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Class Summary

» Conventional Mold designs in injection molding
«Mostly based on expert experience without a careful stress analysis
«Mold set lifecycle relies largely on a rough estimate

« Newly developed rapid heating cycle molding (RHCM)
Make mold designs more challenge
«How to achieve both higher productivity with low cost and better quality?

» Review of Three Major Causes of Mold Damage
«Thermal Stress due to rapid heating and cooling
Mold deflection due to injection pressure imbalance
«Clamping force induced stress inside mold blocks

» Integrated Tool Developed:

«Injection molding simulation: Heat Transfer, Flow with Core-shift, Clamp Force

«Mold and analyses
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Learning Objectives

At the end of this class, you will be able to:

« Understand the nature of mold lifecycle: costs, quality and productivity
« Understand the components of integrated analysis tool

« Know how to set up the right mesh and boundary conditions
 Interpret the results from Mold Fatigue Analysis
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Why Predict Mold Lifecycle?
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Market requests

» Requests from far-east

= Autodesk Moldflow Users’ Conferences back in 2010
 NPE / ANTEC this year

« RHCM In research and reality
» Papers from Taiwan and China

= Mold failures in Ford
= Ford did its own "Mold Failure Prediction” with Moldflow and ABAQUS

» Requests from other companies
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What we are in: CAE for Injection Molding
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What we face: Complexity of Mold Designs

Cooling channels
~7 In cavity side

Heating/cooling
channels

Cooling channels
in core side
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New Technologies drive the need

Rapid Temperature Cycling (RTC®) / RHCM® / Variotherm ®

= Eliminate visible weld-lines
= Increase flow length
= High (uniform) gloss finish

=  Eliminate Gate Marks
(Cold slugs)

= Typically only the cavity side is heated

. Steam.,Water,
Electrical or Induction
« Cool Mold during Packing

» Reduce cycle time
« Conformal Cooling
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New Technologies drive the need

Additive Manufacturing (AM) of Molds

« Laser Engineered Net Shaping (LENS)
» Selective Laser Sintering/Melting (SLS/SLM) ey
» Direct Metal Laser Sintering (DMLS)
» Three Dimensional Printing (3DP)
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What we face: Mold Damages, Fewer Shots
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Requirements for Mold Fatigue Prediction

« If a mold I1s damaged earlier than its expected lifecycle
« Repalr costs
« Unexpected downtime
« A backup mold set could be ordered

« Mold maintenance service as a preventive care

« After certain cycles of molding which is based on failure statistics of different
molds In the past

 New Technology may increase quality, increase productivity
« But may not lower costs due to shorter mold lifecycle
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What can we do with simulation tools?
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What available in Autodesk Simulation

« RHCM Heat Transfer Analysis (Cool FEM)
» Flow with Core-Shift
« Clamping Force Prediction

» Linear Static Stress analysis (LSS)
« Transient thermal stress analysis
« Fatigue Wizard

= Application to Conformal Cooling in RHCM
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What are the major causes of Mold Damage?

Injection molding has a cyclic nature

Three cycles overlap together

* Mold Opening and Closing

* Heating up and Cooling down

* Injection pressure increases and decays
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« |t should be calculated with Heat Transfer Analysis in Cool (FEM)

= Core-shift should be extended to Mold Blocks with LSS

« Use the prediction of clamping force with optional inputs
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Material properties for fatigue: Yield Strength, UTS
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Material properties for fatigue: S-N and E-N data
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Nature of Fatigue Data

\ ) Compressiee bMean stress
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Nature of Fatigue: crack starts from surface
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Mold Fatigue Prediction Models

.~ total strain

"

b

elastc

plastic —

o
I S TN Y N7 [ PO T U O A I U SN DU U O I 1 1 1 A B B MW W1 | 4.1 11l L1, 1L dLLild

| i T i 1 loP 1p 10’

2N,

AU Autodesk University



Fatigue Wizard is a Generic Tool..., it can do

« Multi-load Analysis

« Static loads with user specified time history, all load cases need to be In the
same time span

Load

s AL e YA
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Fatigue Wizard is a Generic Tool..., it can do

» Transient Analysis
» Load cases over a time history

Load

/[,

L1L2 L3 L4 "V L7 L8

AU Autodesk University © 2012 Autodesk



Fatigue Wizard is a Generic Tool..., it can do

» Spectrum Analysis
« Load cases over a time history with specified load factors and repeated cycles

\J

O min
Time —»

Spectrum Loading
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Mold Fatigue Analysis Is a Transient Analysis

« Three sets of stress load categories are added up
« Thermal Stress + Mold Deflection Stress + Clamping Stress at each point
« Over the same time history
« The data “input” are built automatically

Mold Fatigue Ar)alysis need\s a lot of data transfer
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Understand the nature of fatigue prediction

« Accuracy of stress prediction plays a key role
= A small percent of error In stress prediction can cause a big error In fatigue life

« A pre-existed defect iIn a mold metal Is hard to be modeled In a mesh
» Stress prediction on surface
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How to setup Mold Fatigue analysis?
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Settings In Wizard

K

Process Settings Wizard - Cool (FEM) Settings

Melt temperature 240 @
Mold-open time 5 s (0:600]

Injection + packing + cooling time
[ Specified v l Injection + packing + cooling time s [0:6000]

Mold temperature options

Advanced options... ’

Include thermal stress in Cool (FEM) settings
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Settings In Wizard

7

Process Settings Wizard - Mold Fatigue Settings - Page 3 of 3

Load categonies

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

Campinginduced stress  |¥es ..

Heating and Cooling induced stress

Core-deflection induced stress

Advanced options...

Mold Fatigue Settings for all three load categories

© 2012 Autodesk
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Mold Block Fatigue options

Mold block (3D)

—

l Mold Proper[ies | Mold Fatlgue Option |

Fatigue Life Calculation Stress Based (SN) v \

Surface finish modifiers Ground (Surface Factor = 0.9501)

Stress concentration factor

Endurance limit modifier 1

Desired Molding Cycles 1e+005

Name |Mold block (3D) {(default) 52

V| Apply to all entities that share this property

|| ey | p—r—

Mold Fatigue Options are based on mold pieces
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Fatigue properties

‘:Advanced st;in life déta-.-

H Cyclic hardening data
Cyclic Coefficient
Cyclic Exponent

Straindife data
Strength Coefficient

Mold block (3D) | | T TR R Mold materi! Strength Exponent

r ] o | Ductility Coefficient
Mold Propetties | Mold Fatigue Option| - Description ]ﬂopemes Fatigue |

Ductility nt
Mold matenial S-N Data uctility Expone:

Select a different mold matesial s I Select . " | Polished endurance limit 186 MPa (0:3e+006)

Cycles at endurance 1e+007 [0:1e+010]

Bxdemal heat transfer coefficients :
Select Local Mold Material | Gamma power index 067 [0:2] I OK I Cancel I | Help \

Mold material Advanced life data

[Toolsteel P-20 - ‘ Strain fe data..

Mold block conductance
Initial temperature for production start-up

Mold half assignment

Name |Mold block (3D) (default) #2

V| Apply to all entities that share this property

OK || Cancel Help |

Autodesk® —_—

SIMULATION MOLDFLO W®
INSIGHT Scale (100 mm)

Fatigue properties are associated with mold piece
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Additional mechanical / strength properties

?

Mold block (3D)

Mold Properties | Mold Fatigue Option |
Mold matenal

l Select a different mold material > | .

Extemal heat transfer coefficients

Select Local Mold Matenal

ion Mechanical '
S R Mol it exil Compression Mechanical properties

I P20 Elastic modulus (E) MPa (0:3e+006)
Initial temperature for production start-up ool steel P- b4 Mold density . g/em”™3 (0:30)

Poissons ratio (v) 0.35 [0:1)
Mold half assignment Mold specific heat J/kg-C (0:2000)
L ompression strength properties

Name [Mold block (3D) (defaut) £2 Mold thermal conductivity W/m-C (0:1000) Vield slisss 375 MPa (0:10000)

Mold mechanical properties bt taie ; Sy
V| Apply to all entities that share this property Bastic modulus (E) MPa (0:2-006) imate tensile strengt a (0:10000)

Poissons ratio (v) [0:1)

Strength properties
Yield stress 352 MPa (0:10000)

Ultimate tensile strength 525 MPa (0:10000)

Mold coefficient of themmal expansion 1.2e-005 1/C (0:10

V| Different compression properties

Autodesk:

SIMULATION MOLDFLOW®
INSIGHT

Tool steel P-20

Additional mechanical / strength properties are needed,
AU Autodesk University Compression may not be the same as tension



Mesh requirements: Mold Deflection vs. Stress

INSIGHT
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Mesh requirements

AU Autodesk University

Autodesk:

SIMULATION MOLDFLOW®
INSIGHT
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Mesh requirements (continue)

Autodesk®
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Stress concentration around a hole

-avily pressure hims :
Cavity surface crack

Y Stress concentration § i\

O N
;

I
/
- | | » |
4 b

Crack growth

Crack nucleation Final failure

© 2012 Autodesk
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False stress concentration due to poor mesh
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Better mesh around the holes

Generate Mesh F2 v D

The mesh generation process will try to create an
appropriate mesh for the analysis process. Use the
options below to change the meshing parameters.

| Remesh already meshed parts of the model

| Help |

| Job Manager l | Lancel I
| CAD —Tetra | Tetra Advanced | Boundary layel * | *

V| Chord angle:

Fine ]

Tolerance: 30
et s [1gnorecontact_~|
contact faces: Ignore contact v

| sliver removal

| Place mesh in active layer

Save Default Values Use Default Values

*Items marked with an asterisk can be stored as defaults

and saved into workspaces Autodesk®

SIMULATION MOLDFLOW®
INSIGHT Scale (100 mm)

AU Autodesk University



Contact Conditions

Displacement
Magnitude
m

2.897661e-005
07¢ 005

Load Case: 1 0f 1

Maximum Value: 2.89766e-005 m

Minimurn Value: 0 m

1 < Design Scenario 1 >

AU Autodesk University © 2012 Autodesk



Boundary Conditions

‘r" T“ ;“._»,i‘é‘-i _« £ge Wﬁﬁ N
gt a W wE R

o i

Autodesk: _—

SIMULATION MOLDFLO W®
INSIGHT Scale (100 mm)
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Boundary Conditions:
All fixed could be over-constrained

Thermal induced stress (von Mises)
Time = 33.75[s]

[MPa]

B61.83 I

46.38

scale (100 mm)
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How to Interpret Mold Fatigue results?
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Mold Fatigue Analysis Results: Stress and Life

Circuit flow rate

Circuit Reynolds number

Time to reach ejection temperature, part
Percentage frozen layer

Percentage molten layer

Velocity, Channel {(3D)

Circuit pressure

Circuit average velocity

Temperature, mold {transient)

Cool
Circuit flow rate
Circuit Reynolds number
Time to reach ejection temperature, part
Percentage frozen layer
Percentage molten layer
Velocity, Channel (3D)
Circuit pressure
Circuit average velocity
Temperature, mold {ransient)

Fill time

Pressure at V/P switchover
Temperature at flow front

Pressure at injection location: XY Plot
Clamp force: XY Plot

Density

Extension rate

Time to reach ejection temperature
Grow from

Pressure

Pressure at end of fill

Shear rate

L] L]

|

|

OO0

DR A IR R i

|

|

—

| |

Temperature, circuit coolant {ransient)
Temperature, mold-cavity interface {ransient)

Temperature, circuit coolant {transient)
Temperature, mold-cavity interface {transient)

Shear rate, maximum
Temperature

DR R R R

Temperature, mold-circuit interface {ransient)

Temperature, mold-circuit interface {transient)
Temperature, part {transient)

Temperature, part {'trans.lent} : Temperature, Channel (3D) transient)
Temperature, Channel (3D) {transient) | Pressine - Channid £3D)

Pressure, Channel (3D) < (= Mold Fatigue

Flow d 21 O

= Core (Paddle) Shift .| Approximated range of cycles

= Mold Fatique | Approximated range of cycles, log10 scale

Velocity

Viscosity

Frozen layer fraction at end of fill
Sink marks estimate

Sink marks shaded

Frozen layer fraction

Average volumetric shrinkage
Volumetric shrinkage

Airtraps

Polymer fill region

Weld lines

|
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oot

|

HiEEiEE

|

|

| |

Number of cycles
Mold deflection induced stress {von Mises)

[ ] Themnal induced stress {von Mises)

A, , . | Von Mises stress, total - (= Core (Paddle) Shift
Clamping induced stress (von Mises) < = Mold Fatigue

1 Number of cycles
| Mold deflection induced stress {von Mises)
| Clamping induced stress {(von Mises)
| Von Mises stress, total

Themal induced stress (von Mises)
Von Mises stress, total
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If no damage is found.....

Cool
Circuit flow rate
Circuit Reynolds number
Time to reach ejection temperature, part
Percentage frozen layer
Percentage molten layer
Velocity, Channel (3D)
Circuit pressure
Circuit average velocity
Temperature, mold {transient)
Temperature, circuit coolant {transient)
Temperature, mold-cavity interface {ransient)
Temperature, mold-circuit interface {transient)
Temperature, part transient)
Temperature, Channel (2D) {transient)
Pressure, Channel (3D)

Clamping induced stress {von Mises)
Themal induced stress (von Mises)
Von Mises stress, total

AU Autodesk University

1
scale (200 mm)

Cool (FEM)-Check | Fatigue-Check |

Performing Peak-Ualley Picking
Performing RainFlow Analysis

Fatique calculation on element group 3:
Performing Transient Life Calculation
Performing STRESS Based Calculations
Performing Peak-Ualley Picking

Performing RainFlow Analysis

Fatique analysis indicates no damage in this mold design for its desired lifecycle.

Execution time
Analysis commenced at Fri Nov 16 17:15:18 2812
Analysis completed at Fri Nov 16 17:43:15 2612
CPU time used 1588.208 s

|49 Autodesk Labs Autodes... | |4 spin_core_3d_fenas_str... | |4 pasta_Cool_fatigue { B8

Qlogs ”Thermoplastics Injection Molding ]
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Rapid Heating / Cooling induced thermal stress

Thermal induced stress (von Mises)
Time = 33.75(s]

[MPal

50.83 I

38.15

Autodesk® _—
ocale (100 mm)
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Mold deflection induced stress

Mold deflection induced stress (von Mises)
Time = 68.62(s]

[MPa]

10?1.6I

2.879E-06

Autodesk:

SIMULATION MOLDFLO W®
e scale (300 mm)
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Clamping induced stress

Clamping induced stress {von Mises)
Time = 0.0000[s]

[MPal

12979I

Autodesk: —_—

SIMULATION MOLDFLO W®
R Scale (300 mm)
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Mold deflection induced stress

Mold deflection induced stress (von Mises)
Time = 1.079(s]

[MPa]

2627 l

197.0
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Clamping induced stress

Clamping induced stress {von Mises)
Time = 0.0000[s]

Autodesk:

SIMULATION MOLDFLO W®
INSIGHT Scale (1000 mm)
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What If the mold metal has a lower S-N curve?

Number of cycles
= 1.000E+20

Number of cycles {log10)
1.000E+20 =20.00

7 .500E+19

5 000E+19 |

2.500E+19

Autodesk:

SIMULATION MOLDFLO W® Scale (900 mm)

Autodesk:

SIMULATION MOLDFLOW®
T Scale (300 mm)
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What If a higher clamping force applied?

Number of cycles
= 1.000E+20

1DDDE+2E1'

7 S00E+19
5 000E+19 |

2.500E+19

Autodesk:
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Number of Cycles (shots) in log10 scale

Mumber of cycles (log10)
= 20.00

20.00 I

15.95

Autodesk:
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Approximated Range of Cycles, In log10 scale

Approximated range of cycles, log10 scale

Min-max = 0.0000

Autodesk- —_——————————

SIMULATION MOLDFLOW® Scale (100 mm)

AU Autodesk Unitii
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DISCUSSIons

« Validation cases needed
« Mold fallure cases, where and when the failure happened
« CAD model of mold and part
» Process conditions
« Clamping setup In the injection molding machine

« Any suggestions are welcome
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