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| — interface’y geometrii CAD

CAD CAE CAM

eSymulacja proceséw:

¢ Wypetniania

¢ Krzepniecia

¢ Powstawania naprezen

¢ Obrobki cieplnej
eObliczenia symulacyjne
wytrzymatosciowe

e\Wykonanie modeli
eKontrola wymiarowa i
skanowanie

eObrobka mechaniczna
eSpawanie

eObrébka wykanczajaca



Matematyczny opis Krzepniecia i stygniecia
odlewu

Prawo Fouriera \ )
o <

gX, ¥, Z t)=-AgradT(X, Y, Z, 7)

Rownanie Fouriera — Kirchhoffa:

C, 0 ZT = div(1-gradT)+q,
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A - wspétczynnik przewodzenia ciepta; m-K
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L - gestos¢; m? L - utajone ciepto krystalizacji; me




Model makro
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Model mikro — ciepto krystalizacji zalezy od szybkosci
zarodkowania i szybkosci wzrostu fazy statej

f.(T,AT,N, ...
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Model mikro — ciepto krystalizacji zalezy od szybkosci
zarodkowania i szybkosci wzrostu fazy statej

f.(T,AT,N, ...
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Model mikro — ciepto krystalizacji zalezy od szybkosci
zarodkowania i szybkosci wzrostu fazy statej

f.(T,AT,N, ...
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or ..
Warunki jednoznacznosci Cppaz dlv(l-gradT)+ Oy
T

1. Warunki geometryczne.
2. Warunki fizyczne.
3. Warunki poczgtkowe.
4. Warunki brzegowe.

a) warunek brzegowy | rodzaju,

T(X,t)=T(Xt)
b) warunek brzegowy Il rodzaju,

—Zograd T(X,t)=q,(X,t)
c) warunek brzegowy lll rodzaju,

q=all -T7)
d) warunek brzegowy IV rodzaju.

— A ogradT,(X,t)=—A4, ograd T,(X,t)




Metody dyskretyzacji obszaru

MRS MES




Pochodna wzgledem czasu
— schemat Eulera

Definicja pochodnej: F(7)~ T _T"
At \

Wzér Taylora: 74

esanerosse 0L B 4100

Jawny schemat Eulera

Il

A

oznaczmy
T(T+AT) — Tn+1zTn+Az' dT(T)

dr

-I-n+1 :-I-n +AT'F(Z’)




Pochodna przestrzenna

aT(x,7) _, 0°T (X, 7)
dr OX*

Va

~ dT(x) (Ax)* d?T(x) 5
T (x+AX) =T (X) + AX ot g +o((Ax))

e AT () | (Ax) d?T (%) 3
\T(x AX) =T (X) — Ax ot g +o((Ax))

T(X+AX)+T (X—AX) = 2-T(x) + (Ax)’ d ZI;((ZX) + o((Ax)g)

Metoda Rdéznic Skonczonych (Finite Difference Method)

d*T(x)  T(X+AX)—2-T(X)+T(x—AXx)
dx? (AX)’




Pochodna przestrzenna — siatka roznicowa

Przypadek
1-W

Metal

Warunek brzegowy

MMJ Fm)\ ‘ T \: T

A Warunek brzegowy

dzT(X, y) N T,-2T+T,
dX2 N (h)2
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Pochodna przestrzenna — siatka roznicowa

Przypadek
1-W

Metal

Warunek brzegowy

MMJ Fm)\ ‘ T \: T

A Warunek brzegowy

dZT(X, y) + dzT(X, y) N Ti,j—l +Ti—1,j _4'Ti,j +Ti+1,j +Ti,j+1
dx? dy’ (h)’

-




Pochodna przestrzenna — siatka roznicowa

Przypadek
1-W

Metal

Warunek brzegowy

Tiil,j
n \\n n
m“ UJ " Ti,j—l Ti,j Ti,j+1
Forma Tio)
AGH Warunek brzegowy

ZT(Xv Y, Z) n dZT(Xv Y, Z) n dZT(Xv Y, Z) ~ Ti,j—l,k +Ti—1,j,k +Ti,j,k—1 _6°Ti,j,k +Ti+1,j +Ti,j+1 +Ti,j,k+1

dx? dy? dz? (h)




Metoda réznic skonczonych

aT(x,7) _, 0°T (X,7)
dr OX*

dT N T™(X)-T"(X)




Zadanie

Znalezé przyblizone rozwigzanie réwnania d?T/dx?+100=0 z
warunkami: T(0)=0 oraz T(L)=0, metoda réznic skonczonych dla
ptyty.

]

L=1

0
O
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O— o—>
3 4

A

(T,-2T,+T,)/h?+100=0

T,=0

Ty-2T,+T,=-6,25

T,-2T,+T,=-6,25

T,-2T,+T,=-6,25
T,=0

T0=T4=O, T1=T3=9,375, T2=12,5




Pochodna przestrzenna
Ktorg metode wybrac ?

Oprocz przywotanych MRS i MES istnieje jeszcze kilka metod przyblizania pochodnej
przestrzennej. Odpowiedz na postawione w temacie pytanie jest zatem bardzo trudna.

MRS MES
Zalety Wady Zalety Wady

- prosty algorytm -stosunkowo niska | -dowolne elementy -bardzo

- siatke mozna doktadnosé pozwalajg skomplikowany

wygenerowac obliczen doktadnie algorytm

bardzo szybko - kubiczna siatka odwzorowac owale - ciezko jest
- wiele wad mozna | stabo odwzorowuje | - duza doktadnos¢ | dopasowac siatke —
usungc po prostu owalne ksztatty obliczen automatyczne
przez zageszczenie | - zageszczanie siatki | - obliczenia trwajg generatory

siatki

powoduje znaczne
wydtuzenie czasu
obliczen

krocej, ze wzgledu
na mniejszg ilos¢
elementow siatki

wymagajg poprawy




650 - 05
VAL =—a-(T-T,)F
P - ot
, dt
600
-05 dT ¢
, a a
L L N (L S
drc M-c-p M-c-p
. d
g S
o 500 -'E:r
= ~—
‘E F1s "5
3
£
450
il 2
400 | s
/
350 t t t t t t t t t -3
0 50 100 150 200 250 300 350 400 450 500
Czas, s
1.0+
0.8+
k3]
@ 4
2 ]
w
0.2
1 ——— Dimensionless solid fraction
0.0 v T v T Y T v T ¥ T v T y T v 1
0 50 100 150 200 250 300 350 400

Time (s)




Reprezentacja wirtualnych bryt przy
pomocy trojkatow




Reprezentacja wirtualnych bryt przy
pomocy trojkatow

p3(x3’y3’z3) p4(X4,y4,Z4)




Rozne sposoby reprezentacji tego samego
obiektu

a) 48 trojkatow



Rozne sposoby reprezentacji tego samego
obiektu c.d.




Plik *.STL

Format STL (“StereoLithography”) to jeden z najpopularniejszych
formatow plikdw stuzacych do przechowywania wirtualnych bryt 3D.

W pliku przechowywane sg wspotrzedne wierzchotkdw poszczegdlnych
trojkatdw stanowigcych elementy budulcowe bryty.

Pliki STL wystepujg w dwdch odmianach:

* tekstowej
* binarnej




Budowa tekstowego pliku *.STL

solid r1ame
(" facet normal 7 non, A n
outer loop
vertex v. vjy vi
< vertex v2 v2 v2, o
vertex v3 vjy w3
endloop
\endfacet A

endsolid name




Budowa binarnego pliku *.STL

Bytes Data type Description
80 ASCH Header. No data significance.
4  unszigned long integer Number of facets in file
4 float i for normal ~ T
4 float i
4 float 4
4 float x for vertex 1
4 float ¥
4 float z
ﬁ 4 float x for vertex 2 r
4 float ¥
4 float z
4 float x for vertex 3
4 float ¥
4 float z

7
-

unsigned integer Attribute byte count./




Definiowanie wierzchotkéw trojkatéw

[B A

Kolejnos¢ wierzchotkow Zasada Vertex-to-vertex




Wektor normalny

Wektor normalny — jednostkowy wektor prostopadty do powierzchni tréjkata
skierowany od srodka bryty na zewnatrz

CB x CA

Sposdb obliczenia oswietlenia dla wirtualnych
obiektow 3D




Wektor normalny

Wektor normalny — jednostkowy wektor prostopadty do powierzchni tréjkata
skierowany od srodka bryty na zewnatrz

CB x CA

Sposdb obliczenia oswietlenia dla wirtualnych
obiektow 3D



Wygtadzanie (Smooth Shading)

a) Rzeczywista siatka bryty b) Siatka ,,sztucznie” wygtadzona




Wygtadzanie (Smooth Shading)

v34

a) RzeczyV wygtadzona

Obliczenie usrednionego wektora normalnego dla
kazdego z wierzchotkow bryty




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT

project | preprocessor | enmeshment | simulation | postprocessor database[ infol help

| $Connection MAGMASOFT/ MAGMAprj closed ...
$0pen connection to *MAGMApre' -
$Initialize MAGMASOFT/MAGMAtng_post




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT

project | preprocessor | enmeshment | simulation | postprocessor database[ infol help

open project
create project

create version

delete results
delete version f project

rename project

project info
1: GT13_CASING Lower Part!version 04

2: trojnik_zabrze 1/ version 01

3: trojnik_zabrze 1 { version_10
4: trojnik_zabrze_1 f version_09
5: trojnik_zabrze 1 f version_08
exit MAGMASOFT

| $Connection MAGMASOFT/ MAGMAprj closed ...
$0pen connection to *MAGMApre' -
$Initialize MAGMASOFT/MAGMAtng_post




GT13_CASING_Lower Part ! version_04

MAGMASOFT

project

preprocessor

enmeshment | simulation | postprocessor

Project Mode \

\Shape Casting | Batch Production
{High Pressure Die Casting

|Steel Module

|Iron Casting

= P

Selection

Shape Casting | Batch Production

LA

iron module 08103 /2011
database | info help
[ e ¢
Creale new Project
Project Path
| /home /magma /MAGMAsoft _Y..l ::_._!
Project Name
l l Cancel Help

-- GEO v1.4.0 [( 13/11/07/16/14/22 )] --
-- OLDGEO w1.1 [( 13/11/07/16/14/36 )] --
-- DB ¥2.5.0 [( 13/11/0%7/16/12/49 )] --

-- DATA v1.11 [( 14/02/08/21/24/33 )] --




iron module 08 /03 /2011

GT13_CASING Lower Part/version_04
MAGMASOFT

project| preprocessor | enmeshment | simulation | postprocessor | database | info

e c

o
a
)

b
ouT
OFF

0

nagma

MACMA

-)Uljell COILISCL 1011 LY MHUMH}JLG ..
$Initialize MAGMASOFT/MAGMAtng post ... G




trojnik_zabrze_1 / version_01 steel module 08 /03 /2011

MAGMASOFT
project | preprocessor | enmeshment | simulation | postprocessor | database | info I help
mesh generation
mesh generation _ accuracy (standard) :
~ method x-direction: =
., accuracy .
_ y-direction: |3 -
~ wall thickness -
-~ element size z-direction : |3 =
~~ options
accuracy (advanced)
~~ core generation R
x-direction : |3 =
~» mesh for solver 5 -
y-direction : |3 =
z-direction: |3 =
dismiss calculate generate help |
$Initialize MAGMASOFT/MAGMAprj ... A
$Connection MAGMASOFT/MAGMAprj closed ...
$Open connection to *MAGMApre'
7




GT13_CASING_Lower Partf version_04 iron module

08 /03 /2011

MAGMASOFT

project

preprocessor

enmeshment | simulation | postprocessor databasel infol

help

+ N \ ® 8
iron casting
calculations

~~ permanent mold
I
. sand mold
I~ calculate filling
I~ calculate solidification

|~ prepare fast postprocessing

ok | cancel I help l

$Initialize MAGMASOFT/MAGMAprj ... A
$Connection MAGMASOFT/MAGMAprj closed ...
$Initialize MAGMASOFT/MAGMActrl

=l




GT13_CASING_Lower Partf version_04

iron module 08103 /2011
MAGMASOFT
project | preprocessor | enmeshment | simulation | postprocessor | database | info help
v \/ ®

material definitions

$Initialize MAGMASOFT/MAGMAmat ...

selection
material : |cast Alloy T-initial : 11340.000 [°C]
database : project T-liquidus : [1168.000 [°C]
file name : |GGG40MOHRA T-solidus: [1165.000 [°C]
list
[+] material class | database/file name | initial temp
[-]1 material group - id | database/file name | initial temp
[+] cast BAlloy 1 project/GGGA0MOHRA | 1340.00 [%
[+] Sand HMold | magma/FURAN | 20.00
[+] Chill | magma/ STEEL | 20.00
v /
N |~
ok | prev | cancel | select data expand | | parameters | help |
$Initialize MAGMASOFT/MAGMActrl A
$Connection MAGMASOFT/MAGMActrl closed ...

=l




GT13_CASING_Lower Partf version_04

iron module 08 /03 /2011
MAGMASOFT

project | preprocessor | enmeshment | simulation | postprocessor | database | info

help

% \J () ~ &
heat transfer definitions
selection
boundary : |{Cast Alloy , Sand Mold
database : magma
file name : TempIron group : ;i:emperature dependent
list
[+] material class , material class database/file name
[-]1 material group - id, material group - id database/file name
[+] cast Alloy , Sand HMold magma/TempIron 2]
[+] cast Alloy , Chill magma/c1000.0
[+] Sand Hold , Chill magma/c1000.0
7
I‘J | |
ok | prey I cancel | select data expand | | help l

$Initialize MAGMASOFT/MAGMAmat ...

$Connection MAGMASOFT/MAGMAmat closed ...
$Initialize MAGMASOFT/MAGMAhtc ...

=l




GT13_CASING_Lower Partf version_04

iron module

08 /03 /2011

MAGMASOFT

project

preprocessor

enmeshment| simulation | postprocessor

database | info |

help

Pressurize | yes

Sand Permeability l_j yes

I no  parameters... |

| no

Venting I ves | no

Ladle | yes r no  parameters...

Plug | yes I_- no  parameters...

e Coating _] e [— 13O pavamglers..

Shake Out J yes |— no  parameters...

Quenching | yes [— no  parameters...
ok l prey | cancel | reset | help

$Initialize MAGMASOFT/MAGMAhtc ...

$Connection MAGMASOFT/MAGMAhtc closed ...
$Initialize MAGMASOFT/MAGMAoptions ...

=l




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT
project | preprocessor | enmeshment | simulation | postprocessor | database | info | help
filling definitions
use solver : sofver 4 l
filling depends on : time I
filling time : 100.000 [s]
fill direction x : [ 0.000 [1
fill direction y : | 0.000 [1
fill direction z : | -1.000 [1
calculate erosion : ~s Yes s ho
storing data : edit |
ok | prev | cancel | help I

$Initialize MAGMASOFT/MAGMAoptions ... A
$saving MAGMASOFT/MAGMAoptions ...
$Initialize MAGMASOFT/MAGMALill

o




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT
project | preprocessor | enmeshment | simulation | postprocessor databasel infol help
& MAGMASOFT <2> X
filling definitions
use solver : sofver 4 l
filling depends on : time I
filling time : 100. 000 [s]
\ VAGMASO > m
storing data definitions |
select result groups data list input data
- 0.000 [ % ] = 25 |
0.500 [ % ] <
~ percent 1.000 [ % ] alf materials |
1.500 [ % ]
2.000 [ % ] 0 100 0.5
2.500 [ % ]
3.000 [ % ] insert
3.500 [ % ]
4.000 [ % ]
4.500 [ % ] delete
5.000 [ % ]
2 delete all
N P
g okl cancel help ||
SIMm TZe » 0 » - »
v




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT
project | preprocessor enmeshment| simulation | postprocessor databasel infol help
solidification definitions
temperature from filling : s Yes ~ ho
use solver : solver 4
stop simulation : temperaiure
stop value : 600. 000 [°C]
calculate feeding : s Yes ~r ho
feeding effectivity : 100. 000 d| [%]
criterion temperature #1 : 1165.300 EJ [°C]
criterion temperature #2 : 1170.000 ﬂ [°C]
sand burn : s Yes ~s ho
ol
storing data : edit
ok l prev | cancel l ﬂl
$Initialize MAGMASOFT/MAGMAfill ... A
$Connection MAGMASOFT/MAGMAfill closed ...
$Initialize MAGMASOFT/MAGMAsolid ... G
v




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT
project | preprocessor | enmeshment | simulation | postprocessor | database | info | help
\ VAGHN OFT <25 .0 v
iron casting
inoculation method : good l
treatment yield : 60.0 [%]
mold dilatation : stable moid l
graphite precipitation : 7 l
consider water content : no l
extended feeding : yes ’
ok | prev | cancel | help |
$Initialize MAGMASOFT/MAGMAsolid ... A
$Connection MAGMASOFT/MAGMAsolid closed ...
$Initialize MAGMASOFT/MAGMAmicro ...
7




GT13_CASING Lower Part/version 04 iron module 08 03 /2011

Tl fast postprocessing preparation |

result preparation

— filling temperature I~ filling entrapped air I~ filling pressure I filling velocity

y

~ fill criteria {material trace, air entrapment)

— solidification I~ criteria (fill, solid)

x-ray range, show all above: 1165.000 1] [°C]

~ fraction liquid
x-ray range, show all above: 10.000 i] [%]

I~ fraction solid

g

I~ stress
I~ add on mesh (interpolated)

I~ unprepared results only

I new conversion




GT13_CASING_Lower Partf version_04 iron module 08 /03 /2011

MAGMASOFT

project | preprocessor | enmeshment | simulation | postprocessor databasel info| help

online job simulation control

percentage online curves
mo—_F_' s__
90—:
= ~ -
= 2 ]
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—_ E d
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of Ul -
et E 8 7
60 — = —
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= J + 5
S 503 i 9
= S e d
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10 0 2 4 6 8 10
s time [ s ]
simulation info )
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j
/

dismiss | prev | start | | | read I help | G




SING_Lower_Part f version_04 iron module

MAGMASOFT

preprocessor | enmeshment | simulation | postprocessor | database | info

" MAGMApoSst Project: GT13_CASING_Lower_Part Directory: /home/magma/MAGMASof/ ALSTOM/GT 1 3_CASING_Lower_PartIv04I
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I

MAGMASOFT

Project View Support

mig+| &8 x| -=  ~it|ooa 8 ejoo Jo

Help

e Project: GT13_CASING_Lower_Part Version: v04

Directory: home/magma/MAGMASOft/ALSTOM/GT13_CASING_Lower_Partiv04

Gating

GGG40MOHRA

|view Geometry

Control Panel

urves [xvz scr| B vec| -

Material Scales Rotate Images Views Light
Results X-Ray dlipping Animation Distortion ProcRot
Curves  Vector g Tracer Print Mesh

[01701]

cast Alloy |

[03701]
[05/01]
[10/01]
[19/01]

Sand Mold
chill
Inlet
Gating
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ateral§ Project View Support Help =oht
Results X o — = ProcRot
ares vE|@|4| S8 Dl [ ~|+||» /@) 8 @00 a|v
— Result:| = Project: GT13_CASING_Lower_Part Version: v04 Directory: home/magma/MAGMASOft/ALSTOM/GT13_CASING_Lower_ Partfv04
Group IVR
Sw
Gating 1
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Control Panel|

rvesl__l E‘J@ slice | X-Ray| Vector | Dist | Anim |

]Curvesl__l ﬂ‘J@ slice | X-Ray| Vector | Dist | Anim |

plrves]x&_’zjﬂl ﬂ vec| Slice | X-Ray| vector | Dist | Anim|

Material Scales Rotate Imaaes Views Liaht Material Scales Rotate Imaaes Views Liaht |daterial Scales Rotate Imaces Views Liaht
Results X-Ray Clipping Animation Distortion ProcRot |Results X-Ray Clipping Animation Distortion ProcRot Results X-Ray Clipping Animation Distortion ProcRot
Curves Vector Slicing Tracer Print Mesh Curves Vector Slicing Tracer Print Mesh [mrves Vector Slicing Tracer Print Mesh
—  Options 3 —  Options
) : — Printer . :
Resolution : |800x600 w| Format : jpeg v/ Paper size : [Ad (210 x 297mm) ! Resolution : |800x600 w| Format : jpeg v/
Directory : |result w| File spec. :  [mumber v/ “Orientation Directory : |result w/|File spec. :  [mmber v/
«~ Portrait ~ Landscape
Match mode: |Exact hd Match mode: |Exact hd
: —File :
—Result selection — Result selection
S = = - | _1 Save to File ‘ — !
Group <;/Results/5011d1f1cat10n[Crlter1a v‘ Group ilResults/F111mg/Temperature V’
Switch to Compact Mode ‘ Deselect ‘ Save as : jpeg — Switch to Compact Mode \ Deselect ’
Results Name [ Ellenanes o Results Name | Time | [°
o i F) :  |picture_001 £ = : ! —|—
-1} Pressure &s GRADIENT el i &s Fill_Temp 190  94.990s
T} Tempera| |/<s COOLRATE N 1} Oiteria & Fill_Temp 191 95.490s
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