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Measurement uncertainty evaluation of the orthogonal deviation
angles of the target mirror of micro/nano measuring machine
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Abstract: The 3D target mirror is a vital part of micro/nano coordinate measuring machine system. The orthogonality between its any two
mirror planes is very important to ensure the measurement accuracy of the measuring machine system. In order to verify whether the 3D
target mirror meets the accuracy requirement of the measuring machine, the orthogonal deviation angles of the 3D target mirror are
measured and the measurement uncertainties are evaluated. On the basis of quantitative characteristic analysis and modeling, the
traditional method (called as GUM method) given in the guide to the expression of uncertainty in measurement, Monte Carlo method
(MCM) and adaptive Monte Carlo method (AMCM) are researched. The comparison of the measurement evaluation results shows that
the 3D target mirror approximately meets the accuracy requirement of the measuring machine. The orthogonal deviation angles of Z-X
mirror planes and Y-Z mirror planes are about 0.5”, and the orthogonal deviation angle of X-Y mirror planes is about 3.3". The
evaluation results obtained by the three methods are basically consistent. Moreover, MCM and AMCM are more reasonable than GUM,
and AMCM method is more efficient than MCM method. This work provides reference methods for the task-oriented measurement
uncertainty evaluation of micro/nano CMM.
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Fig. 1 Schematic diagram of the measurement structure
in the developing micro/nano coordinate

measuring machine
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Fig.2 Schematic diagram of orthogonal deviation

angle measurement experiment of the target mirror

0, o N T WU P AFAE R BEALIR 22 52 0 76 A8
J& R G v g A LRI, 5
10 G M, R 2, I8 48 W BE A 4 0 A A
BT BIIEXT Z KSR Y S T D AR K 43 ) et 1o
Z-X Ui (B e AR 0 IE A w22 AR 6., R Y-Z ) gk i B) 92 AR
MIESCIRZE S 0, |, [RIREHEAT 10 2 A 4
1.2 MELIEEHE

XiF IO = HEHVEE 3 4N S T A O B = kS
SR T[] 1 5200 25 AR Al 2R A T 10 Y R A2 0 o 0 e
PINER 1.2 .3 M55 1 AR, 2 = R85 45 e /K
T 90°H}, IEA W2 F M IE, )L 2 R B, A A
OV YA, T A4S 20 XoF R 0 e o %) 0 4 S B T i) 1E 58
2= A (B LD S AR B = 4 B e, 1 SR A ifd 8] 1E
AW ZE A T B = A A R T L O 2 B R
P ) 5L B AT I 2 A A A5 = A A S B i )
TEAC2E A 25 R 3 = A ST i S T I T T B N
N/5 BERTESARAAS K W A B0 B8 S 5 T 38 59 ) 4



5510 3]

Tl ) e AL 5 1 S Ml 22 A 0 AN S FE D -3 -

4 AP ST X, SR JF R BBO By A4S DR e 07 5T
A 10 RE W, il Ao an gk 1.2 3 R 2~5 4
i, BIGEATR1.2.3 FiR BB I 50 , 5 0008
X B B RO () A Ry = RSB 1fi 7] 3 AN 1E 58
i 2 01 A SR FEA AL

2 BN AR R A5 F CAnAS R 15 2% S TRD )

7 AN TR B AN [0 e PRI ) T A ] — e e
AU PR F 00 25 R T BN — 8 PR TE LAk B
S S VAN [ DXt A7 ) o 5 00 S 6 o e e el )
DX I RN B R AT o A 0, o A B T R e AT B
5L, Dy ik T i RV A5 A A T AN 6 5 JEE 0 B
PR,

F1 BEX-YHEERREASHENELRE

Table 1 Repeatability measurement data of orthogonal deviation angle between X-Y planes of target mirror

205 W 1 2 3 4 5 6 7 8 9 10
1 2= 54 6., -2.5" -3.0" -3.5" -2.5" -3.0" -3.0" -3.5" -3.8" -2.8" -3.3"
2 w2 6., -3.5" -3.0" -2.6" -3.0" -4.0" -4.0" -3.5" -4.0" -3.3" -3.7
3 225 0, -3.5" -3.5" -3.2" -3.6" -3.5" -3.0" -3.0" -3.8" -3.5" -3.7"
4 221 6, -4.3" -3.7" -3.8" -4.2" -3.5" -3.2" -3.4" -3.0 -3.3" -2.5"
5 S -3.7" -3.5" -3.0" -3.0" -3.3" -3.4" -3.2" -3.5" -3.7" -3.0"
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Table 2 Repeatability measurement data of orthogonal deviation angle between Z-X planes of target mirror

205 HUES /€4 1 2 3 4 5 6 7 8 9 10
1 W5 6., +0.5" +0.7" +0.5" +0.4" +0.7" +0.5" +0.5" +0.4" +0.7" +0.6"
2 iz 6., +0.6" +0.9" +0.7" +0.5" +0.6" +0.3" +0.5" +0.8" +0.6" +0.3"
3 W2 6., +0. 8" +0.5" +0. 5" +0. 4" +0. 4" +0. 8" +0. 5" +0.7" +0. 5" +0. 5"
4 250 6., +0.6" +0. 8" +0.7" +0. 6" +0. 8" +0. 6" +0. 8" +0.7" +0. 8" +0. 6"
5 250 6., +0.2" +0.3" +0. 6" +0.2" +0. 5" +0. 8" +0.7" +0. 8" +0. 4" +0. 6"

#3 HLEY-ZHEEEZRERSIENSHIE
Table 3 Repeatability measurement data of orthogonal deviation angle between Y-Z planes of target mirror

) IR RV €1 1 2 3 4 5 6 7 8 9 10
1 W2 0, +0.5" +0.5" +0. 4" +0. 8" +0. 8" +0.6" +0.5" +0.5" +0.7" +0. 4"
2 WS 6, +0.7" +0.5" 0.0" +0.6" +0.5" 0.0" +0. 1" +0.3" 0.0" +0.3"
3 (LE=SiN +0.4" +0.3" +0.3" +0.5" +0.5" +0.6" +0. 4" +0.5" +0.7" +0. 4"
4 251 6, +0.3" +0.5" +0. 6" +0. 8" +0.5" +0.5" +0. 4" +0.7" +0. 8" +0.3"
5 W2 6, +0.5" +0.3" +0.5" 0.0" +0.5" +0. 1" +0. 3" +0. 6" +0. 4" +0.5"
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Fig.3  Assessment process of GUM
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Table 4 Evaluation results of GUM method
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Table 5 Evaluation results of MCM
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Table 6 Evaluation results of AMCM
H 3l etk bR
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BER v bl mw b
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0, 40x10*  +0. 480" 0. 573" [-0.645",+1.602"]
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Table 7 Comparison of results of three evaluation methods(P=95%)

T2 P Tk AR AL S ZERLpNE] PR AN E 40 7 X (8]

GUM — -3.360" 0. 606" [-4.548" -2.172"]

0, MCM 10° -3.359" 0. 607" [-4.551",-2.169"]

AMCM 41x10* -3.360" 0. 605" [-4.546",-2.176"]
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6, MCM 10° +0. 480" 0.573" [ -0. 644", +1.602"]

AMCM 40x10* +0. 480" 0.573" [-0.645",+1.602"]
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Fig. 6 Comparison chart of evaluation results of three methods
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