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Thermoplastic Material Testing
for Use in SIGMASOFT and the
Effect of Moisture on PA 6/6
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Material Testing Expertise

e Product development / R&D
support
— CAE-centric
- Commitment to simulation
accuracy
o All kinds of materials
— Over 1,800 materials tested
each year
e All kinds of material
behavior
— Over 200 physical properties:

e Mechanical properties
e Thermal properties
e Flow properties
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Required Testing

Viscosity
Specific Heat

DSC Transition Temperatures

Thermal Conductivity
PVT

Linear Shrinkage
Viscoelastic Properties

~ Mold Filling

=

- Packing

Post-Mold
Shrinkage

Warpage



Rheometer Measurement of
Viscosity

e Capillary rheometer is used

e Material is extruded through a
restriction of known geometry
(extremely high tolerance dies)

e Temperature and flow rate are
controlled

e Pressure drop across the restriction
is used to determine viscosity as a
function of shear rate and
temperature Barrel
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e As shear rate increases, viscosity decreases
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Viscosity Properties

1000

100 ¢

10

\‘L\-‘\\ 0190 °C
"'\Hﬂ_\j\:\:\
1 10 100 1000 10000 100000
Shear Rate (s™)
X
/.
</



Viscosity Properties

e As temperature increases, viscosity decreases
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Viscosity Measurements

e Apparent Viscosity
.- -32Q \Where: Q = \VVolume flow rate
e Shear rate: 7= Q

Apd Ap = Pressure drop
— Shear stress: = d = Capillary diameter
T L = Capillary length

- Shear viscosity: =7
e Corrections to viscosity

— Reservoir and friction losses (transducer
located at die)

— End pressure drop (Bagley)
— Non-parabolic velocity (Rabinowitsch correction)



Bagley Correction Testing

e Bagley Correction

— Perform viscosity measure on two different die ratios
at equal shear rates

— Evaluate pressure differences between die
geometries (capillary diameter remains the same)

1 1= R/2(dP/dL)
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Viscosity Modeling

e Very strong rheological models
— Cross WLF, Cross Arrhenius

— Combines a model of shear rate dependency with
temperature dependency 2 )=o) here

— Allows us to predict beyond testing range 1+(Z°f
no(T)ZDlexp{——A&(T_DZ) }

1000 A +(T-D,)
o180 °*C
I —
\“O\\O\ &390 °C
n\”\ 250 || n |0.28400

o] T* 32096.1
D1 |3.86E+13
D2  263.15
Al [30.87

A2 51.6

—&
=
(=]

Yiscosity (Pass)

a

1 10 100 1000 10000 100000
Shear Rate (57)



Considerations for Testing

Limited in shear rates
— Typically test 10-10000 /s

Residence times are longer in testing

— Testing takes several minutes (approx. 6-10 min.)
- Need to worry about thermal stability

Processing temperatures are typically higher
than test temperatures

Typically testing is performed at two
temperatures within the processing range and
one below



Problematic Materials

e Moisture sensitive materials

— Improperly dried materials cause reduction in
Viscosity

— Over-dried materials cause a rise in viscosity
- PET, PA, PC, PBT etc.

e Highly filled materials
— Can “log jam” the die entrance

— Special dies must be used

— Higher scatter in test data requires engineering
judgment on behavior

e Thermally unstable materials

— Requires very careful attention to residence times
- PVC
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Moisture Study of PA 6/6

e Drying Method Used (Dry)
— Fluid bed dryer, 10 hrs 110°C
- KFC titration
- 0.109% moisture

e Humidification (Wet)
— Tenny humidification chamber
— 10 hrs 70% RH, 60°C
- 0.351% moisture
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Viscosity of Dry PA 6/6

Cross/WLF Model Coefficients (Sl units)
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Viscosity of Wet PA 6/6

Cross/WLF Model Coefficients (Sl units)
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Wet/Dry Viscosity Comparison
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Implementation Into SIGMASOFT

e General parameters
— Material type = Plastic (Semi-crystalline or Amorphous)
— Initial temperature 2> minimum temperature

— Material models - PVT (Tait), Viscosity (Cross WLF),
Stress (Viscoelastic), Fiber Model (Deactivated when
viscoelastic is used), Crystallization (Weibull, when semi-

crystalline material is selected)

74 Edit Material of database User
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Data Edit Memo

Help

Material: test

General Parameters

Material type: Plastic |
Initial temperature [— c
No-Flow Properties: <UNSET= |
pvT material type: Amorphous |
pvT model: <UNSET= |
Rheology model: <UNSET= |
extensional Rheology model: <UNSET> I
Viscosity relaxation model: <UNSET> |
Fibre Model: <UNSET>
Stress Model: <UNSET= |

r B
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Data Edit Memo Help

Material: test

General | Parame ters

Material type: Plastic
Initial temperature W *C
No-Flow Properties: Based on pvT
pvT material type: Semi-Cristalline
pvT model: Tait
Crystallization model: Deactivated

Rheology model: Cross- WLF I
extensional Rheology model: Off |
Viscosity relaxation model: Deactivated
Fibre Model: Deactivated |

Stress Model: Viscoelastic




Implementation Into Sigmasoft
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Implementation Into Sigmasoft
[ pr150.0c - No.. sl =0

e X-Y pairs in text files
— Viscosity (3)
— Specific heat (1)
— Thermal conductivity (1)
- PVT (4-6)
- CTE (1)
— Mechanicals (5)
— At least 17 input files

2 g Datapoint.abs el

Eile

Edit

25.
34.
44,
34

63.
73.

83,
93

Ldwn = s L bd

103.
112,
122,
132,
141.
151.
161.
170.
180.
1490.
1499,
209,

219

228.
238.

248

257.
267.
277.
284,
296,

T N =0 e I o e

=

| visco310.tut - ..
Eile Edit Format Yiew Help
48 151.99 _ - .
gg ﬂ tens75.txt - Notepad -IEIQIQ
333 File E jow  Haln
114 —
234 (8.909 | Cp.xt - Notepad [i=n|i=h
624 |0. 099 L —
124 |0.204 | Eile Edit Format View Help
0. 304
o 20d1R87 1864 A
AV 277 1876 -
g-gg: 267 1876
0 eod 257 1869
| --5=Y (247 1860
wer el 0. 7930537 1845 .
0.780.89 =
227 1831
0. 780 0. 99(
217 1814
0.7901. 084
207 1795
0.7901. 184
197 1776
0.79)1.28 3
187 1758
0.79)1.38
177 1737
0.8001.478
167 1716
0.801.57
o adl1 aedl1s? 1693
o sdl MW1a7 1657
0 Bl 146 1552
. ===11145 1647
0.8147150917 44 1633
143 1619
142 1606
141 1589
140 1576
139 1559
138 1550
137 1535
136 1523
N) (€ ) O
< &

P



Molding Conditions

e Flow rate 66 cc/s
e Flow Temperature 300°C
e Mold Temperature 87°C

Preparation
Process ‘
L2 E E. E E-I-I [EIO
IL. Fill time
Packing: 22s
FﬂIngPhase.
ey e
. Cooli
ot 557

Mould/ID 1

Results
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Mold Filling Pressure

e Look at approx. 75% fill
e Dry->566 bar inlet pressure
e Wet=>120 bar inlet pressure

bar
565.9 Pressure
bar
Empty 1198
— Emgy
' \, 565.9
5255
4852
4 452
4448
4449
045
4045
3641 42
Ins 3238
2834 2835
2431 431
2027 e
162.4 16z
1221
1220
8.7
8.7
414
414
10
L
112
1.009
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Pressure Profile Near Gate and Away

e Dramatic difference in pressure in mold

e Almost 5 times pressure for only 0.25 %
moisture




Consequences of Designh Based
on Wet Material Data

Mold design underestimates clamping force
Flow patterns are wrong
Fiber orientation is wrong
Fill time is off




Consequences of Molding an
Actual Part With Wet Material

e Inferior strength
e Voids from entrapped moisture
e Splay/streaking

e Blisters

BLISTERS A
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Conclusion

e Materials that are subject to moisture
- PET, PA, PC, PBT Filled Materials

e Always have a target moisture declared

— Simple dry times and temperatures may not be
enough

— Record actual moisture content
e Be aware that you can over-dry a material as
well... to be continued



