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Modal testing of components

https://www.youtube.com/watch?v=Fn9xPMsrrBs 3

https://www.youtube.com/watch?v=tlbGhKGpthM
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Satellite qualification tests before launching

https://www.youtube.com/watch?v=2jh3ViOpKqY

Test building resistance to earthquake

https://www.youtube.com/watch?v=hSwjkG3nvic
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Vibration testing on a bridge

https://www.youtube.com/watch?v=COOU3FPyOWY 7

Condition monitoring of rotating machines

https://www.youtube.com/watch?v=MgJIETjuapM 8
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PHYSICAL SENSING
MECHANISMS

Electrodynamic sensor

Voice cail
N Permanent magnet

Il @ \
Ut .

B=magnetic induction

dl
9 I=lenght of coil
\«@’ v=velocity of cail
B

Voltage measurement on the voice coil (V) = measure of the

between the coil and the permanent magnet o
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Piezoelectric sensor

Longitudindal mode Transverse mode

Shear mode

g

f Poling direction

f Deformation applied

« The electric charge is proportional to the strain
« This effect can only be used in dynamics
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Piezoresistive sensors

Metallic conductor

o
4

1

l
Sl
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L AL gauge factor

The change of resistance of the strain gauge is proportionnal to the applied strain
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Fiber Bragg Grating (FBG) sensor

. Broadband light source

/\ R A / Optical fiber

A

< — [[[I[I] ¥ |
t Reflected light X
]\ grating
| x=2nef,-'}'\'"' i
A!
[ — Strain applied
< i >[I on the grating

Oy
The change of reflected wavelength is proportionnal to the sfrain
applied to the Bragg grating.
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Capacitive sensor

C=£S/h Surface S
l

hI & E=dielectric permittivity

Ah
| AS

h] & h_ [ =

The change of capacitance is a measure of the relative displacement
between the two electrodes
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INERTIAL SENSORS

Measuring without a reference point

Electrodynamic sensor  Piezoelectric sensor ~ Capacitive sensor

N
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Accelerometer
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Piezoelectric accelerometer

T, -1

Ty w?
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Longitudinal mode Shear mode
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Accelerometer

High resonant frequency
Low sensitivity

"
5mV/g
1->10 000 Hz L(?w reson.o.n’f frequency
319 High sensitivity
1o 100 mV/g
1-> 4000 Hz
107 279
ﬁ 10"
5(.0 ry
o 10 V/g
Wy, 0.1->200 Hz
10 v 635 g
10

Frequency(radis) W, 19
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MEMS accelerometers

Airbags

[https://www.analog.com]

20
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Piezoresistive MEMS accelerometers

" | Good linearity, wide
¢ %o .\ M frequency range

Piezoresistive element

[Khir, 20111 Proof Mass

Cantilevers
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Capacitive MEMS accelerometers

i* M Good temperature stability
0 (no compensation needed)

[https://www fierceelectronics.com/I
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Xo

M, + ¢y + kx, = —My

In the frequency domain :
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Wn
Frequency(rad/s)
Functional region

of a geophone
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Permanent magnet

X

r

g

X,

Electrodynamic sensor to measure the relative velocity
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SURFACE SENSORS

Strain gauges

Quarter bridge

*ggiffv

\
https://hbm.com/

Half bridge Full bridge
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FBGS sensors

Surface gluing Surface mounting

(] MICRON

d OPTICS

Main advantages : Embedding
« Electromagnetic immunity

« Multiplexing capabilities _ @
jﬁ L%
- ""/

« Possibility to integrate inside structures

https://lunainc.com 27
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Piezoelectric patches

PZT ceramic

-Large bandwidth

-Cheap

Buft brittle ...

https://piceramic.de
28
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Flexible piezoelectric patches

https://smart-material.com

https://pifrance.fr
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NON CONTACT
MEASUREMENTS

29
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Laser vibrometers

https://www.youtube.com/watch?v=yRxYIfZUxW8 31
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Laser vibrometers

https://www.youtube.com/watch?v=tmFczbSyKDk
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ACTUATORS

https://www.pcb.com

34

https://www.youtube.com/watch?v=tBRjPN8m6zE

34
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Electrodynamic shaker

Excitation :
- Harmonic
- Periodic

- Random https://www.youtube.com/watch?v=nOEvs_g5Nhc
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Electrodynamic shaker

https://www.youtube.com/watch?v=u9CuzMAywbw 6

36
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Piezoelectric actuators

https://www.youtube.com/watch?v=34Kvg_4sgxg 37
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Piezoelectric actuators

SMASL @ ERAU

https://www.youtube.com/watch?v=w79wTb2z0QQ 38
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Force sensors

v

https://www.pcb.com

Longitudindal mode
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Piezoelectric stack actuators

Blocked F 74}
oCKed Force: \

https://www.youtube.com/watch?v=ruSKLI_FQiO 40
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Morphing wing dancing

https://www.youtube.com/watch?v=L5KKumkXTqgo M
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