
pÉäÉÅíáåÖ=^ÅÅÉäÉêçãÉíÉêë=
Ñçê=jçÇ~ä=^å~äóëáë

gçÜå=hìÄäÉê
àçÜåKâìÄäÉê]âáëíäÉêKÅçã

háëíäÉê=fåëíêìãÉåí=`çêéçê~íáçå

fj^`=uusf
lêä~åÇç

cÉÄêì~êó=SI=OMMU



qçéáÅë

√ pÉåëçê=m~ê~ãÉíÉêë=Ñçê=jçÇ~ä=qÉëíáåÖ

√ pÉåëçê=qÉÅÜåçäçÖó

√ hÉó=m~ê~ãÉíÉêë=Ó fãéçêí~åí=péÉÅáÑáÅ~íáçåë

√ j~ëë=iç~ÇáåÖ=Ó jçìåíáåÖ=jÉíÜçÇë

√ qbap=Ó `çååÉÅíçêë=C=`~ÄäÉë

√ pìãã~êó



Which one?



^ÅÅÉäÉêçãÉíÉê=pÉäÉÅíáçå=`Ü~êí
mb=C=s` pÉåëçêë=ÅçîÉê=Äêç~Ç=ê~åÖÉ=çÑ=~ééäáÅ~íáçåë

béçñó=çê=ÜÉêãÉíáÅI=
î~êáçìë=ÅçååÉÅíçê=äçÅ~íáçåë

`~ëÉ=`çåÑáÖìê~íáçå

MKR=Öê íç=RMM=ÖêpÉåëçê=j~ëë

^ÇÜÉëáîÉI=ã~ÖåÉíI=ëíìÇjçìåíáåÖ

JPOM=íç=SMM°c=EJNVS=íç=PNS°`FléÉê~íáåÖ=qÉãéÉê~íìêÉ

MKMNãsLÖ=íç=[N=sLÖpÉåëáíáîáíó=EqÜêÉëÜçäÇF

NÖ=íç=NMMIMMMÖo~åÖÉ

a`=íç=OMIMMM=eòcêÉèìÉåÅó=oÉëéçåëÉ

m~ê~ãÉíÉêë



jçÇ~ä=^ÅÅÉäÉêçãÉíÉê=
qóéáÅ~ä=péÉÅáÑáÅ~íáçåë

béçñó=çê=ÜÉêãÉíáÅI=
î~êáçìë=ÅçååÉÅíçê=äçÅ~íáçåë

`~ëÉ=`çåÑáÖìê~íáçå

MKR=Öê íç=OM=ÖêpÉåëçê=j~ëë

^ÇÜÉëáîÉI=ã~ÖåÉíI=EëíìÇFjçìåíáåÖ

JSR=íç=ORM°c=EJRQ=íç=NON°`FléÉê~íáåÖ=qÉãéÉê~íìêÉ

NMM=ãsLÖ=íç=N=sLÖpÉåëáíáîáíó=EqÜêÉëÜçäÇF

NÖ=íç=OMÖo~åÖÉ

a`=íç=RIMMM=eòcêÉèìÉåÅó=oÉëéçåëÉ

m~ê~ãÉíÉêë



^ÅÅÉäÉêçãÉíÉê=qÉÅÜåçäçÖó==

√ máÉòçÉäÉÅíêáÅ=EmbF

√ `çãéêÉëëáçå

√ pÜÉ~ê

√ ^ååìä~ê=pÜÉ~ê

√ `~åíáäÉîÉê=

√ `~é~ÅáíáîÉ=Es`F

√ jbjp



√ eáÖÜ=Ñå

√ qÜÉêã~ä=~åÇ=Ä~ëÉ=ëíê~áå=ëÉåëáíáîÉ

√ aÉëáÖå=ëíáää=ìëÉÇ=áå=ëçãÉ=ãáåá~íìêÉ=ëÉåëçêë=~åÇ=
ÜáÖÜ=ëÜçÅâ=ëÉåëçêëI=Åalibration standards

mb=`çãéêÉëëáçå

NK máÉòçÉäÉÅíêáÅ=`êóëí~äë
OK mçëí=çê=éêÉäç~Ç=ëÅêÉï
PK pÉáëãáÅ=ã~ëë=
QK _~ëÉ
RK bäÉÅíêçÇÉ
SK `çååÉÅíçê
TK eçìëáåÖ
UK jçìåíáåÖ=íÜêÉ~Ç

ãë ëÉáëãáÅ=ã~ëë
∝ Ç~ãéáåÖ
h ëéêáåÖ=Åçåëí~åí

c=Z=ã ~

~=Z=cLã



mb=pÜÉ~ê=
ÌÌÌÌJpeb^o∆

èì~êíò èì~êíò

ã~ëë

ã~ëë

ÅçîÉê

Ä~ëÉ
ÅçååÉÅíçê

Ä~ëÉ=éçëí

√ póããÉíêáÅ~ä=ëÉáëãáÅ=ëóëíÉã

√ fëçä~íÉÇ=Ñêçã=Ä~ëÉ=ëíê~áå=C=íÜÉêã~ä=ÉÑÑÉÅíë

√ içï=íê~åëîÉêëÉ

√ táÇÉ=ìë~ÄäÉ=ÑêÉèìÉåÅó=ê~åÖÉI=ÉñÅÉääÉåí=~í=
îÉêó=äçï=ÑêÉèìÉåÅáÉë

√ pÜÉ~ê=ãçÇÉ=Åêóëí~äë=~êÉ=Oñ=ãçêÉ=ëÉåëáíáîÉ=
íÜ~å=ÅçãéêÉëëáçå

√ máÉòçpí~ê∆ áë=Qñ=ãçêÉ=ëÉåëáíáîÉ

Shear 
quartz plate

Fa Fa



mb=`Éê~ãáÅ=oáåÖ=pÜÉ~êW=

`çîÉê

mêÉäç~Ç=êáåÖ

pÉáëãáÅ=ã~ëë

mb=ÅÉê~ãáÅ=êáåÖ

_~ëÉ=ïáíÜ=
êÉÅÉéí~ÅäÉ

eóÄêáÇ=ÅáêÅìáí

√ mêÉäç~Ç=êáåÖ=êÉéä~ÅÉë=íÜÉ=Äçäí=Eçê=ëÅêÉïF=
√ mêçîáÇÉë=Åçãé~ÅíI=ÉÑÑáÅáÉåí=ÇÉëáÖåë=EÑÉïÉê=é~êíëF
√ låäó=Ñçê=ÅÉê~ãáÅ=ÉäÉãÉåíë

pÉáëãáÅ=ã~ëëL
mêÉäç~Ç=êáåÖ

mb=ÅÉê~ãáÅ=êáåÖ

eçìëáåÖ=ïáíÜ=
êÉÅÉéí~ÅäÉ

Tri-axial Accelerometer



mb=`~åíáäÉîÉê=
máÉòç_b^j∆ _áãçêéÜ=bäÉãÉåí

Bimorph Sensing Element

Electrical Connector

Mounting Surface

Housing

Signal Conditioning √ fåíêç=áå=NVUU=~ë=ãçÇ~ä=~ÅÅÉäÉêçãÉíÉê

√ `~åíáäÉîÉêI=ÅÉê~ãáÅ=ÄáãçêéÜ=ÉäÉãÉåí

√ NsLÖ=~åÇ=ïÉáÖÜë=çåäó=Q=Öê~ãë>=

√ fåíÉÖê~ä=ÜóÄêáÇ=ÅÜ~êÖÉ=~ãéäáÑáÉê=óáÉäÇë=
ÜáÖÜ=äÉîÉä=çìíéìí

√ sçäí~ÖÉ=ãçÇÉ=NM=ãsLÖ=çåäó

√ içï=íê~åëîÉêëÉ=ëÉåëáíáîáíó=EYNBF

√ cêÉèìÉåÅó=êÉëéçåëÉ=RB=]=YRâeò

√ iáÖÜíïÉáÖÜíI=~äìãáåìã=Å~ëÉI=Ü~êÇ=
~åçÇáòÉÇI=ÖêçìåÇ=áëçä~íÉÇI=

√ léÉê~íáåÖ=íÉãéÉê~íìêÉW=M=°`=íç=SR°`
√ eáÖÜ=ëÉåëáíáîáíó=ïáíÜ=äçï=åçáëÉI=äçï=

ã~ëë=~åÇ=äçï=íê~åëîÉêëÉ



s~êá~ÄäÉ=`~é~ÅáíáîÉ=Es`F==
ÍÍÍÍJ_b^j∆

√ jÉ~ëìêÉë=ëí~íáÅ=êÉëéçåëÉI=Öê~îáíó

√ qÜÉ=ÇáÑÑÉêÉåíá~ä=Å~é~Åáí~åÅÉ=ÄÉíïÉÉå=íÜÉ=íçé=~åÇ=
Äçííçã=ÉäÉÅíêçÇÉë=êÉÑÉêÉåÅÉÇ=íç=íÜÉ=ÅÉåíÉê=ã~ëëI=
áë=ãÉ~ëìêÉÇ=~åÇ=ÅçåîÉêíÉÇ=íç=~=îçäí~ÖÉ

√ qÜÉ=ãÉ~ëìêÉÇ=ëáÖå~ä=áë=ÇÉãçÇìä~íÉÇ=íç=çÄí~áå=~=
a`=äÉîÉä=ÅçêêÉëéçåÇáåÖ=íç=íÜÉ=~ÅÅÉäÉê~íáçå

√ içï=éêÉëëìêÉ=káíêçÖÉå=éêçîáÇÉë=Ç~ãéáåÖ

√ QJïáêÉ=ëóëíÉã=Eåçí=Åçãé~íáÄäÉ=ïáíÜ=fbmbF



hÉó=m~ê~ãÉíÉêë



s`=Ó mb=^ÅÅÉäÉêçãÉíÉê=
cêÉèìÉåÅó=~åÇ=^ãéäáíìÇÉ=açã~áå

ModalModal
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Capacitive Accelerometers

Piezoelectric Accelerometers



qáãÉ=`çåëí~åí=çÑ=mb=pÉåëçêë

√ içï=ÑêÉèìÉåÅó=EmLbF

V
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[ ( )]

ττττ = time Constant (sec)

ττττ =oí E`tH`τ+`c )

o Z=oÉëáëíçê
` Z=`~é~Åáí~åÅÉ

nì~êíò=^ÅÅÉäÉêçãÉíÉêW

`~é~Åáí~åÅÉ=`íçíW=NM=éc
oÉëáëíçêW=N=ñ=NMNN Ω
q`=Z=N=ë

`Éê~ãáÅ=^ÅÅÉäÉêçãÉíÉêW

`~é~Åáí~åÅÉ=`íçíW=NMMM=éc
oÉëáëíçêW=N=ñ=NMV Ω
q`=Z=N=ë

kçíÉW=mb=ÅÉê~ãáÅë=Ü~îÉ=äçïÉê=fo=
íÜ~å=èì~êíòF

(Typical examples)

+V
Vout

Cr

Ct

Cc

Low Impedance Sensor

Rt



mbW=qáãÉ=`çåëí~åí=Ó
içï=cêÉèìÉåÅó=oÉëéçåëÉ==

� içåÖÉê=íáãÉ=Åçåëí~åí=Eq`F=Z=äçïÉê=
ÑêÉèìÉåÅó=EáåîÉêëÉäó=êÉä~íÉÇF

� qçí~ä=ëóëíÉã=q`=Ñçê=~å=~ÅÅÉäÉêçãÉíÉê=EτaF=

ïáíÜ=~=ëáÖå~ä=ÅçåÇáíáçåÉê=EτÅFW==
τíçí~ä Zτa τÅ LEτa H τÅF

� qÜÉ=ëÜçêíÉëí=q`=ïáää=Ççãáå~íÉ=íÜÉ=ëóëíÉãë=
äçï=ÑêÉèìÉåÅó=éÉêÑçêã~åÅÉ

� táíÜ=~=N=ëÉÅ=q`=EJRBFI=
íÜÉ=éÜ~ëÉ=ëÜáÑí=áë=≈NU=ÇÉÖêÉÉë===

� Ñ=EJRBF=Z=MKRL=ëóëíÉã=q`

� cçê=ÑêÉèìÉåÅáÉë=ÄÉäçï=MKNeò=EJRBF==î~êá~ÄäÉ=
Å~é~Åáí~åÅÉ=Es`F=~ÅÅÉäÉêçãÉíÉêë=~êÉ=íÜÉ=
éêÉÑÉêêÉÇ=ÅÜçáÅÉ

� ^ÅÅÉäÉêçãÉíÉêë=ïáíÜ=q`=ÖêÉ~íÉê=íÜ~å=NëÉÅ=
Å~å=ÄÉ=ãçêÉ=ëÉåëáíáîÉ=íç=íÉãéÉê~íìêÉ=
î~êá~íáçåë

^
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-5%

18°



a~í~=pÜÉÉíë



a~í~=pÜÉÉíë=Ó mb=^ÅÅÉäÉêçãÉíÉêë



s`=^ÅÅÉäÉêçãÉíÉêë
^ãéäáíìÇÉ=& mÜ~ëÉ=oÉëéçåëÉ

Frequency response as 
a function of damping Tuned damping to optimize 

frequency response
(amplitude and phase)



s`=^ÅÅÉäÉêçãÉíÉêë
içï=cêÉèìÉåÅó

^ãéäáíìÇÉ

mÜ~ëÉ

råäáâÉ=éáÉòçÉäÉÅíêáÅI=Å~é~ÅáíáîÉ=ëÉåëçêë=~êÉ=Ç~ãéÉÇ=



a~í~=pÜÉÉíë=Ó s`=^ÅÅÉäÉêçãÉíÉêë



cêÉèìÉåÅó=oÉëéçåëÉ
`çãé~êáëçå=mb=îë s`

cêÉèìÉåÅó
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PE: ±5% Frequency Band

fn

PE

VC

PE: Phase VC: Phase



pìãã~êóW
^ÅÅÉäÉêçãÉíÉê=qÉÅÜåçäçÖáÉë

fÇÉ~ä=Ñçê=äçï=ÑêÉèìÉåÅó=~åÇ=äçï=Ö=ãÉ~ëìêÉãÉåíë

pí~íáÅ=Å~é~Äáäáíó

√páäáÅçå`~é~ÅáíáîÉ

sÉêó=äçï=ã~ëëI=ÜáÖÜ=ëÉåëáíáîáíó=ïáíÜ=HRB=~í=R=âeò

sÉêó=äçï=íê~åëîÉêëÉ=ëÉåëáíáîáíóI=äáãáíÉÇ=ÜáÖÜ=íÉãéK

√`Éê~ãáÅmb

_áãçêéÜ

pÜçÅâ=C=îáÄê~íáçåI=ÜáÖÜ=ÅÜ~êÖÉ=ëÉåëáíáîáíóI=
äçï=íê~åëîÉêëÉI=äçï=Ä~ëÉ=ëíê~áå

√`Éê~ãáÅmb

^ååìä~ê=pÜÉ~ê

pÜçÅâ=C=îáÄê~íáçåI=äçï=íê~åëîÉêëÉ=C=Ä~ëÉ=ëíê~áå
`Éê~ãáÅë=Ü~îÉ=ÜáÖÜÉê=ÅÜ~êÖÉ=çìíéìíI=nì~êíò=C=
máÉòçëí~ê=Ü~îÉ=ÜáÖÜÉê=íÉãéÉê~íìêÉ=ëí~Äáäáíó

√nì~êíò

√`Éê~ãáÅë

√máÉòçëí~ê∆

mb=

pÜÉ~ê

fåÇìëíêá~äI=ëÜçÅâI=ãáåá~íìêÉ
eáÖÜÉê=Ä~ëÉ=ëíê~áå=C=íÜÉêã~ä=ëÜáÑí íÜ~å=ëÜÉ~ê
sÉêó=ÜáÖÜ=íÉãéÉê~íìêÉ=~ééäáÅ~íáçåë=E[=ORM°`F

√nì~êíòI

√`Éê~ãáÅë

√máÉòçëí~ê∆

mb

`çãéêÉëëáçå

oÉã~êâëj~íÉêá~äqóéÉ



jçìåíáåÖ=bÑÑÉÅíë



j~ëë=iç~ÇáåÖ
eçï=ãìÅÜ=ïáää=íÜÉ=ëÉåëçêë ~ÑÑÉÅí ãó=íÉëí\

FRF with two different accelerometer masses

• Adding test instrumentation to a 
structure affects the measured 
frequency response

• The effect depends on the mass of 
the structure under test

• Higher frequency modes are 
affected by a greater degree

271 Hz260 Hz

Source: Experimental Techniques, Jan/Feb 2002



^ÅÅÉäÉêçãÉíÉê=jçìåíáåÖ==
cêÉèìÉåÅó=oÉëéçåëÉ=`çãé~êáëçå

� jçìåí=íÜÉ=~ÅÅÉäÉêçãÉíÉê=íç=éêçîáÇÉ=~=êáÖáÇ=é~íÜ=íç=íÜÉ=çÄàÉÅí=ìåÇÉê=íÉëí

� píìÇ=jçìåíáåÖ=áë=éêÉÑÉêêÉÇ=Ñçê=ÜáÖÜ=ÑêÉèìÉåÅó=ãÉ~ëìêÉãÉåí

25
dB

-25

Mag (dB)

kHz20200 Hz (Log)

Wax

Screw mounted
with grease applied

hand held probe

double sided 
adhesive tape,
Thin wax

double sided adhesive
tape, medium

double sided adhesive
tape, thick



^ÅÅÉäÉêçãÉíÉê=jçìåíÉÇ
íç=pé~ÅÉ=pÜìííäÉ=qáäÉë=

√ pÉåëçê=áë=~íí~ÅÜÉÇ=ìëáåÖ=ÅäçíÜJ
äáâÉ=í~éÉ=~åÇ=~ÇÜÉëáîÉ

√ ^ÇÜÉëáîÉ=áë=Çáëëçäî~ÄäÉ=ïáíÜ=
~äÅçÜçä



líÜÉê=`çåëáÇÉê~íáçåë



fbbb=NQRNKQ=jáñÉÇ=jçÇÉ=fåíÉêÑ~ÅÉ
^å~äçÖ=páÖå~ä=& qbap=a~í~=pÜ~êÉ=`çååÉÅíáçå

√ qbap=Z=qê~åëÇìÅÉê=bäÉÅíêçåáÅ=a~í~=pÜÉÉí

√ pçÑíï~êÉ=~Åíáî~íÉÇ=ãçÇÉ

√ qê~åëé~êÉåí=íç=íÜÉ=ÉåÇÓìëÉê=

Accelerometer Signal Conditioner



qbap=bÇáíçêW=bñ~ãéäÉ

Entered
at  Factory

Updated
as Required
(ISO, Internal
Company
Standards etc)

User Defined
Data 

Established by
EEPROM 
Manufacturer

Orientation (x,y,z)

User Defined Tag  



qbap=^Çî~åí~ÖÉë=

√ qbap=êÉÇìÅÉë=êÉÅçêÇ=âÉÉéáåÖ=
Éêêçêë=~åÇ=ã~áåí~áåë=~=ÜáÖÜ=
áåíÉÖêáíó=ïáíÜ=Äêç~Ç=Ä~åÇ=
~å~äçÖ=ëáÖå~äëK
Ó aÉÄìÖÖáåÖLs~äáÇ~íáçå

Ó a~í~=åçêã~äáò~íáçå

Ó rëÉê=ëéÉÅáÑáÅ=áåÑçêã~íáçå

√ cçê=ëÉåëçêë=ïáíÜçìí=qbap=
EäÉÖ~Åó=ëÉåëçêëF

Ó sáêíì~ä=qbap=ìëáåÖ=k~íáçå~ä=
fåëíêìãÉåíë=ïÉÄ=Ç~í~=Ä~ëÉ=

Photo: NASDA, Japan



`~ÄäÉë=C=`çååÉÅíçêë=

√ pí~áåäÉëë=ÅçåëíêìÅíáçåI=åçí=éä~íÉÇ=Äê~ëë=Z=ëã~ääÉêI=äçïÉê=ïÉáÖÜí

√ fåíÉêå~ä=lJêáåÖ=ëÉ~äë=Z=Éäáãáå~íÉë=ëÜêáåâ=íìÄáåÖ

√ _ìáäí=áå=ëíê~áå=êÉäáÉÑ=Z=ëã~ääÉê=Å~ÄäÉ=ÄÉåÇáåÖ=ê~Çáìë

√ bñíêìÇÉÇ=qÉÑäçå=Z=ï~íÉê=íáÖÜí=Å~ÄäÉ=à~ÅâÉí

√ táÇÉ=íÉãéÉê~íìêÉ=ê~åÖÉ=EJPOM=⁄c=íç=HQSR=⁄cF

√ eáÖÜ=êÉäá~Äáäáíó



`~ÄäÉ=`çååÉÅíáçåë=^êÉ=fãéçêí~åí>



`çåÑáÖìê~íáçåë
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Thank you!


