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ISO 17025 Certified Material Characterization Center
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Material Characterization Center : Instrument Line-up 1
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Material Characterization Center : Instrument Line-up 2
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Accuracy of CAE Simulation Depends on Reliability of Plastic Material
Data

Viscosity: related to filling behavior, short-shot,
welding line position, filling/packing pressure and
clamping force

Mass balance / ™\ , ==l PVT: related to packing behavior, part shrinkage and
& Vew=o Densl P = sink mark issue
Momentum balance } ’
Du Relationship
p—==V-1-Vp+pg between tand u
Dt - or viscosity, i | . . . .
Energy balance Heat Capacity: related to heating/cooling behavior of

Heat capacity, Cp h . . . | 5
———— RISl (e part, temperature distribution, and cycle time

pQ,[%+u-VT}=V-k_VT—r:;"

Thermoset conversion balance

CAE procedure

n X+V.j+R=0 Conversion rate, R
| — : Thermal Conductivity : related to heating/cooling

Flow behavior . . . .
p :On;prratu&wessure dependent volume, V{7, P) behavior of the part, temperature distribution, and cycle
LB ulus,

Canlina warnana analueic i w . - tl me

&8 Mechanical Properties: related to part strength and

mechanical behavior, shrinkage and warpage




More Factors to Be Considered

(7 T, 8, P) High Pressure > 30 MPa

Barrel (reservoir) (D3 )

Digital

Twin

Capillary die : ;
e Viscous Heating

(AT = 10 — 50 °C)

Contraction Flow 15:1

(Me)

Digital Material The(ma(':)a'c
Data s00mm L1 Moldex3D
Capillary rheometer Connection

Model parameters

* MNs, Mg D3
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Correction Process of viscous heating

> Main focuses on retrieving the viscosity curve from viscous heating
interference

TR-TP-0001

Shear viscosity (high shear rate) by
capillary rheometer

Traditional testing

TR-TP-0002

Bagley Correction (optional)

Viscosity curve and parameters

TR-SS0004
Material digital twin — viscous heating

correction

DT correction : Data regression precise correction



Shear viscosity measurement method |GG
y (high shear rate) by

capillary rheometer

TR-TP-0001 Shear viscosity(medium to high shear rates)-TP
« Capillary die by Imm/30mm @ MDX

Pressure Flow Die on Rheograph RG25
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Rheograph RG25 ‘<
Capillary viscosity and thermal Axial annulus ﬂOW — r f A R _@w _ _’_‘l\
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Digital Twin Correction TR-550004

Material digital twin — viscous heating

correction

» Target :
Curve data correction of non-ideal conditions that exist in the testing process
- non-isothermal, Entrance effect, non-Newtonian, pressure effect, ...

Run8
Filling_Mett Front Time
Time = 1.00 sec

[sec]
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Distribution in the Flow Field Simulation

 Non-homogenous physical properties in the axial directions could be different, which
are assume constant in the traditional rheometric evaluation

|
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-
~
Shear rate [1/s]
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* In a general capillary rheometer, the temperature rising, and uneven distribution will
lead to data deviation, so that the ideal working equation cannot be 100% valid.

= These deviation from ideal assumption will be corrected by Digital Twin
Calibration !



Distribution across tube

Temperature
rel
201.000
196.867
192733
188.600
184.467

180.333

176.200

Pressure

Moldex3D

[MPa]
24.000

23520
23.040
22.560
22.080
21.600
21.120
20.640
20.160
19.680
19.200
18.720

18.240
18.000

e.x. Temperature raise up to 30°C (PS: T=170°C, app Shear rate =5000)

Shear Stress

[MPa]
0320

0.294
0.269
0.243
0.218
0.192
0.166
0.141
0.115
0.090
0.064
0.038

0.013
Min 0.000

Shear Rate
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1.103e+04
=1 1.007 e+04
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4.796e+02
239503
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Theoretical Justification & Methodology

Capillary Experiment
v
Bagley Correction and
Weissenberg-Rabinowitsch
Correction

Viscous Heating Correction

i=1
Cross-WLF Model Fit

Nomsotherr_ne_ll Slmllleftmn: Usually, number of iteration is 4~7
Obtain T‘S) and y (V)
Calculation:
Average Shear Viscosity

(Equation (13))

Output:
Equivalent Shear Viscosity




Viscosity Curve Before and After VH Correction

= Empty points: without correction

= Solid points: after correction

Viscosity # (Pa-s)
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Moldex3D Publication about Viscous Heating Correction

W ANTEC® 2021 US20220063166A1

United States

Viscous Heating Correction for Polymer Melts in
Capillary Viscometry

B Download PDF a Find Prior At 3 Similar

Yu-Ho Wen, Chen-Chieh Wang, Chia-Hsiang Hsu, and Rong-Yeu Chang

Inventor: Chen-Chieh WANG, Yu-Ho Wen, Guo-Sian Cyue, Chih-
Chung Hsu, Chia-Hsiang Hsu, Rong-Yeu Chang

CoreTech System Co., Ltd (Moldex3D), Hsinchu 30265, Taiwan

Moldex3D #ANTEC21 Current Assignee : CoreTech System Co Lid

oy 7
m p OIy MEETS Polymers 2021, 13, 4094 ﬁ“\“fy

Article
Retrieving Equivalent Shear Viscosity for Molten Polymers
from 3-D Nonisothermal Capillary Flow Simulation

Yu-Ho Wen, Chen-Chieh Wang *, Guo-Sian Cyue, Rong-Hao Kuo, Chia-Hsiang Hsu and Rong-Yeu Chang
CoreTech System (Moldex3D) Co., Ltd., Chupei, Hsinchu 302082, Taiwan




Testing Items

Testing report

> After correction iteration, the test

W ight wi
report shown on the right will be . .
Piston Speed App. Shear rate Experiment Simulation Rel. Error
= d d [mmis) [1/s] [MPa] (MPa] (%)
p rov I e L] 0.0278 50.0 3.15 3.7 0.2
0.0556 100.0 388 4.01 13
01111 200.0 472 487 16
H H - - e - 0.2778 500.0 5.97 6.12 15
TR- Viscosity Curve Viscosity curve verification e == - = ;
SS0004  verification-TP i 20000 78 826 29
I ——————————————————————————— 27778 5000.0 961 992 32
Procedure 7 speeds are applied in sequence within
a run isothermally. Recording the history
of pressure. 5
Rheometer specifications (GOTTFERT RG25) *Erp (1100
Viscosity Die length 30 mm « Moldex3D 2021R1 OR
Model Parameter Value Unit Die diameter LY g
Modified Cross Model (3)  n 2.0179E-01 s Die entry angle 90 degraes Tu '
Tos 1 9605E+04 Pa Barrel diameter 15 mm g M
D1 3.0384E+14 Pa’s © . i
D2 2 4815E+02 K Simulation information i ’
D3 0.0000E+00 K/Pa Module Moldex3D HRS Solver =
A1l 3.2019E+01 5 Version 2021 R10R " ]
A2 5.1600E+01 K Number of elements 39,696 v ” e o

Apparentshear rate (1/s)

Injection speed According to piston speed




Summary

> The Viscous Heating will be proportional to the viscosity and the square of shear rate.
Therefore, the Test correction will be an important for high viscosity material under high
shear rate conditions.

- Significant material : PC, POM, ABS, HDPE, PEI, PA12, Fiber reinforcement material
- Minor material : PP, LDPE, PA66, TPV
- Insignificant material : LCP

AH~ny?

25 [

0] o i) !,
<25 | @ 190 °C (ABS) <10 | @ 190 °C (PP) < | @ 280 °C (Filled PAG6) N
@ A 210°C = A 210°C 520 | A 290°C [
C 0 | 230°C . m 230 °C . [ ® 300°C .
& & s 1
g1 2 2
° 5 s =0

- [
S0} 2 e
s s s
2, 5 2. E .
g g £
& = =

0 e 0 S SSSEE—— 0
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000

Apparent shear rate y, (1/s) Apparent shear rate y, (1/s) Apparent shear rate y, (1/s)
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Moldex3D Molding Research Center : Material Molding Validation
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Build & Improve Shrinkage testcase database by DT

Real cases Process dependent
Linear Shrinakge 1 Comparisons - - cases
&
S g s
rrrrrrrrr fnl;age Zlmulatlon g }
’ _"C_' (P
9 E 03
i =

=3
Y

age Experiment
1,23 an
098
0,9 092
079 085 086
0,7 07 06 02
06 4

0,53 0,598 0,5¢ f
0sg s 045 oas .\ /.4/.\.\ Moldex3D-w DT
II II I I I I I I I DiI I v i v
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6

2,50
u
2,00 191 M Linear Shri
-
o 15
140
g 150 130
£ 1,1
< 11
kd 0,991 0,9
= X
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S 0,6
0,546
g 05 05
050 0,408 047
, 02 . 035 034
02 u,zI g 02 Iu,z 02
oo MR TN
01 02 04 05 IG 07 08 09 10 11 12 13 14 1i
024
(0,50)
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Run NO.

1. Improve integrated API for shrinkage rate report and comparisons
2. Integrated API into the RD auto test
3. Solver accuracy report for release version

23
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Objective

> Traditionally the viscosity curves are measured under high temperature, and the low
temperature viscosity are extrapolated from high temperature data.

> The verification of injection molding pressure from very low to high injection speed is
used to check the artificial solver modification near freeze temperature and calibrated
the extrapolated part of viscosity curve. That is crucial for thin wall parts, low speed

injection, and packing stage.

Time = 0.473 sec (VP Switch)
[sec]

IMax »gum 0.407
0.354

0.301

0.248

0.195

0.143
0.080

0.037

Min 0.010
4
73
X 352

1woomm L | Moldex3D L

25



Our proposal : Injection Pressure Based Viscosity Calibration (IPBVC)

> Validate injection pressure under various injection speeds and calibrate the low
temperature viscosity.

- Determine the optimal extrapolated viscosity curve that yields the closest match between the
simulated injection pressure and the real injection pressure.

Model
A ©extrapolation 2
, . low temperature,
' Model extrapolation 3
low shear rate

/
\

High temperature,
high shear rate

viscosity

Tested region
Model
extrapolation 1 \

temperature Injection speed

Injection pressure

A4

26



Use Material Digital Twin to Improve Material Model Parameters

(1) (2) (3)

Capillary Rheometer Measurement Material File

(physical twin) (original)

F
<] @
\ ..0
:> Polymier Barrel $ a

melt Material

Entrance
region

Pressure
transducer

Capillary

g
Q

BN

(4)
Simulation & Correction
(digital twin)

soomm L1 Moldex3D

BN

(5)
Material File
(correcteqd)

] ®
e*
o

Material

Reliable
Simulation
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Outlook in Material Hub Cloud (MHC) Web Service

= Moldex3D

Brucelee

> 8000+ Thermoplastics Materials i

Moldex3D maenai v ciovs © 2 ® 2 2 1z @ o Signin —
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Thermoplastic Material Fitting Functions

PVT

Material Data Fitting

PVT Mode! Parameters s EX2 /PP /MHC
bIL 1353 cc/g
A @  DATA@P1 =30 MPa @  DATA@P2=60 [MPa] ®  DATA@P3=90 [MPa] @ DATA@P4=120([MPa)
b2L  0.0008704 cct(g.K) — Fiting@P1=30(MPs] — Fining@P2=60[MPs] — Fiting@P3=00(MPa]  — Fitting @ P4 =120 [MPa]
b3l 9097 dyne/em® g
PVT_Ex2_data.mrd EL
BAL 0004828 7K
B1S 1161 ccig
125
Reupload 625 0.0004134 cc/(g.K)
b3S 1714000000 dyne/em® 5
3
Raw Data Template ~ bis | 0.00206 T % 120
2
o o i :
L
PVT template 1 (.cs¥) PVT template 2 { med) B | 235608 et Ridyne =k
b7 0.09194 cc/g
Viscosity template 1 (.csv) Viscosity template 2 (. mnd)
b8 0.1543 17K 110
Crystallinity template 1 (sv) ystallinity template 2 (sv) w: (Tsne P
1.08
ErorSum  1.64de-1 9 5. 199 150, 200 £

< Temperature ['C] >
“ Etport Resett

Support CSV or MRD file format, and provide template to download for editing

Viscosity

EX2 /PG / MHC

Ex2/ PG/ MHC

Crystallinity

CRY-EX2 / PP / Moldexab MHC

CRY-EX2 / PP / MoldexaD MHC




Digital Material Generator Function

B Digital Material Generator: Allows users to create material file (MTR) for new materials or to

check basic properties (e.g., viscosity, PVT, heat capacity, etc.) of possible materials.

Material File Generator

ramal AR ME

Polymer Type*  ags v
Supplier

Grade Name

Comment

Unit* @ Mevic(cgs) O Siimhs) O English
Create a Template

EXROTY &IMIMTI&

Wiseosity [g/lem.sl]

Viscosity

YT

Heat Capacity

& F

« Shear Rate (1/3] »

o+

Thermal Conductivity ~Mechanical Properties:

Wi Wi W

Process Conditions

Ve el et L
s
nxe e

o wa wiom

02 ama ®
0 oo Rty
1

ns g ®

4 UploadbyMaterial
s DataFitting Result

Material File Generator

New Material

Supplier Material

Suppher Potymer Type
CHI-MEI A4 = ABS ~
Rolated Matorial {47 Resunis)]
Grada Hama. Polymer Type. Supplar.
POLYLAL PATST ABS cnma 5 I
POUYLAC PAT4TS ABS. CHEME
POLYLAG PR765 ABS cHme

POLYLAC PA757 / ABS / CHI-MEI
Cross Check vt @

Viscosity

Hest Capacity

Thermal Conductivity  Mechanical Properties

Process Conditions

Viscosity

Viscosity

PVT

Heat Capacity

Thermal
Conductivity

Mechanical
Properties

Process
Conditions

Heat Capacity

Thermal
Conductivity

Mechanical
Properties

Process
Conditions

31




Moldex3D Digital Twin-Driven Simulations

‘tmm Cloud-based System Management

Design
Material
Database
/-

Database

l:.r / i

Machine
Database

Moldex3D

=

Big Data Management Platform

Studio/Solver API interface

0o

Material DT Design DT Machine DT Process DT

“Chat” between Digital Twin
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