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ABSTRACT: The work aims to study the tool error compensation method in 3D state to improve the surface profile precision of
multi axis machining complex free-form surface. The contact mode between tool and workpiece, the tool center point, the tool
contact point position and the vector in the five axis machining were analyzed to deduce the mathematical model of space tool
error compensation and the compensation algorithm was verified by MATLAB. Based on the kinematic model of five axis ma-
chine tools and combining with the tool error compensation model, a special post processor with the function of tool error com-
pensation was developed. The G code was converted by the developed special post processing software. The simulation and ac-
tual cutting experiments were carried out with a blade sample and the experimental results were analyzed. From the results, the
same surface quality and contour accuracy under the theoretical tool dimension could be obtained through reasonable tool error
compensation method in complex surface machining. The smaller the tool error compensation value was, the better the compen-
sation effect could be achieved and the closer the processing effect approximated to the theoretical result. The blade specimens

were simulated for machining by @8, #9, ¢ 9.5 and ¢10, respectively. Compared with the theoretical machining data of ¢ 10 tool,
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the residual error values of tools in three dimensions after compensation machining were 0.08, 0.06 and 0.04 mm, respectively,

and the error compensation machining of ¢9.5 tool error was closest to the theoretical results. The same cutting effect as that of

the theoretical tool can be obtained by 3D tool error compensation method to improve the surface quality of parts effectively.

The error compensation method can be used to obtain stable contour accuracy of complex parts and reduce the auxiliary time.

The error compensation effect is related to the size of the actual compensation value, so the smaller the compensation value is,

the better the compensation effect can be achieved.

KEY WORDS: five axis linkage; 3D; tool error compensation; post processing; surface quality
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Tab.1 Experimental tool parameters
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Tool parameters
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Fig.3 Comparison of tool error compensation of blade specimen: (a) theoretical tool path; (b) compensation tool path; (¢) com-
parison between theory and compensation tool path; (d) center distance between theoretical and compensation tool paths
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Fig.4 Local schematic diagram of error compensation: (a) comparison of local tool path; (b) local center distance
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N200 GO1 X23.392 Y-185.422 Z142.289 A-57.755 C207.13;
N201 GO1 X19.568 Y-186.087 Z141.953 A-58.853 C197.116;
N202 GO1 X15.15 Y-187.259 Z140.896 A-59.984 C187.134;
N203 GO1 X10.291 Y-188.85 Z139.14 A-61.11 C177.216;
N204 GO1 X5.118 Y-190.769 Z136.719 A-62.202 C167.308 ;
N205 GO1 X-0.185 Y-192.901 Z133.714 A-63.218 C157.467;
N206 GO1 X-10.641 Y-197.448 Z126.273 A-64.922 C137.815;
N207 GO1 X-20.015 Y-201.964 Z117.493 A-66.06 C117.969;
N208 GO1 X-23.986 Y-204.129 Z112.81 A-66.386 C107.825 ;
N209 GO1 X-27.219 Y-206.114 Z108.258 A-66.508 C97.67 :
N210 GO1 X-29.599 Y-207.89 Z104.026 A-66.423 C87.574 ;
N211 GO1 X-31.077 Y-209.467 Z100.224 A-66.137 C77.459 ;
N212 GO1 X-31.603 Y-210.832 Z96.997 A-65.662 C67.371 ;
N213 GO1 X-31.166 Y-211.984 Z94.439 A-65.012 C57.269 ;
N214 GO1 X-31.174 Y-212.157 Z94.067 A-65.074 C56.982 ;
N215 GO1 X-31.181 Y-212.331 293.692 A-65.137 C56.695 ;
N216 GO1 X-29.289 Y-211.908 Z94.559 A-65.11 C57.968 :

N200 GO1 X23.496 Y-185.923 Z142.417 A-57.758 C207.132:
N201 GO01 X19.672 Y-186.589 Z142.081 A-58.855 C197.118:
N202 G01 X15.251 Y-187.76 Z141.025 A-59.987 C187.132;
N203 G01 X10.393 Y-189.349 Z139.272 A-61.112 C177.218;
N204 G01 X5.214 Y-191.258 Z136.865 A-62.199 C167.305;
N205 G01 X-0.09 Y-193.397 Z133.852 A-63.218 C157.468:
N206 G01 X-10.553 Y-197.94 Z126.42 A-64.919 C137.815;
N207 G01 X-19.932 Y-202.46 Z117.636 A-66.059 C117.967;
N208 G01 X-23.902 Y-204.624 Z112.954 A-66.384 C107.826;
N209 G01 X-27.134 Y-206.615 Z108.39 A-66.509 C97.67:
N210 GO1 X-29.515 Y-208.386 Z104.168 A-66.422 C87.574;
N211 GO01 X-30.994 Y-209.961 Z100.372 A-66.134 C77.458;
N212 GO01 X-31.52 Y-211.334 Z97.128 A-65.663 C67.369;
N213 G01 X-31.08 Y-212.485 Z94.571 A-65.014 C57.269;
N214 G01 X-31.083 Y-212.659 Z94.194 A-65.077 C56.979;
N215G01 X-31.086 Y-212.832 Z93.819 A-65.14 C56.695;
N216 G01 X-29.194 Y-212.403 Z94.701 A-65.109 C57.969:

a HSHEF

b ¢8JJ HAMER

N200 GO1 X23.444 Y-185.676 Z142.348 A-57.758 C207.132;
N201 G01 X19.621 Y-186.341 Z142.012 A-58.855 C197.118 ;
N202 G01 X15.2Y-187.512 Z140.957 A-59.987 C187.132;
N203 GO1 X10.343 Y-189.101 Z139.203 A-61.112 C177.218 ;
N204 GO1 X5.165 Y-191.01 Z136.797 A-62.199 C167.305 ;
N205 GO1 X-0.137 Y-193.148 Z133.783 A-63.218 C157.468 ;
N206 G01 X-10.597 Y-197.691 Z126.351 A-64.919 C137.815 ;
N207 G01 X-19.974 Y-202.211 Z117.567 A-66.059 C117.967 ;
N208 GO1 X-23.944 Y-204.374 Z112.885 A-66.384 C107.826 :
N209 G01 X-27.177 Y-206.366 Z108.322 A-66.509 C97.67 :
N210 GO1 X-29.557 Y-208.137 Z104.1 A-66.422 C87.574 ;
N211 GO1 X-31.036 Y-209.711 Z100.303 A-66.134 C77.458 ;
N212 GO1 X-31.561 Y-211.085 Z97.059 A-65.663 C67.369 ;
N213 GO1 X-31.123 Y-212.235 Z94.503 A-65.014 C57.269 ;
N214 GO1 X-31.129 Y-212.411 Z94.125 A-65.077 C56.979 ;
N215 GO1 X-31.134 Y-212.584 Z93.75 A-65.14 C56.695 ;
N216 G01 X-29.242 Y-212.154 Z94.632 A-65.109 C57.969 ;

N200 GO1 X23.418 Y-185.552 Z142.314 A-57.758 C207.132;
N201 GO1 X19.595 Y-186.217 Z141.978 A-58.855 C197.118 ;
N202 GO1 X15.174 Y-187.389 Z140.922 A-59.987 C187.132;
N203 G01 X10.317 Y-188.977 Z139.169 A-61.112 C177.218 :
N204 GO1 X5.141 Y-190.886 Z136.762 A-62.199 C167.305 :
N205 G01 X-0.161 Y-193.024 Z133.749 A-63.218 C157.468 ;
N206 GO1 X-10.619 Y-197.566 Z126.317 A-64.919 C137.815 ;
N207 GO1 X-19.995 Y-202.086 Z117.533 A-66.059 C117.967 ;
N208 GO1 X-23.965 Y-204.25 Z112.851 A-66.384 C107.826 :
N209 GO1 X-27.198 Y-206.241 Z108.287 A-66.509 C97.67 :
N210 GO1 X-29.578 Y-208.013 Z104.065 A-66.422 C87.574 ;
N211 GO1 X-31.057 Y-209.587 Z100.269 A-66.134 C77.458 ;
N212 G01 X-31.582 Y-210.96 Z97.025 A-65.663 C67.369 ;
N213 GO1 X-31.145 Y-212.111 Z94.468 A-65.014 C57.269 :
N214 GO1 X-31.151 Y-212.286 Z94.091 A-65.077 C56.979 ;
N215 GO1 X-31.157 Y-212.46 Z93.716 A-65.14 C56.695 ;
N216 G01 X-29.266 Y-212.03 Z94.598 A-65.109 C57.969 ;

c ¢9J] BAMERF

d ¢9.57] HAMERF
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Fig.8 G code program: (a) theoretical procedure; (b) compensatory procedure of ¢8;
(c) compensatory procedure of ¢9; (d) compensatory procedure of ¢9.5
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Tab.2 Comparison of results between theory and error compensation
Tool Parameter #8(No) #8(Yes) #9(No) MO (Yes) #9.5(No) $9.5(Yes) #10
Residual number 4035 2790 3374 2197 2894 2027 1735
Max residual/mm 3.989 823 3.726 312 3.884 792 3.707 551 3.827 628 3.688 023 3.644 247
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