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Development of On-Line Bending Stiffness Tester (1)

— Theoretical Background —
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ABSTRACT

A simple method of on-line stiffness measurement using the wrinkling behavior of paper
web between rollers was developed. The theory and calculating equation were presented,
and the theoretical maximum error associated with the equation was also presented.
We called the stiffness measured by Taber tester as 'Taber stiffness’, and by wrinkling
behavior as ‘wrinkle stiffness’, respectively, for comparison. By using this method,
on-line complete control of paper stiffness will be possible in near future. Special care
about shear wrinkle and paper dimensional effects were addressed.
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Fig. 1. Web tension buckling.
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Fig. 2. Dynamic boundary condition of paper
between rolls.

equation=3} constitutive equations°] o} =

ofofstm, 15 Thear 2k

Governing equation :
Dlldw,xxxx + 2(D12 + 2D66)dW,xxyy +
D22dw,yyyy + Nydw,xx = 0

7] A

w . out of plane deformation
x : MD W}k

y : CD %3

D11, Diz, Des, D22 © orthotropic symmetry 2]
bending stiffness

x : load in MD direction

£3] D & E4= o
A2 22 = CD Wakg gu|hy o] 7]sx4l= CD
WaFe] flexural rigidityoll sjw3tct. & 7t ¢
8t122} k= CD W3k flexural rigidity S VEHY
ol sHHo2E,

F23HE 9714 o))

D2 = Ecph’/12(1-vampepveomn )

2 yed 4

k. 4714 vmpep, Vebmp =



24 Aoy .

HEIGHT, in.

© 3india. elumivm colers
© ¢in.-Ea, rubber milers

Q) asin-ga rotons = et
o 010 25 50 % b 125 E

LENGTH, in.

Fig. 3. Web wrinkle measuring instrument.

in-plane Zok& #]7h Hop . hi Foie =l
ot Eco= F019) CD W3e) &gAE 2ndich
Z A7 228, & FAVE £ALE CD
H3ke] stiffness7t EobdE 2ujgich

o]#%t & 7+9] wrinkle #4| Gehlbach F-©]
EAT Ak wrinkle A4 0] A4S o] &
o] AT M o] Higysitta BerEct? Fig.
€ 24 F¢U Fo] webd) ARYS 2EWF +
= A otk Fig. 3014 tramoleh= AL &+
Eol WEI HEE e Yok wekA 98]
7h dvtehs BA GRS FAR o]59) o
AL FEISNA 2 =80) HI vk 2 49
of AMgElE 2EJAAEAE E3F E Aol F019
dolet & & 59 ], Fol9] FA|, Fol9] £
Z B4, winding £%, Q1482 =7, wrinkle?]

9 27], wrinkle WA Ao} I 5& E +
At ol FHUAAES WSt wE wrinkled]

w

" - Fol7la 38(1) 2006

Wrinkle
Tension direction
e ——

Load Cells

Tonai
P:::;M Speed : 10m/min

Figure 5. Wrinkle stiffness measurement.

HEE &A1, of AFE thr| Fo]9) stiffness
2 AN = 012, 4EH TAXE THEA
o},

)

7342 bending stiffnessgty  Ea$o
flexural rigidity2t= 39 #A7F Qlct

D2 = Ecph®/12(1-vmpepvepmn ) = BS(Bending
Stiffness)/(1-vMpcpvepmp)

Tension buckling A& £3) A7]= wrinkle
o] He|E &2Asto] AAlE ZHE wrinkle stiffness
23l B271 Taber testerof <3 3% zHe&
Taber stlffnessﬂ-_ﬂ Hac® 3zl Axzoz
wrinkle stiffness®} Taber stiffness= ZH2 ZF&-
7HAoF & Hojr},

WA Fig. 4= AANLS 874 24 A

i

Fig. 4. Web tension measuring device.
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Table 1. Maximum theoretical error involved with the use of equation 1 to measure wrinkle stiffness
(equation 1 : D = Fa’ / by’ {n’(n’+1)(a/b)*-1})

a/b n values
10 20 30 40 50 60 70 80 90 100

0.02 0.000 -0.003 -0.010 -0.035 100.000 0.064 0.039 0.029 0.025 0.021
0.04 -0.005 -0.069 0.128 0.059 0.043 0.034 0.029 0.025 0.022 0.020
0.06 -0.030 0.192 0.074 0.052 0.040 0.034 0.029 0.025 0.022 0.020
0.06 -0.140 0.118 0.069 0.050 0.040 0.033 0.029 0.025 0.022 0.020
0.10 20.000 0.106 0.067 0.050 0.040 0.033 0.029 0.025 0.022 0.020
0.20 0.211 0.100 0.067 0.050 0.040 0.033 0.029 0.025 0.022 0.020
0.30 0.200 0.100 0.067 0.050 0.040 0.033 0.029 0.025 0.022 0.020
0.40 0.199 0.100 0.067 0.050 0.040 0.033 0.029 0.025 0.022 0.020
0.50 0.198 0.100 0.067 0.050 0.040 0.033 0.029 0.025 0.022 0.020

a/b = length/width

Fig. 6. Wrinkle number analysis.
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