ME242 - MECHANICAL ENGINEERING SYSTEMS

LECTURE 40:

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

C =(0 Undamped Vv F(l‘) — () Unforced ¥
C #(0 Damped F(l‘) + () Forced v
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VIBRATIONS - SEMIDEFINITE SYSTEMS

Case Study:

Bondgraph

1
1, =2m C % I,=m
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VIBRATIONS
Case Study:
State variable representation
k
p -1 - Vl__ﬂ(xl_xz)
| C > .
q q=X =X 2T
c_4 g
P C P =1y V2 =—(x] _xz)
m
P =10y,
Czl,l1 =2m,l,=m
k
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VIBRATIONS
Case Study:

Vibration representation

=v
2mi, +kx, —kx, =0
m¥, —kx, +kx, =0
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X . 2m 0 k -k
xX= =>Mi+Kx=0, M= K =
X, 0 m -k Kk
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VIBRATIONS

Modal Motions:

Mi+ Kx=0 Homogeneous
\ o Equation
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:
(@M +K)x, =0
Characteristic equation:

Az}wM4+ﬂ:o W’

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

5, (0)= eoxysin(w + )

i=1
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VIBRATIONS
Case Study:

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

Characteristic equation:

a)zzoﬁ x=1
2me* +k -k R AR

=
—k mao’ +k o3k |1
2 2m7 02 )

0(0)= H(CH bet)+ cz{_lz}sin(\/gt N ¢z]

A=l-0’M +K|=|
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VIBRATIONS
Linear systems representation:

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

First-order matrix differential equation
Vibrations
Analysis

Mx +Cx + Kx = F(¢)
Second-order matrix differential equation
(C =(0 Uundamped v F(z‘) — (0 Unforced YV
C#(0 Damped V F(f) + () Forced v
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VIBRATIONS - MODAL DAMPING

Modal Motions:
Mi+Cx+Kx=F

Decoupling (modal matrix P based on zero damping)

x=Py, P=[xy Xy - X, ——s MPy+CPy+KPy=F
P'MPy+ P'CPy+ P KPy=P'F
M—“-JFK- L= . ' '
lyl lyl f; inMij — O’ inKXOj = 0
M, 0 0 K, 0 - 0 A M- +Co vt Kov=F
i 0 M, : . 0 K, : F:f2 pY NDY pY=1p
: oo [P AR R C,p is no diagonal

0 - 0 M, 0 - 0 K 1
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VIBRATIONS - MODAL DAMPING
Special Case: Proportional Damping

C=aM + K

x =Py, P:[x01 Xpp o xOn] ——> MPy+CPy+KPy=F
P'MPy+ P'CPy+P'KPy=P'F

Xo:Mxy; =0, x0,Kx,; =0

oM, + K, 0o 0

0 aM, + K, :

- : 0 Mij}i+(aMi+ﬁKi)yi+Kiyi:fz"
0 0 aM,+pK,

Mpy+Cpry+Kyy=F,
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