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Abstract

This paper aims to optimize the error identification process of three-axis CNC machine tools, and
proposes an efficient identification and separation method for dynamic and static errors based on
feature workpiece cutting. In this paper, a stepped feature workpiece that can reflect geometric
errors is designed, and the mapping relationship between geometric error terms and features is
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established. After the feature workpiece is cut, it performs on-machine measurement and offline
three-coordinate measurement respectively, and realizes the identification and separation of 7
geometric errors and dynamic errors based on two sets of test data. The geometric error identifi-
cation result is highly consistent with the laser interferometer measurement result, which proves
the feasibility, high efficiency and accuracy.

Keywords

Machine Tool Accuracy, Feature Workpiece, Geometric Error, Error Identification, Error
Separation

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BE & G R HERE, W B HUPR RRS FE SR ok i mr . MUR IIHER S R ZE B iR 22 3 )
ST AR B0 RS B2 1] o 502 WL PR v 5 25 152 22 PR S R R 7 Vo AT 43 g T B o A ) 0 2 P

T D B (AR RSCAR SR S SR T Bl A e i ) LA R 2, A AT SR A v T3 1)
FEM L. Vbaraki [2] RGBT B LRS- B A e % b e 22 0 B 1) 2 B 0530 T P 3l e 22 (m) 422000
BRI T HOCTIA ) 2 BEAE N A 2055 T T etz 2N E S PR F 2R &F . 5k
FFAX[3]+ R-test [41R1MSK[51%5 . BOGIEE: T ACFIBOE IR B OUR H T EHUR 2 AR B3 & . eql
BT EEATIE SR, BAmREE. R, HT/AENENAERLSEhTESIRESHE,
MEATEERR, HEEMNEREE. Fit, (CETHR—EMM “uiyk” MEREZ 2 EH. B
RN B IVERS R AENUR B BAE LT S, AR EHURAE SEhrm LI 2 i sh &R 7%

s HUR BB DT AR S0 2 LR 38 ) B AR 2 —, AT JSE . AT S BRALIR S B R A il
AT B A A T MR DI RE I M B T o0 e = K28 I T PRI UK CARRS EE . AT
B8 AL D1 14 B PR30 A0 F WL M BE VAN (W SRS A ANk BE) A o % I SR AR Tk,
1SO10791-7 i, DUfHE S FIEHE &l tE, HRAMES NCG2004 Fil NASOT79 Frifk 2528 il fF .

IR MR T R LR B A I AR RE, T HURIZ S LT iR Z R, St 7 A
MR o XA AEAN RN AL R OIHI, e 0 TR 1) LT REAE 0] b B 22 DUk, mld it
EC A SEBR N TR 5 38 R SRR LT R 2 o B WA AR IR B 55— 4EAFAE(FLI6] - RE[7]) —4ERFAE(Fr
BH[8] V- IHIAN B 9 [91) 1 = HEAFAE (R4 & FIBRIET), A IX SRR IE AR BT — R AR [10], 0T 4
FrigZ M. SR, RIRIETGIEFFR B HURIE BSEVIHI & R IIBA 2, B IE THURM
IR BT SR 2

NMARAS EAE BRI TAGEE, ASCUASEBRUIE] TAFR AR, 25 REAURE F A8 12 2 fS2 b b il 72
HIBNIAS R ZE, $E T 3TV HIARFE TAFHER 5 23 B s LA I TR B2 (B A5 1R 22 AL B S R 22 T V5,
B R Hff = 0 AT LR R 22

2. FHETHgt
AAE— 6 =5l VMCB50E Ffz s 2m Lot EIFESES, 128 HNUA AR & RS 1000 x 500 mm.,

DOI: 10.12677/met.2023.125048 431 IR N ST N


https://doi.org/10.12677/met.2023.125048
http://creativecommons.org/licenses/by/4.0/

» Xk

o
pesi

XIYIZ #5 KATHE 850/500/540 mm.
FRAE TR W BB Bt i TR R AT RE 2 Wi =LA P Bk (0 e A 22 . EARE IR 2.

e B R ZE AL o R AE TR AT RE A M i = A B MUR 1 20 T LT 22, FLRRAE TR R ~H I
SRS 7 SE LR S B N 3 R b s N X ). KR4S = Sl iedss n O i EAR S5 M, A SO IO B B R
PETANE 1 fias, 4% 150.000 mm, & 100.000 mm, & 70.000 mm. &M= 4.000 mm, X
Sl BRI 10.000 mm, Y Al BRI EE A 6.500 mm. AR SCHEFZRRAE T A4 n 0 B IE R 7
W2, AFG X BEhniRzs. X MEMiRzE. Y M iz, Z e iz, XE Y R ErE
LRIFARZE . X HHTE Z J7H) B E LR ZE . Y HifE X 7R BB L IRZE . Y SE Z J5 1 R E R
%, W 2 gk 1R, AR ARSI E T ZAHE LA B &R E. WA 3 fvr, EFFRERRSIRE
MRS, W REFHRH Zh IR ZE

Z

N X

2
s S
S
(=3
= Y

‘0
. 0 00
75,
0
o®
W

Figure 1. Step slot feature workpiece
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Figure 2. Schematic diagram of 7 geometrical errors based on separation
and identification of feature parts
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Table 1. Seven geometrical errors based on feature part separation and identification
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Figure 3. The dynamic and static errors that affect the
machining accuracy of machine tools

B 3. MR TS E R BRSIRE

3. IREWHRE N EIRIE
3.1 REWRRE

4 RFEETRAE TAF R HER SR Z AR B . B SRR T AR A TR, ASTR] 5 R 7T
HERAERIRZE . SRE AR RS 4 Frosillad, 4933006 N5 RAE A SEPRABAREL . 55 20T S B A
A S HRARFMEZ W22, AR T sl il A A R 22

pair B
ﬁrﬁ! ol LT ) ] Xzt

3 y
==
“) &

Figure 4. Principle diagram of quasi-static error identification based on fea-
ture workpiece
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Figure 5. Identification principle diagram of positioning error and straightness error
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Figure 6. Dynamic and static error separation flow chart
based on feature workpiece features
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Table 2. Measure the start and end coordinate positions based on errors
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Figure 7. Positioning error is measured on the machine
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Figure 8. Positioning error CMM calibration
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Figure 9. Straightness error is measured on machine
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Figure 10. Straightness error calibration of CMM
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Figure 11. X, Y and Z positioning error measurement
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Figure 12. X, Y axis straightness error measurement
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Figure 13. The workpiece is measured on a coordinate measuring machine
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Figure 14. X, Y and Z axis positioning error direction dynamic and static separation
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Figure 15. X, Y axis straightness error direction dynamic and static separation
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Figure 16. Separate X, Y and Z axis positioning error verification
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Figure 17. Separate X and Y axis straightness error verification
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