Moldex3D

Enhancing Electromobility:
Advancements in Compression
Molding Simulation through
Moldex3D

Anand Bora and Srikar Vallury

CoreTech System Co,, Ltd. | Copyright© 2024 Moldex3D. All rights reserved.



Copyright & Disclaimer

» The following is intended for information purposes Copyright for the following material is primarily held by
only, not a commitment to deliver any material, code, the CoreTech System Co., Ltd.. Some of the information
or functionality. is collected from Internet for illustration purpose only, not

for redistribution. The original source should be fully
acknowledged in any citation. For permission to
reproduce or redistribute this material, in whole or in part,
please contact mail@moldex3d.com .

 The development, release, and timing of any features
or functionality described for Moldex3D remains at the
sole discretion of CoreTech System Co., Ltd.

« These contents are provided “AS IS” without warranty
of any kind, either expressed or implied, including but
not limited to the implied warranties of merchantability,
accuracy, completeness, fitness for a particular
purpose of non-infringement. Some jurisdictions do
not allow the exclusion of implied warranties, so the
above exclusion may not apply to you.

CoreTech System Co., Ltd. | Copyright© 2024 Moldex3D. All rights reserved. M Id
No contents are construed as providing a warranty, including any warranty of merchantability, accuracy, completeness, or fitness for purpose, or representation for which CoreTech System Co., Ltd. assumes any legal responsibility. olaex


mailto:mail@moldex3d.com

Introduction

Moldex3D Provides

REALIZE
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INNOVATIONS

Automated Reliability Analyses and Knowledge Management
with Moldex3D iSLM

Enhance Package Reliability with Moldex3D

One Model for Reliability Analyses of IC Package

One Model for Reliability F|II|ng/W|reSweep
Analyses Curing / Warpage Analysis
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Void Predict / Venting
* Wire Sweep / Paddle Shift
* Residual Stress / Warpage

* Geometry and Mesh
(Features of Packages)

+ Material Properties
+ ProcessingParameters

Post Mold Cure & Deformation
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* StressRelaxion

* Material Properties

* Die-Shear Strength vs Bonding Temperature

—
Reliability Analysis

* Thermal Cycle Fatigue

* Damage Information

+ Viscosity * Viscoelastic + Fatigue Mode!
« CureKinetics *  Modulus Poisson Ratio
.« PVTC

Automated Reliability Analyses and Knowledge Management with Moldex3D iSLM

Moldex3D IC Packaging Related Solutions

Diverse solutions are developed for chip encapsulation process Simulation such as:

Transfer Molding Compression Molding Molded Underfill Capillary Underfill
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Design Parameter Study and Optimization
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Material Compounding
Process Parameter
Package Layout
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Defects

- Vaid/ WireSweep
* Warpage

+ Thermal Fatigue
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Introduction

Opportunities in EV

> Lightweight Y Electric components (5G,EVC)
Light-weight molding process, IC Packaging & Reliability
Long-fiber, composite, RTM...

'S !ﬂ‘-‘
2i H’ ? Industry 4.0 Shift > Impact of Big Data and Al
Smart Design/Manufacturing

Harness Modeling and Data

2> New Design/ Material/Process
Design knowhow and Database
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Simulation Technology

Moldex3D — Digimat — Marc

Process <> Material <> Structure

rll‘!jBCtIUI“ wiolding Machine
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moulding

+ Heat and cool

injection moulding
\ y

distribution
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Moldex3D

MOLDING INNOVATION
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LASTICS NN

Simulating the .J S
| process ; Prevision of the Building the Structural
\ d Microstructure ] material model simulation
* Conventional N
moulding * Cell dimensions * Accurate * Stiffness
« Mucell injection « Cell density and Mechanical model » Strength

sensitive to
morphology

* Performance
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Composite SMC Challenges

Light Weight Sheet Molded Compound Battery Enclosures

Composite SMC Challenges

How is an SMC manufactured?

« Part manufacturing from charge pattern
» A charge pattern = stacking of raw material sheets

Charge draping Compression molding Final part
Alignment
intensity
Cevs
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flow N 2
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Composite SMC Challenges

Composite SMC Challenges
Types of SMC materials

* Microstructure range

SMC family RVE dimension increase

~
LFRP LFRP clustering DFC
Long fibers pretty well dispersed Long fibers coming in bundles UD chips
Mean field theory Focus of today Full field simulations
. mat
k
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Composite SMC Challenges

Composite SMC Challenges

What should one pay attention to?

Initial Stress
« Consider plastics and composites for what they are plz';::'?:nt
» Anisotropic/Orthotropic by nature ®

Nonlinear

Strain rate dependent
(- Temperature dependent
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Composite SMC Challenges

, X . SMCs in the automotive industry
181 heagonmizom (, 4 HEXAGON
* Why SMCs?

+ Process can be highly automated
Faster & less labor intensive than other composite manufacturing
processes

+ High production rate and ability to create complex shapes with class

A surface finish
« Significantly lower tooling costs than similar steel parts
CoreTech System Co., Ltd. | Copyright© 2024 Moldex3D. All rights reserved. MOIdeX3D (‘ ‘ HEXAGON

No contents are construed as providing a warranty, including any warranty of merchantability, accuracy, completeness, or fitness for purpose, or representation for which CoreTech System Co., Ltd. assumes any legal responsibility.



Case Study - Battery Cover

« Purpose:

» Show effectof different charge patterns on:
* Fiber Orientation
* Weld line
* Failure and stiffness contours

« 3 charge patterns

mwooomm L1 Moldex =D
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Case Study - Battery Cover

Charge Patterns

Run 10 Charge Pattern 1 Run 11: Charge Pattern 2 Run 12: Charge Paattern 3
Model Maodel Model

Charge
Pattern

Y 4 Y a5 Y 45
kx 357 kx 357 k" 357
wooomm L Moldex3D 47 wooomm L1 Moldex3D o 2w000mm L1 Moldex3D a7
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Case Study - Battery Cover

Viscosity [Ibf.secit?]

Material - SMC
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Case Study - Battery Cover

Process

Project Settings Compression ‘Cooling\ Summary |

Compression Settings
Compression time : 600 sec

Direction : |Compression Region (0.00,0.00,-1.00 ~
Compression gap : 250 mm

Maximum compression speed : 10 mm/sec

| Compression Speed Profile -

\ 4

Maximum compression force : 7700 tf

Compression Force Profile

Resin temperature 20 oC
Mold Temperature 140 oC
Initial conversion 0 %

Pre-heating time 1 sec

Advanced Setting...

Project Settings | Compression Cooling |Summary

Item Value unit |
Cooling method General

Initial Mold Temperature 140 oC

Air Temperature 25 oC
Mold-Open Time 5 sec
Ejection Timing After Mold Open 0 sec

Cooling / Heating... Mold Metal Material...
Mold Insert Initial Temperature...  Part Insert Initial Temperature...

Eject Criteria... Estimate Cooling Time...

v

10.00
—_ 9.00
@
0 8.00
E
E 7.00
® 6.00
@
& 500
c
-] 4.00
o
g 300
[
E 2.00
Q
o 1.00
0.00
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00
Compression stroke (mm)
Section Section-1
Compression stroke (mm) 0 250
Compression speed (mm/sec) 10 10
7700.00
6930.00
g 6160.00
o 5390.00
2
2 4620.00
S 3850.00
w
2 3080.00
1=
(=¥
g 2310.00
O 1540.00
770.00
0.00
0.00 60.00 120.00 180.00 240.00 300.00 360.00 420.00 480.00 540.00 600.00
Compression time (sec)
Section Section-1
Compression time (sec) 0 600
Compression force (tf) 7700 7700
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Battery Cover Model

Finite Element Model of the Battery Cover

Boundary Conditions

All the bolts along the edges are fixed

The Impactor
is fixed in X and Y, and moved downin Z

e Prescribed linear displacement ramp of
impactor: 10 mm.
* The bolts on the edges arefixed in all
directions
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Case Study - Battery Cover

Compression Molding

Run 10: Charge Pattern 1
Filling/Packing_Melt Front Time
Compression Ratio = 95,914 % {100% Filling)
[sec]
24.978

Charge
Pattern 23313
1

21.648

10.083

11.657
9.991
8.326
6.661

—14.996

3.330
1.665

win »58 .00
z
Yoo

e
L(X 358

noomm L1 Moldex3D ks

Run 11 : Charge Pattern 2
Filling/Packing_Melt Front Time
Compression Ratio = 99.758 % (100% Filling)
[sec]

19.022

17.293

13.834

—12.105

10.376

8.646

6.917

—19.188

3.459
1.729

Min =580 000
z
Voo
x 358

mooomm L1 Moldex 2D k 38

Run 12 : Charge Paattern 3
Filling/Packing_Melt Front Time
Compression Ratio = 99.275 % (100% Filling)
[sec]
25.818

24.097
22,375
20.654
18.933

17.212

12.048
110327
—18.606
—16.885

—15.164

3442
1.721

vin 8 000D
z

Voo

x 358
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Charge Patterns

Evaluation of different compression molding strategies

How does different charge patterns affect fiber orientations and weld line locations

) Compression Molding Fiber Orientation (First Eigenvector) Weld Line
- = .

Charge : - } : .
Pattern ' [ - fee | 35 { ) )
1 : i o e ¥ !
S
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Structural Simulation Results

Evaluation of different compression molding strategies

How does different charge patterns affect displacement and failure contours
|

.
) . R

Charge
Pattern

COrETE . it ot ey mop g e e e T Made) e
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Structural Simulation Results

Evaluation of different compression molding strategies

How does different charge patterns affect failure contours: Detailed Investigation

Charge
Pattern
1 | | 070
|| 060
| | 050
| | 0.40

Charge pattern 2 creates more chances of 7
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Structural Simulation Results

Evaluation of different compression molding strategies

How does different charge patterns affect max. stiffness contours: Detailed Investigation

Charge

Pattern

0.41
0.36
Charge pattern 2 creates least number of 0.30
areas which achieved maximum potential
stiffness
X
Y
z
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Anisotropic vs Isotropic Analysis

Evaluation of different material performances

How does Composite material perform in comparison to Aluminum

* Volume of the Battery Cover: 4.866 x 10%cc

Density (g/cc) Weight (kg)

Aluminum 2.7 131.4

Sheet Molded 1.6 77.8

Composite (SMC)
* Using SMC saves 40.8% in weight

* Displacement (in z dir) *  Max. Principal Stress

11111

4444444

...............

-483 .
: Aluminum A\
SMC Aluminum SMC
in MPa
In mm
Y
VA
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The future

Strategic Priorities

Cloud and
Simulation-Driven Al

Semiconductor and
Electric Vehicles App.

Digital Twins
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Enhancements in Simulation of Compression Molding
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Previous Scenarios

> In versions before Moldex3D Studio 2024 using simplified procedure, the cooling
channel is set above the compression zone and fix it at the relative position of the

compression zone.

> Starting with Moldex3D Studio 2024, cooling channels support the behavior of moving
with the mold plate.

Movabl

® 6 06 0 0| 06 06 @ 0 o "
Compression Compression
Zone Zone

® 6 0 ¢ ® 0 0 o o

Simplified Procedure New Procedure
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Run Script in Studio using API



What can Studio APIs do for you?

Moldex3D Studio New in Studio 2022

Model Mesh | Tool Boundary Conditions Result Display Litility
->

=]
(%]}
Injection Import C Computation
Moldjng Geometry

i

e —
@ B8

Resuilt Report
»

Y1 Parameter

H Fix Mesh

Gear - Moldex3D Studic 2022
Boundary Conditions | FEA Interface | Display Utilrty

A -L & Specify Point & \ U" m

) ) ) b Specify Face .
Check Atftribute Mode (Gate | Runner Melt Moldbase Cooling
Geometry Thickness Entrance J Symmetry Channel

L d
-

pre
v @ a4
[+
Check Cooling “'J Mozzie Compression Advisor
System Zone fone

-



What can Studio APIs do?

Launch and Close Studios
 Open an Existing Project
« Add a New Run for Simulations
« Submitruns
* Query Result Value
« Get Statistics via API
» Get and modify filling/packing solver parameters
* Query Computing Status
*  Modify CMX
* Modify Process Condition

get ]Ob status

*¥Get Status***errEEx
error id: @
status: Queued

get job _info
ip=Localhost
error id: ©

Job ID: 2021-@3-31-3 e
Ser“uer“_ip: LOCalhOSt ERRERERRGAt Statyc*eeErskaes
Run ID: 62 error id: ©

status: Running

Proj name: MDXProject20176412A )
: progress: 7.106%
Proj path: M:\AutoTest\com\F gear queued_num:
TaSk ﬂurﬂ: ‘q --t--ri--Get Statusn.-!rq-ty-_-
Job module: F+CLRTMP error id: ©
Job owner: status: Finished

. . Progress:
Submit time: queued_num:

2021-83-31 18:28:45




slides and the viewer (*.mrmv) file to NA team and me.’

Sure, onceitis done, the CAE report will

be mailedto:

To: support.us@moldex3d.com;

ellenhu@moldex3d.com;

Subject: [Report] MDXProjectBumper

\

\_

Cancel

(0] 4

“Hey Studio, I'm going to have dinner with friends.
Once the simulation is completed, please send the

Sl

)

. Submit run
. Check if the job is

completed

. Generate report

Export viewer

. Send email



“Hey Studio, please summarize and
highlight the best parameters in Run2 to

Run5.”

1.0pen a project file
2.Know what runs are in the open project
3.0btain process file for a specific run
Run 5 showsthe optimal parameters ~ 4.Getthe measurement values
5.use the dataobtainedin the previous steps, find the run with optim
al parameters

4 A

Run 2 Run 3 Run 4 Run 5*
Melt Temperature(°C) 270 275 275 270
Filling Time (sec) 1.2 1.5 2.6 1.7
Packing Time (sec) 5.0 8.2 7.2 8.0
Cycle Time (sec) 13.5 * 16.2 21.8 18.7
Distance A-A (mm) 5.21 4.78 5.2 5.01 *
Roundness C1 0.23 0.12 * 0.13 0.12 *

- %




“Hey Studio, which server can complete
this simulation in the shortest time?”

Please choose server 192.168.130.52:2556. Do youwant me

to submitthe simulation now?

-

Server Queued Core
192.168.130.52:2556 * 0) 16 ;
192.168.130.21:2556 21 32 '
192.168.130.71:2556 3 8

Cancel

(0] ¢

b

Get server list

Get queuing job
number

Get max cores

Get available cores



“Hey Studio, please show me the
difference between the experiment and

simulation values by plotting them”

1.Add curves to XY plot
2.Export XY plot contents to CSV file
3.Get probe locations with the name
Hereis the comparison figure: 4.Use the CSV file obtained in the previous steps and your

experiment data to show a comparison plot
Experiment
= Moldex3D

O\




“Hey Studio, please submit simulations.

The gate pressure is required to meet below 50 MPa
or stop the calculation. Please activate the interaction
until the gate pressure is lower than 50MPa."

1.0pen File
2.query_result_data
OK, the job has been submitted to serverand queued in #2. S.CopyRun
: : : : e : 4.GetProcessFile
Studio will automatically adjust the fillingtime to meetthe 5 SetProcessFile
gatepressure <50 MPa. 6.BeginProcessOperation

7.InputOperation
8.EndProcessOperation
9.SubmitRun
10.GetComputingManager
11.get_server
12.get_job_info



APIls: Automate Studio

1. Always create a new Studio application window

prog_id = 'Moldex3DStudio2022.App’
Studio = win32com.client.DispatchEx(prog _id)

2. Manipulate a specific Studio application by the Instance ID

Studio = win32com.client.GetObject(instance_id)

Moldex .
verene nmeviren - Moldex3D Studio

3. RunScript in Studio

Moldex3D 2022RORC 64-bit (Build2109.1120.372)
Instance ID: {D5DA3068-B11D-43E9-A284-DIBCA211EAB4}
[2022.1]

Command: RunScript b4
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