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Feasibility Study on Evaluation of Paper Smoothness by Using FFT
Spectrum Analysis and Friction Coefficient

Yu-chang Su,"” Yan-san Huang” and Shin-shin Chen®

{ Summary )

This study aimed to establish novel methods for testing paper surface smoothness with roughness tester method
foliowed by FFT spectrum analysis, and with a friction coeffictent method. Comparisons were made with a conventional
smoothness testmethod, the Bekk smoothness test, for 20 commericial coated and uncoated papers.
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Comparison of roughness values ( Ra or Rtm ) of these papers with those of Bekk smoothness suggests that, in the
lower smoothness range (below 100 Bekk smoothness values),there was a fair degree of correlation between them. For
semi-smooth papers (Bekk values of 200 to 500), the 2 methods had low correlations, whereas there appeared to be no
distinct correlation for speciemens in the high smoothness range (Beak values of 500 and above). The cocfficient of
correlation (COC) between the 2 methods was 0.74. Based on the experimental results,the roughness method appears to be

suitable for measuring specimens in the low smoothness range, whereas FFT spectrum analysis is more appropriate for
measuring papers with high smoothness.

After surveying the surface profiles of the high smeothness specimens, the profile was filtered to remove the waviness
of the paper surface roughness profile obtained. Transformation of this profile to the FFT spectrum was made. From the
frequency distributions of the depths of the concaves and convexes and the accumulative frequency curve, smoothness of
the paper surfaces was thus determined. This method avoids deviations arising from waves, folds, creep, or rolling of the
paper surfaces.

Second-order polynomial regressions between the Bekk smoothness values and the surface friction coefficients of the
specimens gave a COC 0.86. If the lowest smoothness range (Bekk values of 60 or less) was excluded, however, then the
COC shot up to a much higher value. The second-order polynomial regression between the friction coefficients and the
logarithm of roughness values gave a COC of 0.94. If again, the lowest smoothness or the highest roughness range (with Ra
values > 3 ¢ m which are equivalent to Bekk values <70 sec/10 mL) was excluded, then the COC increased to a higher
value, Based on these results, we conclude that the friction coefficient method is fairly suitable for the measurement of
specimens with smooth paper surfaces.
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Fig. 1. Diagram for determination of friction coefficient.
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Fig. 3. Diagram illustrating roughness testing
apparatus.
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Fig. 4. Example of scanning profiles of paper surface.
Note: a} surface profile, b) waviness profile, ¢)
roughness profile (=a-b), d) roughness.
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Fig. 5. Relationship between roughness and Bekk smoothness.
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Fig. 6. Correlation between roughness and logarithmic
Bekk smoothness,
Note: Ra: roughness, S: Bekk smoothness,
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Fig. 7. Probability distribution of depth of concaves
and convexess on a paper surface.
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Fig. 8. Correlation between friction coefficient and
logarithmic Bekk smoothness.
Note: 2 friction coefficient, S; Belk smoothness.
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