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Kmitani soustav se dvema stupni
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Soustava se dvéma stupni volnosti
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Sestaveni pohybovych rovnic,
vypocet viastnich frekvenci

;
JV
@ Soustava diferencialnich & predpokladane reseni
rovnic 2. fadu X =8, SInQt
M, + kg +K (%, —x,) = Fsinat X, =a,sinQt
i, +kx, —k (X, = X,) =0 @ druha derivace

% =-a,Q°sinQt = -Q°x,

m¥, + 2kx, —kx, = F,sinat
mx, —kx, +2kx, =0

@ Vlastni frekvence soustavy
- homogenni soustava (bez

X, = —a,Q°sinQt = -Q°x,
® dosazeni do rovnice (1)

~mQ2x, + 2kx, —kx, = 0

buzeni, F,=0) —mQ*x, — kx, + 2kx, = 0

mx, + 2kx, —kx, =0
n1$<2—lo<1+2k><2:0 (1)
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Vypocet vlastnich frekvenci
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Soustava linearnich algebraickych

_ ' @ Kvadraticka rovnice
rovnic - homogennich

pravé tehdy kdyz determinant

. @ Bikvadraticka rovnice
soustavy je roven nule

e Koo o KY
(2k-mQ*)x —kx, =0 A +3(m) =T
—kx, +(2k _ mQZ) X, =0 @ Po oznaceni
5 = Q?
Soustava rovnic ma netrivialni reseni m °

emer k| Q' -4010%+3:0§= 0
|-k 2k-mQF , |
; v @ Koreny rovnice
Po uprave
(2k-m0?)" -k? =0 o _ 400+ 1605 - 1D
1,2

2
4k? — AkmQ*+m*Q*-k?*=0
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Vypocet vlastnich tvart kmiti
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@ Vyjdeme z algebraickych rovnic 4 Hmoty kmitaji ve fazi

(2k-mQ?) % —kx, =0
—kx +(2k -mQ?) x, = 0

@ Z rovnice (2a)

K

1,2

XX XX

(ﬁ _ 2k-mQy, :2_Qi2
X

(ﬁj =1
%
@ Hmoty kmitaji v protifazi
[ﬁ] =-1
% )
@ Determinant soustavy

Q; D=0Q%-4020%+30%= 0
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Vlastni tvary kmitQ
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Volné kmitani dvouhmotové soustavy

L

@ Vyjdeme z algebraickych rovnic, je dano superpozici vlastnich
tvar( kmitQ

X (t) = AcosQt+B,siMQt+A, coQ t+B, sif}

X, (1) (ﬁj (AcosQp+B, siant)+(ﬁ) (A, o9 5 +B, si )

X X

@ Konstanty A,B,, A,,B, vypocteme z pocatecnich podminek

% (0)
(0)
(0)
(0)

0

= 3
= X0

X10 = V1o

X

-alespa@ jedna podminka nenulo

20

X
X0
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Amplitudy ustalenych vynucenych kmitd,

ustalena odezva

N
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@ Vyjdeme z diferencialnich

rovnic
mX, + 2kx, —kx, = F,sinat
mx, —kx, +2kx, =0
@ Predpokladané reseni
X, =a sinat
X, = a,sinat

@ Druha derivace
% =—aw sinat
X, = —a,af sinat

TKAOST

@ Po dosazeni dostavame soustavu
algebraickych rovnic

—ma,’ sinat + Xa, sinat —ka, sinut = F, sirt
—ka, sinat —ma,ar’ sinat + Xa, sint = 0

@ V rovnicich zkratime vyraz sin wt
-ma,&f +2ka, —ka, = F,

—ka, —ma,w’ +2ka, =0
@ Po Upraveé

(Zk—ma)z)al—kazz F,
—ka1+(2k—mw2)a,2:0
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Amplitudy ustalenych vynucenych kmitd,

ustalena odezva

N

TKMAOST

%
® Soustava lineéarnich algebraickych rovnic — feSeni pomoci Cramerova
pravidla
F -k
b |0 x-mey _ F(2Kk-m@Q?)
27D Tk-m? —k (2k—m§22)2 -k?
-k 2k - mQ?
@ \Vyjadreni v bezrozmérném tvaru
B 2-n°
& =ag —
(2—/7 ) -1
® kde _FK = W
0T T m
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Amplitudy ustalenych vynucenych kmitd,

ustalena odezva

&
2k-mQ> F,
_D, _ -k 0 _ kF,
A = 7 2 - 2
D |2k-mQ —k (2k-m@?) -k?
-k 2k —mQ?
L 1
a, = 8y 22
(=) -1
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Soustava se dvéma stupni volnosti
Amplitudové charakteristiky
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@ Amplitudova charakteristika hmoty 1 € Amplitudova charakteristika hmoty 2
5 5
4 a
2] 2]
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Vypocet konstant A.B,A,,B,

L
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@ Pro rovnice pro volné kmitani nalezneme konstanty A,B,, A,,B,

z pocatecnich podminek x, (0) =X,

%(0)=0
X,(0)=0
%,(0)=0

@ Pocatecni podminky dosadime do rovnic
x (t)=AcosQt+B, siM+A, co® §+B, sif }

X, (t) = (%] (A cosQt +B, sim ) +(%] (A, cof21+B, si §)
1 2
% (t)=Q,(-AsinQt+B,coN})+Q ,(-A,siR +B, cof t)
%, (t) = [ﬁJ Q,(-AsinQt +B,coNt) +(ﬁ) Q,(-A, 1Q,t +B,cosQ t)
X’l 1 Xl 2
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Vypocet konstant A.B,,A,,B,
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® Po dosazeni do rovnic @ Rovnice volného kmitani
E x, (1) =22 cosQt - 220 co)
2] 4 i
X ), X ),

0=0Q,B +Q,B, %, (t) = XEOCOSQ'[+ 5 COL.t

o2 ae[%) o

@ Vypoctené p. p.
B =B,=0
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Pribeh zavislosti x,(t), x,(t)
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