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Lecture 14w: Beam Bending

Lecture 14: Beam Bending
+ Announcements:
* HW#4 online and due Tuesday, Oct 16

+ Springs and suspensions very common in MEMS
+ Coils are popular in the macro-world; but not easy

: Le.cfur'e A{\odule 8 online to make in the micro-world
* Midterm is nearing: Thursday, Oct. 25 - Beams: simpler to fabricate and analyze: become
I will soon pass out materials associated with “stronger” on the micro-scale — use beams for
the midterm, including and information sheet MEMS

and old exams
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* Reading: Senturia, Chpt. 8
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CTTTTTTTTTTTTTTTToT T o T e Problem: Bending a Cantilever Beam
* Reading: Senturia, Chpt. 9 Y
. 1‘ Free end condition
* Lecture Topics: > 9 F
. / 9 1
% Bending of beams Clamped end ” |
¥ Cantilever beam under small deflections %' ! f h
% Combining cantilevers in series and parallel dy /{;(0_ 0 // x
% Folded suspensions I | > x
% Design implications of residual stress and
stress gradients * Objective: Find relation between tip deflection y(x=L.) and
_____________________________________ applied load F
. * Assumptions:
* Last Time: 1. Tip deflection is small compared with beam length
+ Went through Module 7 on Mechanics of Materials 2. Plane sections (normal to beam’s axis) remain plane and
- Now finish this normal during bending, i.e., "pure bending

3. Shear stresses are negligible
* Then, start a new topic: Bending of Beams

Copyright © 2012 Regents of the University of California 1



EE C245/ME C218: Introduction to MEMS CTN 10/9/12

Lecture 14w: Beam Bending

Bent Bear. | (bert by aplied externd fire)
A0 LTTCN

forces £ Howionts | omemiob equihbiv)
(o =

0 M
9L
A )

(° klflmm%ﬁk«;

Neachion %o (5
M’a’;gF(w‘) s y:F, (L)
e B T f
7Ra hopy |
F:ﬁw @fﬂbf}
g o Y ox ¢ *
Moot Mg Fliod) e ™E
e fe lefr Comd %W
e
Tobdl foag: FK'Fr"QuF'Fz 0/ _s\l;:ij %Mﬁﬁvaquf\(emwm.—‘op
050 Howeed : Mt gy + v/ NG ‘
D -FL4 F(f—fx‘)*o((:: o Mis U how Sidrers Is goroilad!
Mk S shifron A Cantloe,
(s ugndt 9= find i)

Copyright © 2012 Regents of the University of California



EE C245/ME C218: Introduction to MEMS CTN 10/9/12
Lecture 14w: Beam Bending

Beom Sgrod b Fure Gorolty ‘ Of coute, flae is a concepondihy axil Jﬁ;_g;

2 Coslden 1o J%hmf bowdel by Fe olorked Dy ExE ',
irer defibad Ly o6

L\ 0:)(.‘[’” \I’te’\ g
Mt 220\ noubal axis — sagiod lorgh=dx: RI9 (3 A L//‘ Ao
N’ar\z?" %M (ergﬁ.:a{L: dy,-%a(@ . ”(’Y‘%d]( — ﬁ‘d;(
Thus, Mo exid Shom@ z—:é : M)@ 2 ;l;%
< x d’)‘ R d:("(’)y 2
z C‘mpﬁﬁﬂ%
éf)(‘- 3
/ T gredtent oF sheo gorosker @ bardiy
owodd ! ~ in reqpone P A1 0 q5MY apple]
Thia, o o vomz el along beam rovod o F
A L. -
= €t ey 1
) / Cxmy ¥
oE
z é"fm 3 _RZ’

Copyright © 2012 Regents of the University of California 3



EE C245/ME C218: Introduction to MEMS

Lecture 14w: Beam Bending

= {'h&‘jnd Ko Sirersr (o momandr) Hrviph e ttrdores
ol kear
b
M: Sz [(Wde) 1) -2

-

& L= 1% Hovod of Trorka

/ v (#) ol
(5 emd bty
Wi~
Diftere.fiad Eﬁ&cf’]’o\ 4 B
Benotis

w( xd{
X

CTN 10/9/12

Wrdy of oo geoedric rladf onhpr
) (H-o»l uie SMady aneSe appriy
—_—

(os@-* 00% — ds: %@- ﬁ——’&? ds Hx

Ao e of e b — G B
tand= G %w ) Ex
ds:Rd§ = & ——%>

D\fm}m\g () o (2D

) Ofiz—f”—— D¢, Egn. 4
E"@ Sl At Beom

BOM’rP;

(v

S

énbfm Begim, W Concerivdd (ood

w M_\m,ﬂ MW’# Free end condition F
Clamped end y 1 v
condition: (! ‘)
At x=0: T
y=0 é x') L.

dy/dx = 0 1 |

Inkend Marodt @ position o M= -F (L-x)

(DIWJ'.' di,\l:‘: —E_(L"

hE €1 )

Copyright © 2012 Regents of the University of California




