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SUMMARY

Introduction to Cast3M and reminders concerning
PASAPAS

B PASAPASperation

B UNPAS®peration (mechanics)
A Exercise 1: following load
A Exercise 2: failure by elements removal

B TRANSNOMNberation (thermal analysis)
A Exercise 3: variable heat source

A Exercise 4: thermo-mechanical contact
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INTRODUCTION TO CAST3M
REMINDERS CONCERNING PASAPAS




C2A  WHATIS CAST3M?

A finite element software for structural and fluid
mechanics

Partial differential equations solved with the finite element method
Based on an objet-oriented programming language: Gibiane
Numerous elementary functions (~ 1400)

Procedure PASAPAS: deterministic implicit solver
( many other exi st ée)

B Complete software: solver, pre-processing and post-processing,
visualization
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MODELING IN NUMEROUS AREAS

Structural mechanics (historical field)

Quasi-static (non-linear materials, geometries, boundary conditions)
Contact/friction

Buckling

Dynamics (temporal, modal, fluid/structure interaction)

Fracture mechanics (XFEM, dynamic propagation, cohesive zone model)

B Thermal analysis
Conduction, convection, radiation, phase transition

B Fluid mechanics

B Magnetostatics
M Multi species diffusiOon(Figluk ;

B Thermo-hydro-mechanical coupling




C2A THE PASAPAS PROCEDURE

B Objective
Incremental solving of non linear progressive thermal and mechanical

problems

time can be physical (e.g., thermal transients)
or not (e.g., plasticity with progressive loading)

o

C time or pseudo-time is called the evolution parameter

B Non linear phenomena considered
behavior( pl asti city, damage, vari abl
(large displacements)
strains (large rotations)
boundary conditions( r adi ati on, friction, |
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C2A PASAPAS USE

B Create atable containing all the data:

TAB1 = TABL ;

TAB1. MODELE = MOD1ET MOD2 ; some indexes are required
TAB1. CARACTERISTIQUES =MAT1ET MATZ2; other are optional

TAB1. BLOCAGES MECANIQUESLO1L ;

TAB1. CHARGEMENT = CHA1 ET CHA2ET CHAS3;

TAB1. TEMPS_ CALCULES = PROQ. PAS 0.1 10.;

TAB1. TEMPS SAUVES = PROQ®. 7. 8. 9. 10.;

TAB1. PRECISION =1E-6;

TAB1. GRANDS_DEPLACEMENT SRAI;
TAB1. MY_PERSONAL_DATA =TOTOET TITI ET TUTU;
A

B Procedure call:
PASAPASTABI ;

B Results post-processing
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OVERVIEW OF INTPUT PARAMETERS

General

MODELEMMODEL)
CARACTERISTIQUEBICHAML)
CHARGEMENTHARGEME)

Thermal analysis
BLOCAGES THERMIQURSSIDITE)

CELSIUS (LOGIQUE)
TEMPERATURES . CHPOINT)

Mechanics
BLOCAGES MECANIQUHESIDITE)

GRANDS_DEPLACEMERNIBGIQUE)
DEPLACEMENTS . CHPOINT)
CONTRAINTES . 0 (MCHAML)
VARIABLES_INTERNES . 0 (MCHAML)

DEFORMATIONS_INELASTIQUES . MCHAML)
J

Equations to solve, F. E. formulation (MODE
Material and/or geometrical parameters (MATIE
Boundary conditions and loading variation during
calculation (CHAIR

Stiffness matrix associated to the imposed values of the
unknowns (DIRICHLET boundary conditions) (BLOQ

=VRAI (true) if temperature unit is CELSIUS
Initial conditions

Stiffness matrix associated to the imposed values of the
unknowns (DIRICHLET boundary conditions) (BLOQ

Equilibrium checked on the deformed mesh
N

> Initial conditions
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C2A OVERVIEW OF INTPUT PARAMETERS

B Mechanics (dynamics)

DYNAMIQUE.OGIQUE) =VRAI (true) for dynamics calculations
AMORTISSEMENRIGIDITE) Damping matrix
VITESSES .0 (CHPOINT) . .
Initial conditions
ACCELERATIONS . O(CHPOINT)

B List of the values of evolution parameter

TEMPS_CALCULHISTREEL) List of the values of the evolution parameter (or time) for
which results are requested

TEMPS_SAUVHESSTREEL) List of times for which results are saved

TEMPS_SAUVEGARDRHESTREEL) List of times for which SAUVoperator is called

MES SAUVEGARDESBLE) Results to be stored in addition to those automatically

stored( t ot al strains, ¢&)
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C2A OVERVIEW OF OUTPUT PARAMETERS

B Results are stored in the table

TEMP{TABLE) Times (evolution parameter values) for which results
were stored corresponding to « TEMPS_SAUVES

TEMPERATURHERBLE)
PROPORTIONS_ PHA®EBLE)

DEPLACEMEN{RABLE)

CONTRAINTESABLE) > Fields (solution) calculated for each stored time
DEFORMATIONS_INELASTIQUESBLE)|  TEMPS SAUVBS

VARIABLES_INTERNHSABLE)
REACTIONSTABLE)
VITESSESTABLE)
ACCELERATIONTABLE) y
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C2A POST PROCESSING (EXAMPLES)

B Solution fields extraction:
from the table index
SIG1 =TAB1 . CONTRAINTES . 5;

from the calculation time
SIG1 = PECHETAB1 'CONTRAINTES' 28.3 ;

B Graphical mode, interactive plot (limited):
EXPLORERABLI ;

B Evolution of calculated field with time:
EV1 = EVOL'TEMP' TAB1 'DEPLACEMENTS' 'UX' P1 ;
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PASAPAS OPERATION




C2A PASAPAS OPERATION

B Main algorithm

Initializations

Loop on time steps (BEXTERN
Loop for thermo-mechanical convergence (BO BOTH
Thermal solving [for the step]
Mechanical solving  [for the step]
Thermo-mechanical convergence?
Results recording

End

+ User procedures calls (optional, user have to ask it)
PERSO1 PERSO2 REEV_MEC REEV_THE
CHARMECA CHARTHER PARATHER

procedures to be defined by the user!
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DE LA RECHERCHE A LINDUSTRIE

C2A  PASAPAS OPERATION

Options reading, initializations (materials, unknowns, temporary variables,

Initializations, PERSO}REEV_MEC Jeeseerseeemesessseeeees indicatorsé), odABERIléat i on ti mes

>| Time step initialization

Call of the procedure for thermal calculation:

Thermal Solv'ng ................................... TRANSNOmRANSL”\br DUPONT2
(in the case of large displacements, solving on the last deformed shape)

Results are stored in ESTIMATION

REEV_THE ............................................. User procedure (rf asked)
T
}_
8 .................................. Call to the procedure for mechanical calculation UNPAS
Ol 9 Results are stored in ESTIMATION
m
REE\/—MEC ............................................. User procedure (|f asked)

BEXTERN

Test of convergence for thermo-mechanics, to activate with:
TAB1 . CONVERGENCE_MEC_THE = VRAI ;

Convergence?

[MAXI ABS ( T,ZT,_,)]/ [MAXIABS  T,]< CRITERE_COHEREN(EE- 2)

yes
Next time step Initialization — Jreeessecceeesreeeresseecenenee Recording of the new state as the initial time step state in WTABLE
PERSO:L ............................................... User procedure (lf asked)

PAS_RESUriting in CONTINUATIOHuantities of ESTIMATION
Results storage  [receeeeeereseseeesesieneneeens PAS_SAUMvriting in TABLIif the time step belongs to TEMPS_SAUVE
call to SAUMTf the time step belongs to TEMPS_SAUVEGARDE

Time steps
end?

End
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ACCESS TO PASAPAS TEMPORARY DATA

B Work table: TAB1. '"WTABLE'
Contains all useful variables for PASAPAS
chosen options, models, materials and instant loading, intermediate
results

some detailed indexes of 'WTABLE'in the following slides: lien
or in the PASAPAS documentation, here:
(http://www-cast3m.cea.fr/html/Documentation Cast3M/Pasapas.pdf)

B Thetable: TAB1. 'ESTIMATION'
contains all results calculated/converged by TRANSNOd&hd UNPAS
but not converged for BO _BOTHbop

B Thetable: TAB1. 'CONTINUATION'
contains converged results (for BO_BOTHbop)

this index Is updated at the end of the time-step!!!
C useful for PASAPA®estart
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UNPAS OPERATION
MECHANICAL SOLVER ON A TIME STEP




DE LA RECHERCHE A LINDUSTRIE

UNPAS OPERATION

\_

Equations in mechanics

0 : displacements

"Hi (”D 2¢) -": strains

N o - inelastic strains
“A((,*))d( ) . . stresses
QO)“ & volume forces
Aw) A rigidity
® : internal variables

+ boundary conditions

\Ya

AN

Finite elements formulation

0] {.}Qw {Q

KT
. stresses (MCHAML)
: nodal forces (CHPOINT)

. deformation matrix
(derivation of shape functions)

=k
- 4
— O

~

Imbalance minimization algorithm ( ¢é

1. Initialization of the imbalance {Y}

{9

to bring balance

BSIG{, }

2. Calculation of the displacement increment on the step: Y{'¥} 0] {VY}

C we use the elastic stiffness (beginning of step) as an estimator

. Convergence test: if [{Y}

. Calculation of the « new » imbalance: {Y}

. Calculation of strains {-} , internal variables {3} , stresses {,,} at the end of the step

{Q "3

| PRECISIONC End
else, return to 2.

J
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DE LA RECHERCHE A LINDUSTRIE

Cea

Forced Convergence:
Restart from the out of unbalanced state

UNPAS OPERATION

— Initializations, CHARMECA

1stimbalance evaluation

1st RESO

and magnitude of convergence

>| Convergence acceleration .

RESQ feeeccvcccccceccances

Integration of the behavioral law
CHARMECA

I

Equilibrium yes

New imbalance evaluation [-----

reached?

« Non convergence »
detected ?

Results recording <€

Acquisition of options, materials upd
Stiffness matrix calculation [0 ], external strength {"Q

Iteration engine, computes the imbalance between the internal and external forces

v {9 BSIE, }

Displacement increment on the step Ny 0y YW
Y [0] {Y} (operator RESQ
Convergence magnitude: measure the step, along {'Y} and Y{"¥}

Imbalance correction from the 3 previous imbalances (ACT3 operator)

YY{Y [0U] {Y} increase of the displacement increment on the step
(RESOoperator)
Y'Yy Y'ys YY) displacement increment on the step (ZDEPYT

Strains increment calculation on the step ¥{-}  (EPSI operator)
Stresses {, } , internal variables {3  calculation, end of the step (COMPop.)

v {9 "33

Magnitude of the imbalance < criterion (PRECISIONFTOL MTO).??
Variation of the strains increment between 2 iterations < criterion ??

Non convergence detection:

- maximum number of iterations reached

- significant increase of the imbalance over several iterations
Forced convergence process

End
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USERS PROCEDURES
IN PASAPAS

PERSO1 REEV_MEC CHARMECA
PERSO2 REEV_THE CHARTHER PARATHER




USERS PROCEDURES:

INSTRUCTIONS FOR USE

B There exists 7 users procedures called at different stages of
PASAPAS algorithm
PERSO1 PERSO2 REEV_MEC REEV_THE
CHARMECA CHARTHER PARATHER

B 1) According to the desired action, choose the procedure to be
used as a function of its location on the algorithm
for instance: since REEV_MEE called after UNPASt is dedicated
to modify calculations from the last mechanical results

B 2) Analyze the procedure syntax
-in the PASAPAS anual pages
- In the PASAPASJNPA®Sr TRANSOprocedures

the following table recalls the procedures syntaxes
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C2A PERSO1 PROCEDURE EXAMPLE

B 3) Define the desired procedure

DEBPPERSOIT1*TABLE" ;
MESS 'Hello, | amin PERSOl and it is fun!";
FINP ;

B 4)Indicate in the PASAPAS&Dble that this procedure should be called
TAB1. 'MODELE' = MODZ;
TAB1. 'CARACTERISTIQUES= MATI1;

TAB1. 'TEMPS_CALCULES= PROG1.2.3.4.;
TAB1 . ' PROCEDURE_PERSO1' = VRAI;

PASAPAS TAB1 :
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USERS PROCEDURES LIST

Name Index to be activated in PASAPA&Dble Function
PERSO1 | TAB1. 'PROCEDURE PERSO1' =VRAIl: | PERSOIT1 : Updates the problem after the
- mechanical calculation stage
REEV ME( TAB1. 'PROCEDURE REEV MECQYRAI: | REEV MET1N1: _ DEefsutin o BOns
- - - - C the step can be started again
CHARMECKTABL . 'PROCEDURE_CHARMEG/RAI : T2 = CHARMECKL TPs1: | Mechanical boundary conditions addition
- during UNPASiterations
PERSO2 | TABL. 'PROCEDURE PERSO2'= VRAI: | PERSOZ1: Updates the problem after the
— mechanical calculation step
REEV THH TAB1. 'PROCEDURE_REEV THEVRAI; | REEV THET1N1; Ditto (but in PASAPAS
CHARTHER TABL. 'PROCEDURE_CHARTHERRAI ; T2= CHARTHERL TPs1; | |nhermalboundary conditions addition
' - ' ' during TRANSNOIerations
. : . Updating of the external variables of
PARATHER TAB1. 'PROCEDURE PARATHERRAI : PARATHER1 TPS1 :
- thermal parameters
With

Tl : the PASAPA&ble

TPS1: the current calculated time

N1 : the call number of the procedure (0 or 1) A see the PASAPABrocedure
T2 : the output table (only for the CHARME@Ad CHARTHERocedures)
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C2A AFEW REMARKS

B Instructions inside these procedures are free !!!

B CHARMEGAd CHARTHEbUtput is a table with 2 possible
Indexes:
- 'ADDI_MATRICE' contains the stiffness matrices
(RIGIDITE type object) to be
added to the 15t member

- 'ADDI_SECOND®¢tontains the CHPOINTo be added to the
2"d member (nodal forces)

B For large displacements (GRANDS DEPLACEMEN@Stion),
CHARMEGC#called on the deformed shape
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EXERCISE 1:
BEAM WITH FOLLOWING FORCE

DOWNLOAD THE STARTING FILE ON THE WEBSITE:



http://www-cast3m.cea.fr/index.php?page=exemples&exemple=formation_pasapas_1_initial

C2A EXERCISE 1: BEAM WITH FOLLOWING FORCE

B Beam bending
base is clamped
point shear force at the top of the beam (perpendicular to the beam)
large displacement at the top of the beam

F

—

Deformed shape + reaction

77777

B Problem: the force is calculated on the initial shape and not
updated

B Purpose: to correctly apply the force during the calculation

|l t60s up to you! PAGE 25



C2A EXERCISE 1: BEAM WITH FOLLOWING FORCE

A few indications &

B Useful objects

P2 . point at the top of the beam, where the force is prescribed
EV1 :force magnitude to be applied as a function of time

B Useful operators

EXTR, COS, SIN

IPOL : to interpolate the force magnitude as a function of the calculated step
FORC to apply a point force
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EXERCISE 1: BEAM WITH FOLLOWING FORCE

B Solution
- suppress initial mechanical loading
- use procedure CHARME(ealled at each step iteration) to re-calculate

the force on the deformed shape (at the beginning of time step)
- use option 'GRANDS DEPLACEMENTS'

(equilibrium verified on the deformed shape)

DEBPCHARMECFI*TABLE' TPS1*FLOTTANT";
* donnees utiles

TAM =T1 . 'AMOI'

PF = TAM. 'POINT' ;

EV1l= TAM.'EVOL';

. . . *TAB1 . 'CHARGEMENT' = CHAR1;
* angle de rotation de la section droite TAB1 . 'GRANDS DEPLACEMENTS' = VRAI :
Ul=T1.'ESTIMATION'. 'DEPLACEMENTS TAB1 . 'PREDICTEUR' = 'HPP" -
RYS = EXTRUL 'RY" PF; TABL. 'PROCEDURE CHARMECAVRAI :
RYSD = RYS* 180. / PI; TAB1 . 'AMOI" _ TABL :
* direction de I'effort TABL 'AMOI' 'EVOL' =EV1: '
DIR1=( COSRYSD)O.( -1. * (SIN RYSD)); TAB1 . 'AMOI' 'POINT’ =P2: ’
* creation du second membre ’
VAL1 = |IPOL TPS1 EV1;
F1= FORC(VAL1 * DIR1) PF;
T2 = TABLE;
T2 .'ADDI_SECOND'=F1; :
FINP T2 ; 5 PAGE 27

CHARME(procedure ' Main program



C2A EXERCISE 1: BEAM WITH FOLLOWING FORCE

B Results

DEFLAC UX
0.80

Deformed shape + reaction

0.60L

0.40L

0.20

Displacements Ux et Uz
as a function of time

0.00

-0.20

-0.40

-0.80 1 1 1 1

Deplacements vs Temps
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EXERCISE 1: BEAM WITH FOLLOWING FORCE

B Solution (bis)

- idem but with the PERSOprocedure

- faster: 1 call / time step (previously: 1 call / iteration)
- results are identical

DEBPPERSOIT1*TABLE' ;
* donnees utiles
TAM =T1 . 'AMOI' ;
PF = TAM. 'POINT' ;
EVl= TAM.'EVOL';

) ) ) ! *TAB1 . ' CHARGEMENT' = CHAR1:;

* angle de rotation de la section droite ! TAB1 . 'GRANDS DEPLACEMENTS' = VRA| :
Ul=T1.'ESTIMATION'. 'DEPLACEMENTS' ; TABL . 'PREDICTTEUR' — '"HPP" - ’
RYS = EXTRU1 'RY' PF; TAB1. 'PROCEDURE PERSO1' =VRAI;

* direction de ['effort . TABL.'AMOI'.'EVOL'  =EV1; |

* creation du second membre
TPST =1 ESTIMATION'  TEMBE
- TPS1=TPS1 + XPAS;
- VAL1 = IPOL TPS1EV1;
' F1= FORC(VAL1 * DIR1) PF ;
. EV= EVOL'MANU' (PRO®.1.)( PROGL. 1 .);
- CHAR2 =CHARMECA' F1EV;
- T1 .'WTABLE' . 'CHARGEMENT' = CHAR2 ;

! PAGE 29
PERSOprocedure Programme principal



EXERCISE 1: BEAM WITH FOLLOWING FORCE

B Solution (ter)
- Idem, but the force is updated on the deformed shape
at the end of time step!
- more precise: when converged, the deformed geometry is exactly
perpendicular to applied force
- watch out: can become unstable !
DEBPCHARMECRI*TABLE' TPS1*FLOTTANT'; :
* donnees utiles
TAM =T1 . 'AMOI'

PF = TAM. 'POINT" ; ;
EV1= TAM.'EVOL'; | *TABL1 . 'CHARGEMENT' = CHAR1;

.* ..... anglederOtationdelasectiondrOite ..................................................... i TABl ) 'GRANDS_DEPLACEMENTSI = VRAI ;
. DRYS=0.; ; TAB1 . 'PREDICTEUR' = 'HPP' ;
S| (EGA(TYPE ZDEPT) 'CHPOINT') ; o TAB1. 'PROCEDURE_CHARMECA VRAI;
DRYS = EXTRZDEPT 'RY' PF ; o TABL1 . 'AMOI' = TABL ;
FINSI ; o TAB1.'AMOI'.'EVOL'  =EV1;
UO= T1.'CONTINUATION'. 'DEPLACEMENTS'; ! TAB1.'AMOI'". 'POINT"  =P2;

__RYS=(EXTRUO'RY'PF) +DRYS;
RYSD=RYS * 180. / PI;
* direction de I'effort
DIR1=( COSRYSD)O0.( -1. * (SIN RYSD));
* creation du second membre
VAL1 = IPOL TPS1 EV1;
F1= FORC(VAL1 * DIR1) PF;
T2 = TABLE;

T2 .'ADDI_SECOND' = F1 ; PAGE 30
FINP T2 ; CHARME(ptocedure Main program



EXERCISE 2:
RUPTURE BY ELEMENTS REMOVAL

DOWNLOAD THE STARTING FILE ON THE WEBSITE:



http://www-cast3m.cea.fr/index.php?page=exemples&exemple=formation_PASAPAS_2_INITIAL

C2A EXERCISE 2: RUPTURE BY ELEMENTS REMOVAL

B 3 points bending of a notched solid beam
elasto-plastic behavior, von Mises criterion,
kinematic hardening,
large displacements

A A

B Purpose: to model fracture by removing elements during
calculations
We will use a simple criterion on the 15t principal stress:
fractureid s;O 1 MP a

|t 6s up to you!
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C2A EXERCISE 2: RUPTURE BY ELEMENTS REMOVAL

A few indications &

B Useful objects

PRIN principal stress field calculations

CHANchange the support points of a field by elements
ELEMselect the elements of a field that meets a criteria
DIFF: build the symmetric difference of two meshes
REDUreduction of a model on a sub-mesh
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EXERCISE 2: RUPTURE BY ELEMENTS REMOVAL

B Solution

- use the PERSO1Jprocedure

- extract the model and the calculated stresses (T1. ESTIMATIOIN
- calculate the principal stresses

- determine the mesh of intact elements

- reduce the model on this mesh

- erase the model on the working table WTABLE

DEBPPERSOIT1*TABLE';
ES =T1.'ESTIMATION';
WT=T1."WTABLE';
MO1 =WT.'MO_TOT';
MAILO = EXTRMO1'MAIL"
SG1 =ES . 'CONTRAINTES'; !
SGP1 = PRIN SG1 MO1 ; ' TABl. 'PROCEDURE_PERSO1' =VRAI;
SG11 = CHAN'GRAVITE' (EXCO'SI11' SGP1) MO1; | -
* maillage sain a conserver |
MAIL1 = SG11 ELEM'INFERIEUR' 1.E6;
*maillage = complementaire (les elements retires)
MAIL2 = DIFF MAILOMAILL;
“* on supprime aussi les elements "pendants "
- Sl (( NBELMAIL2) > 0);
: MAIL3 = MAIL1 ELEM'APPUYE''STRICTEMENT' (CONTMAIL2) 'NOVERIF' ;
Sl (( NBELMAIL3) > 0);
MAIL1 = DIFF MAIL1 MAIL3;
FINSI ;
‘*'éﬁbﬁréé'éibﬁ'aéé ......... ST U e
MO2 = REDUMO1 MAIL1 ;
WT .'MO_TOT' = MO2; | .
WT . 'MO_TOTAL' = MO2 : PERSOlprocedure ! Main program
WT .'MOD_MEC'=MO2 ; |
FINP : i PAGE 34



EXERCISE 2: RUPTURE BY ELEMENTS REMOVAL

B Results

x10
1.0

Force

strength / displacement curve

0.0 I L I !
0.0 0.2 0.4 0.6 0.8 1.0

Deplacement %10

Force vs Fleche

Undependable model: result sensitive to
spatiotemporal discretization
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TRANSNON OPERATION
THERMAL SOLVER




TRANSNON OPERATION

4 . ) L .
Heat equation + FoO (r | Fenitedetemeénafarmulation )
“Y: temperature
o R : heat flux v (e . T "
L1 a 61"y [LI'Y {Q
” W — Hl (ﬁ) Q? time .
T O Q> volumetric heat source
n _Hl H‘ﬂ_l - :_ mass_f(_jerr]\sni/ " {"¥ : nodal temperatures
@ - Speciiic hea Capac' y {"Q : nodal thermal energy per unit time
_ . thermal conductivity [6] : capacity matrix
+ boundary conditions [0] : conductivity matrix
_ / VAN Y,
4 )

Time discretization: theta-method (TRANSNON)
3%[6128({"\} "y ) [oIra—y p —{Y¥) {&

{"¥*1 : nodal temperatures at time n+1 [0]7, [O] and {"Q° are estimated:
{"¥" : nodal temperatures at time n - at temperature {"}Y —'% p —{"Y%
Y0: time step -attime & -6 p —oO

P : coefficient ( P )
default value =1 (implicit scheme)

. J
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DE LA RECHERCHE A LINDUSTRIE

C2A TRANSNON OPERATION

Options, times calculated, units (°C or K), initial state, shape functions

Initializations, CHARTHER|-++sseeeeeesees > BES
(for radiation)é

— External variables updating, material characteristics
State of system at {"} 1o Calculation of conductivity matrix [0]* (cond. + conv. + radi. + constrain.)
PA_‘RATHER and capacity matrix [6]* at temperature {"¥ and time &
> ) Materlal.updzlitlzng way |eeeeeeeeenn Calculation of 2nd member {"Q* (T impo. + T conv. + T rayo. + Flux impo.)
Matrix calculation [0]" and [0] at temperature {"¥ and time &
CHARTHER
Calculation of {Q We define the operator as: [0]° y—[é]Z 7
> Convergence acceleration
Temperature increment calculation: Y{"¥ [0 {Q*
State of system at e e RESQ Jeeeeeereccernecccccnnnncecnnns and so we "ge;t Y ) Yy Y{"¥ )
PARATHER and also: {"¥ —+Y p —{"Y
Material updating
CHA_RTHERT‘ Z Measure the maximal difference on the temperature increment
Calculation of {'Q Criterion  [eeeessseeeessensessnneennns for two successive steps:
N Crit =[ MAXI'ABS" (¥{'¥ Y{"¥ )]/ [MAXI 'ABS'" {"% ]
no
i=i +% S If the criterion is small enough:
onvergence : Crit O 'PRECISION' (1.E-4 by default)
PERSOZ ............................. User procedure
Remark:

no when TRANSON called by PASAPAS

the time step loop is performed once

End of time
steps?

Next step P
Initialization

PAGE 38

Results recording and exit




EXERCISE 3:
HEAT SOURCE DEPENDING ON TEMPERATURE

DOWNLOAD THE STARTING FILE ON THE WEBSITE:



http://www-cast3m.cea.fr/index.php?page=exemples&exemple=formation_pasapas_3_initial

EXERCISE 3: HEAT GENERATION DEPENDING ON

— TEMPERATURE

B Square section with heat source and cooled by convection
phase transition (T,,eying = 1 083 °C, ENt, oiny = 204 800 J.kg™)

Convection

Convection

Heat

source

B Purpose: to impose a heat generation intensity depending on the

temperature.

we will use the following evolution:

EVOL 'MANU''T'  (PROG 20. 150. 300. 500. 700. 1000. 1500.)
'Q' (1.E6*(PROG 5. 4. 3.7 3.5 3.3 3.1 3));

|l t6s up to you! PAGE 40



EXERCISE 3: HEAT GENERATION DEPENDING ON

— TEMPERATURE

A few indications &

B Useful objects

MAILL1: source mesh
MOD1: thermal model reduced on MAIL1
VSOURSsource (volumetric heat power)

B Useful operators

REDU t o reduce the temperature fiel
IPOL : to interpolate the heat source value as a function of the
computed temperature

SOURto impose a volumetric heat source
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EXERCISE 3: HEAT GENERATION DEPENDING ON

TEMPERATURE

B Solution
- suppress loading CHAZ heat source)

- use the CHARTHHERocedure (called at each step iteration) in order to
recalculate the source (2nd member) as a function of temperatures
at the beqginning of the time step

DEBPCHARTHER1I*TABLE' TPS1*FLOTTANT' ; E VSOUR =EVOL'MANU'

MA1=T1.'AMOI'. 'MAIL' ; ! T'( PROG20. 150. 300. 500. 700. 1000. 1500.)
MO1=T1. 'AMOI'.'MODE' ; | 'Q'(1.E6 *(PROGb. 4. 3.7 35 3.3 3.1 3));
EV1i=T1.'AMOI'.'EVOL' :

* reduction duchamp de temperatures au maillage de la source i
CHT1=T1. 'ESTIMATION' . 'TEMPERATURES'; *CHFL1 = SOURMOD1 VSOUR MAIL1;
CHT2= REDUCHT1 MA1, ' *CHA2 = CHARQ' CHFL1EV1;

* interpolation du champ de source a partir du champ de temperature |
CHS= IPOL CHT2 EV1;

* creation dusecond membre . TAB1.'CHARGEMENT' =CHAL;
CHFL1= SOURMOL1 CHS, TAB1. 'PROCEDURE_CHARTHER'VRAI;

*sortie  du second membre ' TAB1.'AMOI' = TABL;
T2 =TABL ; . TAB1.'AMOI'. 'MAIL' = MAIL1;
T2 .'ADDI_SECOND' = CHFL1 ; TAB1 . 'AMOI'. 'MODE' =MOD1;

FINP T2; ' TAB1.'AMOI'. 'EVOL' =VSOUR;

CHARTHEIgrocedure Main program
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EXERCISE 3: HEAT GENERATION DEPENDING ON

TEMPERATURE

B Solution (bis)
- suppress loading CHAZ heat source)

- use the CHARTHHERocedure (called at each step iteration) in order to
recalculate the source (2nd member) as a function of temperatures
at previous iteration (i.e. at the end of the time step)

DEBPCHARTHER1I*TABLE' TPS1*FLOTTANT' ; E VSOUR =EVOL'MANU'

MA1=T1.'AMOI'. 'MAIL' ; ! T'( PROG20. 150. 300. 500. 700. 1000. 1500.)
MO1=T1. 'AMOI'.'MODE' ; i 'Q'(1.E6 *(PROGb. 4. 3.7 35 3.3 3.1 3));
EV1i=T1.'AMOI'.'EVOL' :

* reduction  duchamp de temperatures _au maillage de la source -

_CHT1=TL.'WTABLE' . THER COURANT' _; | *CHFLL = SOURMOD1 VSOUR MAIL1;

CHT2= REDUCHT1 MA1, ' *CHA2 = CHARQ' CHFL1EV1;

* interpolation du champ de source a partir du champ de temperature |
CHS= IPOL CHT2 EV1;

* creation dusecond membre . TAB1.'CHARGEMENT = CHAL;
CHFL1= SOURMOL1 CHS, TAB1. 'PROCEDURE_CHARTHER' VRAI;

*sortie  du second membre ' TAB1.'AMOI' = TABL;
T2 =TABL ; . TAB1.'AMOI'. 'MAIL' = MAIL1;
T2 .'ADDI_SECOND' = CHFL1 ; TAB1 . 'AMOI'. 'MODE' =MOD1;

FINP T2; ' TAB1.'AMOI'. 'EVOL' =VSOUR;

CHARTHEIgrocedure Main program
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EXERCISE 3: HEAT GENERATION DEPENDING ON

— TEMPERATURE

1400
B Results
,\
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EXERCISE 4:
THERMO-MECHANICAL GAP CLOSING

DOWNLOAD THE STARTING FILE ON THE WEBSITE:



http://www-cast3m.cea.fr/index.php?page=exemples&exemple=formation_pasapas_4_initial

C2A EXERCISE 4: THERMO-MECHANICAL GAP CLOSING

B Two bars expand and get in contact
thermal expansion
unilateral mechanical contact

. . gap v .

Y vmnko ! Y ¢md v
/ | 1
/ C ¢
A . . d
g bar 1 Y qnd 6 Y qmnJ 6 bar?2 .
Ap1 P2 P3 P4y’
N L/

B Purpose: add thermal contact, this is to say the heat transfer when
the mechanical contact takes place.

|l t0s up to you!
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C2A EXERCISE 4: THERMO-MECHANICAL GAP CLOSING

A few indications &

B Useful objects
P2 et P3: points on the left/right of the gap
L2 et L3: lines on the left/right of the gap

B Useful operators
COORpoints coordinates
RELA relation between degrees of freedom

B Modify thermal boundary conditions of WTABLE
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EXERCISE 4: THERMO-MECHANICAL GAP CLOSING

Solution
check the mechanical + thermal convergence
create a new constraint: relation between the temperatures
Tonline L2=T online L3 with RELAoperator
use REEV_MHEG modify the thermal boundary conditions
calculate the gap at iteration time
modify thermal boundary conditions in WTABLESs a function of the gap

DEBPREEV_MET1*TABLE' N1*ENTIER';
Ul=T1.'ESTIMATION'. 'DEPLACEMENTS';
WT =T1.'WTABLE';

TAM =T1.'AMOI';

* calcul du jeu

PT2 = TAM. :POINT_2: : ' TAB1.'CONVERGENCE_MEC_THE'VRAI :
PT3= TAM.'POINT_3'; | TAB1. 'PROCEDURE_REEV MEG VRAI;
X2 =( COORLPT2) + (EXTRU1'UX PT2); . TAB1. 'AMOI' = TABL;
X3 =( COORLPT3) + (EXTRU1'UX PT3); E TAB1. 'AMOI' . 'POINT 2' =P2;
J1=X3 - X2; _ o ' TAB1. 'AMOI' . 'POINT_3' =P3;
* si jeu ferme, on utilise le blocage thermique initial + le RELA ' TABL1 .'AMOI' . 'BLOQ 0 ' =CL TH:
SI (J1 <EG1l.E-15); | TAB1.'AMOI'.'BLOQ 1 ' = RELAT'L2 - 'T" L3;

WT . 'BLOCAGES_THERMIQUES' =TAM. 'BLOQ_0) ET

(TAM. 'BLOQ_1));

* si jeu ouvert, on utilise le blocage thermique initial seul

SINON;

WT . 'BLOCAGES_THERMIQUES' FAM. 'BLOQ_0';

FINSI ;

FINP ;

REEV_ ME®rocedure Main program
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EXERCISE 4. THERMO-MECHANICAL GAP CLOSING

B Results

Without contact: bars are insulated

During contact: "perfect" conduction

Sl
o ."\|
L
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