EE 245: Introduction to MEMS CTN 10/22/09
Lecture 17: Enerqy Methods

* Announcements: * Today:
* Lecture schedule for the next 4 weeks: * Reading: Senturia, Chpt. 9
* Lecture Topics:
Monday Tuesday Wednesday | Thursday Friday
Oct. 5 6 7 8 9
Lecture Lecture Discuss
5-6:30 3:30-5 3:30-5
241 Cory | Moffitt Moffitt % Design implications of residual stress and
12 13 14 15 16 stress gradients
Lecture Discuss Y Energy Methods
5-6:30 3=30.-5 — Virtual Work
241 Cory A — Energy Formulations
19 &g 21 e 23 — Tapered Beam Example
Lecture | Lecture Lecture — Estimating Resonance Frequency
5-6:30 3:30-5 3:30-5
241 Cory | Moffitt Moffitt CTTTTTTTTTTTTTTTTT T
26 27 28 29 30  Last Time:
Discuss Lecture
3:30-5 3:30-5 * Important for %ﬂrﬂmm&?m the thin films
. . isi m are resi stress
Moffitt Moffitt . wdzrmmll deflection cose: y0o) = L
Nov. 2 3 4 5 6
Lecture | Midterm Lecture L 5
5-6:30 | 3:30-5 3:30-5 /
241 Cory | Moffitt Moffitt
* Midterm Exam: L . . 4 .
% Tu, Nov. 3, during regular lecture Governing differential mm:" (Euler Beom Equation)
% 1.5 hours, but might go longer EI 5?4}’_ ‘d'*?=F5(x—L}
* HW#5: Get it off the web later today " dxt / dx”
Axial Load  Unit impulse @ x=L
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* Important case for MEMS suspensions, since the thin films
M'r'Mfom)/ﬁ (V-I-JVM?( M‘( o) comprising them are offen under residual stress

Consider small deflection case: y{x) « L

L O
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dﬂ Vdr:0 d/T v (2} Governing differential eq.lnﬂur (Evler Beom Equation)
. 4
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N adornd lnd * Can solve the ODE using standard methods
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% Senturia, pp. 232-235: solves ODE for case of point load

lamped-clamped beam (which defines B.C."
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More Govoud Gooelner )

* Euler-Bernoulll beam theory works well for simple geometries
* But how con we handle more complicated ones?

* Example: topered cantilever beam

* Objective: Find an expression for displacement oz a function
of location x under a point load F applied at the tip of the
free end of a cantilever with tapered width W{x)

Top view of cantilever's Wix}
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* 6o through Module 9 pages 10-18.
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