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Precision Measurement Method of Circumferential Length and Uncertainty for Steel Ring
in CVT-pushing Belt
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ABSTRACT

The accuracy of the circumferential length of the metal
rings used in CVT-pushing belts need to be controlled on the
micrometer level to help ensure the durability of the belts. The
principle used in measuring the circumferential length of the
metal rings is the measurement of infinitesimal differences in
length between a master ring for circumferential length and
the ring being examined. A highly accurate measurement
method and a method of evaluating the uncertainty of these
measurements are therefore necessary for the master ring for
circumferential length.

In the measurement method discussed in this paper, the
master ring for circumferential length is positioned between
two rollers, the length between the centers of the rollers and
the radii of the sections of the rollers around which the ring
winds are measured, and the circumferential length of the ring
is quantified. A high level of accuracy has been realized in
the two sets of measurements through the use of a high-
accuracy three-dimensional coordinate measuring machine
(CMM). In addition, the uncertainty of the measurements of
the length between the centers of the rollers and the radii of
the rollers is quantified using gauge block and gauge ring
measurements.

Because gauge blocks and gauge rings are instruments of
a standard length with a specified level of dimensional
uncertainty, the measured results for the master rings for
circumferential length based on this measurement method are
traceable with a high degree of accuracy.
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Fig. 1 Product inspection considering uncertainty of
measurement
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Fig. 3 Schematic diagram of instrument for CVT ring
circumferential length measurement
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(a) Combination of uncertainties for ring circumferential length
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Fig. 4 Classification of uncertainty sources and
combination for uncertainty of ring
circumferential length measurement
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Table 1 Uncertainty budget for circumferential length of ring measurement

Source Symbol  Nominal value Standdrd uncertainty Distribution
Gauge block
Length of gauge block d 150 mm 50 nm Normal
Linear coefficient of expansion| ag 10.8 x 10%/K +0.5 x 109K Normal
Temperature of gauge block te -0.627 K 0.1K Rectangular
CVT metal ring
Length between two rollers E 158 mm - -0
Linear coefficient of expansion| o 11 x 109K +0.8 x 10°%/K Normal
Temperature of ring tr -0.682 K 0.06 K Rectangular
U [um] 0.40
U, [um] 0.14
U [um] 0.16
UE) [um] 0.45
UR) [um] U(R) = 0.46, U(R,) =0.60
U [pm] 0.37
Uy [um] 0.26
UL [um] (k=1) 2.6
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Fig. 5 Measurement of length between two rollers
and compensation of perpendicular
eccentricity of rollers

D0000000000u, 0000000 20000 CW
00000000000u,00000000000000
00000000000000000000000000
00000000 VU000000000 uy0uby, 000
000000000000

TablelD MRC OODO0D00OCODO0OOOOOOOO
000000000000000000000000UED
0000000000000000000 U, 00000
00000000 UR OO0O00OUEDUR OOO0O 05
pmOO0O00000000

U, 00000000000000000000000

Calibrated work piece

Work piece

y{

Uc

Fig. 6 Uncertainty estimation method based on I1SO/
TS 15530-3
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