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Tasks
1.Determine a time- and moisture dependent material model for
paperboard

2.Implement the material model to finite element software

3.Use finite element simulations to investigate creep behavior of
paperboard packages under cyclic humidity conditions
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Creep
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1D-model without moisture

t
* Strain-stress relation g£(t) = I D(t —s)oc'(s)ds;
0]

* |dea: D(t) — DO 4+ Zn: Di (1— e_t/Ti );
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g, (t) = j'e_ ‘i o'(s)ds;

N -
AE —+ D. ! —1 :
Nn+1 ; I(’Z-i 4 At )qn,l
AGl’l—i—l — n
-
D, + D. D. '
© .Z=1: Z_l: 7. + At
& & i
ACln+1,i — ( _1)qn i Adn+1,

T, + At ’ T, + At



POLYTECH {

“, eter the Great %¢ Lappeenranta
@ Business @ AIRBB US Eﬁiﬁéﬁé'g . 4 \ University of Technology
S Engineering Powerflute z :

@ Education N\ UNIVERSITAT
24 - 28 Ociober, 2016 St. Petersburg, Russia 9 =i @w BOSCH

KOBLENZ - LANDAU

e=A*sin(Bt) € from experimental data
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1D-model with moisture

Strain-stress relation g(t) = j D(w (t) —w(s))o'(s)ds;
dn
-] ) a(cln)
First step o(t) = oH(t) = o' (t) = 0,6(t)
Strain e(t) = a,D(t) «» DATA

Model D(a,t) = Dy + Z?=1Di(1 - e_t/ari)
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1D-model with moisture

t - .
Strain-stress relation g(t) = j D(y (t) -y (s))o'(s)ds; Known: D, =, , init. cond.
Unknown o, Y
d ’
() = j L
» a(c (77))
First step o(t) = oH(t) = o' (t) = 0,6(t)
Strain e(t) = a,D(t) «» DATA

Model D;(aj,t) = Do + XiL, D;(1 — e™H/40™)
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If c<0.09
a=fi(c) =ky*xc+b;

Elsea=f,(c) =k, *c+ b,
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Rh — relative humidity
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1D model
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2D-model

Knhown: D, v, 1, ¢, a, init. conds.

e Classical Planar Stress Model

e 1 0 o, Unknown: o
<€y>:D<—U 1 0 )(O-y)
Exy 0 0 (1+v)/ \Oxy

* Time-dependent model with moisture

&, (1) L 1 —v 0 0y (S) $

£, (6) | = j D(L) —1(s)) ( v 1 0 ) oy(s) | ds ]

Exy () 0 0 0 (1+v) Oxy (S) Toy

g, dy ‘ oy
'f,, dx

»a

\ A
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Thank you for your attention
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Appendix 1

Without moisture

s(t) = j Dt —2)oc'(z)drz;

D(t) = Dy + Zn: D,@d—e"");

t—z

q; (t) = j‘e_ T o'()drz;
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With moisture

£(t) = [ Dy (t) —y (1)) (7)dT:

t
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Appendix 2

Optimization with The Nelder—Mead method (or downhill simplex method or
amoeba method) is used for approximation of curves

D
Err; = min ( app—l), i=1,nj=13;k=1,3
Do.Dyax Dgqtqa

j=1 biEr;
3

Erryain = ,b; —weight coefficients



