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Error Assessment of CMM by Self-calibration Method

S. B. Yoo" (Mechanical Eng. Dept. KAIST), S. W. Kim (Mechanical Eng. Dept., KAIST)

ABSTRACT

Among the CMM calibration techniques, the calibration with standard specimen is most accurate way to acquire the
required precision. When there is no standard specimen, the calibration of CMM with itself is possible. This calibration
method is called “self-calibration”. In this paper, we developed self-calibration algorithm for CMM XY plane. It is possible
to calculate the in-plane error and out-of-plane error of CMM with 3 different measurement of same artifact. Experimental
result shows that the non-orthogonality error is dominant in in-plane error and the self-calibration result and laser

interferometer measured result have almost same value.
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Fig. 1 Concept of artifact measurement: (a) If CMM and
artifact is perfect, the desired position will be
measured. (b) If artifact is perfect but CMM has
error, the deviation between measured position and
desired position is the error of CMM. (c) If both of
CMM and artifact has error, the measured data is
superposition of CMM error and artifact error.
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Fig. 2 Ball plate artifact for self-calibration: Only nominal
positions but exact positions of steel balls are
known. Front side (left), back side (right)
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Fig. 3 Repeatability of ball center position with 15-times
measurement: X-axis is ball position numbered left-
lower corner as 1 and right-upper corner as 49.

- 381 -



1% 49 0¥ 55 UA A9 dnygEFE o
|3t Aatd 5710 e LAE AN W
ojty, 19 4 oA AmBEH 2 Y HAAANA
A7 Ad 62 pum I3t He AL AT &
Aok T AAHA exte] Yol ART 2 Al
g Fgo] Aujyor vepvte AL AL &
Atk 29 4 9o AE o) &3ld FH7|Y X £
Y o] Ze A4k a8 AN RY A go
2 6.9 arcsec 2] LAE AAME ¢ U FLI =
A& #HolA QA2 HY HZx REL o] 43
=35t 93 arcsec o AAE o35 it
I 5= A SFY X FF Y Fol o R
Po] A o]dAQ HHAA Yojues Ax
HojgEoh A4akd £A719 Xy HHEL o 4F
Heo] 3t 1.1 pm °]8l LAE wu U=
RAE U + AUt

o

2

oy ofr

4. 2B

27t HA BEE ol &3t Hakd 379 #
EA F XETH Y Fo| o]FE PH 245 AN
e dneEE AL ol Edz gy
QA FATE e & FTHEE AHeR A
st o]l o AAdA FAHsH FH7)I}
T 2AE AMedth AR £A79 F /B3
o] = HAzZtz A& HolA EHZIEHY &
Az vasgch oleg ES A 37
o] T F Fo] o|f: WY uiste HEEd
A 53719 529G A oiF BHo] 7}
>3 Aoz wur

% 7|

B
“

FHH A

ol

FE 398 AT AFAYY AQew 4

do r&

HIEH

1. P .A. C. Miguel, et al, “Coordinate measuring
machines: concept, classification and comparison of
performance tests”, International Journal of Quality &
Reliability Management, v.12, n.8, pp.48-63, 1995

2. Allison Venner, “The Straight story: The who, what,
when, where, why and how of CMM calibration”,
American Machinist, Feb., p.66-74, 2000

3. J. Silva, et al., “A modular space frame for assessing
the performance of coordinate measuring machines”,
Precision Engineering, vol.26, no.1, p. 37-48, 2002

4. C. J. Evans, et al. “Self-calibration: Reversal,

Redundancy, Error Separation, and Absolute Testing”,
Annals of the CIRP, Vol.45/2, pp.617-634 , 1996

5. M. R. Raugh, “Absolute two-dimensional sub-micron
metrology for electron beam lithography: A
calibration theory with applications”, Precision
Engineering, vol. 7(1), pp.3-13, 1985

6. J. Ye, et al,, “An Exact Algorithm for self-calibration
of two-dimensional precision metrology stages”,
Precision Engineering, vol. 20(1), pp.16-32, 1998

Stage Distortion: Grid = 5 um

100
[

-
3
=
5
100 s i 1 i ; i T
-100 7% 56 -2% 0 25 50 T3 100
X(mm)

Fig. 4 In-plane error of CMM coordinate: the dotted line is
nominal position of CMM and the dashed line is
actual position. The deviation between two values
is magnified, as one nominal position grid is 5 pm
for actual position. Max. X deviation is 5.4 um and
max. Y deviation is 6.2 um.
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Fig. 5 Out-of-plane error of CMM coordinate: Max
deviation is 1.1 pm from nominal plane.
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