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About the speaker

Mason V. Myers

Mason Myers is a Principal Implementation Consultant
and has been with Autodesk over 4 years. He is a
Certified Moldflow Expert and currently works with
Moldflow customers to implement and adopt
simulation software. Mason has experience in both
the thermoplastic and thermoset industries. When
Mason is not running Moldflow, he enjoys spending

time with his family, woodworking and hunting.
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James Kubli

James Kubli is a Technical Support Specialist and
has been with Autodesk for over 9 years. He is a
mechanical engineer and currently supports
customers with structural and fluid dynamic

simulations.
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Autodesk Pro Bono Consulting

Through Autodesk’s Pro Bono Consulting, employees can apply their expertise

to solve a critical capacity building challenge with some of our most impactful
customers

Pro Bono Team Projects

1:1 Pro Bono Consulting
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Hurling 101

National sport of Ireland and oldest field game in the world
» Considered the fastest game on grass, Hurling combines skills of
Lacrosse, Field Hockey, and Baseball

» 15 players per side competing on a field that is 140 meters long and

90 meters wide

« Majority of the players use handmade sticks "hurls" made from Ash

to move a leather stitched ball ("Sliotar")

« Points are scored by hitting the ball through the uprights (1 point)
or in the goal (3 points) which is defended by a goalkeeper




Traditional Ash Hurl Composite Redesign Hurl

Usually 60-90 cm in length and 0.5 kg 2-piece construction with inner “core” and outer composite
“skin”

Attempting to match weight of traditional ash hurl
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Additive MFG

Structural Structural Flow & Thermal Molding Processes Composite
Mechanics Architecture Analysis Materials

Optimization
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Autodesk Simulation Capabilities

Structural
Mechanics

Molding Processes Additive MFG

Optimization
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Moldflow Insight

* Mold filling simulation software for design and manufacturing
* Thermoplastics and thermosetting materials
 Various molding methods can be simulated

* Provides results such as filling patterns, fiber orientation, shrinkage,

and deflection
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Inventor Nastran

 CAD-embedded finite element analysis software

e Linear and Nonlinear Stress

* Dynamics

e Heat transfer




Helius AME & Helius PFA

« Helius Advanced Material Exchange/Progressive Failure Analysis

 Map Moldflow results to FEA

« Composite failure analyses

* Direct FEA integration

PFA

Fiber orientation tensor
=0.7806

0.78086

0.6688

0.8570

044352

0.3334

kubli_ mwm_hurling_stick_3d_1000~1_1
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Fusion Simulation

'360

- Integrated CAD, CAM, CAE, and PCB Software

« Static Stress

* Modal Frequency

* Thermal & Thermal Stress
» Buckling

* Non-linear Stress

* Event Simulation

» Shape Optimization

0.1886 Max.



Netfabb

* 3D Printing Software from Design to Manufacture
» Build preparation
» Design optimization for additive manufacturing

* Simulate thermomechanical properties during printing (metal only)
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Best Practices for Using
Multiple Mesh Formats



CAD Files Supplied to Autodesk - Meshing

STEP file of 3D Scan Stl of 3D Scan Mold Plates.xt
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Fusion360 Surface Reconstruction to Solid CAD
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Meshing in Moldflow

 Native CAD and STEP files work best
« IGES and STL files can be meshed with less automatic mesh features
» Clean, water-tight CAD preferred

 Various mesh types available

« 3D preferred given molding technique and export to Helius PFA




Meshing in Nastran

« Accepts a wide range for file formats

B2 Mesh Settings ? w
 Tetrahedral mesh used for solids —

e Clean CAD meshes fine with defaults corctori: RIS
Settings

[ ] Continuous Meshing

(for solids only merges nodes on perimeter)

Generate Mesh

QK Cancel




Meshing in Netfabb

* Triangle mesh utilized
 Lattices and skins can be derived from mesh body

* This mesh used in designing supports, slicing, or simulation

Name: Kubli - MM Hurling Stick Core
Part generation
Mew part name: Kubli - MWW Hurling Stick Core (Exported)
Role Type Body
[ Trim (| Mesh Kubli - MM Hurling Stick Core
' Solid ﬂ Skin Kubli - MM Hurling Stick Core Skir
i Solid % Lattice Kubli - MM Hurling Stick Core Lat
Generated part type: Generate part mesh e

Generate Mesh

Mesh resolution: ' 6.951 in :

Blend distance: ' 2689 in :




Meshing in Fusion

* 3D Tetrahedral Mesh utilized
» Default settings usually ideal

* Extreme thin walled applications can be problematic

¥ Mesh Settings x
Study Type | Nonlinear Static Stress v 4 B simulations
Mesh [ Mesh ] Q Units: Custom
PN o _simuiation Modei 1 [O)
4 Average Element Size D @ Named Views
Modelbased Size (@) ——) D il Origin
19 10% D B Model Components
Scale mesh size per part [ -1 Study 1 - Nonlinear Static Stress
Absolute Size (O © @ Study Materials AT Z=5EEs =
= Losaceset [O <L 5
A Advanced Settings — — :
Element Order | Parabolic v| r——
Create Curved Mesh Elements E E —

M. Turn Angle on Curyes (Do, ) o D

10 &0

M ANt e Sz e R e ———

Small Large

M. A A e ——

Small Large

Minimum Element Size (% of average size) |2I} |

oK Cancel




Comparison of Existing vs
New Hurling Stick Design




Nastran In-CAD on Ash Hurl

Displacement || TOTAL ¥ || mm ~ Stress v || SOLID X-NORMAL STRESS ¥ || MPa ~
4,057 4.775
3.888 4.381
3.719 3.986 4._,,.«:*"’“""*\\
3.550 3.592 JE \\\
3.381 3.197 ! \’
3.212 2.803 :
3.043 2.408
- 2874 | 2014
- 2,705 &= 1619
__ 253 B 1.225
2367 — 0830
2197 . 0436
~ 2028 0.041
1.859 -0.353
1,690 -0.748
1.521 -1.142
1.352 -1.536
1.183 -1.931
1,014 -2.325
0.845 -2.720
0.676 -3.114
0.507 -3.509
0.338 -3.903
0.169 -4.298
0.000 -4.692

Ash Hurl - Displacement Ash Hurl - Stress



Current Prototype Compression Molding

1

Top Mold Plate

—

arbon Fiber Prepreg

—

Carbon Fiber Prepreg

Bottom Mold Plate



Moldflow Compression Molding

Initial Charge 3D

Moldflow does not simulate charges placed on top and
bottom of the core, so /2 model was simulated

>~




Moldflow Compression Molding

Fill time Fiber orientation tensor
= 0.7500]s] = 0.9528

0.9528

[s]

0.7500

0.8237
0.5625

0.3750 0.6945

- 0.1875 05653

0.0000

04361

Fill Time Fiber Orientation



Since FEA loading was asymmetrical, a full
model was simulated in Moldflow via

Injection Molding

A 45% Long Carbon

Moldflow Injection Molding

Hiber Filled PA6 material

was selected from Moldflow’s existing

database



Moldflow Injection Molding

Fill time . . .
= 1.007[s] ljboéggglgntatlon tensor

[S] 0.7806
I1 007
0.6688
0.7553
05035 0.5570
0.2518 04452 '
0.0000

0.3334

Fill Time Fiber Orientation



Moldflow Analyses FEA Nastran Analyses

Typically completed independently of FEA Typically completed independently of Moldflow

Limited material database compared to Moldflow



Traditional Nastran with Generic Material

Stress * || SOLID VOM MISES STRESS ~ || MPa ~
Displacement * || TOTAL * || mm * 3,055
7226 3.791
6924 3,626 &___:ﬁ.#**""‘*h%\
6.623 3.461 ST \*%
6.322 3296
6.021 3131
5.720 > 966
5.419 -
L | 5118 2637
—_ 4B17 W .o
__ 4516 _ 2307
__ 4215 N ...
__ 3914 -
3613 1.813
3312 1,648
3.011 L 483
2,710 L 318
- o Min:3.115E-08
2.107 0,989 b Min:3.115E-08
1,808 0.824
1,505 0.659
1.204 0.494
0903 0.330
0.602 0.165
0.301 0.000
0.000

Generic Material - Displacement Generic Material - Stress



Fiber orientation tensor
=0.7806
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Moldflow Analyses FEA Nastran Analyses

Stress, fiber orientation, and weld line _ : Nastran file is also populated into Helius to accept
properties can be calculated in Moldflow and the modified material properties

passed through Helius

Nastran is simulated again with Moldflow

material data




As Manufactured Nastran In-CAD Results

Displacement v || TOTAL ¥ || mm ¥~

0.020
0.020
0.019
0.018
0.017
0.016
0.015

| 0.014

"

0.014
0.013
0.012
0.011
0.010
0.009
0.008
0.008
0.007
0.006
0.005
0.004
0.003
0.003
0.002
0.001
0.000

Max:2.035E-02

Moldflow/AME Material - Displacement

Stress || SOLID X-NORMAL STRESS ~ | MPa

e

3.796
3.476
3.155
2.835
2.514
2.194
1.874
1.553
1.233
0.912
0.592
0.272
-0.049
-0.369
-0.690
-1.010
-1.330
-1.651
-1.971
-2.292
-2.612
-2.932
-3.253
-3.573

-3.894

Max:3.796

Moldflow/AME Material - Stress



Summary and Future Work

Multiple tools may be required to accurately simulate simple and complex
analyses

Autodesk Pro Bono program benefits customers and employees

Limitations on versions and supported analysis types

Incorporate Netfabb Core through Moldflow — Helius AME — Nastran In-CAD

Attempt to simulate 2-piece bonded parting line
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