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Agenda

» Why SOLIDWORKS Plastics?
» SOLIDWORKS Plastics Demo
» \alidation Example Discussion

> QA
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Plastics are everywhere...
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Unanswered Questions...

Is it Manufacturable?

What is the Best Gate
location?

Where are the weld lines/
Air traps?

How many mold
revisions?

1775 SOLIDWORKS

Can | Innovate?
How about Quality?

How about Customer rejection
due to visual / structural

What about Cost of change?
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Historical Plastics Development Process

Influence on Manufacturability and Quality Decreases

Part Mold Mold Part Product
Design Design Manufacture Production Launch

4

Responsibility for Meeting Launch Requirements Increase

2
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Old Way #1 - Fix Existing Problems

D
Mold Part

Q
% Part Design Mold Design Production In-Depth

Simulation

Problems are fixed after the fact. This is costly and inefficient.
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Old Way #2 - Validate Existing Designs
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2
(N[ Mold
I I Build
Part Design Mold Design In-Depth Production

Simulation

Limited application provides benefits to a small number of parts and there are
hidden costs due to the lack of optimization.
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Preferred Way — Optimize Part & Mold Design
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Using simulation as an integral part of the part and mold design
process provides the ability to optimize designs for manufacturability.
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SOLIDWORKS Plastics

» Predict and avoid manufacturing defects
» Eliminate costly mold rework

» Improve part quality

» Decrease time to market

Value Proposition

» >80% of plastic parts are injection molded

» Injection molding is a complex mix of time,
temperature, pressure, material & tooling variables

» Injection molds range in cost from >$10K to $1M+
and mold rework is costly and time-consuming

Using SOLIDWORKS Plastics Simulationto
Avoid Just One Round of Mold Rework can result in a

Positive Return on Investment
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Getting a Window into
your Mold

What if scenarios

Multi Cavity / Family
Molds.

Cooling Lines /
Warpage

1775 SOLIDWORKS
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SOLIDWORKS Plastics
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Getting a Window into » Identify Key Manufacturability Issues...

> Will it fill?

>What's the Optimal Wall Thickness?

| > Where are the Weld Lines? Will it affect function?

> Where are the Air Traps? Will specialized tooling be
required?

> How about

your Mold

» Cooling time?

» Pressure requirements?
» Sink Marks?

» Volumetric Shrinkage?

3DS.COM/SOLIDWORKS © Dassault Systémes | Confidential Information | 10/1/2015 | ref.: 3DS_Docume

o S

2
DS SOLIDWORKS ,775 DASSAULT | The 3DEXPERIENCE” Company

16



Simulation Workflow
Mesh
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Simulation Workflow

Material: Generic ABS Specify Injection Location

2
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Simulation Workflow

Real-time Feedback ”

»”
Solve = B ' A

Model
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Analysis Program Execution State
Start SOLID - FLOW [PACK Running

Suspend Digplay Partial Results
- | =1 [] Close after finished
Help

I= &9 t=0.31(0.31)sec P= 21.91Mpa T= 64 ~ 242C Q= 10, 704cc/s F=0.2042(0.2042) 0.00 w=0.00 { 17) o
The cells filed= 20 % (volume filed 129%)

I= 70 t=0.32(0.32)sec P= 22.01Mpa T= 63 ~ 243C Q= 10.815¢cc/s F=0.2106(0.2106) 0.00 w=0.00 { 15}
I= 71t=0.33(0.33)sec P= 22.07Mpa T= 63 ~ 244C Q= 10.703cc/s F=0.2159(0.2159) 0.00 w=0.00 { 17)
I= 72 t=0.34(0,34)sec P= 22,00Mpa T= 63 ~ 244C Q= 10,670cc/s F=0,2194{0.2194) 0.00 w=0.00 { 19)

‘ Show Log
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Simulation Workflow
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Review Results
I
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Sink Marks

Volumetric
Shrinkage

Injection
Pressure
RO
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Getting Started Wizard
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p Getting Started Wizard

> Results Interpretation,Report generation

Getting Started Wizard

#

Welcome to SolidWorks Plastics.

SolidWorks Plastics simulates how melted plastic flows during the
injection molding process to predict manufacturing-related defects on
parts and molds. You can quickly evaluate manufacturability while you
design, to eliminate costly mold rework, improve part quality, and
accelerate fime to market.

In this wizard, you must select whether your partis thin-walled or a
thick/complex part. Then, you can define process parameters such as
plastic material and injeciion location. Once parameters are applied,
the analysis can be launched and the results be interpreted.

@ Options
EJ Next
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» Plastics Advisor tool - Answer Simple Questions

» Step by step guidance through the SOLIDWORKS Plastics workflow
> Model setup, Mesh and Run, Process Settings

P Getting Started Wizard R

x

1 Generate Mesh
2 Matenial

3 Process Parameters
4 Injeciion Location

5 Run

6 Results

AR NSS

1 Generate Mesh

2 Material

3 Process Parameters
4 Injection Location

5 Run

6 Results

LLACL S

of materials for

The plastic part needs to be meshed using Shell (2D) or Solid (3D)
The Shell mesh is the most usefultype for all thin walled parts. [t
provides the best balance between analysis accuracy and computation

EﬁmE

The Solid mesh type provides accurate results for any type of model,
thin or thick walled.

EJ Use shellMesh

[EJ Use SolidMesh 7
Next
3 Bac &) startover

use With the part cavly and mold Dodies.
The plastics material database allows you acoess by family. company
orthrough a search.

The material assignad o this partis:

- - (P) Generic material | Generic material of ABS

Melt Temperature:
20°c

Mold Temperature:
50°C

[E3 cnange waterial

B next

(& Back ) statOver

2]

X

o

1 Generate Mesh

2 Material

3 Process Parameters
4 Injection Location
5 Run

& Resulis

AR S

Injection locations are the location where melted plastic flows from the mold
runner system into the part cavity. Multipe gates can be used, but 3 minimum
of one is required fo run an analysis

Node: The injection location snaps to a hidden node of the mesh.

B3 Acainjection Location

B3 next
(3 Back

&) startover

X

1 Generate Mesh

2 Material

3 Process Parameters
4 Injection Location

5 Run

6 Results

Display the animation of the part fill pattemns.

QB Play Animation

Q Stop Animation
Does the part fill as you expected?
5_' Yes, continue

E No, return to Process Parameters

L44844%

E Back
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SOLIDWORKS Plastics

Easily identify

Getting a Window into Manufacturing issues

upfront

your Mold
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SOLIDWORKS Plastics

=
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» NOW WHAT?

> Fill pattern not acceptable?

> Sink Marks large?

> Cooling time too high?

> Injection Pressure too high
. J > Weld Lines in Functional Spots
| ‘ > Try a different Gate Location?
> Try a different material?

975 SiSiemes | The 3DEXPERIENCE" Company

What if scenarios

3DS.COM/SOLIDWORKS © Dassault Systémes | Confidential Information | 10/1/2015 | ref.: 3DS_Docume

A S/

1775 SOLIDWORKS

26



Document_2014

T
4
T
-
—
.-

3DS.COM/SOLIDWORKS © Dassault Systémes | Confidential Information | 10/1/2015 | ref.: 3DS
|

2
DS SOLIDWORKS ,775 DASSAULT | The 3DEXPERIENCE” Company

27



SOLIDWORKS Plastics
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What if scenarios Reduce / Fix Errors
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SOLIDWORKS Plastics

s

o
S
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£

Multi Cavity / Family
| Molds.
A J
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Additional Setup
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Di i | A
sD1
SDL
RW.
L GL T

Parameter A
Line Mesh

. 3 =
Fine Coarse
Direction X -
sD1 10 =
SDL 0 -
sn2 10 =
RW 10 =
iT 10 =
RL 10 B
aT 5 =

Runner Design 7
o ®
Type A
(@) Runner '
Circle
Cirde
Square I0,02=5.00 -
Half Cirde I0,02=5.00 i
Rectangular j0,02=5.00 =
Trapezoid I0,52=5.00 _
Elipse I0,02=5.00
myoroesrr=Td0,02=5.00
7,Circle,D1=5.00,02=5.00 5
Parameter ]
Line Mesh
E 3.0000
Fine Coarse
Rotate Angle
0 -
1st Point
D1 10.0000
Dz 10.0000
H 10.0000
2nd Point
b1 10,0000
bz 10,0000
H 10,0000
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Runner Balancing Optimization Setup

— Runner-Balancing 7
=
< Thickness Distribution
o)
S Max Iteration:
£
3 10
=
w\ Max Diameter:
-

6 - mm

Min Diameter:

2 2 mm

=

Max Diameter(Inlet):

6 -
L~ mm

Min Diameter (Inlet):
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Runner Balancing Optimization Results
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SOLIDWORKS Plastics
TR e
J

Detailed setup, same

Workflow
Optimization

Multi Cavity / Family
Molds.
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SOLIDWORKS Plastics

Cooling Lines /
Warpage.

2
DS SOLIDWORKS ,775 DASSAULT | The 3DEXPERIENCE” Company

36



SOLIDWORKS Plastics— Cooling and Warpage

[ Resuts 7 yele Averag
Cooling Analysis Capabilities =~ e I
: * Design / Analyze simple or complex .

mold cooling line layouts

* Achieve uniform temperature
distributions across mold core and
cavity surfaces to minimize part - x|
warpage |

» Model / Analyze baffles, bubblers and BEE)
mold inserts

* Optimize cooling system design to
minimize cycle times and decrease

manufacturing costs

-1.0043
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SOLIDWORKS Plastics - Cooling and Warpage

nt_2014

Warpage Analysis Capabilities __

*  Predict warpage (part
deformation) due to molded-in
stresses / quenching thermal
stresses

 Optimize part and mold design, =252
material selection and processing | wwmmss
parameters to reduce or
eliminate molded part warpage
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SOLIDWORKS Plastics

Document_2014

Optimize Cycle
Times. Ensure
Manufacturing

Cooling Lines /
Warpage.
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Benefits Summary

Easily identify
Manufacturing issues
upfront

Getting a Window into
your Mold

What if scenarios Reduce / Fix Errors

A : Detailed setup, same
Multi Cavity / Family Workflow

Molds. R
Optimization

Optimize Cycle
Cooling Lines / Times. Ensure
Warpage. Manufacturing
tolerances
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Radon Detector Validation Example
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Experimental work by Prof. Stephen Johnston,
UMass Lowell

> Relg%wned Pla?tics Engineering Department
>PP material = , ,
> Arburg, Sumitomo, injection molding machines
amily mold ?lm alanced)
> Pressures taken trom machine display, not

instIRTE AT BPOHRY, SURIETR

> Clamp forces estimated from machine displays,
flashing studies
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Filling

Radon Detector Short Shot Series
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 Short shot simulated experimentally by
varying dosage volumes

TN A

« Validation of filling pattern evolution

3DS.COM/SOLIDWORKS © Dassau
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Filling

Radon Detector Short Shot Series
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 Short shot simulated experimentally by
varying dosage volumes

TN A

« Validation of filling pattern evolution

3DS.COM/SOLIDWORKS © Dassau
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» Dosage volume: 20 cc
 Filling time: 0.47 sec (.40 Sim)

Filling

Radon Detector Short Shot Series
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» Dosage volume: 60 cc
 Filling time: 1.48 sec (1.40 Sim)

Filling

Radon Detector Short Shot Series
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FI”IHg « Dosage volume: 70 cc

Radon Detector Short Shot Series * Filling time: 1.72 sec (1.68 Sim)

nt_2014

aBDS_Documel

[ TR
o
A
_
L
gy
[ S,
Lt Y
L
L
e
EEE—
ety
e s
PEEcENT,
SeRmeon
e
L=y
TR
L

. 1775 SOLIDWORKS

975235,5?5%’;; | The 3DEXPERIENCE" Company




Filling
Gate Imbalance

 Larger cavity fills first

e “hesitation mark” defect
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visible defect in actual finished part flow front central temperature filling time animation
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s = ° Flow rate control selected
Filling L.

Inlet Flow Rate (Machine Set Point: 40cc/s) Profile defined to reproduce test

BB OB
s = =
2

Inlet Flow Rate (cc/s)
5B
2 8

e : e R e o
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Filling

Inlet Pressure (Maximum Test Fill Pressure: 50.9 MPa)

4
50.00

4800 -

g

44.00 -

« Computed pressure to
produce required flow rate

38.00 -
36.00 -

« Spike atend of 40 cc/sec x|

30.00 - -

interval g ao

26.00-[ -

(MPa)

22.00-
20.00 -

Max. Inlet Press:

 Max Pressure l
> Simulation = 48 MPa N

1200 - f--+

> Test=50.9 MPa g

4.00 -

2.00 -
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Packing
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» Absolute pressure
control selected

 Test pressure input
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Max. Inlet Pressure (MPa)

Holding Pressure (Maximum Test Packing Pressure:

GOTOD ) |-ERTRREI INSRRNNIN ARSI SN S D" S D — IR ;

43.00--

46.00-F-

44.00-f-
42.00-f-
40.00-F-
38.00--
38.00--
34.00--
32.00--
30.00-F-
28.00-f-
26.00--

24.00-

2200-F---

20.00-F---

18.00-f-

16.00 -+ - -

1400 F--

12.00 -9 --

10.00-'pg -

300 -gr---

6.00 -f8---

4.00 -

---------------------------------------------------------------------------------------

0.00 -} - - - : - - - -
0000 0500 1000 1500 2000 2500 3000 3500 4000 4
Time (sec)

500 5000 5500 6000 6500 7.000 7500 8000  &500

975 SiSiemes | The 3DEXPERIENCE" Company




Packing
Gate Freeze Prediction

 Plot temperature at several
node in gate cross-section =
« Compare to Glass Transition ...
Temperature (Tg e
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A - Plate B - Plate

Cooling

Non-Uniform Cavity Temperature

Sprue inlet temperature = 207°C
> Measured in “purge shot”
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Location 1 25.2 26.4 '

Location2  26.2 29.0
Location3  29.4 27.4
Locationd  27.4 30.4 l
Location5  30.6 27.8 I
: Location6  28.1 29.9
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Warping

Part Shrinkage (1 mm warpage on actual part, 0.9345 mm - Simulation)

RERRERREEE MEELRNEEEN
HUNRAERE AN EEEERREAH

mnnynreaan RRRmwnwngn
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Manufacturing Objectives & Problems

» Reduce cycle time
> Open tools as soon as possible

nt_2014

» Cooling system design
> Avoid hotspots that delay solidification

» Uniformity in multi-cavity tools

> 3x3 array of parts in one tool

» Part appearance
> Incomplete filling, weld lines, overheated regions
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» Part net shape (shrinkage & warpage)
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SOLIDWORKS Plastics Delivers Value...

Streamlined Communication with Mold
Manufacturers

nt_2014

Eliminate costly mold rework

Decrease time to market — Cut down cycle

times, machine downtime
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Improve product quality
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SOLIDWORKS Plastics - Packages

SOLIDWORKS Plastics Professional
(Fill + Pack)

RIS
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Thank You!
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» Visit the SOLIDWORKS website at http://www.solidworks.com to learn more about
SOLIDWORKS and its product offerings.

» Contact your local SOLIDWORKS reseller for information on pricing and training. To
find a reseller in your area call:
>1-800-693-9000 (US and Canada)
>+1-781-810-5011 (Outside the US and Canada)
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POLL QUESTION #3
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