ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 38:

e Vibrations Appendix B
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VIBRATIONS

Linear systems representation:

State Variables representation: X = Ax + Bu(t)

First-order matrix differential equation
Vibrations
Analysis

M+ Cx+ Kx = F(t)

Second-order matrix differential equation
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Case Study:

System

VIBRATIONS
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VIBRATIONS

Case Study:

State variable representation
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VIBRATIONS
Case Study:

State variable representation

X=v
1 X 0 1 0 0
v =—|—hx, —k(x,—x !
1 m[ | —k(x, 2)] " . “2k/m 0 k/m 0
.o xX= = X = Ax, =
X =V, X, 0 0 0 1
%, =%k(xl—x2) v, 3%/2m 0 —3k/2m 0
2m
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VIBRATIONS
Case Study:
Vibration representation
=
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m >
X, =v, %mﬁc’z = kx, — kx,
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X, . m 0 2k -k
x= > Mi+Kx=0, M= K =
X, 0 2m/3 -k k
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VIBRATIONS
Case Study:

Vibration representation

X=v

1 .

v = ;[— fox, — k(x1 - X, )] - mx, = —2kx, + kx,
X, =v, %m)'c'zzkxl—kx2

1

vzz%—m

k(xl _xz)

X . m 0 2k -k
x=| = M+ Ke=0, M= K=
X, 0 2m/3 -k Kk
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VIBRATIONS

Modal Motions:
Mi+Kx=0

\ \ Stiffness matrix

Inertia matrix

x = x,sin(awt + )= (— a)2M+K)xO =0
0
A=M"K, (4-*I)x, =0

Eigenvalue Problem!
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VIBRATIONS

Modal Motions:

(oM +K)x, =0

Characteristic equation:

Az}wﬁl+ﬂ:o 2

(- @M + K )x,, =0

x(t)= Zn: ¢, x,; sin(wt + ¢,)

i=1
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VIBRATIONS
Case Study:

X, . m 0 2k -k
x=|"" | Mi+Kx=0, M= K=
X, 0 2m/3 -k k

Characteristic equation:

2 k _ -1

5 —ma® +2k —k 2 _3;’ x01—|:1

AsloMK|=| 20 =0 2 , 1k 1
3 Wy =——, Xp=

2m 3/2
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VIBRATIONS

Modal Motions:
(@M +K)x, =0
Properties of eigenvectors

) 3 5 o 5 o
w; Mx,, = Kx,;, = o ijMxO,. = ijKxol. = xol.Mij = inKxoj

) 3 5 o
o Mx,; = Kxy; = @; X0, Mxy ; = X0, KX ;

(a)f - a)j2 )x(']l.MxO ;=0
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VIBRATIONS

Modal Motions:

Mi+Kx=0

Decoupling

x=Py7 P=[x01 Xop " x(),,] s MPy+KPy=O
P'MPy+ P KPy=0

x('),.Mij =0, x;)l.Kij =0

M, 0 - 0 K 0 - 0 )
0 M, : 0 K, p | Mpy+K,y=0

M), = . - Ky = : . .
: .0 : .0 Miyi+Kiyi:0

0 - 0 M, 0 - 0 K,
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VIBRATIONS
Case Study:

X, . m 0 2k -k
x= > Mi+Kx=0, M= K =

X, 0 2m/3 -k k
Transformation matrix:

2(3
—1 1 -1 1 XX, x _*(*J’l_J’z)
xm:{ },xm:{ }:>P:{ } y=Px:>{yl}= 3 PR L 5\2
1 3/2 1 3/2 V) x1+5x2 X,

2
S0 0)
5
-m 0 5k 0 .
M,=PMP=3  _ |K,=PKP=|, 5| =>Mpj+K,y=0
0 —-m 4
2 5
gmy1+5ky1=0
5 5
—mj, +—ky, =0
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