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ABSTRACT

Measurement and inspection of freeform surfaces are required in reverse design process. In the case
of surface measurement using a touch probe, probe radius compensation affects measuring accuracy.
But current industrial practice depends upon an operator’'s experience to compensate for probe radius.
In this paper, an on-the-machine measuring and inspection system for freeform surfaces was
developed. Probe radius compensation methodology was studied via modeling of B-spline surfaces
based on digitized data. The accuracy and reliability of the measurement system was confirmed

through various kinds of experiments.
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Table 1. General interpolation process
for B-spline surface
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® Determination of order k for u, order | for v
@ Determination of number of control points
& Computation of knot value

t;=0, 1=0,1,...k—1

S,
L=t +—grtr—, =k k+1,..,n
m=kj=m—/¢d’
=1, i=n+1,n+2,...n+k
@ Computation of blending function
® Computation of location parameter u,, ¥,
for each measured point
_ bt et b

»= k—1 , p=0,1,2,..n
- t'q+1+t’q;i-li...t’q+1—1 ,g=0,1,2...m

® For the u-directional control points,
compute following m inverse matrices
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o N (1))e e | Ci(v))|_ |@;
L ]

e o () °
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Q;; * Measured points
C,‘(Uq)= lgP,-_,-N,-_,(vq), a=0,l, .om

@ For the control points of the final surface,
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[ ] [ ]
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Fig.1 Flow chart of the developed system




Fig.2 On-the-machine measurement
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Table 2. Measuring results

Meas. {Meas. X Y Reference| Estimated | Meas.
Surface | point | Coord. | Coord. |Z Coord.} Z Coord. | Error
L(l) 2.0000m | 2500me | 11.583mn | 11.583mn | Oum

(a)

(2) | 4000nm | 4000m | 11.146mn | 11.147on | Lim
() | 6.000m | 3.000m | 10547u | 10547mn | Oum
k 4) | -60.00mn | 10.000mm | 26.219mm | 26.221mm | m |

[ (b) (5) |20.000un | 10.000mm | 29.433mn | 29433me | Oum
(6) |58.227m |~40.362mm] 23.852m | 2386lmn | Sym
(@ [70000m ] 0.000m | 00m | 0.002mw | Zm
© t (® '41.931um | 25.888m | 6492m | -6.487m | 5m |

(9) |34.167m | -6.068m | 6.449m | —6.424m | 25¢m |

(d) Surface D

Fig.3 4 surfaces for on-the-machine measuring and inspection
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Fig.4 Tangential angle VS. Measuring Error
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