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Properly constrained solids

Boundary Conditions | ‘ |
Badtim Rollex

We can apply
1. Prescribed displacements (oremcaske)  m, prescribed
2. Forces on nodes i, & prescribed
3. Pressure on element faces
5. For some elements, can Roller
apply rotations/moments 5, prescribed .xIEQZ'DZ?IET' i S 3 ' £ 44
IUncmtrim-d
¥ vertical motion
8| BOB! l
.S EX] 3K
D - . . < > Unconstrained
Unconstrained horizontal i’;‘::ﬂw Unconstiined horizontal  fotation

mobion

Incorrectly constrained solids
Constraints Equations that relate DOF

Shell elements connected to solid
We would need to connect the shell to the

solid with a constraint
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Contact Master/slave pairs

Select

1. Contact algorithm .

2. Constitutive law for contact (eg -ty zuuad o
friction) £ surface

3. “Soft” or “Hard” contact

11l 1]
Nodes on slave surface are

prevented from penetrating inside
master surface

Solution Procedures

Small strain —v- large strain (NLGEOM)

Static analysis
Solves R(u)=F wu=u using Newton-Raphson iteration

Explicit Dynamics: solves Mii +R(u)=F u=u using 2" order forward Euler scheme
Implicit Dynamics: solves Mu+R(u)=F wu=u_using 2" order backward Euler scheme

Special procedures: modal dynamics, buckling (‘Linear Perturbation steps’)



~page 3 Topics for todays class

* Implicit dynamics
* Units iIn FEA

* Using dimensionless variables in simulations; scaling —
governing equations —

* Brief look at homework 1 S

* FEA for static linear elasticity

» Governing equations for elastostatics .

* The principle of minimum potential energy; estimating _—
displacementfields by minimizing energy _

« Simple FEA program for linear elasticity — 2D plane strain —
with constant strain triangular elements -
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—page 9 Preview — Basic FEA for static linear elasticity

Background: Governing equations for linear elasticity
The Principle of Minimum Potential Energy

Plane strain linear elasticity problem as an energy minimization

©=gds— [t -uds
4 S,

Interpolating the displacement field using constant strain triangles %7
Computlng the potential energy ‘ A |

Strains, stresses and strain energy density inside an element.
Element stiffness matrix e,

Potential energy of a loaded element face — element force vector ]
Total potential energy — global stiffness and global force 1
Constrained boundary conditions

* Minimizing the total potential energy

(€)

(@) (b)

T T
O %(“G!abaf) [K]“GfabaE B (“Gfobm’) .fGiobai — [K]uG!abaf _ fG."abaI

Implementation
Data structures for mesh and BC definition
Assembling the element and global stiffness matrices
Prescribing boundary conditions
Solution and post-processing
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