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“Mlicrosysiern Tecnnology”

. E uma estratégia
que utiliza 0s mesmaos User
principios e técnicas da * 3
microeletrdnica para a F 5 e tft
miniaturizacao e

Integracao de sistemas YT ﬁ Sigual processing
e componentes l
elétricos, mecanicos, . Mt
acusticos, magnéticos, l '
oticos, termicos,

quimicos ou bio-

tecnoldgicos

MICROSYSTEM

VAR A

| D (AR

\

Microworld
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Aplicacoes Dos Mlicrossis

Automotiva /Transporte

Tecnologia da e i
Informacéo, Periféricos il a{i‘ gy ini

Telecomunicagoes Cr:rrnpu e \
. . . et
Medicina / Biomedicina  é ‘

ﬂ'_l.
Meio ambiente / Consumer (5
Processos industriais "

Artigos de consumo/
Entretenimento

Outras Aplicacoes -
(Defesa, Aeroespacial) | [ieowiesions]  [Photonica)  [Feefwialisss)
MICROSYSTEMS PACKAGING

q.

f‘ = i |

Software. Apphicallons. Sorvices
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Vercado de

EMSIMIST

Consumer Electronics
Automotive

Medical and Biosciences
Environmental
Domestic (Household)
Automation & Industry
Aerospace/Space

Traffic Control

Safety & Security

Microsystems - World Markets

World Market $Billions

THH 1

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

m Existing Markets m MNew Developments @ Unidentified Products
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CSMART SYSTEMS”

Cost 4
per Unit

\
$ 1000

Medical Device
Technology (MIS)

Automotive
Sensors
N

>

1K 10K 100 K
Quantity of Units per Year
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Historico de desenvolvirmentos na area autornotiva

T : Q Automobile in 1769 by Captain Cugnot

. O Spark plug in 1902 by Robert Bosch
: O Multi-media systems in 1932 - AM Radio
| OFrom7Vto14Vinmid 50

= O Manifold air pressure "MAP" sensor for engine control in 1979

_ : O Airbag system in 1961
@ In 2000: 40 million cars produced
O Electronics part of total costs

* 2% in 1980

#* 10-15 % in 1997

# Today some cars ~ 30 %

O Auto electronics world wide markets $90 billion in 2000, 2007
estimated to be $145 billion

©9in 10 chance that next market-released innovation is
influenced by electronics

O Electronics is blind, deaf and dumb with out sensors
MST Automotivo
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s e MIST na area autornotiva

Areas de aplicacéo atuais de microssistemas integrados dentro do setor
automotivo sao:

— Conforto do veiculo: acionamento de funcdes por voz, sistemas sem
chave, ar-condicionado, vidros elétricos, cadeiras e espelhos
Inteligentes, etc;

Controle operacional: Sensores de pressdo no motor, nos pneus, no

freio, sensores para monitoracdo de qualidade do oleo, controle ativo
da suspensao, etc;

Controle ambiental: sistemas de injecao eletronica para o controle de
queima de combustivel e emissao de poluentes, sensores quimicos;

Seguranca: sensores aplicados em sistemas ABS e “Airbags”,
sistemas de assisténcia ao motorista, sistemas eletrénicos de
navegacao, sistemas de auto-diagnostico.

MST Automotivo
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Fatores ce MIST na area Autornotiva

Reducao de Custos e de insumos

— Devido a alta competitividade da industria automobilistica o fator de reducéo
de custos é fundamental, utilizam-se entdo processos de fabricacdo em massa e
de miniaturizagdo integrando sensores e eletrénica.

Confiabilidade

— Alintegracéo e miniaturizacao reduz a quantidade de interfaces e conexodes. As
interconexdes sao o ponto fraco em aplicacdes que para ambientes hostis,
Microsistemas fornecem uma maior confiabilidade ao produto

Tamanho e peso

— Devido a miniaturizacdo o tamanho fisico e peso € diminuido, ganhando

espaco nas placas de circuito impresso e permitindo o aumento de
complexidade.

Funcao

— O progresso da Microtecnologia e da integracéo resulta num aumento de
funcionalidade dos microsistemas permitindo a incorporacao de formas de
auto-teste auto-protecao, auto-calibracéo, etc.

Energia
— A reducao de energia gasta por microssistemas é evidente

MST Automotivo
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< Enhanced safety:
- reducing traffic accidents
- alleviating accident damages
- preventing secondary accidents
< Improvent environment:
- reducing traffic congestion
- reducing pollution
< Smoother traffic:
- Improving transportation efficiency
- iImproving facility usage
- managing traffic demand

MST Automotivo




Mlicrotecnologla ern Autorndvels Modernos

Smart rear-view mirror | Roll-over sensor

Distance warning radar

Headlamp-
levelling
device

Suspension
acceleration sensor

Seat memory

Sensor for side airbag

Tire pressure sensors

Senses for the car

MST Automotivo
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Sensor/Smucture

Btatus

Presanca
Walve
Displacement

Limited Prod.

Future
Future

WST Oppiity
Low

Low
Lowy

Mass Air Flow
Temperatune
Humigdity

Air Quality

Futu re
Procuction
Future
Future

Medium
MadiLirm
Medmim
Medium

Compressor
Control

Pressure
Temperature

Production
Production

High
Lioww

Security

Prraacirnity
Motion
Vibration
Dizplacarmant
Kayiess Enlry

Limited Procd.
Limited Prod.
Limited Prod.
Lismiited Prod.
Lemited Prod.

Lowy
Medium
Medum
Lo
Medium

Windshield
Wipers

-
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Optical
Optical

Limited Frocl.

Futiire

Meaciurm
Medium

Oporiunidades ern MIST Autormotivo

‘i!:pm 1: Applications of MEMS/MST - Comfort, Convenience, Security

Sensar/Struciure

Status

MET Opptnty

| App.
Coolant System

Temperature
Lavel

Froduction

Limited Prod,

L
Lires

Tire

Pressure

Limitad Fred.

High

Engine Ol

PressLna
L&yl
Contamination

Praduction
Praduction

Limited Prod.

High
L et
Medium

Brake Systarm

Pressung
Level|

Limnited Pred.

Future

Higih
Low

Transmisslon
Fiuid

Pressuna
Level

Limited Prod.

Future

High
Leow

Fuel System

Pressure
Level
Pressure [Vapor)

Limbted Prod.

Future

Limited Presd.

High
Low
High

Vahicle Speed

Valociy

Productich

Medium

“igure £: Applications of MEMS/MAST - On Board Vehicle Diagnostics [1]
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Oporiunidades em

MST

ARR.

| Sensor/Struciure  Stalus

MET Oppinty

Digital Engine

Contral
Fuel
Cylinder
Manifold -MAP
Baromeatric
Eng Knock
Mass Alrfiow
Exhaust
Crankshaft
Camshaft
Throttle
EGR
‘Fuel Pump

Taigue

Lavel
Prassurs
Presaure
Pressiirs
Wibratian
Flguy
Gas Analysis
Posgition
Position
Paosition
Fressura
Fresaure

Torgue

Froductsan
Future

Froducton
Froduction
Production

Limited Frad,

Froduction
Major Prod.

Lirmited Frod,
Limfted Prod,

Froducton
Future

Limitad FProa.

Lo
Pted ium
High
High
WiediLm
miedium
Loy
Medium
e iLary
MWled jurm
High

AUtornotlvo

High

‘SensarfSrcine

Miedium

Contnuously
Vargahle
Transmission

Tamperatura
Pressure
Microvalve

Futura

Lirnmed Prod.

Future

L
Hign
Lo

Fuel Injection

Pressyne
Nozzle

Limnted Prod,
Limited Frod,

High
Higlh

Diesel TurboBoost

Fressure

Limited Prod,

High

Figure 3: Applications of MEMS/MST - Engine/Drive Train [1]

Steering Position
Whee| Rotation
Pressurs
Acceleration

W |ve
Accelaration
Rate
Displacamant
Rollgver

Airbag Actuation

Acceleration
Press -Canlgter
Press. -side Impa,

Seat Oocupancy,
Passenger Position

Presence/Force
Displacement

Seathelt Tenzoner

Accaleration

Cbject avoldance

Presenca/Displa.

Navigation

Yaw RateiGyro
Wheel Rotation

Road Cond itlen

Optical

Figure 4: Applications of MEMS/MST - Safety [1]
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e Monltoracao d

Tyre Pressure Monitoring

T IIIYY

O Pressure monitoring
» Safety
* Fuel economy
* Possibility fo dispose the spare fire
- Fueleconomy
- Cost savings
A ) pressure sensor, signal conditioning, RF-stage
& O Question lies on whether microcontroller would be external or internal
* Exiernal

= Flexiility
- Curmrent consumption
- Cost

#* Infernal

- Cosl
= lark of Aegibilite

Automotivo
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| (lat Motorola

Remote sensing module

o

Tire Pressure Monitoring System Enabling Chip Set

REMOTE SENSING MODULE (RSM) MCEEHCO08RF2
MPXYS020A6  MCBBHCI0SRF2 RKE é
A"D

F'LL UHF Trans

Module Timer

Install :
against — - 2I< Flash LV
rim edge - '_

Low Valt Datect

Automotivo
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Slsterna ca Vlotorola (2)

TYXXY!

Sensor internal state machine manages four
different modes: P Cell Analog

1.The pressure measurement mode: A mode Circuit
; : T Cell
in which the pressure cell, and the C to V
converter are activated Digital Circuit

2. The temperature measurement mode: In
this mode the temperature cell (a PTC
resistor) and its conditioning block are
activated. The Motorola TPM sensor block diagram

3.The standby mode: All analog and digital
blocks are switched off, except an internal
low frequency oscillator that sends a
wake up pulse over an output pin to the
controller periodically (every 6 seconds
for example)

4.The read mode: After passing through
one of the two above measurement modes,
the measurement is stored in a sampling
capacitor. The read mode activates the A ——
to D converter and enables the controller ﬁu A A Al |
to read serially the measurement. e
MST Automotivo
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Carrc

O Goal is keyless automobile

O |dea is to implement to today's RF transmitter low frequency
LF receiver and transmitter

# Small working distance, 1.5 m, magnetic field
# (an detect whether device is inside or outside the car

L [ AR A A A

1. Trigger system by door handle sensor or
mmmnﬂn

2. ECU sercls LF-challenge via exterior I
antenna.

L ,1 %E'ﬂﬂﬂlﬂmmmm I
]

| 4. Doors are uniocke d automatlcally |

ﬁ Q | 5. User pulls open the door.

MST Automotivo
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20 rotorista

Vehicle Guidance
B Active Cruiser Control
« Contralling speed and distance between vehicles
B Heading Control
« Controlling lateral vehicle position
Navigation

« (uiding drivers through unknown areas
« Additional information about the area or traffic situation

Adaptive Light Control
« A system regulating the angle and focus of the headlight beams
Situation Adaptive Drive Management

« Intelligent combination of traffic, vehicle and driver information
determining a fuel-efficient driving strategy.

Friction Monitoring
« System detecting the frictional coefficient between the tires and the road.
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Direclonarnento do Velculo

@& Active Cruiser Control ® Heading Control

B system assists the driver especially B System assist the driverin
on highways in maintaining following maintaining the lateral dynamic
distances and vehicle speeds stability of the car and to stay on
adapted to the respective situation course
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® Global Positioning System (GPS) transmit radio signals which enable a
position to be defined to within an accuracy of at least 100 meters

Automotivo
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Collision
Communication Avoidance

Interface Bus
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Rear
> Detection

& Sensor

AEAAN

MST Automotivo
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e Transducer: convert

energy from one form to
another

Definition includes
sensors and actuators

MEMS permits
integration of sensors,
actuators, computation,
and communication into
one batch-fabricated
device

<

MST Automotivo
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Mlicrotecnologia na Industria Autornotiva

L

Smart rear-view mirror Roll-over sensor

Headlamp-
levelling
device ¢

Suspension
acceleration sensor

Seat memory
Sensor for side airbag

Tilt sensor/interior protection

Wheel speed sensors for ABS
| Tire pressure sensors

Senses for the car

MST Automotivo
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Sensores Autornoilvos

Courtesy of 0. Thoras,
Perkire Elrner Bpplied
Bi osysterns

Inertial Navigation Sensors o ; Applications for Automotive
= Acceleration

* Yaw Rate L Operation & Safety

- H Bl Micromachined
Silicon Nozzles = 1o 4l Accoleromoler _rbag
Tor Fuel Injection W . g for Alrbag Side Irnpsc
- ; ] Tensor
A Microptiomes
\or Halee “uml Serwors
. iyl

= Vapor Pressune

= Sium -

Ak Cardibonng ——.
Comprasso
Seasor

Banrzlid
Ll

Prassure

P'ru::u'un:.nd Irezsrtul
Sansors for
Braking Contral

MST Automotivo

T
-
-
-
>

. D
-
-
-
-

s

-
-
-
-
-
-
-
-
-
.
-
-
-
-
-




Arnolente térrico no autormovel

129° C Ignition
Engine Compartment Surfgce 150° C Alternator

Closeto Engine 120° C

Engine Compartment
Remote from Engine 105° C

En\lno - 140°C

Exhaust
System 587°C

Exterior - Accessible
to Splash, etc. 70° C Engine Oil 148°C

Transmission Qil 148°C

Road Surface 66° C

Typical Contmuous Yibwation Fluid

Location MMax Temperature Leval Exposiare

<n Engina

on Transmission 1407 C Upto 10 Grms Harsh

At the Engine

1252 C Upta 105 Harsh
{Intaka Manifold) pio 1lrms ars

Undernoad - .
Nesr Engine 120% 3-5Gms Harzh

Underhiood
Remate Location 1057 -5 Gms Harsh

Extenor TR 3-5 Zms Harsh

Fassenger
Comparrm et

MST Automotivo
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Sensorese MIST

< Sensors increase fuel effience and reduce emissions
< Sensors increase safety and comfort of the driver
< microfabrication technologies reduce the cost of sensors

< microfabrication technologies increase functionality and
reliability of sensors

year 1990
electronics 7%

+ Pressure sensors

< Mass flow sensors
< Accelerometers
+ Angular rate sensors

MST Automotivo
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Pressure sensors

< first micromachined system used in the cars

< the core is a silicon chip which integrates the transducer element
(membrane) and electronics

< a pressure difference across the membrane induce a mechanical
deflection of the plate

< in the middle of membrane are 4 piezo-resistors, forming a
Wheatstone bridge(deliver 100mV signal)

< the pressure can be applied to the front or the back side

MST Automotivo



Dlversas

Os sensores de pressao sao
utilizados em:

Medida da pressao
Barométrica;

Pressdo de Oleo em Motores:
Pressao nos bicos de Injecao,

Pressao nos sistemas
exaustao

Monitoramento da pressao
hidraulica do sistema ABS;

Monitoramento da pressao
em compressores de ar.

MST Automotivo
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LEYEL OF INTEGRATION

0 Tecnologica

¥y u

i

100200 iPa 700 kPa
ABSOLUTE DIFFERENTIAL

THIH

FILmM
BiCMOS

THICK

FILM
BIPOLAR

| |
| I
1990 1996
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1991 . ™.
1999 B
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Pressdo Absoluta Pressdo "Gage"

Pressao Pressao Pressao de Pressio
Zero de Referéncia de <

Entrada Entrada

Referéncia de Local de
Entrada Entrada

Pressdo de Pressdo < > Presséo Pressao

Pressao Diferencial Pressao Diferencial
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Os sensores de pressao sao o
primeiro produto MEMS/MST a
ser produzido em larga escala.

A Piezo resistividade € um
propriedade dos materiais onde a
resisténcia de corpo € influenciada
pela tensdo mecéanica aplicada ao
dispositivo

Piezo resistores comuns:Si, Si
poly, Si02

Projeto tipico: 4 piezo resistores
em uma ponte de Wheatstone num
diafragma de Si

Sensibilidade de presséo:
(mV/V-bar): S =(AR/AP)(1/R)

Sensores De Presséo Plezoresist

Implanted piezoresisti

\is)s

ve resistor Thm film aluminium conductor

Square chaphragmé’( _____ :

D1a|3hragm chip \\\

{4

Support chw\k |

A

Pressure part

MST Automotivo

ha Glass sealing

r#— Glass tubing

- Gold wire bond
Bonding pad
Epitaxial layer
Etch stop layer
- boron doped

Glass
sealing
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Os sensores de pressao sao o
primeiro produto MEMS/MST
a ser produzido em larga
escala.

A Piezo resistividade é um
propriedade dos materiais
onde a resisténcia de corpo é
influenciada pela tensao
mecanica aplicada ao
dispositivo

Piezo resistores comuns:Si, Si
poly, Si02 e ZnO

Projeto tipico: 4 piezo
resistores em uma ponte de
Wheatstone num diafragma de
Si

Sensibilidade de presséo:
(mV/V-bar): S =(AR/AP)(1/R)

Silicone Gel Die Coat Pressure

Wire Bond

Lead Frame

Pre-Molded Plastic Case

MST Automotivo

lezoresisiivos (Motorola)

Silicone Die Bond




Alguns Se

Sengor chip  Membrane
T Wire bonds
|

housing

Tntake maniitold
presure

Cross section trough MAP
pressure sensor

Integrated pressure sensor chip
MST Automotivo
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Deposilt a thin layer
of sllicon on top of
slllcon wafer. Form
oxide layers.

Form resistors by
diffusing impurities.
The resistors are
sensitive to strain In
the materlal

Add metal contacts

Etch diaphragm
around central pillar

Bond to a glass
plate and attach to
a ceramic substrate.
Wire to connactions
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sensor Integraco de Presséo
Abordagem tecnologica que combina a tecnologia CMOS e
micro-usinagem de corpo para sensores de pressao.

Metodo digital de correcéo de erro devido a variacoes de
sensibilidade e de temperatura

Utiliza EEPROM para armazenamento dos dados de
calibracao

Melhorla na preusao e establlldade do dlsp03|t|vo

MST Automotlvo
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Presséio Programavel

Sensor_signal Condifioning

SENSOR

Po-

4

PROGRAMNING
VOLTAGE

TRIMMING
CIRCUIT

A

L#]

 pe
timming
pins

signal pins
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Condic

parison of Various Sig

Parameter
Circuit
complexity

Process
complexity

Component
costs

-

IC

lonarnento de <

Two-Chip
Thick-Film
Laser

Low

Low

Highest

Two-Chip
Thin-Film
Laser

Low to
moderate

Moderate

High

One-Chip
Thick-Film
Laser
Moderate to
high
Moderate to
high
Low

Sinal para

One-Chip Analog
Correction with
EEPROM

High

Moderate to high

Low

| Sensor

nal Conditioning and Error Correction Approaches

One-Chip Digital
Correction with
EEPROM

High

Moderate to high

Low

Pressure range Moderate Moderate Moderate
adaptabilit

Trim after gel
and/or
packaging

Ability to do
multi-order
correction

No Yes Yes

Yes, with difficulty

Very high

Resolution High High High High Moderately high

MST Automotivo 37



AC

< are the heart of any airbag system
<+ 3 type
= With piezoelectric ceramic
= with bulk micromachined accelerometeres

= with surface micromachined accelerometeres
< functional principle: |

= the mass is suspended by the polysilicon springs

= the movement of the mass is being measured as a capacitance
change between fixed and movable electrodes

= measurement range .
~ 50qg for front airbag
~ 100g for side airbag

Accelerometer for front airbag  __
MST Automotivo
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s e Rotacéo angular

2

< ESP systems compare the driver wish with the real behaviour
of the vehicle

< the angular rate sensor measures the rotate of the car around
the vertical axis

< the system assist the driver by braking wheels automatically
and independently to bring the car back on track

< EST use: steel cylinder,quartz or silicon technology

+ all this sensors use coriolis forces to measure the angular rate
i, gy Surface

Micromachined /£ &2 %+ Micromachined
angularrate & '_-' L T o~ angular rate

for EST Ty for Navigation
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Medidores cde Fluxo de massa de ar

+ use a calorimetric principle
+ wide spread in Europe and US. use for engine control systems

% use a dielectric membrane (1pm thin) for heat capacity and
good isolation

+ the difference between T1 and T2 is a direct indicator of air
flow over the chip

+# respons time: milliseconds

—— without Air Flow
= = with Air Flow

Flow direction

-

= Mambrang ©O¥_=-r”

Heating zone

Sheet metal

Evaluation of temperature difference AT =T2 - T4

—> Characteristic curve dependent on flow direction

MST Automotivo
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Monltoracao da qualidad

© Goal 1s to increase time period between oil changes
# Cost savings

# Comfort
O Need to measure properties of the ol itself

O The sensor measures ol
#* \iscosity

— Shear-polanzed microacoustic
sensor

#* Permittivity
# [emperature
* Level

Balions ai liywe surfsce
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 Os piezoresistores, strain gages
ou extensdmetros elétricos sdo
dispositivos que produzem a
mudanca da resisténcia de um
material condutivo em resposta a
uma deformacédo mecanica. Este
material pode ser um liquido, um
plastico, um metal ou um
semicondutor.

 Sabe-se que um resistor de
acordo com a lei de OHM, pode
Ser expresso assim:

® Com: p = resistividade do elemento, | =

comprimento do resistor e A = se¢do do
resistor.

train gages

e A suavariacdo unitaria esta dada
pelas variacOes de resistividade
comprimento e sec¢ao:

AR Ap N Al AA
R p | A
» Define-se Gage Factor como a
variacao unitaria multiplicado
pela deformacao mecanica no
elemento e = (Al/l) em (ustrain):
AR Ap

R _ P
GC=AT=A
| |

+1+2v
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— E de longe a estrutura mais popular
em instrumentacao usando elementos
resistivos, esta estrutura constitui-se
por quatro resisténcias (R1, R2, R3,
R4)interligadas como mostrado na
figura a seguir.A tenséo de saida
deste circuito para excitacao de
tensdo constante fica:

V. =V . R1R3_R2R4 J
0 p
(Rl + Rz)' (R3 + R4)
— A ponte é dita balanceada quando
— Em instrumentagdo uma ou varias
resisténcias da ponte podem ser
substituidas por elementos sensores

resistivos, sendo assim o elemento
pode ser descrito como

R =R, +AR; =R, '(1"‘??—&)
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— Sendo AR;¢ a variacéo de resisténcia

devido ao parametro fisico eR,; é o
valor inicial para uma excitacao de
referéncia. Para "Strain Gages":

AR, =K-&

com k = "Gage Factor" e ¢ =
deformacédo mecéanica na direcao
principal do gage.

Estas variacOes em geral para o caso
de "Strain Gages" sdo muito pequenas
(da ordem de 10-3 W) entéo a saida
pode ser aproximada assim, supondo
que todas as resisténcias variam:

,_1(AR,_AR, AR, AR,
R, R, R R,

o= +a—a)

\istorne

Esta estrutura permite entdo combinando
as diversas deformacdes montar diversos
esquemas de medida:
Se & =&, =& =&, =¢& entdo a saida da
ponte sera nula
Seg, =&, =& =0 e g =gentdoasaida
da ponte sera: V. ok

(£)

-0
v, 4
S =—EFEC g=¢=0 entdo a
saida da ponte seré: vV, k

v =3

p
SeE =8 =& =—6, =& 0l sejaesiol
medindo uma deformacao produzida por
uma tensao e uma produzida por uma
compressao a saida da ponte sera

= (ke)
Vp
Neste caso € possivel aumentar a
sensibilidade da ponte usando quatro
gages medindo tensdo e compressao.
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Pressdo € uma forca (F) atuando numa superficie (S), e mede-se como forca por

unidade de area, Pascal (Pa) no sistema Sl, apesar de serem usadas outras unidad
como bar, PSI, Kg/cm2, etc.

Existem diversas formas de referenciar a pressao:
Pressao Absoluta

» A pressdo € medida em relacdo ao vacuo (pressao zero)
Pressao "Gage"

» A pressdo € medida em relacdo a pressdo ambiente ou barométrica
Pressao Diferencial

» E a diferenca de pressio entre dois pontos de medida

Pressdo Absoluta Pressdo "Gage"

Pressdo Pressdo Pressdo de Pressdo
Zero de Referéncia de
Entrada Entrada

Presséo de Pressdo Presséo Pressdo
Referéncia de Local de
Entrada Entrada

Pressdo Diferencial Pressdo Diferencial

MST Automotivo
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Medida cle Presséo usando Diafragmas

Tomando o caso de um diafragma plano, engastado no seu perimetro, com raio (R,
e espessura (h) ao aplicar uma pressao (q) na sua superficie aparecem duas
deformacOes mecanicas importantes, uma no sentido radial e outra no sentido

tangencial, expressadas da seguinte forma:

slam)- 38K oat) ¢ R g g v i)

» com:(aR,) = R, distancia onde se encontra o strain gage (1 e 3), (BR,) = R,
distancia onde se encontra o strain gage (2 e 4), E = Modulo de elasticidade d
material do diafragma, v = Coeficiente de Poisson do material

Estas deformacdes podem ser medidas com 4 strain gages configurados em ponte d
| & \Wheatstone e ligados como mostrado na seguinte figura.A sensibilidade para um

posicionamento adequado dos strain gages no diafragma fica:
2
S, =< =0.3741. é E— (L-v?)
— A sensibilidade elétrica de uma ponte completaﬂde Wheatstone é:

S, = Vo =V, -GF
&
— A sensibilidade deste esquema de transducao fIC% 1 R?

Sprsto =~>= 03741 =% (1-v?)-v, -GF

h2
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Vledida:

—A posicao de um ponto (p) ao longo de uma linha reta pode ser descrita em qualquer
instante (t) através do seu deslocamento tendo em conta uma certa origem.

< -

-y 0 ' ty

—A velocidade (v) do ponto (p) num intervalo de tempo € a taxa instantanea de variag
do deslocamento, e pode ser expressa assim:

_ oy
dt

—Da mesma forma a aceleracéo (a) do ponto (p) num intervalo de tempo €é a taxa
Instantanea de variacao da velocidade e se expressa assim:

dv d%y
dt  dt*

»A unidade de aceleracédo € m/s2, sendo usual sua expressédo em "g".

a=
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Inercial
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Vledida de aceleracéio medindo deformactes de urm corpo

P

2@ — N0 mecanismo de deformacao associado a piezoresistividade uma massa inercial
esta solidaria a uma viga ou estrutura elastica, onde se encontram alojados os strain
gages. A aceleracao agente no dispositivo associada a massa inercial (M) gera uma
forca (F = M.a) que flexionara a viga convertendo a aceleracdo em uma
deformacao mecanica. A sensibilidade desta conversao primaria fica:

& 6-M-d

“ a b-h*-E
» com: E = Mddulo de elasticidade do material da viga, b = Largura da viga, h =
espessura da viga e d = distancia até o strain gage

o A sensibilidade eletrica de uma ponte completa de Wheatstone é:

S, = Vo _ V,-GF
&
» com :Vp = Tensdo de alimentacdo da ponte de Wheatstone, GF = "Gage Factor" do
extensdémetro elétrico, entdo a sensibilidade do acelerémetro fica:

5, OMd o
b-h*-E
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