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Below is a demonstration for: 1) The use of TETgen for meshing based on surface geometry 2) The specification of
boundary conditions for FEBio 3) The exporting of .feb files 4) Running an FEBio job with MATLAB 5) Importing
FEBIo resultsinto MATLAB

clear all; close all; clc;
Plot settings

figColor="w; figColorDef="white";
font Si ze=15;

faceAl phal=0.5;

faceAl pha2=0. 5;

edgeCol or =0. 25*ones( 1, 3);

edgeW dt h=1. 5;

% pat h nanes
filePath=nfilenanme(' fullpath');
savePat h=ful I file(fileparts(filePath), data', ' tenp');

Defining the surface models

The model will consists of two spheres one contained within the other defining two material regions. A
stiff core and a soft outer later.

Control parameters for surface models

rl=2; % uter sphere radius
nunRef i nel=3; %\unber of refinenent steps fromicosahedron
faceBoundMar ker 1=2; %-ace marker for outer sphere

r2=1.3; % nner sphere radius
nunRef i ne2=2; %\unber of refinenent steps fromicosahedron
faceBoundMar ker 2=3; %-ace marker for inner sphere

Building the spheres using geoSpher e function

[ F1, V1, ~] =geoSpher e( nunRefi nel, r1);
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[ F2, V2, ~] =geoSpher e( nunRef i ne2,r2);

% Merging the nodel geonetries into a single set

V=[ V1; V2] ; 9%Joining nodes

F=[ F1; F2+si ze(V1,1)]; %oining faces

f aceBoundar yMar ker =[ f aceBoundMar ker 1*ones(si ze(F1, 1), 1); faceBoundMar ker 2*ones(si z

Plotting surface models

hf =fi guremax(fi gCol or, fi gCol or Def) ;

title(' Surface nodels',' FontSize',fontSize);

xl abel (" X',"' Font Si ze' ,font Si ze); ylabel ('Y ,' FontSize',fontSize); zlabel('Z,'Font
hol d on;

patch(' Faces' ,F,"' Vertices',V,"' FaceColor','flat','CData',faceBoundaryMarker,' FaceAl
col ormap(autum(2));

col or bar;

canl i ght headl i ght;

set(gca, ' Font Si ze', font Si ze);

view(3); axis tight; axis equal; grid on;

Surface models
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CREATING A SOLID TETRAHEDRAL MESH
USING TETGEN

First region points need to be defined. These represent alist of arbitrary coordinates for points inside the
regions. 1 point per region is specified. For the example here the points are easily specified. Sometimes a
raytracing algorythm or the use of thet r i Sur f 21 mfunction isrequired to find interior points.

V regions=[0 O (r1+r2)/2;0 0 0;]; % Define region points

Next holes are defined. These are similar to regions. However holes, asthe name suggests, are regions that
anot meshed and are left empty. This model does not contain holes so the list is empty

V_hol es=[]; %bDefine hole points
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For each region the mesh density parameter can be specified

regi onA=[ 0. 005 0. 005]; % Regi onal nesh paraneters

CREATING THE SMESH STRUCTURE. TetGen can mesh geometries from various mesh file formats.
For the GIBBON toolbox .smesh files have been implemented. Below a structure is created that fully
defines such as smesh file and the meshing settings for TetGen.

stringOpt="-pqgl. 2AaYQ ;
nodel Nanme=ful | fil e(savePat h, 't et GenModel ') ;
snmeshName=[ nodel Nane, ' . snesh' ];

smeshStruct .
smeshStruct .
smeshStruct .
smeshStruct .
smeshStruct .

smeshSt ruct

smeshSt ruct

stringOpt=stringOpt;

Faces=F;

Nodes=V;

hol ePoi nt s=V_hol es;

f aceBoundar yMar ker =f aceBoundar yMar ker; %-ace boundary markers

. regi onPoi nt s=V_regi ons; % egi on points
snmeshStruct.
snmeshStruct.

regi onA=r egi onA;
m nRegi onMar ker =2; %W ni mum r egi on mar ker

. smeshName=sneshNane;

Mesh model using tetrahedral elements using tetGen (see: http://wias-berlin.de/software/tetgen/)

[ meshQut put] =runTet GenSnesh(snmeshStruct); %un tetGen

TETGEN Tet rahedral neshing --- 25-Mar-2014 13:02:53

Witing

SMESH file --- 25-Mar-2014 13:02: 53

----> Addi ng node field
----> Adding facet field
----> Addi ng hol es specification
----> Addi ng region specification

Done --- 25-Mar-2014 13:02:53
Runni ng Tet Gen for neshing --- 25-Mar-2014 13:02: 53

Openi ng C:\ User s\ knmoer man\ 00_WORK\ 05_MATLAB\ gi bbon\trunk\ data\tenp\tet Gen

Done --- 25-Mar-2014 13:02:53

D/0/8/0/8/8 D/0/R/0/8 .l

| mporting TetGen files --- 25-Mar-2014 13:02:53
Done --- 25-Mar-2014 13:02:54

Accessing the model element and patch data

FT=nmeshCQut put . f aces;

VT=neshQut put . nodes;

C=neshCQut put . faceMaterial | D;

E=neshQut put . el enent s;

el ement Mat eri al | ndi ces=neshCQut put. el enent Materi al | D;

Plotting the meshed geometry



http://wias-berlin.de/software/tetgen/
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hf 1=f i gur emax(fi gCol or, fi gCol or Def) ;

subpl ot (1, 2,1);

title('Solid tetrahedral nesh nodel',"'FontSize', fontSize);

xl abel (" X' ," Font Si ze' ,fontSi ze); ylabel ('Y ,' FontSize',fontSize); zlabel ('Z,'Font
hps=pat ch(' Faces', FT,"' Vertices', VT, ' FaceColor', ' flat',' Chata',C,'IineWdth',6 edgeW
view(3); axis tight; axis equal; grid on

col or map(aut um) ;

canml i ght headl i ght;

set (gca, ' Font Si ze',fontSi ze);

%Sel ecting half of the nodel to see interior
Y=VT(:,2); YE=nean(Y(E), 2);

L=YE>nmean(Y);

[ Fs, Cs] =el ement 2pat ch(E(L,:),C(L));

subpl ot (1, 2, 2);

title('Cut view of solid tetrahedral nesh nodel',' FontSize', fontSize);

xl abel (" X'," Font Si ze' ,fontSi ze); ylabel ('Y ,' FontSize',fontSize); zlabel ('Z,'Font
hps=pat ch(' Faces',Fs,"' Vertices', VT, ' FaceColor','flat', ' Chata',Cs,"'lineWdth', edgeV
view(3); axis tight; axis equal; grid on;

col or map(aut um) ;

canml i ght headl i ght;

set (gca, ' Font Si ze',fontSi ze);

dr awnow;

Cut view of solid tetrahedral mesh model

Solid tetrahedral mesh model

DEFINE PRESCRIBED DISPLACEMENTS

For this example the outer sphere nodes are subjected to a prescrived displacement

% Def i ni ng deforned boundary coordi nates
def or mat i onCase=2;
switch deformati onCase
case 1 %an ellipsoid in z-direction.
stret chMagni t ude=1. 5;
V1_def =V1;
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V1 _def (:,3)=V1l_def(:, 3)*stretchMagnitude;
case 2 Ystar shaped in cross-section

[PH, THETA, R = cart2sph(V1(:,1),V1i(:,2),Vi(:,3));

f r eqDef =3;

anpDef =0. 5;

anpDef Di f f =0. 25;

R=R+( anmpDef - anpDef Di f f ) +anpDef *si n(freqDef *PHI ) ;

V1_def =V1;

[V1 def(:,1),V1l_def(:,2),~]=sph2cart(PH , THETA R);
end

% Def i ne boundary di spl acenent val ues
bcPrescri bedMvagni t udes=(V1_def-V1);

% Define indices (node nunbers) for the prescribed di splacenent
bcl ndi cesPrescri bed=1: 1: si ze(V1, 1) ;

Plotting deformed outer surface

Cd=sqgrt (sun{bcPrescri bedMagni t udes. *2,2)); %ol or towards displacenent magnitude
hf =f i gur emax(fi gCol or, fi gCol or Def);

title(' The deforned outer surface','FontSize',fontSize);

xl abel (" X',"' Font Si ze' ,font Si ze); ylabel ('Y ,'FontSize',fontSize); zlabel('Z,"'Font
hol d on;

patch(' Faces',Fl1,' Vertices', V1l def,' FaceColor', ' flat', ' Chata', Cd,"' FaceAl pha', 1);
colormap jet; colorbar; shading interp;

canl i ght headl i ght;

set(gca, ' Font Si ze', font Si ze);

viewm(3); axis tight; axis equal; grid on;

The deformed outer surface
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CONSTRUCTING FEB MODEL

% Defining file nanes
FEB struct.run_fil enanme=[ nodel Name,"' .feb"]; %EB file nane
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FEB struct.run_| ognanme=[ nodel Nane, " . txt"']; %EBio log file nane

f ebMat | D=el erent Mat eri al | ndi ces;
febMat | D( el ement Mat eri al | ndi ces==- 2) =1;
febMat | D( el ement Mat eri al | ndi ces==- 3) =2;

% reating FEB struct

FEB struct. Geonetry. Nodes=VT;

FEB struct. Geonetry. El enents={E}; % he el enent sets

FEB struct. Geonetry. El enent Type={'tet4'}; %he elenent types
FEB struct. Geonetry. El enent Mat ={f ebMat | O} ;

% DEFI NI NG MATERI ALS
k_factor=1000;

%vaterial 1

cl=1le-3;

k=cl*k_factor;

Mat 1.t ype=' Mooney-Rivlin';
Mat 1. props={'cl1','c2","k'};
Mat 1. val s={c1, 0, k};

Mat 1. ani so_t ype=' none';
%vaterial 2

cl=2e-3;

k=cl*k_factor;

Mat 2. t ype=' Mooney-Rivlin';
Mat 2. props={'c1','c2',"k'};

Mat 2. val s={c1, 0, k};
Mat 2. ani so_t ype=' none' ;

FEB struct. Materi al s{1}=Mat 1;
FEB struct. Materi al s{2} =Mat 2;

% %Addi ng BC i nformation
% FEB_struct. Boundary. Fi xLi st ={ boundar yCondi ti onNodeLi st };
% FEB_struct. Boundary. Fi xType={' xyz'};

FEB struct. Boundary. Prescri beLi st ={bcl ndi cesPrescri bed, bcl ndi cesPrescri bed, bcl ndi c
FEB struct. Boundary. Prescri beType={"x","y","'z"};

FEB struct. Boundary. Prescri beVal ues={bcPrescri bedMvagni tudes(:, 1), bcPrescri bedMagni
FEB struct. Boundary. LoadCurvelds=[1 1 1];

%Addi ng out put requests
FEB struct. Qut put. Var Types={' di spl acenent', ' stress', 'relative volune',"'shell thick

%Specify log file output

run_node_out put _nane=[ FEB _struct.run_fil ename(1l:end-4),"' node out.txt'];
FEB_struct.run_out put _names={run_node_out put _nane};

FEB struct. out put _types={' node_data'};

FEB struct.data_types={'ux;uy;uz'};

%Control section
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FEB struct. Control . Anal ysi sType="static';
FEB struct.Control . Properties={"'tine_steps', ' step_size',...
"max_refs'," max_ups',...

"dtol',"etol","'rtol","Istol"};
FEB struct. Control . Val ues={10,0.1, ..
25,0,..

0. 001, 0.01, 0, 0. 9};
FEB struct. Control . Ti meSt epperProperties={"dtmn', " dtmax', ' max_retries', opt_iter’
FEB struct. Control . Ti meSt epper Val ues={1e-5, 0.1, 5, 5, 1};

% oad curves

FEB struct. LoadDat a. LoadCurves.id=[1];

FEB struct. LoadDat a. LoadCurves. type={' snooth'};

FEB struct. LoadDat a. LoadCurves. | oadPoi nts={[0 0;1 1]};

SAVING .FEB FILE

UCREATE XML DOCNODE

docNode=write FEB i nput (FEB struct);

docNode=add_control section_FEB(docNode, FEB struct);
docNode=add_boundary_condi ti ons_support FEB(docNode, FEB struct);

% docNode=add_constrai nt _secti on_FEB(docNode, FEB struct);

wite XM._no_extra |ines(FEB struct.run_fil enane, docNode) % Saving XM file

set _out put _request FEBIQ(FEB struct.run_fil enanme, FEB struct.run_fil enane, FEB struc

Addi ng Material |evel

Addi ng Geonetry | evel

----> Addi ng node field

----> Adding element field

----> Adding tet4 element entries....
Addi ng CQut put | evel

----> Adding Plotfile field

Boundary condition |evel

----> Defining boundary conditions

RUNNING FEBIO JOB

%Set-up run-string for "external" (matlab will only start FEBi o and not
%vait untill it is finished)
run_string=['start /mn febio -i ',FEB struct.run_filenanme,' -o ', FEB struct.run_I

run_string_quit="taskkill /F /I MFEBi o.exe /T

FEBi oRunStruct. run_string=run_string

FEBi oRunStruct . run_|l og_name=FEB_struct.run_| ognhane;

FEBi oRunSt ruct . di sp_on=1

FEBi oRunSt ruct . di sp_| og_on=1

FEBi oRunStruct.run_string_quit=run_string_quit;

FEBi oRunStruct .t _check=0.25; % ine for checking log file (dont set too small)
FEBi oRunSt ruct . maxt pi =1e99; %hax anal ysis tine
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--- STARTING FEBIO JOB --- 25 Mar - 2014 13:03: 06
Waiting for log file.

Proceedi ng to check Iog f|Ie . 25-Mar-2014 13:03: 06
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
——————— converged at ti
--- Done --- 25-Mar-2014 13 03: 15

IMPORTING NODAL DISPLACEMENT
RESULTS

Importing nodal displacements from alog file

3333333333
Ziiiiiiﬁf

[N

[~, N_disp_mat,~]=inmport FEBi o_| ogfil e(FEB_struct.run_out put_nanes{1}); %\odal

DN=N_di sp_mat (:, 2: end, end); %-i nal nodal displacenents

CREATING NODE SET IN DEFORMED STATE

VT _def =VT+DN

Plotting the meshed geometry

%sel ecting half of the nodel to see interior

Z=VT(:,3); ZE=nean(Z(E), 2);

L=ZE<mean(2);

[ Fs, ~] =el emrent 2pat ch( E(L,:),[]);

Cs=sqrt(sun(DN.~2,2)); %ol or towards displacenent nagnitude

hf 1=f i gur emax(fi gCol or, fi gCol or Def) ;

di sp

title(' Cut view of defornmed nodel showi ng internal results','FontSize',fontSize);

x| abel (" X'," Font Si ze' , fontSi ze); ylabel ("Y' ,' FontSize', fontSize); zlabel('Z

hps=pat ch(' Faces', Fs,"' Vertices', VT_def,' FaceColor','flat',"' FaceVertexCData'

view(3); axis tight; axis equal; grid on;
colormap jet; colorbar; shading interp;
canml i ght headlight;

set (gca, ' Font Size',fontSize);

dr awnow,

, " Font

, Cs);
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Cut view of deformed model showing internal results
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