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Overview Constitutive Characterisation by means of a Power Law

Capillary rheometry simulates polymer extrusion in a simplified For the description of the pseudo-plastic material behaviour of rubber blends the power law by Ostwald and de Waele in
way. It allows the characterisation of polymers by means of [1] is used. Its application to the investigated rubber blends is possible for a common interval of the shear strain rate .
determination of the viscosity function and extrudate swell. As

regards viscous properties, there is still a lack of constitutive application to a viscosity curve application to a flow curve

characterisation of rubber blends. On this poster a new concept
IS presented how the viscous properties are computed without — -
using common correction methods [1]. N = T = ky

The so-called die swell is the determinant criterion for the production
of rubber profiles by means of extrusion. Therefore its experimental

K ... consistency factor
N ... viscosity exponent

Investigation and numerical treatment is of high interest. This was 10° ETEE L 10 — Newon | determination of power law constants
of rubber blend technologies [2]. The consideration of the die swell 10°M ... |——Oswad | S
for the production of rubber profiles is necessary. Thus, the final e S B e g j j j
goal of this project is the numerical prognosis concerning tools 7l o VO % jZIgTi gy, - Zlgri Zlgyi
for the extrusion of rubber. é G N s n= i i1 i1
Literature: > . 3 o . e e

' - oBE EEERRSES R NE IO SRR RN 2 leg yi—zlgyizlgyi
[1] W. Michaeli: Extrusion Dies for Plastics and Rubber - Design -Eé ,,,,,,,,,, SIS LA i=1 i=1 i=1
and Engineering Computations (2003), Carl Hanser Verlag. 10 [~ 115007 pacd 191 i j []
[2] H.W. Miliner, J. Eberhardsteiner, A. Wieczorek: Constitutive 1 1= 0101 lgk="0) lgt, - nz|9ViD
Characterisation of Rubber Blends by means of Genetic Algorithms, .- o - T IR: 5 =
Constitutive Models for Rubber IV (2005): 361-368. 10° 10" 10 10° 10* 10° 10" 102 10° 10°

shear strain rate Y [s™1] shear strain rate y [s™1]

Z NNNWZ 7NN : geometric data of experimental data of
z NN 77NN : capillary-viscometer capillary-viscometer
z NN 77NN :
z N2z : :
- .. ! !
2 INNNZ @\Q\QQQ_ test stamp calculation of starting state
Z NN 2 7N :sg pressure sensor a0 = [k n, Va7
z N2 ZNN - , N, Yap
z I AN z
z LI AN @ |
Z NNZ  ZNAAN z : \V;
2 NN\ 7NN @ capillary
Z S8 2 o " X NEWTON-RAPHSON
B N, Z N\ capiiiary nu ITERATION METHOD
ZB NS = '  radiator | no &+ 1=9)
Z NN NN : v v |
1 RN AN (4) testing chamber
2 N N residual derivations increase new state check
N\ Oy : — — = —
R NN s NN Creesretenarass R DR(® Ag® qG&+ D RE+D < 10-10
] = :
ﬁ yes
: : : : : : : : It | tat iabl
In order to determine the viscosity of rubber experiments with a capillary-viscometer are required. resulted °5°”p ed state ‘;a”ab =S
With a certain stamp velocity v the melt pressure p is obtained. Up to 100 experiments for each q®=[kn V]
rubber blend with different capillary lengths L, capillary radii R and melt temperatures T were %
performed. They allow the development of a new material characterisation method. | - _ _
all state variables for all investigated duty points of the contemplated experiment
n ... dynamic viscosity [Pas] V ... flow rate [mm?3/s]
T ... Shear stress at capillary wall [Pa] Vz ... flow velocity in the capillary [mm/s]
\% ... shear strain rate at capillary wall [s~1] Vz ... average flow velocity in the capillary [mm/s]
Pv ... viscous pressure at the capillary entry [Pa] VG ... Slippage velocity at capillary wall [mm/s]
k ... consistency factor [Pas"] n ... viscosity exponent [ ]
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The strand diameter after the exit of the capillary-viscometer was investigated by means of a represzma“o” : fitness = reproduction g crossover : 'mpm‘l’eme”t
high-speed camera, because the highest exit speed of the strand is about 1000 mm/s. | Yes
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The flow chart shows all required steps for the use of the generalized Newton-Raphson
procedure. A validation for this method is done by means of a genetic algorithm.

Alternative to the high-speed camera the strand diameter has been investigated by means of 10°

a laser beam with the so-called swell value measuring unit. The diameter of the investigated N k= 69865 Pas®?4 n=0.234 ]
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_ : : : : : The comparison of the obtained viscosity Contemplating the velocity profiles in the
With the measured swell values various statements of the elastic behaviour of the investigated curves leads to a good conformity. The capillary shows that the results with the
rubber blends are possible. From the rheological point of view the die swell occurs as a result nonlinear coupling between the viscosity and alternative methods hold the continuity
of the recovery of the elastic deformation imposed in the capillary. The swelling of the strand the shear rate is in high gear. Because n<1 condition. This fact increases the accuracy of

after the exit from a capillary is typical for non-Newtonian viscoelastic materials like rubber. rubber has a pseudo-plastic behaviour. numerical simulations of the extrusion process.




