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Back to RCEs Illl-
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Fractional Derivative of a periodic function HIT
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Thus, one has a viscoelastic response from fractional RCE in
small amplitude oscillatory shear tests
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Fractional mechanical element | | [

- represented via hierarchical d’y(t)
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elements \
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Figure 4. A sequential spring-dashpot realization of the fractional element.

Images from Friedrich et al. (1999)
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Hierarchical analogue to Fractional equations I"lin
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Schiessel, H. and A. Blumen (1993). "Hierarchical analogues to fractional relaxation equations."
Journal of Physics A: Mathematical and General 26: 5057-5069.




Solution by Fourier transform I
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Schiessel, H. and A. Blumen (1993). "Hierarchical analogues to fractional relaxation equations."
Journal of Physics A: Mathematical and General 26: 5057-5069.




Relation between RCE and mechanical model |I| I
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Example: Response of gels to shear I

Macromolecules, Val. 28, No. 11, 1995
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n=E=1, n= 1000 numerlcally computed B =1/2 for critical gel. Canwmodlfy E, ntotune 3
<1/2 pre gel and B >1/2 post gel. B represents structural parameter (connectivity)

Schiessel, H. and A. Blumen (1995). "Mesoscopic Pictures of the Sol-Gel Transition: 8
Ladder Models and Fractal Networks." Macromolecules 28(11): 4013-4019.




Fractal Tree Representation of FE "l
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Fig. 1. Self-similar (fractal) tree model for viscoelastic be-
havior
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Fig. 2. Two-stage generalization of fractal tree model X =422,

Heymans, N. and J. C. Bauwens (1994). "Fractal rheological models and fractional
differential equations for viscoelastic behavior." Rheologica Acta 33(3): 210-219.




Connectivity of mechanical networks "l
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nodes in the networks - I';
each r; connected to neighboring I'; by equal spring (E)

node linked to planar ground with site-dependent viscosity 7, = z(r;)n where z(r;) is the
coordination number
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d, is the spectral dimension

Heymans, N. and J. C. Bauwens (1994). "Fractal rheological models and fractional differential equations fory
viscoelastic behavior." Rheologica Acta 33(3): 210-219.




Fractional Maxwell & Kelvin-Voigt
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Fractional Maxwell Model (FMM)
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Fractional Kelvin-Voigt Model (FKVM)
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Material Functions of FMM and FKVM

Table |
Material functions of the fractional Maxwell and Kelvin-Voigt models
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Table from Friedrich et al. (1999)

-FMM and FKVM : two power law regions intersecting at t=A

o Zk

E,;(2)=

7 kzz(; I'(ak+p)
Generalized Mittag-Lefler
function of argument (z)

- For G(t) of FMM has flat decrease of slope (-B) followed by faster decrease (-a)

- For G(t) of FKVM, fast decrease followed by flat decrease
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FMM and FKVM I"ir
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Figure 10. Description of the data of Figure 1(a) by the fractional Maxwell model Figure 11 Description of the data of Figure 2 by the fractional Maewell model
(solid lines) and the fractional Kelvin-Voigt model (dashed lines). {sohd lines).
Table 3
Table 2 Material parameters used in Figure 11
Material parameters used in Figure 10 T -
log E | log i v i]
logEjlogh! o | P | PRI00 | 552 | -187 | 0882 | 0.094
FMM | 9.09 | -8.36 | 0.383 ] 0.593 PH302 | 560 | <0344 | 0,553 | 0632
FKVM | 575 | -2.96 | 0.057 | 0.885 PB304 | 548 | 0.720 | 0.478 | 0.590

- polyisobutylene: FKVM unable to fit G’ and G”’ in glassy and transitional zones
- modified polybutadiene’s terminal relaxation zone described by FMM

- 4 fitting parameters?
Images from Friedrich et al. (1999)



3 element models |'|I-
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Figure 14. The (a) Paynting-Thomson model and (b) its fractional generalization

The FMM and FKVM cannot describe ‘S’ shaped transitions in G(t)
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Figure 13. The () ordinary and (b) fractional Zener model.

3-Fractional Element models: the Fractional Zerner Model (FZM) and the Fractional
Poynting-Thompson Model (FPTM)
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A, E, are parameter groupings
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