Geometric Optimization in 2017: A First Look

By:
Mike Garrett, Toledo Molding & Die
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The Part, The Problem

= Half-scale Air Cleaner part made of Glass-filled PP.

= Typical Challenges:
= Warp.
= Sinks on A-side.

= Designed in Autodesk Inventor by everyone’s
favorite Moldflow celebrity.
= GOAL: Use Geometric Optimization tools to change
thickness of various geometry features in order to
|mpaCt warp and sink. IV
| [SIT R T I Geometry
. i /Nodes' \Beams E%I_,Inserts .f ‘
- US|ng MPI 2017 R2. Crlaéte‘LCS £ Curves - 5\ RunnerSystem O Mold Block | iy I\%y ] :
Q Regions ~ = Cooling Circuit SimStudio Tools| CAD Surfaces
Local Coordinate System ’ Create \ /—T—\Normal v N
x|
aske I—\oos % BOX +1mm perimiter seal Vector
i EEE - [ N

[%] from INVENTOR file

B{éﬂ%’étion, all effects:Deflectio
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Bringing in the Inventor CAD directly into MPI

Local Coordinate System |

Tools

Create Modify

x|

Modify CAD Surfaces - Yector F3 - E]

[f Apply ][‘ Close H? Help I

4 Input Parameters

Select CAD

faces: F281 F282 F28: v

Fillet and
chamfer faces: v

Preserve shape of filet/chamfer faces

Vector(x, y,2): 0500 mm

[ saveraD Modiication...

4 Selection option

real <No property set>

Filter: Any item v

QR0E

£ Layers
4[] Mesh Nodes
[[J&= Nodes on feed system
4-[/]£3 Mesh Blements
[Y]= Beams on feed system
(3 CAD Geometry
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Geometry edit has failed!
7ll Please try adjusting the CAD face selection, reducing the distance value,
separating the total move distance into a number of smaller move
operations, or checking the CAD model geometry quality with other
CAD software.

Could add 0.5mm to the
first two ribs, but third rib
failed (both sides).
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Lets Check the file in CAD Dr...

I Category Errors  Sev...
Short curve 5 Critical
Sliver face 1 Critical
Loop with self-intersection 8 Sefi..
Surface with small patches 1 Seri..
Curve with short segments 7  Sefi..
Edge interference 29 Sefi..
——
Edge used more than twice 0
S E— Missing face 0
m Gap: Edge and base surface 0
Py Gap: In loop 0
Short curve 5 Critical Intusecting bops o
Sliver face 1 Critical
Loop with self-intersection 8 Seri...
Surface with small patches 1 Seri.. uRREEE
Curve with short segments 7 Seri.. - =
Edge interference 29 Seri.. 2
= T i .

S | CADdocto Sam)
Q File Edit View Check Modify Create Analysis Geometry Verification Window Help

Dodvyue o2 X @O [Hal® @k s B-$- 20|
%SmartFilter [+

Main i

Structure | Work target
N
& Translation - In: Parasolid

category st || (€] out: [Moldfiow uDM ~
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In many cases, this error can also resolved by
correcting errors in the category “Loop with self-
intersection” or "Intersecting loops"”.
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Inventor file > CAD Dr (Cleaned only) > UDM file 0
- Moldflow

Something horrible happens.... ...Lets ask Autodesk and forget this one.

Also... “UDM is a surface file, SDY file holds the solid. ”
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Inventor file > CAD Dr (Cleaned only) - SDY file
- Moldflow

Local Coordinate System J Create Modify J Selection v l Properties I

x|
Tasks | Tools

Modify CAD Surfaces - Yector F3 - E]

Could add 0.5mm

to the first two ribs,
- g Dbut third rib failed
e e > (both sides).

[ Save CAD Modification... ]

IJ Apply H* Close H? Help ]

» Input Parameters

Select CAD

fnee F142 F334 F346 +

Fillet and
chamfer faces: v

Preserve shape of fillet/chamfer faces

» Selection option

<No property set>

Filter: Any item v

Geometry edit has failed!
‘_IA Please try adjusting the CAD face selection, reducing the distance value,
separating the total move distance into a number of smaller move

operations, or checking the CAD model geometry quality with other
CAD software.

Bevie*EE* =
Z

Layers
4[] Mesh Nodes
[[]&F Nodes on feed system
M [/]C3 Mesh Eements
D‘ Beams on feed system
> -[Z]E2 CAD Geometry

AUTODESK'

MOLDFLOW' INSIGHT Scale (100/3.937 mm/in)
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Inventor file > CAD Dr (SIMPLIFIED) - SDY file 0
- Moldflow

ooooooooooooooooooo m

All four ribs could be
thickened by +0.5mm.

Success.
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Back to CAD Dr: What was “Simplified”?

- -
Main o

[ structure | Work |

Jeff says:
“Model Simplification

" Parasolid N
w; Moldfov: UDM - has been a
Feature Num  Threshold ~ * recommended practice
Fillet 9 00.75mm... fw\ .
Mergeable Faces 4 5Sdegree(s) /\ fOI’ meSh pl'epal‘atlon
Step 3 0.2mm(s)
N, Chamfer 0 10mm(s) :
W ’ Max Radius = 0.254 [mm]
Generi s) >
Groove 0 10mm(s),... B \
Boss/Rib 0
Boss 0 0-10mm(s...
Rib 0 10mm(s), 1
Sheet Hole 0 10mm(s)
Projection 0
Logo 0 1mm(s), ... b
Unbendable Curves 0 20degree(s) il
P22 w)
Navigation )

X2

4 Intersection Curve Tool
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How thick can we go?

MOLDFLOW SUMMIT 2017

Outer two ribs cannot be
thickened more than +0.5mm.
Error result.

Inner two ribs can apparently
be thickened as desired. In this
case inner ribs are +2.0mm.

NOTE: Ribs could not be
shifted 2.0mm all at once. Had
to shift them 0.5mm at a time.
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Thicken the Perimeter Flange?

eeeeee

Modify

ppppppppp

llllll

llllllllllllllll

faces:

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

~ Selection option

MOLDFLOW SUMMIT 2017

MPI| was able to easily shift the
selected surface shown +2.0mm.

The surface shift brought the
adjacent radii/fillets with the selected
surface flawlessly.

Success!
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Thinned Corners?

Local Coordinate System Create

Selected all four corners of the inside of
Modify CAD Surfaces - Vector  F3 v@ .

PRl RS TeT the part, assigned -1.0mm surface vector.
- Must select and move each surface
separately, or tool will move all surfaces to
Vectarls, y.2): 1 mm

the first surface’s direction vector.

Could not shift rounded adjacent corner.

Mesh Thickness Diagnostic [mm]

4.000

Resulting thicknesses are not exactly as
intended, but they are surprisingly usable
as a first “what if” investigation.

Note how it also undesirably shifted the e © S
adjacent wall -0.5mm. |
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Extend the Rib Height? @

nnnnnnnnnnnnnnnnnnnn

MPI cannot extend all ribs as
shown here. Error result.

aaaaaaaaaaaaaaaa

Appears to be an issue with
being able to grab the fillets
at the ends of each rib and
shifting them all in Z.

~ Selection option

o v =EEEE

g

pi

Mesh Nodes
[[J&= Nodes on feed system
4-[Z]E0 Mesh Elements

[V Beams on feed system
» [1E3 CAD Geometry

SEn|
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Extend the Rib Height?

+ Input Parameters

iiiiii

lllllllllllllllllllllllllllllll

+ Selection option

cvxEEER

Layers
4-[Z1E2 CAD Geometry
[ sample SIMP CADDR_SDY
Mesh Nodes

P[] lo
[ Nodes on feed system
4 -[/]E2 Mesh Elements
[Z7 Beams on feed system

MOLDFLOW SUMMIT 2017

If the fillets are left out of the
selection, the tool fails to extend
the ribs the +5.0mm. However, it
will extend the ribs +1.0mm, no
further, but with obvious surface
errors. Not usable.

Appears to be an issue with the
port cut-out in the ribs.

Cannot extend the ribs more than
1.0mm.

Unsuccessful.
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RESULTS: Longitudinal Ribs +0.5mm

|3 BOX as designed

[€ BOX +0.5mm ribs

[y
Deflection, all effects:

Scale Factor = 3.000

[mm / {in]
0.8157/ 0.0321

0.6117/ 0.0241

04078/ 0.0161

0.2033/ 0.0080

0.0000/ 0.0000

AUTODESK'
MOLDFLOW' INSIGHT

MOLDFLOW SUMMIT 2017

:Deflection

Shrinkage compensation(G) = (0.615, 0.436, 0.869)[%]

Location 1: 0.4345[mm]

Location 5: 0.7754[mm|
N

Location 2: 0.4346[mm]

Location 4: 0.7505[mm]

Do O
Deflection, all effects:Deflection
Shrinkage compensation(G) = (0.582, 0.458, 1.151)[%]
Scale Factor = 3.000

Location 1: 0.4188[mm]

[mm] / in]
0.8048/ 0.0317

Location 5: 0.7428]mm] [N

NN

0.6036 / 0.0238 8

04024/ 0.0158

0.2012/ 0.0079

0.0000/ 0.0000

Location 2: 0.5004Jmm]

[ Location 3: 0.5037)

Location 4: 0.7173[mm]

X
Thickening the long-direction ribs +0.5mm had minimal impact on warpage.
J I4751 L J 151
Scale (100 /3.937 mm /in) 3% ':,%TL%?EE'S, INSIGHT Scale (100 /3.937 mm /in) jg
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RESULTS: Longitudinal Ribs +0.5mm

% BOX as designed o |3 [ = |% BOX +0.5mm ribs (= @
(3] P Oa (3]0 On

Sink marks estimate Sink marks estimate

Scale Factor = 1.000 Scale Factor = 1.000

[mm] / [in] [mm] / [in]

0.0619/ 0.0024
( I

0.0464 7 0.0018

I 0.0611/ 0.0024

0.0458/ 0.0018

0.0203[mm]

0.0188[mm] 0.0250[mm]

0.0304
W 4

b

0.0153/ 0.0008 > i 0.0155/ 0.0008

0.0000/ 0.0000 0.0000/ 0.0000

Thickening the long-direction ribs caused slight increase in sink mark risks.

L ) \\X L ) .

AUTODESK ) 4 AUTODESK . 4
MOLDFLOW' INSIGHT Scale (100 /3.937 mm/in) 63 MOLDFLOW' INSIGHT Scale (100/3.937 mm/in) 63
Ready E", Logs Thermoplastics Injection Molding | Ready E, Logs Th lastics Injection Molding
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RESULTS: Longitudinal Ribs +2.0mm

[%' BOX as designed = |[@ |52 ] | & BOX2ribs+2mm 2ribs+0.5mm fola ==
Ll P O
Deflection, all effects:Deflection Deflection, all effects:Deflection = -

Shrinkage compensation(G) = (0.591, 0.4
Scale Factor = 3.000

Shrinkage compensation(G) = (0.615, 0 AZGaSeaed
Scale Factor = 3.000

[mm] / [in]

I0A7776/ 0.0

[mm] / [in]

I0.8157/ 0.0

0.0000/ 80000

Thickening the long-direction (3.9mm at base) ribs caused minimal warpage impact.

L 1 1 1 1 1 1 1 1 J ﬁ -168 L 1 1 1 1 1 1 1 1 J
AUTODES -17 AUTODESK’ -17

ESK . .
MOLDFLOW' INSIGHT Scale (90/3.543 mm/in) 7 MOLDFLOW' INSIGHT Scale (90 /3.543 mm /in) 17
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RESULTS: Longitudinal Ribs +2.0mm

[mm] / [in]

'0.0611 / 0.00,

0.0000/ 0.0000

AUTODESK
MOLDFLOW' INSIGHT

Ready

0.0209[mm]

0.0193[mm]

0.0138[mm]

0.0206fmm]

[mm] / [in]

I 0.0634 /7 0.00,

0.0000/ 0.0000

% BOX as designed o |[-E-|E3a] | (¢ BOX 2ribs+2mm 2ribs+0.5mm o [&]=
[E] P O [E]Ps 02

Sink marks estimate Sink marks estimate

Scale Factor = 1.000 Scale Factor = 1.000 _

-19
15 AUTODESK 15
Scale (90/3.543 mm/in) 7 MOLDFLOW' INSIGHT Scale (90/3.543 mm /in) 7

£ Logs  Thermoplastics Injection Molding

Ready

[ Logs  Thermoplastics Injection Molding

MOLDFLOW SUMMIT 2017

/\ AUTODESK.



RESULTS: Perimeter flange thickened +2.0mm

|% BOX as designed

R BOX +2mm perimeter seal

[mm] / [in]
0.8500/ 0.0335

06375/

04250/ 0.0167

02125/ B

0.0000/ 0.0000

AUTODESK'
MOLDFLOW' INSIGHT

MOLDFLOW SUMMIT 2017

Location 2: 0.4404fmm]

Location 1: 0.7339[mm]
=\
Location 3: 0.4330[mm]

Location 4: 0.4680f

-
Location 6: 0.0973[mm]

[mm] / [in]
0.8500/ 0.0335 0.1748]mm]

0.6375/
04250/ 0.0167

02125/ B

Location 2: 0.5521[ ’

0.0000/ 0.0000

(4.5mm) had significant warpage impact.

Thickening the perimeter flange

(= [E& =]
ba O ba On
Deflection, all effects:Deflection o Deflection, all effects:Deflection
Shrinkage compensation(G) = (0.615, 0.436, 0.869)[%] { e Shrinkage compensation(G) = (0.590, 0.520, 0.706)[%]
Scale Factor = 3.000 0 Scale Factor = 3.000

A

Location 1: 0.2386f

Vé30 1
1 TODESK:
Scale (100 /3.937 mm / in) 2l oS mstenr Scale (100 /3.937 mm / in)
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Thinned Inner Corners -1.0mm

06750/

045007 0.0177
Location 4: 0.4380[

0.2250/ O

\ ‘ Location 5: 0.7766[mm]

0.0000/ 0.0000

R BOX as designed E r" BOX thinned corners o @
P o P O
Deflection, all effects:Deflection o Deflection, all effects:Deflection
Shrinkage compensation(G) = (0.615, 0.436, 0.869)[%] | = Shrinkage compensation(G) = (0.526, 0.622, 0.895)[%)]
Scale Factor = 3.000 <0? Scale Factor = 3.000
l\
@)
[mm] /in] N [mm] /(in]
=
0.9000/ 0.0354 e 0.9000/ 0.0354
:.ﬁN
| \
log
@

0.6750/

0.4500/ 0.0177

0.2250/ 0N

Location 2: 0.6813[mm]

0.0000/ 0.0000

Thinning the inner corners (~2.5mm) had minimal impact on flatness warpage but

the part.

did increase warpage on the gate side of

—
MOLDPLOW INSIGHT Scale (100/3.937 mm /in) -

MOLDFLOW SUMMIT 2017

T .
:A%L%?:Eg';v- INSIGHT Scale (100 /3.937 mm /in)
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Real Part #1

= Using a SDY file, cleaned in CAD Dir.

= Was able to thicken the first 3 horizontal ribs
by 1.0mm, failed on next few rows.

= Had to select one face at a time for shifts.

= First two ribs shifted one direction, but third
row had to shift other direction.

= Successful? Unsuccessful? Tedious?
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Real Part #2

= Long, flat part that has two thinned inner radii
extending down the entire length of part.

= |tis believed that these thin-outs increase
warpage in the part, among other potential
defects.

= Can we locally thicken the radii using new 2017
tools?

AUTODESK
MOLDFLOW ANSIGHI}
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Real Part #2

= Could not modify the target radii down the entire length of
the part. Some sections did thicken with apparent success,
some would not.

= CAD meshing then failed due to errors caused by the
manipulation of what surfaces could be shifted, so an untidy
STL mesh completed.

= Appears even if it did shift all desired radii, it would also
thicken and blend-out the adjacent walls (see red areas).

= |t made no difference if CAD was also simplified in CAD Dr
or not.

= Unsuccessful.
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How are things in 20187

|

|
ropese . Better Respect for Geometry and Features
S ;\-// \\

Let’s start with a si

Geomet
b Scale (210 B

TODESK
Qauomrmw INSIGHT
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What about our Sample Air Box Cover?

Properties

Local Coordinate System

Tools

Modify CAD Surfaces - Yector F3 - E]

[I Apply Hx Close ”? Help l

2018.0 Attempt on 4t Rib at 0.5mm, SUCCESS!!!

08 F142 F334 F34 ~

Preserve shape of fillet/chamfer faces

Vectorlr,y,2): 0500 mm

Geol metry edit has failed!
A b rde ghCDf selection, reducing the dist
separ: g h tal move dist: toanumb of smaller move
h cking the CADmod el geometry quality with other

EEvE*EE-E

Layers
4[] Mesh Nodes
[J&= Nodes on feed system
4[] Mesh Elements
[¥]&7 Beams on feed system
> [Z1£2 CAD Geometry

Scale (100 /3.937 mm/in)

AUTODESK'
MOLDFLOW' INSIGHT

-7 |

ey AT R R [ R k= o 1 |
evious Attempt to Modify 3" Rib, Failed AUTODESK  nsighr| NOTE: 2018 attempts done without CAD Dr! 1

AUTODESK.
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And what about the rib height?

The angles faces are
showing some distortion
from the modification.

Using a
setting of
1mm, the rib
height is
extended,
let’s call this
mixed
sSuccess

AUTODESK’ I
MOLDFLOW' INSIGHT Scale (100 mm) 13
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MPI 2017 Random Thoughts @

= Wish: Create dual-domain mesh first, THEN shift walls with Geometric
Optimization tools and elements move with it.

= Better for ‘real life’ parts that require post-meshing cleanup.

= Better for doing split screen comparisons when all nodes are same number
(anchor points, examination).

= Limits data that can be exported and shared with CAD or Design

= Material database: Resin suppliers! Put your resins in the database so they get
updated with every release!
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Conclusions ®

= Geometric Optimization tools in 2017 are intended for quick “what if” scenarios
Involving quick geometry changes.

= | am reminded that “Insight is not a CAD package”. The tools can be powerful, but
are somewhat unpredictable. They do not always work on all features, and may
not work as intended when they do move geometry features. Make sure to check
what else as been unintentionally modified!

= The more ‘isolated’ the geometry or face being changed, the higher the chance of
success.

= Play with the “vector” and “Normal” options, and the “preserve fillets” checkbox.
= Use a SDY file, not a UDM file.

= How have the Geometric Optimization tools improved in 2017.37? Orin 2017 v.4
(aka 2018.0)? Maybe!
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