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MEAS T
# % A (Precision) i xx & (Accuracy)
£ 4f 1+ (Repeatability) f2+47 & (Resolution)
MR (Linearity) 7% £ (Residual)
& 5T A& (Sensitivity) ¥ i+ (Calibration)
£ (Error): s #32 £ (random error), % L3 £ (systematic
error)

£ /Bl 7 72 2B (Measurement Uncertainty)
% B & = (Measurement standards)

e £ 3% (Abbe’ Error)

5% 3% 4 (Cosine error)
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+ P (Measurement)
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Sensitivity and Linearity

S-Curve vs. Material
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Analysis of Linearity and Residuals
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@ MR W &TT? % 47 (Linear Regression Analysis)
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(4) 7.02 (7) 7.02
(1)7.01  (5)7.01 (8) 7.01

(2) 7.00 (9) 7.00
(3) 6.99 (6) 6.99
(10) 6.98

LERZEFEETHEE



%

MEAS P T4 I

Jczs
u(mean)

= | (==
w
W OwX |[F %
wOwX [ K %
6.98 699 7/7.00 |7.01 7.02 7.03
< >

2 vl
o (3 £)

26



%

o v s \ -
MEAS T AL 4 e (n— o)
| -
_EX - Xy beles
o=t 4 LIk 20
X
% WX
AP e 2 ik Joa o~
-3¢ —20 Mean +20 +3c
95%

27



%

VMEAS

' 24 2L =/
F7 7 9.5 G

LR 2 R
R E AKX
T R E a‘a-«fr—— PREE (TEE
BoRIE L G 4Tt (R4 )

28



%

MEAS ERIREF*Z R
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MEAS Expanded Uncertainty

U :k'uc(y)

The default coverage factor k in GPS measurements

IS 2~3. Commonly k = 2 coincides with level of
confidence of the interval about 95%. When higher
level of confidence Is needed, k = 3, and level of

confidence of the interval i1s about 99%.

The 3rd ISPMM  Aug. 2006, Urumgi.Xinjiang, CHINA FENUXY
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Guide to the Expression of Uncertainty In
Measurement
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2L E b oende > @ A e $9(Root-sum-square)
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f= £ 2% % (Abbe Error)

# % D34 (Bryne Error)
5% 3% % (Cosine Error)

£ 53528 4 (Thermal error)
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Tightening nut

Floating plate

% Reflection muror
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Fan et al., MATADOR Conf. 2007

_ FEA
Type of Bridge Spindle load | Self- weight
Rectangular 0.362um 0.156um
Arc 0.174um 0.102um
Arch 0.154um 0.090um
Optimized Arch 0.131um 0.060um
Pagoda 0.115um 0.060um

NTU Metrology Lab



Micro-CMM System at NTU Taiwan
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Abbé Error

Measuring Axis is parallel to the Moving AXiIs
TRl B d dh A 4 i

tips

Abbé error illustrated through the use of a dial
caliper and a micrometer

a7



MEAS Abbé Error

Osrit= R
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Abbe Principle in Design

Abbé offset
error 2.4 um

\ Moving stage

Linear encoder

\J
‘.;VA“““- n A

Linear encoder feedback

Whikisisea Plane Laser Laser
P \ mirr\fr beams interferometer
/
No offset *

susesecessiece

Laser interferometer position feedback



”’ Abbé error free : no angular error

VMEAS
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Guidewad(

Abbé error Iin one axis

Abbé error
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# % & & B (Bryan Principle)

Bryan Principle: £ s & € g 3%
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Four-quadrant photodiobe
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(a) FHERE

Cosine Error

D= Lcos®

6=L-D
=L~ LcosO
= L(l-cosB)

(b) HImER %2
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@ Thermal Error

MEAS
CMR: 1 2 4 20C BFenE B
MR: 1 24 38 (Ts) Fenk B, %I 28k : o,
&r%‘_&l__;'i dEBBRPE (TR R Gl

), R

MR =CMR(1+ (T, -20)) (1)

bk B2 4R ADP (D k), RIE S R

e TR A PFenpg WIRE 51 CMRxa, (T, - 20)

LEEEABERERS, N Q) FBE S
MR = CMR[L+ (T, — 20) -, (T, — 20)]
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#1825k i F

MR=100mm, a,=11.5x10°, Tg=24C, a;=23 x10°°,
Ts=35C (% a‘?.“f T - B4 E)
’éj}‘%—@/m)i'f RAREA &#—‘%—%—r EN

CMR = 100/[1+23 x10%(35-20)- 11.5x105(24-20)]
= 100/ (1+299 x10)
=99.9701 mm
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