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Lecture 15w: Beam Combos II

Lecture 15: Beam Combos IT

* Announcements:

+ HW#3 online, due Thursday, next week, 10 a.m.
% shorter time span than before

* Midterm Exam less than 3 weeks away, Tuesday,
March 21, 3:30-5 p.m., 521 Cory (right here)

* Reading: Senturia, Chpt. 9
* Lecture Topics:

% Design implications of residual stress and
stress gradients for folded-beam devices

* Reading: Senturia, Chpt. 10

- Lecture Topics: /%F—
% Energy Methods ~> | \

% Virtual Work ﬁ\,
% Energy Formulations % (544
% Tapered Beam Example

% Estimating Resonance Frequency

* Last Time:

* Finished mechanical filter spring combo example

+ Continue with Module 8 on Microstructural Elements
* 60 through slides 31-33
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* Important case for MEMS suspensions, since the thin films
comprising them are often under residual stress

* Consider small deflection case: y(x) « L
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Governing differential equation: (Euler Beam Equation)
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X N [ q'o 0 Wh M * Can solve the ODE using standard methods

% Senturia, pp. 232-235: solves ODE for case of point load

Y on a clamped-clamped beam (which defines B.C.'s)

ET d L2 (0:1 WH) % For solution to the clamped-guided case: see S.
4,&

Timoshenko, Strength of Materials II: Advanced Theory
and Problems, McGraw-Hill, New York, 3¢ Ed., 1955
* Result from Timoshenko:
‘t(hS(m )'hJW ba‘""' ' . pL-=2tanh(pL/2) y(x=1)
S>0 (tension) A = s - 7
Ty =1 P
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* Important case for MEMS suspensions, since the thin films
comprising them are often under residual stress
* Consider small deflection case: y(x) « L
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D T e F’i‘[r‘- shan ir Er, 'ﬂ% e chanblo, * Euler-Bernoulli beam theory works well for simple geometries
* But how can we handle more complicated ones?
proﬂdf AL;-: érLr * Example: tapered cantilever beam

- - * Objective: Find an expression for displacement as a function

@Th” Yor ﬁﬂﬁ,)\"f a (oad Yo e be?’"") Al=4ks of location x under a point load F applied at the tip of the
. free end of a cantilever with tapered width W(x)
. 1 —

@ B@ﬁry\ Skﬂ' L i ! \L 3_‘ Top view of cantilever's W(x) .
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