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When to use simulation?

Moldflow Summit 2018 il
Schneider Electric Implementauon of Upfront / JL It has been focused on problem fixing and problem avoidance rather than trying to create

Historically, simulation has been used to drive troubleshooting and validation, rather than
design.

Simulation with Moldflow Adviser truly optimized designs.

Silvestre Cano

Rheology Domain Leader | Schneider Electric
Justin Courter

Designated Support Specialist | Autodesk
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Project Life Cycle

» Generic

» Transactional
Tooling manufacturing, Traditional Support

Complaints from Clients,
On-Field problems

> Reactive
» Fix Problems

Cost of Making a Change

» Personalized

. L > M 9
Enterprise Priority anage
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» Proactive
> Reduce Risk




The Enterprise Priority Difference
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Moldflow Summit 2019

General Motors Moldflow Case Studies
The Good, The Bad, and The Ugly

Aaron Leonard (General Motors)

Sr. Manufacturing Engineer | aaron.leonard@gm.com
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INTRO - APPENDIX E8 COMPONENTS

Exterior

Interior

Rear Bumper Wheel Liner

Floor Console Hard Trim——
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THE GOOD - DEFINITION




General Motors Case studies

THE GOOD - EXAMPLE 1
Item: Gate M &l 8! valve GateE §& M EH A

General Motors Case studies

THE GOOD - EXAMPLE 2
Item: Q5 MOt 123}0] & Z S/H K| O

Goal: Q@& ZI0|= £0|1 weld line= £t

Floor Console

Instrument Panel Fascia Door Trim

Part: 7| 7|ZH(Instrument Panel) 2| EH|O[ L]
Result: H O|X| Qf= G A0 weld line 22
0.00 9’
0.00
0.55

1

1

2

3 1.97
4 2.42
4

4

S

2.42 ;
2.42 b _Lic
2.62 C D

Goal: Wweld line / Airtrap 22| Sl 281 7 71 M

Fascia Lighting Housing

General Motors Case studies

THE GOOD - EXAMPLE 2 (DETAILED)

Part: 2-Shot Headlamp Lens
Result: Gastraps HiZ & + U= FYUO 2 0|&

Part Original Revised
2nd %{'wt

Cannot Vent

I<ED&C

www.ednc.com



General Motors Case studies

THE GOOD - EXAMPLE 4

Item: Optimizing Cooling by Various Techniques

Goal: YWZIAA Gl 9 & 7|

General Motors Case studies

THE GOOD - EXAMPLE 4 (DETAILED)

Part: Rear Fascia
Result: & 2 23} 30% 7 M

Thermal Conformal Thermal Cooling

Insert Cooling Insert Optimization

by

General Motors Case studies

THE GOOD - EXAMPLE 3
Item: Applying Mold Compensation (Windage)

Goal: OIZE 20| (fS517| o B Y 4+

Lighting Fascia Structural

Manufactured Measured

general Iviotors Lase stuaies

THE GOOD - EXAMPLE 3 (DETAILED)
Part: Interior Structural Part

Result: HE G872 M7 K4S 24

Moldflow Warpage Add Windage Final Warpage
00 e

*Warp Up 1Windage Down

== Final Results-MNear Net

T<ED&C

www.ednc.com
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General Motors Case studies

THE BAD - EXAMPLE 1
Part: Lift Gate Trim

Issue: MoldflowO| Al C| HHEO| 0| =%/ O L} HFHGHX]| €

Large X-Axis Warpage Gap and Flush Issues

['nml
n 55

6778
l Do12e

THE BAD - EXAMPLE 1
Solution: Major Part Changes

Result: 574 Gl AEY J|M O Z 13mm El0|Al 5smmE 42

BTN o ickness and

Styling Change

Clip Interference $25,530
Tower Height $18,525 8

Part Thickness and
Styling Change

*Does Not Include GM’s Internal Cost and Time
**Took 140 Days to Identify Problem

$57,250 21

General Motors Case studies

THE BAD - EXAMPLE 2
Part: Structural

Goal: MoldflowOf| Al C HAO| Of| Z | U 2 L} B

A —

Deflection, all effects Z Component -
Scale Factor = 1 000

LESSON LEARNED
Tip: Deflection 2110 ==

= )

EPOENET

Revised: B B HYS HIol7| #l3l Tis 3.1 #30 =7t

Defection, all effects.y Companent

Deflection, all effects:y Component
Scale Factor = 10 .00

shrinkage compensation(G) = 0.600[ %]

[mm] Scale Factar = 10.00 |mm]
.6.014 .2651
2 966 1115
-0.082 -0.431
3,150 Shrmkage 1978
._6178 Compensation .am
| Use Tool Shrinkaae Rate Do Naot Take—

JKED&C

www.ednc.com



THE BAD - EXAMPLE 3

XY K10 A Hf K|
Result: J1&H 2 XH|X| £ 11 2nd Weld line K| H =

| Item | Cost__ Days [HHNININ

Solution: Gate =7}

Mold Change $170,000
Resin Piece Price™ $10,800
Punch Cost” $250,000
Punch Piece Price” $679,200

*Does Not Include GM’s Internal Cost and Time

~Cost Required to Make Good Part Was Unexpected New Weld

Filled Hole Line Location

GCENERAL MOTORS 33

VUSHSIWE IVIVIWI Y WEH9S JLtUUMISS

LESSON LEARNED
Tip: Path Plot= AF-8910] & 2 9l 20l

)

Revised: GD&TO|| CH®t TIs3.1#31 Bt A2 =8 7t

Z-Axis Warpage

B
g —
7 e

g

O 0O & NONBBO
A
:

s 3 g

General Motors Case studies

THE BAD - EXAMPLE 3

Part: Rear Fascia

Issue: 2" \Weld line 2544

Weld Line

0 Degree

'|350

1013
67.97

\ 3385

01376

SHEAMA XNE
2IH A 1mmE &2

Solution:
Result:
s . s R s
2 Windage Iterations  $60,000
Multiple Tryouts $4,000

$64,000*

*Does Not Include GM’s Internal Cost and Time

s
—
——

» 274 Windage Attempt

K e
y
n’\

““~\

15t Windage Attempt

Original Tool

S<ED&C

www.ednc.com



General Motors Case studies

Tip:

LESSON LEARNED

Moldflow= Al K| HEA|AH |2 7t 5Tt sink B2

Revised: TIS 3.1 # 20 Sink mark X| & 74 &
Boss 1 1.3 2.3 3

T WTTTT

Pin

wws00'0 [1]

General Motors Case studies

Part:

Issue:

[2] 0.005mm

[6] 0.000mm

[4] 0.009Mmn
[3] 0.009mn

[5] 0.002mmn

THE BAD - EXAMPLE 4

Rear Fascia
Sink Marks S

Mid-Plane Sink Mark Depth

¥ T 00595[mm)

General Motors Case studies

THE BAD - EXAMPLE 4

Solution: Removed Ribs

Result: Z|H XN|AHEZ &%t Sink Marks X| A

|__ItemtoFix | Cost | Days| Removed Ribs

Mold Change ~$25,000 (32 Places)

*Does Not Include GM’s Internal Cost and Time

() LESSON LEARNED
Tip: Weld lineO| A £ = BEH ZH&E
Revised: ZIH L J|&= HF QH|IO|E

Top View — Before Weld Top View — After Weld Section View
Hard ]
Weld Lines == = e
Soft e il kil

Weld Lines - s

Review Velocity in Addition to Pressure, Temperature, and Angle
——————

T<ED&C

www.ednc.com
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General Motors Case studies General Motors Case studies

THE UGLY - EXAMPLE 2 e THE UGLY - EXAMPLE 1B
Part: Fascia Part: Long Fiber Interior Part
Issue: Sink Marks 2f 44 Issue: Longfiberl| 4 ME A= & 0= AM2ld &4
Final Report Measured Part .
No Sink Mark Identified ~0.044mm Deep Sink Mark MFR Communicator Log Error ARD-RSC Model
.’ | Mid-Plane ;’:':..‘35g::“;f.;gg:gg"::°:,:2::.:?::":::.:“:..::':’;::'::‘::::’;‘., the e 5,
¢ Cozinuin, analysis with the selected Fiber orientation model. .
*2019H M O| 20| = Fiber Orientation M 0| =X| 2d HE0| =3 LA S
General Motors Case studies General Motors Case studies
THE UGLY - EXAMPLE 1A e THE UGLY - EXAMPLE 2

Part: Interior Part

Issue: J[EOF S 0=

Solution: Core €5 E X0 &7 E 7|2
Result: Sink Marks Al| A E!

TtemtoFix | Cost | Days|

Mold #1 Change $25,000

12,956 psi

- P Fo.00+ A - .
- Sl . o f = 1.401(s)y § 89 33('7:]9 Syshem Prossurs(Nozzke Prassure & Packing pressurs MO'd #2 Change $25,000 7/ s 0 —: 525000 e *
(1L 8 M) [CLITWT S AN T 3 { . = I g —
e N Total | $50,000"  ~30 [l / e
. ' 1 : 67 50 ik [, " ’ . T, k i —7 « 7
::l;,_....‘ . ‘: ‘ ‘;: =X lo- 6000 Does Not Include GM’s Internal Cost and Time Weld Core,” ol

SKED&.C

www.ednc.com



General Motors Case studies General Motors Case studies

THE UGLY - EXAMPLE 3

LESSON LEARNED Part: 3-Shot Tail Lamp Lens

Tip: 3D A& 22 CHol AHN Ol HLA

Issue: Sink Marks 224

Similar Part

Revised: TIS1.0E 3 & 27 At 7 M

Volumetric Shrinkage Volumetric Shrinkage

158 Before Change 1646 After Change i
" 15t & 27 Shots
Black
Clear
i
-
General Motors Case studies General Motors Case studies

THE UGLY - EXAMPLE 3
Solution: L QIO| Wh7tM AESZ O] =) 2 =T}t o) LESSON LEARNED

A | [}
Tip: O|SAE M &0 O|SAL=5t= ME3SAE) 7t
Revised: ZE| 4F = E 0| CHet TIs 3.1 K7 Al =7t

Temperature Volumetric Shrinkage 3D Sink Surface
- Sink Mark

=

Z44 4
l les:s.

2208 e
I4,295 After
‘ Ils?: |‘:Js=

2 14n

Result: Sink marks X 7 =

Mold Change $60,000 |“’6

$60,000* | ~30 JRUN

*Does Not Include GM’s Internal Cost and Time

T<ED&C

www.ednc.com



General Motors Case studies

. THE UGLY - EXAMPLE 4
Part: Door Trim Speaker Grille

Issue: Mesh typeOll (2} Weld line 2 44
Initial Moldflow Final Moldflow
Dual Domain Mid-Plane Molded Part
Weld Line

No Weld Predicted

Tip: A0 18 2220 =HIE Shape factor AHE
Revised: Phase 4 Moldflow0]| Z 2ot 3D 0| | S A =2

; = _ Volume of Area Mesh Shape
Equivalent Thickness = 5 5c " i Area i "W
Grille Contact Area Mid- Must -
Shape Factor = R e o W
p Model Contact Area Plane Calculate I .,A..IIV
‘:ﬂ:“*";“‘:““’"ml = Dual Cannot W W
Eomoonttickooss 35 o @100 Domain  Simulate TR ad
Shape facor 2 @00)
S Auto
ok || camst || hew Tetra
e e s i Images Courtesy of Matthew J. Jaworski and

' ) CORRELATION - PROCESS DETAIL

e Over Predict Over Predict
. Gate Freeze \ ‘ / Pack/Hold Time

- Large _
Over Pressure
Predict
/Varlatlons LT

;;} R R [ S

Under
Predict

Clamp Total Part
tonnage Weight
|gram)

1005
[Transfer v/ Mek Temp Water Inlet Water Inlet  Fill Time Gate .nk-'HuIl Hold Cooling Cycle Time

Max V/P
Pressure  Swatchover Cawty Core Temp Freeze ime Pressure® Time

% Temp

[ Phase 4A [ Phase 4B [0 Phase 5

CENERAL MOTORS 35

General Motors Case studies

THE UGLY - EXAMPLE 4
FH S7H AL AHOIE 0|5

Solution:
Result: Weld line &&= 5! B2k 7 M
| ltemtoFix | Cost | Days | Mid-Plane With
Mold Change $10,000 Correct Shape Factor
Tryouts $2,000 Weld

o s2000 | a0 7

*Does Not Include GM’s Internal Cost and Time

SKED&C

www.ednc.com



IS Bl [2F =2, 271 A Bl [¥]
=& ER7E Case study e A= H& | g7[X|H NERES
i i el 3 S8 7
Casel~5 |Gate M% 2 Valve GateS S5 x|of | Weld line / Alr tr?ﬁ),\r e
., | Case6-9 | RS Tt mefsto §F S Hof |Weld e /AIrtrap B2 XS
Coo A OS> 3 &ad A E
EHof| HF S HjZ= 3 2 9/= o ,
=o' Caselo |03 trap= HEOEET me SHEE Air trap 22| & Vent &2
Case11~13 2 o= = ad0 924 28 9EA2 24 X+ 4
Case14~17 d2 244 S ag /M =8 25 Y3t 30% M
MoldflowO{A CH HAHO| O FE/A2 |FH X AEHL |22 13mm 2 0f| A
Case' L stastx] ete | SmE ZA 10.1 43 T5 2y i
Caser | MoldflowOll A B HHO| G|FERIS | AEAZ HESHO 11Tmm ZOM 1mm| 40 |GD&Tol BE E8 =
Bad A0S -> 38 & =9 A Lt BHASHA] Qi 24 : 7t
xtof OjEHY THL xHiX|, A O|E Z=7}3510 2nd 2nd Weld7|= #ZE ¢
= — . HFAH o , = T = ™ d
Case3 2nd Weld line ‘&4 Weld line ®| 7 &l 1.1 50 0| E
Case4 Sink Marks 274 2|2 HAHE S Sink Marks XA 2.5 20  [Sink mark 7|& XH9
CaselA e 4 o S8 = YHESHK| %2
Casel1B gl o MEY ZAX Long fiber2| &M A& &K
. _ . _ 2z = AbSH 7
Case? Sink Marks 244 Core 22 E 8T FHE 7|2 5 30 =< = Qj\f e M
APE Ol = =7t =
Ugly = . o o Yo WM AM=EES| FHE St HE| & =E0f Cist
Case3 Sink Marks =3 SHOd T A= 6 30 =7}
Case4 Weld line 248 =9 S92 Ho|E oS0l AT | 12 | 40 | Shape factor & 3D

IKED&C
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Case study : General Motors ED8C

“ “AkS Xt St ol 800JHJt = At

A ZAAE 2E0| AT,

General Motors= Moldflow Summit 202501 M Applying Windage

at General Motors[GM2] S&}| X E]0Idl= FH=Z EHUSULCL J1X11 9131 Autodesk Moldows
Windage= 230|LI &2 dAHIE [, AlE T 2M0l= HA S 11d 2010 AAHS XIWOID UL
Ol @XE F= 28 AS o0IZULEL F2 &Nl 8 2 20E0  GMSI Ligi Sr. Manufacturing
A SHO M=o X=E HAO0P)] fol 2 HZE Al 2XHOffset) Engineer

= Oidl 2Fol= FEHIE 20iot= AULL

THEH2E dHOIAHH :

d3H02 Windage M E& {0HAM = 201

OF OI, IS NIAS N0l ASOHOF & (=, SIS0l FI0I= SRS MAT 2, 48 SR 39
o\ Ve S T PSR RSy Rk E VLB b INER B
—r y O ™1 - T = =X
Moldflow E=E HO|0lH, 72 I  iiiimis 5h
AOHOF BHUICLXIS X! JfAKaizenS [ ! ] A R D
=101, AutodeskOlHIE Moldflow & Yooyl Sirel =0 e 8 Tl am
JEX] HHE S0 B0 Sl A0 EZOIES =

g oA JIsS MME QEUSLULL Olgidt
HAHIXQI M2 E S0l GM2 Windage X
89 it Si2totl AsUL.

THAS UE.



»2 AUTODESK

[ —“JGM Windage Values
- — V]
. Process :—,'a
Qi

Moldflow Summit 2025:
Applying Windage at
General Motors

=D conclusion 2026 CELESTIG

= ) aME =5

GENERAL MOTORS

Li Qi ( General Motors)

Sr. Manufacturing Engineer | living.qi@gm.com

Moldflow Expert Certified

No Windage — Example 2

Part: = Exterior Lamp Part: |REXterior Trim

Result: = Numerous DOEs, Material Changed Result: = Cooling fixture, Numerous DOEs, New Tool with Windage Both Ends

Moldflow i Cooling | Chrome

Analysis Process Fixture Plating

Moldflow Analysis Molgi%tglgmléiggess Assembly

SKED&C

www.ednc.com



‘ Windage - Example 1 Windage - Example 2

Part: = Exterior Rear Lighting Optic Part Part:  Exterior Battery Charge Port Door

Result: | Added Windage to Achieve Near Net Design Dimensions Result: | Added Windage to Achieve Near Net Assembly Dimensions

Moldflow Warpage , Add Windage e Final Warpage Moldflow Warpage Add Windage Final Warpage
\ X E \Isse ;agr: 4 Windage
(6mm Up)
| Windage \ [N @4 A e e B
\I\//I:I;laﬂrgw Moldflow
Design Warpage
: 2 (1mm Down)
}/\éag;:n%o)wn \(Aémedrangni)Up mm  Final Results Near Net Warp Down Windage Up Physical Part
' ' (7mm) (6mm) v (2.7mm Down)

a Windage — Example 4

Part: Exterior Grille

Windage — Example 3

Exterior Rear Lighting Housing

Result: Added Windage to Achieve Open Molding Window/ Near Net Assembly

Result: | Added Windage to Achieve Near Net Design Dimensions

Add Windage Final Warpage Moldflow Warpage Add Windage Final Warpage

Windage
Moldflow
vs Part

Design

‘ Warp Up v \(A{'r?]crlg?e Re mm Final Results Near Net
Warp Different Direction Windage 8 locations mm Final Results Near Net (2.5mm) e
(up to 3mm) (up to 2.5) JKE D&C

www.ednc.com
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Case study : St dit)|E%8H 1A | —

St M A=A A|AUM= 0ICI% Ml Moldflow User Conference0il “
M "AIEAY CAE OHAMOIM THE SA0| OIXl= g8 AR"0ldl=s =

HE EEVUSUL AMSHs= 218t 882 838+ XX HISSE

Mt MAEIS NSO SA Zapxd £ 9% 2910 LRIME WE “omu
SAM0] S0l Ot R0 SRAXNE NFEXZ0| 1S HSS M )1
ZO0= AIF), 92 29101 HEEI= AIFUM S4 HO™0| Wil

S2g KIOI ATWSLICE

AIEd3 AEYI0[M0IM 88 X2 AXE 82

o= Ao - w
25 SE0HHE - Ol SIOHAE &K SHE T HIOIEES J|we

-
o
zJﬂ
H
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