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What is

Integrated modélisation (also named 

end-to-end modeling)  ?

Purpose:
 We wish to make an integrated model which is able to evaluate in a 

single computation cycle all the relevant aspects of the design being

studied:

 Elastic and modal caracteristics

 Boundary conditions

 Moteurs and/or other active systems

 Feedback and control

 Any other interesting of relevant aspect: cinematic, thermal, optical, etc.
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 We wish this model to be parametric: 

 When we change one or more input parameters we wish to 

immdiately compute the results and impacts on all performances: 

 Static deformations, material stresses

 Eigenmodes and frequencies

 Response to actuators, environment,

 etc.

 We wish this model to be made rapidly.  
This is very important, for instance

 to be able to check the feasibility of controversial designs

 to make a reliable proposal to a customer

 …



Integrated modeling based on Matlab

 A MAIN script  xxx_main.m calls the modules dealing with the 

various aspects of the system:

 Inputs and parameters

 Structures

 Static and dynamic response

 Mcatronic aspects (actuators, etc.)

 Feedback loops

 Other relevant: thermal, optical, …
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Proposed structure of the model
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Example:

Motion control of a mass guide by a flexure 

beam
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Linear actiatir type 

voice coil

Mass

Flexure blade
Beam
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Some FEM toolboxes for Matlab

Extras: «home-made» Matlab toolbox «maison» with various useful 

functions and extensions for CalFem and dynamic simulation.
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beam3d – beam element

 Syntax:
[ke, me] = beam3d (ex,ey,ez,eo,ep);

 Element based on beam3e of CalFem:  we added the computation of the 

mass matrix [me].
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Main script   ex1_main.m

clear

close all

ex1_dat

ex1_geo

ex1_fem

ex1_KCM

ex1_stat

ex1_eigen

ex1_lti

…

Simulink model

ex1_sim_xx.m
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ex1_dat.m
All input parameters
% Materiaux

pois = 0.3;

% Acier

rho_st = 7800.;

E_st = 210000e6;   G_st = E_st / (2*(1+pois));

% Géometrie

Lp1 = 0.2;   Lp2 = 0.1;   % longueur des segments de poutre

np1 = 10;    np2 = 5;     % nombre d'éléments des segments de poutre

hp = 0.006;  bp = 0.006;  % section de la poutre

Lf = 0.005;   % longueur de la lame

hf = 0.0003;   bf = 0.006; % section de la lame

Mu = 1;    % masse au bout de la poutre

Ma = 0.1;  % masse au point d'actionnement

Kf   = 9.79;    % constante de l’actionneur [N/A]

% Proprietés des éléments

[A, Iy, Iz, J] = rect_pro (bf,hf);

Ep_flex = [E_st  G_st  A Iy Iz J A*rho_st];

[A, Iy, Iz, J] = rect_pro (bp,hp);

Ep_poutre = [E_st  G_st  A Iy Iz J A*rho_st];
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% geometrie du modèle

Coord (1,:) = [0  0  0];

n_fix = 1;

% element flex

Coord (2,:) = [ Lf 0 0 ];

Elem(1,:) = [ 1 2 ];

eFlex = 1;

% elements poutre

n = size(Coord,1);  ne = size(Elem,1);

for i = 1:np1

Coord (n+i,:) = [ Lf+Lp1*i/np1     0    0 ];

Elem(ne+i,:) = [ n+i-1  n+i ];

end

n_act = n+np1;

n = size(Coord,1);  ne = size(Elem,1);

for i = 1:np2

Coord (n+i,:) = [ Lf+Lp1+Lp2*i/np2     0    0 ];

Elem(ne+i,:) = [ n+i-1  n+i ];

end

n_mass = n+np2;

n = size(Coord,1);  ne = size(Elem,1);

ePoutre = [ 2:ne ];

ex1_geo.m
Model geometry:

 Nodes

 Elements and type

 Nodes for boundary conditions and loads
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% ------ topologie -----------------------------------------------

[n_nodes,n_dof,n_elem,n_nel,Dof,Edof] = topol (Coord,Elem);

[Ex,Ey,Ez] = coordxtr(Edof,Coord,Dof,n_nel);

% Check elements

Number_of_elements = size(Elem,1)

Check = length([ eFlex ePoutre])

Coord_xy(:,1) = Coord(:,1); Coord_xy(:,2) = Coord(:,2);

figure; femdraw2 (Coord_xy,Ex,Ey,[1 4 2 5 0.]); 

ylabel('y'); grid;

ex1_fem.m
Topology of the finite elements model:
 Dof(), Edof(), Ex(), Ey(), Ez()

 Plots 
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ex1_KCM.m
% ------ generate element matrices, assemble in global matrices 

nd = n_nodes*n_dof;

clear K M C

K = zeros(nd); M = zeros(nd); C = zeros(nd); 

nr_elem = 0;

loc = 'elements flex';

for ie = eFlex

eo(ie,:) = [0 0 1];    % défini le sense de l’axe Z de l’élément par 

% rapport au système d’axes du modèle général

[ke,me] = beam3d (Ex(ie,:),Ey(ie,:),Ez(ie,:),[0 0 1],Ep_flex);

K = assem(Edof(ie,:),K,ke);

M = assem(Edof(ie,:),M,me);

nr_elem = nr_elem+1;

end

loc = 'elements poutre';

for ie = ePoutre

eo(ie,:) = [0 0 1];

[ke,me] = beam3d (Ex(ie,:),Ey(ie,:),Ez(ie,:),eo(ie,:),Ep_poutre);

K = assem(Edof(ie,:),K,ke);

M = assem(Edof(ie,:),M,me);

nr_elem = nr_elem+1;

end

Check = nr_elem
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ex1_stat.m

% Static computation
% ------ Boundary conditions ---------------------------------------

bc = [];

[b,bc,nb] = fix_point (bc,n_fix,Dof);

%  ------ Load - Z moment ----------------------------------

p = zeros(size(K,1),1);

i = n_act

dof_exc = (i-1)*n_dof+2;

p(dof_exc) = 0.1;   % N

[X,R,xyzF] = fe_stat (K,p,b,n_dof,n_nodes);

Edb = extract (Edof,X);

figure; femdraw2 ([Coord(:,1) Coord(:,2)],Ex,Ey,[2 4 2 4 0.]); 

Edbxy = [Edb(:,1) Edb(:,2) Edb(:,6) Edb(:,7) Edb(:,8) Edb(:,12)];

femdisp2 (Ex,Ey,Edbxy,[1 5 0 5],1); ylabel('y');

title('analyse static - force 0.1 N au noeud 3');

disp ('Déplacements des noeuds (mm)');

disp (xyzF*1000)
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ex1_eigen.m

% Eigenmodes and eigenvectors

% we obtain:   n_modes = nomber of computed modes

%              freq = eigenfrequencies (Hz)

%              Egv = eigenvectors

ex1_mass;  % first we add the node masses

b = (n_fix-1)+[1:6];   % fixing node 1

[L,Egv] = eigen (K,M,bc);

freq = sqrt(L)/(2*pi);

disp ('fréq (Hz) =')

disp (freq(1:4))

n_modes = length (freq)

for i = [1:3]

plt_mode (Coord,Ex,Ey,Ez,Edof,real(Egv),real(freq),i,0.01);

end
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ex1_KCM.m
% ------ generate element matrices, assemble in global matrices 

nd = n_nodes*n_dof;

clear K M C

K = zeros(nd); M = zeros(nd); C = zeros(nd); 

nr_elem = 0;

loc = 'elements flex';

for ie = eFlex

eo(ie,:) = [0 0 1];    % défini le sense de l’axe Z de l’élément par 

% rapport au système d’axes du modèle général

[ke,me] = beam3d (Ex(ie,:),Ey(ie,:),Ez(ie,:),[0 0 1],Ep_flex);

K = assem(Edof(ie,:),K,ke);

M = assem(Edof(ie,:),M,me);

nr_elem = nr_elem+1;

end

loc = 'elements poutre';

for ie = ePoutre

eo(ie,:) = [0 0 1];

[ke,me] = beam3d (Ex(ie,:),Ey(ie,:),Ez(ie,:),eo(ie,:),Ep_poutre);

K = assem(Edof(ie,:),K,ke);

M = assem(Edof(ie,:),M,me);

nr_elem = nr_elem+1;

end

Check = nr_elem
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ex1_lti.m      lti = linear time invariant
% Transfer function
mdof = sdt_mdof(n_nodes,n_dof);

% 1 input (actuator) -----------------------------------

b_act = fe_c (mdof,[n_act+0.02]',[1])';

pb1 = Egv'*b_act;

pb = [ pb1 ];

% 2 outputs ------------------------------------------------

c_act = fe_c(mdof,[n_act+0.02]',[1]);

cp1  = c_act*Egv;

c_mass = fe_c(mdof,[n_mass+0.02]',[1]);

cp2  = c_mass*Egv;

cp = [ cp1 zeros(1,n_modes); cp2 zeros(1,n_modes) ];

sda = 0.005;      %  structural damping = 1/2*Q

freqvec = logspace(0,3,100)'; % de 0 à 1000 Hz

w=2*pi*freqvec;               % omega

freqrad = 2*pi*freq;   % eigenfrequencies in rad/s

[a,b,c,d] = nor2ss (freqrad,sda,pb,cp);

sys = ss(a,b,c,d);

size_of_sys = size(sys)

my_plot_bode (w,sys(1,1),'b','act - act');

my_plot_bode (w,sys(2,1),'r','masse - act');
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Simulink – step one
1: analog model
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Simulink – step 2
2: digital feedback model

Ts = 100e-6

sysd = c2d(sys,Ts);
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Other analyses
example: heat dissipation of the voice coil actuator

dissip = courant(:,2).^2 * 17.1;

dissip_moyen = mean(dissip)

…we could then program a thermal analysis to evaluate 

the temperature distribution in the beam, etc. ...


