MEC-E8001 Finite Element Analysis; Mathematica solver

“A structure is a collection of elements connected by nodes. Geometry, displacement, temperature
etc. of the structure are defined by the nodal values of coordinates, translation, rotation, temperature

etc. of which some are known and some unknown.”

DATA STRUCTURE

prb ={ele, fun} where

Ble =PIty Pris, . . elements
fun={valj,valy,..} nodes
Element

prt ={typ, pro, geo} where

typ = BAR | TORSION | BEAM | RIGID|...| cv.cvveiveeeeieeeeeeeeeeeeeeeee oo model
PrO ={P1, Poyecvy PRt coveeerreeiieiiei e properties
geo = Point[{n }]1| Line[{n, no 31| Polygon[{n, no , na}] | ... oo geometry
Nodes

val ={crd, trn, rot}|{crd, trn, rot,tmp} where

CrA =X, Y Z T s structural coordinates
trn ={Uy Uy Uz} oo translation components
FOL={Oy , B 07} .o rotation components

DD = 0 e e e e e nae e e e anees temperature



DISPLACEMENT ANALYSIS

Constraint

{IOINT, {3 {{ux , Uy, uz 3}, Point[{n }1} oo, displacement constraint
{IOINT, {3, Line[{n, Nod 1} oo, displacement constraint
{RIGID,{}|{{ux ,uy ,uz },{6x & ,67}}, Point[{n}1} ............ displacement/rotation constraint
{RIGID,{}, LIN[{M, Mo} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, Point[{m 1} ..o, slider constraint
Force

{FORCE,{Fx, R/, Fz }, Point[{m 1} oo, point force
{FORCE,{Fx, R/ ,Fz, My ,My,Mz} Point[{m}1} ..o, point force/moment
{FORCE {fy, fy, fz}, Line[{ny, nod 1} oo, distributed force
{FORCE,{fy, fy, fz},Polygon[{n;, Ny, N3} }..cccooviiiiiiiiiii, distributed force
Beam model

{BAR,{{E}.{A} {3} Line[{n, mod ]} oo bar mode
{TORSION,{{G}.{ A} {m, }}, Line[{n , noR} o ovooeii e, torsion mode
{BEAM,{{E,G}.{A Iy, I:3.{fx, fy, fz33 Line[{n, o3} oo beam
{BEAM,{{E,G}{A Iy, 1. {ix, by, iz {fx. Ty, fz233 Line[{ng, no3 1} oo, beam
Plate model

{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,na}1}..coooiriiiii thin slab mode
{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,ng, ng 1} ..coovviiiriiin thin slab mode
{PLATE,{{E.G,v}{t}.{fx. fy, fz2}} Polygon[{m,ny,ng}1} .ccoccvorirnirs bending mode
Solid model

{SOLID,{{E,v}{fx, fy, fz}}, Tetrahedron[{n;,no, N3, Na 1} .ceooiiiiiiii solid
{SOLID,{{E,v}{fx, fy, fz}},Hexahedron[{n,n,,n3,ny,N5,Ng, N7, Ng}H} .ccvvrvvriirirnns solid
Functions

pro=REFINE[PrD] ..o refine structure representation
Out = FORMATTED[ PID] .eeeeiiieeiiiie e display problem definition
Out =STANDARDFORMI[PrB] oo display virtual work expression
sol =SOLVE[{DISP}, prb] | SOLVE[Prb] ..cccooiiiiiiiee e, solve the unknowns



VIBRATION ANALYSIS

Constraint

{IOINT, {3 {{ux , Uy, uz 3}, Point[{n }1} oo, displacement constraint
{IOINT, {3, Line[{n, Nod 1} oo, displacement constraint
{RIGID,{}|{{ux ,uy ,uz },{6x & ,67}}, Point[{n}1} ............ displacement/rotation constraint
{RIGID,{}, LIN[{M, Mo} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, Point[{m 1} ..o, slider constraint
Force

{FORCE,{Fx, R/, Fz }, Point[{m 1} oo, point force
{FORCE,{Fx, R/ ,Fz, My ,My,Mz} Point[{m}1} ..o, point force/moment
{FORCE {fy, fy, fz}, Line[{ny, nod 1} oo, distributed force
{FORCE,{fy, fy, fz},Polygon[{n;, Ny, N3} }..cccooviiiiiiiiiii, distributed force
{FORCE,{{m}}, POINt[{n }]} oo inertia effect
{FORCE,{{m, J}}, Point[{m}} oo inertia effect
{FORCE,{{m, 3},{{ix .iy,iz}.{Ix, Iy, iz} Point[{n}1} oo inertia effect
Beam model

{BAR,{{E}.{A}F{f, 3} Line[{n, mod ]} oo bar mode
{TORSION,{{G}.{ A} {m, }}, Line[{n , noR} o ovooeii e, torsion mode
{BEAM,{{E,G, p}.{A Iy 11 {fx, fy, f2 33 LINe[{ng, o3} vovvvoccccvvecnscccenecennn beam
{BEAM,{{E.G, s} {A Iy 1,z {ix. v iz 1A fx. Ty, f2 33 Line[{n, nodT} oo beam
Plate model

{PLANE,{{E,v, o} {t}.{fx, fy, fz }},Polygon[{n,ns, na}1} ..occviriiriiinn thin slab mode
{PLANE,{{E,v, o} {t}.{fx, fy, fz}}, Polygon[{n,ns, N3, ng}}..cccvorvirinnrnnn. thin slab mode
{PLATE,{{E.G,v, p}{t}.{fx. fy, fz}} Polygon[{m,ny, ng}1} .ccooovviiniinns bending mode
Solid model

{SOLID,{{E,v, p}{fx, fy, fz }}, Tetrahedron[{n;,no, N3, Mg} 1} .oooiiiiniiiii solid
{SOLID,{{E,v, p}{fx ., fy, fz }},Hexahedron[{n;,n,,n3,n4,N5,Ng, N7, Ng}} .ccvvevvrinnnn solid
Functions

pro=REFINE[PID] ..o, refine structure representation
Out = FORMATTED[LPID] ..c.vveiiiiiiiie e, display problem definition



Out =STANDARDFORMI{VIBR}, prb]...ccccooviiiiiiiie display virtual work expression
sol =SOLVE[{VIBR}, prb] ..o, solve angular speeds and modes
sol =SOLVE[{VIBR, ini}, prb] ..cccoooviniiennn. solve unknowns (does not work for a DAE)



STABILITY ANALYSIS

Constraint

{IOINT, {3 {{ux , Uy, uz 3}, Point[{n }1} oo, displacement constraint
{IOINT, {3, Line[{n, Nod 1} oo, displacement constraint
{RIGID,{}|{{ux ,uy ,uz },{6x & ,67}}, Point[{n}1} ............ displacement/rotation constraint
{RIGID,{}, LIN[{M, Mo} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, Point[{m 1} ..o, slider constraint
Force

{FORCE,{Fx, R/, Fz }, Point[{m 1} oo, point force
{FORCE,{Fx, R/ ,Fz, My ,My,Mz} Point[{m}1} ..o, point force/moment
{FORCE {fy, fy, fz}, Line[{ny, nod 1} oo, distributed force
{FORCE,{fy, fy, fz},Polygon[{n;, Ny, N3} }..cccooviiiiiiiiiii, distributed force
Beam model

{BAR,{{E}.{A} {3} Line[{n, mod ]} oo bar mode
{TORSION,{{G}.{ A} {m, }}, Line[{n , noR} o ovooeii e, torsion mode
{BEAM,{{E,G}.{A Iy, I:3.{fx, fy, fz33 Line[{n, o3} oo beam
{BEAM,{{E,G}{A Iy, 1. {ix, by, iz {fx. Ty, fz233 Line[{ng, no3 1} oo, beam
Plate model

{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,na}1}..coooiriiiii thin slab mode
{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,ng, ng 1} ..coovviiiriiin thin slab mode
{PLATE,{{E.G,v}{t}.{fx. fy, fz2}} Polygon[{m,ny,ng}1} .ccoccvorirnirs bending mode
Solid model

{SOLID,{{E,v}{fx, fy, fz}}, Tetrahedron[{n;,no, N3, Na 1} .ceooiiiiiiii solid
{SOLID,{{E,v}{fx, fy, fz}},Hexahedron[{n,n,,n3,ny,N5,Ng, N7, Ng}H} .ccvvrvvriirirnns solid
Functions

pro=REFINE[PrD] ..o refine structure representation
Out = FORMATTED[ PID] .eeeeiiieeiiiie e display problem definition
Out =STANDARDFORMI{STAB}, prb] ..ceveviiieiiiieieee display virtual work expression
sol =SOLVE[{STAB, p}, prb] e, find the critical values of p and the modes



NONLINEAR ANALYSIS

Constraint

{IOINT, {3 {{ux , Uy, uz 3}, Point[{n }1} oo, displacement constraint
{IOINT, {3, Line[{n, Nod 1} oo, displacement constraint
{RIGID,{}|{{ux ,uy ,uz },{6x & ,67}}, Point[{n}1} ............ displacement/rotation constraint
{RIGID,{}, LIN[{M, Mo} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, Point[{m 1} ..o, slider constraint
Force

{FORCE,{Fx, R/, Fz }, Point[{m 1} oo, point force
{FORCE,{Fx, R/ ,Fz, My ,My,Mz} Point[{m}1} ..o, point force/moment
{FORCE {fy, fy, fz}, Line[{ny, nod 1} oo, distributed force
{FORCE,{fy, fy, fz},Polygon[{n;, Ny, N3} }..cccooviiiiiiiiiii, distributed force
Beam model

{BAR,{{E}{A{ix, iy, Jz 3 {fx, Ty, fz 1} Line[{n, o]} oo, bar mode
Plate model

{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,na}1} .coooiriiiii thin slab mode
{PLANE,{{E, v} {t}.{fx, fy, fz}}, Polygon[{n;,no,ng, ng 1} ..coovviiiriiin thin slab mode
Solid model

{SOLID,{{E,v}{fx, fy, fz}}, Tetrahedron[{n;,no, N3, Na} 1} .coooiiiiiii solid
{SOLID,{{E,v}{fx, fy, fz}},Hexahedron[{n,n,,n3, Ny, N5, N5, N7, Ng}H} .ccvvervvriirnrns solid
Functions

pro =REFINE[PIrD] ...oooiiiiiie e refine structure representation
Out = FORMATTED[L PID] .eeeeiiiieeiiiieiiiee e display problem definition
Out =STANDARDFORMI[{NONL}, prb] ....ccccooeeiiiiiiien display virtual work expression
S0l = SOLVE[{NONL}, prb] ..ccoveeieeee find the likely numerical solution
SOl = SOLVE[{NONL,ALL}, Prb] eeoeeiiiiiieeieeeeeeee e find all the solutions



THERMOMECHANICAL ANALYSIS

Constraint

{IOINT, {3 {{ux , Uy, uz 3}, Point[{n }1} oo, displacement constraint
{IOINT, {3, Line[{n, Nod 1} oo, displacement constraint
{RIGID,{}|{{ux ,uy ,uz },{6x & ,67}}, Point[{n}1} ............ displacement/rotation constraint
{RIGID,{}, LIN[{M, Mo} oo rigid constraint
{SLIDER,{ny ,ny, Nz}, Point[{m 1} ..o, slider constraint
Force

{FORCE,{Fx, R/, Fz }, Point[{m 1} oo, point force
{FORCE,{Fx, R/ ,Fz, My ,My,Mz} Point[{m}1} ..o, point force/moment
{FORCE {fy, fy, fz}, Line[{ny, nod 1} oo, distributed force
{FORCE,{fy, fy, fz},Polygon[{n;, Ny, N3} }..cccooviiiiiiiiiii, distributed force
Beam model

{BAR,{{E, o, K} {A}{fy. S, S} LINe[{ny, Nod I} oo, bar mode
Plate model

{PLANE,{{E,v, o, K} {t}.{{fx . fy, fz}.s,%}} Polygon[{m,ny,n3}1} ........... thin slab mode
{PLANE,{{E,v, o, K} {t}.{{fx . fy, fz}.s,%}}, Polygon[{m,ny,n3,n4}1} ...... thin slab mode
Solid model

{SOLID,{{E,v,a,k},{{fx. fy, fz}. 5, S%}} Tetrahedron[{n,no, N3, Ng}H} ocooveririniis solid
Functions

pro=REFINE[PrD] ..o refine structure representation
Out = FORMATTED[ PID] .eeeeiiieeiiiie e display problem definition
Out =STANDARDFORMI{TMEC}, prb] ...ccevoieeiiiiiiieee display virtual work expression
SOl = SOLVE[{TMECE, prh] ..ooooieeiie e solve the unknowns



