k, k, k,
| X, | X,
m] =4
m2 =5
k; = 2500
ky = 4500
ks = 3200
[

—4500 7700

K. {("1 +hy) ko } K. ( 7000 —4500)

A(w) =K- wz-M
2
k] -—mpw + k2 —k2
Aw) > )
—k2 k2 - m2w + k3

det(w) = |A(w)|

det(w) collect,w — m]-mz-w4 + (~kpmy = kymy = kymy ~ k3-m])-w2 +kpky+ kpky + kykg




kpky+kpks+kyks
0
det(w) coeffs,w — —kj'mz - k2'm] - k2'm2 - k3'm]

0

/éN:: m]m2 =20
B = —k]m2 - k2m1 - k2m2 - k3m1 =-65800

2
—B—\B —4A-C
Y= = 633.306 wy= 7] =25.166
2-A
—B+\/32 —4A-C
= = 2656.694 woy = =51.543
72 oA 2:=\72
C\ (3365% 10’
coeff = | B | =] 65800
A 20

l o) 25.166
\polyroots(coeff) =
poty 51.543
Wy w2
= — =4.005 = — =8.203
f] 2.7 f2 2.7

w:=0,0.1..80

Coefficienti del polinomio caratteristico



30

5 | |
wi w2
. 1 1 /’
3 3 3 /
2 | | /'
| | S
0 10 0 30 Z 50 60 70
_ 1 | |
rad/s
r(w) = Tpis(w) =
2 ko
wjy =25.166

rp = r{wy) = 1.007 rpis(w;) = 1.007

w) =25.166

wy = 51.543

h
i //
|
78 11 14
Hz



Condizioni iniziali
X]O = 0.03 x']0:= 0.2

x20 = 0.02 X'ZO =03

-1
X

A& _ (12 [f10 AN _(0.024

B 11 X20 B —0.004

(NCW) (wrtr @22} (Yo (c) _(0.01)
D) | w  wy | |y p) \0.001
A =Aj-sin(ag) B = Ay-sin(ay)

C =A]~cos(a1) D =A2~cos(a2)

Ay =A%+ =0026

Ay =B+ D" =0.004

A _oan 24967
c D

o = atan2(C,A) = 1.178-rad oy = 67.47-deg

0y = atan2(D,B) = —1.372-rad oy = —78.616-deg



X = |:A]-(r11j-sin(w]-t + a])} + {Az-(rzj-sin(wz-t + az)} xp(1) = X,

1

v ry 2 v
X (n=|wpAp -cos(w]-t + a]) +|wyAy: -cos(wz-t + a2) x' (1) = X (1
1 1

,
X" ) = |:—w12-A1 ( ]j-sin(wl-t + a])} + |:—w22-A2-(r2}sin(w2-t + "‘2)} X" = X"(t)l

1 1
Ar =110 T, =4 Passo di calcolo e tempo max. di simulazione
Integrazione numerica (Runge Kutta)
-1 X]
ACCEL(x ] ,x2) =-M K Accelerazioni esplicitate (in forma matriciale)
X
2

f(xj,xz) = ACCEL(x],xz)l

/gixl ,x2) = ACCEL(x] ,x2)2

E Lo .
EQOMOTO1.u) = quazioni di moto da risolvere

X
10 0.03
*20 0.02 o
U= = Condizioni iniziali
X,IO 02
, 0.3
X20
Tmax

x5(0) = X(1),

x5t = X'(1),

x50 = X" (1),

spostamenti

velocita

accelerazioni



TAB = rkﬁxed(u 0,7, N ,EQMOTO) Calcolo della soluzione per via numerica

tempo = TAB< v
X7 pum = 7482 X2 pum = 748"
'] = a8 X'y = A8
x”]_num =f (x]_num’XZ_num)
x”2_num = g(x]_num’XZ_num)
b= 0,Ar.T, INT = 1
0.047 0.047

0.02f {\ ﬂ ﬂ 0.02

x](t) Xz(f)

INT 0 1 2 3 X3 pum INT 0 1 2

-0.021 -0.021 u U

-0.04~ -0.04~

X1 num’

t, tempo t,tempo

—— Metodo analitico —— Metodo analitico
— Metodo di Runge-Kutta — Metodo di Runge-Kutta
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