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Displacement Sensors

Potentiometer
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Issues:

* Noise

e Linearity

* Resolution

« Measurement range
e Lifetime

» Discrete steps
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Displacement Sensors

o Differential Transformer
Issues:
« Measurement range
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Rotation/Displacement Sensors

 Rotary capacitor

A(6)

C =Kg,

Issues:

« Measurement range
\ e Linearity

Stator plates

;

Rotor plates
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Rotation Sensors

« Digital angular encoder Binary encoding of angle

e.g., 4-bit encoder
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Issues: 1110

« Quantization 1111
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Today’s topics

« Measurement sensors

— Velocity

— Acceleration
— Force
— Torque
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Velocity Sensors

* A changing magnetic field induces a current in a coil of wire proportional to the
rate of change of the magnetic field and the number of windings

o o
é
V, (1) = f(v(t))
N
o)
[ ]
V

4/1/2007 Stevens Institute of Technology - All rights reserved 18-7/127



Velocity Sensors

* A changing magnetic field induces a current in a coil of wire proportional to the
rate of change of the magnetic field and the number of windings

2 O
é
Vo (1) = (v(1))
N
O Issues:
o » Effects of displacement, as
v well as velocity
 Linearity
 Measurement range
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Velocity Sensors

* Doppler shift

Sensor/

Transducer

Emits signal at f,

|
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Velocity Sensors

 Doppler shift

Transducer

Emits signal at f,

\Y

| f.—f |:& Where v is the component of
2 velocity in line with sensor

Vo for sound is ~1 ft/millisecond fi=v Where v, is velocity of wave
v, for light/RF is ~1 ft/nanosecond in media
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Displacement Sensors

* Doppler shift

NIRRT

Sensor/

Transducer

Emits chirp
signal at f(t) f(t)
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Velocity/Displacement Sensors

* Doppler shift

NIRRT |

v

Sensor/ Mov_lng of
stationary
Transducer !
object
Emits chirp ’
Y,

signal at f(t) f(t)
Reflected chirp frequency
depends on distance to target
1 (time delay of chirp) and

velocity of target (as before)
f(t) /I/I

v
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Velocity/Displacement Sensors

* Doppler shift

NIRRT

v

Sensor/

Transducer

Emits chirp
signal at f(t) f(t)

f(t)
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Reflected chirp frequency
depends on distance to target
(time delay of chirp) and
velocity of target (as before)

Applications:

* Bat’s method of sensing prey
* Non-contact materials sensing
* Medical doppler ultrasound

* Weather doppler radar

» Geolocation/navigation
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Acceleration Sensors

» Acceleration is a derivative of velocity, second derivative of displacement

Displacement
sensor

Velocity
sensor
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Acceleration Sensors

» Acceleration is a derivative of velocity, second derivative of displacement

Displacement
sensor

oise and
Velocity discontifuities are
sensor accentuated
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Acceleration Sensors

* Piezoelectric (F=ma) sensors

Conductive
plele Vou(t)

Piezoelectric
EWEEL
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Acceleration Sensors

* Piezoelectric (F=ma) sensors

Conductive
TraFnosr\::e;rse plate V()
— Piezoelectric

EWEEL

O

Force causes flexing of device,
Longitudinal generating output signal
Force
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Acceleration Sensors

Piezoelectric (F=ma) sensors

Vourt)

Piezoelectric

EWEEL

O

Accel_eratmg Sojecl Movement of object causes
being sensed acceleration of sensing mass,
generating force on piezoelectric

sensor
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Acceleration Sensors

* Piezoelectric (F=ma) sensors
Other applications:

» Motion sensing game controllers
* Vehicle braking, stability sensors
» Hard disk drop sensors

* Autonomous vehicles

Vour(t)
Piezoelectric
material

Accelerating object
being sensed

Movement of object causes
acceleration of sensing mass,
generating force on piezoelectric
sensor
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Acceleration Sensors

» Strain gauge accelerometers

Strain
gauges

Tends to stay at rest

Cantilever beam
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Force Sensors

e« Cantilever beam

_ Force
Strain

gauges

Cantilever beam

E232 Copyright ©2007
4/1/2007 Stevens Institute of Technology - All rights reserved

18-21/27



Force Sensor

* Hollow cylinder

/Strain gauges
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Torque Sensor
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Torque Sensor
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Torque Sensor
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Next time

 More measurement sensors
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Homework 7

 Problems 8.2, 8.7, 8.10, 8.27, 8.29
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