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Lecture 16: Energy Methods T—-——’—' )
- Announcements: Tencimed S}"‘% [ N”"r’(‘“'a@}

- HW#4 online and due Monday' March 14, 5 p.m. * Important case for MEMS suspensions, since the thin films
* Module 9 on Energy Methods online comprising them are often under residual stress
- Midterm Exam, Thur‘sday, March 17, 5:10-7 p.m. * Consider small deflection case: y(x) « L
in 3107 Etcheverry o X .
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* Passed out old midterm solutions and went through ‘ : ¥ 7
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* Reading: Senturia, Chpt. 9 F
- Lecture Topics: Governing differential equation: (Euler Beam Equation)
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Axial Load Unit impulse @ x=L
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% Design implications of residual stress and

stress gradients for folded-beam devices Covsidor Ko & shat kG Yrde oxidd Sy
* Reading: Senturia, Chpt. 10 L* ———6,
- Lecture Topics: <—r—"/
% Energy Methods = po efeh m Tk oHffren
% Virtual Work Lon Habagm i shaght-
% Energy Formulations .. b chon Y Laam w5 bt
% Tapered Beam Example i
% Estimating Resonance Frequency Thin beam A W

+ Last Time:
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+ Deriving the differential equation governing the < ‘0/ N W 0 M

behavior of a tensioned beam R
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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

Governing differential equation: (Euler Beam Equation)
d*y dy
-S
- d,\ dx’

=Fo(x—1L)
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Axial Load Unit impulse @ x=L
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* Can solve the ODE using standard methods
% Senturia, pp. 232-235: solves ODE for case of point load
on a clamped-clamped beam (which defines B.C.'s)
% For solution to the clamped-guided case: see S.
Timoshenko, Strength of Materials II: Advanced Theory
and Problems, McGraw-Hill, New York, 3 Ed., 1955

* Result from Timoshenko:

S > 0 (tension) —> &~ = PL=2@MNPLI2) _ y(x=1)
.,

S < 0 (compression)

—~ = —-pL+2tan(pL/2) y(x=1L)
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* Euler-Bernoulli beam theory works well for simple geometries
- ’Gﬂf] defermre §° * But how can we handle more complicated ones?
. ’ P4 ‘(’Lo,. hndde * Example: tapered cantilever beam
@ I'F 'P-‘“l‘y' e S ¥ eXDcﬂdr‘ * Objective: Find an expression for displacement as a function
Al & L of location x under a point load F applied at the tip of the
bY s oS free end of a cantilever with tapered width W(x)
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