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Beam Deflection Using Real-time
Sensors



Beams at the small scale










\ What parameters influence
the beam deflection? 11:

Cantilever beam

o Force

o Length
S
o Material

Modulus of
Elasticity, E

o Shape of Cross Section

Moment of
Inertia, |



Modulus of Elasticity for
Typical Materials

Material Modulus of Elasticity
GPa

Structural Steel 200

Aluminum 72

Timber, Ponderosa 9

pine

Polystyrene 3.1

Polyester elastomer |0.2

(rubber)




Typical Moments of Inertia
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Typical Beam Cross Sections and the Ratio of | to the value for a solid
square beam of equal cross-sectional area



Moment of Inertia
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Beam Stiffness ]

P=ko

(a L°E1 )5

Relationship between load
and tip deflection

K Is a function of Length,
Young’s Modulus, and
Moment of Inertia
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Governing Equation
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1 d’y M(x) P(L-x) Boundary y(0)=0

N Conditions?
P dXZ = El onditions ﬂ 0

dx|,_,




Evaluating Delta and
Determining E

3 Linear Fit
mi Slope ) -111.20
b (Y Intercept ) h477
r -1.00
Standard Deviation m 0.38
—_— X —_— . Standard Deviaionb 0,17
— —
Linear Fit
i Slope ) -54 67
b (Y Intercept) 2662
r -1.00
7 Standard Deviationm  0.24
Standard Deviaionh 0.1

Linear Fit
m{Elope ) -33.90
e biYintercept)  16.00
r -1.00

Standard Deviationm 017
Standard Deviation b ooy

Compare Beam Stiffness for

Force, push positive( N ) 36 4 & % & @

different beam lengths from 5 AT

r -1.00
Standard Deviationm 010

expe”mental data Wlth 4 Standard Deviation b 0.04

theoretical solution.

b (Y Intercepty 477

r -1.00

Standard Deviationm  0.05
Standard Deviationh  0.02

Determine a best estimate of :

b (Y Intercept) 260
r -1.00

the Modulus of Elasticity of S 02

the Beam. \\
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