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Geometric Calibration of CMM by Utilizing Spatial Coordinate Comparison (2nd Report)

- Reliability of Estimated Parametric Error -

Makoto ABBE, Kiyoshi TAKAMASU and Shigeo OZONO

A series of papers presents a new calibration method particularly for up to a middlie size CMM. The method is able
to provide the 21 parametric errors only by performing the coordinate comparison. An automated calibration system
for the production stage of CMMs is realized. Following to the first report describing the adopted linear parameter
model and simulation result under the ideal situation, contribution of variance in the observation to the result is
considered in this report. Application of the error propagation analysis through the linear model is proposed.
Estimated parametric error components are evaluated by the propagated variance on the linear guide way model with
six kinematic freedoms. The result in seven different stages in variance shows that six parametric errors are possible
to be estimated simultaneously with in the propagated reliability range.

Key words: CMM, coordinate measuring machine, calibration, parametric error, propagation
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Fig.1 Schematic of linear guide way model
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Fig.2 Reference parametric errors for simulation
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Fig.3 Derived displacement by reference parametric error
with standard deviation of 0.1 pm, and predicted curve
on sphere with effective arm length P= (0, 200 , 200)
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Fig.4 Estimation residual calculated from data on Fig.3
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9.5 Derived displacement by reference parametric error
with standard deviation of 10 pm, and predicted curve
on sphere with effective arm length P = (0, 200 , 200)
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Fig.6 Estimation residual calculated from data on Fig.5



Rxx pm/m

-20

200 400 .. 600 800 1000
Longitudinal Position mm

Fig. 7 Predicted parametric error component Rxx and
its reliability range, in case of standard deviation of 1um

gboboooooooobooobooobooooooooooo
gboboooooooobooobooobooooooooooo
gooooooooooooboooogooooobooooo
goooO0 200000000000000O0O00DOOO
gooooooooooooboooogooooobooooo
goboooboooooo

41 OOOOOOOOOOOOOOOOOOOO
gooooOoOoOo0OO0OO0OO0OO0OO0O0OoOoOo@EOOoOOoOooono
gooooobo0oobooooboooobooooooo
goocoavMm OO0OooOoOO0OoooooobOoOOoooooooon
gooooooooooooboooogoooooboooo
oooboooboob 200cvmMmO0000000O0O0O0O0OO
gbobooooooooooobooobooooooooooo
gbobooooooooooobooobooooooooooo
gboboooobooobooooobooooboooooooo
gobooooooooooooooooooobooobooon
gbooooooooooooboooogoooooooooo
gbobooooooooooobooobooooooooooo
gobooobbooooooooooo
goboooooobooboooooooboooboobooon
gooooooooooooboooogoooooooooo
gbooooooooooooboooogoooooooooo
gbooooooooooooboooogoooooooooo
gobooooboboooooo
goboooooobooboooooooboooboobooon
ooooo 20000000000000000000000
gboooooooooooobooobogoooooooooo
gboooooooooooobooobogoooooooooo
gboooooooooooobooobogoooooooooo
ooobooooooooooooo

4.2 OOOOOOOOOOO
goooooooooooboooobooooooooooo
020000 2s000000000000000000 95%0
ooo{ooo z2s0}000000000O0OO0OO0OOOO
00000fdoo@ooooooooooooooooooo
0000000 @Uuoooobo 2sgo000ooooooo
sl 0000000000000 0000000000D0AO0
oooooooooOoOoobOoo zsOo0o0oOoObcboboO0o00o
RxOOOOO700000000000000000O0 1pmO
obooooobooobooobobo+x2s000 20000

TXx pum

— Predicted

-10 ~ ~ Reference

[ 200 400 600 800 1000
Longitudinal Position mm

0.05 2S Range
S T T TP P TR P AN AT SRR AN
] 0/—-—/_’/—/\/_\/
4
k] N i TRt oL N R N N S Eat DT RN
o
-0.05 [ ; . 2S Range L
o 200 400 600 800 1000

Longitudinal Position mm

Fig. 8 Predicted parametric error component Txx and
its residual with reliability range, (std. dev. 0.1um)
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Fig. 9 Predicted parametric error component Rxx and
its residual with reliability range, (std. dev. 0.1um)
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Fig. 10 Predicted parametric error component Txx and
its residual with reliability range, (std. dev. 10um)
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Fig. 11 Predicted parametric error component Rxx and
its residual with reliability range, (std. dev. 10um)
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