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ABSTRACT

A simple method of on-line stiffness measurement using the wrinkling behavior of paper web between
two rollers was presented. The theory and the equation were presented, and lab and mill tests were
executed. We called the stiffness measured by Taber tester as "Taber stiffness', and by tension wrinkling
measurement as ‘wrinkle stiffness’, respectively. Lab experimental results showed Taber and wrinkle
stiffness are almost equivalent. In the mill experiment, we could measure the stiffness in the wet state

and in the dry state. The dry wrinkle stiffness was close to the taber stiffness, but the wet wrinkle stiffness
was much lower than the corresponding taber stiffness
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Fig. 1. Wrinkle stiffness measuring device.
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Table 1. MD and CD physical properties of each paper

Sample Gramrr;age Thiczkness Densigy Breaking length ~ Tear indezx
(g/m’) (10"mm) (g/em’) (km) (mN/g/m”)
BP-1, MD 84.04 10.94 0.77 8.50 5.86
BP-1,CD 84.04 10.94 0.77 2.82 7.43
Pressure sensitive paper, MD 52.58 6.50 0.81 7.16 5.76
Pressure sensitive paper, CD 52.58 6.50 0.81 3.27 5.52
Heat sensitive paper, MD 117.46 12.00 0.98 6.24 592
Heat sensitive paper, MD 117.46 12.00 0.98 4.87 5.27
Moojin paper, MD 67.42 9.00 0.75 5.83 9.27
Moojin paper, CD 67.42 9.00 0.75 497 8.10
BP-2, MD 96.52 11.13 0.87 7.42 9.84
BP-2, CD 96.52 11.13 0.87 427 9.30
Newsprint, MD 46.86 6.00 0.78 40.30 8.00
Newsprint, CD 46.86 6.00 0.78 10.63 4.69
% MD(machine direction), CD(cross machine direction)
Table 2. MD/CD ratios of Taber stiffness and Young's modulus
Sample Stiffness(mN) MD/CD ratio Youn(gl'\fﬂr}; ())dulus MD/CD ratio
BP-1, MD 1.52 2.20 6017.85 224
BP-1,CD 0.69 2679.52
Pressure sensitive paper, MD 0.27 1.69 5729.63 1.82
Pressure sensitive paper, CD 0.16 3149.65
Heat sensitive paper, MD 1.52 1.36 4821.65 1.58
Heat sensitive paper, CD 1.12 3045.57
Moojin paper, MD 0.60 2.22 4741.39 2.00
Moojin paper, CD 0.27 2379.69
BP-2, MD 123 1.5 4687.87 1.73
BP-2,CD 0.82 2706.94
Newsprint, MD 0.23 2.09 2228.96 1.80
Newsprint, CD 0.11 1235.06
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Fig. 2. Interrelation of Taber stiffness and wrinkle
stiffness in 4lcm span.
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Fig. 3. Interrelation of Taber stiffness and wrinkle
stiffness in 41cm span. (Pressure sensitive

paper)
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Fig. 4. Interrelation of Taber stiffness and wrinkle
stiffness in 41cm span. (Newsprint)
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Fig. 5. Intenrelation of Taber stiffness and wrinkle
stiffness in 41cm span. (BP-2)
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Fig. 7. Interrelation of Taber stiffness and wrinkle
stiffness in 31cm span (total).
T/S = Wrinkle stiffness / Taber stiffness
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Fig. 6. Interrelation of Taber stiffness and wrinkle
stiffness in 4lcm span. (Moojin base paper)
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Fig. 8. Interrelation of Taber stiffness and wrinkle
stiffness in 31cm span. (Pressure sensitive

paper)
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Fig. 9. Interrelation of Taber stiffness and wrinkle
stiffness in 31cm span. (Heat sensitive paper)

Fig. 10. Interrelation of Taber stiffness and wrinkle
stiffness in 31cm span. (Newsprint)
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Fig. 11. Interrelation of Taber stiffness and wrinkle
stiffness in 31cm span. (BP-2)
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Fig. 12. Intenrelation of Taber stiffness and wrinkle
stiffness in 3lcm span. (Moojin base paper)
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Table 3. Winkle stiffness vs. Taber stiffness (CD) at 31c¢m span length

Taber stiffness, mNm

Wrinkle stiffness, mNm

Paper Average SE” Average* SE™
BP-1 0.69 7.5 0.756 12.8
Pressure sensitive paper 0.16 12.3 0.13 18.5
Heat sensitive paper 0.12 7.7 1.051 6.8
Moojin base paper 0.27 3.6 0.366 11.5
BP-2 0.82 11.2 0.856 15.5
Newsprint 0.11 5.4 0.093 12.8

*:Average when wrinkle number is in the range of 9-11.
* . Standard Error in % (Standard deviation/Average x 100)
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Fig. 13. Wrinkle stiffness measured at 31 cm span
length vs. Taber stiffness.
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