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Figure 9.3 McLeod gauge.
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Figure 9.7 Inclined tube manometer.
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Figure 9.9 Elastic elements used as pressure sensors.
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Pressao
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Figure 9.10 Bourdon tube
pressure pressure gauge.
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Fluxo

Taxa de fluxo de massa

Medidor por efeito Coriolis

Figure 10.21 Cutaway view of
a Coriolis mass flow meter.
(Courtesy of Actaris Neptune
Liquid Measurement Division,
Greenwood, SC.)
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Fluxo

Taxa de fluxo volumétrico

Measured pressure drop

Medidores de pressao diferencial
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Fluxo

Medidores de area variavel Medidor tipo turbina
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Extensometros (Strain Gauges)

Medicao da deformacao na superficie de
materiais.

O extensémetro é colado a superficie do
material, de forma a se ter a mesma
deformacdo no material e no
extensOmetro.

A deformacao do extensdmetro altera
sua resisténcia elétrica de maneira
proporcional.

O resultado se
refere a uma
deformacdo média
sob a area do
extensdOmetro.
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Extensometria

ESTADO UNIAXIAL DE TENSAO

e direcao de deformacao é conhecida

e extensdOmetro é alinhado com direcao de deformacao

€ — Variacao fracional de comprimento
O — Tensor estresse

E— Moddulo de Young da elasticidade
p — Resistividade do material

| - Comprimento total do Strain Gauge
A — Area da seccdo transversal

K — Fator Gauge

ESTADO PLANO DE TENSAO

e direcOes principais de deformacao sao
conhecidas e ndo ha cisalhamento

e extensOmetros sao alinhados com as direcoes

principais a 90° (cisalhamento nulo)
Gy =
U — Relacao de Poisson dr/r
U=- o, =
di /1 :

1-v?

1-v?

(1 +vE)

(e, +vE)
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Extensometria

ESTADO PLANO DE TENSAO

e direcdes principais de deformacdo ndo sao
conhecidas e nao ha cisalhamento

e extensdmetros dispostos em angulo (roseta)
posicionado no ponto de interesse

( 1
1
{ 273
1
D=—a
> 2
\

{E.ﬂ.-l-EC} + l\/{EA- EC}E + {2EB-E.ﬂ-EC}2

{EA+EC}'_\/{EA €c)? + (28g-84-5¢)°

Je_-g, -
['Ctg [ EE‘;A?ECEC}

Gy = €1+ VLE

1 1-02{1 2)
E

G2 = 1_U2{EE+UE1}

direcOes principais
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Extensometros (Strain Gauges)

s

i

2 )

e uniaxial

¢ biaxial

e triaxial (roseta)

¢ cisalhamento :a—
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Extensometros (Strain Gauges)

e gradiente de tensao uniaxial

« gradiente detensaoi;*** * * ‘— ***_ i :

e tensdao em diafragma (medida de pressao)
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Extensometros (Strain Gauges)

APLICACOES — Monitoracdo ou
ensaios em corpos de prova, ...
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Extensometros (Strain Gauges)

PONTE DE WHEATSTONE

PONTE COM 1 EXTENSOMETRO

. - _RiR; ($R1)V
T 9 (R+R)P\ R,/ °

condicao de equilibrio da ponte
) V,=0

tensdo de saida da ponte

R,.R;=R,.R,

RiR, (AR; AR, AR, ng) y
=

" (R+R.)’\ R, R, R, R,

AV,
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Extensometros (Strain Gauges)

PONTE COM 2 EXTENSOMETROS

® ativo e dummy devem ser idénticos

® dummy montado em regiao livre de
deformacdao mas mesma temperatura

4

compensacao dos efeitos de
dilatagao térmica

PONTE COM 4 EXTENSOMETROS

® extensoOmetros devem ser idénticos

4

compensacao dos efeitos de
dilatagao térmica

guadruplica a sensibilidade
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Extensometros (Strain Gauges)

Strain Gages

and Accessories
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Acelerometros

OBJETIVO TIPOS
Medir aceleragao e Piezoresistivo
e Capacitacia Variavel

e Piezoelétrico
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Acelerometros Piezoresistivos

FUNCIONAMENTO

Uma massa inercial sob aceleragdo causa tensdo na estrutura interna > 4,

do sensor, a qual tem extensémetros montados.

A mudanca de resisténcia elétrica do extensometro é proporcional a
tensao mecanica aplicada, que por sua vez é proporcional a

aceleracao.

APLICACOES e VANTAGENS

e medicao de vibracdo de baixa freqiéncia
(flutter, road test, biodinamica)

e medicao de choques mecanicos (crash

tests)

e medicao de transientes de longa duracao

* alta sensibilidade (sinal de saida ndo precisa de

amplificacdo)

* baixo amortecimento (fase zero em baixas

freqliéncias)

PIEZO-RESISTIVE
SUBSTRATE

{# EXC. RED
ACCELERGMNETER HOLEING P
-\\ j;
¥ OUT, WHT 7Y
-3 BT, BLE
il 3 OUT, GRN |
= 3
9 EXC. BEN
¥ __-_-___-.ﬁ"’\ ;
."F"'_"_"—W\'J (=) OUT, ¥F jr 5 |
|7 ——— T IUN
L g c Wt
,-" A= EXT ALK |
{ CABLE EHIELD }J fy OUT AL
2 EXC. ORG |
\ ‘i'
.=k OUT, ¥IO =
# r5
o Y EXC, BLK b
INTERMNAL \__ y QUT. GRY /l
ELECTRONICS

— MASS
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Acelerometros Piezoresistivos

Endevco

Model 7248C
Piezoresistive accelerometer

Features Description
* Smazll size The Endeves Madel T248C ts a minizture tradal
« OC rzeponze acceleromeler designed bor erash Lesting, Hutler lesting and

o 12 wire integrzl czble ather applications that require minimel mass loading and &
. ~ bread Ireguersy respenss, This sccelersmeler meels SAE
= Mechaniczl ovartravel stops . ;
o ) 1217 spacifications for instrurnentabon for impact besting
* Built-in bridge completion resistors and SAE 2570 specification for anthromoerphic lesl device
transducers. |t is avadable in bwa scceleration ranges, 500g
are 20005 full seale. The M1 spticn provides a cover ko protest

the accelerameler s interar compangnts,

The T25BC uses theee sdvanced mi rachined sensars

gral mechanical siops for ruc

edness and years

wath i

ip% af relisble service. Endeven's props
features both high autput and & high ressnence Frequency.
The THSBC hes twe actve arme and tws internal precision

ary sensor design

fised restators bo provide for shunt calibration. A single
imtegral cable carries the 12 wises to the sensor modules.
Since the T268C darnped, negligithe phase shift

I= presant over the specified freguency range. With &
frequency respense extending down Lo DO |stesdy stale]
acceleraton, this sccelerameter ks ideal lor measurng
leng durslion transients as well as short duration shocks,

WS Tmnsste: 409,139 red L 408 8T8
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Acelerometros de Capacitancia Variavel

FUNCIONAMENTO

Estrutura interna do acelerometro possui
microsensor com placas paralelas formando
um dispositivo capacitivo.

A aceleragao causa o movimento das placas,
alterando-se assim a folga entre elas, e
conseqlientemente a capacitancia do
sistema.

APLICACOES

* medicao de vibracdo de baixa frequéncia

i .1['.'-:_. = ..-..-..-..-:-. :::-. 2 :I-' Tl o awiard 4
» medicdo de aceleragdes de baixo ‘g’ e - '“
L o I -EI‘ | e Wieen
. Batpivmpm - .
e comportamento veicular, teste de flutter, e el e . s
- ——.:.—'-;—L—-\El:\—'.J-J _.._ .J':-:l'.r 1.

suspensao automotiva, teste de freios
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Acelerometros de Capacitancia Variavel

Variable Capacitance Accelerometers:
Design and Applications

Micromachined silicon variable-capacitance accelerometers
are designed for easy manufacture and demanding applica-

trons.
Tom Connolly, Endevco Corp.

All varsable capacitance accelerom-
eters have certain basic design
elements in commeoen. They mcorpo-
rate a selsnuc mass whose motion m
response to shock or vibration lags
behind that of the accelerometer
bousimg. The capacitor consists of
two plates, one attached to the outer
frame and therefore stationary and
the other attached to the seismic, or
mertial, mass. The value of this
capacitor 15 2 function of the dis-
tance between the plates, which
varies with the motion of the se1smic
mAss.

Sensor Element Design

In the silicon differential variable capacitance
sensor element shown in Photo 1, an mertial
mass, suspended from either outer layer of
the sensor element by a system of multiple
flexible beams, undergoes rectilinear move-
ment with applied acceleration. The mass i3
electrically connected as part of a vanable-
capacitance half-bridge cirenit. Fixed capaci-
tive plates m the lid and base of the sensor
element complete the cirowt. The capact-
tance on cue side of the circuit increasss
with acceleration, while the other side
proporticnally decreases, providing a
linearized output. Capacitor gaps of 3.4
microns provide sensitivity to 0.003 pFig.
Stops protect against overmravel protection,
and gas damping achieves a frequency
Tesponse to 11,000 Hz.

Photel. The vanable capacitance sensor alament
weighs 15 mg apd measures 0.14 by 0.11 by
0.03 e high
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Acelerometros Piezoelétricos

FUNCIONAMENTO

Uma massa inercial sob acelerag¢ao causa
compressao ou cisalhamento de um cristal
piezoelétrico.

A diferenca de potencial gerada pelo cristal
piezoelétrico é proporcional a aceleragao.

Planar Shear

UMWY Y [mVT = Annular Shear
T QIpCleF A

m B=m

P: Piezoelectric Elements E: Built-in Electronics S: Spring

L F
i
BV

IV [mV] e F R: Clamping Rin
W et ping g

MW

B: Base

M: Seismic Mass
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Acelerometros Piezoelétricos

APLICACOES VANTAGENS / DESVANTAGENS
e medicao de vibracdo de média a alta e suprimento de energia ndao é necessario
freqtiéncia (broad band) (cristais piezoelétricos sao auto-geradores)
e medigao de aceleragdes de alto ‘g’ e podem operar a altas temperaturas
* motores, maquinas, sistemas rotativos, * baixa sensibilidade (necessidade de
estruturas amplitifcacao do sinal de saida)
A Rezlative
Amnplitude

1081

Pirzoelecinc

1071 Accelerometer

10002:1 Veloity

trensducer

//// - ~’ oty
: 4%& Proximity prob

20 200 i 20kHz  Freguency

Eng. Mecanica — EESC - USP D. V. Magalhdes



Acelerometros Piezoelétricos

TIPOS

e uniaxial

e triaxial

e altas temperaturas

e
-4

® impactos

¢ biodinamica
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Acelerometros Piezoelétricos

CARACTERISTICAS DINAMICAS

1

Input

. "Dutput

,/% 10%

=
\ ‘[ﬂ At
Acc. 4 N\,
ms2
(pC} \H"‘—ﬂ'ﬁ/
Cz\ ~ 35 dB
AN
f, fq lrFne-quaanl{:g.r
L J

faixa de medicao

sensibilidade lateral

Sensitivity
pLims™

316 4

0.004

13 42 180 kHz

N sensibilidade = ¥ max. freqiiéncia

Axis of il
maximun |
sensitivity |

1

Accelerometer
mouning
axis

Red dot

Max. fransverse
sensilvily =4 %
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Acelerometros Piezoelétricos

MONTAGEM
o e manual com extensao
kS o
S * manual com sensor na ponta da extensao
ke .
- cera
©
28 e fita adesiva dupla face
cC O
O © -
c o e base magnética
S5 Q
© O

e corpo roscado
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Thin double it g9 Stud Mounting

Hand held probe
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Lewvel %
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Acelerometros Piezoelétricos

CUIDADOS NO USO

Oynamic Mass

1) Relagdo Massa Sensor / Massa Estrutura

Sensor adiciona massa a estrutura. Para que a
massa do sensor ndao modifique
significativamente a dinamica da estrutura:

M, < 0.1 M,

2) Efeito Triboelétrico nos Cabos

Vibragao do cabo pode gerar atrito entre o fio — g ﬁ/ﬁl
condutor e seu isolamento, criando cargas —/
estaticas. As cargas estaticas causam ruido no

sinal de saida. ‘
Solucao: fixar o cabo o mais esticado possivel. -
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Acelerometros Piezoelétricos

CUIDADOS NO USO

3) Loop de Aterramento
Diferenca de potencial entre o sensor / estrutura e o sistema de medicdo pode criar
uma corrente que percorre o cabo, gerando ruido no sinal de saida.

Solugao: isolamento elétrico entre o sensor e a estrutura ou adotar o mesmo
aterramento para a estrutura e o sistema de medicao

Trisxid J+ A Canditioning
accelerometer Lgsg Ampies Analyzer
/_,-*:.—5—- I.“:l:
Ground
» Inherent noise in » 3Signal present » Signal present.
system + Machine » Machine operating
operating » Input set to
‘FLOATING”
| 1
T T fi Ground loop I Ground loop
I present I' | suppressed up
dB B TR P o S0dB
Hz —* Hz —» Hz —»
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Acelerometros Piezoelétricos

CUIDADOS NO USO

4) Condi¢coes Ambientais

» Base Strain ¢ Corrosive substances
e Magnetic fields

2z
Ty
,':u ¥
At
Lt
g
m

e MNuclear radiation

bl v g
=T
:-"?EEI'{'\I‘
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Acelerometros Piezoelétricos

PRODUCT DATA

Piezoelectric Accelerometer

Charge Accelerometer — Type 4382, 4382 S and 4382V

USES

= General purpose

- High sensitivity

» Low-level, low-frequency messurement
» Vibration testing and analysis

Description

Tvpe 4382 is a plezoelectric, DeltaShear™, Unigan® ac-
celerometer with top connector. Type 4382 features 10—
3IUNF receptacle for ouwput commection and can be
moamted on the object by means of a 10-22TUNF threaded
steel stud.

Characteristics

This piezoelectie aceelsrometer may be treated as a2
chatge sowrce. Its zensifivity iz expressed m terms of
charge per unit acceleration (pC/g).

The DeltaShear desizn mwolves thuee piezoelactic ele-
ments and three mzsses avanged in 2 mangular confizu-
raticn ayowmd 2 nangula centre post. The rmz prestresses
the piezoelectric slements to Zive 2 lugh degres of Ime-
arity. The charze 1= collected between the honsmz and the
clamping 1z, The prezcelectic element used is 2 P23
lead ziconate titanate element. The hovsing matedal i
titammom.

(L

Calibration

The sensitrvity gven in the cabibratnon chart has been
measmed at 139 2Hz and an acceleation of 10z For
09.0% confidence level the acomracy of the factary cali-

bration is =2%.
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