vL‘

S Integrétion for

B
I\/Iold&D-Radios
Designing Plastic Parts to Meet
Reliability Requirements

Venny Yang
2010/10/28 @ Altair 2010 European HTC

CoreTech System Co., Ltd.
www.moldex3d.com True 3D CAE for Injection Molding



> Introduction to CoreTech System Co., Ltd and Moldex3D

> PLM and Injection Molding Process
— The roles of injection molding analysis and structural analysis in PLM

> Case study

— How to use Moldex3D-I2 to integrate injection molding analysis with
structural analysis

— Integrate Moldex3D with Radioss
— Explore process-induced material variation effects

> Conclusion




CoreTech System Moldex3D

> The world’s largest plastic injection molding CAE ISV
> 80% experienced engineering professionals

> 9 global offices

> 100+ international resellers

> Strategic alliance with PTC, Dassault Systemes, Siemens PLM,
Cimatron, Altair, ANSYS, LSTC, and MSC




Moldex3D Product Line

Manufacturing
%‘\9\\ Optimization Concept

S Mold Part
n Design Design

Moldex3D

> Moldex3D eXplorer

Design investigation tool for part
designer to validate design concept
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Design verification tool for all
product and mold designers

> Moldex3D/Solid/Shell
Design optimization tool for all
parts, especially engineering
products




Professional CAE for Every Plastics Engineer MoldexSD

Moldex3D/Solid/Shell |
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Unique Features of eDesign Moldex3D

Cooling channel template: Auto-Loop -

-I Properties
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Designer-oriented
Gate Wizard, Runner Wizard, and Cooling Wizard
> Fully automatic solid mesh generation




Complete Features for Plastics Professionals Moldex3D

True 3D, Parallel Computing

Interface to
e mmm Structural CAE




1,000+ Global Customers

Moldex3D
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True 3D Simulation Technology Moldex3D
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PLM and Injection Molding



PLM and Injection Molding Process Moldex3D

CAE
Injection molding

Concept

~

assuming uniform Since it is fabricated
material properties CAE with injection molding,

Producti , process induced
e Structure Analysi material properties

must be addressed!
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What can Moldex3D-12 do? Moldex3D

> To consider the process-induced variation during the processes
— Map material properties between different meshes
— Fiber orientation output
— Material reduction
— Thermal / Flow Residual stress output
— EOP Temperature output
— Initial strain output
— Multiple time step melt flow pressure output
— Moldbase related data output (pressure, temperature)




Moldex3D-I2 - Mesh Mapping MoldexSD

> Due to different analysis needs, the mesh type and mesh densities
are often different in injection molding and structural analyses

> Moldex3D-I2 can map material properties and analysis result
between different meshes.

Moldex3D tetra mesh Structure analysis 2"d order hexa mesh




Moldex3D-I2 - Fiber Orientation Maldex?b

> Fiber orientation effects
— Fiber can increase strength and decrease shrinkage
— Random fiber orientation leads to uniform shrinkage
— Fiber orientation causes less shrinkage in fiber direction

>  Moldex3D-12 can transfer fiber orientation effects to Radioss
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Moldex3D-12 - Material Reduction MoldexSD

> Material Reduction
— Material properties (strength & stiffness) are function of fiber orientation

— Moldex3-I12 can reduce total material number to increase computation
efficiency




Supported Interfaces in Moldex3D R10 Moldex3D

MSC
Structure FEA Software ANSYS ABAQUS MARC LS-DYNA NASTRAN .
© © © © © *©

Material Reduction

Residual Stress © © © ©
Initial Strain © © © © *© *©
EOP Temperature © © © © *© *©
Melt Flow Pressure © © © © © *©
it
Moldbase Output © © © © © *©
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Simple Example - Wrench Moldex3D

> Introduction
— Thickness : 3.1 ~12.3 mm
— Length : 227.7 mm

> Width

— 49 mm

> Material
— PA66 \ ORGALLOY RS6630 \

> Process condition
— Filling Time : 1.5 Sec
— Melt Temperature : 300 °C
— Mold Temperature : 70 °C

A_A section Elem. No. = 8,477

Node No. =13,340




Simple Example — Fiber Orientation Moldex3D

> Fiber orientation distribution:

Moldex3D
Filling_Fiber Orientation

x100 |[]

» 1.000
0.956
0.911 - . - - - .

- > Fiber orientation distribution shown the

fiber orientation vector distribution of

plastic melt at EOF.

— 0.822
— 0.778
— 0.734
— 0.689
— 0.645

> The value 0.33 means the fibers are
random orientation; 1 means the fibers
are 100% oriented. The higher value
means the fiber is highly oriented over

— 0.600
— 0.556

— 0.512

— 0.467

0.423 : the region by the flow field.
0.378 &5
0.334 b \ 3 ) ) .
m—_—— > Fiber orientation effects not only the
< 8 shrinkage but also the strength of the
R 1 part.
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Simple Example — Deflection Moldex3D

> Analysis result: Deformation

= D S0S0S 000

TLTLE Holdez XD injection molding model . TITLE Mo ng 230 injection xold uA.fL o L
O Aot ropistd_abaquE-all, edh MRS SR mndard 6,31 Wed Moy 33 15;23;15 Wl WD pREL ODE: ard sorvopicls sbegas-all.od \al? '2 cendard 6.3-1 Wed Wov 12 15:51:27 WaW & 06T

- 4 . a
B Foep: Foep=l . 1 Step: Step-1l .
Ir TEEMETE 1: Step Tims = 1.000 Incs exent 1: ;- Tine = L£.000
[ Frimary Var: T H‘?m-t i Primary Yar: U, Ha:znx wdw
1 Do e -d. Vax rmat o Heale FPacear: +E_O0dw+i0 1 Datorsed Var; U Detormazion Scale Paco

Anisotropic (With Fiber Orientation) Isotropic (Without Fiber Orientation)

*Fiber-filled molded part has less deformation
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Simple Example — Stress Concentration Moldex3SD

> Analysis result: von Mises stress

¥, Mises
1Ave Cwin TEN

o5i22355282255 -
e

TITLY Moldar® injecticn sold ez tRSex i nalstng ol 8200400
OR; anieccropioDs_sbagse-all.odh 115 Wau_WD Doy _,x_:,,‘“‘,'ﬁ E +'1.4_1_17Eouu v e-cotn
. B hd
A ,_~~“ - Frap-1 —\ s
- ) Incresert: 1: Ztup Tiae = t 2 s ae - A
3 Prinary Jer: ¥, Miges A o R g Tine 1.000
Duformid Yur:: U Deformstiom Scale Deformsd Var: 1 Daformacion Fcele Pace

Anisotropic (With Fiber Orientation Isotropic (Without Fiber Orientation

Anisotropic properties induce higher von-Mises stress
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Simple Example = Principal Strain Moldex3D

> Analysis result: Principal Strain

K, Max. Principal K, Max. Ptu\-"\pnl
(Ave. Crit.: 75%) (Ave, Crit.: )

4.914e-03 9.371e-03

TITLE Moldex3D injection wolding wodel " TLTLK Moldex il injecticon moldin
ik dav § B 412 1E.%%. o (% o mode -
ODB: anisctropicOd_sbagus-all.odb  ABAQUE/Standard €.5-1  Wed Nov 12 15:23:15 Wx¥ WD GOKY ODB: and kot ropic0s sbaque-all . adb AﬂAQ""/"rmm:\lrl . 241 Wed Nov 12 15:51:27 ¥x¥_ Wb GORT;
2y Stap: Step-l e Step: Stap-1
- Inar enent. : dtep Time = 1.000 2~ Step: dtap-1 . o
\§ Prinary Var: o b P A ) }1 B it B Hag: Diddatnay, 00
Deformwad Var: Du[ux.nm.l_iun deale Facvor: +45.000@400 Deformed Usr: U Deformation Ycale Factor: +4.000et00

Anisotropic (With Fiber Orientation) Isotropic (Without Fiber Orientation)

Anisotropic properties can reduce the principal strain
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Moldex3D

Case Study



Name: CD drive mechanism
Size: 50.5 x 5.1 x 44.6 mm

Function: CD is elevated due to upward force during insertion ; CD
comes back to original position due to spring force during ejection

Fixed end

Fixed end

Upward
force

- ai
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Case Study - Quality Requirement (1) Moldex3D

> Warpage cannot exceed 0.5mm
Moldex3D

Warpage_Y-Displacement

%10 -1 [mm]

— 3.679
3.352
- 3.026 EM1

— 2.699
— 2373
— 2.046
— 1.719

— 1.393

—1 1.066

—{ 0.740

— 0.413

— 0.086

— -0.240
-0.567
-0.893

— -1.220




Case Study - Quality Requirement (2) Moldex3D

> Height difference between two ends cannot exceed 1.0mm
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Moldex3D - Analysis Conditions Moldex3D

> Material: PA66 \ Ultramid AW
> Process Conditions

— Filling time : 0.2 sec.

— Melt temperature : 300 °C

— Mold temperature : 85 °C

Woldex3D

Mookd nades Moo




Moldex3D - Analysis Result (1) Moldex3D

>  Melt front time

Moldex3D

Hllng MeX Fromt Tune Melt Fromt ot 0,192 sec

x10 -1 [sec) /
1916 ,

1.760 /
-

1661

.

M

1534

= 1278
= 1.151
o 1023
i 0.96

= D760

1 0513

= 0386

0.268

0131

> 0.003
Time «~ EOF

A 315

e, 3 359

z 167

RO WHIOR 97) 1613, 1504152010 .




Moldex3D - Analysis Result (2) Moldex3D

> 10x Warpage result(mm)

Voldex3D
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Moldex3D - Analysis Result (3) Moldex3D

> Fiber orientation
Moeoldex3D

Filling_Fiber Orientation

%100 ] I
— g 1.000 o

0.956

0.911 p oy .
 0.867 W ol S S :” i
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Case Study - Analysis Process Moldex3D

_ Moldex3D
Concept Design Injection molding
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>
-
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Radioss

: Moldex3D-12
Production Structure Analysis




Moldex3D-12 - Interface Moldex3D
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Radioss - Interface

Moldex3D

& with fiber.mvw - HyperWorks v10.0
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Fiber Orientation Effect Moldex3D

Not considering fiber Considering fiber

A 0.49mm = < 0.27mm

Warpage /\g_\\\

)
/
4
A\

Fiber orientation \




Fiber Orientation Effect Moldex3D
Material Name PSS P
Ultramid A3W UltramidA3WG10

Fiber content (%)

Young’s Modulus

A 3.1e+010 1.96e+011 / 5.76e+010
(dyne/cm?)
Poisson ratio 0.4 0.37(v12) / 0.56(v23)
Thermal expansion 8.5e-005 1.2e-005 / 5.5e-005

coefficient (1/K)
Warpage (mm) 0.49 0.27

Fiber-orientation
induced warpage (mm)

Height difference (mm) 2.23 0.79

X 0.09




Fiber Orientation Effect

Moldex3D

Animation-Without fiber

Contour Plot 1
Displacement(Y) Result : C:/Users/enochchen/Desktop/Radioss/without fiber h3d
Ana{?gfu?_:%tfm Derived Loadstep 1 : Linear Superposition (2 sims.)
[9.220E+DD Frame 0
8.044E-+10
—6.B69E+00
—5.694E+00
—4.518E+00
3.343EHI0
2.168E+HID
9.922E-01
-1.832E-01

Wax = 1.040E+1
Global 321

Win = -1.832E-01
Global 5095

kg

Contour Plot

Fs T14E+0
— 4 B80E+0
— 4 D4GE+00
3212640
2378E+0D
1 S44E+0
7 BBE01
-1, 243E-01

May = 7 333E+00
Giobal 321
Min = -1.243E0
Global 8095

Animation-With fiber

1
Result - C/Usersfenochchen/Desktop/Radioss/with fiber h3d
Derrved Loadstep 3 Linear Supuerpositon (2 sims )

Frame O




The Process Parameter Effects on
Process-induced Material/Product
Variations



Process Condition Effect - Filling Time Maldcl@p

>  Melt-front time

0.05sec 0.2sec




Process Condition Effect - Filling Time Moldex3D

Filling time (Sec)

Warpage (mm) 0.11 0.27

Fiber-orientation induced
warpage (mm)

0.08 0.09

0.05sec 0.2sec

10x E
warpage

(mm)

- E 2
Fiber . N - &
orientation |- > | g o

38 l:: L
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Material Property Effect - Fiber Moldex3D

PAG6 PBT
UltramidA3WG10 UltradurB4036G2

10x
warpage

(Mmm)

Fiber - y

. . How ¢ \\ "./ . ]_ \\\‘ // ,;- B
orientation I Z S - X .
e N d. s
e I’ |
L, -




Different Material Property Effect Moldex3D

Material Name FNGE PAGG PBT PBT
UltramidA3W | UltramidA3WG10 | UltradurB4036 | UltradurB4036G2

Fiber content (%)

Young’s Modulus 1.96e+011 6.4e+010
(dynelcm?) 3.1e+010 5.76+010 2.38e+010 46+010
: : 0.37(v12) 0.37(v12)
Poisson ratio 0.4 0.56(v23) 0.4 0.46(v23)
Thermal
expansion 8.5e-005 é'ée-ggg 1.05e-004 g'ée-ggg
coefficient (1/K) = el
Warpage (mm) 0.49 0.27 0.48 0.59
Fiber-orientation
induced warpage X 0.09 X 0.10

(mm)




Conclusion Moldex3D

> In Product Lifecycle Management (PLM)

— Structural analysis on ideal product may lead to incorrect conclusion due
to neglect of injection molding process effect

— The variety of process parameters combinations leads to different
material/product variations which lead to different structural analysis
results

> In order to effectively consider process-induced material/product
variations, Moldex3D-I2 module has been successfully developed to

— Integrate injection molding analysis (Moldex3D) with structural analysis
(Radioss)

— Transfer process-induced material variation to structural analysis with
mesh mapping, material anisotropy and material reduction




CoreTech System

T +886-3-5600199

F +886-3-5600198
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http://mww.moldex3d.com
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