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Optimized mechanical component properties through virtual process design
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How to reduce iterations ?
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Anisotropic Material behaviour

The problem behind is...

PA GF

Density: 1.5 g/cm3

E-Modulus: 17.000 MPa
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Which factor drives the fiber orientation ?
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Use Fiber Orientation In A Targeted Purpose...

...on the one hand to guarantee mechanical
component stability in the loading direction

Injection < 17.000 MPa
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Use Fiber Orientation In A Targeted Manner...

... and one the other hand to keep component
distortion low

Injection E 0.3%
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The Challenge With Glass Fiber Filled Parts

Fiber orientation depending on the injection point
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Cycle 1, Filling, Fiber G

24.3ms, 2.03 %
b 3D-Faserorientierung Virtual Molding
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The Challenge With Glass Fiber Filled Parts
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One Target

Use fiber orientation in a

targeted purpose in order to
fulfill the requirements
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Typical requirements

Mechancial
behavior 0.« depend mainly on the injection point
« process and mechanical challenge are
unavoidably linked together by the
fiber
E Process
behavior



Optimized mechanical component properties through virtual process design

Requirements to the fibre orientation

Reduce

strain \

Mechanical stability

Dimensional accuracy

Angle
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These requirements are driven by...

a® Design Variables [Possible designs: 84] 0

Design Variables

|Design Variable |Se\ection

| Geometry geometry exchange 001 - Activated itemn 1| Vorne_drauf
2 | Seitlich_Zapfen
3| Mittig_drauf_1
4 | Mittig_drauf_2
5| Mittig_drauf_3
& | Mittig_drauf_4
T | Mittig_drauf 5
8 | Mittig_drauf_6
9| Mittig_drauf_7
10 | Mittig_unten_3
11 | Mittig_unten_2
12 | Mittig_unten_1
13 | Mittig_unten_5
14 | Mittig_unten_4

|Design Variable |Dataset List |

| Part Material Class - Material Data SIGMA/ULTRAMID_AZWG3
SIGMA/ULTRAMID_A3WGE
SIGMA/ULTRAMID_AZWG10

|DE§ign Variable |\|’ar\atinn |
il Packing - Relative Pressure Variation
80.0 [ ]
778
75.0

Percent [%)]
3
o

67.5
B85.0
o 625
£
T 0.0 L]
g 0.0000000
] Time [s]
S
s 7 |\u‘anatinn Parameter Lower Limit (%) Upper Limit (%) |Step (%) |
= vl vo 60.0 80.0 200
Y

b ) G Virtual Molding
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Design Of Experiments — Required fiber orientation

14 injection points

2 packing
pressure level

PA 15 GF
PA 30 GF
PA 50 GF
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Which Is The Best Design ?

But what about the strain?
And the filling pressure?
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Optimized mechanical component properties through virtual process design

Automatic Ranking

Rank Design Dehnung (-] Ebenheit (-] FlieBweg (-] Fuelldruck (-} Winkel_Pedal (-} Winkel_Zapfen (-) apfen (-]
P Rank1 Design 62 0755 0077 22109 0225 0.0114
R g e B
Rank3 Design 61 0679 00799 23282 3736 0.244 00296
Rank 4 Design 19 0703 0.0805 23282 736 0.248 00318
Rank 5 Design 63 0725 00314 2114 315.26 0273 0084
Rank6 Design 21 073 0.0411 23114 31526 0.279 0.0826
Rank7 Design 60 0726 045 25322 33264 0177 00983
Rank8 Design 66 0398 0241 27039 416.38 0.0648 00599
Rank9 Design 18 0752 015 25322 38264 0181 0101
Rank 10 Design 24 0898 0256 27039 41638 0.065 00624
Rank 11 Design 58 0745 0438 2163 22326 0.0198 0245
Rank12 Design 59 0781 0.0866 27496 43098 0167 00873
Rank13 Design 67 0675 0492 305.65 44928 0.0625 0411
Rank 14 Design 16 0.768 0459 23163 3236 0.0201 025
Rank15 Design 17 0808 00895 27496 42098 017 00926
Rank 16 Design 25 0693 021 305.65 44928 0.0628 0114
Rank 17 Design 48 14 0.0478 2141 3640 0.204 00788
Rank 18 Design 68 0694 0147 33412 438.30 0.0631 0149
1 Rank 19 Design 47 137 00829 23701 37095 021 00733
- CO m p ro m IS e Rank 20 Design 6 145 00791 ma 3640 0217 00824
Rank 21 Design 26 0714 0.166 33412 438,89 0.0627 0154
Rank 22 Design 65 0709 00707 33413 44092 014 0161
fro m al I g Oal S Rank 23 Design 5 142 0071 23701 37095 0.217 00786
Rank 24 Design 76 0841 014 2114 53227 0.283 00862
Rank 25 Design 70 0.769 0531 22807 20337 0.0597 0346
Rank 26 Design 23 0731 00839 32413 44092 0144 017
Rank 27 Design 64 0.708 0.0484 305.56 38737 0.259 0163
—_— Rank 28 Design 80 091 0336 26939 579.74 0.0614 00817
- fl I | I n reSS u re Rank 20 Design 46 14 0116 25838 38145 0135 0437
g p Rank 30 Design 75 0.765 00714 23294 526.63 0325 0114
Rank 31 Design 34 0862 0159 2114 53227 0.204 0083
fl t Rank 32 Design 52 135 0365 269.09 40836 0.0659 00442
- a. n e S S Rank 33 Design 38 0918 036 26939 579.74 0.0617 0.0862
Rank 34 Design 28 0.789 0.551 228.07 29337 293 37 0.0626 0353
Rank 35 Design 49 142 00175 23247 29937 0.276 0454
o - an g I e Rank 36 Design 22 0731 0062 305.56 8737 0.264 047
= Rank 37 Design 33 0785 0.0668 23294 526.63 0338 0119
o . Rank 38 Design 4 146 041 258.38 38145 0142 0445
= - St ral n Rank 39 Design 10 1.39 0.395 269.09 10836 0.0663 00522
" Rank 40 Design 7 146 00367 23247 20037 0.287 0157
£ Rank 41 Design 77 0861 012 2308 44498 0319 0206
S - Rank42 Design 45 146 00894 28193 42135 0128 0144
CICA Rank43 Design 35 0879 0433 2208 444,98 0329 0207
Rank 44 Design 74 0792 0134 25398 541.23 0243 0242
Rank45 Design 3 153 0.0866 28193 42135 0134 0153
b Rank 46 Design 51 145 00717 33633 42672 0.09 0149
Rank 47 Design 81 0795 0252 30424 61613 0.0588 0253
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Personal Best Design
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Personal Best Design
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Personal Best Design
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Personal Best Design

3
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SIGMA/ULTRAMIg., 80.00 v Mittig_unten_40.22 402.10 814.82 0.34 0.45 1.29
1 V0610 14 | Mittig_unten_4P.68 0 0 5

Dehnung [-]
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1.85
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1.68
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Personal Best Design

Dehnung [-]

193
1.85
176
168
1.60
151
143
134
1.26
118
109
1.01
0.92
0.84
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Personal Best Design

Ny
> O S o O
P Se 8 N O
S O 4 S
O ¥ g S > § S
¥ & S & O ¢ &
< Qq@ TS & 2 & S

w SIGMA/ULTRAMIG, 80.00 w Mittig_unten_40.22 w 40210 40758 1.29
BIGMA/ULTRAMID_; 10 4 | Mittig_unten_47.68 K00.04 14.82 7.02
b.64
2 | Mittig_unten_1 41.82
D.55 Dehnung [-]
1 | Mittig_unten_2
4.69 m 193
0 | Mittig_unten_3 b 16 .64 1 1.85
’ 32.03 4.57 1.76
| Mittig_drauf_7 ba $33.53 06.92 1.68
4.48 1.60
| Mittig_drauf 6 ) 37 79.74 1.51
BIGMA/ULTRAMID_A3WG6 baa 143
| Mittig_drauf 5 | 04.24 32.27 1.34
m 12
| Mittig_drauf 4 P28 48,69 1.18
1.09
. | Mittig_drauf_3 76.43 ii'gg 1,01
£ 69.09 5:72 m 092
B | Mittig_drauf_2 8.36 W 084
= 53.98
= - - 81.45
M f
E | Mittig_drauf_1 64.00
=
= | Seitlich_Zapfen 37.01 2326
28.73 )
BIGMA/ULTRAMID 4063 | Vorne drauf . 21.09 93.37
b -~ SIGMA;’ULTRA?J 60.00 A 1 | vorne_drauf 4 0.018 A 57109 A 55337

l Selected Design(s): 1860 l Virtual Molding
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Personal Best Design

Max Eigenvalue

. Empty

0.9608

Design 18

09172

0.8736

0.8300

0.7864

0.7428

0.6992

0.6556

0.6120

B Distortion

| os247

Sl 04811

SR 0.4375,
| =
. 0.3939) ,ﬂ

v07

Melt Volumes Vo7

24.1ms, 2.01% Max Eigenvalue
1.201s, 100.00 %
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Personal Best Design

This orientation
can be used as
a good starting
point for further
FEM calculation
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Optimized mechanical component properties through virtual process design

Summary
4 )
Injection .
Molding Mechanl_cal
. : Boundaries
Simulation
\__ J

Fiber Orientation
Mapping

Less iterations by using
this simulation approach
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Thanks for your attention !

Contact details:

Tobias Sonntag

-
»
=  M.Sc. Maschinenbau
=  Engineering & Support
Yooa = Office
= Kackertstrale 11
= [D-52072 Aachen
G
P : :
G G = eMail: t.sonntag@sigmasoft.de
o [+
£ G
E =  Telefon: 0241-89495-29
3 i «  Fax  0241-89495-20
s G



