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Abstract

This paper proposes a new model of the compression of paper considering viscoelastic deformation
properties as well as nonlinear contact properties. Nonlinearity is modeled as a contact model of rough
surfaces in which asperities of surface roughness formed by entangled fibers are distributed in the direction
perpendicular to the surface. Viscoelasticity is modeled as a 3-element viscoelastic solid model by which
delayed elastic deformation can be represented. An identification method for the proposed model using
experimental data measured under several loading ratios was introduced and applied to typical measured
data to assess its validity. In addition, a sequence process of loading-unloading action was simulated to
demonstrate that the proposed model can represent the compression behavior of paper properly.
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Fig. 1 Experimental apparatus
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Fig. 2 Loading pattern.

Table 1 Experimental conditions.

Load amplitude 7, [N] 20
(Contact pressure
amplitude p, [kPa]) | (255)
Loading time ¢, [s] 0.1, 0.5, 5, 50, 500
(Loading rate  p [kPa/s]) | (2550.510,5.1,0.51,0.051)

Fig. 3 Relation between load and compression for
several loading time conditions.
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Fig. 4 3-element viscoelastic solid model considering
nonlinear contact properties.

R R YY) & LT TEZ LN A.
v(=—= {gz+g1exp(—g‘;g2j} (7)

_g1+g2 2

L7 o T, JEMETR&OZEA o) (25t 2 Hefilif o
BALW () 1%, RS d, OZEENAE T 5 77 h3 8
RY@E) EOTHBE c()/T OFRDOBERERE Y CESIND Z
EnD, WIFEE L CROEIICHAESRD.

W@(Q::AL?”{EWA%)YU—435%;2df}¢hh)dds (8)
TIT, o, (d) IXEE d T D BRI BT D
AT, c(t)=d, OFMH»BRELLDOTHS. X(8)%
2R SO REAEFANC Y T D &, Rk T A —
2 g, &, MERETDHILENTED.

3.2 AHERE

Fig. 3 OREFNCK LT, EMEFET L& RS
HRT A=K DOREFEEI T, 9, FTEKM 500s
DOHBEE, WEFREFH A+ R BTN Th o7z &
KD, WEHNKEOT —4% L LTERY v, K
(2), G)DPYTITD LV, MEFAHIER ¢ &8RRI S0
DIEWER o ZRDT-. WIZ, TXTOFEEROS5E
EEINGGEOT— 2 E LTHRY, K@)DOETEHnnhiE
FEFEVESR g, & RIEREPER p, RO T, BREIHMER g 1L,
U bofER e RQOBEENSHET Lz, ok, MEHHE
B0 T O FHEIZ I Marquart 15 %, #4404 i
WEFICIZ DFP % AV, (&) O/ T E S sy LT,

Fig. 5 ICHEHAISRIET —Z ~O RO Y TIE O HED
FER AR, WEW,, WMER g, FEREEREKS LD,
EWR DR TES S TITE-TEBY, KEHI D%
R S A ISR A LS EREY CTh o722 L3y
N5,

Fig. 6 BT — % ~D i oY TIXDEHE 0
RaRT. flx ORET —Z IR LIS L b K2
MCTEDOTRNLDOLH D, T X TOHAMKEMONE
T —Z TR L COEBRICHIBR O Y Tixo B3 Thbh Tl Y,
AWM OERR~OFEL 3 BEREMEE KT LT
RBLTEZEOZYMEDRROLND.

Fig. 5 Curve fitting to measured data
(Quasi-static condition).
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Fig. 6 Curve fitting to measured data
(Dynamic condition).

Table 2 Model parameters determined by curve fitting.

Present 5 times

Parameter Ave. [Max.  [Min.

Prob. dens. function of roughness summit depth

Max. of depth 2.413| 2.931 3.459 2.413

¢; [um] (+18.0%)| (-17.7%)
Standard deviation 0.5847| 0.8313 1.593| 0.5081
o [um] (+91.6%)| (-38.9%)

Max. of prob. dens. 0.8550| 0.7034| 0.9839| 0.3139

/o [um™] (+39.9%)| (-55.4%)
Viscoelastic properties

Quasi-static elastic 30.07| 25.31 31.62 17.74

modulus g [MPa] (+25.4%)|(-29.9%)

Instantaneous elastic 45.20| 35.47 49.16 23.76

modulus g, [MPa] (+38.9%)] (-33.0%)

Delayed elastic 89.75| 102.2 165.5 70.02

modulus g, [MPa] (+61.9%)| (-31.5%)

Ratio between elastic 1.986| 3.215 6.454 1.803

moduli  g,/g [1] (+100%)| (-43.9%)
Delayed viscous 119.9 2794 7738 8.113
modulus 7, [MPa-s] (+177%)| (-99.7%)
Delayed time 1.336| 23.26 59.22| 0.1159

17,/g, [s] (+155%)| (-99.5%)
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Fig. 7 Loading pattern for verification.
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Fig. 8 Measured data and simulated results.
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