Find 4 natural frequencies,

Mode shapes
m, U, k+k, -k, u, 0
m, u, N -k,  k+k; -k Up | _ 0
m, U, -k, ks+k, =k, || ug 0
‘ m, || U, -k, k, ||u, 0
M: Mass Matrix_ | K: Stiffness Matrix

det[ -»’M+K =0, [-&’M+K]A=0

det[ -&*1+H|=0, [-0’1+H]A=0

They look like this (equal k’s, equal m’s)




Mode Shape Orthogonality

~o'MA +KA =0
—?AMA + A KA =0

~0’AMTA +AK'A =0
~0’A*MA +AKA =0 @
—cojzl\/IAj +KA =0

2
~?AMA +A+KA =0 @
(07 ~0F) 4 =0
AMA =0i# ]

Initial Conditions u(0)=u,, U(0)=v,
u(t) => [a cosat+b sinat]A
u(0)=>.aA =, u0)=> wbA =Yy,

2 3A*MA =a;A;MA; = A;My,

—a. = Aj.MgO

L AMA
2 @b A MA = 0b; A <MA; = A My,
—p =AM

,—m AMA =0i= ]




Forced Vibration (Periodic)

F(t) = Fysinost

External Forcing

y(t) =Y,sinw,t

Base Excitation

Typical Response
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Transientvibrations uy(t) at
the natural frequency.
Depend on 1.C. These decay
exponentially with time.

DA,

Steady-state Vibrations u,(t)
at the forcing frequency
Independent of I.C. These
do not decay.

Total response: u(t)=up(t)+up(t)

Amplitude of the steady-state vibrations is (very) large if the
forcing frequency is at or near the system natural frequency.




F(t) =R sinot

The Steady State
Response:
Undamped
%ilzj+aﬁu =|Eosin(a)t)
u)=X sin(cot) X :Fl—z;)z/;(a)%

~@' Amplitude X - as o — w,
L A

Amplitude ]
static disp 4]
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