A.

Fuggelék

Szimulacidos eredmények: Vezetd
lemez magneses térben, 1D

A szimulacios eredmények a mérési eredményekbdl identifikalt Everett-fliggvénnyel
mkodé skalar Preisach-modellel, 2a = 0,35 mm széles lemez feltételezése mellett
(a = 0,175 mm) keriilnek bemutatasra. A lemez szélére Dirichlet-tipust peremfelté-
telként elGirt gerjesztés (magneses térerdsség) frekvenciaja f = 500 Hz, periodusideje
t = 2 ms, amplitadoja Hy = 2000 % (a vizsgalt csomopont az n = 10-es, valamint

e=10"3T).
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A.1. dbra. Szimuléciés eredmények



B. Fuggelék

Szimulacidos eredmények: Vezetd
lemez magneses térben, 2D

A szimulacios eredmények a mérési eredményekbdl identifikalt Everett-fliggvénnyel
miik6ds skalar Preisach-modellel, § = 0,015 m lemezszélesség (a = 0,03 m) és
b = 0,15 m lemezhosszisag (b = 0,3 m) mellett keriilnek bemutatasra. A le-
mez szélére Dirichlet-tipust peremfeltételként elGirt gerjesztés (magneses térerds-
ség) frekvencidja f = 1 Hz, amplitudoja Hy = 2000 %. Az anyag vezetGképessége

o =2,22-10° &, a vizsgélt csomopont az n = 88-as, e = 107° T.
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B.1. dbra. Szimulaciés eredmények



C. Fuggelék

Szimulacios eredmények:
Orvényaramua A-formalizmus, 2D

A szimulacios eredmények a mérési eredményekbdl identifikalt Everett-fliggvénnyel
miikodd skalar Preisach-modellel, 0,003 m széles, 0,015m hosszi lemez feltételezése
mellett keriilnek bemutatésra. A lemezek szélésre Neumann-tipusi peremfeltétel-
ként eloirt feliileti aram amplitadoja 1500 %, frekvencidja 1 Hz, periodusideje 1

., o1 2 ) - 6 A
masodperc, a lemezek vezetSképessége o = 2,22 - 10°-.
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C.1. abra. Szimuléciés eredmények



D. Fuggelék

Preisach-modell

D.1. Preisach.m

function [Bk,Lkmil,Inck]

Preisach(alpha,beta,E,mu_0,Mmax,Hmax,Lkmi, Inck,Hkm1,Hk)

hkmi = Hkml / Hmax; hk = Hk / Hmax;
Lk = Lkml; Inckml = Inck; n = size(Lk,2);

if abs(hk) >= 1 jTeljes kivezérlés esete
Lk = [1;-1];
elseif hk > hkml %N&vekvd térerdsség

if Inckml == 1 %Eddig is ndévekedett a H

Inck = 1;
elseif Inckml == 0 %Eddig csékkent a H
if n == %Csak (1;-1) pont van tarolva

Lk = [Lk, [abs(hkml);-abs(hkm1)]];
else %Mar nem csak az (1;-1) pont van tarolva
Lk = [Lk,[Lk(1,n);hkm1]]; %Az \alpha-koordinata fog ekkor megegyezni
end
end
%Novekvs magneses térerdsségnél azokat a pontokat kell tdrdlni
%a lépcsds figgvénybdl, melyek \alpha-koordinataja nagyobb vagy

%egyenld az aktualis hk-val

j=1
while j <= size(Lk,2)

if hk > Lk(1,j) || abs(hk-Lk(1,j)) < 1e-3
Lk(:,3) = [I;
else
j= 3+
end
end

Inck = 1;
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elseif hk < hkml %Csdkkend térerdsség

if Inckml == 0 %Eddig is csdkkent a H

Inck = 0;
elseif Inckml == 1 %Eddig novekedett a H
if n == 1 YCsak (1;-1) pont van tarolva

Lk = [Lk, [abs(hkml);-abs(hkm1)]1];
else %Mar nem csak az (1;-1) pont van tarolva
Lk = [Lk, [hkm1;Lk(2,n)]]; %A \beta-koordinata fog ekkor megegyezni
end
end
%Csokkend magneses térerdsségnél azokat a pontokat kell térdlni
%a lépcsds fiiggvénybdl, melyek \beta-koordinataja kisebb vagy

%egyenld az aktualis hk-val

=1
while j <= size(Lk,2)

if hk < Lk(2,j) |l abs(hk-Lk(2,j)) < le-3
Lk(:,j) = [I;
else
3= 3+
end
end
Inck = 0;
end
#%Dinamikus L-kezelés
if hk >= 1 %Teljes kivezérlés esete
elseif size(Lk,2) == 1 %Nincs tarolva forduldpont
Lk = [Lk, [abs(hk);-abs(hk)]];
elseif size(Lk,2) > 1 YMar van fordulépont
if hk > hkml %N&vekszik a térerdsség értéke
Lk = [Lk, [hk;Lk(2,size(Lk,2))]]; %Az \alpha-koorinata valtozik
elseif hk < hkml %Csokken a térerdsség értéke
Lk = [Lk,[Lk(1,size(Lk,2));hk]]; %A \beta-koordinata valtozik
end
end
%Szamitas
if size(lk,2) == 2 }Elsd magnesezési gdrbe
if hk > hkmil

sign = 1;
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else
sign = -1;
end
Mk = sign * interp2(alpha,beta,E,Lk(1,2),Lk(2,2),’spline’);
else %Nem az elsd magnesezési gdrbén vagyunk
if Lk(1,3) > -Lk(2,3) % Az alpha = -beta-egyenes felett vagyunk
sum = 0;
for k = 3:size(Lk,2)
if k == 3

sum = sum + (interp2(alpha,beta,E,Lk(1,k-1),Lk(2,k-1),’spline’)
- interp2(alpha,beta,E,Lk(1,k),Lk(2,k), ’spline’));

elseif Lk(2,k) == Lk(2,k-1)
sum = sum + interp2(alpha,beta,E,Lk(1,k),Lk(2,k),’spline’);
elseif Lk(1,k) == Lk(1,k-1)
sum = sum - interp2(alpha,beta,E,Lk(1,k),Lk(2,k),’spline’);
end
end
Mk = -interp2(alpha,beta,E,Lk(1,2),Lk(2,2),’spline’) + 2*sum;
elseif Lk(1,3) < -Lk(2,3) %Az alpha = -beta egyenes alatt vagyunk
sum = 0;
for k = 3:size(Lk,2)

if == 3

sum = sum + (interp2(alpha,beta,E,Lk(1,k-1),Lk(2,k-1),’spline’)

- interp2(alpha,beta,E,Lk(1,k),Lk(2,k),’spline’));
elseif Lk(1,k) == Lk(1,k-1)
sum = sum + interp2(alpha,beta,E,Lk(1,k),Lk(2,k), spline’);
elseif Lk(2,k) == Lk(2,k-1)
sum = sum - interp2(alpha,beta,E,Lk(1,k),Lk(2,k), spline’);
end
end

Mk = interp2(alpha,beta,E,Lk(1,2),Lk(2,2),’spline’) - 2%sum;
end

end
Bk = mu_0 * (Mk*Mmax + hk*Hmax);
%Ideiglenes pont toérlése
Lk(:,size(Lk,2)) = [1;

Lkml = Lk; n = size(Lk,2);

10



E. Fuggelék
Megoldok

E.1. vezeto lemez FEM Preisach.m

%Vezetd lemez magneses térben
%Skalar Preisach-modellel

clear;
clc;

%Geometria, végeselemes felosztas
a = 0.175e-3; %-a...+a

N = 100;
X [-a:(2xa)/N:al;

%Anyagparaméterek /Lsd: script.m/
mu_min = 6.6480e-05;

mu_max = 0.0052;

mu0 = (mu_min + mu_max) / 2;

sigma = 2.22e6;

%Everett-fiiggvény

alpha = load(’alpha’);
beta load(’beta’);
E load(’E’);

%Mért B-H karakterisztika
BH = load(’BH3000m.lvm’); Hmert = BH(:,1); Bmert = BH(:,2);
%Max imum

mu_0 = (4#pi)#*le-7; Mmax = (max(Bmert)/mu_0) - max(Hmert); Hmax = max(Hmert);

%Gerjesztés

HO = 2000;

£ = 500;

t = linspace(0,(2/£f),140);
dt = t(2) - t(1);

Hperem = HO * sin(2*pi*f*t);
%Inicializalas

%Lépcsos fliggvény

for i = 1:(N+1)

eval([’Lkmi_’ num2str(i) ’=[1;-11;°1);
end

11
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VecInck = ones(1,N+1);
hh
Gaussp = [-1/sqrt(3) 1/sqrt(3)];

Gausss = [1 1];
th = 0.5;
K = zeros(N+1);

Blin = zeros(N+1);
Bres = zeros(N+1);

for i = 1:N
x1 = x(1);
x2 = x(i+1);

gt = -1/(x2-x1);
gu2 = 1/(x2-x1);

Ke = ([gN1l;gN2]*[gN1 gN2]) * (x2-x1);
Be = zeros(2);

for j = 1:length(Gaussp)

xgp = (((x2-x1)*Gaussp(j))+(x2+x1))/2;

N1 = (-xgp+x2)/(x2-x1);

N2 = (xgp-x1)/(x2-x1);

Be = Be + ([N1;N2]*[N1 N2]) * Gausss(j) * ((x2-x1)/2);
end
K(i,i) = K(i,1i) + th * Ke(1,1) * dt / sigma + Be(1,1)
K(i,i+1) = K(i,i+1) + th * Ke(1,2) * dt / sigma + Be(1,2)
K(i+1,1i) = K(i+1,1) + th * Ke(2,1) * dt / sigma + Be(2,1)
K(i+1,i+1) = K(i+1,i+1) + +th * Ke(2,2) * dt / sigma + Be(2,2)
Blin(i,i) = Blin(i,i) - (1-th) * Ke(1,1) * dt / sigma
Blin(i,i+1) = Blin(i,i+1) - (1-th) * Ke(1,2) * dt / sigma
Blin(i+1,1i) = Blin(i+1,i) - (1-th) * Ke(2,1) * dt / sigma
Blin(i+1,i+1) = Blin(i+1,i+1) - (1-th) * Ke(2,2) * dt / sigma
Bres(i,i) = Bres(i,i) + Be(1,1);
Bres(i,i+1) = Bres(i,i+1) + Be(1,2);
Bres(i+1,1i) = Bres(i+1,i) + Be(2,1);
Bres(i+1,i+1) = Bres(i+1,i+1) + Be(2,2);

end
%K peremf.

K(1,:) = 0;
K(1,1) =1
K(N+1,:)

+

0;
K(N+1,N =

1) 1;

iK = inv(K);
Hregi = zeros(N+1,1);

Rregi = zeros(N+1,1);
R zeros(N+1,1);

for i = 1:length(t)

hiba = 1;
step = 0;

while (hiba > le-2)

12
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mu0;
mu0;
mu0;
mu0;

+ Be(1,1) * muO;
+ Be(1,2) * mu0;
+ Be(2,1) * mu0;
+ Be(2,2) * mu0;
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step = step + 1;
Blin * Hregi + Bres * (R-Rregi);

o’
]

b(1)

= Hperem(i);
b(N+1) =

Hperem(i);

H = iK * b;
Rutolso = R;

%Modell-function meghivasa
for j = 1:(N+1)
Lkml

Inck
Hkm1

eval([’Lkml_’ num2str(j)l);
VecInck(j);
Hregi(j); Hk = H(j);

[B(j,1),tmp_Lkml,VecInck(j)] = Preisach(alpha,beta,E,mu_0,Mmax,
Hmax,Lkm1,Inck,Hkmil,Hk) ;

eval([’Lkml_’ num2str(j) ’=tmp_Lkml;’]);

end
R =B - mu0 * H;
hiba = norm(R-Rutolso)

end

]

Hregi
Rregi

H;
R;

disp([step hibal);

figure(4)

axis square;
plot(x,H);
axis([-a,a,-HO,H0]);
xlabel(’x [m]?);
ylabel(’H [A/m]’);

figure(2)

axis square;
plot(x,B);
axis([-a,a,-1.5,1.5]);
xlabel(’x [m]’);
ylabel(’B [T]’);

figure(1)
hold on;
axis square;
plot(H(10),B(10),°r.%);
xlabel(’H [A/m]’);
ylabel(’B [T]’);

end

E.2. vezeto lemez ketdim.m
%Lemez, 2D, FEM, Preisach-modellel

clear;
clc;

load(’Nodes.txt?);

load(’Connect.txt?);
load(’Dirichlet.txt’);

13
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figure(1)

axis square;

hold all;

pdeplot(Nodes’, [],Connect’, ’mesh’,’on’);
xlabel(’x [m]’); ylabel(’y [m]’); axis square;
% axis([0 0.06 0 0.18]);

hh

%Anyagjellemzdk

LS e s

mu_min = 6.6480e-05;
mu_max = 0.0052;
mu0 = (mu_min + mu_max) / 2;

sigma = 2.22e6;

hGerjesztés

HO = 2000;

f =1;

t = linspace(0,(1/£),200);
dt = t(2) - t(1);

Hperem = HO * sin(2*pixf*t);

%Everett-fiiggvény

alpha = load(’alpha’);
beta load(’beta’);
E load(’E’);

%Mért B-H karakterisztika
BH = load(’BH3000m.lvm’); Hmert = BH(:,1); Bmert = BH(:,2);
%Maximum
mu_0 = (4*pi)*le-7; Mmax = (max(Bmert)/mu_0) - max(Hmert); Hmax = max(Hmert);
%Lépcsds fiiggvény
for 1 = 1:(size(Nodes,1))
eval([’Lkmi_’ num2str(i) ’=[1;-11;°1);
end
VecInck = ones(1l,size(Nodes,1));
Gausss = [1/3 1/3 1/3];

Gaussp = [2/3 1/6 1/6; 1/6 1/6 2/3; 1/6 2/3 1/6;];
th = 1;

K = zeros(size(Nodes,1));
Blin = zeros(size(Nodes,1));
Bres = zeros(size(Nodes,1));
for i = 1:size(Connect,1)

pl = Connect(i,1); p2 = Connect(i,2); p3 = Connect(i,3);

x1 = Nodes(pl,1); x2 = Nodes(p2,1); x3 = Nodes(p3,1);
y1 = Nodes(p1,2); y2 = Nodes(p2,2); y3 = Nodes(p3,2);

T = 0.5 x det( [1 x1 y1;1 x2 y2;1 x3 y3;] );

%Gradiensek

gNix = (0.5%(y2-y3))/T; ghi2x
g1y = (0.5%(x3-x2))/T; g2y

(0.5%(y3-y1))/T; gN3x
(0.5%(x1-x3))/T; gN3y

(0.5%(y1-y2))/T;
(0.5%(x2-x1))/T;

Ke = ( [gNix;gN2x;gN3x;]*[gNix,gN2x,gN3x] + [gNly;gN2y;gN3y;]1*[gNly,gN2y,gN3y]l ) * T;

%Gauss-kvadratira

14
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a = x2-x1; b = x3-x1; ¢ = x1;
d = y2-yl; e = y3-y1; £ = y1;
Be = zeros(3);
for j = 1:3
kszi = Gaussp(j,2); eta = Gaussp(j,3);
x = axkszi + b*eta + c; }Interpolalt x
y = d¥kszi + exeta + f; JInterpolalt y
Tt = 0.5 xdet( [ 1 xy; 1x2y2; 1x3y31) ;
T2 = 0.5 * det( [ 1 x1 y1; 1 xy; 1 x3y31) ;
T3 = 0.5 x det( [ 1 x1 y1; 1 x2y2; 1 xy1) ;
N1 = T1/T;
N2 = T2/T;
N3 = T3/T;
Be = Be + ( [N1;N2;N3] * [N1,N2,N3] ) * Gausss(j) * T/3;
end
K(pl,p1) = K(pl,pl) + th * Ke(1,1) * dt / sigma + Be(1,1) * muO; K(pl,p2)

= K(p1,p2) + th * Ke(1,2) * dt / sigma + Be(1,2) * muO; K(p1,p3) = K(p1,p3) + ...
th * Ke(1,3) * dt / sigma + Be(1,3) * muO;

K(p2,p1) = K(p2,p1) + th * Ke(2,1) * dt / sigma + Be(2,1) * muO; K(p2,p2)

= K(p2,p2) + th * Ke(2,2) * dt / sigma + Be(2,2) * mu0; K(p2,p3) = K(p2,p3) + ...
th * Ke(2,3) x dt / sigma + Be(2,3) * muO;

K(p3,p1) = K(p3,pl) + th * Ke(3,1) * dt / sigma + Be(3,1) * mu0;
K(p3,p2) = K(p3,p2) + th * Ke(3,2) * dt / sigma + Be(3,2) * mu0;
K(p3,p3) = K(p3,p3) + th * Ke(3,3) * dt / sigma + Be(3,3) * mu0;

Blin(pl,p1) = Blin(pil,pl) - (1-th) * Ke(1,1) * dt / sigma + Be(1,1) * muO; Blin(pl,p2)

= Blin(pl,p2) - (1-th) * Ke(1,2) * dt / sigma + Be(1,2) * mu0; Blin(pl,p3) = Blin(pl,p3)
- (1-th) * Ke(1,3) * dt / sigma + Be(1,3) * muO;
Blin(p2,p1) = Blin(p2,p1) - (1-th) * Ke(2,1) * dt / sigma
= Blin(p2,p2) - (1-th) * Ke(2,2) * dt / sigma + Be(2,2) *
- (1-th) * Ke(2,3) * dt / sigma + Be(2,3) * mu0;

+ Be(2,1) * muO; Blin(p2,p2)
mu0; Blin(p2,p3) = Blin(p2,p3)

+ Be(3,1) * mu0;

Unger Tamés Istvan

Blin(p3,pl) =
Blin(p3,p2) =
Blin(p3,p3) =

Blin(p3,p1)
Blin(p3,p2)
Blin(p3,p3)

- (1-th) * Ke(3,1) * dt / sigma
(1-th) * Ke(3,2) * dt / sigma
(1-th) * Ke(3,3) * dt / sigma

+ Be(3,2) * mu0;
+ Be(3,3) * mu0;

Bres(pl,pl) = Bres(pl,pl) + Be(1,1); Bres(pl,p2) = Bres(pl,p2) + Be(1,2);
Bres(p1l,p3) = Bres(pl,p3) + Be(1,3);
Bres(p2,pl) = Bres(p2,pl) + Be(2,1); Bres(p2,p2) = Bres(p2,p2) + Be(2,2);
Bres(p2,p3) = Bres(p2,p3) + Be(2,3);
Bres(p3,pl) = Bres(p3,pl) + Be(3,1); Bres(p3,p2) = Bres(p3,p2) + Be(3,2);
Bres(p3,p3) = Bres(p3,p3) + Be(3,3);

end

Hregi = zeros(size(Nodes,1),1);

Rregi = zeros(size(Nodes,1),1);

R = zeros(size(Nodes,1),1);

for i = 1:length(t)
hiba = 1;
step = 0;

while ( hiba > le-3 )

step = step + 1;
b = Blin * Hregi + Bres * (R-Rregi);

%Peremfeltétel

for j = 1:length(Dirichlet)

K(Dirichlet(j),:) = K(Dirichlet(j),:) * O;
K(Dirichlet(j),Dirichlet(j)) = 1;

15
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b(Dirichlet(j)) = Hperem(i);
end

H=ZK\ b;
Rutolso = R;
%Modell-function meghivasa

for j = l:size(Nodes,1)

Lkml = eval([’Lkml_’ num2str(j)]1);
Inck = VecInck(j);
Hkml = Hregi(j); Hk = H(j);

[B(j,1),tmp_Lkm1,VecInck(j)] = Preisach(alpha,beta,E,mu_0O,
Mmax ,Hmax,Lkml, Inck,Hkml,Hk) ;

eval([’Lkml_’ num2str(j) ’=tmp_Lkml;’]);

end
R =B - mu0 * H;
hiba = norm(R-Rutolso)
end
disp([step hibal);
%Ertékatadas

Hregi = H;
Rregi = R;

figure(1)

axis square;

pdeplot(Nodes’, [],Connect’, ’xydata’,H, ’zdata’,H, >colormap’,’jet’);
axis([0 0.06 0 0.16 -HO HO1);

caxis([-HO HO]);

xlabel(’x [m]’);

ylabel(’y [m]?);

zlabel(’H [A/m]’);

figure(2)

axis square;

pdeplot(Nodes’, [],Connect’, ’xydata’,B,’zdata’,B, ’colormap’,’jet’);
caxis([-1.4 1.4]);

axis([0 0.06 0 0.16 -1.4 1.4]1);

xlabel(’x [m]?);

ylabel(’y [m]’);

zlabel(’B [T]?);

end

E.3. epstein nemlin Preisach.m

%Epstein-keret, 2D, &rvényarami A, nemlinearis, Preisach-modell

clear;

clc;

tic;

Nodes = load(’Nodes.txt’) / 1000;
Connect = load(’Connect.txt’);

16
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Dirichlet = load(’Dirichlet.txt?’);
Exc = load(’Exc.txt?);

hh

%Mesh

figure(l)

axis square;

pdeplot(Nodes’, [],Connect(:,2:4)’,’mesh’,’on’);
xlabel(’x [m]’);

ylabel(’y [m]’);

=S S s

%Anyagjellemzdk

mu_min = 0;
mu_max = 0.007418265782302;
mu0 = (mu_min + mu_max) / 2;

nu_max = 1 / mu_min;
nu_min = 1 / mu_max;
nu_lev =1 / (4xpixle-T7);

sigma_vas = 2.22e6;
sigma_lev 0;

% nu_opt = (2*nu_max*nu_min) / (nu_max+nu_min);
nu_opt = 2 / mu_max + mu_min;

%Lépcsos fiiggvény
for i = 1:(size(Connect,1))

eval([’Lkmix_’ num2str(i) ’=[1;-1]1;°1);
end

for i = 1:(size(Connect,1))
eval ([’Lkmly_’ num2str(i) ’=[1;-11;°1);

end

VecInckx = ones(1l,size(Connect,1));
VecIncky = ones(1,size(Connect,1));

%Everett-fiiggvény

alpha = load(’alpha’);
beta load(’beta’);
E load(’E’);

%Mért B-H karakterisztika

BH = load(’BH3000m.lvm’); Hmert = BH(:,1); Bmert = BH(:,2);

%Maximum

mu_0 = (4*pi)*le-7; Mmax = (max(Bmert)/mu_0) - max(Hmert); Hmax = max(Hmert);
%Gerjesztés

freq =1;

t = linspace(0,(1/freq),150);

dt = t(2) - t(1);

KO = 1500;
Kexc = KO * sin(2+pixfreqg*t);

Gausss = [1/3 1/3 1/3];
Gaussp = [2/3 1/6 1/6; 1/6 1/6 2/3; 1/6 2/3 1/6;];

K = zeros(size(Nodes,1));
B = zeros(size(Nodes,1));

for i = 1:size(Connect,1)

pl = Connect(i,2); p2 = Connect(i,3); p3 = Connect(i,4);

17
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Unger Tamés Istvan

x1
yi

T =
%Gra

gNix
glity

if C

else

end
K_1

%Gau.

end

K(p1l
+ K_
K(p2
+ K_
K(p3
+ K_

B(p1
B(p2
B(p3

end

b_exc =
b_Adt

bIx
bly

Aold

x2
y2

x3
y3

Nodes(p1,1);
Nodes(p1,2);

Nodes(p2,1);
Nodes(p2,2);

0.5 * abs(det([1 x1

diensek

(0.5%(y2-y3))/T; gh2x
(0.5%(x3-x2))/T; gN2y

onnect(i,1) == 1 JLevegd-tartomany

nu
sigma

= nu_lev;
sigma_lev;

if Connect(i,1) == %Vas-tartomany

nu
sigma

nu_opt;
sigma_vas;

ss-kvadratira

x2-x1; b = x3-x1; c = x1;

y2-yl; e = y3-y1; £ = y1;

= zeros(3);

j =1:3

kszi = Gaussp(j,2); eta = Gaussp(j,3);

X axkszi + bxeta + c;

(0.5%(y3-y1))/T; gh3x
(0.5%(x1-x3))/T; gN3y

Nodes(p3,1);
Nodes(p3,2);

yi; 1 x2 y2; 1 x3 y31));

(0.5%x(y1-y2))/T;
(0.5%(x2-x1))/T;

nu * ( [gNix;gN2x;gN3x;]*[gNlx,gN2x,gN3x] + [gNly;gN2y;gN3y;]*[gNly,gN2y,gN3y] ) * T;

y = dxkszi + exeta + f;

T1 = 0.5 * abs(det( [1 x y; 1 x2 y2; 1 x3 y3] ));
T2 = 0.5 * abs(det( [1 x1 y1; 1 x y; 1 x3 y3] ));
T3 = 0.5 * abs(det( [1 x1 y1; 1 x2 y2; 1 x y1 ));
N1 = T1/T;

N2 = T2/T;

N3 = T3/T;

K_2 = K_2 + sigma /dt * ( [N1;N2;N3]*[N1 N2 N3] ) * Gausss(j) * T;

,p1) = K(p1l,pl) + K_1(1,1) + K_2(1,1);
2(1,2); K(p1,p3) = K(p1,p3) + K_1(1,3)
,p1) = K(p2,p1) + K_1(2,1) + K_2(2,1);
2(2,2); K(p2,p3) = K(p2,p3) + K_1(2,3)
,pl) = K(p3,p1) + K_1(3,1) + K_2(3,1);
2(3,2); K(p3,p3) = K(p3,p3) + K_1(3,3)

,pl) = B(pl,pl) + K_2(1,1); B(pl,p2) =
,p1) = B(p2,pl) + K_2(2,1); B(p2,p2) =
,pl) = B(p3,pl) + K_2(3,1); B(p3,p2) =

zeros(size(Nodes,1),1);
zeros(size(Nodes,1),1);
zeros(size(Nodes,1),1);
zeros(size(Nodes,1),1);
zeros(size(Nodes,1),1);

zeros(size(Nodes,1),1);

K(p1,p2) = K(pl,p2) + K_1(1,2)...
+ K_2(1,3);

K(p2,p2) = K(p2,p2) + K_1(2,2)...
+ K_2(2,3);

K(p3,p2) = K(p3,p2) + K_1(3,2)...
+ K_2(3,3);

B(p1,p2) + K_2(1,2); B(p1,p3) =
B(p2,p2) + K_2(2,2); B(p2,p3)
B(p3,p2) + K_2(3,2); B(p3,p3)
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Ixold = zeros(size(Connect,1),1);
Iyold = zeros(size(Connect,1),1);

Preisachx = zeros(size(Connect,1),1);
Preisachy = zeros(size(Connect,1),1);

Hxold = zeros(size(Connect,1),1);
Hyold = zeros(size(Connect,1),1);

for i = 1:length(t)
%Gerjesztés megadasa

for j = 1:size(Exc,1)

if(Exc(j,1) == 3) %y iranyd, pozitiv gerjesztési
sign = 1; CoordIndex = 2;

elseif (Exc(j,1) == 4) %y iranyna, negativ gerjesztésil
sign = -1; CoordIndex = 2;

elseif (Exc(j,1) == 5) ¥%x iranya, pozitiv gerjesztésil
sign = 1; CoordIndex = 1;

elseif (Exc(j,1) == 6) ¥x iranya, negativ gerjesztésil

sign = -1; CoordIndex = 1;

end

pl = Exc(j,2); p2 = Exc(j,3);

Coordl = Nodes(pl,CoordIndex); Coord2 = Nodes(p2,CoordIndex);

dl = abs(Coord2 - Coordl);

b_exce = [1;1;] * Kexc(i) * 0.5 * dl * sign;

b_exc(pl) = b(pl) + b_exce(l); b_exc(p2) = b(p2) + b_exce(2);

end

%E16z8 id&lépés A-ja alapjan
b_Adt = B * Aold;

%Indul a fixpont-moéka

eps = 4;

step = 0;

while(eps > 3)

step = step + 1;

bfp = b_exc + b_Adt - (bIx+bIy)

%Dirichlet-perem

for j = 1:length(Dirichlet)

end

K(Dirichlet(j),:) = K(Dirichlet(j),:) * 0;

K(Dirichlet(j),Dirichlet(j)) = 1;

bfp(Dirichlet(j)) = 0;
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%A szamitasa
A = K \ bfp;
%Bx és By szamitasa (rotd)

pl = Connect(:,2); p2 = Connect(:,3); p3 = Connect(:,4);

x1 = Nodes(pl,1); x2 = Nodes(p2,1); x3 = Nodes(p3,1);
y1 = Nodes(p1,2); y2 = Nodes(p2,2); y3 = Nodes(p3,2);

D = 0.5 * abs( (x1-x3).*(y3-y2) - (y1-y3).*(x3-x2) );

ghix = 0.5 * (y2-y3) ./ D; gNly = 0.5 * (x3-x2) ./ D;
gN2x = 0.5 * (y3-y1) ./ D; gN2y = 0.5 * (x1-x3) ./ D;
ghN3x = 0.5 * (y1-y2) ./ D; gN3y = 0.5 * (x2-x1) ./ D;

Bx = A(pl,:).*gNly + A(p2,:).*gN2y + A(p3,:).*gN3y;
By = -A(pl,:).*gNix - A(p2,:).*xgN2x - A(p3,:).*gN3x;

%Hx é&s Hy saccoléasa Ixold és Iyold segitségével

Hx nu_opt * Bx + Ixold;
Hy = nu_opt * By + Iyold;

%Modell-function meghivasa (x-iranyra)

for j = 1:size(Connect,1)

Lkml = eval([’Lkmlx_’ num2str(j)]);
Inck = VecInckx(j);
Hkml = Hxold(j); Hk = Hx(j);

[Preisachx(j,1),tmp_Lkmlx,VecInckx(j)] = Preisach(alpha,beta,E,mu_0,...
Mmax ,Hmax,Lkm1,Inck,Hkml,Hk);

eval([’Lkmix_’ num2str(j) ’=tmp_Lkmix;’]);

end
%Modell-function meghivasa (y-iranyra)
for j = 1:size(Connect,1)

Lkml = eval([’Lkmly_’ num2str(j)]);

Inck = VecIncky(j);
Hkmi = Hyold(j); Hk = Hy(j);

[Preisachy(j,1),tmp_Lkmly,VecIncky(j)] = Preisach(alpha,beta,E,mu_0,...
Mmax ,Hmax,Lkm1,Inck,Hkml,Hk);

eval([’Lkmly_’ num2str(j) ’=tmp_Lkmly;’]1);

end
%Ix é&s Iy saccolasa

Ix = Hx - nu_opt * Preisachx;
Iy = Hy - nu_opt * Preisachy;

%bIx és bly feltdltése

bIx = zeros(size(Nodes,1),1);
bly = zeros(size(Nodes,1),1);

for j = 1:size(Connect,1)

pl Connect(j,2); p2 = Connect(j,3); p3 = Connect(j,4);

x1 Nodes(pl,1); =x2 Nodes(p2,1); x3 Nodes(p3,1);
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yl = Nodes(pl,2); y2 = Nodes(p2,2); y3 = Nodes(p3,2);
T = 0.5 *% abs(det([1 x1 y1; 1 x2 y2; 1 x3 y31));

%Gradiensek

(0.5x(y1-y2))/T;
(0.5%(x2-x1))/T;

gNix
ghly

(0.5%(y2-y3))/T; gh2x
(0.5%(x3-x2))/T; g2y

(0.5%(y3-y1))/T; gN3x
(0.5%(x1-x3))/T; gN3y

bIxelem = [gNly;gN2y;gN3y;] * Ix(j) * T;
bIyelem = -[gNix;gN2x;gN3x;] * Iy(j) * T;

bIx(pl) = bIx(pl) + bIxelem(1); bIx(p2)
bIx(p3) + blIxelem(3);

bIy(pl) = bIy(pl) + blyelem(1); bIy(p2)
bIy(p3) + blyelem(3);

bIx(p2) + bIxelem(2); bIx(p3)

bIy(p2) + bIyelem(2); bIy(p3)

end

eps = abs(max(abs(Ix)) - max(abs(Ixold)))

Ixold = Ix;

Iyold = Iy;

end

Aold = A;

Hxold = Hx;

Hyold = Hy;
figure(1)

axis square;

pdeplot(Nodes’,[],Connect(:,2:4)’, xydata’,Bx+By, ’colormap’,’jet’,’mesh’,’on’);
caxis([-1.2 1.2]);

xlabel(’x [m]?);

ylabel(’y [m]®);

ylabel(colorbar,’B [T]’);

figure(2)

axis square;

pdeplot(Nodes’, []1,Connect(:,2:4)’, xydata’ ,Hx+Hy, ’colormap’,’jet’,’mesh’,’on’);
caxis([-2000 2000]);

xlabel(’x [m]?);

ylabel(’y [m]’);

ylabel(colorbar,’H [A/m]?);

figure(3)
hold on;
plot(Hx(1468) ,Bx(1468),°r+’);

% figure(3)

% axis square;

% pdeplot(Nodes’, [],Connect(:,2:4)’, xydata’,A, ’contour’,’on’);
% xlabel(’x [m]?);

% ylabel(’y [ml’);

% ylabel(colorbar,’A [Vs/m]’);

end

toc;
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