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A VYCET KONSTANT P

V této priloze jsou uvedeny konstanty vztazené k rovnici 4.32.
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B VYBRANE SKRIPTY PROGRAMU MATLAB

Veskeré skripty uvedené v seznamu priloh jsou pri zkopirovani do prostredi pro novy

skript v programu Matlab plné funkéni. Z divodu kompatibility s programem LaT ex
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jsou komentare jednotlivych algoritmii bez horni interpunkce.

B.1 Winkleriv model - dynamicka soustava

format long % formatovani na 15 desetinnych mist

a = 0.8 % vstupni parametr alfa (zadava uzivatel)
b = 0.1 % vstupni parametr beta (zadava uzivatel)
sp = linspace (0, 6); % uloha je nesymetricka, a proto je

nutne jeji rozdeleni na intervaly s>=0 a s<0

sm = linspace (—6, 0);

% vypocet korenu rovnice 4. radu (10 — 42)
P = —(a"443)/9;

Q= (((—2%a”6+18xa"2)/27)—(a"2)%(b"2))/2;
PaQQ = P73+Q"2;

it Q<0

r = —sqrt (abs(P));
else

r = sqrt(abs(P));
end

pomer = Q/(r73);

if P<0
if PaQ <= 0
fi = acos(pomer);

yl = —2xrxcos(fi/3)

y2 = 2xr*cos(pi/3—1fi/3)

y3 = 2xrxcos(pi/3+fi/3)
else
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fi = acosh (pomer):;

yl = —2xrxcosh (fi/3)
y2 = rxcosh(fi/3)+ixsqrt (3)*r*sinh(fi/3)
y3 = rxcosh (fi/3)—ixsqrt (3)*r*xsinh(fi/3)

fi = asinh (pomer)

yl = —2xrxsinh (fi/3)
y2 = rxsinh (i /3)+ixsqrt (3)*r*xcosh(fi/3)
y3 = rxsinh (fi/3)—ixsqrt(3)*r*cosh(fi/3)

end

% koreny kubicke a kvarticke rovnice
x1 = yl1—((2%xa"2)/3)
x2 = y2—((2xa”"2)/3)
x3 = y3—((2xa"2)/3)

);
) ;

Y

gl = —sqrt (x1)—sqrt (x2)+sqrt (x3
g2 = —sqrt (x1)+sqrt (x2)—sqrt (x3
)
)

Y

g3 = sqrt (x1)+sqrt (x2)+sqrt (

x3
g4 = sqrt (x1)—sqrt(x2)—sqrt (x3);

Y

%vektor korenu gl — g4
G = [gl;g2;83:84];
% algoritmus pro serazeni Re casti korenu od nejmensi po

nejvyssi
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% kontrolni vypis poradi vektoru G

gl = G(1)
g2 = G(2)
g3 = G(3)
gd = G(4)

% matice G vychazejici z okraj. podminek

G=1[11-1 —1; gl g2 —g3 —g4; gl™2 g272 —g372 —g472; gl173
g273 —g373 —gd4 " 3];

% vektor prave strany transponovany

p=[000 8]

% vypocet matice integracnich konstant

A = inv (G)x*p

% kontrolni vypis hodnot matice A

Al = A(1,1)
A2 = A(2,1)
A3 = A(3,1)
Ad = A(4,1)

wr = Alxexp(gl*sp)+A2«xexp(g2xsp);% svisle posunuti pro s>=0
wl = A3xexp (g3#sm)+Adxexp (gds*sm) ;% svisle posunuti pro s<0

% parametry vykresleni grafu (92—103)

figure ('position’, [0, 0, 700, 400])

plot(—sp,wr, ’blue’ 'LineWidth’, 3)

xlabel ([ 'relativni vzdalenost s [—] ", \alpha=" num2str
(a),’; \beta=" num2str(b)], fontsize ,15)

ylabel ([ 'relativni vertikalni posunuti [—]’], fontsize’ 15)

hold on

plot(—sm,wl, ’blue’ | 'LineWidth’, 3)

axis normal

axis ([-6 6 —0.5 2])

grid on

set (geca, 'xaxisLocation’ | "top ")

set (gea, 'YDir’ | "Reverse ')

hold off
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B.2 Dvouvrstvy systém - staticka soustava

% skript vykresluje pruhyb pro ruzne hodnoty kl a k2 do

jednoho grafu

format long

(

prvnim parametrem je k1l a druhym je k2
wl = DoubleBeamNum (4000000000000000, 0);
w2 = DoubleBeamNum (0, 4000000000000000) ;

sp = linspace (0, 6); % souradnice x pro vykresleni grafu

% parametry vykresleni grafu (11-—28)
figure ('position’, [0, 0, 900, 500])
plot (sp,1000%wl, ’red’, "LineWidth , 3)
hold on

plot (sp,1000«w2, ’'blue’, "LineWidth ', 3)
plot(—sp,1000xwl, ’'red’, ’LineWidth ', 3)
plot(—sp,1000xw2, ’'blue’, "LineWidth , 3)
axis mnormal

axis ([-6 6 —0.25 1.2])

deg = 0;

ylabel ('w 1 [mm]| ', fontsize ,15)

grid on

set (geca, "YDir’, "Reverse ")

xlabel ('x [m] ", fontsize ,15)

AX=legend ('Location’,’southeast’, 'k _1=\infty ', 'k 2=\infty

)
LEG = findobj (AX, "type ', "text );
set (LEG, "FontSize ,15)
set (gea, fontsize |15)
hold off

Ke spravné funkci skriptu je nutné privolani funkce Double Beam Num.m, ktera vy-

pocita svisla posunuti pro rizné parametry kq a ko.

% privolani dvouparametricke funkce "DoubleBeamNum",
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Funkce Double Beam Num.m vypada nasledovneé:

% funkce DoubleBeamNum slouzi pro vypocet pruhybu 2 nosniku

na pruznem podkladu pro ruzne k1l a k2
function u = DoubleBeamNum (k1, k2)

sp = linspace (0, 6); % uloha je nesymetricka, a proto je
nutne jeji rozdeleni na 2 intervaly

sm = linspace (—6, 0);

% vstupni hodnoty (zadava uzivatel)

keq = 3.4483e7; % ekvivalentni hodnota tuhosti [Nm™ —2]
EI1 = 5.49e5; % ohybova tuhost prvni vrstvy [Nm™ 2]
EI2 = 8eT7; % ohybova tuhost druhe vrstvy [Nm™ 2]
Q= 3.5e4; % kolova sila [N]

% algoritmus pro dopocitani chybejiciho parametru kl nebo
k2 na zaklade keq
if kl =20
k1l = (keqxk2) /(k2—keq);
else if k2 =0
k2 = (keqxkl) /(kl—keq);
end

end

% chybova hlaska
if k1 <0 | k2<0

error ('Negative k1l or k2!7)
end

% konstanty diferencialni rovnice
A = (k1xEI24k1xEI1+(EI1xk2)) /(EI2%EI1) ;
B = (kl1xk2)/(EI1xEI2);

% vypocet korenu kvadraticke rovnice
e = [1 A BJ;

m = roots(e);

% vypocet ctvrtych odmocnin z korenu kvadraticke rovnice
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privolanim funkce "rootsc'
gammal 4 = rootsc (4, m(1), 0);
gammab_8 = rootsc (4, m(2), 0);
% sestaveni matice M z korenu gammal — gamma 8
M = [gammal 4(1); gammal 4(2); gammal 4(3); gammal 4(4);
gammab_8(1); gammab 8(2); gammab 8(3); gammab 8(4)];

% algoritmus pro serazeni Re casti korenu od nejmensi po
nejvyssi
= length (M) ;

for j = 1:n—1
for 1 = n—1:-1:j

% matice G vychazejici z okraj. podminek

G = [M(1) M(2) M(3) M(4);(EI1/k1)«M(1)754M(1) (EI1/kl)=«M(2)
TH54M(2) (EIT/k1)=M(3)754M(3) (EI1/k1)«M(4) 5-M(4);(EI1/
k1)«M(1)774M(1)73 (EI1/k1)«M(2)"74M(2)"3 (EI1/k1)*M(3)
TTHM(3) 73 (EIT/k1)«M(4)774M(4) 73; M(1)73 M(2)73 M(3)73
(4) 73];

M

% vektor prave strany rovnice transponovany

p=[000Q/(EIl)]"
A = inv(G)*p; % vypocet matice integracnich konstant
% vypocet pruhybu nosniku

u = A(1)xexp(G(1)*sp)+A(2)*exp(G(2)xsp)+A(3)*exp (G(3)=*sp)+A
(4) xexp (G(4)*sp);

Funkce Double Beam Num.m pti svém FeSeni privolava dalsi funkei (rootsc.m), kterd

vypocitd 4. odmocniny z komplexnich kofenu kvadratické rovnice [16]. Komentafe
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funkce rootsc.m nejsou vzhledem k jejich nadmérnému poctu uvedeny ve vypisu
skriptu. Skript véetné komentarta je obsahem prilozeného CD. Funkce rootsc.m vy-

pada nasledovné:

function w = rootsc(n, x, display)

if nargin < 1,
disp ( ’Example of usage of ROOTSC: ) ;
)

"The call:’)

‘ans = rootsc (5,(0.2540.25%1) ,1)7);

disp(’will compute the 5 complex roots of the complex
number 0.2540.251");
disp ('The founded roots will be plotted in a polar

diagram . ") ;

disp (" 7);
disp(’Press a key to run rootsc with default values:’);
disp (" 7);
pause
n = jH;
x = 0.25+0.25%(sqrt(—1));
display = 1;
elseif nargin < 2,
x = 1; % computes the n roots of the unity
display = 0;
elseif nargin < 3,
display = 0;
end
if (not(floor(n)=m) || n<=0),

error (’First argument n must be a positive integer number

DE

end

re_x = real(x);

im_x = imag(x);
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angle x = atan2(im_x, re_ x);

abs x = sqrt(re_xxre_x + im_xxim_x);

ro = abs x"(1/n);

due pi = 2xpi

delta_phi = due_pi/n;

phi 0 = angle x/n;

phi = phi 0 + (delta_ phi:delta phi:due pi);

w = rox(cos(phi) + i% sin(phi));

if display ,
figure;
if abs x > ro,
polar ([0, angle x|, [0, abs_x], '=b.");

set (gea, 'nextplot’, ’add’);

polar (angle(w([1l:end,1])), abs(w([l:end,1])),

else

polar (angle(w([1l:end,1])), abs(w([l:end,1])),

set (gea, 'nextplot’, 'add’);
polar ([0, angle x|, [0, abs_x], '—b.");
end

xlabel (sprintf( 'The %d complex roots of %gt+lgi’

x), imag(x)));
end

Tl )G

Tl )G

, n, real(
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B.3 Pasternaktiv model - dynamicka soustava

format long % formatovani na 15 desetinnych mist

a = 0.8 % vstupni parametr alfa (zadava uzivatel)

b = 0.1 % vstupni parametr beta (zadava uzivatel)

d = 0.5 % vstupni parametr delta (zadava uzivatel)

sp = linspace (0, 6); % uloha je nesymetricka, a proto
nutne jeji rozdeleni na intervaly s>=0 a s<0

sm = linspace (—6, 0);

% vypocet korenu rovnice 4. radu (11 — 44)

e = a 2—d"2

P = —(e~2+3)/9
Q = (((—2%a~3+18%¢)/27)—(a~2) *(b"2)) /2
PaQ = P 3+Q2

if Q< 0

r = —sqrt (abs(P));
else

r = sqrt(abs(P));
end

pomer = Q/(r73);

if P< O
if PaQ <= 0

fi = acos(pomer);

yl = —2xrxcos(fi/3)

y2 = 2xr*cos(pi/3—1i/3)

y3 = 2xr*cos(pi/3+1fi/3)
else

fi = acosh (pomer);

yl = —2xrxcosh (fi/3)
y2 = r*xcosh(fi/3)+ixsqrt(3)*r*xsinh(fi/3)
y3 = rxcosh(fi/3)—ixsqrt(3)*r*sinh(fi/3)

je
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end

else
fi = asinh (pomer)
yl = —2xrxsinh (fi /3)
y2 = rxsinh (fi/3)+ixsqrt (3)*r*xcosh(fi/3)
y3 = r*sinh (fi/3)—ixsqrt(3)*r*xcosh(fi/3)
end

% koreny kubicke rovnice

x1 = yl—=((2xe)/3);
X2 = y2—((2¢e) /3);
x3 = y3—((2xe)/3);

% koreny kvarticke rovnice

gl = —sqrt (x1)—sqrt (x2)+sqrt (x3);
g2 = —sqrt (x1)+sqrt (x2)—sqrt (x3);
g3 = sqrt (x1)+sqrt (x2)+sqrt (x3);
g4 = sqrt (x1)—sqrt(x2)—sqrt (x3);
% vektor korenu gl — g4

G = [gl;82;83;84];

% algoritmus pro

serazeni Re casti
nejvyssi
n = length(G);

for j = 1:n—1

% kontrolni vektoru

gl = G(1)
g2 = G(2)

vypis poradi

korenu od nejmensi po
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g3 = G(3)
g4 = G(4)

% matice G vychazejici z okraj. podminek
G=1[11-1 —1; gl g2 —g3 —g4; gl™2 g272 —g372 —gd472; gl173
g273 —g373 —gd4 7 3];

% vektor prave strany transponovany

p=1[000 8]
A = inv(G)xp; % vypocet matice integracnich konstant

% kontrolni vypis hodnot matice A

Al = A(1,1)
A2 = A(2.1)
A3 = A(3.1)
Ad = A(4.1)

% vypocet hodnot svislych posunuti
wr = Alxexp(gl*sp)+A2xexp(g2xsp); % pro s >= 0
wl = A3xexp (g3*sm)+Adxexp (gd*sm); % pro s < 0
% parametry vykresleni grafu (97—108)
figure ('position’, [0, 0, 700, 400])
plot(—sp,wr, ’'blue’, "LineWidth’, 3)
xlabel ([ "alpha = 7 num2str(a) '; beta = ’ num2str(b)
delta = 7 num2str(d)], fontsize  ,15)
ylabel ([ 'relativni vertikalni posunuti [—]’], fontsize’,15)
hold on
plot(—sm,wl, ’"blue’, 'LineWidth’, 3)
axis normal
axis ([-6 6 —0.5 2])
grid on
set (geca, "xaxisLocation’ | "top ")
set (geca, 'YDir’, "Reverse ")
hold off
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B.4 Dvouvrstvy systém - dynamicka soustava I

format long % formatovani na 15 desetinnych mist
sp = linspace (0, 12, 200); % uloha je nesymetricka, a
proto je nutne jeji rozdeleni na intervaly s>=0 a s<0

sm = linspace (=12, 0, 200);

% vstupni hodnoty (zadava uzivatel)

kl = 1le8; % tuhost pruziny c. 1 [Nm —2]

k2 = 4e7; % tuhost pruziny c. 2 [Nm —2]

EIl = 6.5e6; % ohybova tuhost prvni vrstvy [Nm™ 2]

EI2 = 8eT7; % ohybova tuhost druhe vrstvy [Nm™ 2]

Q = leb; % kolova sila [N]

v = 30; % rychlost jizdy vozidla [ms™ —1]

cl = 9e4; % tlumeni podlozek pod kolejnici [Nsm™ —1]
c2 = 1.2e5; % tlumeni podlozi [Nsm™ —1]

ml = 60; % hmotnost kolejnice [kgm™ —1]

m2 = 300; % hmotnost prazce [kgm™ —1]

lambda = (k1/(4«EI1))"(1/4) % lambda = L7—1

% konstanty diferencialni rovnice

A=1,

= 0;

(v7"2) x(lambda™2) % ( EI2*ml+EI1+m2) /( EI1xEI2xlambda™2) ;
= —vx*(EI2xc14+EIl1%c2) /(EI1«EI2xlambda”3) ;

4% (EI2xk1+mlsm2+v 4+ EI1+k14+EI1k2) / (EI2%k1) ;

= —4x(v73) x(cl*xm24+c2xml) /(EI2xklxlambda) ;

= 4% (v"2) % (m2xkl+cl*c2+mlxkl+mlxk2) /(EI2«xklxlambda™2) ;
= —4dxvk(c2xkl+clxkl+clxk2) /(EI2*xklxlambda™3) ;

= 16xEl1xk2/(EI2xkl) ;

—~ o Q2948 0aw
Il

% vypocet korenu rovnice 8. radu

e=[ABCDEFGHI|;
M = roots(e);

% algoritmus pro serazeni Re casti korenu od nejmensi po

nejvyssi
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% kontrolni vypis korenu
gl = M(1
g2 =
g3
g4
g5
g6
g7
g8

I
S =S EE

% konstanty

konl = (ElIlxlambda™4)/kl1;

kon2 = (mlx(v~2)x(lambda™2))/k1;
kon3 = (cl*vxlambda)/kl;

% vypocet clenu matice G

15r1 = konlxgl 44+kon2xgl 2—kon3xgl+1;
15r2 = konlxg2 4+kon2xg2 2—kon3*g2+1;
1513 konlxg3 4+kon2xg3 2—kon3*g3+1;
15r4 = konlxgd 4+kon2xgd 2—kon3d*gd+1;
15r5 = —konl*xgh 4—kon2xgh 24+kon3*xgh —1;
1516 = —konl*xg6 4—kon2xg6 2+kon3*gb —1;
15r7 = —konl*xg7 4—kon2xg7 2+kon3*g7—1;
15r8 = —konlxg8 4—kon2*g8 24+kon3*g8 —1;
16r1 = konlxgl 5+kon2xgl 3—kon3*gl 2+gl ;
16r2 = konl*xg2 5+kon2xg2 3—kon3xg2 2+g2;
16r3 = konlxg3 5+kon2xg3 3—kon3*g3 2+g3;
16r4 = konlxgd H5+kon2xgd 3—kon3xgd 2+g4 ;




| 1615 = —konl*gh 5—kon2xgh 3+kon3xgh 2—gh;

7| 1616 = —konl*xg6 H—kon2xg6 3+kon3xg6 2—gb;

77| 1617 = —konl*xg7 5—kon2xg7 3+kon3xg7 2—g7;

75| 1618 = —konl*g8 5—kon2+g8 3+kon3xg8 2—g8;

7| 17rl = konlxgl 6+kon2xgl 4—kon3*gl 3+gl ™ 2;
so | 17r2 = konl*xg2 6+kon2xg2 4—kon3xg2 3+g2~ 2;
s1 | 17r3 = konlxg3 6+kon2xg3 4—kon3xg3 3+g3~ 2;
s2 | 17r4 = konlxgd 6+kon2xgd 4—kon3xgd 3+gd ™ 2;
g3 | 17r5h = —konlxgh 6—kon2x*gh 4+kon3xgh 3—gh ™ 2;
sa | 17r6 = —konlxg6 6—kon2%g6 4+kon3xg6 3—gb ™ 2;
ss | 17r7 = —konl*xg7 6—kon2%g7 4+kon3xg7 3—g7 " 2;
ss | 17r8 = —konl*xg8 6—kon2%g8 4+kon3+g8 3—g8  2;
s7 | 18r1 = konlxgl 7+kon2xgl 5—kon3xgl 4+gl ™ 3;
ss | 18r2 = konl*xg2 7+kon2xg2 5—kon3xg2 4+g2~ 3;
so | 18r3 = konl*xg3 7+kon2xg3 5—kon3xg3 4+g3~ 3;
o | 18r4 = konlxgd 7+kon2xgd 5—kon3xgd 4+g4 ™ 3;
o1 | 18r5 = —konlxgh 7—kon2x*gh 5+kon3xgh 4—gh™ 3;
92| 1816 = —konlxg6 7—kon2x*g6 5+kon3+gb 4—g6~ 3;
o3 | 1817 = —konlxg7 7—kon2xg7 H5+kon3xg7 4—g7" 3;
oa | 18r8 = —konl*xg8 7—kon2xg8 H5+kon3+xg8 4—g8  3;

95

matice G

o6 | % sestaveni
ov| G=[-1-1-1-1111 1;—gl —g2 —g3 —g4 gb gb g7 g8&; —gl 2
—g272 —g372 —g472 g572 gb672 g72 g82;—gl”3 —g273 —g373
—g473 gb73 g673 g773 g873; —15r1 —15r2 —15r3 —15r4 —
15r5 —15r6 —15r7 —15r8;—16r1 —16r2 —16r3 —16r4 —161r5 —
16r6 —16r7 —16r8; —17r1 —17r2 —17r3 —17r4d —17r5 —17r6 —
17vr7 —17r8;—18r1 —18r2 —18r3 —18r4 —18r5 —18r6 —I8r7 —
1818 |;

98
9 | % vektor

p=1[0 00 Q/(Ell*lambda™3) 0 0 0 0] ’;

prave strany transponovany
100
101
w02 | % vypocet matice integracnich konstant
s | A = inv(G)x*p

104
% svisle
wlr = A(1)*exp(gl*sp)+A(2)*xexp(g2xsp)+A(3)*exp (g3*sp)+A(4)*

exp (gd*sp) ;

105 posunuti vpravo od osy y

106
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% svisle posunuti vpravo od osy y

w2r = ((Ellxlambda™4) /(k1))*(A(1)x*exp(gl*sp)*gl™4)+((mlx(v
“2)xlambda”2) / (k1)) *(A(1)*exp(gl*sp)*xgl™2)—((cl*vxlambda
)/ (k1)) (A(1)xexp(gl*sp)*gl)+A(1)xexp (glisp)+((EI1x
lambda™4) / (k1)) *(A(2)xexp (g2*sp)*g2 4)+((ml*(v~2)*lambda
72) / (k1)) «(A(2)*exp(g2xsp)*g2”~2) —((clxvxlambda) / (k1)) *(A
(2)xexp(g2xsp)*g2)+A(2)xexp (g2xsp)+((Ellxlambda™4) /(kl))
*(A(3)*exp (g3*sp)*xg3~4)+((mlx(v™2)*xlambda”2) /(kl))*(A(3)
xexp (g3xsp)*xg3~2) —((clxvxlambda) / (k1)) *(A(3)xexp(g3*sp)x*
g3)+A(3) xexp (g3*sp )+ ((Ellxlambda™4) /(kl))*(A(4)*xexp (g4x*
sp)*gd™4)4+((ml*(v™2)xlambda™2) / (k1)) *(A(4)*exp(gd*sp)=*gd
72)—((clsvslambda) / (k1)) *(A(4)*exp (gdxsp)*gd)+A(4)*exp (
gd*sp);

)
)
(

% svisle posunuti vlevo od osy y
wll = A(5)*exp (gh*sm)+A(6)*xexp (gb*sm)+A(7)xexp (g7*sm)+A(8) *
exp (g8x*sm) ;

% svisle posunuti vlevo od osy y

w2l = ((EIlxlambda™4)/(k1))*(A(5)*exp(gh*sm)*gh 4)+((ml*(v
“2)xlambda”2) / (k1)) *(A(5)*exp (gh*sm)*gh 2) —((cl*vklambda
)/ (k1)) *(A(5)xexp (gh+sm)*gh)+A(5)*xexp (gh*sm)+((EI1x*
lambda™4) / (k1)) *(A(6)*exp(gb*sm)xgb 4)+((ml*(v~2)xlambda
72)/(k1))«(A(6)*exp(gb*sm)*g6 2) —((clxvxlambda) /(kl)) (A
(6)*xexp(gbxsm)*gb)+A(6)*xexp(gbxsm)+((Ellxlambda™4) /(kl))
*(A(T7)*exp (g7*sm)*g7 4)+((ml*(v"2)*xlambda™2) / (k1)) *(A(7)
xexp (g7+sm)xg7 2) —((clxvxlambda) / (k1)) *(A(7)xexp (g7+sm)x*
g7 )+A(7)*exp (g7*sm)+((EIlxlambda™4) /(k1l))*(A(8)*exp (g8x
sm)*g8 4)+((ml*(v~2)*xlambda™2) /(kl))*(A(8)*exp (g8+sm)xg8
72)—((clsvslambda) / (k1)) *(A(8)*exp (g8xsm)*g8)+A(8)xexp (
g8xsm) ;

% parametry vykresleni grafu

figure ('position’, [0, 0, 900, 500])

plot (sp,—1000xwlr, ’'red’, 'LineWidth , 3)

hold on

plot (sp,—1000%xw2r, 'blue’, "LineWidth , 3)

plot (sm,—1000xwl1l, ’'red’, "LineWidth , 3)
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plot (sm,—1000xw2l, 'blue’, "LineWidth , 3)

axis normal
axis ([—12 12 —0.15 1.6])

ylabel ('w 1, w 2 [mm] ', fontsize ,15)

grid on

set (geca, 'YDir’, ’Reverse ")

xlabel (s [—]", fontsize  ,15)

AX = legend ( 'Location’, ’southeast
LEG = findobj (AX, "type’, "text’);
set (LEG, "FontSize ' ,15)

set (gca, "fontsize " ,15)

hold off

'w_1 [mm]’

’

'w_2 [mm]

)
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B.5 Dvouvrstvy systém - dynamicka soustava 11

format long
sp = linspace (0, 12, 200); % uloha je nesymetricka, a
proto je nutne jeji rozdeleni na intervaly s>=0 a s<0

sm = linspace (=12, 0, 200);

% vstupni hodnoty (zadava uzivatel)

kl1=1e8; % tuhost pruziny c. 1 [Nm —2]
k2=4eT7; % tuhost pruziny c. 2 [Nm —2]
EI1=6.5e6; % ohybova tuhost prvni vrstvy [Nm™ 2]
EI2=1e3; % ohybova tuhost druhe vrstvy [Nm™ 2]
GA=6¢6 % smykova tuhost druhe vrstvy [N]
Q=le5; % kolova sila [N]

v=30; % rychlost jizdy vozidla [ms —1]
c1=9e4 ; % tlumeni podlozek pod kolejnici [Nsm™ —1]
c2=1.2e5; % tlumeni podlozi [Nsm —1]

ml=60; % hmotnost kolejnice [kgm™ —1]
m2=300; % hmotnost prazce [kgm™ —1]

lambda=(k1 /(4*EI1))~(1/4)

% konstanty diferencialni rovnice

A=EI2;

B=0;

C=(EIl*m2%v 24+ EI2xml«v 2—GAxEI2xv~2xlambda”2) /( EI1*lambda
72);

D=—(vx«(EIll*c24+EI2xc1)) /(EIlxlambda™3) ;

E=(4%(EI1+k1+EI1«k24+EI2xk1+mlsm2+ v 4—GAxmlxv~2)) / (k1) ;

F=—(4%vx(clsm2+v 2+c2xmlxv 2—GAxcl)) /(klxlambda) ;

G=(4x(mlxk1*v 24mlxk2xv 24+m2xk1*v 24+clxc2xv 2—GAxk1)) / (k1=

lambda™2) ;
H=—((4%v) *(clxkl+clxk2+c2xkl)) /(klxlambda™3);
[=(16xEI1xk2) /(kl);
% vypocet korenu rovnice 8. radu
ce=[ABCDEFGHI]|;
M = roots(e)
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07

nejvyssi
n=length (M) ;
for j=1:n—1
for l=n—1:-1:j
if M(L)>M(1+41);
c=M(1);
M(1)=M(1+1);
M(1+1)=c;
end
end

end

% kontrolni vypis korenu

% konstanty
konl=(Ellxlambda™4)/k1;
kon2=(ml*v~2xlambda™2) / (k1) ;
kon3=—(cl*v*lambda) /(kl) ;

% vypocet clenu matice G

15r1=konl*ml 4+kon2*ml 2—kon3*ml+1;
15r2=konl*m2 4+kon2*m2 2—kon3*m2+1;
15r3=konl*m3 4+kon2*m3 2—kon3*m3+1;
15r4=konl*m4 4+kon2*m4d 2—kon3*md—+1;
15r5=konl*m5 4—kon2*mb5 2+kon3*mb—1;
15r6=konl*m6 4—kon2+m6 2+kon3*m6—1;
151 7=konl*m7 4—kon2+m7 2+kon3*m7—1;
15r8=konl*m8 4—kon2*m8 2+kon3+m8—1;

16r1=konl*ml 5+kon2*ml 3—kon3*ml 2+ml;

0o algoritmus pro serazeni Re casti korenu od

nejmensi po
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16r2=konl*m2 5+kon2*m2 3—kon3*m2 2+m?2;
16r3=konl*m3 5+kon2*m3 3—kon3*m3 2+m3;
16r4=konl*m4 5+kon2*m4 3—kon3*m4d 2-+m4;
16r5=konl*m5 5—kon2*m5 3+kon3*m5 2—m5;
16r6=konl*m6 5—kon2*m6 3+kon3*m6 2—m6;
16r 7=-konl*m7 5—kon2*m7 3+kon3*m7 2—m7;
16r8=—konl*m8 5—kon2*m8& 3+kon3*m& 2—m§;
17r1=konl*ml 6+kon2*ml 4—kon3*ml 3+ml” 2;
17r2=konl*m2 6+kon2*m2 4—kon3*m2 3+m2" 2;
17r3=konl*m3 6+kon2+m3 4—kon3*m3 3+m3~ 2;
17r4=konl*m4 6+kon2*m4 4—kon3*md 3+m4d " 2;
17r5=konl*m5 6—kon2*m5 4+kon3*m5 3—mb" 2;
17r6=konl*m6 6—kon2*m6 4+kon3+m6 3—m6 " 2;
17r7=-konl+m7 6—kon2*m7 4+kon3*m7 3—m7  2;
17r8=konl*m& 6—kon2+*m& 4+kon3+*m&8 3—m8™ 2;
18r1=konl*ml 7+kon2+ml 5—kon3*ml 4+ml” 3;
18r2=konl*m2 7+kon2+m2 5—kon3*m2 4+m2” 3;
18r3=konl*m3~7+kon2+m3 5—kon3*m3 4+m3"~ 3;
18r4=konl*m4 7+kon2*m4 5—kon3*m4d 4+m4 " 3;
18r5=-konl*m5 7—kon2*m5 5+kon3*m5 4—mb" 3;
18r6=konl*m6 7—kon2*m6 5+kon3*m6 4—m6" 3;
18r 7=konl*m7 7T—kon2*m7 H+kon3+m7 4—m7" 3;
18r8=konl*m8 7—kon2*m8 5+kon3+m8 4—m8 " 3;

% sestaveni matice G

G=[-1-1-1-11111;,-ml -m2 —m3 —m4 m5 m6 m7 m8; —ml 2 —
m2 2 —m3 2 —m4 2 m5 2 m6 2 m7 2 m82;—ml"3 —-m2~3 —m3 3 —
m4~3 m5 3 m6 3 m7 3 m8 3; —15rl —15r2 —15r3 —15r4 —15r5
—15r6 —15r7 —15r8;—16r1 —16r2 —16r3 —16r4 —16rH —16r6 —
16r7 —16r8; —17r1 —17r2 —17r3 —17r4 —17r5 —17r6 —17r7 —
17r8;—18r1 —18r2 —18r3 —18r4 —18r5 —18r6 —18r7 —18r8|;

% vektor prave strany transponovany

p=[0 0 0 Q/(EIl«xlambda™3) 0 0 0 0]’;

% vypocet matice integracnich konstant

A=inv (G) *p

% svisle posunuti vpravo od osy y
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wr =A(1)xexp (mlxsp)+A(2)xexp (m2xsp)+A(3)*exp (m3*sp )+A(4)*
exp (mdxsp) ;

% svisle posunuti vlevo od osy y
wl = A(5)*exp (mb*sm)+A(6)xexp (mb+sm )+A(7) xexp (m7*sm)+A(8) x

exp (m8ksm) ;

% parametry vykresleni grafu

figure ('position’, [0, 0, 900, 500])

plot (sp,—1000xwr, 'blue’, "LineWidth ', 3)
hold on

plot (sm,—1000xwl, 'blue’, "LineWidth , 3)
axis normal

axis ([—12 12 —0.15 1.8])

ylabel ('w 1 [mm] ", fontsize’ ,15)

grid on

set (geca, "YDir’, 'Reverse ")

xlabel(’s [—]7, fontsize  |15)

set (gea, "fontsize  ,15)

hold off
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