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Analysis and Robust Design of Geometric Accuracy
of a Three-axis CNC Surface Grinding Machine

LIU Jiang-nan, HONG Yi-hai'
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan Univ,Changsha, Hunan 410082,China)

Abstract: In order to distribute the geometric errors of parts economically and reasonably, a method for
the analysis and design of geometric accuracy was proposed. According to the specific structure of a three-
axis CNC surface grinding machine, a geometric error propagation model including 21 parameters was es-
tablished on the basis of multi-body system theory and homogeneous coordinate transformation method.
The model was verified and it had ideal prediction accuracy. Key geometric errors were analyzed by using
orthogonal design and parameter test of DOE methods. After cost analysis and error tracing, a cost-quality
model for key geometric error variables was established on the basis of robust design theory. At last, the
tolerances of key geometric error variables were distributed according to this model. The results have
shown that the methods mentioned above are effective in the distribution of the geometric accuracy of
grinding machine.
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Fig.1 Three-axis CNC surface grinding machine
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Fig. 2  Topology of grinding machine
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Tab.1 Low body-array of grinding machine

K 1 2 3 4 5 6
L°(K) 1 2 3 4 5 6
LY(K) 0 1 0 3 4 5
L*(K) 0 0 0 0 3 4
L*(K) 0 0 0 0 0 3
LY (K) 0 0 0 0 0 0
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Fig. 3 Errors of adjacent typical bodies
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Tab.2 Geometric errors of grinding machine
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Fig.4 Error measurement
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Fig. 5 Measured error and prediction error comparison
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Tab.3 Performance index of geometric
error propagation model
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Tab.4 Values of 21 geometric errors
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Tab. 5 ANOVA table
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Tab. 6 Parameter study of 21 geometric errors
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Tab.7 Coefficients of response surface model

EX 0 ap d d> ds

iIEs —3.595e-07 0.772 3 0.9551 0.998 9
EX54 dy ds ds dr

i —19 134,871 9 —2 444,941 5 —504,257 2 —637.817 1
M ds dy do dn

I —19605.470 3 —20 217.971 2 —19 748.341 8 2 584,647 3
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Tab.8 Model reliability verify results

3BT BAR L(y)
R? 0.999 9
R? 0. 997

RS BUAT — BRI B 26 RE I8 B A4 R B2 AT vh A N IR
I ] M 5 - S AR A b E (GB/ T4022—
2007 B E Q1D LA IR ZE A9 28 ZE{EL, L3R 9. IX L
A28 ZE(ELIRAR 23 221 S0 Wl 2 AR VP JL AT R 2272 5l
L L .
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Tab.9 Values of geometric error tolerance

TR 0 Oy O €
AN#E/mm o 0.005~0. 010 0.005~0. 010 0.005~0. 015 0~0.04/10(
DI i €y € €y €y

N /mm o 0~0,04/1000  0~0,04/1000  0~0,04/1000  0~0.04/1000
BRI €y Sy See

N#E/mm o 0~0.,04/1000 0~0.04/300 0~0. 02/500

BW=0.7 A=1 R4 BA - T A, 2545 Tsight
X LT 228 20 A T Rafa e 1, 159 B R e e 311
INZE(E WL 10.

F10 JUARENEREILITE

Tab. 10  Values of geometric error tolerance robust design

I i Oz Oy 0z [
NP/ mm 0.010 0 0,009 7 0.014 9 0.039 3/1 000
RER R €2y . €y €y
/N#E/mm o 0,030 3/1000 0,029 8/1 000 0.033 3/1000 0.027 6/1 000
B €y Sye Se

A%/mm 0.0333/1000  0.0388/300  0.003 0/500
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