of kinematic constraint combination level using
tool path generation simulation result

Table 1 An example of selecting kinematic constraint values for
specific values of cornering error

Kinematic constraint values

Precision g Y NG
D T B L R
1 100 3,516 879 21
2 90 3,164 791 21
3 80 2,812 703 21
4 70 2,460 615 21
5 60 2,108 527 21
6 50 1,760 440 21
7 40 1,408 352 21
8 30 1,060 265 21
9 20 704 176 21
10 10 360 90 21
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Fig. 4 Generated tool paths near the corner with selected kinematic
constraints listed in Table 1

Table 2 Evaluation of analysis of cornering error by kinematic
constraints

Precision lj(s);inrzztgd ii)mmll:lfitlfd Error Accuracy
level error [umg] error [umg] [km] %]
1 100.07 98.58 1.49 98.5
2 90.05 89.08 0.97 98.9
3 80.03 79.21 0.83 99.0
4 70.01 69.45 0.57 99.2
5 60.00 5943 0.56 99.1
6 50.09 49.85 0.24 99.5
7 40.07 40.13 0.06 99.9
8 30.17 30.31 0.14 99.5
9 20.04 20.14 0.10 99.5
10 10.25 10.49 0.25 97.7
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Fig. 5 Tool path for ISO10791-7:2020 M1-160 testpiece
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Fig. 6 Cornering error limited by selecting precision level with tool
path generation simulation results
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