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1. Aplikace software DICTRA v oblasti tepelného zpracovani slitin

@ Cas ke studiu: 6 hodin

—@ Cil Po prostudovéni tohoto odstavce budete umét

. Vyuzivat program DICTRA v praktickych cvicenich
° Pochopite postup programovani pii praktickych aplikacich MI
° Naucite se pracovat s modulem FE v programu DIGIMAT

LLI| Vyklad

1.1 Definice systému: nacitani dat

Aby bylo mozné provést simulaci v DICTRA, jsou k tomu potieba jak termodynamické databaze, tak
kinetické databaze. Termodynamicka databaze je normalni databaze Thermo-Calc, zatimco
kineticka databaze obsahuje informace o mobilit¢ (pohybu) atoml jednotlivych slozek v
ruznych fazich.

Je doporuceno, aby byl problém definovan co nejjednodussi s co nejmensim poctem slozek a fazi.

Jak definovat systém?

Definovat systém, znamena zvolit slozky a ziskat termodynamické a/nebo kinetické udaje o téchto
slozkach z prislu§né databaze. Tato ¢ast popisuje, jak to provést v DATA modulu.

Predpokladem je, ze se musite nachazet v DATA modulu. Pro vstup pouzijte piikaz
GOTO_MODULE DAT.

Chcete-li definovat systém, postupujete takto:

1. Pomoci SWITCH_DATABASE vyberete databazi.

2. Pouzijte DEFINE ELEMENTS a vypiste seznam prvki, které chcete do vaSeho systému
zahrnout. (Chcete-1i zobrazit prvky, které jsou k dispozici v aktudlni databazi, pouzijte
LIST DATABASE ELEMENTS.)

3. Faze z databdze, které nepotiebujete, zrusite pomoci REJECT PHASE *.

4. Obnoveni fazi, které¢ by mély byt zahrnuty do simulace, se provadi pomoci RESTORE
PHASE.

5. Pomoci GET DATA nactete databazi a odeslete termodynamické udaje o vasem systému do
pracovniho prostiedi GIBBS a DICTRA.

6. Pomoci APPEND DATABASE vyberte databazi, ze které chcete nacist kineticka data.

7. Definujte prvky a urcete, zda chcete odmitnout nebo obnovit vSechny faze. Ud€lejte to presné
stejnym zpusobem jako pro termodynamicka data (viz piedchozi krok 2, 3 a 4).

8. Pomoci GET_DATA nactete tidaje z databaze a ptidate kineticka data k termodynamickym

udajim, ktera jiz existuji v GIBBS a DICTRA pracovnim prostiedi.

Chcete-li ptridat termodynamickd nebo kineticka dat z dalsi databidze, opét pouZijete
APPEND DATABASE. Pokud jste ziskali veskeré udaje, které potiebujete, mtizete ptistoupit
k DICTRA modulu.

Po spusténi simulace a dokonceni vypoctii mizete vytvofit obrazek ¢i tabelovat vysledky v modulu
post-procesoru, ktery se nazyva POST modul. Diagram je uveden v okné "DICTRA - graf"
(obr. 4.2).
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1.1 DIFUZE V JEDNOFAZOVEM SYSTEMU

N ( A4
2'x| Resené ulohy

Priklad 1.1: Homogenizace binarni slitiny Fe-Ni

Priklad se zabyva homogenizact binarni slitiny Fe-Ni. Predpokladame linearni koncentracni profil Ni,
ktery je naznaceny na obr. 1.1.

T=1400 K

50% Ni
FCC

A
A J

1E-4
Obr. 1.1 Linearni koncentracni profil v binarni slitin¢ Fe-Ni

¢ Reseni

Zacneme tim, ze piejdeme do databaze MODUL pomoci piikazu SYS: goto module a nacteme
data. Aktualni databaze je oznacena TCS Steels/Fe-Alloys Database v7.0, ve které jsou definovany
krystalografickd miizka fcc, krystalografickd mftizka bcc, vakance a sigma faze a je odmitnuta
krystalografickd mftizka fcc A1. Pro termodynamicka data vyuzijme TCFE databazi. Pro konkrétni
systém Fe-Ni pouZijeme databazi tcfe7. Jedna se o databazi TCS Steels/Fe-Alloys Database verze 7.0.
Nyni musime definovat systém, se kterym chceme pracovat, tj. prvky Fe a Ni. Déle vyloucime
termodynamickd data pro faze, které nejsou potieba. Pro vypis fazi pouzijeme *. Obnovime
termodymamicka data pro fazi fcc a ziskdme data zdatabazového souboru. MOBILITA /
DIFUZIVITA data jsou ulozena v samostatném souboru databaze, ktery nyni nacteme. Vstoupime do
DICTRA MONITORu, kde budeme nastavovat nas systém. Nastavime hlavni a okrajové podminky:
teplotu (7). Za¢neme zadanim $itky regionu, kterou je austenit. Nastavime krok v daném regionu. Pro
jednoduchost pouzivame stejnou vzdalenosti kroku. Potvrdime aktivni faze v regionu. Pro danou fazi
zadame pocateCnich obsah Ni. Predpokladame linearni zménu v regionu. Okrajovad podminka bude
uzavieny systém. Dale nastavime ¢as simulace. Zadani ptikladu ulozime do souboru.

V dalsi ¢asti provedeme samotny vypocet.

Poslednim krokem bude graficky vystup, tj. vykresleni koncentra¢niho profilu Ni (obr. 1.2). Znovu
vstoupime do DICTRA MONITORu a na¢teme ulozena data.

sys: goto_module

MopuLE NaME: data

THERMODYNAMIC DATABASE module
Current database: TCS Steels/Fe-Alloys Database v7.0

VA DEFINED
L12 FCCB2 BCC B2 VACANCY
HIGH SIGMA DICTRA FCC_Al REJECTED
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toB_TcFE7: SWitch database

Use one of these databases

TCFE7 = TCS Steels/Fe-Alloys Database v7.
TCFE6 = TCS Steels/Fe-Alloys Database v6.
TCFE5 = TCS Steels/Fe-Alloys Database v5.
TCFE4 = TCS Steels/Fe-Alloys Database v4.
TCFE3 = TCS Steels/Fe-Alloys Database v3.

PR OoONO

DATABASE NaME /TcFE7/: tcfe’
tos_tcre7: define system

eLEMENTS: fe@ ni
FE NI DEFINED
TDB_TCFE7:

TDB_TCFE7: reject
ELEMENTS, SPECIES, PHASES, CONSTITUENT OR SYSTEM: /PHASES/: phase

PHASES: ¥

LIQUID:L BCC_A2 FCC_Al
HCP A3 Al KAPPA KAPPA

LAVES PHASE C14 NBNI3 NI3TI
REJECTED

TDB_TCFE7:

TDB TCFE7: restore
ELEMENTS, SPECIES, PHASES OR CONSTITUENTS: /ELEMENTS/: phase

ruases: fece

FCC_Al RESTORED
TDB TCFE7:

tos_tcre7: get_data

REINITIATING GES5 .....

ELEMENTS .....

SPECIES ......

PHASES .......

PARAMETERS

FUNCTIONS

List of references for assessed data

’A. Dinsdale, SGTE Data for Pure Elements, Calphad, 15 (1991), 317-425'
’A. Dinsdale, T. Chart, MTDS NPL, unpublished work (1986); FE-NI’
’X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, Vol. 29, 2005, pp. 68-89;
Molar volumes’

’X.-G. Lu, Thermo-Calc Software AB, Sweden,2006; Molar volumes’

-OKTDB_

TCFE7:

ToB_TCcFE7: append database

Use one of these databases

MOBFEl1 = TCS Steels/Fe-Alloys Mobility Database v1.0
MOBFE2 = TCS Steels/Fe-Alloys Mobility Database v2.0
MOBNI2 = TCS Ni-Alloys Mobility Database v2.4
MOBNI1 = TCS Ni-Alloys Mobility Database v1.0
MOBAL2 = TCS Al-Alloys Mobility Database v2.0
MOBAL1 = TCS Al-Alloys Mobility Database v1.0
MOBTI1 = TCS Ti-Alloys Mobility Database v1.0

DATABASE NAME /TcFE7/: mobfe2

Current database: TCS Steels/Fe-Alloys Mobility Database v2.0
TCS Steel Mobility Database Version 2.0 from 2011-12-09.
VA DEFINED

arp: define_ system

ereMeEnTS: fe@ ni

FE NI DEFINED

app: reject

ELEMENTS, SPECIES, PHASES, CONSTITUENT OR SYSTEM: /PHASES/: phase

PHASES: ¥

BCC A2 FCC Al HCP A3
LIQUID:L REJECTED
APP:

app: restore
ELEMENTS, SPECIES, PHASES OR CONSTITUENTS: /ELEMENTS/: phase
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paases: fce

FCC_Al RESTORED
APP:

arp: get_data

ELEMENTS .....

SPECIES ......

PHASES .......

PARAMETERS

FUNCTIONS

List of references for assessed data

’This parameter has not been assessed’

'B. Jonsson: Scand. J. Metall. 23(1994)201-208; Fe and Ni diffusion fcc Fe
_Nl r

’B. Jbnsson: Scand. J. Metall. 24(1995)21-27; Ni self-diffusion’
—OKAPP:

arp: goto_module

vopurkE NaME: dictra monitor
NO TIME STEP DEFINED
pDIC>

pic> set_condition

GLOBAL OR BOUNDARY CONDITION /GLOBAL/: global
VARIABLE : T

Low TIME LIMIT /0/: O

T(TIME, x)= 1400 ;

HIGH TIME LIMIT /*/: *

ANY MORE RANGES /N/: N
DIC>

pic> enter region

REGION NaME : austenite
pDIC>

pic> enter_grid coordinates
REGION NAME : /AUSTENITE/: austenite
WIDTH OF REGION /1/: le—4

TYPE /LINEAR/: linear

NUMBER OF POINTS /50/: 60
pDIC>

pic> enter phase_in region

ACTIVE OR INACTIVE PHASE /ACTIVE/: active
REGION NAME : /AUSTENITE/: ausStenite
PHASE TYPE /MATRIX/: MAatrix

PHASE NAME: /NONE/: Fecc#l
DIC>

pic> enter_ compositions

REGION NAME : /AUSTENITE/: austenite

pHASE NAME: /Fcc al/: fcc#l

DEPENDENT COMPONENT ? /NI/: fe

COMPOSITION TYPE /MOLE_FRACTION/: Weight percent
PROFILE FOR /NI/: Nl

TYPE /LINEAR/: linear

VALUE OF FIRST POINT : 10

VALUE OF LAST POINT : /0/: 50
DIC>

pic> set_simulation_time

END TIME FOR INTEGRATION /.1/: 1E6
AUTOMATIC TIMESTEP CONTROL /YES/:

MAX TIMESTEP DURING INTEGRATION /100000/:
INITIAL TIMESTEP : /1E-07/:

SMALLEST ACCEPTABLE TIMESTEP : /1E-07/:
DIC>

DIC>
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DIC> @@
DIC> @@ SAVE THE SETUP ON FILE

DIC> @@

pic> save_workspaces exal Y
DIC>

pic> set_interactive

__OK___

DIC>DIC> CPU time 4 seconds

sys: goto_module

vMopurE NaME: dictra monitor
NO TIME STEP DEFINED
DIC>

pic> read workspaces exal
OK
DIC>

pic> simulate_ reaction
Automatic start values will be set
0ld start values kept

Automatic start values will be set
Automatic start values will be set
0ld start values kept

Automatic start values will be set

U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]
U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]

TIME = 0.10000000E-06 DT = 0.10000000E-06 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 0.10100000E-04 DT = 0.10000000E-04 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 0.40101000E-02 DT = 0.40000000E-02 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 1.6040101 DT = 1.6000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 358.59620 DT = 356.99219 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906033 NI = .290319978093967
TOTAL SIZE OF SYSTEM: 1E-04 [m]

TIME = 582424.61 DT = 100000.00 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906034 NI = .290319978093966
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 682424.61 DT = 100000.00 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906034 NI = .290319978093966
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 782424.61 DT = 100000.00 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906034 NI = .290319978093966
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TOTAL SIZE OF

CPU time used

SYSTEM: 1E-04 [m]

in timestep 0 seconds

TIME = 882424.61 DT = 100000.00 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906036 NI = .290319978093964
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 982424.61 DT = 100000.00 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906037 NI = .290319978093963
TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 1 seconds

TIME = 1000000.0 DT = 17575.389 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: FE = .709680021906037 NI = .290319978093963

TOTAL SIZE OF SYSTEM: 1E-04 [m]

MUST SAVE WORKSPACE ON FILE

WORKSPACE SAVED ON FILE

RECLAIMING WORKSPACE

DELETING TIME-RECORD FOR TIME 0.0000000
DELETING TIME-RECORD FOR TIME 0.10000000E-06
DELETING TIME-RECORD FOR TIME 0.10100000E-04
DELETING TIME-RECORD FOR TIME 0.40101000E-02
DELETING TIME-RECORD FOR TIME 1.6040101
DELETING TIME-RECORD FOR TIME 358.59620
DELETING TIME-RECORD FOR TIME 1072.5806
DELETING TIME-RECORD FOR TIME 2500.5493
DELETING TIME-RECORD FOR TIME 5356.4868
DELETING TIME-RECORD FOR TIME 11068.362
DELETING TIME-RECORD FOR TIME 22492.112
DELETING TIME-RECORD FOR TIME 45339.612
DELETING TIME-RECORD FOR TIME 91034.611
DELETING TIME-RECORD FOR TIME 182424.61
DELETING TIME-RECORD FOR TIME 282424.61
DELETING TIME-RECORD FOR TIME 382424.61
DELETING TIME-RECORD FOR TIME 482424.61
DELETING TIME-RECORD FOR TIME 582424.61
DELETING TIME-RECORD FOR TIME 682424.61
DELETING TIME-RECORD FOR TIME 782424.61
DELETING TIME-RECORD FOR TIME 882424.61
KEEPING TIME-RECORD FOR TIME 982424.61

AND FOR TIME 1000000.0

WORKSPACE RECLAIMED
DIC>

pic> set interactive
DIC>DIC> CPU time 3 seconds

sys: goto module
vopurE NaME: dictra monitor
NO TIME STEP DEFINED
pic> read workspaces exal

OK
DIC>

pic> post_processor
POST PROCESSOR VERSION 1.7
Implemented by Bjorn Jonsson
POST-1:

posT-1: set diagram axis

(X, Y OR 2) X

variaBLE : distance

INFO: Distance is set as independent variable

DISTANCE : /GLOBAL/: global
POST-1:

posT-1: set_diagram axis
(X, YOR Z) : ¥

AXIS

AXIS
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variaBlE : welght-percent

FOR COMPONENT : Ni

POST-1:

posT-1: set_plot condition
CONDITION /TIME/: time

vaLuE (s) /1ast/: 0 le5 3e5 le6
POST-1:

rosT-1: plot_diagram SCREEN
POST-1:
POST-1:
POST-1:

posT-1:@?<Hit return to continue>
POST-1:

posT-1: Set_interactive
POST-1: CPU time 0 seconds

DICTRA (2013-05-07:13.49.07) :
TIME = 0,100000,300000,1000000

50

45+

40

35

30

25+

WEIGHT-PERCENT NI

20+

15+

10 T T T T T T |

{j}) 0 ; 2 3 4 5 6 7 8
: 107 DISTANCE

Obr. 1.2 Koncentraéni profil Ni v binarni slitiné Fe-Ni

T
9

10

CELL #1
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Piiklad 1.2: Nauhli¢ovani bindrni slitiny Fe-C

Jednd se o jednoduchou bindrni simulaci s jedinou fdazovou oblasti. Porovname nase numerické

simulace s analytickym erf veSenim. Z tohoto divodu byla vytvorena zvlastni databdze
ERF.TDB, ve které je difuzni koeficient nastaven jako proménnd nezavisla na koncentraci
Priklad je v manudlu DICTRA oznacen jako a4a

T=1200 K

FCC
200 0 O ® @

X(C) = 0.005

1E-4

X(C) = 0.03

Obr. 1.3 Nauhlicovani binarni slitiny Fe-C

¢ Reseni

sys: @@ 5 )
sYs: @@ NACTEME DATA Z DATABAZE
sys: @@

sys: go da

svs: go da

THERMODYNAMIC DATABASE module

Current database: TCS Steels/Fe-Alloys Database v7.0
VA DEFINED
L12 FCC B2 BCC B2 VACANCY

HIGH SIGMA DICTRA FCC Al REJECTED
TDB_TCFE7: SW ptern

Current

database: TCS Public Ternary Alloys TDB v1.3

VA DEFINED
oB_prErN: def-system fe,c
FE C DEFINED

TDB_PTERN: rej-ph *

LIQUID:L FCC_Al BCC_A2

HCP_A3 GRAPHITE CEMENTITE

M7C3 M23C6 V3C2

REJECTED

toB_pTERN: rest-ph fcc
FCC_Al RESTORED

TDB_PTERN: get

REINITIATING GESS5 .....
ELEMENTS .....

SPECIES
PHASES

PARAMETERS
FUNCTIONS

List of
"Alan D
-425, a

references for assessed data
insdale, SGTE Data for Pure Elements, Calphad Vol 15(1991) p 317
lso in NPL Report DMA(A)195 Rev. August 1990’

’P. Gustafson, Scan. J. Metall. vol 14, (1985) p 259-267 TRITA 0237 (1984);

C-FE’
-OKTDB
PTERN:
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roB_pTERN: append user exa4.TDB

Current database: User defined Database

This database does not support the DATABASE INFORMATION command
VA DEFINED

B arp: def-system fe,c
FE C DEFINED
DB APP: rej-ph *

FCC_Al REJECTED
roB_arp: rest-ph fcc
FCC_Al RESTORED
TDB_APP: get
ELEMENTS .....
SPECIES ......
PHASES .......
PARAMETERS ...
FUNCTIONS ....
~OKTDB_

APP:

TDB APP: (@@

TDB_APP: @@ PREJDEME DO DICTRA MODULE A NADEFINUJEME RESENY PROBLEM
TDB_APP: (@@

TpB_APP: gO d-m

INFO: PHASE WITH LIMITED SOLUBILITY OF ELEMENT (S) EXIST
A FALLBACK PHASE ZZDICTRAfGHOST WILL BE DEFINED
G(ZZDICTRAiGHOST,C;O)—H298(GRAPHITE,C;O)
G(ZZDICTRA_GHOST,FE;O)—H298(BCC_AZ,FE;O)
L(ZZDICTRA_GHOST,C,FE;O)

NO TIME STEP DEFINED

*** ENTERING ZZDICTRAfGHOST AS A DIFFUSION NONE PHASE
DIC>

DIC> @@

pIc> @@ ZADAME HLAVNI PODMINKU, KTEROU JE TEPLOTA T

DIC> @@

pic> set-cond glob T 0 1200; * N

DIC>

pIC> @@

pIC> @@ ZADAME REGION, KTERYM JE OCEL (steel)

DIC> @@

pic> enter-region

REGION NaME : Steel

DIC>

pIC> @@

pIc> @@ ZADEJTE MRIZKU

pIc> @@ UHLIK VSTUPUJE DO SYSTEMU Z DOLNI HRANICE, A PROTO POTREBUJEME NA
TETO HRANICI VICE BODU. Z TOHOTO DUVODU POUZIVAME V TOMTO PRIPADE
GEOMETRICKOU MRIZKU.

pIC> @@

pic> enter-grid

REGION NAME : /STEEL/: Steel

WIDTH OF REGION /1/: 1E-4

TYPE /LINEAR/: geometric

NUMBER OF POINTS /50/: 32

VALUE OF R IN THE GEOMETRICAL SERIE : 1.11
DIC>

pIC> @@

pIC> @@ ZADEJTE FAZE V REGIONU

pIC> @@

pic> enter-phase

ACTIVE OR INACTIVE PHASE /ACTIVE/: act
REGION NaME : /STEEL/: Steel

PHASE TYPE /MATRIX/: matrix

PHASE NAME: /NONE/: fcc#l
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DIC>
DIC>

pIC> @@

pic> @@ ZADEJTE POCATECNI SLOZENI VE FAZI FCC
pIc> @@

pic> enter-composition

REGION NAME : /STEEL/: Steel

PHASE NaME: /Fcc al/: Fcc#l

COMPOSITION TYPE /MOLE FRACTION/: mOle-fraction
PROFILE FOR /C/: C

TYPE /LINEAR/: linear

vaLUE OF FIRST poINT : 0.005

VALUE OF LAST poINT : /0/: 0.005
DIC>
DIC>

DIC> @@
pIC> @@ NASTAVTE FIX SLOZENI JAKO MEZNI HODNOTU
DIC> @@

pic> set-condition

GLOBAL OR BOUNDARY CONDITION /GLOBAL/: boundary

BOUNDARY /LOWER/: lower

CONDITION TYPE /CLOSED sysTeM/: State-variable-value
State variable expression #1 : /N=1/: n=1

State variable expression #2 : X(C)=0 .03
DIC>
DIC>

pIC> @@

pIc> @@ NASTAVTE CAS SIMULACE
pIC> @@

pic> set-simulation-time

END TIME FOR INTEGRATION /.1/: 100
AUTOMATIC TIMESTEP CONTROL /YES/:

MAX TIMESTEP DURING INTEGRATION /10/:
INITIAL TIMESTEP : /1E-07/:

SMALLEST ACCEPTABLE TIMESTEP : /1E-07/:
DIC>

DIC>

DIC>

prc> save exad Y

DIC>

pic> set-inter

__OK___

DIC>DIC> CPU time 1 seconds

SYS:5YS:SYS:SYS:

SYS:

sys: @@ exad4 run.DCM

SYS: -

sys: @@

SYs: @@ SOUBOR PRO VYPOCET PRIKLADU A4
sys: @@

SYS:

sys: @@

sYs: @@ ZADEJTE DICTRA MONITOR A NACTETE ULOZENY SOUBOR ENTER
sys: @@

sys: go d-m

NO TIME STEP DEFINED

pic> read exad

OK
DIC>

pIc> @@
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pIc> @@ ZACNETE VYPOCET
DIC> @@

pIic> Sim

Automatic start values will be set
0ld start values kept

Automatic start values will be set
Automatic start values will be set
0ld start values kept

Automatic start values will be set

U-FRACTION IN SYSTEM: C = .00502512562814071 FE = 1
TOTAL SIZE OF SYSTEM: 1E-04 [m]
U-FRACTION IN SYSTEM: C = .00502512562814071 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

9 GRIDPOINT (S) ADDED TO CELL #1 REGION: STEEL

TIME = 0.10000000E-06 DT = 0.10000000E-06 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .00508348834679687 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

1 GRIDPOINT (S) ADDED TO CELL #1 REGION: STEEL

TIME = 0.10100000E-04 DT = 0.10000000E-04 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .00508354928077668 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 0.12015107E-01 DT = 0.12005007E-01 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0051359752161144 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 0.36025121E-01 DT = 0.24010014E-01 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .00519775380828899 FE =1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 52.281132 DT = 10.000000 SUM OF SQUARES = 0.0000000

U-FRACTION IN SYSTEM: C = .0111746068103599 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 62.281132 DT = 10.000000 SUM OF SQUARES = 0.0000000

U-FRACTION IN SYSTEM: C = .0117364028934144 FE = 1
TOTAL SIZE OF SYSTEM: 1E-04 [m]
CPU time used in timestep 0 seconds

TIME = 72.281132 DT = 10.000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .012254676640172 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 82.281132 DT = 10.000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0127382032368992 FE = 1

TOTAL SIZE OF SYSTEM: 1E-04 [m]

CPU time used in timestep 0 seconds

TIME = 92.281132 DT = 10.000000 SUM OF SQUARES = 0.0000000

U-FRACTION IN SYSTEM: C = .0131931543537021 FE =1
TOTAL SIZE OF SYSTEM: 1E-04 [m]
CPU time used in timestep 0 seconds
TIME = 100.00000 DT = 7.7188676 SUM OF SQUARES
U-FRACTION IN SYSTEM: C = .0135276709326239 FE =
TOTAL SIZE OF SYSTEM: 1E-04 [m]
MUST SAVE WORKSPACE ON FILE
WORKSPACE SAVED ON FILE
RECLAIMING WORKSPACE
DELETING TIME-RECORD FOR TIME O
DELETING TIME-RECORD FOR TIME O
DELETING TIME-RECORD FOR TIME O
DELETING TIME-RECORD FOR TIME 0.12015107E-01
DELETING TIME-RECORD FOR TIME 0.36025121E-01
DELETING TIME-RECORD FOR TIME 0.84045150E-01

0

0

0

1

3

Il
o

.0000000

I
=

.0000000
.10000000E-06
.10100000E-04

DELETING TIME-RECORD FOR TIME 0.18008521
DELETING TIME-RECORD FOR TIME 0.37216532
DELETING TIME-RECORD FOR TIME 0.75632555
DELETING TIME-RECORD FOR TIME 1.5246460
DELETING TIME-RECORD FOR TIME 3.0612869
DELETING TIME-RECORD FOR TIME 6.1345688
DELETING TIME-RECORD FOR TIME 12.281132
DELETING TIME-RECORD FOR TIME 22.281132
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DELETING TIME-RECORD FOR TIME 32.281132
DELETING TIME-RECORD FOR TIME 42.281132
DELETING TIME-RECORD FOR TIME 52.281132
DELETING TIME-RECORD FOR TIME 62.281132
DELETING TIME-RECORD FOR TIME 72.281132
DELETING TIME-RECORD FOR TIME 82.281132
KEEPING TIME-RECORD FOR TIME 92.281132
AND FOR TIME 100.00000

WORKSPACE RECLAIMED

DIC>

DIC> @@

pIc> @@ VYPOCET JE UKONCEN
DIC> @@

DIC>

pic> set-inter

__OK___

DIC>DIC> CPU time 1 seconds

SYS:SYS:

SYS:

sys: @@ exad plot.DCM

SYS:

sys: @@

sYs: @@ SOUBOR PRO GRAFICKY VYSTUP PRIKLADU
sys: @@

SYS:

sys: @@

sYys: @@ JDI DO DICTRA MONITORU A NACTI ULOZENY SOUBOR S VYSLEDKY
sys: @@

sys: go d-m

NO TIME STEP DEFINED

pic> read exa4d

OK
DIC>

pIc> @@

pIic> @@ JDI DO POST PROCESORU
pIic> @@

pic> post

POST PROCESSOR VERSION 1.7
Implemented by Bjorn Jonsson

POST-1:

POST-1: @@

POST-1: @@ VYKRESLI PROFIL SLOZENT
POST-1: @@

posT-1: S—d-a x distance global
INFO: Distance is set as independent variable

posT-1: s=d-a y x(c)

posT-1: S=p-c time 25

POST-1:

POST-1: @@ o )

posT-1: @@ ZADEJTE ANALYTICKE RESENI, S NAZVEM ERFSOL
POST-1: @@

posT-1: enter-symbol

Function or table /FUNCTION/: function

navMeE: erfsol

roncrion: 0.03-0.025%erf (gd/sqrt (4*dc(fcc,c,c, fe) *25)) ;
POST-1:

POST-1: @@ ) o
posT-1: @@ POROVNEJ ANALYTICKE A NUMERICKE RESENT
POST-1: @@

posT-1: enter-symbol

Function or table /FUNCTION/: table

NAME: Aaa
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Variable (s) X(C) erfsol

POST-1:

posT-1: S—d-a y aaa

COLUMN NUMBER /*/: 1 2

POST-1:

posT-1: set—-axis-text

AXIS (X, Y OR Z) : y

AUTOMATIC AXIS TEXT (Y OR N) /N/: N

ax1s TexT : Mole-fraction C

POST-1:

posT-1: plot SCREEN

POST-1:

POST-1:

POST-1:

rosT-1:@?<Hit return to_continue>
POST-1:

POST-1: @@

POsT-1: @@ VYKRESLI ROZDILY OBOU RESENI
POST-1: @@

rosT-1: enter func diff=x(c)-erfsol;
posT-1: S-d-a y diff

posT-1: S—-S-S y n -le-2 le-2

POST-1:

posT-1: plot SCREEN

POST-1:

POST-1:

POST-1:

rosT-1:@?<Hit return to_continue>
POST-1:

posT-1: set-interactive

__OK___

POST-1: CPU time 0 seconds

DICTRA (2013-05-07:13.49.57) :

Mole-fraction C

—
=
(&)

@D

TIME =25

CELL #1
30

254 =

20+ =

oo
[

T
01 23 4567
10° DISTANCE

10

Obr. 1.4 Mnozstvi uhliku v zavislosti
na vzdalenosti od povrchu

DICTRA (2013-05-07:13.49.57) :
TIME =25
10 T
8| L
6, -
44 L

FUNCTION DIFF
=)
|

A4 0 1 2 3 4 5 6 7 8
@D 10®

DISTANCE

CELL #1

Obr. 1.5 Porovnani numerické simulace

s analytickym erf feSenim
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1.2 PROBLEMY POHYBU ROZHRANI

N e
2'x| ReSené ulohy

Piiklad 1.3: Transformace y na a v v binarni slitiné Fe-C

Vychozi stav tvori austenit o tloustce 2 mm. SloZeni austenitu je Fe — 0,15 hm. % C. Po austenitizaci
vzorku bylo provedeno ochlazeni z teploty 1050 K. Systém je povazovany za uzavieny, takze
neni potieba stanovit zadnou okrajovou podminku (uzavieny systéem je Default). Ocekava se
rust feritu do austenitu. Z tohoto divodu zacneme s tenkou oblasti u feritu prilehlého
k austenitu (priklad bla).

Fe - C Phase diagram
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,-’/ B j
2E-3
1E-9
Obr. 1.6 Nauhli¢ovani binarni slitiny Fe-C
sys: @@
svs: @@ ZACNEME VSTUPEM DO MODULU DATABAZE.
sys: @@

sys: go da

THERMODYNAMIC DATABASE module

Current database: TCS Steels/Fe-Alloys Database v7.0
VA DEFINED

L12 FCC B2_BCC B2 VACANCY

HIGH SIGMA DICTRAfFCCiAl REJECTED

TDB_TCFE7:

TDB_TCFE7: @@

TDB TCFE7: @@ PRO NACTENI TERMODYNAMICKYCH DAT VYUZIJEME DATABAZI SSOL.
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TDB TCFE7: @@

TDB_TCFE7: SW ptern

Current database: TCS Public Ternary Alloys TDB v1.3

VA DEFINED

TDB_PTERN:

TDB_PTERN: @@

TDB_PTERN: @@ DEFINUJTE, SE KTERYM SYSTEMEM BUDETE PRACOVAT.
TDB_PTERN: @@

oB_prErN: def-sys fe ¢

FE C DEFINED

TDB PTERN:

TDB_PTERN: @@

TDB_PTERN: @@ VYLUCTE TERMODYNAMICKA DATA PRO FAZE, KTERE NEJSOU POTREBA.
TDB_PTERN: @@

DB _PTERN: Y@j ph * all
LIQUID:L FCC_Al BCC A2

HCP_A3 GRAPHITE CEMENTITE
M7C3 M23C6 V3C2

REJECTED

o8 _pTERN: r@S ph fcc bee

FCC_Al BCC A2 RESTORED

TDB_PTERN:

TDB_PTERN: @@

TDB_PTERN: @@ NACTETE DATA Z DATABAZOVEHO SOUBORU.
TDB_PTERN: @@

TDB_PTERN: get
REINITIATING GES5 .....

ELEMENTS .....

SPECIES ......

PHASES .......

PARAMETERS

FUNCTIONS

List of references for assessed data

’Alan Dinsdale, SGTE Data for Pure Elements, Calphad Vol 15(1991) p 317
-425, also in NPL Report DMA (A)195 Rev. August 1990

’P. Gustafson, Scan. J. Metall. vol 14, (1985) p 259-267 TRITA 0237 (1984);
C-FE’

’Pingfang Shi (2006), TCS PTERN Public Ternary Alloys Database, v1.2;
Modified LO(BCC,Fe,C) and LO(BCC,Cr,C) parameters at high temperatures.’
-OKTDB_

PTERN:

TDB_PTERN: @@

TDB_PTERN: @@ MOBILITY/DIFFUSIVITY DATA JSOU ULOZENA V SAMOSTATNEM SOUBORU.
TDB_PTERN: @@ K nadteni dat pridej databazi MOBILITY.

TDB_PTERN: @@

TDB_PTERN: append

Use one of these databases

TCFE7 = TCS Steels/Fe-Alloys Database v7.
TCFE6 = TCS Steels/Fe-Alloys Database v6.
TCFE5 = TCS Steels/Fe-Alloys Database v5.
TCFE4 = TCS Steels/Fe-Alloys Database v4.
TCFE3 = TCS Steels/Fe-Alloys Database v3.
TCFE2 = TCS Steels/Fe-Alloys Database v2.
TCFE1 = TCS Steels/Fe-Alloys Database vl.
FEDAT = TCS/TT Steels Database v1.0

TCNI6 = TCS Ni-Alloys Database v6.0

TCNI5 = TCS Ni-Alloys Database v5.1

TCNI4 = TCS Ni-Alloys Database v4.0

O P EONO

DATABASE NAME /PTERN/: pfrib

Current database: Fridberg Dilute Fe-Alloys MDB v1.0
FE VA DEFINED

arp: def-sys fe c
FE C DEFINED

arp: rej ph * all
BCC A2 FCC_Al REJECTED
arr: res ph fcc bcc
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FCC_ Al BCC A2 RESTORED

app: get
ELEMENTS .....
SPECIES ......
PHASES .......
PARAMETERS ...
FUNCTIONS ....
~OKAPP:

APP: @@

app: @@ VSTUPTE DO DICTRA MONITORU, VE KTEREM NASTAVITE VAS SYSTEM.
APP: @@

app: go d-m

INFO: PHASE WITH LIMITED SOLUBILITY OF ELEMENT (S) EXIST

A FALLBACK PHASE ZZDICTRAfGHOST WILL BE DEFINED

G (Z2ZDICTRA GHOST,C;0)-H298 (GRAPHITE,C;0)

G(ZZDICTRA GHOST,FE;0)-H298 (BCC_A2,FE;0)

L(ZZDICTRA GHOST,C,FE;O0)

NO TIME STEP DEFINED

*** ENTERING ZZDICTRA GHOST AS A DIFFUSION NONE PHASE
DIC>

DIC> @@

pIc> @@ ZADEJTE HLAVNI PODMINKU, TJ. TEPLOTU T.

DIC> @@

pic> set-condition global T 0 1050; * N

DIC>

pIC> @@

pIic> @@ ZACNEME ZADANIM OBLASTI FERITU A AUSTENITU, RESP. FAZI BCC A FCC.
FERITICKA OBLAST SE PREDPOKLADA, ZE JE NA POCATKU VELMI TENKA, 1E-9
M.

DIC> @@

pic> enter-region

recION NaME : ferrite

DIC>

pic> enter-region

REGION NaME : austenite

ATTACH TO REGION NAMED /FERRITE/:
ATTACHED TO THE RIGHT OF FERRITE /YES/:
DIC>

pIc> @@

pIC> @@ DO OBLASTI (REGIONU) ZADEJTE MRIZKU.
pIC> @@

pic> enter-grid

REGION NAME : /FERRITE/: ferrite

WIDTH OF REGION /1/: le=9

TYPE /LINEAR/: linear

NUMBER OF POINTS /50/: 10
pDIC>

pic> enter-grid austenite
WIDTH OF REGION /1/: 20e-4
TYPE /LINEAR/: linear

NUMBER OF POINTS /50/: 50

DIC>

pIC> @@

pIC> @@ DO OBLASTI (REGIONU) ZADEJTE AKTIVNI FAZE.
pIC> @@

pic> enter-phase

ACTIVE OR INACTIVE PHASE /ACTIVE/: active

REGION NAME : /FERRITE/: ferrite

PHASE TYPE /MATRIX/: matrix

PHASE NAME: /NONE/: becec
DIC>
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pic> enter-phase

ACTIVE OR INACTIVE PHASE /ACTIVE/: active
REGION NAME : /AUSTENITE/: austenite
PHASE TYPE /MATRIX/: matrix

PHASE NAME: /NONE/: fcc#l
DIC>
DIC>
DIC>

DIC> @@
pICc> @@ ZADEJTE VSTUPNI SLOZENI V MRIZCE BCC.

pIc> @@

pic> enter-composition

REGION NAME : /FERRITE/: ferrite
PHASE NAME: /BCC A2/: bec

COMPOSITION TYPE /MOLE FRACTION/: W—P
PROFILE FOR /C/: C

TYPE /LINEAR/: linear

vaLUE OF FIRST pOoINT : 0.01

VALUE OF LAST POINT : /0/: 0.01

DIC>

pIc> @@ ) o
DIC> @@ ZADEJTE VSTUPNI SLOZENI V FCC.
pIic> @@

pic> enter-composition

REGION NAME : /AUSTENITE/: ausStenite
pHASE NAME: /Fcc al/: fcc#l

COMPOSITION TYPE /MOLE_FRACTION/: W—P

PROFILE FOR /c/: C

TYPE /LINEAR/: linear

VALUE OF FIRST POINT : 0.15

VALUE OF LAST POINT : /0/: 0.15

DIC>

pIC> @@

pIC> @@ OKRAJOVA PODMINKA BUDE UZAVRENY SYSTEM.

DpIC> @@
DIC>

DpIC> @@

pic> @@ NASTAVTE CAS SIMULACe.
pIC> @@

pic> set-simulation-time

END TIME FOR INTEGRATION /.1/: le@9

AUTOMATIC TIMESTEP CONTROL /YES/: YES

MAX TIMESTEP DURING INTEGRATION /100000000/: le8
INITIAL TIMESTEP : /1E-07/: 1E-=5

SMALLEST ACCEPTABLE TIMESTEP : /1E-07/: 1E=5
DIC>
DIC>

DIC> @@

pIc> @@ V TOMTO PRIPADE POUZIJEME IMPLICITNE INTEGRACNI CAS (1) MIsTO
PRESNEJSI, ALE MENE STABILNI LICHOBEZNIKOVE METODY, KTERA JE METODOU
VYCHOZT .

DIC> @@

DIC> S—S—C

NSO1A PRINT CONTROL : /0/:

FLUX CORRECTION FACTOR : /1/:

NUMBER OF DELTA TIMESTEPS IN CALLING MULDIF: /2/:

CHECK INTERFACE POSITION /NO/:
VARY POTENTIALS OR ACTIVITIES : /ACTIVITIES/:
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ALLOW AUTOMATIC SWITCHING OF VARYING ELEMENT : /YES/:

SAVE WORKSPACE ON FILE (YES,NO,0-999) /YES/:

DEGREE OF IMPLICITY WHEN INTEGRATING PDEs (0 -> 0.5 -> 1): /.5/: 1.0
MAX TIMESTEP CHANGE PER TIMESTEP : /2/:

USE FORCED STARTING VALUES IN EQUILIBRIUM CALCULATION /NO/:

ALWAYS CALCULATE STIFFNES MATRIX IN MULDIF /YES/:

CALCULATE RESIDUAL FOR DEPENDENT COMPONENT /NO/:

DIC> @@

pIC> @@ ULOZ NASTAVENI DO NOVEHO SOUBORU A OPUST DICTRA
pIC> @@

pic> save exbla Y

DIC>

pic> set-inter

__OK___

DIC>DIC> CPU time 1 seconds
SYS:SYS:SYS:SYS:

SYS:

sys: @@ exbla run.DCM

SYS: -

sys: @@

sys: @@ PRUBEZNY SOUBOR bla
sys: @@

SYS:

sys: @@

SsYs: @@ VSTUP DO DICTRA MONITORU A NACTI ULOZENY SOUBOR
sys: @@

sys: go d-m

NO TIME STEP DEFINED

pic> read exbla

OK

DIC>

pIC> @@

pIc> @@ ZACATEK SIMULACE

DIC> @@

prc> simulate

Automatic start values will be set
0ld start values kept

Automatic start values will be set
0ld start values kept

Automatic start values will be set
Trying old scheme 3

Automatic start values will be set
0ld start values kept

Automatic start values will be set
0ld start values kept

Automatic start values will be set

U-FRACTION IN SYSTEM: C = .00698495590385911 FE = 1
TOTAL SIZE OF SYSTEM: .002000001 [m]
U-FRACTION IN SYSTEM: C = .00698495590385911 FE = 1

TOTAL SIZE OF SYSTEM: .002000001 [m]

1.37555273486720901E-024

TIME = 0.10000000E-04 DT = 0.10000000E-04 SUM OF SQUARES = 0.13755527E-23
CELL # 1 VELOCITY AT INTERFACE # 2 IS 4.7520732 AND 4.7520732

POSITION OF INTERFACE FERRITE / AUSTENITE IS 0.47521732E-04

U-FRACTION IN SYSTEM: C = .00698495582692675 FE = 1

TOTAL SIZE OF SYSTEM: .002000001 [m]

8 GRIDPOINT (S) REMOVED FROM CELL #1 REGION: FERRITE

CPU time used in timestep 0 seconds

5 GRIDPOINT (S) ADDED TO CELL #1 REGION: FERRITE

1.01085912387231901E-020

TIME = 0.30000000E-04 DT = 0.20000000E-04 SUM OF SQUARES = 0.10108591E-19
CELL # 1 VELOCITY AT INTERFACE # 2 IS 0.72520790E-07 AND 0.72520790E-07
POSITION OF INTERFACE FERRITE / AUSTENITE IS 0.47521733E-04

U-FRACTION IN SYSTEM: C = .00698495582793217 FE = 1

TOTAL SIZE OF SYSTEM: .002000001 [m]

CPU time used in timestep 0 seconds

26 GRIDPOINT (S) ADDED TO CELL #1 REGION: FERRITE

3.53936379252091046E-017

TIME = 0.70000000E-04 DT = 0.40000000E-04 SUM OF SQUARES = 0.35393638E-16
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MUST SAVE WORKSPACE ON FILE
WORKSPACE SAVED ON FILE
RECLAIMING WORKSPACE

DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING
DELETING

TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD
TIME-RECORD

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME
TIME

o eoNeoloNeoNoNoNoNoNoBoNoNoNoNe NoNeo Ne)

5

.0000000
.10000000E-04
.30000000E-04
.70000000E-04
.15000000E-03
.31000000E-03
.63000000E-03
.12700000E-02
.25500000E-02
.51100000E-02
.10230000E-01
.20470000E-01
.40950000E-01
.81910000E-01
.16383000
.32767000
.65535000
.3107100
.6214300
.2428700

10.485750
20.971510
41.943030
83.886070
167.77215
335.54431
671.08863
1342.1773
2684.3546
5368.7091
10737.418
21474.836
42949.673
85899.346
171798.69
343597.38
687194.77
1374389.5
2748779.1
5497558.1
10995116.
21990233.
43980465.
87960930.

0.
.27592186E+09
.37592186E+09
.47592186E+09
.57592186E+09
.67592186E+09
.77592186E+09
.87592186E+09

0
0
0
0
0
0
0

17592186E+09

KEEPING TIME-RECORD FOR TIME 0.97592186E+09
AND FOR TIME 0.10000000E+10
WORKSPACE RECLAIMED

DIC>
DIC>
DIC>

DIC> @@

pIc> @@ SIMULACE BYLA UKONCENA

pIC> @@
DIC>

pic> set-inter

__OK___

DIC>DIC> CPU time 5 seconds

SYS:

sys: @@ exbla plot.DCM
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SYS:

sys: @@

SsYs: @@ SOUBOR PRO GENEROVANI GRAFICKEHO VYSTUPU Z PRIKLADU bla
sys: @@

SYS:

sys: @@

sys: @@ VSTUP DO DICTRA MONITORU A NACTI ULOZENY SOUBOR VYSLEDKU
sys: @@

sys: go d-m
NO TIME STEP DEFINED
pic> read exbla

OK
DIC>

pIc> @@

DIC> @@ JDI DO POST PROCESSOR
pIc> @@

pIC> pOoSt

POST PROCESSOR VERSION 1.7
Implemented by Bjorn Jonsson
POST-1:

POST-1:

POST-1:
POST-1:
POST-1:
POST-1:

INFO:

POST-1:

@@
@@ GRAF ZAVISLOSTI OBSAHU UHLIKU NA VZDALENOSTI PRI RUZNYCH CASECH
@@

s-d-a x distance global

Distance is set as independent variable
POST-1:

POST-1:

POST-1

POST-1:
POST-1:
POST-1:
POST-1:

POST-1

POST-1:

POST-1:
POST-1:
POST-1:
POST-1:
Time is set as independent variable

INFO:
POST-1

s-d-a y w-p ¢
s-p-c time 1le3,1le5,1e9
: plot SCREEN
:@?<Hit_return_to_continue>
@@
@@ GRAF ZAVISLOSTI POZICE BCC/FCC ROZHRANT
@@

s-d-a x time

: s—d-a y

VARIABLE : POS
INTERFACE : AQus

UPPER OR LOWER INTERFACE OF REGION AUSTENITE#1 /LOWER/: lower

POST-1:

posT-1: set_axis_type
AXIS (X, Y OR Z) : X

AXIS TYPE /LINEAR/: 10g
POST-1:

POST-1: S—S—8

AXIS (X, Y OR z) : X

AUTOMATIC SCALING (Y OR N) /N/: N
MIN VALUE : 10

MAX VALUE : l1le9
POST-1:

POST-1

: plot SCREEN

POST-1:
POST-1:
POST-1:
POST-1:
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posT-1:@?<Hit_ return to_continue>

POST-1:

POST-1: @@

PosT-1: @@ SESTROJI RYCHLOST BCC / FCC ROZHRANI
POST-1: @@

posT-1: S—d-a

AXIS (X, Y OR Z) : y

variaBlE : velocity

INTERFACE : Aus

UPPER OR LOWER INTERFACE OF REGION AUSTENITE#1 /LOWER/: lOwer
POST-1:

posT-1: plot SCREEN

POST-1:

POST-1:

POST-1:
POST-1:

posT-1:@?<Hi t_return to_continue>
POST-1:

post-1: set-inter

__OK___

POST-1: CPU time 0 seconds

DICTRA (2013-05-07:13.51.37) : DICTRA (2013-05-07:13.51.37) :
TIME = 1000,100000,1E+09 LOWER INTERFACE OF REGION "AUSTENITE#1"
CELL #1 CELL #1
0.50 R 14
0.45 -
12|
0.40 - - W
(&)
2 0.35 - E 10
Z
w - L w
3 0.30 E g
i 0.25 - . n
= 020 - O 67
Z
0} o
o 0.15 - 2 4
0.101 = 8
o 2
0.05 - - 104
0 T T T T T T T T T 0 T T T T T T T
@ 0 42 4 6 8 10 12 14 16 18 20 @ 10" 102 10%® 10* 105 10% 10”7 108 10°
10° DISTANCE TIME
Obr. 1.7 Graf zavislosti obsahu uhliku Obr. 1.8 Graf zavislosti bee/fec rozhrani na ¢ase

na vzdalenosti pii riznych ¢asech

DICTRA (2013-05-07:13.51.37) :
LOWER INTERFACE OF REGION "AUSTENITE#1"
CELL #1
8 1
7, |-
8
< 69 r
&
w 54 L
=
Zz
o4 L
N
£ 3 i
(6]
82 ;
g
1, |-
108
O o T ala 105 T8 407 108 1o
@ 10° 10 10° 10 10°> 10° 10" 10° 10
TIME
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Obr. 1.9 Rychlost pohybu BCC / FCC rozhrani v zavislosti na ¢ase

1.3 KOOPERATIVNI RUST

N L,
2'x| ReSené ulohy

Priklad 1.4: Rust perlitu ve slitiné Fe-Mn-C
V tomto prikladu budeme resit vypoctu ristu perlitu v oceli Fe - 0.50 hm. % C - 0.91 hm. % Mn.

T =900 - Time =10
Y

—

austenite

A
L/

4E-5

Obr. 1.10 Rist perlitu do austenitu

sys: @@

sYys: @@ NACTETE DATA Z DATATAZE
sys: @@

svs: go da

THERMODYNAMIC DATABASE module

Current database: TCS Steels/Fe-Alloys Database v7.0
VA DEFINED

L12 FCC B2 BCC B2 VACANCY

HIGH SIGMA DICTRA FCC_Al REJECTED

toB_TcrE7: SW tcfe7

TDB_TCFE7:

TDB_TCFE7: @@

TDB TCFE7: @@ DEFINUJTE SYSTEM

TDB TCFE7: @@

B tcrE7: def-sys fe ¢ mn

FE C MN

DEFINED

TDB_TCFE7:

TDB_TCFE7: @@

TDB_TCFE7: @@ ZACHOVAT POUZE FAZE AUSTENIT, FERIT A CEMENTIT.
TDB_TCFE7: @@

toB_tcrE7: rej-ph /all
GAS:G LIQUID:L BCC_A2

FCC_Al HCP_A3 DIAMOND_FCC_A4
GRAPHITE CEMENTITE M23C6

M7C3 M5C2 KSI_CARBIDE

Al_KAPPA KAPPA FE4N_LP1

FECN_CHI LAVES_PHASE_C14 G_PHASE
REJECTED

B 1crE7: rest-ph fcc,becc, cem

FCC Al BCC A2 CEMENTITE
RESTORED
TDB TCFE7:
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TDB TCFE7: @@
TDB TCFE7: @@ ZADEJTE TERMODYNAMICKA DATA
TDB_TCFE7: @@

TDB_TCFE7: get

REINITIATING GESS5 .....

ELEMENTS .....

SPECIES ......

PHASES .......

PARAMETERS

FUNCTIONS

List of references for assessed data

’A. Dinsdale, SGTE Data for Pure Elements, Calphad, 15 (1991), 317-425'
’P. Franke, estimated parameter within SGTE, 2007; Fe-C, Ni-C, Mo-C, C-Mn’
’P. Gustafson, Scan. J. Metall., 14 (1985), 259-267; TRITA 0237 (1984); C
_FE’

’W. Huang, Metall. Trans. A, 21A (1990), 2115-2123; TRITA-MAC 411 (Rev
1989); C-FE-MN’

'W. Huang, Calphad, 13 (1989), 243-252; TRITA-MAC 388 (rev 1989); FE-MN’
’X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, Vol. 29, 2005, pp. 68-89;
Molar volumes’

’X.-G. Lu, Thermo-Calc Software AB, Sweden,2006; Molar volumes’

"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes’

’P. Villars and L.D. Calvert (1985). Pearson’s handbook of
crystallographic data for intermetallic phases. Metals park, Ohio.
American Society for Metals; Molar volumes’

-OKTDB_

TCFE7:

TDB_TCFE7: @@

TDB_TCFE7: @@ PRIDEJTE KINETICKA DATA Z DATABAZE MOBILITY

TDB TCFE7: @@

B _TcrE7: append mobfe2

Current database: TCS Steels/Fe-Alloys Mobility Database v2.0
TCS Steel Mobility Database Version 2.0 from 2011-12-09.

VA DEFINED

arp: def-sys fe ¢ mn

FE C MN
DEFINED

arp: rej-ph /all
BCC A2 CEMENTITE FCC Al
FE4N LP1 HCP_A3 LIQUID:L
REJECTED

arr: rest-ph bcc, fcc,cem
BCC7A2 FCCiAl CEMENTITE
RESTORED

app: get

ELEMENTS .....

SPECIES ......

PHASES .......

PARAMETERS

FUNCTIONS

List of references for assessed data

"This parameter has not been assessed’

’J. Agren: Scripta Met. 20(1986)1507-1510; C diff in fcc C-Fe’

’B. Jbnsson: Scand. J. Metall. 23(1994)201-208; Fe and Ni diffusion fcc Fe
_Ni’

"Bae et al.: Z. Metallkunde 91(2000)672-674; fcc Fe-Mn

Mn-Ni’

’B. Jbnsson: Z. Metallkunde 85(1994)498-501; C and N diffusion in bcc Cr
-Fe-Ni’

’B. Jbnsson: Z. Metallkunde 83(1992)349-355; Cr, Co, Fe and Ni diffusion
in bcc Fe’

’Assessed from data presented in Landholt-Bdérnstein, Vol. 26, ed. H.
Mehrer, springer (1990); Impurity diff of Mn in bcc Fe.’

—-OKAPP:

APP: @@

app: @@ OK, VSECHNA TERMODYNAMICKA A KINETICKA DATA BYLA NACTENA

APP: @@ PREJDETE DO DICTRA MONITORU A ZADEJTE VAS PROBLEM
APP: @@

app: go d-m

INFO: PHASE WITH LIMITED SOLUBILITY OF ELEMENT (S) EXIST

A FALLBACK PHASE ZZDICTRAﬁGHOST WILL BE DEFINED
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G (ZZDICTRA_GHOST,C;0) -H298 (GRAPHITE, C; 0)

G (ZZDICTRA GHOST,FE;0)-H298 (BCC_A2,FE;0)

G (ZZDICTRA GHOST,MN;0)-H298 (CBCC_Al2,MN;0)

L(ZZDICTRA GHOST,C,FE;0)

L (ZZDICTRA GHOST,C,MN;0)

L(ZZDICTRA GHOST, FE,MN;0)

NO TIME STEP DEFINED

*** ENTERING ZZDICTRA GHOST AS A DIFFUSION NONE PHASE

DIC>

DIC> @@

pIC> @@ NASTAVTE PODMINKY ZAVISLE NA T

DIC> @@

pic> set-cond glob t 0 900-time*10; * n

DIC>

DIC> @@

pIC> @@ ZADEJTE OBLASTI (REGIONY)

pIC> @@

pic> enter-reg pearlite

DIC>

DIC> @@

pIC> @@ ZADEJTE MALA INICIACNI MISTA MRIZKY V PERLITICKE OBLASTI

pIC> @@

pic> enter-grid pearlite 5e-10 1lin 5

DIC>

DIC> @@

DIC> @@

pIc> @@ ZADEJTE DO PERLITICKE OBLASTI FAZE BCC A CEM A UPRESNETE, ZE BUDOU
PRITOMNY VE FORME LAMELARNI. NASTAVTE JEJICH STAV JAKO AKTIVNI.

oD . NAPETT — OPTIMALNT MPO—RUS ACTOR
x - UHLIK (C) SE UVNITR PROGRAMU CHOVA ZVLASTNIM

ZPUSOBEM, POKUD JE AUTOMATICKY ZAPSANA DIFUZE C, VYPOCITA SE PODLE
ROVNICE PRO SMISENE HRANICE A SIRENI V OBJEMU. MATE NA VYBER MEZI
MANUALNI NEBO AUTOMATICKE SPUSTENI HODNOT PRO VSECHNY PROMENNE KROME
RYCHLOSTI RUSTU, ZKUSIME HODNOTU 1E-6DIC.

DIC> @@

pic> enter-phase
ACTIVE OR INACTIVE PHASE /ACTIVE/: active
REGION NAME : /PEARLITE/: pearlite

PHASE TYPE /MATRIX/: lam
Eutectiod reaction is "GAMMA" ==> "ALPHA" + "BETA"

Enter
Enter

Enter
Enter

name of "ALPHA" phase /BcC_n2/: bce_a2
name of "BETA" phase /CEMENTITE/: cementite

name of "GAMMA" phase /FCC Al/: fcc al
"ALPHA"/"BETA" surface tension

Low TIME LIMIT /0/: O

Surface tension(T,P,TIME)= 1;

HIGH TIME LIMIT /*/: 1000

ANY MORE RANGES /N/: N

Enter

"ALPHA"/"GAMMA" surface tension

Low TIME LIMIT /0/: O

Surface tension(T,P,TIME)= 1 ;

HIGH TIME LIMIT /*/: 1000

ANY MORE RANGES /N/: N

Enter

"BETA"/"GAMMA" surface tension

Low TIME LiMIT /0/: O

Surface tension(T,P,TIME)= 1;
HIGH TIME LIMIT /*/: 1000
ANY MORE RANGES /N/: N

Optimum growth condition factor /2/: 2
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Name of dependent element /FE/: fe
INPUT OF DIFFUSION DATA

Growth model (VOLUME/BOUNDARY/KIRKALDY) for element C /BOUNDARY/: boundary
DF(C) = /value/AUTOMATIC/MIXED/: auto

Growth model (VOLUME/BOUNDARY/KIRKALDY) for element MN /BOUNDARY/: boundary
DF(MN) = /value/MIXED/: 5.4e-14

o) : 155000

Automatic start values for the SO determination /Y/: Y
Growth rate v: 1E—-6

Automatic start values on other variables /Y/: Y

DIC>

pIC> @@

pIC> @@ INITIATE THE COMPOSITION RECORDS FOR THE ’'PEARLITE’

pIC> @@

pic> enter-composition

REGION NAME : /PEARLITE/: pearlite

DIC>

pIC> @@

pIc> @@ NYNI BUDEME POKRACOVAT DEFINICI MATRICE, DO KTERE PERLIT POROSTE.
ZACNEME ZADANIM NAZEVU REGIONU, OZNACIME HO AUSTENIT.

pIC> @@

pIC> @@

pic> enter-region austenite

ATTACH TO REGION NAMED /PEARLITE/:

ATTACHED TO THE RIGHT OF PEARLITE /YES/:

DIC> @@

pIc> @@ URCETE, JAKA FAZE FCC BUDE V OBLASTI "AUSTENIT" K DISPOZICI A JAKY
TYP FAZE "MATRICE" TO JE A JEHO PUVODNI STAV AKTIVNI.

DIC> @@

pic> enter-phase act austenite matrix fcc

DIC>

pICc> @@

pDIC> @@ V OBLASTI AUSTENITU POTREBUJETE MIT TAKE PROSTOROVOU MRIZKU. JAKO
HODNOTY GEOMETRICKEHO FAKTORU MRIZKY VYBERTE VELIKOST 4E-5, TYP
MRIZKY ’'GEOMETRICAL’, BODY MRIZKY 30’ X ’1.5’.

pIC> @@

pic> enter-grid austenite 4e-5 geo 30 1.5

DIC>

DIC>

DIC>

DIC> @@

pIc> @@ ZADEJTE POCATECNI KONCEIYTR{kéNi' _PROFIL VE FA'Z,I FCC V AUTENITICKE
OBLASTI. KONCENTRACE MUSI BYT DANA V Y-FRAKCICH.

DIC> @@

pic> enter-composition

REGION NAME : /AUSTENITE/: austenite

PHASE NaME: /Fcc_al/: fee

DEPENDENT COMPONENT ? /MN/: fe

COMPOSITION TYPE /MOLE FRACTION/: Site-fraction
PROFILE FOR MN

TYPE /LINEAR/: 1lin 9.29232973E-3 9.29232973E-3
PROFILE FOR C

TYPE /LINEAR/: 1lin 2.3384332E-2 2.3384332E-2
pDIC>

pIC> @@

pIc> @@ NYNI JSTE DOKONCILI ZADANI MATRICE.

pIC> @@

DIC>

pIC> @@

DIC> @@ SPECIFIKUJTE KULOVOU GEOMETRII ’2’
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pIC> @@

pic> enter-geo 2

DIC>

pIC> @@

pic> @@ ZADEJTE CAS SIMULACE
pIC> @@

prc> set-simulation-time

END TIME FOR INTEGRATION /.1/: 5
AUTOMATIC TIMESTEP CONTROL /YES/: YES

MAX TIMESTEP DURING INTEGRATION /.5/: 0 .1

INITIAL TIMESTEP : /1E-07/:
SMALLEST ACCEPTABLE TIMESTEP : /1E-07/:
DIC>

pIC> @@

pIc> @@ ULOZTE NASTAVENI DO NOVEHO SOUBORU A UKONCETE PROGRAM
pIC> @@

pic> save exel Y

DIC>

pic> set-inter

__OK___
DIC>DIC> CPU time 4 seconds

sys: @@
sys: @@ VSTUPTE DO DICTRA MONITORU
sys: @@

sys: go d-m

NO TIME STEP DEFINED

DIC>

DIC> @@

pIC> @@ OTEVRETE SOUBOR S NASTAVENIM
DIC> @@

pic> read exel
OK
DIC>

pIC> @@
pic> @@ ZACNETE SIMILACI
DIC> @@

pic> simulate

Automatic start values will be set

Automatic start values will be set

0ld start values kept

Automatic start values will be set

Trying old scheme 4

Automatic start values will be set

Automatic start values will be set

0ld start values kept

Automatic start values will be set

U-FRACTION IN SYSTEM: C = .0233843320030518 FE = .990707670399292

MN = .0092923297312127

TOTAL SIZE OF SYSTEM: 2.68092626329E-13 [m"3]

U-FRACTION IN SYSTEM: C = .0233843320030518 FE = .990707670399292

MN = .0092923297312127

TOTAL SIZE OF SYSTEM: 2.68092626329E-13 [m"3]

17 GRIDPOINT (S) ADDED TO CELL #1 REGION: AUSTENITE

TIME = 0.10000000E-06 DT = 0.10000000E-06 SUM OF SQUARES = 0.0000000
CELL # 1 VELOCITY AT INTERFACE # 2 IS 0.76465982E-05 AND 0.76465982E-05
POSITION OF INTERFACE PEARLITE / AUSTENITE IS 0.50076466E-09
U-FRACTION IN SYSTEM: C = .0233843320030518 FE = .990707670399294

MN = .00929232973121272

TOTAL SIZE OF SYSTEM: 2.68092626329E-13 [m"3]

10 GRIDPOINT (S) REMOVED FROM CELL #1 REGION: AUSTENITE

CPU time used in timestep 1 seconds

4 GRIDPOINT (S) ADDED TO CELL #1 REGION: AUSTENITE

TIME = 0.10100000E-04 DT = 0.10000000E-04 SUM OF SQUARES = 0.0000000
CELL # 1 VELOCITY AT INTERFACE # 2 IS 0.76466217E-05 AND 0.76466217E-05
POSITION OF INTERFACE PEARLITE / AUSTENITE IS 0.57723088E-09
U-FRACTION IN SYSTEM: C = .0233843320030518 FE = .990707670399294
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CPU time used in timestep 0 seconds

TIME = 4.6271825 DT = 0.10000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0233843320030519 FE = .990707670399278
MN = .00929232973122924

TOTAL SIZE OF SYSTEM: 2.67696400106E-13 [m"3]

CPU time used in timestep 0 seconds

TIME = 4.7271825 DT = 0.10000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0233843320030519 FE = .990707670399278
MN = .00929232973122924

TOTAL SIZE OF SYSTEM: 2.67696400106E-13 [m"3]

CPU time used in timestep 0 seconds

TIME = 4.8271825 DT = 0.10000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0233843320030519 FE = .990707670399278
MN = .00929232973122924

TOTAL SIZE OF SYSTEM: 2.67696400106E-13 [m"3]

CPU time used in timestep 0 seconds

TIME = 4.9271825 DT = 0.10000000 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0233843320030519 FE = .990707670399278
MN = .00929232973122924

TOTAL SIZE OF SYSTEM: 2.67696400106E-13 [m"3]

CPU time used in timestep 0 seconds

TIME = 5.0000000 DT = 0.72817470E-01 SUM OF SQUARES = 0.0000000
U-FRACTION IN SYSTEM: C = .0233843320030519 FE = .990707670399278
MN = .00929232973122924

TOTAL SIZE OF SYSTEM: 2.67696400106E-13 [m"3]

MUST SAVE WORKSPACE ON FILE
WORKSPACE SAVED ON FILE
RECLAIMING WORKSPACE

DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME
DELETING TIME-RECORD FOR TIME 3.7271825
DELETING TIME-RECORD FOR TIME 3.8271825

3.2527350
3
3
3
3
3
3
3
3
DELETING TIME-RECORD FOR TIME 3.9271825
4
4
4
4
4
4
4
4
4

.3261725
.3261825
.3271825
.4271825
.5271825
.6271825

DELETING TIME-RECORD FOR TIME 4.0271825
DELETING TIME-RECORD FOR TIME 4.1271825
DELETING TIME-RECORD FOR TIME 4.2271825
DELETING TIME-RECORD FOR TIME 4.3271825
DELETING TIME-RECORD FOR TIME 4.4271825
DELETING TIME-RECORD FOR TIME 4.5271825
DELETING TIME-RECORD FOR TIME 4.6271825
DELETING TIME-RECORD FOR TIME 4.7271825
DELETING TIME-RECORD FOR TIME 4.8271825
KEEPING TIME-RECORD FOR TIME 4.9271825
AND FOR TIME 5.0000000

WORKSPACE RECLAIMED

DIC>

DIC> @@
pIc> @@ SIMULACE JE UKONCENA

pIC> @@
DIC>

pic> set-inter

__OK___
DIC>DIC> CPU time 14 seconds

SYS:SYS:

SYS:

sys: @@ exel_plot.DCM

SYS:

sys: @@

sYs: @@ SOUBOR PRO GRAFICKY VYSTUP
sys: @@

SYS:

sys: @@

sys: @@ JDI DO DICTRA MONITORU A NACTI SOUBOR VYSLEDKU

sys: @@
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sys: go d-m

NO TIME

STEP DEFINED

pic> read exel

OK
DIC>

pIC> @@
pIC> @@
pIC> @@

JDI DO POST PROCESSORU

pIC> pOosSt
POST PROCESSOR VERSION 1.7
Implemented by Bjorn Jonsson

POST-1:
POST-1:
POST-1:
POST-1:

POST-1:

@@

@@ SESTROJ ZAVILOST TEPLOTY JAKO FUNKCI CASU.
@@

s-d-a x time

INFO: Time is set as independent variable

POST-1:

POST-1:
POST-1:
POST-1:

POST-1:
POST-1:
POST-1:

s-d-ay t
s-p-c interface first

plot SCREEN

posT-1:@?<Hit_ return to_continue>

POST-1:
POST-1:
POST-1:
POST-1:
POST-1:
POST-1:
POST-1:

POST-1:
POST-1:
POST-1:

@@

@@ NYNI ZNAZORNETE PODIL PERLITU VS. CAS.
@@

s-d-a y ivv(pearlite)

plot SCREEN

pmm—m@?<Hit_return_to_continue>

POST-1:
POST-1:
POST-1:
POST-1:
POST-1:

AXIS (X,

VARIABLE :

@@

@@ MEZILAMELARNI VZDALENOST JAKO FUNKCE CASU.
@@

s-d-a

YOR Z) : Y

lamellar-sp

IN REGION: /*/: pearlite

POST-1:
POST-1:

s-p-c

CONDITION /INTEGRAL/: interface
INTERFACE : pearlite
UPPER OR LOWER INTERFACE OF REGION PEARLITE#1 /LOWER/: Upper

POST-1:

POST-1:
POST-1:
POST-1:
POST-1:

plot SCREEN

pmm—m@?<Hit_return_to_continue>

POST-1:
POST-1:
POST-1:
POST-1:
POST-1:
POST-1:

30

@@
@@ PODIVEJME SE NA MEZILAMELARNI VZDALENOST VS. TEPLOTA.
@@

s-d-a x t
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rosT-1: S-p-¢ interface pearlite upper

POST-1:

posT-1: plot SCREEN

POST-1:
POST-1:
POST-1:

posT-1:@?<Hi t_return to_continue>

POST-1:
POST-1: @@

pPOST-1: @@ A MNOZSTVI UHLIKU VE FERITU V ZAVISLOSTI NA TEPLOTE.

POST-1: @@

posT-1: sS-d-a y w(bcc,c)

POST-1:
POST-1:

posT-1: plot SCREEN

POST-1:
POST-1:
POST-1:

posT-1:@?<Hi t_return to_continue>

POST-1:
POST-1: @@

POST-1: @@ KONECNE, PODIVEJME SE NA RYCHLOST ROZHRANI VS. TEPLOTA.

POST-1: @@

posT-1: S—d-a y t
posT-1: S—d-a x velocity

INTERFACE

: pearlite

UPPER OR LOWER INTERFACE OF REGION PEARLITE#1 /LOWER/: upper
posT-1: Set-ax-ty x log
POST-1: S—-S-S X n le-6 le-4

POST-1:

rost-1: plot SCREEN

POST-1:
POST-1:
POST-1:

posT-1:@?<Hit_return to_continue>

POST-1:
POST-1:

posT-1: set-inter

__OK___

POST-1: CPU time 0 seconds

DICTRA (2013-05-07:22 57 30) | DICTRA (2013-05-07:22 57 30) -
"FIRST" INTERFACE OF SYSTEM
CELL #1
900 ! ! 10 '

895 - 09 -
890 - 08 -
885 - 07 -

w
880 - E 0.6 -

-
— 875 L % 05 L

o
870 - s 04 -
8651 - = 0.3 -
860 L 02 -
8551 - 01 -
L T R S T o1 3 5 i 4

A0 1 2 3 4 5 A

<:£D TIME GJED TIME

Obr. 1.11 Zavislost teploty jako funkce ¢asu Obr. 1.12 Podil perlitu vs. ¢as
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DICTRA (2013-05-07:22.57.30) :
UPPER INTERFACE OF REGION "PEARLITE#1"
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Obr. 1.15 Mnozstvi uhliku ve feritu.
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2. MODELOVANI KRIVEK SOLIDU A LIKVIDU V BINARNIM SYSTEMU

Vypis programu pro OBASIC:

10 REM Vypocet rozdelovacich koeficientu binarnich soustav

12 DIM T(50), M(20)

14 CLS:SCREEN 0,1:COLOR 0,3:WIDTH 40

16 LOCATE 6,10:PRINT CHR$(213)+STRING$(19,205)+CHR$(184)

18 LOCATE 7,10:PRINT CHR$(179)+STRING$(19,32)+CHR$(179)

20 LOCATE 8,10:PRINT CHR$(179)+"DOBRY D EN ! "+CHR$(179)

22 LOCATE 9,10:PRINT CHR$(179)+STRING$(19,32)+CHR$(179)

24 LOCATE 10,10:PRINT CHR$(212)+STRING$(19,205)+CHRS$(190)

26 COLOR 4,0:LOCATE 13,2:PRINT"VYPOCET ROZDELOVACICH KOEFICIENTU"

28 LOCATE 15,10:PRINT"BINARNICH SOUSTAV"

30 COLOR 14,0:LOCATE 19,2:PRINT "ZADEJTE VASE PRIJMENI A JMENO:"

32 LOCATE 20,10:INPUT J$

34 CLS:WIDTH 80

36 COLOR 14,2:INPUT "ZAKLADNI PRVEK :";A$

38 INPUT "PRIMESOVY PRVEK :";B$

40 PRINT:PRINT:COLOR 0,5

42 PRINT "TEPLOTA TANI ZAKLADNIHO PRVKU ";AS$;" [st.Celsia] :";:INPUT T1

44 PRINT "TEPLOTA EUTEKTIKA NEBO PERITEKTIKA [st.Celsia] :";:INPUT T2

46 PRINT "MOLARNI ENTALPIE TANI ZAKLADNIHO PRVKU ";A$;" [J/mol]:";:INPUT H1
48 R=8.314:T0=273.16

49 FOR I=1 TO 8:X(I)=0:Y(1)=0:W()=0:Z(I)=0:NEXT I

50 PRINT:PRINT:COLOR 0,11:PRINT'"S O L I D U §"

52 COLOR 0,7:INPUT "POCET BODU SOLIDU :";N

54FORI=1 TON

56 PRINT "BOD SOLIDU CISLO ";I;": XS=, TS =";:INPUT X(I),Y(D)

S8 NEXTI

60 PRINT:PRINT:COLOR 0,4:PRINT"L I K VI D U §"

62 COLOR 0,7:INPUT "POCET BODU LIKVIDU :";M

64 FOR I=1 TOM

66 PRINT "BOD LIKVIDU CISLO ";I;": XL =, TL =";:INPUT W(I),Z(I)

68 NEXT I

70 COLOR 0,2:PRINT " "

72 IF N>=M THEN N5=N:GOTO 76

74 N5=M

76 CLS

78 S$=A$+" - "+BS

80 LOCATE 1,60:COLOR 14,2:PRINT "SOUSTAVA :";S$

82 PRINT:COLOR 13,0:LOCATE 3,13:PRINT"TABULKA ZADANYCH HODNOT"
84 PRINT:COLOR 0,11:PRINT" SOLIDUS "
86 LOCATE 5,39:COLOR 0,4:PRINT" LIKVIDUS "
88 PRINT:COLOR 0,7

90 PRINT"BOD XS [MOL.%] TS[C] "

92 PRINT "BOD XL [MOL.%] TL [C]":PRINT

94 FOR I=1 TO N5+1

96 PRINT USING "##  ##Ht#HHH#  #iHHH LX) Y (D);
98 PRINT USING "##  #t####  ###" LW, Z(D)

100 NEXT I

102 PRINT:COLOR 0,6:PRINT "VOLBA REZIMU :VYPOCET =1"
104 PRINT " ZMENA SOLIDU = 2"

106 PRINT " ZMENA LIKVIDU = 3"

108 PRINT " NOVA SOUSTAVA =4"

110 PRINT " KONEC PRACE =5";:INPUT B5

112 ON B5 GOTO 114,234,240,14,232

114 REM Vypocet parametru solidu a likvidu

116 FOR I=1 TO 8:IF X(I)=0 THEN P=I-1:GOTO 120

118 M(D=X(1):N(D)=Y(I):NEXT I

120 GOSUB 246

122 C$=D$:A1=D1:B1=D2

124 PRINT:COLOR 0,11

126 PRINT USING "ROVNICE SOLIDU : TS = ###t #### XS™2 + i #### ";A1;BL;
128 PRINT USING "XS + ##### \ \";T1;C$

130 IF C$<>"0O" THEN PRINT P$
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132 IF A1=0 OR B1=0 THEN PRINT "NEVHODNE ZVOLENE BODY SOLIDU":GOTO 234
134 FOR I=1 TO 10:IF W(I)=0 THEN P=I-1:GOTO 138

136 M(D)=W(1):N(I)=Z(I):NEXT I

138 GOSUB 246

140 A2=D1:B2=D2

142 PRINT:COLOR 0,4

144 PRINT USING "ROVNICE LIKVIDU : TL = ####H##H i X2 + #iH# #HEH# " A2;B2;
146 PRINT USING "XL + ###4# \ \";T1;D$

148 IF D$<>"O" THEN PRINT P§

150 IF A2=0 OR B2=0 THEN PRINT "NEVHODNE ZVOLENE BODY LIKVIDU":GOTO 240
152 IF B1>0 GOTO 156

154 A3=-A1:B3=-B1:GOTO 158

156 A3=A1:B3=Bl

158 IF B2>0 GOTO 162

160 A4=-A2:B4=-B2:GOTO 164

162 A4=A2:B4=B2

164 P2=R*(T1+T0)"2/H1

166 COLOR 0,15:PRINT "STISKNETE <Enter>";:INPUT K$

168 TF C$<>"0O" THEN INPUT "ZMENA BODU SOLIDU ? Y/N";Y$:IF Y$="Y" THEN 76
170 TF D$<>"0O" THEN INPUT "ZMENA BODU LIKVIDU ? Y/N";Z$:IF Z$="Y" THEN 76
172 REM Vypocet jednoho radku

174 DATA 0.01,0.1,1,10,100,200,500

176 RESTORE

178 FOR I=1 TO 7:READ T(I):IF T2>T1 THEN T(I)=-T(I)

180 NEXT I

182 COLOR 0,13:CLS

184 COLOR 11,0:LOCATE 3,10

186 PRINT" TABULKA VYPOCTENYCH HODNOT"

188 LOCATE 5,5:COLOR 14,2

190 PRINT "DELTA T TEPLOTA X(SOL.) X(LIQ.) KO0 "

192 PRINT" DTH DTH/DT"

194 LOCATE 6,5:PRINT " [K] [ST.C] [MOL %] [MOL.%] [-1";

196 PRINT" [K] [-]"

198 LOCATE 7,5:FOR J=1 TO 60:PRINT "-";:>NEXT J:PRINT

200 COLOR 15,1

202 FORI=1TO 7

204 LOCATE 8+1,5

206 IF ABS(T(I))>ABS(T1-T2) THEN T(I)=T1-T2

208 S=(-B3+SQR(B3"2+4*A3*ABS(T(I))))/2/A3

210 L=(-B4+SQR(B4"2+4*A4*ABS(T(1))))/2/A4

212 T=T1-T(1):K=S/L:D=P2*(L-S)/100:E=D/T(I)

214 PRINT USING "#H#Hi# # #HHE# HHE HHAHE A 8 T, T;S; LK

216 PRINT USING " ##i## #####",D;E

218 IF T(I)=T1-T2 THEN 222

220 NEXT I

222 PRINT:PRINT:COLOR 0,6:PRINT "VOLBA REZIMU : NOVA SOUSTAVA =1"
224 PRINT " ZMENA BODU =2"

226 PRINT " TISK VYSLEDKU =3"

228 PRINT " KONEC PRACE =4";:INPUT B6

230 ON B6 GOTO 14,76,298,232

232 END

234 COLOR 0,11:PRINT "ZMENA BODU NA SOLIDU :"

236 PRINT "ZADEJ CISLO BODU, XS =, TS =";:INPUT IX(I),Y(I)
238 GOTO 76

240 COLOR 0,7:PRINT "ZMENA BODU NA LIKVIDU :"

242 PRINT "ZADEJ CISLO BODU, XL =, TL =";:INPUT I, W(I),Z(I)
244 GOTO 76

246 REM Regrese parabolicke funkce

248 S2=0:S3=0:S4=0:S8=0:S9=0

250 FORI=1 TO P

252 S2=82+M(1)"2:S3=S3+M()"3:S4=S4+M(1)"4

254 S8=S8+(N(I)-T1)*M(1)"2:S9=S9+(N(I)-T1)*M(I)

256 NEXT 1

258 J1=S4*S2-S3/2:D1=(S8*S2-S9*S3)/J1:D2=(S4*S9-S3*S8)/J1

260 REM Test konzistence rovnic

262 H2=ABS(T2-T1):A5=H2/10000:A6=2*H2/100:G=0

264 FOR I=1 TO 8:IF M(I)>G THEN G=M(I)
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266 NEXT I

268 P$="PRUBEH KRIVKY NEODPOVIDA FYZIKALNIMU SMYSLU !"
270 A8=2*H2/G:IF D2>0 GOTO 274

272 D3=-D1:D4=-D2:GOTO 276

274 D3=D1:D4=D2

276 IF D4>A6 GOTO 282

278 IF D3<(A5-D4/100) GOTO 292

280 D$="O":RETURN

282 IF D4>=A8 GOTO 288

284 TF D3<(D4"2/(-4¥H2)) GOTO 294

286 D$="O":RETURN

288 IF D3<(D4/(-2*G)) GOTO 296

290 D$="O":RETURN

292 D$="?A?":RETURN

294 D$="?B?":RETURN

296 D$="?C?":RETURN

298 REM Tisk vysledku na tiskarne

299 OPEN "SYS"+A$+B$+".VYS" FOR OUTPUT AS #3

300 PRINT #3,"Vypocet rovnovaznych rozdelovacich koeficientu systemu : ";S$
302 PRINT #3’"****************************************************************"

304 PRINT #3,

306 PRINT #3,"Vstupni hodnoty : Teplota tani " AS;
308 PRINT #3,USING " ####.# °C";T1

310 PRINT #3," Peritekticka teplota ";

312 PRINT #3,USING " ####.# °C ";T2

314 PRINT #3," Entalpie tani "AS;

316 PRINT #3,USING " ###### # J/mol";H1

318 PRINT #3,

320 PRINT #3,"Solidus XS [mol. %] TS [°C] ";
322 PRINT #3,"Likvidus XL [mol. %] TL [°C]"
324 FOR I=1 TO N5

326 IF X(I)=0 GOTO 334

328 IF W(I)=0 GOTO 338

330 PRINT #3,USING " i A A X0 Y (D),

332 PRINT #3,USING " Hi . #HE#EA"W(D),Z(1):GOTO 342
334 PRINT #3," - - "

336 PRINT #3,USING " i #E#E A W(D,Z(1):GOTO 342
338 PRINT #3,USING " it A A XA Y (D),

340 PRINT #3," - ="

342 NEXT 1

344 PRINT #3,:PRINT #3,"Vypoctene hodnoty:"

346 FOR I=1 TO 7:PRINT #3,"-----";:NEXT LI:PRINT #3,:PRINT #3,

348 PRINT #3,USING "Rovnice solidu : TS =####Hi# #iH# XS "2 + "Al;
350 PRINT #3,USING "##H#HH #tH# XS + #H##",B1,T1

352 PRINT #3,USING "Rovnice likvidu : TL = ###### ##H# XL "2 + ";A2;
354 PRINT #3,USING " ####.#### XL + #####",B2,T1

358 PRINT #3,

360 PRINT #3," DT Teplota XS XL "

362 PRINT #3," ko DTH DTH/DT"

364 PRINT#3,"[ K] [°C] [mol. %] [mol. %]";

366 PRINT #3," [-] [K] [-1"

368 FOR I=1 TO 73:PRINT #3,"-";:NEXT L:PRINT #3,

370 GOSUB 392

372 FOR I=1 TO A

374 S=(-B3+SQR(B3"2+4*A3*ABS(T(1))))/2/A3

376 L=(-B4+SQR(B4"2+4*A4*ABS(T(1))))/2/A4

378 T=T1-T(I):K=S/L

380 D=P2*(L-S)/100:E=D/T(I)

382 PRINT #3,USING "##H## ## #HHHH###  #iH i # " T(D; T;S;L;
384 PRINT #3,USING " ##.#i### #i#H# A% #H#H" KDE

386 NEXT I

388 PRINT #3,

390 CLS:GOTO 222

392 REM Vypocet teplotnich intervalu

394 T5=ABS(T1-T2)

396 IF T1<T2 THEN T3=T1-3000:T$=STR$(T3):D1=LEN(TS$):GOTO 400
398 T$=STR$(T1):D1=LEN(T$)
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400 FOR I=1 TO D1

402 TF MIDS(TS,1,1)="." THEN P1=D1-I
404 NEXT I

406 IF P1=0 THEN J=1 ELSE J=0

408 FOR I=P1+1 TO D1-1

410 AS(J)=RIGHTS(TS,I)

412 AJ)=VAL(A$())):B(J)=A(J)

414 J=J+1

416 NEXT 1

418 A=1:B=0

420 FOR 1=.01 TO .07 STEP .02

422 TF T1>T2 THEN T(A)=I ELSE T(A)=-I
424 T=T1-T(A):A=A+1

426 NEXT I

428 FOR I=.1 TO .7 STEP .2

430 IF A(0)=0 THEN B=1

432 TF I>=A(B) GOTO 452

434 TF T1>T2 THEN T(A)=I ELSE T(A)=-I
436 T=T1=T(A):A=A+1

438 NEXT I

440 FOR I=1 TO 9 STEP 2

442 TF I>=T5 THEN T=T2:T(A)=T1-T2:GOTO 500
444 TF I>=A(B) GOTO 464

446 TF T1>T2 THEN T(A)=I ELSE T(A)=-I
448 T=T1-T(A):A=A+1

450 NEXT I

452 TF B(1)=0 THEN A(B)=A(B)+.1

454 FOR I=A(B) TO 1 STEP 2

456 IF T1>T2 THEN T(A)=I ELSE T(A)=-I
458 T=T1-T(A):A=A+1

460 NEXT I

462 IF A(0)<>0 THEN A(B)=A(B)+1

464 TF B(1)=0 THEN A(B)=1

466 FOR I=A(B) TO 10 STEP 2

468 IF I>=T5 THEN T=T2:T(A)=T1-T2:GOTO 500
470 TF T1>T2 THEN T(A)=I ELSE T(A)=-I
472 T=T1-T(A):A=A+1

474 NEXT

476 TF A(0)<>0 THEN B=B+1

478 IF B(1)=0 THEN A(B)=0

480 TF B(1)=0 AND B(2)=0 THEN A(B+1)=100
482 FOR I=A(B)+10 TO A(B+1) STEP 10
484 TF I>=T5 THEN T=T2:T(A)=T1-T2:GOTO 500
486 IF T1>T2 THEN T(A)=I ELSE T(A)=-I
488 T=T1-T(A):A=A+1

490 NEXT I

492 IF T1>T2 THEN K5=50 ELSE K5=-50
494 T(A)=T(A-1)+K5:T=T1-T(A)

496 IF ABS(T(A))>=T5 THEN T=T2:T(A)=T1-T2:GOTO 500
498 PRINT A,T(A),T:A=A+1:GOTO 494
500 RETURN
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3. MODELOVANI PROCESU SMEROVE KRYSTALIZACE A ZONALNIHO
TAVENI

Vvpis programu pro QBASIC:

CLS : SCREEN 9
DIM C(202, 10), A(200), B(200)
FORI=0TO 160 STEP 3: LINE (320-2 *1, 175 -1)-(320 + 2 * 1, 175 + I), 12, BF: NEXT
COLOR 15, 1: LOCATE 9, 19: Z$ = " KONCENTRACNI PROFILY SMEROVE KRYSTALIZACE "
FOR I=1 TO 43: PRINT MID$(Z$, I, 1); : SOUND 0, 0: FOR K =1 TO 300: NEXT K: SOUND 80, 2: NEXT: LOCATE
11,30: PRINT " A ZONALNIHO TAVENI": FOR I=1 TO 10000: NEXT
80 CLS : RR=18: PP =35: LINE (130, 223)-(510, 320), 15, B
COLOR, 1: LOCATE RR, PP - 16: PRINT " Volba rezimu : "; : PRINT "1...smerova krystalizace": LOCATE RR + 1, PP:
PRINT "2...zonalni taveni"
LOCATE RR + 2, PP: PRINT "3...schematicke znazorneni": LOCATE RR + 3, PP: PRINT "4...ukonceni prace":
LOCATE RR + 4, PP: PRINT "5.. koncentracni profily"
130 V$ =INKEYS: P = VAL(VS$): ON P GOSUB 500, 1000, 2000, 5000, 6500: GOTO 130
GOTO 80
500 REM SMEROVA KRYSTALIZACE
CLS : LINE (70, 48)-(570, 78), 4, BF: LINE (69, 47)-(571, 79), 15, B
LOCATE 5,21: COLOR 15,4:PRINT"SMEROVA KRYSTALIZACE": COLOR 15,1
GOSUB 3000
GOSUB 6000
GOSUB 4000
QQS$ ="SKZT" + RIGHTS$(STR$(K1), 1)
PRINT" 1.PRUCHOD ": PRINT
FORJ=1TON:C3=C1 *K1:C(0,))=C3: W(J)=C1: LJ)=L1
PRINT "BOD KONCENTRACE"
PRINT USING "### ##.##### ", 0; C3;
FORX=1TOLI1
C3=-Cl1*L1*((1-X/L1)"K1-(1-(X-1)/L1)~K1):C(X,])=C3
IF INT(X /10) =X/ 10 THEN PRINT
IF INT(X /2) =X /2 THEN PRINT USING "### ##.##### "; X; C3;
NEXT X
IF J=N THEN PRINT : GOTO 860
L2=L1*(1-M1/100)
C2=Cl*(1-(1-L2/L1)"~K1)*L1/L2
PRINT : PRINT : L=INT(L2): C1 =C2
PRINT" ";J+1;".PRUCHOD ":PRINT:P$=STR$(J+1)
PRINT "Nova delka ingotu ~ L("; P$; ")="; L
PRINT "Prumerna koncentrace C("; P$; ")="; C2
PRINT : L1 =L: NEXT
860 LOCATE 24, 1: PRINT " Tisk vysledku?...T Zmena hodnot?...Z Konec?.. K"
870 V§ =INKEYS: IF V$§ ="k" OR V§ ="K" GOTO 80
IF V§ ="z" OR V$ ="Z" THEN ERASE C: GOTO 500
IF V§ ="t" OR V§ ="T" THEN GOSUB 1500
GOTO 870
RETURN
1000 REM zonalni taveni
CLS : LINE (70, 48)-(570, 78), 15, BF: LINE (71, 49)-(569, 77), 4, B

LOCATE 5, 21: COLOR 15, 4: PRINT " ZONALNI TAVENI " COLOR15,1
GOSUB 3000

LOCATE 16, 12: INPUT "Delka zony................ B =";Bl

GOSUB 6050

GOSUB 4000

LOCATE 12, 19: PRINT "Delka zony................ B ="; B1: PRINT : PRINT

PRINT" 1.PRUCHOD ": PRINT : PRINT "BOD KONCENTRACE "
S1=0: A(0)=KI *C1: C(0, 1)=KI *C1: L(1) = L1

PRINT USING " ### #4444 "0, C1 *K1;

FOR X =1TO (LI - BI)

C2=Cl+ (EXP(-K1 * X /B1) - EXP(-K1 * (X - 1)/B1)) * Bl *C1 * (1 /K1 - 1)
A(X) =C2: C(X, 1)=C2: S1=S1 +C2

IF INT(X /2) * 2 = X THEN PRINT USING "### ####### " X; C2;

NEXT X: $8=C1 * (L1 -B1)+Cl *B1 * (1 /KI - 1) * (EXP(-K1 * (L1 /Bl - 1)) - 1)
C4=(Cl*LI-S8)/BI

FOR Z =1 TO Bl
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C3=-C4*Bl*((1-Z/B)"Kl1-(1-(Z-1)/Bl)"Kl)

S1=S1+C3:X=Z+L1-Bl: AX)=C3:C(X,1)=C3

IF INT(X /2) * 2 =X THEN PRINT USING "### ##.###### "; X; C3;

NEXT Z: PRINT: Q1 =2 *K1/(2 *Bl +K1)

FORH=2TON:L=INT(LI *(1-M1/100)): L(H) =L

PRINT" "; H; ".PRUCHOD ": PRINT : P$ = STR$(H)

PRINT "Nova delka ingotu ~ L("; P$; ")="; L: PRINT : PRINT " BOD KONCENTRACE "

L2=1:83=0:54=0

FOR X =0 TO B1: S3 =S3 + A(X): NEXT X: B(0) =K1 * S3/B1: C(0, H) =B(0)

REM Vypocet suma c(n-1){x+b}

FORX=0TOL2-B1:S3=S3+ABl+X):C5=Q1 *(83-S4): B(X)=C5:84=84+C5: C(X,H)=C5

IF INT(X /2) *2 = X THEN PRINT USING "### #####HH# "; X; CS;

NEXT X: C9=(S3-S4)/B1

FOR Z=1TO Bl

C5=-CO*Bl *((1-Z/BI)"K1-(1-(Z-1)/B1)"Kl)

S4=84+C5:X=7Z+L1L2-Bl:B(X)=C5: C(X,H)=C5

IF INT(X /2) * 2 = X THEN PRINT USING "### ##.##### "; X; CS;

NEXT Z: PRINT : FOR X =0TO L1

AX) =0: A(X) =B(X): B(X) =0: NEXT X: L1 =L1L2: PRINT : PRINT : NEXT H

LOCATE 24, 1: PRINT " Tisk vysledku?...T Zmena hodnot?...Z Konec?...K "
1475 V§ = INKEY$: IF V$ ="k" OR V$ ="K" THEN ERASE A, B: GOTO 80

IF V§ ="z" OR V$ ="Z" THEN ERASE A, B, C: GOTO 1000

IF V§ ="t" OR V§ ="T" THEN GOSUB 1500

GOTO 1475
RETURN
1500 REM tisk vysledku
OPEN "SKZT.PRN" FOR OUTPUT AS #3
IF B1 <> 0 THEN PRINT #3, " ZONALNI TAVENI S ODVODEM MATERIALU": GOTO 1520
PRINT #3, " SMEROVA KRYSTALIZACE S ODVODEM MATERIALU"
1520 PRINT #3, " "

PRINT #3, "KONCENTRACNI PROFILY": PRINT #3, :
PRINT #3, "Zadane hodnoty:"

PRINT #3, "Vychozi koncentrace....... Cco =";C0
PRINT #3, "Vychozi delka ingotu.....LO ="; L0

PRINT #3, "Rozdelovaci koeficient... K ="; K1$

PRINT #3, "Odvedena cast ingotu.....M[%] ="; M1

PRINT #3, "Pocet pruchodu............ N ="N

IF B1 <> 0 THEN PRINT #3, "Delka zony................ B ="; Bl
FORJ=1TON

PRINT #3, : PRINT #3, : PRINT #3," "; J; ".PRUCHOD": PRINT #3, "-----m-mmmmm- "
PRINT #3, "Delka ingotu L("; J;"="; L)
IF B1 =0 THEN PRINT #3, "Prumerna koncentrace C("; J; ")="; W(J)
PRINT #3, : PRINT #3, "BOD KONCENTRACE"
FOR1=0TO LO STEP 1
IF C(1, J)=0 GOTO 1685
PRINT #3, USING "### ##t#H# ", C(1, J));
NEXT I
1685 PRINT #3, : NEXT J
COLOR 15, 1: RETURN
2000 REM
CLS : LINE (0, 0)-(639, 349), 7, BF
LINE (70, 48)-(570, 78), 9, BF: LINE (69, 47)-(571, 79), 4, B: LOCATE 5, 14
COLOR 15,8:PRINT"SCHEMA SMEROVE KRYSTALIZACE"
GOSUB 2300
LINE (120, 170)-(520, 200), 4, BF
FORI=1TO 5000: NEXT: FOR L =120 TO 515: FOR QW =1 TO 100000: NEXT
LINE (L, 170)-(L + 5, 200), 14, BF: LINE (120, 170)-(L, 200), 1, BF: FOR J =1 TO 120: NEXT: NEXT: LINE (515,
170)-(520, 200), 1, BF: FOR I=1 TO 5000: NEXT
REM ZONA
LINE (0, 0)-(639, 349), 7, BF
LINE (70, 48)-(570, 78), 2, BF: LINE (69, 47)-(571, 79), 4, B: LOCATE 5, 18
COLOR 15,9:PRINT"SCHEMA ZONALNIHO TAVENI"
GOSUB 2300
LINE (120, 170)-(520, 200), 1, BF
FOR I=1TO 5000: NEXT: FOR L =150 TO 515: FOR QQ =1 TO 100000: NEXT
LINE (L, 170)-(L + 5, 200), 14, BF: LINE (L - 30, 170)-(L - 1, 200), 4, BF: LINE (L - 31, 170)-(L - 36, 200), 14, BF:
LINE (L - 37, 170)-(L - 42, 200), 1, BF
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NEXT: LINE (478, 170)-(520, 200), 1, BF: FOR I =1 TO 5000: NEXT
COLOR 15, 1: GOTO 80
2300 LINE (80, 250)-(190, 270), 4, BF: LOCATE 19, 14: PRINT "tavenina"
LINE (250, 250)-(370, 270), 1, BF: LOCATE 19, 36: PRINT "krystal"
LINE (430, 250)-(540, 270), 14, BF: LOCATE 19, 58: PRINT "rozhrani"
RETURN
RETURN
3000 REM
LOCATE 11, 12: INPUT "Vychozi koncentrace....... CO =";Cl1: C0=C1
LOCATE 12, 12: INPUT "Vychozi delka ingotu......LO ="; L1: LO=L1
LOCATE 13, 12: INPUT "Rozdelovaci koeficient.... K ="; K1: K1$ = STR$(K1)
LOCATE 14, 12: INPUT "Odvedena cast ingotu......M(%)="; M1
LOCATE 15, 12: INPUT "Pocet pruchodu............ N =" N
RETURN
4000 REM
LOCATE 6, 8: PRINT "Zadane hodnoty:": PRINT
LOCATE 7, 19: PRINT "Vychozi koncentrace....... Co =";Cl:Co=Cl1
LOCATE 8, 19: PRINT "Vychozi delka ingotu.....LO ="; L1: LO=L1
LOCATE 9, 19: PRINT "Rozdelovaci koeficient... K ="; K1
LOCATE 10, 19: PRINT "Odvedena cast ingotu.....M[%] ="; M1
LOCATE 11, 19: PRINT "Pocet pruchodu............ N =";
RETURN
5000 END
6000 CLS : LINE (130, 10)-(505, 30), 5, B
LOCATE 2, 21: PRINT "SMEROVA KRYSTALIZACE S ODVODEM MATERIALU"
LOCATE 4, 30: PRINT "KONCENTRACNI PROFILY"
RETURN
6050 CLS : LINE (130, 10)-(505, 30), 5, B
LOCATE 2, 21: PRINT" ZONALNI TAVENI S ODVODEM MATERIALU "
LOCATE 4, 30: PRINT "KONCENTRACNI PROFILY"
RETURN
6500 M5 =200/L0: L3 =INT(MS * L0): LO=L3
J=0: A8 =40: A7=.00001: A9 =.0001: K=28
IFK1>=2THENA5=1: A6=10: A7=.01: A8=90: A9=.1: K=5
IFK1>=4THENA7=.1: A9=1:K=4
CLS : KEY OFF: SCREEN 9: COLOR 15, 1
FOR I1=20 TO 300 STEP A8
IF K1 >= .4 AND I =200 GOTO 6545
LINE (100, I)-(550, I)
6545 NEXT I
LINE (100, 99 + A6)-(550, 99 + A6)
FOR I=100 TO 550 STEP 45
LINE (I, 20)~(I, 300 - A6)
NEXTI
FOR1=12TO 77 STEP 11
IFJ=1THENI=1+1
LOCATE 23 - A5, I: PRINTJ
J=J+ 2:NEXTI
DATA 100,0,10,1,1,2,0.1,1,0.01,0,0.001,-1,0.0001,-2,0.00001,-3
FORI=1TO 8: READ N2(I), N1(I): NEXT I
LOCATE 2, 20
IF B1 <> 0 THEN PRINT "KONCENTRACNI PROFILY ZONALNIHO TAVENI": GOTO 6602
PRINT "KONCENTRACNI PROFILY SMEROVE KRYSTALIZACE"
6602 IF K1 >1 THEN LL = 10
LOCATE LL + 4, 16: PRINT "K ="; K1: LOCATE LL + 5, 16: PRINT "L0="; L(1)
IF B1 <> 0 THEN LOCATE LL + 6, 16: PRINT "B ="; Bl
LOCATE 7 + A5, 30: PRINT "CO = 1": LOCATE 7, 5: PRINT "C"
LOCATE 8, 5: PRINT "A"
LINE (35, 100)-(35, 140)
IF K1 >= .4 THEN A8 = 180: GOTO 6655
IF K1 >=.2 GOTO 6645
FORI=1TO 8: LOCATE 2 +2.8 *(I-1), 8+ NI1(I): PRINT N2(I): NEXT I
GOTO 6665
6645 FOR1=2TO 5: LOCATE 2 + 6.3 * (I - 2), 8 + N1(I): PRINT N2(I): NEXT I
GOTO 6665
6655 LOCATE 2, 11: PRINT "3"
FORI1=3TO 4: LOCATE 8 +12.6 * (I1- 3), 8 + N1(I): PRINT N2(I): NEXT I
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6665 N2 =N2(K): L=K - 1

FORI=1TO 66

IF K1 >= .4 AND N2 >3 GOTO 6710

IF K1 >=.2 AND N2 > 9 GOTO 6710

C5 = LOG(N2) / LOG(10): Y = 100 + A6 - C5 * A8

N2 = N2 + N2(K)

IFN2>=N2(L) THENK =K - 1: N2=N2(K): L=K - 1

LINE (100, Y)-(110, Y): LINE (540, Y)-(550, Y)

NEXT I
6710 FORJ=1TON

FORI=0TOLO

IF BI <> 0 THEN C2 = C(I, J): X = 100 + 45 * M5 *1/20: GOTO 6725

C2=-CO*LO*((1-1/L0) K1 -(I-(I-1)/L0)~KI):X=100+45*1/20
6725 IF C2 = 0 GOTO 6765

IF C2 < A7 GOTO 6750

C =LOG(C2)/ LOG(10): Y = 100 + A6 - C * A8

IF Bl <> 0 AND X > 178 AND X < 185 THEN Z = INT(Y / 13.5): LOCATE Z + 1, 20: PRINT J: GOTO 6745

IF Bl =0 AND I =35 THEN Z = INT(Y / 13.5): LOCATE Z + 1, 20: PRINT J
6745 CIRCLE (X, Y), 1
6750 NEXT I

L1=L10%*(1-MI/100):Cl1=C0*(1-(1-L1/L0)~KI1)*L0/Ll:CO=Cl:L0=INT(L1)
6765 NEXT J

LOCATE 24, 40: PRINT "PODIL TUHE FAZE G --—-->"

COLOR 14, 1: LOCATE 23, 1

END
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4. APLIKACE MODULU FE V PROGRAMU DIGIMAT
Modul FE-Solver

%1 Digimat-FE =R

Analysis  Material Phase Tools Help
FefFot Fd FEFE kL
B

RVE Geometry Visualization

€

RVE global data | RVE phase data

qft Export geometry |Ty_>,< & ﬂ ZTq; @ Visualization settings

+* Phase2
E
Geometry

Mesh
. adings
LI Mechanical

Ready.
Generovani struktury
Generovani sité
. Digimat-FE =5 EoE =
Analysis Material Phase Tools Help

& gt E o |  Fd | wL

RVE Mesh

Mesh type: |Conforming (tetra)

Element size:

& &
[

U By 271 % B (O | (&) _viustzstion setings

Plot 1
FE results

Minimum element size:

Mumber of refinement steps:

I¥ Quadratic elements

I¥ Internal coarsening

I¥ Curvature control [~

Chordal deviation ratio: 015

—
Estimated number of elements: 172 257

Default element size | Default mesh settings

Mesh

" Phase2
22 RVE

~

Sit’ je vygenerovana v Digimatu
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Typ sité
Velikost elementt

Typ elementii bez
nutnosti napojeni na
externi software
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Definovani zatiZeni a typy analyz

Analysis Material Phase Tools Help |

& & F oF

e | Fe | L
B

h

& Digimat

¢ Macro FE model

Load from Digimat

Loading type: [UNIAXIAL 2 ~

Analysis type

+ Mechanical

" Thermomechanical
" Thermal

" Electrical

History
& Monotonic
€ Cyelic

 User-defined

@ H=|p|

Vypocet
€. Digimat-FE [F=3 =8

Analysis  Material Phase Tools Help
FFEFFE  Fd | BE | WL
B

FE solution

€

I Mechanical
w Solution

Number of CPUs:

— Maximum memary (MB): 49092
esults
Plot 1 Solver type: CAS Tterative |

FE results FE solver job name: [PBT-1Vlckno-rozdelenc

FE solver working directory: | CADIGIMAT\working\FE_PBT-1Vlakno Browse

Create new job

FE solver jobs

Microstructures Working directory Start time

" Microstructurel PET 1Vlakno
M Phasel
-7+ Phase2
2 RVE

Geometry

adings FE solver status file

I Mechanical information summary of job: PBT-1Vlakno-rozdslens
version Marc 2013.1 .0, Build 251730 build date: Tue Feb 18 06:18:00 2014
date: Sun Hov 23 21:16:29 2014
case inc cycl  sepa cut oyl sEpar cut  rmesh time step total time
# + * # of

L=
| ——of the inc——|-——————of the analysis————— the inc the job

0000E+00 0000E+00 .0000E+
0000E-01 0000E-01 0000E+
0000E-01 0000E-01 .D000E+
0000E-01 0000E-01 .0000E+
0000E-01 0000E-01 0000E+
0000E-01 0000E-01 .D00DE+
nnnneE-=n1 nnnnE-n1 nnnne+

Ready.

Uzivatel zada jen typ fesiCe, pocet jader a velikost vypocetniho kroku... Analyza je nasledné
automaticky spusténa (na jadie software Marc)
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Vyhodnoceni vysledkii

. Digimat-FE

Analysis  Material Phase

I Mechanical
olution

Plot 1
E results
Global results
Plot1

Ready.

Tools Help

Us Uy I 6 @™ % F o

[Comp 22 of Stress

I | Deformation scale

Time: |1

Stress
Comp 11 of Stress

Comp 12 of Plastic Strain

Comp 22 of Stress
Comp 33 of Stress
Comp12 of Stress
Comp 23 of Stress

Comp 31 of Stress
Minimum Principal Stress
Intermediate Principal Stress

Maximum Principal Stress

Plastic Strain
Comp 11 of Plastic Strain
Comp 22 of Plastic Strain
Comp 33 of Plastic Strain
Comp 12 of Plastic Strzin
Comp 23 of Plastic Strain
Comp 31 of Plastic Strain
Minimum Principal Plastic Strain

Intermediate Principal Plastic Strain »

Po dopocitani analyzy uzivatel miize vyhodnocovat rizné typy vysledkil pfimo v prostfedi Digimatu.

%2 Digimat-FE

Analysis  Material Phase

Loadings
I Mechanical
Solution

Loadings
I Me

13 Solution

Tools

& g
B

Help

8&F | b

Time: |1

===

)

Equivalent von Mises Stress

B Limits

Min :
" Auto

Max :
" Auto

& Specity [25 & Specity [33

o |

Apply

|| cancel |

Phase visualization settings

Phase

Visible |

Display mode |

[E=8 5TE

Color | Trar

Phasel

¥ Show axes

Phase2
cutSet

Global visualization settings

I~ Global transparency:

Display mode:

Shaded with edges |

Contour plot type: |Smoothed -

XK Shaded with edges
w  Shaded with edges
w  Shaded with edges

]
—/

Vysledky lze znazornovat jak na jednotlivych slozkach kompozitu, tak i v kombinaci fezu + slozka

kompozitu. Lze volit rozsahy zobrazovanych vysledki i napf. typ znazornéni jednotlivych slozek.
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Hlavni prinos

&£ Digimat-FE = o =)

Analysis  Material Phase Tools Help

FaFFeF | Fe BF | w.h )
B

Ty_).( Ti‘, ¢Z_YT 22:( @ ¥I % mé F Field: |Equ\va|antvnn Mises Stress ‘
Time: ’1— ~————_| | Deformation scale factor: ’66— kJi‘

ts
Plot 1 )
FE il Equivalent von Mises Stress

38

Plot1
7 FE results
Global results

Ready.

Modul FE-Solver umoziuje provadet analyzy struktur i uzivatelim bez predchozi znalosti
strukturalnich softwari. Vhodné i do vyuky, kdy studenti budou pracovat s mensimi modely —
vysledky analyz béhem doby cviceni (dle velikosti modelu).
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