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Kontaktni problémy:

- velmi nelinearni (vyzaduji dostatecny vypocetni vykon), nezbytné je pochopeni fyziky
problému,

- dveé zakladni obtize:

1) nezname oblasti kontakiu, dokud nebézi vypocCet (v zavislosti na zatizeni,
metrialu, ukotveni, plochy mohou vejit v kontakt, nebo jej opustit),

2) vétSina kontaktu vyzaduje zahrnuti tfeni (existuje nékolik zakladnich modelt na
vybér, vSechny jsou nelinearni, odezva v tfeni je chaotickd, coz zpusobuje obtize pfi
konvergenci feseni),

- mnoho kontantnich problému zahrnuje multi-field efekty (teplo, prenos el. pole,
magneticky tok)

- jestlize je vazba mezi objekty vzdy pevna ,,bonded“ (bez treni) je mozné vyuzit
funkce ,multipoint constraint (MPC)“ pro urcité elementy

- jinou alternativou jsou tzv. vazebné rovnice (constraint equations), to je mozné jen v
oboru tzv. malych deformaci (NLGEOM, of f).
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Klasifikace kontakiu v ANSYS

2 zakladni druhy:

1) ,rigid-to-flexible“ - dokonale tuhy vs. poddajny
2) flexible-to-flexible“ - poddajny vs. poddajny

Ad 1) jeden Ci vice kontaktnich povrchu jsou zjednoduseny na dokonale tuhé (resp.
plochy s 0 mnoho vyS$Si tuhosti v porovnani s deformovatelnym télesem)

vvvvvv

podobnymi tuhostmi

ANSYS rozpozna mozné kontaktni pary diky pfitomnosti urcitych kontaktnich elementu
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Pokud muzeme v modelu zanedbat tfeni, Ize misto tvorby kontaktu

vyuzit tzv.
- ,constraint equations” = definuje lineérni vztah mezi stupni

volnosti vybranych uzlu

- ,coupled degrees of freedom*® = zpusob jak prifadit mnoziné
uzlu stejny stupen volnosti

... sdruzeni stupné volnosti vybranych ... spojeni nesourodych siti pomoci
navazujicich uzlt pomoci ,coupling® ... ,constraint equations®...
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KONTAKT
Rigid x Flexible Flexible x Flexible
Kontakt mezi pevhym a Kontakt mezi dvéma pruznymi télesy
deformovatelnym télesem
Pevné (,rigid“) téleso ma vetsi tuhost Castéjsi pripad kontaktu, kdy se obé&
nez téleso pruzné, s kierym je v pfimém télesa deformuiji

kontaktu

... zakladni stanoveni interakce v: bodé (kontakt v uzlu)

ploSe (kontakt v elementu [beam, shell, solid])
Y 4

T A ® CONTAI?S
X

-
® CONTA17S zt’i T
%w il target normal

2-1 associated target 3-0 associated target
surface {TARGE 168} surface (TARGE1 70}




Kontaktni elementy

Kontaktni par vznika mezi tzv. kontaktnimi elementy, které se lisi podle zvolené
interakce:

-, surface to surface “ kontakt

- , hode to surface “ kontakt

- , 3D beam to beam “ kontakt

-, line to surface “ kontakt
, node to node “ kontakt

Pro zadani kontaktu slouzi v grafickém prostredi Ansys ikona tzv. Contact
Manager a Contact Wizard

oix
Ell 3 #l|Contact & Target ~| Xil % &| & Eil[No Model Context  =|| &[|Choose a result item -] A, coriact pair consiets of a larget surface and contact suface
. ou wi b fikst cefine the: target surface
Contact Pairs @|
Tanget Suface _ Target Typ=:
& Aress ™ Flexible
, v, . T By (wolurne) = Ragid
nebo nasledujici postup v menu:  Nodes ~ RigidW P
T Modal Cormpaonant ~ PO rade Qnby
o [Aehean cexd Crtiaan)
Preprocessor> Modeling> Create> _
. L] LI-I Fick Target .. |
Contact Pair. -
= Back | [t = Cancel | Help |




Typy kontaktu Strana 7

ANSYS podporuje celkem 5 kontaktnich modelt: node-to-node
node-to-surface
surface-to-surface
line-to-line
line-to-surface

Kazdy typ modelu pouziva jiné kontaktni elementy pro specifické typy uloh, viz. tabulka nize:

Node-to-Node Node-to- Surface Surface-to-Surface Line-to- Line Line-to- Surface
Contact Element No. 12 52 178 175 171,172 173,174 176 177
Target Element No. 169, 170 169 170 170 170
2-D Y Y Y Y
3-D Y Y Y Y Y Y

Informaci o vytvoreném kontaktu lze ziskat pouzitim pfikazu:
CNCHECK, Option, RID1, RID2, RINC, PairType, TR level

Tento pfikaz je mozné pouzit v preprocessoru i v ¢asti ,solution®, ale pouze pred prvni feSenou

operaci, napf: /SOLU
CNCHECK,POST
FINISH

/SOLU
SOLVE
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Kontaktni elementy

.Surface to surface*

(kontakt mezi dvéma plochami)

13

Pro vytvoreni kontaktu je vyuzito elementu tzv. ,target surface® a ,contact surface

TARGET: Targe169 (pro 2D) a Targe170 (pro 3D)

CONTACT: Contal71, Contal172 (pro 2D)
Conta173, Contal174 (pro 3D)

Target Segment Elemant
Target Segment K & TM%E”G K
Parabola /\
i A— | ® ‘*\ J

I J e
4 \
M n m
M L I
Z
Y Surface-to-Surface Mode-to-Surface oy
Contact Berment Contact Bement %
COMTALTS Made-te-Syrface
Cantact Element

CONTAIT or CONTATTZ
Surface-to-Surface COMTA1TS

Contact Elemeant
COMTATTI or COMTAI TS



Kontaktni elementy

,,Node to surface*

(kontakt mezi uzlem a plochou)

Kontakt je urCen polohou bodu na plose (contact surface) a primkou nebo oblasti
na plose (target surface)

TARGET: Targe169 (pro 2D) a Targe170 (pro 3D)
CONTACT: Conta175 (pro 2D a 3D)

¥ for Axial) @ CONTATTS
! | CONTAYTS
]
w normak
20 associated target 3D associated target
surface (TARGE169) surface (TARGE17O)
X X
{or Radial] o

i

CONTA175 vyuziva pfikazu ESURF pro vytvoreni elementl mezi kontaktnim
parem, ktery lze najit i v menu:

Main Menu> Preprocessor> Modelling> Create> Elements> Surf/Contact> Node to Surf
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Kontaktni elementy

,,Node to node*

(kontakt mezi jednotlivymi uzly)

Elementy jsou urCeny pro modelovani kontakiu mezi body. Lze je vyuzit i pro
kontakt mezi plochami, na jejichz povrchu urCime konkrétni uzly. Ty musi
geometricky navazovat na sebe a jejich vzajemné posunuti musi byt zanedbatelné.

CONTACT: Contail2 (pro 2D), Contal178 (pro 2D a 3D), Conta52 (pro 3D)

/\\/J/J@/ 't

CONTACZTZ CONTAT /G CONTACSZ
(=00 (20 and 3D} (30
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Kontaktni elementy

,Line to line “

(kontakt mezi jednotlivymi pfimkami)

Kontakt je urCen polohou primky na prvni plose (contact surface) a pfimkou na
ploSe druhé (target surface)

TARGET: Targe170 (pro 3D)
CONTACT: Contal76 (pro 3D)

CONTATTE

3-[r associated target
line segments { TARGET T
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Kontaktni elementy

,Line to surface “

(kontakt mezi pfimkou a plochou)

Kontakt je urCen polohou primky na prvni plose (contact surface) a casti plochy
(target surface)

TARGET: Targe170 (pro 3D) ¥
CONTACT: Conta177 (pro 3D) .
£

K

CONTATTY "
J

Edge of
shell elements

COMTATTT

3D target surface
(TARGETTD)

Kontaktni elementy Ize pouzit i pro vytvoreni kontaktu mezi ,, 3D beam-to-surface* NebO
,3D shell edge-to-surface”.

Main Menu> Preprocessor> Modelling> Create> Elements> Surf/Contact> Surf to Surf
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Klasifikace kontakiu v ANSYS

5 kontaktnich modelu:

1) node-to-node (C 12,52, 178)

2) node-to-surface (C175 x T 169, 170)

3) surface-to-surface (C171-174 x T 169, 170)
4) line-to-line (C176 x T 170)

5) line-to-surface (C177 xT170)

target surface: TARGE169 (2-D) nebo TARGE170 (3-D)
contact surface: CONTA171, CONTA172, CONTA173, CONTA174
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,Surface to Surface“

w Associated Targe! Surface

Cantact normat Contact Elemeant
? Surface of Sclid/SheliBeam Elermant
v

J

t

CONTA171

Associgted Target Surfaces

Surface of Solid/Shell Element

CONTA173

w Associated Targe! Surface

Contact normat Contact Element

Surface of Solid Bement

CONTA172

Associated Target Surfaces

Contact Elements

Surface of SolidiShell Element

CONTA174
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Zakladni kroky kontaktni analyzy:

1) Tvorba vypoctového modelu (geometrie, mesh)
2) Tvorba kontaktnich paru

- Uréeni contact a target ploch

- Nastaveni koneéného prvku pomoci KEYOPTions a realné konstanty
- Nastaveni target plochy (rigid-to-flexible)

3) Definovani okrajovych podminek reseni

4) Nastaveni feSeni pfip. zatézovych krokt - ,.load steps*

5) Reseni problému

6) Zobrazeni, export a interpretace vysledku
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Tvorba kontaktnich paru - ,kontaktni manazer*

A contact pair consists of a target suface and contact surface. You
will first define the target surface.

Target Surface: Target Type:
<~ Areas “ Flexible
-~ Body (volume) ~ Rigid
~ Modes ~ Bigidw/ Pilot
~ Modal Component. Filot Mode Cnly
" (Advanced Option)
i
/
ick. Target ...
~ - Pick Targ |
= Back [ext = Cancel Help |
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Tvorba kontaktnich paru - ,kontaktni manazer*

The contact surface mowves into the target surface.

Contact Surface: Contact Element Type:
~~ Lines <~ Surface-to-Surface
- HAreas ~ Mode-to-Surface

~ Body (volume)
“~ Modes

~ Modal Component

Pick Contact ... |

= Back [Mext = Cancel Help |
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Tvorba kontaktnich paru

Tvorba kontaktnich paru - ,kontaktni manazer*

The contact pair is now ready to be created using the following
settings:

Only Structural DOF has been detected

| Create symmetric pair

™ Include initial penetration

Friction:

Material D 1 |

Coefficient of Friction ID—
Thermal Contact Conductance | 0 =
Electric Contact Conductance 1] K

Optional settings ... |

= Back Create = Cancel | Help |
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Tvorba kontaktnich paru - ,kontaktni manazer*

Basic] Frictian] Initial Adjustment] Misc] Rigid target] Thermal] Electric] ID]

Mormal Penalty Stiffness Im— A factor ~ constant
Penetration tolerance IE”—  factor ~ constant
Pinball region Imh factor -~ constant
Contact stiffness update |Ea|:h iteration (PAIR ID based) =/
Contact algarithm |Augmented Lagrange method hd
Contact Detection |Dr1 Gauss points hd
Behavior of contact surface |Standard hd
Type of constraint |Aut0 assembly detection =]

[0]:4 Cancel Help
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Tvorba kontaktnich paru - ,kontaktni manazer*

Basic] Frictian] Initial Adjustment] Misc] Rigid target] Thermal] Electric] ID]

Mormal Penalty Stiffness Im— A factor ~ constant
Penetration tolerance IE”—  factor ~ constant
Pinball region Imh factor -~ constant
Contact stiffness update |Ea|:h iteration (PAIR ID based) =/
Contact algarithm |Augmented Lagrange method hd
Contact Detection |Dr1 Gauss points hd
Behavior of contact surface |Standard hd
Type of constraint |Aut0 assembly detection =]

[0]:4 Cancel Help
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Identifikace kontaktnich paru — realna konstanta

ED [ (| Contact & Target ~| K+ % & Gl Mo Model Context ~| | Bll[|Choose a result item = x|

Contact Pairs @|

10 Contact Behavior Target Contact Filot Mode | Pilot Mame Y
Standard Surface-to-Surface Mo pilot

am Standard Flexible Surface-to-Surface Mo pilot

102 Standard Flexible Surface-to-Surface Mo pilat

302 Standard Flexible Surface-to-Surface Mo pilot

103 Standard Flexible Surface-to-Surface Mo pilot |

i~ |-

Real constant
number D

Contact surface
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Priklad pouziti kontaktu mezi plochou a uzly (tzv. ,,node -to-surface®)

/COM, CONTACT PAIR CREATION - DTD spodni a jadro
|

MP,MU,1, Ikoeficient treni

MAT,3 Imaterial cislo

R,4 ldefines element real constant

REAL,4 ISets the element real constant set attribute pointer
ET,3,170 lelement 3=targe 170

ET,4,175 lelement 4=conta 175

KEYOPT 4,2,2 Iboth initial geometrical penetration
KEYOPT,4,12,5 Icontact stiffness-each iteration

e Generate the target surface
ASEL,S,,,39

TYPE,3 ltyp elementu

NSLA,S,1 lvybere vsechny uzly v plose

ESLN,S,0 lvybere elementy patrici k uzlum

ESLL,U lodebere elementy patrici k linkam
ESEL,U,ENAME,,188,189 lodebere elementy 188 a 189

NSLE,A,CT2 lvybere uzly prirazene k vybranym elementum
ESURF lvytvori nadrazene elementy

e Generate the contact surface

Isel,s,loc,z,.022,.022 lvyber linek

Isel,u,,,142

Isel,u,,,143

Isel,u,,, 144

Isel,u,,,145

TYPE.,4

NSLL,S,1

ESLN,S,0

ESURF

*SET, REALID,3 lpriradi parametru _REALID hodnotu 3
ALLSEL . , . Sy v o s

ESELALL \vybere vsechny elementy Definovany kontakt mezi uzly nalezici primce a samotnou plochou
ESEL,S,TYPE,,3 lvybere elementy patrici k targe 170
ESEL,A,TYPE, 4 lvybere elementy patrici k conta 175
ESEL,R,REAL,,3 Ireselect real constant

EPI OT




