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Abstract: In this study, we chose a flat die to optimize a general die geometry. The optimization was aimed at obtaining
a uniform velocity distribution across the exit of the die. For the optimization, the input and output design parameters were
randomly computed, and response surfaces were generated to obtain statistical data for the minimum and maximum sen-
sitivities computed during optimization. Subsequently, object functions with constraints were numerically computed to
obtain the minimum errors in the velocity difference (i.e., variable “Outp” in this study). Finally, we obtained the candidate
optimized dataset. Note that the current numerical computations were simultaneously conducted for an entire extruder, i.e.,
screw plus die. The numerical outlet velocity distributions in the modified die geometry tended to be much more uniform
than the conventional distributions in the current optimization processes for this specific flat die.
Keywords: numerical simulation, single-screw, die shape optimization, extrusion process
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Figure 1. Schematic diagram of a single-screw extrusion process.
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Figure 5. (a) Finite element meshes and (b) boundary conditions
for the single-screw channel and flat die.
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Table 1. Boundary Conditions for the Single-screw Extruder
Channel and Flat Die

Name Type

Boundary. 1 Inlet Fn, Fs imposed (Fn=0, Fs=0)
Boundary. 2 Outlet Fn, Fs imposed (Fs=0)
. Cartesian velocities imposed
Boundary. 3 Rotation (V:Z, Vy, V2) P
Boundary. 4 Wall Zero wall velocity
Boundary. 5 Screw Moving part
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Figure 6. Viscosity model fitting for Cross model.

Table 2. Viscosity Parameters for a Cross Model

Material a (isothermal)

Parameters Value
N0 = Zero —shear rate viscosity 133307[Pa.s]
A = Natural time 46.6409[s]
n = Cross model index 0.563047[-]
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Figure 7. (a) Change points of a die shape and (b) pressure and
flow rate measurement locations of extruder parts.

Table 3. (a) Original Die Dimensions and (b) the Minimum and
Maximum Values of the Die Geometry for Optimization

(@)

Name Length(mm)

ML(Manifold length) 60

L(Land length) 28

LT(Land thickness) 3.6

(b)
Name Min(mm) Max(mm)

ML (Manifold length) 54 90
L(Land length) 2 7
LT (Land thickness) 8 48
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Figure 8. (a) Velocity distribution at die outlet and (b) setting three
typical goal values for optimization.
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Table 4. (a) Target Values for Original Die and (b) Design of Experimental Analysis Results

(a)
Name Value

P1[m/s] 5.6080%1073

P2[m/s] 4.7308x10°

Outp(P1-P2)[m/s] 8.7720x10*

AP(Pa) 4.5941x10°

(b)
Name P1-LT P2-L P3-ML P4-outp P5-pl P6-p2 P7-press
(mm) (mm) (mm) (m/s) (m/s) (m/s) (Pa)

1 4.5 28 13 7.950x10* 4.402x1073 3.607x107 4.418x10°
2 28 13 6.650%x10™* 1.077x12 1.011x10* 6.308x10°
3 28 13 7.170x10* 2.998x107 2.282x10* 4.165%10°
4 4.5 8 13 1.239x107 4.812x1073 3.573x10° 4.148%10°
5 4.5 48 13 5.750x10"* 4.232x1073 3.657x10° 4.696x10°
6 4.5 28 -5 9.580x10* 4.685x1073 3.727x10° 4.397x10°
7 4.5 28 31 6.950x10™* 4.352x1073 3.657x10° 4.549x10
8 2 -5 1.742x107 1.1763x172 1.002x1072 4.668x10°
9 7 -5 1.185x107 3.563x107 2.3780x173 4.012x10
10 2 48 -5 4.290x10* 1.0034x1 9.605x107 7.596x10
11 7 48 -5 6.450x10* 2.858x107 2.213x1073 4.126x10°
12 2 31 1.3490x1° 1.1407x1°2 1.006x102 4.870x10
13 7 31 7.720x107 3.069x107 2.2970x173 4.167x10°
14 2 48 31 3.560x107 9.9970x17 9.641x10° 7.787x10°
15 7 48 31 4.730x1073 2.760x107 2.2870x173 4.366x10°
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Figure 9. (a) Outlet pressure values (P1-P2) and (b) pressure gradients as a function of L for three different LT when ML is fixed.
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Figure 10. (a) Outlet pressure values (P1-P2) and (b) pressure
gradients as a function of L for three different LT when LT is fixed.
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gradients as a function of LT for three different L when ML is fixed.
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Figure 13. (a) Outlet pressure values (P1-P2) and (b) pressure
gradients as a function of ML for three different L when LT is fixed.
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Figure 14. (a) Outlet pressure values (P1-P2) and (b) pressure
gradients as a function of ML for three different LT when L is fixed.

1

Table 5. Several Different Simulation Results for Input and Output Values Satisfying All Constraints

Name PI-LT P2-L P3-ML P4-outp P5-pl P6-p2 P7-press
(mm) (mm) (mm) (m/s) (m/s) (m/s) (Pa)
1 2 48 21.58 3.197x10* 1.004x1072 9.716x107 7.652x10°
2 2.096 47.533 19.743 3.390x10* 9.731x1073 9.393x10° 7.485x10°
3 2.096 47.533 19.743 3.390x10* 9.731x1073 9.393x107 7.485x10°
4 2.048 47.065 24.483 3.410x10* 9.906x107 9.567x107 7.563%10°
5 2.192 47.768 24.088 3.470%x10* 9.413x107 9.068x107 7.418%10°
6 2.024 46.127 22.113 3.490%10* 1.000x107 9.666x107 7.505%10°
7 2 48 31 3.560%10* 9.997x1073 9.641x107 7.787x10°
8 2.240 47.299 22.903 3.560x10* 9.273x1073 8.918x107 7.314x10°
9 2.118 47.221 16.187 3.560x10* 9.689x1073 9.340x107 7.483x10°
10 2.256 47.924 17.767 3.570x10* 9.202x107 8.850x107 7.297x10°
11 2.040 45.815 18.557 3.600x10* 9.972x107 9.613x107 7.441x10°
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(b)
Figure 15. (a) Original die geometry and (b) optimization die

geometry.
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Figure 16. Comparing the velocity profiles at the die exit between
the original die and the optimization die.
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Table 6. Optimization Die Dimensions Compared with the Original
Ones

Name Original die Optimization die
ML(Manifold length) 60 82.56
L(Land length) 28 48
LT(Land thickness) 3.6 2

Table 7. Outlet Velocity Variations (i.e., P1, P2 and Outp) for the
Optimization Die Compared with for the Original One

Name Orignal die Optimization die
P1[m/s] 5.608x107 9.990x1073
P2[m/s] 4.731x10° 9.636x107
Outp(P1-P2)[m/s] 8.772x10™ 3.545x10*
AP(Pa) 4.594x10° 7.773x10°
Conclusions
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