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Lecture 18: Resonance Frequency II

* Announcements:

* Module 10 on Resonance Frequency online

* Module 11 on Equivalent Circuits online

* 6raded midterms coming back today with solutions
* Also, will show Z-scores

+ HW#5 online soon

* Project described today (info online)

* Reading: Senturia, Chpt. 10: §10.5, Chpt. 19
* Lecture Topics:
% Estimating Resonance Frequency
% Lumped Mass-Spring Approximation
%, ADXL-50 Resonance Frequency
% Distributed Mass & Stiffness
% Folded-Beam Resonator
% Resonance Frequency Via Differential Equations
* Reading: Senturia, Chpt. 5
* Lecture Topics:
Y% Lumped Mechanical Equivalent Circuits
% Electromechanical Analogies
* Last Time:
* Determined resonance frequency for a lumped
mass-spring system
* Now, look at a distributed system
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* Vibrating structure displacement function:

j\y(x, 1) = p(x)cos(wr) - h
L F

Maximum displacement function y(x) % L
(i.e., mode shape function)
Seen when velocity y(x,1) = O

* Procedure for determining resonance frequency:

% Use the static displacement of the structure as a trial
function and find the strain energy ‘W, ., at the point of
maximum displacement (e.g., when t=0, n/o, ..)

% Determine the maximum kinetic energy when the beam is
at zero displacement (e.g., when it experiences its
maximum velocity)

% Equate energies and solve for frequency

Gt Pastivnns Kinehc Brogy |
ardlagiby: Wbust) s 9%‘)1? - A9 S

)ag«m"’

(x t)=0

\\
/7

\\\‘

A
f44

|

T
§: %
/‘/f/i

-/ quocify topographical mappin
Gl g W £)=0, S Ha or0gy b Ho Pructure
is kirefic: (=0, A= m'x)

4 %
vix, IZM{)TF) : -wa’," (x)
\’C -(-.“ X0, :w /-




EE C247B/ME €218: Introduction to MEMS Design

Lecture 18w: Resonance Frequency II

%

. a0
W W - Wy () K‘%}T
h dhFe b [V O]
I Am= f;[wu,)
_’| ax |'— dongihy
M4¥fMAm 7(_ .
%mbt ; j L-ALFWA#NZ(YJ'&) : So %thwzi’étxﬂzi?‘
)
To gA Segeoncy:
%-Wy : ,h/vyw;(

Jon | e
g;{,;,oqu[@‘w’ay
W: vadian Kimine 61"'2000‘31_

Wipax > M xium pdonhad orogl.
(= ity of Ko Shrucimad wafeid
W= beon coidth

b ° “ o Hhickroy,

9(«/= resanan@ mdo shaps

CTN 3/29/16

Copyright © 2016 Regents of the University of California

[Resvra10 rag, of s Folded-Beam Rermde )

eqd Folded-beam g
\
M ‘°°M suspension z .

Folding
truss w/
mass M;\2

Anchor | - thickness

* Derive an expression for the resonance frequency
of the above structure
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