Pressure sensors

- definition:
_ d_F F .. force [N]
P= S S..area[m?]
1 atm = 100 kPa

2 ways of measurement:

p—> F— ¢ deformation element — change in dimensions

N\

direct (intrinsic) sensor Strain gauge



Basic principles of pressure sensors

p—>F €E—> ...
l direct « el.charge — piezoelectric
(intrinsic) « magnetic (L, ®)
Foe o optical (O. fibre sensor)

e @. resistance

strain type
Defor mation * bending
aement e strain, pressure
* shear
e torsion

Element type:

membrane | tube Bellows, drum

¢ converted to

N

Mech. strain: || position:

e strain gauge || * capacitive
* resonator e inductive
* optical

cantilever



1. Membrane with strain gages

- most widely used

- membrane deformation:;
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Action of pressureAp =p, —p, resultsin strain ¢ composed of:

G, -radia component

o, - tangential component



Distribution of radial and tangential
strain under pressure-deformation
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Metallic membrane;

* glued semiconductive strain gauges
» metallic foil strain gauges

« thick layer deposition technol ogy

c,=f,(r/R)
G, =ft(1’/R)



Strain gauge ,, roseta”

- ideal strain gauge (-foil) for membranes
- 2 sensors at periphery and 2 in the middie




semiconductive membrane

+ difusion implemented piezoresistors
- made by integrated circuit technology = cheap
- S, SIC, diamond

Substrate N

piezoresistors
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Thin-layer pressure sensors

-Separation of measured environment from the sensor = usee.g. In
measuring pressure in melting (transfer of deformation from outer durable

membrane via connecting rod)

1 — four beams = deformation element
1 2 — connecting rod from outer membrane
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Deformation elements with cantilever and bellows
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| mmer sible pressure sensor s

-Measuring of liquid level
- separation membrane, hermetic cable




— Silicon ail

s

01 membrane

Membrane sensor with separating membrane



2. Deformation pressure sensors - tubes

Bourdon tube
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3. Capacitive pressure sensors

- capacitor — usually differential
-Deformation element = pre-strained metallic membrane — serves as

grounded electrode
-Range: Ap = 1 mbar — 10 bar, total p up to 400 bar
N i A%
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Membrane

Differential capacitor with separating liquid




Pressure sensor with ceramic membranes

1- membrane

2 — central piece Al,O,
3 - hydraulic liquid

4 - electrodes

S - temperature sensor

0,1 %, max. 350°C
Range 2,5 to 300 kPa




MEMS sensor

Glass

electrodes

bp WIS

- returning membrane to
Idle position through
electrostatic force

- range —up to 200 kPa

- combination of Si membrane and capacitive sensor

Feedback sensor with bellows

Coil Bellows with cantilever Permanent magnet
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Moving Fixed Ring magnet
electrode electrode

Very precise and expensive




Connector

4. Piezoel ectric pressure sensor

Vibration
compensation
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Piezo crystals

I\

‘ W

1 ! 2
l J

.N\\\\\\\\

Amplifier

- mechanical pre-strain of crystal is
necessary
- vibration compensating necessary
- for measuring fast pressure
variations

(e.g. engine pistons)

Mech. pre-strain

Electrodes

membrane




/. Resonant pressure sensors

Surface acoustic wave (SAW)
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SiO,

Af = f(p)




Examples of pressure sensors

o (separating metallic membrane) SI measuring membrane,
piezoresistors, (integrated amplifier):
PTX 120

* Process pressure sensor: HART or current loop: Capacitive
STX 2100

 Resonant sensor ,, double fork*

Cressto, Druck, Y okogawa,...




3 Sensors - Microsoft Internet Explorer
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Sensors
i - STX 2100 Series
, 3! SmarHARTR differential pressure transmitter
o)

Product Selector

Chtpt
IPIease Choose vl

Application
I Process Industry LI

Ranges frorm 3.75 mbar to 20 bar
Accuracy H1.1%
16:1 rangeabilty

Line pressures up to 140 bar
2oire 4-20mA with HARTE protocol

Robust and modular design

@ Data Sheets by Post
@ Brochures
@ Register
Local zera and span adjustment

Wour e-mail for PDF data sheet. Click ance.

I Send |

At the heart of the instrument is a micro-capacitance silicon sensing element which floats remotely from the isolation diaphragr
Silicon has excellent mechanical properties, being perfectly free from hysteresis, and enables repeatability of better than 0.01%
achieved.

At the heart of the instrument is a micro-capacitance silicon sensing element which flaats remately fram the izolation diaphragr
Silican has excellent mechanical properties, being perfectly free from hysteresis, and enables repeatability of better than 0.01%
achieved.
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Principle: LVDT
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Piezoresistive pressure sensors

Plastic cover

Brass

- S
sensing

element

Printed Circuit

KELLER

SPECIFICATIONS (at 4 mA excitation)
Pressure Ranges (FS

Linearity

Stability

Operating Temperature Range

Storage Temperature
Temperature-Coefficients of...

- Zero (without Comp.)

- Sensitivity

1-20 bar

0,25% FS typ. 1% FS max.

0,5 mV typ. 2 mV max.
-10...80°C (optionally)

-20...100°C

0,05 mVI/K typ. 0,2 mV/K max.

0,01%/K typ. 0,02%/K max.




|ntegrated pressure sensors

— Pure CMOS bhased sensor

— cdlibrated to automotive
specifications
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