CRVET PR 2/ M Fx % W Vol. 44 No. 4
2023 4F 4 H Chinese Journal of Scientific Instrument Apr. 2023

DOLI: 10. 19650/j. cnki. ¢jsi. J2210615

ETXEEBERGTNEN=ZLTMNEVNRTESETIE

[ R GG S0 U R Y S
(1 AERT Tl R 2 bR il i 22 AL ORI BOR 5 8 TR T L dERt 100124,
2. AEHTT AR AU T PR 4 il B AR M= B A iR % dEaT 100076)

OE T RS AR AL CMM) AT AR TR BB K  4R T — AR T X ]2 RO TR Y CMM K B 3 B i
T PEHEST CMM ERIARES 35T CMM B AR BE A TR L, R 8 R 30 (LASSO) i IE 38 = A A3 ik of o MR 28 3 A7 4
S0 ENS R, A5 8] CMM 119 21 ULTIR 2 . SRJE AR CMM 50 iz 37 =, %14y CMM B ML ks B 2 R 45 48 5 1) X
[ JZ R AT L0 CMM A 28B4 AR X - LA 2 22 RS B 40 IO AN B 1) 3t R CMIML 211 T L] 4538 25 FI0RG J  BC AR 28 ) 2
155 CMM SCHE IR ARG B IO A R . 25 R BRI AT BARKE 0 (4. 5+L/400) wm B CMM , R AR B2 43 e 7 ¥ 20 288 0
HUAE BEIA 3 (2. 7+L/400) pm, BB FT4R A9 CMM A B 53 TE J7 V5 RE 08 THORS 5 AU X CMIML DG B 23 ) ) 4 B 32 LR AR 4l
P2 RREAURE I, 5 VAL ROR , BRI & A

KSR . AR AL JLMTIR 2 s X BB R BTk s i 4 A

hE S ES: TH711 XEFRRE: A EXREERSEND: 410

Accuracy allocation method of coordinate measuring machine based
on interval analytic hierarchy process
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Abstract: To improve the development of coordinate measuring machine (CMM) and the whole machine accuracy design level, a
CMM accuracy assignment method based on interval hierarchical analysis is proposed. First, the CMM quasi-rigid body model is
formulated. Based on CMM target accuracy and travel range, full-parameter, high-precision solution of the quasi-rigid body model
using the least absolute shrinkage and selection operator ( LASSO) and orthogonal trigonometric decomposition, the 21 geometric
errors of the CMM are achieved. Then, according to the CMM structure and movement, the accuracy hierarchy of the CMM whole
machine is divided. The interval hierarchical analysis is used to determine the accuracy assignment weight vector of CMM critical parts
relative to geometric errors. The accuracy assignment results of CMM key components are obtained by using the CMM with the
21 geometric errors and the accuracy assignment weight vector. The results show that, for a CMM with a target accuracy of
(4.5+L/400) pm, the prototype assembled using the proposed accuracy allocation method achieves an accuracy of (2. 7+L/400) pm.
Therefore, the proposed CMM accuracy allocation method can provide a more accurate basis for the accuracy selection of key CMM
components. The accuracy of the whole machine is improved, the efficiency of the whole machine design is saved, and the research
and development cost are reduced.
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P IE 54 R R A ME 6 T2 BB A4 B 25 P S KD,
21 J5UJL AT 5% 22 B8 X, 3 T AR S 0 O vk AT
CMM HOCHE AR ARG B2 PO A5 R ANk 2 s

= wC

oM, =

&1 CMM H 21 BULMMIRE
Table 1 21 geometric error of CMM

X Bl LA 22 15 553 Y Jih J LA 15 22 T g53R Z Bl LA 15 22 15 553 I R 2ET (RS
6,(x)/pm 0~5.76 t%(y)/um -4.26~0 6.(z)/pm 0~3.98 o,/ wrad -3.58
8,(x)/pm 0~2.17 5.(y)/um -2.31~0 8,(z)/um 0~0. 68 o,/ prad -6.27
8.(x)/pm 0~1.37 8.(y)/pm -3.00~0 8, (z)/pm 0~0. 56 a,./prad -5.46
&,(x)/prad 0~4.52 g(y)/;.urad 0~0.77 &,(z)/prad 0~0.05
&,(x)/prad -5.44~0 e.(y)/prad ~1.51~1.50 £.(z)/prad -2.40~0.28
e.(x)/prad -1.20~3.90 e.(y)/prad -0.90~1.51 &,(z)/prad -0.32~2.4
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F2 CMM XEFHMUHBEEILER
Table 2 Accuracy distribution of important parts of CMM

A i ZHRAF KE P/ um
RIRZFT 3.0956

X %l SR 3.966 7
T8 3.396 6

RIR2ZAT 1.5015

Y il JEHR 2.736 7
iy 2.2823

L EZAuy i 1.184 0

Z JEHR 2.584 0
SAE 2.246 5

X CMM, S0 B R 3% 6 B0 56 S 00 S 1 B
HERE, A A CMM #5 BRI 1 T 27Kk
JEAYBCEE SR, CMM Y X Jh ml L 33 5 F I 38 R B R
3.5 pm RTS8, CMM 19 Y §ilimT LLSE £ i B A
ZRREH 2.5 um PIRESE ; CMM (1% Z %l Al D)3k 4567 T 3
AR 2.5 pm WA FE, BT EMIRZEFERA T
Rz 2, B o] DU RS B2 220K, X Rl B 0 4 um
FIEHER, Y SR Z BIE PR B R 3 m BOOEHER . X %
A AR E ARG 3 um AOTRERZZFL, Y Hla] L) i
B BEE RS E R 1.5 um FUTRERZZAT , Z flnT DL ssk Bk
PEEQDRGE ] 2 pm 225 TE4

4 L I

4.1 BESERFENHERIE

FEXSIET 2 f) CMM RS EE R IR S5, MG AN [R] 32 3l 2
TR B0 B ES A X JR A Ak A sl DX Ta) 40 W
Mo DURRAORS R ZOROACHER U] CMM. =iz slifih Y

TR X (B WAERE A O .
[1,1] [0.9,1.1]  [1.0,1.2]
A=|[1/1.1,1/0.9] [1,1] [1.2,1.3]
[1/1.2,1/1.0] [1/1.3,1/1.2]  [1,1]
(23)

FHT CMM. =3z 2l Al g 1o 34 2 3 24 5 A [ ik
BESCE L, I 3 iz sl B, B, (B, X CEEF
PR BRI I WA R AR 1), L iz sl o ACHE T, Tl
FHRZ Y CMM GBI 5580 TR BR 2241 2 ] 3 B 224k A
X i) I A

B,=B,=B, =

[1,1] [2.1,2.8]
[1/2.5,1/1.7] [1.5,2.3]} (24)
[1/2.8,1/2.1] [1,1]

[1.7,2.5]
[1,1]
[1/2.3,1/1.5]

CMM BT X\ Y Z iz s %il0kG B i AR 43 e 45
Mo A=10.3342,0.3543,0.2959]"; 153 K [6 3z 3
BARXT TG MR B TR BR 22 KRS BE Y 4 AL
B,=B,=B,=[0.5032,0.2809,0.178 41", T iz
5 CMM Wi K e s (iR 2 456 5 T LASSO Bk
SR 21 TR 1R 22 3l 7 B Uk T X (R 2 R 43 A
D7) CMM K B 43 it /5 BEME 15 31 CMM. 19 2 HIURS BE
R 2.7 wm, GERANFR 3 TR, 0 ELARAR I R MUK B
FARMEIR2E K (4. 5+L/400) pum BIBEGHHE48, h T &
S5 AL 2 e 152 2 45 At TR 38 X (L8 4 BE 1) 52 )
PRI, AR SCHR H i CMML A 2 0 BE J 2545 1 A 28350
TEKS B 48 br, W 2 X B S R R AR VF R IR %
(4.5+L/400) pm HHRG R ER

®3 CMM ENHEEHERIE

Table 3 CMM whole machine accuracy simulation

verification
I T e e By
/pm  By=By=B, /pm JE/ wm
R 3.0 0.2809
X4 JBMER 40 0.5032  3.4799 0.3342
SR 3.5 0.178 4
RIRZZFT 1.5 0.280 9
Yl JEMHY 3.0 0.5032  2.3770 0.3543 2.7
gk 2.5  0.178 4
W iIEHs 2.0 0.2809
Z%h JeMPY 3.0 0.5032  2.5174 0.2959
AT 2.5 0.178 4

4.2 RBESEFENZIIEIE

DAAE 5 2 K 2 ATLABAT 5 Jr 5 [ X8 CMML oy
i, HATFEE IR 1 000 mmx1 000 mmx800 mm , 5 K 72
VERHIR2Z BT 885 4 (4. 5+4L/400) wm, ZEF CMM
KT A AR TR 2 2% 5 FIORG B o T 10 235 3R | 6 B 2235
PESEBR = S e AR QR AR RS B R 3 pm/m, TR Zk
2T IR BE SRR P4 0 KB S 90, B % S AT T 1 BE
BRI R 4 pm,

FET ARG B RS [ )22 o0t o A AN R [0] i, 4R A5
ZHS CMM RREHLRE I 45 2R a3k 4 B .

SETF AR SCHE S RORG J3E 43 e 7 v A S PR ML s B i) 2%
TR oK 5 SR SRR A CMM BN i 45 Sk B | PR
B CMM S 2350 44 B ] LA R 1% 5 CMML B K At
VFRAEIR2% (4. 5+L/400) wm BPREEEZR |
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Table 4 Experimental verification of the accuracy of CMM

‘ CMM #%
Aebril A Fi: o P WEA P
/um  By=By=B, J£/pm B/ pm
WAL 8 0.280 9
X JeR 3 0.5032  4.4704 0.3342
SR 4 0.178 4
WIk#IL 8 0.280 9
Yl OSUHIR 3 0.5032 4.4704 0.3543 4.4
s 4 0.178 4
Weehies 8 0.280 9
ZH R 3 0.5032  4.4704 0.2959
SEAE 4 0.178 4
5 45 ®

P T X B2 ATk i CMM RS B 43 L 5 v, 38
17 CMM AV KA Y | 3 F TASSO 53 ik %o W1 {4
BRI GEAT 2280 A B R A5 21 CMM A 21 T LT 152
25 MR ARAT 21 LA 152 25 45 SR TS AN R 1) 4 5 3 3 %o
DX M)A A AR Ak, B 1 OHRG 43 PO AS R 1 A 2 | ) s
REAES TR BE A BO 5 SR 0 BE AL | F00PE 2 1 RS B oy
BE 7 vR AT IR BT A B R B CMM S B 25 3 4 1
Z7% WINRZIN T L8551 CMM g 1Tl A
)22 1 P AR LB, 9 9L BT T 38R, BRAIRAT & hiiAs
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