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Cast-Designer V7.4

» (Cast-Designer V7.4 is a major release version. It was released on May 2019.
With more than 20 new functions and 200+ bug fix since Cast-Designer V7.3.

New module & , CDPE, ParaCAD

Multi-Scale simulation, Global-Local model, Post solver, New gas model

Full CAD driven automatic optimization (Gating system, ParaCAD)

Powerful tools & Mould box, Chill generation, gating system wizard etc

CAST-DESIGNER | www.c3p-group.com
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W Manufacture
Production

1 2

Quotation
Prepare

CAE Analysis

~ Cast-Designer Solution

3D Part
DFM Check
Quotation
Prepare
(Material) 102" ap e &
CaSt- DeS I g n '. CAST-DESIGNER™ =
Manufacture 5 IE GERER
CAE Analysis
(FEM + CFD)

Production
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Automatic

Optimization
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Geo-Designer Supports High Quality Mesh Model

I A new mesh generator has been used in Geo-
Designer to support big model with high quality

surface mesh.
I Flexible mesh parameters to control the mesh

size and quality.
Radius checking

0.1

Dizstance Deflection
15

Angular Deflection

) Surface Mesh

@ Geometry Mesh

Boundary Box Size
X range: -197.000 to 147.230 dx: 344, 22

Y range: -210.985 to -19.620 dy: 191.3E
L range: —503. 860 to 22280 dz: 531.1:

5. 000 Mot 5.0
Region mesh 5

Minimum Edgze Size

2D surface mesh
CAST-DESIGNER | www.c3p-group.com

Maximum Mesh Size
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HPDC Gating System Design

I The HPDC gating system design wizard Gaingoysem o HPOC ==
has been redesigned with more detail ki s A

Design | | Weight of casting (ka) v| 11967 Total volume 7283332406 mm~

inform ation . m' [ eight of overfiow & gas system i) »| 173 Part + overflow weight 1367 kg
. Ingate | |yyecht of gating system (kg) »| 381 Percentage yield of casting 68.46 %

design

u Y|EId ratlo ; Number of cavities 1 Projectedarea 2313.83  an®2)

‘ Runner [¥] Automatic filing time design

U Projection area B T
o MR PE e e T et = Bl
U Machine selection wizard B <= s i e
(1 Plunger diameter selection L= = e
U 3" phase start and stop time and — m:d:m:'im =
Sl | e
U Export to Excel report for process s o T G| | T T .

d eS i g n Plunger speed {mfs) &.22 4.16 0.38 782.34 297.29

Max. lodaup force (tonnes) 2200 Q | | speeduptime(s) Speed-up stroke (mm) HS time (s}
| 0.01 2.7 83.94

Accum. pressure (MPa) 15

Shot cylinder diameter (mm) 240 ‘

Intensification ratio  2.01

3rd FL time (g) 3rd phase start (mm) 3rd phase stroke (mm)|
|
| 0.01 669,20 20.80

B

|Gcﬂerahe || Preview || Back |

‘o

Chr stian CAST-DESIGNER | www.c3p-group.com
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High Pressure Die Casting

Gating system for HPDC

Information of casting

= s

Designer Wizard

Gating system design sheet

— = Information of casting
Cassting material type | 4] - Total weight 17.48 kg Castng materal type A W&E& 40000 |
- Weight of castng 11.57 7] Number of caviies 1.00
Design | [Weght of castng (ka) v| 11867 Total volume  7.283332406 mm~3 T e e el Tk e
shest = s = Werht of gatng 381 ,: Tarl + overliow weight 1 a-er =
! [weight of overfiow & gas system (ka) = 123 Fart + overflow nesht 1367, ||k | [Average wal thokness T30 | | [Ferceniage yien od castng e |
Ingate [Wad\l of gating system (ka) ] 381 Percentage yield of casting 68,46 % [Percent scid when the die = Tied 1185 Toial projeci=d area 2313.53
: Number of cavities 1 Projected area 2313.93 an®2 Filling ome design
Runner [¥] Automatic filing time design esEnce time 8837 area 1800.48  |mo”
| -_— Min, filling e 8228 8 Gate depth 2.5
- = Average wal thickness 4.5 men | Calouator s | M= Tliing fime 11587 |ms | [Gate wdith G402  |mm
runner Percent solid when the de s filed 118 % [ Fowfector || | [vemstyatgae W [ | [Gewmow Moz s
Velocity at gate min 25.00 TESSHTE MM 208
Shack Reference filling time 88.82 ms EI Gate area 1603.2 mma2 Velocity at gate 40.00 mjs | [Velomty at gate wax T T T 200
absorber |
d Min. fillng time 62.17 ms Gate depth 2.5 mm Velocity at gate min 25 mfs
) P-() diagram
Options Max. filing time 115.47 ms Gate width 641,28 mm Veloaty at gate max ] mfs [ Informating of die casting
Casting machine type | Tokd chamber
Metal flow 64.13 Lfs Pressure min .08 MPa Pressure max 12.00 MPa machne | ["+]
Sysiem User ﬁ
Information of de casting Flunger dameter 189,00 180.00
2 2 7] sic e Max castmg force 834.00 B34.00
Castingmachne type [ Cadchanber ] [ otchamber | ¥ Autamatc process design oo
Casting pressure (MPa Clamping force margin (%) | |E—— nicd L
Targie Selectshotmachine. MC2 ol o | [ eeies T EE
8.0 5.00 [Accum, Prassure 17.00
_— Shot cylinger dameter 250.00 mm
Plunger diameter (mm) 140 140 Speed up ratio Fillng ratio (%) Hiscvit height (mm) TrienslTication fane 20
't T A L] P e e
Max. casting force (KN) 678.24 678.24 9,60 67.59 10 |
—— Process design
Shot sieeve length (mm) 700 [700] LS(phase 1) {m/s) LStme (ms)  2nd phase start (mm) g preasire [ &z [
Plunger speed fm/s) 8.22 415 0.38 782.34 207.29 [Cog e reon e Location - Speed
35
Max. lockup force (tornes) 2200 | B ?-o Speed-up tme (s)  Speed-upstroke (nm)  HS tme (ms) ;f': s e
Accum. pressure (MPa) 15 i 0.01 22.70 83.94 30.00 28 |55 ) O A
= 085 ¥ Ul
Shot cylinder diameter (mm) 240 wdFLtime {s)  3rd phase stact {mm) 3rd phase stroke (mm| (X3 i
2rd phase start 357 58 15
IE‘ Intensification ratio  2.01 0.01 569,20 20.80 e [ m= 1 |
Spaed-up stioke 19.15 as ._._._.._.__._._._j !
- - - - | spesd tme 8408 [ms
[ Generate ] [ Preview] ] [ Badk ] (30 EL time 501 Q 1
NET] phase start 85410 me o 00 400 &0C 80
) Trd phase stoke 1550

ml
1 ‘o

Chir slian
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High Pressure Die Casting Designer Wizard

P-Q diagram:

e

Shot machine lﬂlm
Manufacturer: | DEMO - - -
T hambepiype -m Hot Description: mMc3 M1 MC2
il | "t | T — —-
Max. lockup force (Tonnes): 2800 2800 2200 BE aw IR
= e L B E
(s} Description Accum. pressure (MPa): a8 17 15 \ -
a2 ma Plunger diameter (mm): 160 150 140 ! \ E
73 mMc2 | ST Y
Shot cylinder diameter (mm: 250 50 240 %
Shot sleeve length (mm): 700 700 700
Max. plunger speed (m/sec): 4.26 822 822 /
Intensification ratio: 242 201 20 "
Projected area (cm?): 2313.03 /./'.
; L
Filling ratio (3): 51.749 51.749 67.591 | =1
Casting pressure (MPa): 57.900 B3.423 88,604
Clamping foree margin (%) I 51224 29724 5.002 I

CAST-DESIGNER | www.c3p-group.com

Online casting machine
comparison and
selection.

U Filling ratio

U Casting pressure

U Clamping force

margin
U P-Q graphics
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High Pressure Die Casting Designer Wizard

=

Sleeve shot calculation ol Shot machine &M
Weight (kg) Volume (L) Ratio (%) % for phase Il Manufacturer: [YIZuML = 4
Gating 381 1.5875e+06 21,796 0 - h .
Casting 11.967 4986249.813 68.461 100 Chamber type: gﬁ;?e( Description:  DM1250_100
Overflow 1.703 709583 9,743 100 Chen_Fong
e T T g Galagicpeasss Max. lockup force (Tonnes): 1250
1D DescripDEMhO Accum. pressure (MPa): 16
Sleeve length | 700 mm  Effective length 700 mm | Speed-up time 0.01 s 440 DMA400 F‘ecl
Hishinuma Plunger diameter (mm): 100
Plunger diameter | 140 mm Flling ratio | 67,59 % 3rd FL time 0.01 5 441  DM400 IDRA
442 DMaop ltalpresse Shot cylinder diameter (mm): 240
i i Jeng_Fong
Volume (L) Speed (mfs}  V used (m/s) Time (ms) Length (mm}@ L (mm) Position (mm) 443 DM100 Kawaguchi Shot sleeve length (mm): 910
3rd phase stroke 0.320 - 10 208 6§59.2 444 DMI0O ; =
. Max, s 8
Phase II 5.696 416 416 83.9 349.208 310 445 DM100 N;‘"f’"a' - RIIGHr apesd Sivaoc
Oleopress - E .
2nd speed-up stroke 0,335 . . 10 218 288.2 S o Y Intensification ratio: 1
Phase I-1 4436 0.38 02 1441 288.2 0 0 A s raka
F Phase 1-2 0 0 0 0 448 DM125 TOSHIBA Projected area (em?): 3449.5
- 449 DM125 TOYO
Ph. - e :
2 ase I-3 0 0 o Pararﬁ]eters for 2nd PRI TIBE] 12 Technology | Filling ratio (%): 10.844
Fl Phase I-4 0 0 o 51 Dm12s YEE
4 1 :
Phase I-5 0 0 0 rd U Casting pressure (MPa): 92.16
phase and 3" phase a2 omesPS,
Clamping force margin (%): 73.733
¥ With vacuum system and vacuum valve capability 453 DMI6S\yIZUMI 2 H
454 DM1650_130
Small {1.5L/5) | Middle(3.5L/5) Big(6.5L/s) @ Very big(9.6L/s) () User defined |7.1 Lfs 455 DM1650.140
— - 456 DM1650_150 P-Q diagram:
Vacuum Min time (s) Length (mm) Speed (mfs) Time (s) Result
457 DM2000_120
= Level 1 1.256 288 0.2 144 oK 458 DM2000_130
= Level 2 0.570 -1393.2 01 -13.8 NG 450 DM2000_140
460 DM2000_150 = Sele 1
@ Inlet velocity curve 7 Piston moving curve
I Preview curve ‘ lExportcurve l Cancel Add more CaStIng maChIne
- 4+ 41 [ iy )
ro-rhenarapace
TU T IC Uataioto©

111}
1 ‘w

Chir slian
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I Anew option for gating
system generation method (as

default one in V7.4).
With this method the gating

system is easy to make
Boolean operation and fillet
radius, this can improve the

gating system quality.

Gating System Generation

11

[Lcenerate | [ prevew | [ sek |

CAST-DESIGNER | www.c3p-group.com
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ParaCAD: Die Face Engineering

Part preparation
@CAD cleaning
@Solid to shell
@Tipping

@flange/ hidden flange

Die face meshing
@DExpress mesh
@SPW powerful mesh

03
.
Fill part hole
@Fill holes

Binder & addendum
@Binder creation
@Addendum line and
surface generation

@Fill inner patch

2B — CAST-DESIGNER | www.c3p-group.com

S OFTWARE

13
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ParaCAD: Die Face Engineering

Add more features to profile

Die face design

Addendum line design

N Easy and rapid creation of high-quality CAD surfaces
N The customizable standard approach to process design including all operation types

N A consistent methodology for CAD quality die face design
14

N Significantly enhanced productivity
CAST-DESIGNER | www.c3p-group.com
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ParaCAD (Toolbar)

Wire to profile

Addendum face

(Sl

Brotle Profile editor e Bldeniace
Database translation
Standard CAD functions
a8 N . C ¢ & & G| C w9 | 08 O 0 -0
Extr. Revo. Pipe Patch Wire Face 5Shell Solid | Tran. Rota. Mir, Scale
B B B B B | . p P S S B
COnly  Mouse CAD Grid  Mode |§Rule. Fil. Sweep Sect. | Comp. Fillet Cham. Proj. Offs. Fuse Cut Comm,

J—— —
—

= Chir slian
rrrrrrrrr 1

CAST-DESIGNER | www.c3p-group.com
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Sew Bead Box
™ & 0

Embo. Asse.  Cyli.
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Mold tools box

;;;;;;;;;;

Mould tools box [ =
| Guidelinesl —~ Parting lines or proﬁ|e| ﬁ Parting faces | Care
Generate in
[[] Generate boundary faces of mold
Control points
Parting line: ’Cl v]
Waorking plane: l Xoy l [ YOz ] l X0z l
Center Boundary box
X 137.621 = U 400 Ha: 102.004
Y. 374431 5 [I]E Vi 300 Hb: 102.094
. a43s82 |2 =
d % v = Vertex
V3 141988 48608 & = X: 124268 °
V4 141701 464438 5 v: | 26875 = [En L
Vs 14175 359.677 5. = = -
= £ Z 380.872 =
V6 142.144 264784 | b
V7 137717 263299 5 m Direction
va 124999 261441 3+ 2= e
® o B
Vo 125.089 274342 30
V10 135064 356.655 3 ﬂ it v [/]E
Vi2 141876 48742 3 [ -1 2 =
< i » ﬂ -
Apply | | Close ]
4N < W
-y me
W ..h BT
s/ X = Chir slia

CAST-DESIGNER | www.c3p-group.com

A special mould tools
box is designed to create
the parting line and
parting faces.

The parting line could
extract from the existed
CAD geometry.

It is also could be used
for sand core generation.
This function also could
be used with ‘ParaCAD’
together.

17
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Smart Chill Design

e 1 cChillsmart design is based on the casting alloy, chill material, pouring
% | [pelal| | Del Ghlname: [ 1 |
= — = i temperature and the EMDI value.
| o i ki 1 Ahigher EMDI value also needs a bigger/thicker chill. The chill smart
o design mainly affects the chill depth/height, the length/width of the
| . o - [ chill could be adjusted by the user as the EMDI distribution.

| Chil dstribution range (angle): (360 |

i@ommmws 1 |Ochidstance | 30
e® o8 o@
i = :
| Length(L): | 166.663
| Smart
| Width(w): | 166.663 | design
| s
| Height(H): |_135.93-s 5
. Draft angle(a): |U st
i Rotation anale(B): io T
< > | [ Auto adjustment
Generate Preview Detad ekt Back
: -
PP Y - - :
B 4 -7-
Lx3 3 | chiisian CAST-DESIGNER | www.c3p-group.com
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Batch Chill Design and chill layout

CAST-DESIGNER | www.c3p-group.com
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Generate Conformal Chill

Smart riser x
Modeling Riser design  Chill design Chill generation  pParameter
Designed chill list Generate chill drectly

Chil_1

chil_z

chill_3

Penty depth |0 Generate
Generate conformal chill
Chill_4_con
Penty depth |20 Generate
Geometry objects Attached base part (Solid / Skl
Chill_Carbon Casting
Chill_smal
chil_steel
Compound 1
gate_1
gate_2
Riser
Generate al
Generate Detai ecit Back

SO FTWARE

Standard Chill

Conformal Chill

CAST-DESIGNER | www.c3p-group.com

I Both Smart Chill Design
and general user
environment are
supported the conformal
chill design. The user
only need define the
base part and the
penalty depth.

21


http://www.c3p-group.com

Shape CAD

I A new function called Shape CAD could cut the CAD from given shape while the

Boolean operation was failed.

[shaped cap [o
Generate in
result
CAD cbjects  Base part
[bex Solids
Solids
Shaped part
MName X ¥ z
box 180 420,922 417.848
Tools part Tools part & shaped component
;
Kept zone
X 180 =
2 be: ¥ 420,922 =:=- B
z 417848 =
Generate
Shaped result
&Y <3 ED
L9233 i i CAST-DESIGNER | www.c3p-group.com


http://www.c3p-group.com

Cast-Designer V7.4

/.

CFD Solver



YL LN
N\ i
~ A ™
AT
]
s v

SPW for Meshing

r T
Smart Process Works sz =[S}

[ Assign ] iTl . Objects operation ‘

Type Object Description

Part [C] SolidS

Holder

Process in formation Stamping d

Auto layer treatment: ||

ze: Z v
Auto smocthing: V]
=)
ned

Die clearance: iz Pre-defi
Geometry mapping: /! Automotive
Fillet radius: 0 l -coﬂsum?ﬁi]
" Draft angle: 5 Electr
Min element size: 3
Max element size: 5 Adisrer selip

| Import H Export Generate Jl Close

Chir slian

I SPW could use for 2D surface meshing, the meshing
with good geometry description.

I Itissuitable to generate 3D mesh for stress
simulation.

I The small gap and surface overlay also could be
treated by SPW automaticlly.

CAST-DESIGNER | www.c3p-group.com
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CFD Solver

Cast-Designer CFD Solver

Numerical control parameters
General
Initial time step  1e-05
Flow
Minimun time step  1e-07
;M.{'E_. J Maodmum time step 1
Sensod Time step growth factor 1.5
Advance-1 Courant number 0.9
Advance-2 Maximum cydes of the run 12407
Reference pressurefbar) 1
Terminate by time (sec) 10
Advance CFD functions
Simlate piston maving
" Active gas model
Flow front result plot
I Gate color []Fiow length ~ Flow fronts
[7] Advance filter simulation (Beta testing)
[&] Turn off fiow function [_:"‘ 1
oK
Cancel
-
-w
i
= Chir sl

More options have been enhanced

to the CFD solver.

When to turn on and turn off the
CFD solver, it could be controlled by
a time depended curve.

The maximum velocity also could be
controlled by a curve or a value.

Turm off flow function

1.2

1.06

08

075

06

0.45

0.3

015

105 225

=

COrdrate:

CAST-DESIGNER | www.c3p-group.com

Cast-Designer CFD Solver

Gereral

|| Active viscous calcudation
Pouring
Slip algorithm at mold wal
@ No sip () Free giip As calculation

Projection inear solution (flow)
Linear sohver method Egﬂ!‘ 'l

Pre-condition method |ssg( =
Pre-condition steps 2
Relaxtion parameter 1.5
Convergence citerion  0.05
Maximum iteration 500
Stopping criterion um 'l
Wiscous inear solver
Linear sohoer methad |_Fanes - |
Pre-condition method [rme v_'|
Pre-condition steps 2
Relaxtion parameter 1

Convergence oiterion  0.02

Stopping criterion [LiEllAlbll -

Centrifugal calculate freq. I

I o

i

Maodmum velocity (m/s) |

25
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CFD Solver (Advance Parameters)

R

Cancel

- o
Cast-Designer CFD Solver &
General Advance parameters for flow solver
Flow Discrete ops type | ortho -
Pouring Viscous implicitness o
Sensor Viscous number 0,167

Volume track sub-cydes 2

Body force impictness 0.

| Mass bmster

Mass limiter cutoff 1

Mechanical energy bound
@ Infinity (default) Value
Momentum solidify impictness
Krylov vector for linear solver
@ Default Value

Krylov vector for visco solver

@) Default Value

Smulation control

0

= oW
-

o

Chir sLian

More advance parameters have
been added to the CFD solver for
flow and thermal simulation.
The thermal and flow simulation
could be full coupled.

The robust of CFD solver has
been improved special for the
final stage simulation.

A special technology has been
enhance to the CFD solver for
the last percentage filling.

CAST-DESIGNER | www.c3p-group.com

=
Heat transfer simulation

NOTICE: THIS VERSION IS A BETA VERSION.

Material properties:

- l:‘ Curve

Block fiow of sold range

Active density curve (Rho vs T)

" | Active phase change

Preconditioner for NLK
@ Hypre_AMG S50R

The number of V-cydes in preconditioning 1
Time integration method

@ Thermal & Flow (Non-adaptive BDF1) Thermal only (Adaptive BOF2)

The maximum iteration of NLK solver 50
Maximum NLK vectors 50

The convergence tolerance for NLK sobver  0.05

NLE vector drop tolerance  0.001

Volume fraction threshold in heat conduction  0.25
Absolute residual tolerance  0.001

Relative residual tolerance  0.001

| OK | Cancel
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Post Solver in CPI Setup

Cast-Designer CPI setup

News template

Gravity -> Standard -> Filling & solidification

Object define
9]
Object

Interface define

|E8 | Resetgate

Interface pair

The Post Solver has built in CPI setup also. It
could be carried out automatically in a single run.
The parameters were exactly same the

standalone program.

Information: Analysis

EEE @®
Type Data Gate Object
FEM Flow
Time
3600

Plot {By time step)

Temperature Veloci

Contral |
Result plot |
History plot |

all

[¥] Past solver define for simulation

Post solver define

Define

[ create &launch

Create Cancel

083 porosity s Reast plat
gas tempersare(C) andlast step
Findl sould temperatre(C) Flot i each ste
Filirg tmefaec]
Inital gas density(;
o

| Cabculatn Max, pressuce

7| Cakcubate oxidant

L= Cancal

LN
BN\, <
- A I\
T
~

‘ot

Chir sLian

CAST-DESIGNER | www.c3p-group.com

This option could be
used for AI-CAST
directly.

The history plot is
supported also.

The result filename will
be named in XXX-
post.EXOII


http://www.c3p-group.com

New Gas tools in ParaVIEW

——
s ﬂu@ 24 g I The ‘Gas’ button has been redesigned in ParaVIEW to

s check the node blocked gas mass. The inner node,
@ 5961 EneIT 5 .
outside node and link node could be checked alone.

.Y
BN, ¢
< A
< ot
- pmml
B w

Froperties

=
g
£
=
&
"

Froperties | View | Display ] Information |

Gas_Node_Mass_Block(mg) Magnifude
1.00000e-01

CAST-DESIGNER | www.c3p-group.com

+-0.090000
0.080000
0.070000
§.0.060000
£0.050000
§ 0040000
£0.030000
0.020000

1.00000e-02

28
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Cast-Designer Post Solver

The Post Solver is a new approach to analyze
the Cast-Designer result.
Treat the analysis result after the simulation to
generate new results
I CPU time and memory limitation during
the simulation
I Data search and big data analysis: study
the simulation results of several steps
together, only consider the result of one
step is not enough.
Functions today
I 1) Gasand bubble movement;
I 2) Mold erosion
I 3)fine front of the flow result

Cast-Designer Advance Post Solver

Post model

Simulation result file:

‘ : ‘ Result plot

@) First and last step

! Plot in each step

Gas & Mould

‘ @) Gas analysis

) Mould analysis

Chr stian CAST-DESIGNER | www.c3p-group.com

30


http://www.c3p-group.com

LN
BN, .

Tracking of gas bubbles during casting filling process

I If the gas bubble size is smaller than one element size,
the gas bubble will disappear in the general method,
the software could not track the bubble anymore.

I After that, it does not provide any information about
the size of the defect itself, because it does not keep
in account the evolution of the bubble volume and
pressure.

I Cast-Designer develop a new gas solver to track such
smaller bubble. With this method, each bubble, and
even the smallest one, should be tracked during the
filling, varying their size and internal pressure.
Moreover, they should influence the movement of
the fluid itself and eventually rejoin with other
bubbles.

wv/
]
‘o

Chr stian CAST-DESIGNER | www.c3p-group.com
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Tracking of gas bubbles during casting filling process

Cast-Designer Advance Post Solver = ®

General [ Advance gas poresity analysis

- Inital gas temperature(C) |50 [ Gas vent Delete al

g

Final mould temperature(C) | ¥ ¥ z 1 A |
Moudd Fling time(sec) £2.5811 186.2 -5.33305 3
174,737 277738 -0.045247 3
) -174,654 98.508  0.836529 3
Inital density(gh.
i = i -175.53 234596  0.253195 3
Inital gas pressurefatm) |1 -141.812 278.161  -5.41462 3
AR LA L = Gas_Pressure(atm)
Outside gas pressure(stm) |1 + 230071 -3.00207 3 we 4 AW B AT T e
< o oreaninsl |10 -138.589  6L1414 388918 3 L g e
SRR e pr | -138.842 151,253 -5.5654% 3
Blement filed criteria 0.9 -138,685 198,252 -3.76585 3
-102.604 165,906 -7.3122 3
Ignore nodes of dlemeats (0~8) |0 -101 38.266 -4.03074 3
— -95,3962 296,305 -5.44064 3
Mass factor of blocked gas | 50 102,568 175,186 6.31145 3
) : - [oa 104.974 834877  6.31145 3
Maximum mass of node gas(g) 104.974 45,4764 -5.50403 3
s | 134,954 718285  -4.80681 3
Load L 1 13705 15 3802 anaiTe 2 ¥
Save
[*] Gas lead time and oxident
[ Caloulate gas lead tme
Criteria fiuid factor | 0.3
[ Calculate Max.pressure
Generate
[A calculate oxident
Run Minimud flid factor |0 M Fressure

101325001 020265 030007 DADSI0 OS0062 060705 O700Z  OBIOE0 001197 101325eeD
LU UL LT

Maximum fiuid factor |1 R? W
Cancel

Maximum fill time to be ignored | 20

Advance gas porosity analysis interface
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Tracking of gas bubbles during casting filling process

\w

-

L]
ee
g 3
0w *

-

L ®

@ @

Gas_Node_Mass_Block(mg) - Gas_Node_Mass_Block(mg)
0.00e+00 0022 0033 0044 0056 0067 0078 0.089 1.00e-01 0.00+00 0022 0033 0.044 0056 0.067 0078 0089 1.00e-01
wllllllllll.l.l.IIIII|I|..|....|I.IIII.III NI Wl‘ AL ULV TV UL

I No experience is required from the user

I No need to check the filling process step by step to get a reliable
result

I Helping avoid the mistake during result analysis

I This method is very useful for the automatic optimization as a
criteria output.

Chr stian CAST-DESIGNER | www.c3p-group.com 33
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= Tracking of gas bubbles during casting filling process
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Gas_Node_Mass_Block(mg)
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Shrinkage porosity and gas porosity

CT result

Inner gas only

Gas_Node_Mass_Block(mg)
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Shrinkage porosity and gas porosity CT result
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Tracking of gas bubbles during casting filling process

CT result
Inner gas only - Inner +link gas
% y = *r;.: . .-_..v__.-.. + . I: ‘ *
o 4 'ﬁ.ﬁ % » ﬁ w

w ) / _’»‘}i..,
L Gaos_Mode_Mass_Block(mg) i & a“.:;- ’.Gc:stodechmeIock(mg)

001 0020 0030 0040 0050 0080 0070 D0S0 000 o1 J-q R D-CH 0020 0020 0040 0050 0080 0070 0080 0050 01

i e
T 7 i
Shrinkage porosity and gas porosity
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3
Shrinkage porosity and gas porosity
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Mold Erosion

Cast-Diesigres Sebvance Pert Gebosr

s fengerpirel] |56

I Mold erosion is considered as the high User input parameters:
velocity/high pressure and a high I Criteria velocity (m/s)
temperature of the casting/mold I Velocity vector
interface, also the lead time will be I Criteria temperature
considered. I Weight factor of velocity

I Resultlevel
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Fine Front

Cant-Diunigna: Ackurice Powt Scheet

e

S OFTWARE

In the Cast-Designer simulation, to save CPU time, the
mesh size and numbers were controlled.

Some times, we asked a more fine and realistic flow
result, in this case, the 'Fine front' function can help.
The 'Fine front' is a post-solver function, to use a
smaller size element, then pick up the simulation
result and enhance the flow of the flow front.

Nandactinst B 808
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The Concept of Global-Local Model

The Challenge of Simulation Large Casting Model

N In order to properly reflect the reality, we continuously
increase the modeling complexity when we simulate,
validate, or optimize our applications. A simple technique
to improve a model is to increase the number of
elements that in turn create more evaluation points.

N Even at today’s state of computation and processing
power, for some very complex casting model, i.e more
than 10 parts in one casting tree or gate, creating a
complete full casting model, detailed CAE model to
compute thermal, flow and stress is extremely difficult, if
not practically impossible.

N A new simulation technology called Global-Local model
was introduced to Cast-Designer.

CAST-DESIGNER | www.c3p-group.com
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The Concept of Global-Local Model

I Many times, we need to model a large structure
in order to properly prescribe the boundary
conditions. However, the critical part may be
local and occupy only a small region of the
model.

I Inglobal-local model (sometimes also called
submodeling), you first analyze the behavior of
the entire model. The mesh is chosen so that
the boundary conditions and loads are properly
transferred to the entire model. In other words,

the field variables, displacements, and I Then, cut the critical part out from the
temperature should give proper results globally, global model. The cut should be

but the derivatives, such as detail flow, may not sufficiently far from the critical point
be accurate locally. so that the results of the global model

give a good representation.
41
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Global-Local Model Operation -1
 cTEP.1
I

o st > e (] [ 1 Generate the Global CAE model as usual, using it for
2 ) | (%1 thermal and general flow simulation.

S:;nt :ﬁ:;};;ﬂ “%y:;:‘qz;%; Imhl:.?nshlp. Sh—-(x: - -

Gt | weom  coosmn I The mesh of detail feature need not too fine.

€1 _ring_3 Ag43Cus3 Casting / Empty 1095 £

Interface define Boundary condition

5 [ BEEE S I The flux-time curve will be used as boundary condition

Interface pair Tupe Data Gak ™ Object Tupe Information

Clring 3 <->Cl Mai.. E — C1_Mai.. velocty Zero Velocity Of the Iocal mOdEI.

Clring 2 <>ClMal.. E === Clringl Veocty  ZeroVeldty
Clring_i<->ClMsi.. E == Clrng2 Veocty  Zero Velocity
C1_Main_filed <-> Qu... 1000 7 Clnng 3 Welodty Zerp Velodity
e o
| process | Analvse _ Elements %
(O cFDsolver only (O FEM solver orly  (®)CFD solver couple to FEM solver
i 0,
T | Main 169,988 45.8%
FoW | [ Active geometry mapping, method: (@) By dstance () By projection runner
Sress e & e .
: 5 0,
— VENEIEREEG Grauba T Ring-1 33,224 9.0%
Dokt ] [0SRV Pt o g Pt Jtrie g Ring-2 88,120 23.8%
Hsteypot | Mesheeduprato (CPUme) [99 | % Clacove markpont ! .
ot = Ring-3 79,556 21.5%
00%  200% 400%
ol Dloreste alaunch carcel Total 370,888

s 3 o chiriiiai CAST-DESIGNER | www.c3p-group.com 42
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Global-Local Model Operation -2
 cTEP.o
I

Generate the fine mesh for the local model.

I The mapped inlet should be far away from the
detail feature to maintenance the accuracy.

I The local model will be used for the detail flow
simulation, special for gas porosity and filling

defects track.
| Elements |

| Elements
Ring-1 33,224 Ring-2 88,120
(Global model) (Global model)
Ring-1 263,436 Ring-2 593,373
(Local model)

(Local model)
CAST-DESIGNER | www.c3p-group.com
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Global-Local Model Operation -3
W crp 2
R

& w o »+ - @1 CPlsetup for local model. For each detail feature, one local
- h e W model is required.
S I Only the flow calculation is performed in the local model, the
e FEE & j _ EEE temperature result must refer the global model.
_ st C— Pick up the result of
—— o ———— RO global model set to
| R — R boundary to local model
il ———— m—
| — | ! Thenode velocity and
B | ionia 5] % Do S — : temperature could be
e e e | | —— = e j used to local model.
-
T Cox ] oo
=:: :; EE e CAST-DESIGNER | www.c3p-group.com
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= AI-CAST

To highlight the automatic optimization

i
LT e == Capability of Cast-Designer, we rename
oo | = wu the ‘Optimization’ to ‘Al-CAST".
= I Anew optimization method PSO has

Batch operation project type
o5
i il —
e e — 0

' been added to AI-CAST.
I DOE/GA/PSO

CAST-DESIGNER ™

06 ESWREE

ol View Dats sheet Quotation Report Mo

46
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Al-CAST PSO: Particle Swarm Optimization

I Particle Swarm Optimization (PSO) applies
the concept of social interaction to
problem solving.

I Itwas developed in 1995 by James
Kennedy and Russ Eberhart.

I It has been applied successfully to a wide
variety of search and optimization

problems. e 1 InPSO, there have been two
I InPSO, aswarm of n individuals ‘ basic topologies used in the
communicate either directly or indirectly N b literature
with one another search directions ’ﬁ"? . ! (‘R'.”ghg"pﬁ'ogé’ -
) 2 A : neighborhood o
(grawent?)- ES ,\ I -Star Topology (global
I PSOisasimple but powerful search neighborhood)

technique.
47
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Al-CAST PSO: Particle Swarm Optimization

.
. Swarm Influence

pi
[

Particle Memory
Influe nce

I Each particle adjusts its travelling
speed dynamically corresponding to
the flying experiences of itself and its

colleagues.
I Each particle modifies its position \
* ;’k ‘ Eu'r;c_n’t Motion Influence

according to:
I itscurrent position

I itscurrent velocity
I the distance between its current

position and pbest
I the distance between its current

position and gbest

48
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Al-CAST

Analysis result g Analysis result “
Result definition [peeat ][ & [+ J[ =] Resut definition Deleteal || & =
MName Extract result from object  Result type Time MName Extract result from object  Result type Time
Poro_part. Part Shrinkage_porosity_g 45 Poro_part Part Shrinkage_porosity_g 45
Poro_point Point3_A_R20 Shrinkage_porosity_g a5 Poro_paint Point3_A_R20 Shrinkage_porosity_g a5
Gas_porD1_IN Paintl_A_R20 Gas_Node_Mass_Blodk_In_g 45 Gas_por01 IN Pointl A_R20 Gas_Node_Mass_Block_In_g 45
Gas_por01_link Point1_A_R20 Gas_Node_Mass_Block_Link_g 45 Gas_porD1_irk Point1_A_R20 Gas_MNode_Mass_Block_Link_g 45
Gas_por02_IN Point2_A_R20 Gas_Mode_Mass_Block_In_g 45 Gas_por02_IN Point2_A_R20 Gas_Mode_Mass_Block_In_g 45
Gas_por02_link Point2_A_R20 Gas_Mode_Mass_Blodk_Link_g 45 Gas_por(2_ink Point2_A_R20 Gas_Mode_Mass_Block_Link_g 45
gas_leadtime Paint3_A_R20 Gas_Lead_Time_Out g 45 gas_leadtime Point3_A_R20 Gas_Lead_Time_Out_g 45
Name: Gas_por01_IN Result ist Name: Gas_pordl IN Result list
s e {Fiid fraction = e [Temperatire Max =
Fiow_Front A et ke class: Temperature Min - [i]
() Group " Solidification @ Flow Orides @ Group " Solidification " Flow Temperature Avg
Mat_Age Solid fraction Max
() Stress “) Micro-1 ) Micra-2 Flow_Length () Stress ") Micro-1 ”I Miro-2 Sofid fraction Min
Air Sold fraction Avg
Extract result from object: Velocity X Extract result from object: Fluid fraction Max
- Velocity Y s Fiuid fraction Min
Casting Viedocity Z Casting | Fluid fraction Avg
Gas_Venting Velocity Magnitude Gas_Venting Mat_Age Max
Gating Fill time Gating |Mat_Age Min
Wﬂgg- Pressure I“kgg Mat_Age Avg
e S | Color. Map overfiow . Flow_Length Max E
Piston led E Point1_a_R20 sty s Piston_fled [ => | Point1_a_R20 Hw_lx i
Skn PeakAccelerationForCareBlowing Skn Flow_Length Avg
Peak pressure for core blowing Shrinkage_porosity g
| Peak velodty for core blowing Flowi_Front_g
Compressible density
[hocactiog wiecnaty
y —— [ Gas_Lead_Time_Out 5
TR | Tes | | Gas_lead_Tme_In — aTioe... )
45 45
Max_Pressure
Pre-defined result and formula could be used in the Time! | | Oidant, PostSalver 2re-efined result and formula could be used i the Time'
ele, 8- tloce Foa:tut - | [ Gancel define.

'y

N\

£ W™
Ty mw
-h BT
< m
TWOARGE

Chir slian
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The ‘Analysis result’
page of optimization
has been redesigned.
The result of post-
solver has been
enhanced to the
optimization solver.
The ‘Gas_Node
Mass_Block’ could
be used to the
optimization for the
flow process.

Both node result and
group result could be
supported.

49


http://www.c3p-group.com

Al-CAST for Flow Optimization

N Thanks to the new gas entrapment technology and
post solver, the setup of flow optimization model
become very easy.

N Simple select a point to put a sensor on the target
region to monitor the blocked gas mass.

N Both the single node result and nodes group result
are supported.

N This is unique in the market today, and much better
than other criteria like total oxidant or contact
surface area etc.

2B — CAST-DESIGNER | www.c3p-group.com
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Al-CAST Parameter

¥ Al-Cast batch simulation & optimization

= | Result
™) General + Parameter o

,r o | chjective

D -

Project Parameters of DOE or batch simulation *
5N Hame Start walue End walue hecurac wiStep  Deseription
@ 1 EatioKl 0.8 1.4 0025 Kl = 5A / 5B
L - 2 Eatiok? 0.05 0.35 0.025 K2 = 5C / Sk
Model 3
L
O
= Alias variables (AV)
S/W Hame Aliasz varisble Dezeription
1 8711 PATIL
2 8171 PEITI
L h_ 3 2.983 Fasa3
Data Analysis 4 24,257 F24257
S Z2. 648 F22eds
] 21.801 P21801
T 20.731 F207T31
8 19, ga7 F1994T
g 18,534 F18334
n 16 AT1 FIRATY
Formula kst (Dne formula for one line) E Variable check Tips
[ S/H Fornula
‘ '& ‘ 1 AreaSA = 3100/ (1+RatioKl)
m 2 AreaSh = 3100-AreaSh
3 AresSC = AreaSh#RatiofZ
- 4 FaTIl = (Ratiof2<=0. 2)70: ((AreaSCt14 Ge14 G40 0975)/ (2514 6))
‘ H ‘ 5 SrB2 = AreaSCHD 813
T 6 FBITL = (SrB2+14. I¥14, 1%0, 08T5)/ (2¥14,1)
Save 7 583 = SeE2e0 913
& F2963 = (Sr83+13 5+13. 5«0, 0875)/ (2%13.5)
Creat g Srfle = SrE3e0.5
10 PZ425T = (AreaSA+2@29+0. 0BTS)/ (2#28)
‘ ‘ 11 Sr13 = AreaSix0, 93
Cose = maes.n im msisa ms s semme

o o
=
- paml

\w

Import text file from any 34 ASCII
editor. This is useful for complex
model with many line formula.
The space line, space and table

chart are support in the ASClII file.

‘Variable check’ to check the
variables definition.

Chr stian CAST-DESIGNER | www.c3p-group.com
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Al-CAST driven ParaCAD

dl

B Al-Cast batch simulation & eptimization lw
e 0 [wsam;l cm&m‘ Mesh ‘ Setup
"
Faect CAD geometry file + III
P e Part nane Contrel varisble Value File |
- part part.step
Model gating = = gating gacad
chil chill.gzcad
@
&
Run
Data Analysis
CAD gating pramets e =
Part name Cast type File format File
riser_cad HPDC dsn model_OPT.dsn
paraca d HPDC paraca d model_box_cyli.paracad
Import

= s

~ pam E
o g F
]

Chir slian

Al-Cast support both the gating system
design file and ParaCAD file. The automatic
optimization engine can drive the CAD
modification directly.

I ParaCAD could be used
for any CAD geometry
design. i.e. the casting
part, gating, riser,
standard components,
chills etc.

Several ParaCAD files
could be used in one
optimization.

52
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Multi-Scale Model

o

Magnitude scale

— Montecarlo
Molecula
Dynamics
Quantu

Mechanics

oL
ne
QO

N\a‘e"‘"’\ %
= >
Kinetic

Time scale
N
I E° F
S N O 101 s}
D 1 -
| |
) I
] | nat
1 - C
: -
"
! .
' 1
1
1
1
- L

Liquid metal flow in the mushy
zone, during solidification

Chir slian

Laun
Hr
[H]: Hi
O
$0um0 20LD
®

Schematic of micro-porosity formation
by numerical simulation

CAST-DESIGNER | www.c3p-group.com

Grain growth simulation
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Cellular Automaton (CA) Model

\w

Cellular Automaton (CA) is an algorithm that describes the
dynamic systems where space, time, and variables are
discrete on all sites of a lattice and local, global deterministic
or stochastic rules can be applied to each site.

A universe consisting of a homogeneous array of “cells” is
assigned at the beginning of calculation. Each cell is
endowed with a finite number of states and evolves in
discrete time according to a uniform local transition rule.
The rule can be seen as a function whose arguments are the
state at time t of neighboring cells and whose value is the
state of the considered cell at time t+1.

At each time step, all the cells “compute” their new state
and update the values according to the pre-defined
transition rules.

By iterating this operation, the evolution of the variables
associated with the cells is obtained and thus some physical
events such as nucleation and growth of solid are simulated.

Some cellular automata neighborhoods: (a) The 4-cell or
von Neumann neighborhood; (b) The 8-cell or Moore
neighbourhood; (c) the left- and right-handed hexagonal
neighbourhoods; (d) the 3D 6-cell von Neumann
neighbourhood; (e) the 3D 26-cell Moore neighbourhood; (f)
the 3D hybrid 10-cell neighbourhood.

55
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CDCA: Software Interface and Operation

LY
BN, .<

e | n Thetheory of Cast-Designer Cellular
R Automation (CDCA) was very complex and
e P with lots of parameters.
B N To simple the operation and user
T understanding, it was designed as template
“““““ = [————— ~ | style. The user is recommended to select
= N = the most close template to start the work.
. : N Material data is the key of the simulation
= with very limited reference. Before a
h simulation, the user must do carefully
studying of the CDCA material.
N All functions of CDCA were integrated to
= the unique interface, including the model
- coupling.
3 E:' i CAST-DESIGNER | www.c3p-group.com
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CDCA Application: Bicrystal Growth

LT
- lk 4 ? ﬁ‘.‘f f
S e SALIAIMNIG
888D 088880 1
077778 077778
-DLabss? 065557
0.55566 05555
044444 = 044444
EQMS =0333as
_§o_22222 o222
o Zomm
=D.000008+¢ o)

A k.

Time: 1.001000

Time: 4.001000

A wide range of axial orientations can
be produced during the directional
solidification of highly alloyed Ni-base
superalloys depending on the
efficiency of the competitive growth
mechanism.

In a second generation Ni-base

superalloy such as CMSX-4,

: misaligned grains may deviate by up
- to 15° from the <001> orientation as

Time: 6.001000 Time: 8.001000 Time: 10.001000 illustrated in the right.

S7

\w
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CDCA Application: Bicrystal Growth

Time: 8.001000 Time: 8.001000 Time: 8.001000

Time: 1.001000 Time: 5.001000 Time: 10.001000

3 Cinit — Initial concentration:
58
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CDCA Application: 3D Cube - Solid Fraction

Solid fraction olid fraction solid rruclrion
1. {'lIII]e
" 088889 l 0.88889 lo.e.aaae
077778 077778 0.77778
0.66667 = 0.66667 0.66667
 0.56656 £ 0.55556 £ 0.55556
= 0.44444 - 0.44444 B -0.44444
£0.33333 £0.33333 £ 033333
£0.22222 0.22222 £0.22222
IEI_‘.:III Iu.mn ICI.IIIH
0,00000e 0.00000e+ 0.00000e

= Jime: 2.001000 « Jime: 4.001000 < Jime: 6.001000

033333
£-0.02222

ID.HH]
0.00000e+

= Jime: 9.001000 « Jime: 11.001000 # Jime: 15.001000
59

" ¥ A— CAST-DESIGNER | www.c3p-group.com


http://www.c3p-group.com

LN
BN .2
- A
- oW/
_

CDCA Application: Solid Fraction (section)

Solid fraction
1.00000e
EO.SBSSQ
—0.77778
—0.66667
—0.55556
E-0.44444
—=0.33333
—(0.22222
EO.] 11
0.00000e

Time: 1.00

Solid fraction
1.00000e

Eo. 88889
=0.77778
20.66667
=0.55556
~-0.44444
0.33333
£0.22222
Eo. 1

0,00000¢

Time: 6.00

7]
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Solid fraction
1.00000

Eo.aaaa@
~0.77778
066667
—-0.55556
!?0.44444
-0.33333
-0.22222
Em 111

°0,00000:

Time: 2.00

Solid fraction
1.00000e

Eo.ssaaq
£0.77778
0.66667
- 0.55656

| 044024
-0.33333
-0.22222

Em 1

-0.00000€

Time: 9.00
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Solid fraction
1.00000¢

Eo.ssaa@
£0.77778
—0.66667
0555656
|
0.33333

022222
£ Em 1

Time: 4.00

Solid fraction
1.00000e

. E_‘o,asaat?
B "=0.77778
—0.66667
-0.55556
044444
—0.33333
= 0.22222

tO. 11111
-0.00000e

Time: 15.00
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CDCA Application: Grain number & Solute (cube section)

= Wt

Grain number
.65000e+02

46,67
28.33
1000
1.667
3.333
45,000
36,667
8.333
.00000e+00

=

Time: 5.00

07%9e+01
.f28
148
68
.$89
09
89
91
92
940e+00

Time: 5.00

Chir slian

Grain nurnber
.65000e+02

46,67

28.33

10,00

1667

3333

5.000

—l6.667

8333
00000e+00

Time: 10.00

079e+01
A28
448
|68
489
409
49
@1
o2
G40e+00

Time: 10.00
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Crain nu

Time: 15.00

ber
.65000e+02

46.67
28.33
10.00
1.667
3.333
5.000
6.667
8.333
.00000e+00

079e+01
28
148

.| 68
.$89

09
89
91
92
940e+00

Time: 15.00
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Gas pore and growth
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Beystal Bicystal COCA apphcation: H-base stniess material

CDCA appicator:

Example: Al Standard COCA application: K3 marterial

‘w

N The CDCA model is a cellular automaton
growth model combined with finite-
difference solution of diffusion equations.

N Porosity formation is classically divided in

two stages: nucleation and growth. Both of

them can be simulated with CDCA code.
Many physical phenomena occurring
during solidification have been included in
the CDCA model, among these, the
following functions might be useful when
simulating porosity:

I Pre-fixed nucleation of pores;

I Stochastic nucleation;

I Diffusion controlled growth.
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CDPE Application: Solid Fraction & Pore

1 (00000

lu-.seo

: 1.00

e

P, [Pt

18.00 b

e3¢ Time: 16.50 F Y Ly e

63
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CDPE Application: Solid Fraction & Pore

M A N/

e s ey |y o Time: 15.50

Time: 18.00

........

P, |

P PN

. e Time: 19.50 Time: 21.00 Time: 24.00
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CDPE Application: Solid Fraction & Pore

E solute

Sas solute

7,02132¢-01 7.021326.01
Eo.a?w Eo.am;’
~0,63882 =0.63882
—;0.&0?16 —fﬂ.bﬂ?]b
-0.57550 EO.&?SE{I
EG.S&ISM Eo_m
g0.51218 051218
-0.48052 “0.48052
Eo.amaa? EO_ anar

=4,17208a-01 4.172082-01

ime: 21.00 ime: 24.00 Time: 20.00 Time: 24.00

lute clute

o 2975776401 2.97577e+01
. l 26,754 26,754
= o2 750 23750
0 20000

20,746 =20.746

nasis £17.742 E17.742

= E 14,737 l 14.737

Foon o S 11,733 E11.733

E\ e £ 8.7294 87294

I [5.?253 [ 5.7253
2.72128e+00 2.72128e+00

f T — Time: 20.00 Time: 24.00
65
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CDPE Application: Solid Fraction & Pore

Sold fraction
1

Sold fraclon
D

ﬁ.,
- e
>y mw
» m- .
> - Chr stian
% ARE

Time: 5.00

Time: 18.78

| salla action
1

Time: 16.25

Solla maction
1

Time: 23.75
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CDPE Application: Couple to Marco Model

U Run a standard Cast-Designer simulation for the

N When combined with a
macro-model, the behavior of Marco-model
a large system may be U Usually solidification only simulation
simulated for averaged (i Consider complex temperature distribution
properties, while simulation 1 o the Marco-model simulation result
of the microstructure Is (1 Temperature distribution
performed only on a small U Where is the key region need run CDCA
(0 Result output in the key frame should be

segment.
_ L fine enough
N This allows some insight into U Define the process start time and end-time
a system fo_r Wh'Ch MmICro- I Start time: when to start CDCA couple
structural simulation of the (all liquid)
whole would not be feasible. 1 End time: when to stop CDCA couple
(all solid)
67
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CDPE Application:

Temperature (C)
6,79998e+02

S

651.22

—

- =g22.45
; .06
- .67
579,28
564.90

=5.5050%e

000

'

Temperature (C)
6,79998e+02

'_665.01

PLAPINE"TN
-vTyEe

W ..h BT .
W/ <y - Chirslian
SOFT W

Couple to Marco Model

Temperature (C)
6,79998e+02

'_ 665,61
651,22
—5636.83
2.45

Temperature (C)
6.79998e+02

l;()(zs 61
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Temperature (C)
6,79998e+02

'_ 665,61
651,22
—636.83
22,45

Temperature (C)
6.79998e+02

l:bés.él
£651.22
=636.83

68


http://www.c3p-group.com

CDCA Application: Couple to Marco Model

e B Cast-Designer & CDCA mapping H

|| Active Cast-Designer CDCA mapping

Temperature (C) £r m OIS el Desoner
-6, 79998e+02 Point Length{mm) Cell numbers
- —
651,92 X |Ta928 5 nx 2 50
f =1 A
: v [wenr < (W E S
I |47 z
Inz 2 50
CA cell size {um): 40 Total: 8 0
Preview |

Cast-Designer result file name:
D:‘L}sers‘mtj\B_EDCA\Z_Trai"mg_Examdes\4_€DCl_Cu|.p|!\1Kx:|!m

Mapping pariname :  |part_1 -
Mapping start tme (sec): 0
Mapping end time (sec): 5

o) ==

Define the CDCA coupling model

Pick up the temperature —time data
from the marco model and assign to the
CDCA simulation.

The cooling rate also could be
considered in the CDCA model.

«

A
- ot
]

o
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Couple to Marco Model: Steel mould vs Sand mould

Steel Mould Steel Mould

Grain numbsr
B0

Grain number
_s0m

Time: 0.30 7 Time: 0.30

Sand Mould Sand Mould
0 Solid fraction 0 Solid fraction
o OO000@+00 o OO000@+00
Grain numpsr i Eoosn Grain numpsr i 8888
o : i
k: k:
= =
] ]
5 5
o il
= =
K K
(=3 (=3
N N
3l 3l
=1 =1
2 2
"4 0.0 0204 06 08 10 12 14 16 18 4 00 024 06 08 10 12 14 16 18
X 10+ X 10+
k! : . 7 x X-Axis{x10-3) k! : . 7 x X-Axis{x10%-3)
* Time: 1.50 Time: 1.50 * Time: 2.50 Time: 2.50
Fa s % LY
Chie § 1 70
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Couple to Marco Model: Steel mould vs Sand mould

Steel Mould

Grain numbsr
&

mn

1.50

Sand Mould

raln number

3.50

Time:

18

00 02 04 06 08 10 1.2 14 16

0.

=3

0.2¥04 0.6 08 10 12 14 16 18

7 X x-A‘x is (x10*-3)
Time:

3.50

@rain numbsr
&

Salid frachen

SN
1

e

Zoms

Salld fraction
1

0
Groim number
N
Sy
a3
5850
o 20067
amm
178
- E
o
o conos:co
4
x
Fle

Time:

Steel Mould

Sand Mould

6.00

=
00

14 18 18

UL 0Z 04 06 U8 10 12

053333
B oon
Q1
000e 0
12

0 04 08 o8 10

< 7me" %50

Toceios
s
anen
0220
i
Sp—
00 02404 08 08 10 12 14 16 18
7 ¥ X-Axis(x10"-3)
Time: 6.00

Chir slian
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Couple to Marco Model: Steel mould vs Sand mould

Steel Mould

Giain number
&

Time: 4.00

Sand Mould

Grain numbee
8

3555

266,67

8
s
-0 oo00s-100

Time: 20.00

s
0.0

14 18 18

00 02 04 06 08 10 1.2

Steel Mould

Giain number
&

man

Solid ractan
¥

o.ass

o 4 0& 10 12 14

< Time " 4.00 Time: 4.90

Sand Mould
0
—

naas
-
§-02220 ER0:
anm e

-

S—

0.0 0204 06 08 10 12 14 16 18 =
7 ¥ X-Axis(x10%3) ¥
Time; 20.00 — Time: 30.00

s
0.0

14 18 18

00 02 U4 L6 08 10 1.2

o o4

0s 10

12 14

<+ Time 490

0.0 02¥4 06 08 10

12

14 16 18

2 ¥ X-Axis (x10%-3)
30.00

Time:

Solid ractan
¥

Salid fracson
p ™

088659

ar7r7a

E 0o
RN

00000400

Chir slian
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Cast-Designer V7.4

/.

CDPE




What is Cast-Designer Performance (CDPE)?

N CDPE is a 3D nonlinear FEA code for solid mechanics

N Function:
N Solids subjected to static, dynamic, thermal

loadings
N Parallel computing:
N Extensive parallel execution via threads and

threads+ MPI
N Big analysis model:
N Itis used to solve nonlinear solids models with 1M
nodes/elements on desktops; much larger models
(2-5 M) nodes on supercomputers/clusters
N Highly targeted feature set (e.g. Crystal plasticity, FGMs,
crack extension, Gurson models, cohesive models...)

supporting.
CAST-DESIGNER | www.c3p-group.com
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Key Features of CDPE

N Support elements: Solids 8, 9, 12, 15, 20 node
(hex) isoparametrics; 4, 10 node tets; all with face,
temperature, body loadings

N Static, impact/dynamic (time-history integration)

N Finite-strain plasticity (mises, crystal plasticity, 0
deformation plasticity, hydrogen effects, Gurson-
Tvergaard, strain-rate dependent, Frederick-
Armstrong & Generalized cyclic, temperature
dependent, etc.) :

N Fully automatic crack growth modelling (element
death, CTOA and user controlled node release,
interface cohesive, adaptive solution strategies)

OAK
RIDGE

National Laboratory

Chirstian CAST-DESIGNER | www.c3p-group.com

Solvers: Pardiso (direct, iterative) in Intel
Math Kernel Library for threaded parallel
execution

Material: incremental Mises with
segmental definition of uniaxial true stress-
log strain curve. Isotropic hardening. Finite
strains.
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The closed chain of simulations of cast components

CDPE: couple the casting simulation result to the
performance simulation.

I Same user environment

I Same mesh system

I Automatic result coupling, no data lose.

Casting S|mulat|on

Casting * Casting simulation
(Gas porosity)
Casting Casting simulation
(Residual stress) : Assembly Flrlng Thermal
I loads loads loads
\
o o e e e e o B e B B e o B e

CAST-DESIGNER | www.c3p-group.com



http://www.c3p-group.com

The closed chain of simulations of cast components

CDPE Mechanical Properties .

Casting simulation [
Casting simulation ! . |
il %
— i
Casting simulation [ _ v _ I
(Residual stress) 'f Assembly Firing el .

" loads loads loads

.

Impact of as-cast residual stresses on durability of
a cast iron engine block.
The classical life time prediction does not consider stresses
resulting from manufacturing. The stress free casting shows a
safety margin of 30% in a critical area (left).
If residual stresses from the casting process are considered as an
additional load, the safety margin in the critical area drops

down to 80% (right).
Yo
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CDPE Example: Bending Process

\\\\\\\\\

Effective Stress
5.00000e+02

| VY
£388.89
=333.33
=277.78
£022.22
=166.67
E111.11

E55_556
0.00000e+00
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CDPE Example: Bending Process

Strain Magnitude
1.01559e+00
-0.90274

Z0.78990
67706
£0.56422

Eo.aswas
033853

£0.22569
Eo. 11285

6.06830e-06

Principal Stress |

7.47584e+02
E_osm.?a
=561.98

-97.970
Es.w&
-8,76345e+01

Chir slian

Sigma (stress) Magnitude (Mpa)
-7.80519e+02
EOQB .81
=607.10
-520.39
-433.68
~346.97
£260.26

£173.55
an.sas

1.36234e-01

Principal Stress Il
3.92985e+02
t334.88
=276.77
=218.66
=160.55
=102.44
44336
—-13.772
E»?W 880
-1.29988e+02
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Displacement Magnitude (mm)
7.16981e+01

Eos.rsz

£55.765
£47.799

0.00000e+00

Velocity Z (mm/s)
6.99292e-01

.62107

.54285

. 46463

38641
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~ CDPE Example: Housing

The casting part failed to pass the
mechanical testing of the housing.
Other vendor can pass the testing
without problem, so the casting
defects is the key of the part
performance.

CAST-DESIGNER | www.c3p-group.com 80
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CDPE Example: Housing

Solidification result

Hot spots

<

%

o
7

A Shrinkage porosity
)
TR e

wzf’sg., —_—

Shrinkage porosity .

8.70902e-01 -

£0.77636 T
~0.68181 G
=0.58727 - ] "
049272 \‘.__L}“‘.‘
Eu.aqa 18 b
-0.30363

-0.20909
Eu. 11454

2.00000e-02

Chir slian

Filling result

Gas entrapment
during flow

.-
T,

fop e -
halh N S
by 2
- ,,'f‘-'a -
ity
o > -
e 4 e Gas_Node_Mass_Blockimg) Magnitude
< é 3w 1.000016-01
(‘ L 0088890
R = A =0.077779
‘ﬁ.’}"s; e —0.066667
ol RERE - e 0055566
pr. :%' LT io.o«m
%0 ot w " 0.033334
‘; v ’9-? L e 0.022222
v s ’ ID.DIHIi
0.000008+00

Gas blocked in the casting
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CDPE Example: Housing, CDPE model setup

& N Fix half of the inner surface
N For the nodes of the bottom of
the casting part i i s
N Fix the Z coordinator of the top R —
surface o
N Add a torque of the top head e s
n Compare 2 result, one is the =2 T
theory part without casting o .
r defects and another one with ... - ‘
J’ the shrinkage porosity and gas e mCw
_‘ vt J porosity, add the same force in e . —
L h the same location. ool i
=:: 3 £ Ghisiian CAST-DESIGNER | www.c3p-group.com 82
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CDPE Example: Housing, Result Analysis

Couple: shrinkage + gas porosity
Sigrma stress) Magnitude (Mpa)

No couple
Sigrna (stress) Magnitude Mpa)
M“lll\|||I1[LL_|\IIII|||||\||||H
< X

""W“m\||||1u,1_|\|||||||||\||||H
[P 4

Couple: shrinkage + gas porosity
Sigral (stress) Magnifude (Mpa)

No couple
Sigrma (stress) Magnitude (Mpa)
w,p\||||\||J,!_&L_||||||||||||\|||H
P

X
CAST-DESIGNER | www.c3p-group.com
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CDPE Example: Housing, Result Analysis

Couple: shrinkage + gas porosity
sigrma (stress) Magrifude (Mpa)

No couple
Sigrna (stress) Magnifuce (Mpan)

""Wﬂ|||'|"\'|||||_u_.||||||\||||||\|||H

No couple
Sigrna (stress) Magnitucke (Mpa)

i ':.ﬂ L L IH‘
o

PATPLINE TN
- Ty Ew

W . ..-.h BT

W/ <y m Chir sLian
50 FT AR

;||"-'-I""|.U‘"'|“”|”H|””H
o X

Couple: shrinkage + gas porosity
Sigma Etress) Magnituce (Mpa)

&Y b i A~ e o
L
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CDPE Example: Housing, Result Analysis

No couple

Couple: shrinkage + gas porosity
Sigmna @stress) Magnitude (Mpa)

sigrnal (stress) Magnitude (Mipa)

r R M |'|"\"i I |‘|i[‘[.1.l_l L1l |T|'\ I |T|'| | IH
o<

No couple
sigma (stress) Magnitude (Mpa)

& S - N ———
""W;l"'-'.i.""i:-':-H_:'\““\-‘.“‘-\-‘.“‘H

‘w

Chir sLian

LN
BN, <
- A
-
-

._|||'-‘"I-""-|'.“-'"”"H”“”IH
< X

Couple: shrinkage + gas porosity
Sigmal (stress) Magnitude (Mpa)

Fg . L T a—
""W;]|||'|']'||||LLH_J|||||||||||||||H
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CDPE Example: Housing, Result Analysis

Couple: shrinkage + gas porosity

Dplacemant Magrituss (mm)

No couple

Couple: shrinkage + gas porosity

No couple
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CDPE Example: Housing, Result Analysis

Couple: shrinkage + gas porosity

No couple

Couple: shrinkage + gas porosity

No couple

CAST-DESIGNER | www.c3p-group.com

\w

Chir sLian

- A
«
- puml


http://www.c3p-group.com

$ O FTWARE

Thank you!

C3P Engineering Software International Co., LTD
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