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Abstract

CNC machine tools are an important place for industrial production. However, due to its many er-
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ror items, defective products appear, which wastes social resources. Therefore, it is extremely
important to measure machine tool errors and improve their accuracy. Among the existing mea-
surement methods, the method based on instrument measurement is not only time-consuming
and high in instrument cost, but also does not take the actual cutting workpiece as an error refer-
ence source. The method based on the cutting characteristics of the specimen does not separate
the error sources. To solve the above problems, this paper proposes an efficient identification and
separation method of dynamic and static errors based on the cutting of characteristic workpiece.
Characteristic workpiece is designed and cut that can reflect geometric errors. Perform on-machine
measurement and three-coordinate measuring machine calibration respectively. Based on two
sets of test data, 15 geometric errors and dynamic errors are identified and separated. Through
the spatial error model, the error obtained from identification and separation is compensated to
the numerical control system. The accuracy of newly cut feature workpiece is increased by about
50%, which proves the feasibility, efficiency and accuracy of this method.
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Figure 1. Design feature artifacts
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Figure 2. Schematic diagram of translational axis error
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Figure 3. Schematic diagram of rotary axis error
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Table 1. 15 geometric errors based on feature artifact separation and identification
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Figure 4. Dynamic and static errors affecting the machining accuracy of machine tools
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Figure 5. Relationship between feature and error mapping
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Figure 6. X-axis relative to Y-axis perpendicularity error
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Figure 7. Influence of X-axis deflection and pitching errors on Y-axis motion
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Figure 8. A, C-axis error principle diagram
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Figure 9. Schematic diagram of error separation
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Figure 10. Flowchart of dynamic and static error separation based on characteristic artifact features

10. ETFHETHFIENRERSIRES BRIEE

33.1. ERERESBERE

AT LA X BAE Y 7 ) b B R R 2 {5 1 i LR AR 2 B I T 1

Wi 11 fis, THDIEISERUG, EARTRERHE TAERBO T, SRR, 76355 E e sk
FHAguE, TSI E X FTE Y J5 1) b LR R 2 A

Figure 11. Straightness error measured on-machine

E 11 BEZREREENNE

BT |<—ﬂ

i

X

Figure 12. Straightness error CMM calibration
12. BE&EIRE = BARNENARE
FHETAFENI RS R, DR ESRIC N ¢, (i =1,2,3,+-) « BL X HlAE Y J7 1) L ELL IR Z A7
AR RUONFEME R, THE S SN R s S v B ) 22
=0, -0 (D
WnfE 12 o, ZARRRINEALIN & AU S ERLIN S B R — 2 KT EEEIE N o, (1 =1,2,3,-)

DOI: 10.12677/met.2024.131001 9 IR N EASE N


https://doi.org/10.12677/met.2024.131001

BEEERE, X

KU, DU SR s, RSN S S RME S
D =0,,-0(i=123,") )

BAAREOLN, BELRRZED 0, WIIN T TARIDGH T8 . HLFrd, T RSHRARA, =
AR DN AL B 1) 22 A AR Es

E=D[—O=D[(i=1,2,3,"~) (3)
AN UR P A B HER S IR 22 By BN
ElzDi—di(i=1,2,3,'-~) (4)
B, VIR R AR By BN
E,=D,—E =d (i=123,") )

332 EERRESBERE

I E X MR Y 7R B E R ZE N SR Y BAE X U7 R ZENE A, T UHRR S
3] Y FARXT X HhEE IR E .

HOERHE T e UG, FRE TARENLIE . WL E [ 13 Bl & (o yiz) (i =1,2,3,++), )5
e B P AN DT T B R XCARRR Y ARFR A, BOR R RIRERICN A, « kL o MEEAENLIN &
REIPIELMRAMICN S, «

S, = arctan(k;x)—arctan(k;y)+90° 6)

FRAE AU, @i ZARFR I S AL AT I & . SR, Bk E W& 14 Bl & Sy yoz)
(i=1,2,3,), RIERKEFPAARTT R R X AER. Y AR50 G, SRR EIRRICN L), k), -
WS = A BRI AL I A 2 PY B2 R A E N ST, -

S}, = arctan (k;C ) —arctan (kx'" ) +90° @)
BARET, X5 Y B iy 907, EVIHIERE S, FHRER] Y BARx - X Sl EEERES ), -
S, =8}, —90° = arctan (k}"x ) —arctan (k;'y ) ®)

W73 B 45 B SR 221N
Sa=8,-8, = [arctan (k}"x ) —arctan (kfy )] - [arctan (k;Y ) —arctan (k;y )J ®

T BB EN A RN S, ,
SyxZ :Syx_Syxl (10)

Figure 13. On-machine measurement of verticality error
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Figure 15. Angular error in machine measurement
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Figure 17. On-machine measurement of a cylindrical measuring point
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Figure 18. Cylindrical measuring point CMM calibration
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Figure 22. On-machine measurement process of feature workpiece
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Figure 23. CMM calibration process for feature workpiece
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Figure 24. X, Y axis straightness error dynamic and static separation
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Table 2. 6 position-dependent errors dynamic and static separation

FR2LOMENEBRRENBHSTS

YH#i1TE (mm)

(d) REFBEELEI()(YHTEZT 7 FRBEZRERE)

s LIS & MARE RS IRE IR IRE
528 2(a) X =-50 0.0062 0.0031 0.0031
o 216 2(b) X =50 0.0093 0.0021 0.0072
5236 2(c) X =-50 0.0349 0.0199 0.0150
. S 2(d) X =50 0.0447 0.0387 0.0060
€. S2 4(c) c=10° 0.0057° 0.0039° 0.0018

£, S 4(d) c=10° ~0.0055° 0.0021° ~0.0076
£, 23 5(c) A=10° 0.0048° 0.0019° 0.0029
€. 28 5(d) A=10° 0.0079° 0.0052° 0.0027
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Table 3. 5 terms of position-independent error kinematic separation

"3 S MENERKIRENHFST B

(e KRS ERE HERR A IR ZE B IRE
S S5 3(a) 0.0455° 0.0295° 0.0160°
Xxoc 256 4(a) 0.0023 mm 0.0056 mm ~0.0033 mm
Yoc 5256 4(b) 0.0085 mm 0.0060 mm 0.0025 mm
Xo4 5256 5(a) 0.0059 0.0036 0.0023
YOA S5 5(b) 0.0081 0.0043 0.0038
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Figure 25. Comparison before and after feature workpiece compensation
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Figure 26. X, Y axis straightness error compensation before and after
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Table 4. Before and after compensation of 6 position-related errors

* 4.6 IS EAXREWIMERE

AR ERAMER N 51.43%.

. ) AR ZE (mm) HEFF IR ZE (mm) BNAS R ZE(mm)
s oAz A e A Al I Y Al A B I Y
AMERT AMERE O RMER RMERT AMEE AMER AMEET MR AMER
X==50 0.0062 0.0029 46.77% 0.0031 0.0015  48.39% 0.0031 0.0014  45.16%
S’X
' X=50 0.0093 0.0043 46.24% 0.0021 0.0010  47.62% 0.0072 0.0033  45.83%
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T2, il

IRHHAE
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X=-50 0.0349 0.0175 50.14% 0.0199 0.099 49.75% 0.0150 0.0076  50.67%
g'x
X =50 0.0447 0.0228  51.01% 0.0387 0.0197  50.90% 0.0060 0.0031  51.66%
& C=10" 0.0057° 0.0027° 47.37%  0.0039° 0.0019° 48.72%  0.0018° 0.0008°  44.44%
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Table 5. Before and after compensation of 5 position-independent errors
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