Mopgenu & Cepuun Ocob6eHHOCTH

OnucaHue

MNpumeHeHune

e [InanasoH nosHoM
WwKanbl oT £2 go +20 000 g
e llInpokasa nonoca yacTtot
(ot 0 go 5000 Iy, npu 5%)

MSV3000 — 370 TpexoceBo KPEMHUEBDIN
MWKpOaKcenepomeTp. BHYTpW HEro pacnonoxeHbl
TPW O4HOOCEBbIX aKcenepomeTpa. [ManasoH
NOIHOM WKabl cocTaBaseT oT +2 go +20 000 g.
KoHCcTpyKLMA 060pyf0BaHa orpaHUuYnTeNnEMm, YTo
rapaHTUpyeT YCTOMYMBOCTb K coyaapeHunam go 20

ABMaLMA N KOCMOC
McnblTaHMA BEpTONETOB U
camosieToB

UcnbitaHna B obnactm

o HU3KIiA YPOBEHD LIyMa 000 g. NMuTaHMe akcenepomeTpa OCyLLEeCTBAAETCA aBToMobunecTpoeHus,
OT O4HOTO UCTOYHUKA NOCTOAHHOTO HAaMNPAXKEHMUA. NCMbITaHUA Ha
* Vckniounrenbho OH 06nafaeT HU3KMM BbIXOLHbIM CTONKHOBEHWE
BBICOKaA TEMNEpaTypHan COMpOTUB/EHMEM, 06ECMEYMBAIOLMM BbICOKYHO MpumeHeHne B
MSV3000 C.Tilfr:;:;:;:m ” Harpy3o4Hyt cnocobHOCTb. BcTpoeHHasn rpaxKAaHCKOM
cneLmnanm3npoBaHHan MHTErpasibHan cxema cTpouTenbcige
coyaapenmio 20000 g BbINosiHAET QYHKLUMM dopMUpOBaTENA CUTHANA U KenesHonopoKHbIE
* finanasoH pabounx KomneHcaTopa. YyBCTBUTENbHbIN 31E€MEHT, CXema TEXHONOTUK
TEMNepaTyp oT MMHYC 55 bOpMUPOBaHUA CUTHANA U CXeMa KOMMeHcaumm MpomblLNeHHbIe
Ao +125°C BbINOJ/IHEHbI HA YPOBHE KpucTanna. UCNbITaHUA
JononHuUTeNbHbIM KOpNyc yBENMYNBAET
HaeXHOCTb
e [lnanasoH nonHowm
WKanbl OT +2 Ao 20 000 g | AKcenepometpbl cepun MSV1000 npeacrasnatoT
o LUMpoKas nonoca coboii pasnnyHble eMuKOCTHble MWKPO-3/IEKTPO- McnbITaHMA KOHCTPYKLNIA
wacTor (o7 0 0 5000 My MexaHWYecKune yCTpomncTBa, NpeaHasHaYeHHble gas | Ha BMbpauuto )
p— npv 5%) NU3MepeHUs nepemeLL,eHmn o6u.|,er? XapaKTepa. MHOFOKaHiiuanbIVI
.ﬁ* e Huskuil yposeHs wyma BHyTpu nprnbopa nmeetca rasosblin aemndep u MOAANbHbIM aHaNun3
s y OrpaHnYmnTeNb, YTO NO3BONIAET U3MEPATb YAapHOe UcnbiTaHMe NpoayKLuum
MSV1000 ® YCTOW4MBOCTb K Bo3gevicteme 40 20 000 g 1 NocToAHHOe KoHTponb Bubpauum
coynapeHuto 20 000 g YyCKOpeHue. YpOoBeHb BbIXOAHOMO CUTHana npu AHanuTuyeckas
e [lnanasoH paboumnx HyneBom yckopeHuu: 2500 +50 mB, KOppenaunoHHasa moaenb
TemnepaTtyp OT MUHYC 55 YYyBCTBUTE/NIbHOCTb K fledopMaLiMm OCHOBaHUA: 6 KoHcTpyKTOpCKOE Blopo
a0 +125°C MA.
e [lnanasoH nonHoin
WKanbl 0T 2 A0 £20 000 8 | Akcenepometpbi cepum MSV1000A npeacTasnsior .
¢ Llinpokan nosoca co60/1 pa3INYHble EMKOCTHbIE MUKPO-3/1EKTPO- MicnibiTakma KOHCTpyKUnA
yactoT (ot 0 g0 5000 Iy, MeXaHU4YeCcKne yCTPoICTBa, NpeaHa3HavyeHHble ann Ha B1bpauyio .
MHOrokaHanbHbIN
| maet | npu 5%) NU3MepeHUs nepemeLLeHmA obLLErO XapaKTepa.

e Hu3KKiM ypoBeHb LWyma
e YCTOMYMBOCTb K
MSV1000A coygapenuto 20 000 g

e [lManasoH paboumnx
Temnepartyp oT MMHycC 55

no +125°C

BHyTpu npmnbopa nmeetca rasosbiit gemnoep u
OrpaHunumnTeNb, YTO NO3BOAIAET U3MEPATb YAapHOe
Bo3geicTeme go 20 000 g n nocToAHHOEe
YyCKOpeHue. YpoBeHb BbIXOAHOIO CUrHana npu
HyNneBoMm yckopeHuu: £50 mB, 4yBCTBUTENBHOCTb K
nedbopmaumm ocHoBaHUA: 12 mA.

MOZa/bHbIN aHann3
MUcnbiTaHWe npoayKuum
KoHTponb Bubpauunm
AHanuTnyeckasn
KOppenaunoHHaa moaenb
KoHcTpyKTOpCKOE 6topo

e VcknoumTenbHoO
Masible rabapuTHble
pasmepbl kopnyca LCC20

e [lnanasoH nonHoin
MSV6000 WKabl oT 2 00 +20 000 g

e Hu3KKi1 ypoBeHb Lyma

MSV6000 — 3TO MUKPO-31EKTPO-MEXaHUYECKUI
€MKOCTHOW aKCcenepomeTp, B OCHOBE KOTOPOro
NEXUT MAaCCUBHbIN KpeMHUEBbIV YyBCTBUTE/IbHbIN
3N1eMEHT, NOABEPTLLUMIACA MUKPOMEXaHUYECKOW
06paboTKe, a TaKXKe cneunanmsnpoBaHHas
WHTErpasibHan cxema C HU3KUM notpebneHvem,
BbINONHAOWAA PO/b GOPMUPOBATENA CUTHANA.
AKcenepomeTp No3BONAET UIMEPATL LUMPOKUIA

ABMaLMA U KOCMOC
McnbiTaHMA BepTONETOB U
camoneTos

MUcnbiTaHma B o6nactu
aBTOMOOUIECTPOEHUA
UCMbITaHUA Ha
CTONIKHOBEHME
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Mopenu & Cepun

OcobeHHOCTH

OnucaHue

MNpumeHeHune

e [llnpokasa nonoca
yactot (o1 0 go 5000 Iy,
npu 5%)

e VckntounTenbHo
BbICOKaA TemnepaTypHasn
CcTabunbHOCTb

e YCTOMYMBOCTb K
YKECTKUM YCNOBUAM
OKpY»KatoLen cpeapl
(coynapenwue, Bubpauus,
Temnepartypa)

[ManasoH yckopeHuii. OH 060pya0BaH 3aWUTHON
KOHCTPYKLMEN, KOTopas rapaHTUpyeT ero
YCTOMYMBOCTb K coyaapeHunam. LLinpokas nosoca
YacTOT B COYETAHUM C MPOYHOCTbIO, HU3KUM
notpebieHnem U UCKAOYMUTENBHO BbICOKOM
CTabUNBHOCTBIO rAPaHTUPYIOT HENPEB3OMAEHHYO
HaZEeXHOCTb NpMbopa. YyBCTBUTE/IbHDIN 3NEMEHT,
cxeMa GOpPMUPOBAHUA CUTHANA U CXeMa
KOMMEHCALLMM BbINOAHEHbI HA YPOBHE KpUCTanna.

NMpumeHeHne B
rpa*kgaHcKom
cTpouTenbcTee
KenesHooopoxHble
TEXHO0rnKU
MpomblwneHHble
UCNbITaHUA

MSA3000

e [lnanasoH nonHowm
WKanbl oT £2 o 20000 g
e LlInpokas nonoca
yactoT (ot 0 go 5000 Iy,
npw 5%)

e HU3KWI ypoBeHb Wyma
e VckntounTenbHo
BbICOKan TemnepaTypHasn
CcTabunbHOCTb

e YCTOMYMBOCTb K
coypapeHuto 5000 g

e BcTpoeHHbIN Kabenb

MSA3000 — 370 TpexoceBoW KPEMHUEBBIN MUKPO-
aKkcenepomeTp. BHyTpW Hero pacrnonoxeHbl TpU
0LHOOCEBbIX aKcesepomeTpa. [JManasoH NoaHOM
WKanbl cocTtasnseT ot £2 go +20 000 g.
KoHcTpyKuma obopynoBaHa orpaHMumnTenem, 4To
rapaHTUpPyeT YCTOMYMBOCTb K COYAaPEHUAM [0 5
000g. NuTaHMe akcenepomeTpa OCYLLECTBAAETCA OT
O4HOr0 UCTOYHMKA MOCTOAHHOTO HanpAaxeHuA. OH
061aaeT HU3KUM BbIXOAHbIM CONPOTUBNEHUEM,
obecneymBatoL MM BbICOKYHO Harpy3o4Hyto
cnocobHocTb. BcTpoeHHas cneunanmsanmpoBaHHan
WMHTErpanbHasa cxema BbINoAHAET GYHKUUM
dbopmupoBaTensa curHana u KomneHcatopa.
YyBCTBUTENbHBIN 3/1EMEHT, cxeMa GOPMUPOBaHUA
CUTHaNa U cXxema KOMMEHCALLMK BbINONHEHbI Ha
YpOBHe KpucTanna. [lononHUTEeNbHbI Kopnyc
yBENMYMBAET HALEKHOCTD.

ABnauma n Kocmoc
MUcnbiTaHMA BEPTONETOB U
camoneToB
UcnbiTaHnA B 0bnactn
aBTOMOOUIECTPOEHUA
UCMbITaHUA Ha
CTONKHOBEHWE
NMpumeHeHne B
rpa*kaaHCKom
cTpouTennbcTee
KenesHonopoKHbIE
TEXHONOTUK
MpombiwneHHble
UCNbITaHUA

MTS2000

o N3mepuTesnbHbIN
AnanasoH: oT +5° ao +75°
e BbixogHOM cUrHan
nosiHoM wkanbl: 500 mB
e bBe3BbiBOAHOM KOpnyc
o N3mepeHune
abconoTHOro AaBeHns
e TemnepaTypHasn
KoMMeHcaumsn

e BbicoKas YyactoTa

MSV2000 — 3TO MMUKPO-3NEKTPO-MEXaHNYECKUI
€MKOCTHOMN MHKAIMHOMETP, B OCHOBE KOTOPOTO
NEXUT MaCCUBHbIN KPEeMHUEBBIN YyBCTBUTENbHbIN
3N1EMEHT, a TaKXe cneunann3mpoBaHHas
MHTErpasibHas cCXxema € HU3KMM notpebnexHvem,
BbINO/IHAIOLLAA pOab dopMmmnpoBaTena curHana. OH
0bopyaoBaH 3aLNTHOM KOHCTPYKLUMEN, KOTopas
rapaHTUpPYeT ero YCTOMYMBOCTb K COYAapEeHUAM.
LLinpokaa nonoca 4acToT B COYETAHUMU C
NPOYHOCTbIO, HU3KUM NOTpebeHnem u
WCKAOUUTENIbHO BbICOKOM CTabUAbHOCTbIO
rapaHTUPYIOT HENPEB3ONAEHHYIO HALEKHOCTb
npubopa. YyBCTBUTEIbHbIA 3N1€MEHT, CXema
$GOpMUPOBaAHUA CUTHAMA U CXEMA KOMNEHCAL MU
BbINOJ/IHEHbI Ha YPOBHE KpUCTaNNa.

N3mepeHue yrna HakioHa
aHTEHHbI pagapa
M3mepeHune paHHero yrna
BblfeTa U3
apTUANEPUIACKOTO CTBONA
KoHTponb gopoxkHoro
NOKpPbITUA

MposepkKa 1 nsmepeHne
YINI0BOrO MNONOXEHUA
npuemonepeaaroLen
CMYTHUKOBOW aHTEHHbI
TexHuyeckoe
HUBE/IMPOBaHUE CPeacTB
nepeaBuXXeHnA
ObecnevyeHne
6e3onacHocTM naatdopm
Ha 60/1bLLUOM BbICOTE
M3mepeHue yrna HaknoHa B
reonormyeckom
obopynosaHuu gns
MOHUTOpPWUHra

e [1Manas3oH NoJiHoM
WKanvl oT £2 0o 20000 g

Akcenepometpsbl cepum MSA1000 npeactaBnatoT
cobo pasnMyHble EMKOCTHbIE MUKPO-3/1EKTPO-

ABMaLMA N KOCMOC

¢

{6 8%

eftsys.com




Mopenu & Cepun

OcobeHHOCTH

OnucaHue

MNpumeHeHune

e [llnpokasa nonoca
yactot (o1 0 go 5000 Iy,
npu 5%)

MexaHWYecKue yCTpomncTea, NpegHasHavYeHHble gns
M3MepeHus nepemelleHma obLlero xapakrepa.
Hebonblwoi o6bem, manas macca, KecTKkoCTb

MUcnbiTaHMA BEPTONETOB U
camMoJ/ieToB
McnbiTaHua B obnactn

o + +
MSA1000 o HU3KNi1 ypOBEHb WyMa KOHCTPYKUUM, paboTa B gManasoH ot +2 go +20 aBTOMOOUIECTPOEHUA
o 000 g. HanpskeHue nutaHua ot 3 go 7 B. BHyTpM | ucnbiTaHMA Ha
® YCTOMYMBOCTL K .
20 000 npubopa umeeTcs rasosblii gemndep u CTONKHOBEHWE
coyfapeHuio
yAap N g OorpaHunuunTeNb, YTO NO3BONAET U3MEPATb YyaapHoe MNpumeHeHne B
[ ] o
HpesBbiiaitHo manbie Bosaeuncteme go 20 000g n nocTtoAHHOe rpaXKaAaHCKoOm
rabapuTel 1 macca ycKopeHue. Pe3oHaHcHas YacToTa He 6onee 33,4 CTpouTeNbCTBE
e [lnanasoH pabouunx Ky, pabouymin guanasoH TemnepaTyp oT MuHyc 40 enesHogopOoXKHbIE
TemnepaTyp oT MuHyc 40 no +125°C. TEXHO0rnKU
no +125°C MpoMblLLNEHHbIE
UCNbITaHUA
e Jlnana3oH NosHoM ABunauma n Kocmoc
A Akcenepometpsbl cepum MSA1000A npeacTaBnaoT MCI‘IbII:I"'aHVIFl BEDTONETOB 1
+ + .
Wwkanbl o1 22 20 2200008 | (46071 pasnnuHble eMKOCTHbIE MUKPO-371EKTPO- CAMONeTOS P
e LUnpokan nosoca MeXaHMYecKune ycTpoicTea, npeaHasHadeHHble ans
0 1o 5000 T McnbiTaHna B obnactm
yacror (o1 0 fo 4 NU3MepeHUs nepemelLeHma obLLEro XxapakTepa.
o o asTomobunectpoeHna
npu 5%) Hebonblioit ob6bem, manaa macca, ecTKkoCTb
. UCMbITaHUA Ha
e Hwu3Kuli ypoBeHb lWyma | KOHCTPYKLMK, paboTa B AnanasoH oT +2 o +20 CTONIKHOBEHME
e YCTONUYMBOCTb K 000 g. HanpsaskeHue nutaHua ot 3 go 7 B. BHyTpu MpumeHeHme 5
npubopa umeeTcs rasosblii gemndep u
MSA1000A coyaapeHuio 20 000g pnbop Aemndep FpaMaaHCKoM
o OrpaHuumnTeNb, YTO NO3BOAIAET U3MEPATb YAapHOe
e YpesBbl4alHO Manblie cTpouTenbcTee
. p
Bo3aencteume go 20 000 g n NOCTOAAHHOE
rabapuTbl U Macca KenesHonopoKHbIE
ycKopeHue. PesoHaHcHas yacToTa He 6onee 11,4
e [lnanasoH paboumnx . TEXHONOTUK
K, paboumnii gManas3oH TemnepaTyp OT MUHYC 55
Temnepartyp oT MMHyc 55 o MpoMmblLWNEHHbIE
o no +125°C.
no +125°C UCnbITaHUA

A - ....
MSA1000S

e [ocTpoeH Ha baze
MEMS TexHonormm

e OpHooceBoe cnegauiee
YCTPOWMCTBO C 3aMKHYTOM
netnen obpaTtHom cBA3n
e [lnanasoH nonHowm
WwKanbl oT £15 no 50 g
e BbicoKana NAMHENHOCTb
e YCTOMYMBOCTb K
coypapeHuto 10000 g

e Manble rabapuTbl,
HebonbLlan macca

Akcenepometpsbl cepum MSA1000S npeacrasnatoT
coboit pa3nnyHble emKocTHble MEMS ycTpolicTea,
npegHasHavyeHHble ANA USMEPEHUA NepemeLLeHNs
o6Lero xapakTepa, KOTopoe BO3HWKAET B
pesynbTate coyaapeHma Uan cunbHomn smbpaunu.
AKcenepomeTp NpUroaeH A1a yCTaHOBKMU Ha
paKeTbl, Pa3/INYHbIe CAMO/IETbI, B UCMbITAHUAX
CUCTEMbI BbIX10MA, OTAEbHbIX KWNHEMATUYECKUX
nccnefoBaHUAX, ANA USMepPeHus BubpaLmm, B
NONETHbIX UCMbITAHUAX, ANA MOAAIbHOIO aHaNM3a,
ONA U3yYeHUn MHEePUMaNbHOTO ABUMKEHUA U B
MCMbITaTeNIbHbIX CUCTEMAX MOABECKM aBTOMOBUASA.

AHann3 NoNoXKeHUs,
n3mepeHune subpauum,
6annnctmyeckme
n3mepeHus,

NoneTHble UCTbITaHUA,
cepBoynpasaeHue
BMbpauuen,
N3MepeHne neperpyskm

MSA3001A

e Kopnyc, BbINO/IHEHHbIN
13 aIOMUHUA

e [1ManasoH NoJiHoM
WKanbl oT+2 0o £1 000 g
o [lepemelieHne, HU3KaA
4yacToTa, HaK/oH

e YCTOM4YMBOCTb K
coypapeHuto 20 000g

e [losHOCTbIO
aHa/I0roBbI BbIXOAHOM
curHan

MSA3001A — 3TO TpexoceBOn KpeMHUEBbIA MUKPO-
aKkcenepomeTp. BHyTpu Hero pacnonoxeHbl Tpu
04HOOCEBbIX aKcenepomeTpa. JuanasoH NosHOM
WKanbl coctasaseT ot £2 ao +1 000 g. KOHCTpyKuMA
060pyAoBaHa OrpaHUYMUTENIEM, YTO FapaHTMpyeT
YCTOMYMBOCTb K coyaapeHmam go 5 000 g.

MuTaHWe akcenepomeTpa OCyLLECTBAAETCA OT
OLHOr0 UCTOYHMKA MNOCTOAHHOTO HanpaxeHua. OH
061aaeT HU3KUM BbIXOAHbIM CONPOTUBNEHUEM,
ob6ecneynBaloLLLMM BbICOKYHO Harpy3ouHyto
CNocobHoCTb. BCTpoeHHan cneumanmsmpoBaHHasn
WHTErpasibHan cxema BbINOJHAET QYHKUUK

bopToBas cuctema
KOHTPONA N ANATHOCTUKM
COCTOAIHWA BepTo/eTa
(HUMS),

npoBepka dnatrepa Kpbina,
aBTOMObOUNbHbIE
WCMNbITaHMA Ha BO34ENCTBUE
HepPoBHOW gopOrn n
nposepKa NoABECKMU,
MCNbITAaHWA HA HAKJ/IOH
NOABUKHOTO
YKeNe3HOA0POKHOro
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Mopenu & Cepun

OcobeHHOCTH

OnucaHue

MNpumeHeHune

e [locTpoeH Ha base
MWKPO3/IEKTPOMEXaHMYEC
KOW TEXHO0TUU

bopmumpoBaTens curHana u KomneHcaTopa.
YyBCTBUTENbHbIM 31eMEHT, cxema popMUpPOBaHNSA
CUrHaNa U CXemMa KOMMEeHCaLMn BbINOAHEHbI HA
YPOBHe KpucTanna. JononHUTeNbHbIM Kopnyc
yBENNYMBAET HALEKHOCTD.

COCTaBa, U3MepeHune
YCKOPEHWE U HarpysKku
BblOpOCa, UCMbITAHUA B

ueHTpuoyre.

MSA4000

e [11acTMKOBbBIN Kopnyc
(SOIC16)

e BbicoKan HaAeXHOCTb
e [lnanasoH oT 2 Ao
1200 g

e BcTpoeHHbIl B
Kpuctann ¢opmmnpoBsaTesb
CUrHana

e YCTOMUYMBOCTb K
coypapeHuto 20000 g

o ®yHKUMA
CaMonpoBepKM

MSA4000 — 3TO MUKPO-3/IEKTPO-MEXaHNYECKMIA
€MKOCTHOW aKceNepomMeTp, B OCHOBE KOTOPOro
JIEXKUT MACCUBHbIN KPEMHUEBDBIM YyBCTBUTE/IbHbIN
3/1IeMEHT, NoABepriieca MMKPOMEXaHNYECKOM
0bpaboTKe, a TaKXKe cneumanmsanpoBaHHas
WHTErpasibHan cxema C HU3KUM noTpebneHunem,
BbINONHAOWAA POb GOPMMPOBATENA CUTHANA.
AKcenepomeTp NO3BOAAET UIMEPATb LUIMPOKUIA
AManasoH yckopeHuit. OH o6opyaoBaH 3aWUTHON
KOHCTPYKLMEN, KOTopas rapaHTupyet
YCTOMYMBOCTb K coyaapeHunam. LLnpokas nonoca
YacToT B COMETAHUM C MPOYHOCTbIO, HU3KUM
notpebaeHMem U UCKAOYUTENBHO BbICOKOM
CTabMNBHOCTBIO rApPaHTUPYIOT HENPEB3OMAEHHYIO
HaZeXHOCTb Npmbopa.

MHepumanbHbie
U3MEPEHUA: HepLUUanbHoe
ynpasneHue, usmepeHue
neperpyskun, KOMnaeKkcHan
HaBMraumsa; MsmepeHue
HaKOHa: onpeaeneHune
YF10BOTO MONOMKEHUA
QHTEHHbI, U3MepPeHna ana
nnatdopm, onpepeneHve
yrna HaK/I0Ha CKBaXKWHbI;
n3mepeHue BnbpaLmm:
MexaHu4yeckoe
obopygoBaHMe, MOCTbI U
Aambbl, TecTUpoBaHMe Ha
6e3onacHocTb

=

MPA1000

e [locTpoeH Ha base
MWKPO3/1eKTPOMEXaHMYeC
KOW TEXHO/I0TUN

o HecTKuit
MeTaNNNYeCcKnii Kopnyc

e [lnanasoH ot £20 000
no +150000 g

e (Cxema NoJIHOro MocTa
YutcoHa

e YCTOMYMBOCTb K
coygapeHuto 200 000g

e llnpokononocHasa A4X

Akcenepometpbl cepum MPA1000 ocHOBaHbI Ha
NpPoABUHYTOM Nbe30PE3UCTUBHOM
MWKPO3EKTPOMEXaHNYECKOM NpoLecce
nosly4eHmna maccbl U3 KpemHua. Kopnyc Ha yposHe
NAACTUHbI KPUCTaNNA, CTabUAbHbIE NapameTpbl,
BbICOKAA Ha4EeXHOCTb, WWMpoKononocHasa A4X,
OTK/IMK Ha HY/IeBOM YacToTe, UCKIUYUTENBHO
BbICOKME ANHAMUYECKME CBOMCTBA U CTabUNbHOCTb
paboTbl. AKcenepomeTp NPUroAeH ANA N3MepeHns
YCKOpEeHUI ¢ 6bonblnMm g B pesynbTaTte
CTO/IKHOBEHWI, B3PbIBOB, COYAAPEHUI U APYTrUX
YCNOBUIN B XKECTKMX NapaMeTpax OKpyKatoLel
cpeabl. Hebonbwon 06bem, MOHTaXK NpU NOMOLLU
CTaHAAPTHOrO BMHTA, NpocToTa paboTbl.

McnbiTaHWA ¢ CUNbHBIMM
CoyAapeHnamu,
UCNbITaHMA B3PbIBOM,
UCMNbITaHMA Ha CU/IbHbIE
CTONKHOBEHMUS,

aBMauma M KOCMOHAaBTUKaA.

w

MPA1064A

e [locTpoeH Ha base
MWKPO-3/1eKTPO-
MexXaHWYecKom
TEeXHO0rnN

o HecTkuit
MeTaNNNYeCcKnii Kopnyc
e [lnanasoH ot £500 go
+2000¢g

e (Cxema NoJIHOro MocCTa
YutcoHa

e YCTOMYMBOCTb K
coypapeHuto 10000 g

e OrTcyTcTBUE
aemnouvpoBaHua

Akcenepometpsbl cepnn MPA1064A n3rotoBaeHbl
Ha 6a3e NpPoABUHYTOM Nbe30PEe3UCTUBHOM
MMKPO3NEKTPOMEXAHNYECKOMN TEXHONOTUM,
KOoTOpas obecneynBaeT UCKAOUUTENbHO BbICOKUI
OMHAMUYECKUI ANanasoH U CTabuibHOCTb. BHyTpH
npunbopa ycTaHOBAEHA KOHCTPYKLMA CO clabbim
AemndrpoBaHNEM, KOTOPas rapaHTMpyeT
Hebonblwoe cmelleHne $asbl BO BCEM YaCTOTHOM
AmnanasoHe, a TaKXKe TOYHOe COOTBETCTBUE POopMbl
curHana. AYX akcenepomeTpa HauMHaeTca OT
NOCTOSIHHOW COCTaBAAlOLWEN (cTaTUYeckoe
yckopeHue). lMNpeacraBneHHaa Mogenb naeasnbHa
ONA UCMbITAaHWI HA CTOIKHOBEHWE aBTOMObGUAEN,
KpOMe TOro, OHa MOXKET NPUMEHATLCA ANA
N3MEPEHUA KaK KPaTKOBPEMEHHbIX, TaK U
O/IUTE/NbHbIX CUFHANO0B COYAAPEHMUS.
AKcenepomeTp umeet HebobLLIOW pa3mep,
HW3KYI0 CTOMMOCTb M BbICOKYHO HafeXHOCTb.

UcnbiTaHMe asTOoMObuMAei
Ha CTONKHOBEHMeE,
BUBpOMCNbITAHMA,
npoBepka 6e3onacHoCTM
MexaHu4ecKoro
obopyaoBaHus.
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Mopenu & Cepun

OcobeHHOCTU

OnucaHue

MNpumeHeHune

Mogenb cooTBeTCcTBYET cTaHAapTy SAE J211, SAE
J2570 n ISO 6487.

&

MPA1064G

e [locTpoeH Ha base
MUKPO3NeKTpOMEXaHNYeC
KOW TEXHO/I0TUN

o HecTKuit
MeTaNIZInYeCcKMit Kopnyc
e [lnanasoH ot £500 go
+2000¢g

e (Cxema NoJIHOro MocTa
YutcoHa

e YCTOMYMBOCTb K
coypapeHuto 10 000 g

e [emndupoBaHue

Akcenepometpsbl cepun MPA1064G U3rotoBaeHbl
Ha 6a3e NpoABMHYTOMN Nbe30PE3NCTUBHOM
MWKPO31EKTPOMEXAHNYECKOMN TEXHONOTUM,
KOoTOpas obecneynBaeT UCKAOUUTENbHO BbICOKUI
OMHAaMUYECKUI AnanasoH M CTabuIbHOCTb.
BHYTpW npnbopa ycTaHOB/MEHA cneumanbHan
AeMmndupytoLLan KOHCTPYKLMA, KOTopan
rapaHTMpyeT HebonbLioe cMmelleHne dasbl BO BCEM
YaCTOTHOM AMana3oHe, a TaKXKe TOYHoe
cooTBeTcTBME GOpPMbI CUTrHana. A4YX
aKceNepomMeTpa HaYMHAETCA OT NOCTOAHHOW
cocTasnaloLei (ctaTuieckoe ycKopeHue).
MpeacraBneHHaa moaenb naeanbHa ana
MCMbITaHUI Ha CTO/IKHOBEHME aBTOMOBUNEN,
KpOMe TOro, OHa MOXeT NPUMEHATbCA ANA
N3MEPEHUSA KaK KPaTKOBPEMEHHbIX, TaK U
O/INTENbHbBIX CUTHANOB COYAAPEHMA.
AKcenepomeTp MmeeT HebobLLOM pasmep,
HU3KYH CTOMMOCTb W BbICOKYHO HaZleKHOCTb.
Mogenb cooTBeTcTBYET cTaHAapTy SAE J211, SAE
J2570 n ISO 6487.

MUcnbiTaHMe aBTOMObUEN
Ha CTONIKHOBEHMeE,
BUBpOMCbITAHMUA,
npoBepKa 6e3onacHoCTM
MexaHMYecKoro
obopynoBaHus.
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RIS Pykoeodcmeo no ebibopy MEMS AkcenepomeTpe!
Model Fonge | Sttty | Regomse | e S (R (SO R e Mone
g mV/g Hz % grams g % Hy Vde c method
MSV3000—02 +2 1000+£8 ' DC ~ 250 <0.5 26 | 20000 1 1300 | +7 ~ +40 —55~ +125 M5 bolts | Hermetic package
MSV3000—10 +10 200+2 DC ~ 1000 <0.5 26 | 20000 1 2700 47 ~ +40 =55~ +125 Mb bolts | Hermetic package
MSV3000—-30 +30 66.6+1 DC ~ 1000 <0.5 26 20000 1 5500 | +7 ~ +40 —55 ~ 4125 Mb bolts  Hermetic package
MSV3000—50 +50 40+1 |DC ~ 1000 <0.5 26 20000 1 5500 47 ~ 440 —55 ~ +125 M5 bolts | Hermetic package
MSV3000—-100 +100 20+£1 DC ~ 1500 <0.5 26 20000 1 9800 | +7 ~ +40 —b55 ~ +125 M5 bolts | Hermetic package
MSV3000—200 +200 10+1 DC~ 1500 <0.5 26 20000 1 9800 47 ~ +40 —b55~ +125 M5 bolts | Hermetic package
MSV3000—-500 +500 |« 4+0.3 DC~ 2500 <1 26 | 20000 1 12700 |47 ~ +40 —55 ~ +125 Mb bolts | Hermetic package
MSV3000—-1000 +1000 | 2+0.3 DC~ 2500 <1 26 20000 1 12700 | +7 ~ +40 |—55 ~ +125 M5 bolts | Hermetic package
MSV3000—10000 | +10000 0.24+0.03 DC ~ 5000 <4 26 20000 1 12700 | +7 ~ +40 —55 ~ 4125 Mb bolts | Hermetic package
MSV3000—20000 | +20000 0.1+0.01 |DC ~ 5000 <6 26 | 20000 1 12700 | +7 ~ +40 |—55 ~ +125 M5 bolts | Hermetic package
MSV1000—02 £ 1000+20 DC ~ 250 = <0.2 10 | 20000 2 1100 | +7 ~ +40 —55~ +125  bolts | Hermetic package
MSV1000—10 +10 200+2 |DC ~ 1000 <0.2 10 20000 2 3000 47 ~ 440 —55~ 4125 bolts | Hermetic package
MSV1000—30 +30 66.6+4 DC ~ 1000 <0.2 10 20000 2 5500 | 47 ~ +40 —b5~ +125  bolts | Hermetic package
MSV1000—-50 +50 40+2 DC ~ 1000 <0.2 10 20000 2 5500 47 ~ 440 —55~ 4125 bolts | Hermetic package
MSV1000—-100 +100 201 DC ~ 2000 <0.2 10 | 20000 2 9800 | +7 ~ 440 |—bb ~ +125| bolts | Hermetic package
MSV1000—-200 +200 | 13.3+0.6 DC ~ 2000 <0.2 10 | 20000 2 9800 | +7 ~ +40 —55~+125  bolts  Hermetic package
MSV1000—-500 +500 | 4+0.3 |DC ~ 5000 <2 10 | 20000 2 18000 | +7 ~ +40 —55~+125  bolts | Hermetic package
MSV1000—1000 +1000 | 2+0.3 'DC ~ 5000 <2 10 20000 2 25800 | +7 ~ +40 —bb~ 4125 bolts | Hermetic package
MSV1000—10000 | +10000 0.2+0.03 DC ~ 5000 <3 10 | 20000 2 37000 | +7 ~ +40 =55~ +125  bolts | Hermetic package
MSV1000—20000 | +20000 0.1+0.01 |DC ~ 5000 <6 10 | 20000 2 37000 |+7 ~ +40 |55~ +125 bolts  Hermetic package
MSV1000A—02 +2 1000+20 | DC ~ 250 @ <0.2 10 20000 2 1100 | +7 ~ +40 —55~+125  bolts | Hermetic package
MSV1000A—10 +10 200+2 |DC ~ 1000 <0.2 10 20000 2 3000 47 ~ 440 —55~ 4125 bolts | Hermetic package
MSV1000A—30 +30 66.6+4 DC ~ 1000 <0.2 10 20000 2 5500 | 47 ~ +40 —b5~ +125  bolts | Hermetic package
MSV1000A—-50 +50 40+2 DC ~ 1000 <0.2 10 20000 2 5500 47 ~ +40 —55~+125  bolts | Hermetic package
MSV1000A—100 +100 20+1 |DC ~ 2000| <0.2 10 20000 2 9800 | +7 ~ +40 —55~ 4125 bolts | Hermetic package
MSV1000A—200 +200 | 13.3+0.6 DC ~ 2000 <0.2 10 | 20000 2 9800 | +7 ~ +40 —55~ 4125  bolts  Hermetic package
MSV1000A—500 +500 | 4+0.3 |DC ~ 5000 <2 10 | 20000 2 18000 | +7 ~ +40 —55~+125  bolts | Hermetic package
MSV1000A—1000 | +£1000 = 2+0.3 |DC ~ 5000 <2 10 | 20000 2 25800 |+7 ~ +40|—55~+125 bolts  Hermetic package
MSV1000A—10000 | +10000 0.2+0.03 |DC ~ 5000 <3 10 | 20000 2 37000 | +7 ~ +40|-55~ +125 bolts  Hermetic package
MSV1000A—20000 | +20000 0.14+0.01 DC ~ 5000 <6 10 20000 2 37000 | +7 ~ +40 =55~ 4125 bolts | Hermetic package
MSV6000—-02 +2 1000£8 DC ~ 250 <0.5 <1 20000 <1 1300 | 43 ~ +7 b5~ +125 = Hermetic package
MSV6000—10 +10 200+£2 DC~ 1000 <0.5 & <1 | 20000 <1 2700 +3 ~ +7 —55~+125 - Hermetic package

I

TECTbI M UIMEPEHHS




¢

GE e —
MEMS AkcenepowmeTpe! Pykoeodcmeo no ebibopy %55
Model Fonge | Saiivity | Regomse | e S (R (SEE R e Mo

g mV/g Hz % grams g % Hy Vde c method
MSV6000—30 +30 66.6+1 DC~ 1000 <0.5 | <1 | 20000 <1 5500 | +3 ~ +7 |-b5~ +125 = Hermetic package
MSV6000—50 +50 40+1 DC~1000| <0.5 | <1 | 20000 <1 5500 | +3 ~ +7 —b5~+125 - Hermetic package
MSV6000—100 +100 20+1 DC ~ 1500 <0.5 <1 20000 <1 9800 | 43 ~ 47 —H5~+125 = Hermetic package
MSV6000—200 +200 10+1 DC~1500 <05 = <1 | 20000 <1 9800 | +3 ~ 47 —b5~+125 - Hermetic package
MSV6000—-500 +500 | 4+0.3 |DC ~ 2500 <1 <1 | 20000 | <1 18000 | +3 ~ +7 |—b5~+125 = Hermetic package
MSV6000—1000 +1000  2+0.3 |DC ~ 2500 <1 <1 | 20000 | <1 25800 | +3 ~ +7 —b5~+125 - Hermetic package
MSV6000—10000 | +10000 0.2+0.03 DC ~ 5000 <4 <1 20000 <1 50000 | +3 ~ +7 |—b5~ 4125 = Hermetic package
MSV6000—-20000  +20000 0.1+0.01 DC ~ 5000 <6 <1 | 20000 | <1 50000 | +3 ~ +7 —bb~ +125 - Hermetic package
MSA3000—-02 +2 1000+8 DC ~ 250 | <0.5 20 5000 1 1300 | +7 ~ +40 —55~ +125 M3Bolt Rubber seal
MSA3000-10 +10 200+2 |DC ~ 1000 <0.5 20 5000 1 2700 | 47 ~ 440 —b5~ 4125 M3Bolt Rubber seal
MSA3000—-30 +30 66.6+1 DC ~ 1000 <0.5 20 5000 1 5600 | +7 ~ 440 —b5~ 4125 M3Bolt Rubber seal
MSA3000-50 +50 40+1 DC ~ 1000 <0.5 20 5000 1 5500 47 ~ 440 —55~ 4125 M3Bolt Rubber seal
MSA3000—-100 +100 20+1 |DC ~ 1500 <0.5 20 5000 1 9800 |47 ~ 440 —b5~ 4125 M3Bolt Rubber seal
MSA3000—-200 +200 10+1 |DC ~ 1500 <0.5 20 5000 1 9800 | 47 ~ 440 —b5~ 4125 M3Bolt Rubber seal
MSA3000-500 +500 | 4+0.3 |DC ~ 2500 <0.5 20 5000 1 12700 | +7 ~ +40 55 ~ +125  M3Bolt Rubber seal
MSA3000—-1000 +1000 2+0.3 |DC ~ 2500 <0.5 20 5000 1 12700 | +7 ~ +40 —55~ +125 M3Bolt Rubber seal
MTS2000—05 4E5° +0.002° DC ~ 1000| <0.1 165 = = = +8 ~ +24 —40 ~ +70 M3Bolt Rubber seal
MTS2000—15 +15° | £0.002° DC ~ 1000 <0.1 165 - - - +8 ~ 424 —40 ~ +70| M3Bolt Rubber seal
MTS2000—-30 +30° | £0.002° DC ~ 1000 <0.1 165 = = = +8 ~ +24 —40 ~ +70 M3Bolt Rubber seal
MTS2000—-75 +756° | £0.002° DC ~ 1000 <0.1 165 - - - +8 ~ +24 —40 ~ +70 M3Bolt Rubber seal
MSA1000-02 327 1000+20 ' DC ~ 250 +0.2 | 1.2 20000 2 1100 | +3 ~ +7 —b5~ +125 Stick/Bolt | Hermetic package
MSA1000—-10 +10 200+10 DC ~ 1000 +0.2 1.2 | 20000 2 3000 | +3 ~ +7 =55 ~ 4125 Stick/Bolt | Hermetic package
MSA1000—-30 +30 66+4 DC ~ 1000/ +£0.2 | 1.2 | 20000 2 5500 | +3 ~ 47 |—b5 ~ +125 Stick/Bolt| Hermetic package
MSA1000-50 +50 40+2 DC ~ 1000/ +0.2 | 1.2 | 20000 2 5600 | +3 ~ 47 |—b5 ~ +125 Stick/Bolt | Hermetic package
MSA1000—-100 +100 20+£1 DC ~ 1500/ +£0.2 | 1.2 | 20000 2 9800 | +3 ~ 47 —b5 ~ +125 Stick/Bolt | Hermetic package
MSA1000—-150 +150 | 13.3+0.6 DC ~ 15600 +0.2 | 1.2 | 20000 2 9800 | 43 ~ 47 |—bb ~ 4125 Stick/Bolt Hermetic package
MSA1000-500 +500 | 4+0.3 |DC ~ 2500 42 1.2 | 20000 2 18000 | +3 ~ 47 |—b5 ~ +125 Stick/Bolt | Hermetic package
MSA1000—1000 +1000  2+0.3 DC ~ 2500 +2 1.2 | 20000 2 25800 | +3 ~ +7 |—bb ~ +125 Stick/Bolt Hermetic package
MSA1000—10000 | +£1000 0.24+0.03 DC ~ 5000  +3 1.2 | 20000 3 33400 | +3 ~ +7 |—bb ~ +125|Stick/Bolt Hermetic package
MSA1000-20000 | +£1000 0.14+0.01 DC ~ 5000  +6 1.2 | 20000 3 33400 | +3 ~ +7 | =55~ +125|Stick/Bolt Hermetic package
MSA1000A—02 ey 1000+20 | DC ~ 250 +0.2 @ 4.9 | 20000 2 1100 | +3 ~ +7 | =55 ~ +125 Stick/Bolt Hermetic package
MSA1000A—-10 +10 200+10 DC ~ 1000 +0.2 4.9 | 20000 2 3000 | +3 ~ +7 =55 ~ 4125 Stick/Bolt | Hermetic package
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MSA1000A—-30 +30 66+4 |DC ~ 1000 +0.2 | 4.9 | 20000 2 5500 | 4+3 ~ +7 —bb5 ~ 4125 Stick/Bolt| Hermetic package
MSA1000A—-50 +50 40+2 |DC ~ 1000/ +0.2 ' 4.9 20000 2 5500 | +3 ~ +7 |55~ +125 Stick/Bolt Hermetic package
MSA1000A—-100 +100 20£1 |DC ~ 1500 +0.2 & 4.9 20000 2 9800 | +3 ~ +7 |—b5 ~ +125 Stick/Bolt Hermetic package
MSA1000A—-150 +150 | 13.3+0.6 DC ~ 1600 +0.2 | 4.9 | 20000 2 9800 | +3 ~ +7 |—bb ~ +125 Stick/Bolt Hermetic package
MSA1000A—500 +500 | 4+£0.3 DC~ 2500 =2 4.9 | 20000 2 11400 | +3 ~ +7 —b5~ 4125 Stick/Bolt Hermetic package
MSA1000A—1000 = +1000 | 2+0.3 | DC ~ 2500 +2 4.9 | 20000 2 11400 | +3 ~ +7 —b5~ +125 Stick/Bolt Hermetic package
MSA1000A—10000 | +10000 0.24+0.03 DC ~ 5000 ~ +3 4.9 | 20000 3 11400 43 ~ +7 —bb ~ 4125 Stick/Bolt| Hermetic package
MSA1000A—20000 | £20000|0.14+0.01 \DC ~ 5000, +6 4.9 | 20000 3 11400 = +3 ~ +7 —b55~ +125 Stick/Bolt Hermetic package
MSA1000S—15 +15 280+£15 | DC ~ 200 0.03 | <25 10000 = >2000 +14 ~+18 —40 ~ +85  Bolt | Hermetic package
MSA1000S-30 +30 140+£15 DC ~ 200  0.03 | <25 10000 - >2000 |+14 ~ +18 —40 ~ +85 Bolt Hermetic package
MSA1000S—50 +50 856+15 ' DC~200 0.05 | <25 10000 = >2000 +14 ~+18 —40 ~ +85  Bolt | Hermetic package
MSV3001A—02 +2 1000420 DC ~ 300 1 <40 10000 - 1300 | +3 ~+7 —B5~+1256  Bolt | Hermetic package
MSV3001A—10 +10 200+10 | DC ~ 800 1 <40 | 10000 = 3000 | +3 ~ +7 —5b~+1256  Bolt Hermetic package
MSV3001A—-30 +30 66.7+3 DC ~ 1000 1 <40 | 10000 - 5500 | 43 ~ 47 b5~ 4125  Bolt Hermetic package
MSV3001A—-50 +50 40+2  DC ~ 2000 1 <40 10000 = 8000  +3 ~ 47 |-55~+125  Bolt  Hermetic package
MSV3001A—100 +100 20+1 DC ~ 2000 1 <40 | 10000 - 8000  +3 ~ +7 —5b~+126  Bolt Hermetic package
MSV3001A—150 +150 | 13.3+0.6 DC ~ 2000 1 <40 = 10000 = 8000 | +3 ~ +7 | =55~ +125  Bolt Hermetic package
MSV3001A—200 +200 | 10£0.5 DC ~ 2000 1 <40 10000 - 8000  +3 ~ 47 |-55~+125  Bolt  Hermetic package
MSV3001A—500 +500 | 4+0.3 DC ~ 2000 1 <40 | 10000 = 8000 | +3 ~ +7 55~ 4125 Bolt | Hermetic package
MSV3001A—-1000 = +£1000 = 2+0.3 | DC ~ 5000 1 <40 | 10000 - 10000 | 43 ~ +7 —bb~+125  Bolt Hermetic package
MSA4000—-02 +2 1000£10 DC ~ 500 < +0.1 0.5 | 20000 1 1300 | +3 ~ +7 —40 ~ +85 = Plastic Packaging
MSA4000—-30 +30 | 66.6+2 DC~500 < +0.3 0.5 20000 1 4500  +3 ~ +7 |—40 ~ +85 - Plastic Packaging
MSA4000-50 +50 40+1 DC ~ 500 < +0.3 0.5 | 20000 1 5800 | 4+3 ~ +7 | —40 ~ +8b = Plastic Packaging
MSA4000—-100 +100 201 DC ~500 < +£0.3] 0.5 20000 1 8100  +3 ~ 47 |—40 ~ +85 - Plastic Packaging
MSA4000—150 +150 | 13.3+1 ' DC ~ 500 |< +0.5 0.5 | 20000 1 10100 | +3 ~ +7 |—40 ~ +85 = Plastic Packaging
MSA4000—-200 +200 10+1 DC ~ 500 < +£0.5 0.5 | 20000 1 11400 | 43 ~ +7 —40 ~ +85 - Plastic Packaging
MPA1000—20K £20000 0.006 | DC~ 20000 +2 <2 | 50000 5 100000 | +2 ~ +10 | —40 ~ +85 Bolt Epoxy sealed
MPA1000—100K +100000 0.003 DC ~ 50000  +2 <2 | 200000 5 150000 | +2 ~ +10 —40 ~ +85 Bolt Epoxy sealed
MPA1000—150K +£150000| 0.003  DC ~ 50000 +2 <2 | 200000 5 150000 | +2 ~ +10 | —40 ~ 485 Bolt Epoxy sealed
MPA1064A-500 +500 0.40 DC ~3000  <zf1 1.4 | 5000 3 17000 | +2 ~ +10 | —40 ~ +85 Bolt Epoxy sealed
MPA1064A—2000 +2000 0.15 DC ~ 5000 | <+t 1.4 | 10000 3 26000 | +2 ~ +10 | —40 ~ +8b Bolt Epoxy sealed
MPA1064G—2000 +2000 0.15 DC ~5000 <+1 1.4 | 10000 3 26000 | +2 ~ +10  —40 ~ +8b Bolt Epoxy sealed
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MEMS DC Response Accelerometers —Zfa#ix
MSV3000 Variable Capaci Triaxial Accel
ariaoie apacltance, riaxial Accelerometer
Characteristics
e +29~+20000g full scale range e Large bandwidth(DC to 5000Hz @ 5%)
® Low noise o Excellent thermal stability
© 20000g shock survivability e Operation temperature -55~+125C
Parameters unit MSV3000-02 -10 =30 =50 =100 =200 =500 -1000 ‘ -10000 -20000 ‘
Acceleration Range g +2 +10 +30 +50 +100 +200 +500 +1000 +10000 +20000
Frequency Response( +5%) Hz DC ~ 250 DC ~ 1000 DC ~ 1000 DC ~ 1000 DC ~ 1500 DC ~ 1500 DC ~ 2500 | DC ~ 2500 ‘ DC ~ 5000 | DC ~ 5000 ‘
Damping ratio, typical 0.7 0.7 0.7 0.7 1 1 1 1 1 1
Sensititity + 59 (ref 100Hz) mV/g 1000+ 8 200+2 66.6+1 40+1 20+1 10+1 4+0.3 240.3 ‘ 0.2+0.03 | 0.1+0.01 ‘
MountingResonant frequency kHz 1.3 2.7 55 55 9.8 9.8 12.7 12.7 12.7 12.7
Transverse sensitivity, typ. % 10 1.0 10 10 10 10 10 10 ‘ 10 10 ‘
Sensitive Axis Misalignment  typ mrad 10 10 10 10 10 10 10 10 10 10
Amplitude Lineatity. max 9%Fs0 <0.5 <0.5 <0.5 <05 <0.5 <0.5 <1 a < |
Phase shift (max. )@100Hz Degrees 20 10 10 10 10 10 10 10 5 5
Noise Density, 0—100Hz, typ. mgms/ +/ Hz | 0.0002 0.001 0.005 0.01 0.5 0.7 1.5 2 ‘ 20 40 ‘
Resolution (threshold) ,typ. mg 0.002 0.01 0.05 0.1 5 7.5 15 20 200 400
Termp Coeff Sensitivity typ ppm/C 50 50 50 50 50 50 50 50 ‘ 50 50 ‘
Temp Coeff Sensitivity ,typ mg/C 0.05 0.5 1.5 25 5.0 10 25 50 500 1000
0g Output mv 2500+ 10 ‘
Capacitive Load,max. uk 0.05
Load Resistance, min. kQ 10 ‘
Output Impedance, typ. Q 10
Supply Current,nom. mA 16 ‘
Supply Voltage Vde +7~+40
Reverse Polarity Protection Yes ‘
Shock (half sine, 200  sec) g 20000
Random (20—2000Hz] S 2 ‘
Storage Temperature Range c —bb ~ +125
Operating Temperature Range T —55 ~ 4125 ‘
Case Material Titanium
Meterial mm 22X22X22 5 |
Conncetor Miniature 9—pin hermetic—male (pins)
Mounting 10-32 stud/adhesive ‘
Sealing Hermetic
Ground Isolation Yes ‘
Weight grams 26

Typical Applications
o Aviation & Aerospace
Civil Engineering Structures

Notes

Helicopter & Aircraft Testing
Railway technology

Automotive testing & crash tes
ndustrial testing

1. All values are typical at +25°C , +15Vdc supply voltage, unless otherwise stated. Calibration data, traceable to the National Institute of Metrology,(NIM),is supplied.

Structure (unit: mm)

22

— | GND | GND | OUTZ OUTY | OUTX
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MSV1000 Variable Capacitance Accelerometer

Characteristics ( wEwE)
e +2g~+20000g full scale range e Large bandwidth(DC to 5000Hz @ 5%) ;‘mmﬂ-q
o Low noise e 20000g shock survivability |
e Operation temperature -55~+125C =
Parameters unit MSV1000-02 -10 -30 -50 -100 -150 -500 -1000 -10000 -20000
Full Scale g pk +2 +10 +30 +50 +100 +150 +500 +1000 +10000 +20000
Sensitivity (at 100Hz) mV/g 1000+20 200+10 66+4 40+2 20+1 13.3+0.6 4+0.3 2403 0.2+0.03 0.1£0.01
Frequency Response(+5%) Hz DC ~ 250 DC~ 1000 | DC~ 1000 | DC~ 1000 | DC~2000 | DC~2000 | DC~5000 | DC~5000 | DC~ 5000 | DC ~ 5000
MountingResonant frequency Hz 1100 3000 5500 5500 9800 9800 18000 25800 37000 37000
Non—linearity and Hysteresis %FS (Typ) +0.2 +0.2 +0.2 +0.2 +0.2 +0.2 +2 +2 +3 +6
%FS (Max) +0.5 +0.5 +0.5 10.5 10.5 0.5 £3 £3 +4 +8
Transverse Sensitivity % (Max) 2 2 2 2 2 2 2 2 3 3
Zero Acceleration Output mV (Max) 2500+ 50 2500+ 50 2500+ 50 2500+ 50 2500+ 50 2500+ 50 2500+ 50 2500450 2500+ 50 2500+ 50
Thermal zero shift(0°C ~ +50C ) | 9%FSO (Max) +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
(=25'C~ +75°C) 9FSO (Max) +2.0 +2.0 £2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
Thermal sensitivity Drift(0C ~+50C) 9 (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
(=25C~ +757C) % (Max) £3.0 +3.0 £3.0 £3.0 £3.0 3.0 £3.0 £3.0 +3.0 £3.0
Electrical clipping distortion g +2.5 +12.5 +37.5 +62.5 +125 +185 62 +1250 +12500 +25000
Mechanical Stops, typical /minimum g +4 +30 +90 +90 +150 +220 +750 +1500 +30000 +3000
Recovery time pum <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Threshold (Resolution ) mg 0.002 0.01 0.05 0.1 5 7.5 15 20 200 400
Warm—up time(to within 19) ms 10 10 10 10 10 10 10 10 10 10
Excitation Vde +7 ~ +40
Base strain Sensitivity (Max) mA 6
Current Drain mA 1 (typ)
Output Impedance,/Load Q 10chms max/10k O ohms resistance minimum  50pF capacitance maximum
Residual Noise pV 10 Vims typ,0.5 ~ 100Hz, 50 u Vims typ,0.5 ~ 10KHz)
Electrical, Connetions Integral Cable, Four Conductor NO.34AWG
Weight 10grams (cable weighs 12.1grams/meter)
Case ,Material Aluminum Alloy or Titanium Alloy
Mounting// Torque Holes for Two M3 Mounting Screws/0.68Nm
Acceleration Limits(in Any Direction) 20000g
Sinusoidal /Random vibration 100g, pk, 20 ~ 2000Hz/ 40g rms,20 ~ 2000Hz
Shock (Half—sine Pulse) 20000g,80 s
Zero Variation 0.19FSO typical at 20000g
Operating temperature c —55 ~ +125
Storage temperature T —55 ~ 4125
ESD Sensitivity Class 2, HBM 2kV
Typical Applications
@ Structural Vibration Testing Multi—channel Modal Analysis Product Testiong
Vibration Control Analytical Model Correlation Design Studies
Remark

1. All values are typical at +25°C , 100Hz and 15Vdc excitation unless otherwise stated.calibration data,traceable to the National Institute

of Metrology, (NIM) ,is supplied.

Structure (unit; mm) Wiring Definition
Red Line | VCC +PWR
BeETck | B
= @) MSV1000 - © _‘—|—§ Black Line | GND GND
- wantemas LT 2lagy g - —
XMYY-222 ) Green Line | Out+ Positive Output
Postitive
torai
20,95 Acceleralion White Line| Out— Negative Output
25.4
Top view Side view

78 http://www.eftsys.com




¢

MEMS DC Response Accelerometers — Bfa#ir

MSV1000A Variable Capacitance Accelerometer

Characteristics
o +2g~+20000g full scale range e Large bandwidth(DC to 5000Hz @ 5%) L?mﬁ
e Low noise ® 20000g shock survivability 7“
e Operation temperature -55~+125C i
Parameters unit MSV1000A-02 -10 =30 =50 -100 -150 -500 -1000 -10000 -20000
Full Scale g pk +2 +10 +30 +50 +100 +150 +500 +1000 +10000 +20000
Sensitivity (at 100Hz) mV/g 1000+20 200+10 66+4 40+2 20+1 13.3+0.6 4+0.3 240.3 0.2+0.03 0.1+£0.01
Frequency Response (+5%) Hz DC ~ 250 DC ~ 1000 | DC~ 1000 | DC~ 1000 | DC~2000 | DC~2000 | DC~5000 | DC~5000 | DC~ 5000 | DC ~ 5000
MountingResonant frequency Hz 1100 3000 5500 5500 9800 9800 18000 25800 37000 37000
Non—linearity and Hysteresis %FS (Typ) +0.2 +0.2 +0.2 +0.2 +0.2 +0.2 +2 +2 +3 +6
%FS (Max) +0.5 +0.5 +0.56 £0.5 +0.5 +0.5 +3 +3 +4 +8
Transverse Sensitivity % (Max) 2 2 2 2 2 2 2 2 3 3
Zero Acceleration Output mV (Max) +50 +50 +50 +50 +50 +50 +50 +50 +50 +50
Thermal zero shift(0°C ~ +50C ) | 9%FSO (Max) +1.0 +1.0 +1.0 +1.0 £1.0 +1.0 +1.0 +1.0 +1.0 +1.0
(=25'C~ +75°C) 9%FSO (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
Thermal sensitivity Drift (0C ~+50C)| 9% (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
(=25C~ +757C) % (Max) +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0
Electrical clipping distortion g +2.5 +12.5 +37.5 +62.5 +125 +185 £625 +1250 +12500 +25000
Mechanical Stops, typical /minimum g +4 +30 +90 +90 +150 +220 +750 +1500 +30000 +3000
Recovery time pm <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Threshold (Resolution) mg 0.002 0.01 0.05 0.1 5 7.5 15 20 200 400
Warm—up time(to within 19) ms 10 10 10 10 10 10 10 10 10 10
Excitation Vde +7 ~ +40
Base strain Sensitivity (Max) mA 12
Current Drain mA 1 (typ)
Output Impedance/Load Q 10ohms max/10k Q) ohms resistance minimum, 50pF capacitance maximum
Residual Noise pVv 10 u Vims typ,0.5 ~ 100Hz,50 u Vrms typ,0.5 ~ 10KHz)
Electrical, Connetions Integral Cable, Four Conductor NO.34AWG
Weight 10grams (cable weighs 12.1grams/meter)
Case ,Material Aluminum  Alloy or Titanium Alloy
Mounting/ Torque Holes for Two M3 Mounting Screws/0.68Nm
Acceleration Limits(in Any Direction) 20000g
Sinusoidal /Random vibration 100g, pk, 20 ~ 2000Hz/ 40g rms, 20 ~ 2000Hz
Shock (Half—sine Pulse) 20000g,80 s
Zero Variation 0.19FSO typical at 20000g
Operating temperature T —55 ~ +126
Storage temperature T —bb ~ +125
ESD Sensitivity Class 2, HBM 2kV

Typical Applications

@ Structural Vibration Testing Multi—channel Modal Analysis Product Testiong
Vibration Control Analytical Model Correlation Design Studies
Remark

1. All values are typical at +25°C , 15Vdc excitation unless otherwise stated.

Structure (unit: mm)
Wiring Definition

% & Red Line vCC +PWR
4 MSV1000A -
" HRante g N _,—‘—E Black Line| GND GND
XYy-22Z
E 85 (A
Green Line| Out+ Positive Output
2095
| 25. 4 - White Line| Out— Negative Output
Top view Side view
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MSV6000 Variable Capacitance Accelerometer

Characteristics
o Extra small LCC20 packaging o +2g~+20000g full scale range e
e Low noise o Large bandwidth(DC to 5000Hz @ 5%) ]
o Excellent thermal stability e Harsh Environment (shock, vibration, temperature)
Parameters unit MSV6000-02 -10 =30 -50 -100 -200 =500 -1000 -10000 -20000
Range g +2 +10 +30 +50 +100 +200 +500 +1000 +100 +20000
Bandwidth( +5%) Hz (typ) DC ~ 250 |DC ~ 1000 DC ~ 1000 |DC ~ 1000 DC ~ 1500 DC ~ 1500 DC ~ 2500 DC ~ 2500 | DC ~ 5000 | DC ~ 5000
Resonant frequency kHz 1.3 2.7 4.5 4.5 5.8 1.4 17.7 25.6 17.7 25.6
Noise Spectral Density in Band | pV +/ Hz 10 10 10 10 10 10 10 10 10 10
Bias Calibration mg <10 <50 <150 <250 <500 <1000 <2500 <5000 <50000 <100000
Bias Stability mg <0.1 <0.5 <1.5 <256 <5.0 <10 <25 <50 <500 <1000
Bias Repeatability mg <0.1 <0.5 <15 <2.5 <5.0 <10 <25 <50 <500 <1000
Bias temp. Coefficient mg/"C <0.2 <0.8 <2.0 <3.0 <5.0 <10 <25 <50 <500 <1000
Scale Factor sensitivity mV/g 1000+8 200+2 66.6+1 40+1 2041 1041 440.3 240.3 0.2+£0.03 | 0.1+0.01
Scale Factor Stability ppm 300 300 300 300 300 300 1500 3000 5000 5000
Scale Factor Temp Coefficient ppm/°C 100 100 100 100 100 100 100 100 100 100
Misal:ggr“;eri?gko) mrad (max) <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
% (max) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Thrz:;z:;‘(g{ - mg 0.002 0.01 0.05 0.1 5 7.5 15 20 200 400
Non—linearity %/FS <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <1 <1 <4 <6
Input Vf/“sasg; (VOD- Vde +3 ~ +7 (The standard volage for calibration is 5.0Vdc)
Package Up to 20000g (0. 15mshalf—sine,3 time shocks, in 3 directions)
Recovery Time <1ms(1000g, half—sine period 1ms, shocks in each dircetion o,p,i)
Vibration 20g rms, 20—2000Hz (random noise, 30 minutes in each direction o,p,i)
Packaging Hermetic,LCC20(non magnetic)
Operating Temperature ﬂc 55~ 4125
Range
ESD Sensitivity Class 2, HBM 2kV
Output Voltage Range From 0.5 to 4.5VDC@5.0VDC input voltage (2.5V+10mV@0g)
Operating Cgrrent <6mA@5.0VDC
Consumption
Output Impedance/load Min 10k Q at Vout (pin 16) and GND (pin 20). Max 50pF at Vout (pin 16) and Max 100uF GND (pin 20)
Weight <1 grams
Size Max9.2X9.2X2.8mm(0.354X0.354X0. 109inch)

Typical Applications

@ Aviation & Aerospace

Civil Engineering Structures

Remark

Helicopter & Aircraft Testing Automotive testing & crash test

Railway technology Industrial testing

1. All values are typical at +25°C, +5Vdc supply voltage, unless otherwise statement.

Structure (unit: mm)

®CETCE
MSV6000-100 [
1208-010

1 1t

Postitive
Acceleration

(T

26 |

Side view
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Wiring Definition

2 vee +PWR
‘| meeree || * 3 GND Ground
6 | MSVB000-100 |5 16 15 SST Sensor self—test
& 1208:010 14 16 Vout Sensor Output (Bandwidth)
17 ORG-out Filter Output (Bandwidth)
? “_ k 18 ECAP Filter Capacitor Interface (1/2Vcc)
T O 20 GND Ground
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MSA3000 Variable Capacitance, Triaxial Accelerometer

Characteristics

e +2g~+20000g full scale range
e Low noise

® 50009 shock survivability

o Large bandwidth(DC to 5000Hz @ 5%)
o Excellent thermal stability
o Integral cable

Parameters unit MSA3000-2 MSA3000-10 | MSA3000-30 | MSA3000-50 | MSA3000-100 =~ MSA3000-200 = MSA3000-500 & MSA3000-1000
Range g +2 +10 +30 +50 +100 +200 +500 +1000
Frequency response ( +5%) Hz DC ~ 250 DC ~ 1000 DC ~ 1000 DC ~ 1000 DC ~ 1500 DC ~ 1500 DC ~ 2500 DC ~ 2500
Damping ratio, typical 0.7 0.7 0.7 0.7 1 1 1 1
Sensititity , +59 (ref 100Hz) mV/g 1000+8 20042 66.6+1 40+1 201 10+1 4£0.3 2+0.3
Mounted Resonant frequency Hz 1300 2700 5500 5500 9800 9800 12700 12700
Transverse sensititity  typ. (max) % 1.0(3.0) 1.0(3.0) 1.0(3.0) 1.0(3.0) 1.0(3.0) 1.0(3.0) 1.0(3.0) 1.0(3.0)
Sensitive Axis Misalignment, typ. (max) mrad 10(30) 10(30) 10(30) 10(30) 10(30) 10(30) 10(30) 10(30)
Amplitued linearity max. 9%FS (max) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <1 <1
Phase shift(max ) @100Hz Degrees 20 10 10 10 10 10 10 10
Noise Density, 0—100Hz, typ. (Max) mgrms +/ Hz 0.0002 0.001 0.005 0.01 0.5 1.5 1.5 2
Resolution (threshold) , typ. mg 0.002 0.01 0.05 0.1 5 15 15 20
Temp coeff Sensitivity, typ. (max) ppm/‘C 50(250) 50(250) 50(250) 50(250) 50(250) 50(250) 50(250) 50(250)
Temp Coeff bias, typ. (max) mg/C 0.05(0.4) 0.5(2) 1.5(6) 2.5(10) 5.0(20) 25(100) 25(100) 50(200)
Output Configuration Single—Ended
Og Outpu mv 2500+ 10
Capacitive Load, max. pF 0.05
Load Resistance, min kQ 10
Output Impedance, typ. Q 10
Supply Current, nom. mA 16
Supply Voltage Vde +7 ~ +40
Reverse Polarity Protection Yes
Sheok (half sine, 200s uec) g 5000
Random (20—200Hz ) g rms 20
Case Material Anodized Aluminum
Weight grams 20
Storage Temperature Range o —b5 ~ 4125
Operating Temperature range c —55 ~ +125
Size mm’ 37X25X20mm
Connector Integral Cable, Five Conductor No.34AWG
Mounting Holes for four M3 Mounting screws
Sealing Epoxy
Ground Isolation Yes

Typical Applications
@ Aviation & Aerospace

Civil Engineering Structures

Remark

Helicopter & Aircraft Testing
Railway technology

1. All values are typical at +25°C, +15Vdc supply voltage, unless otherwise statement,

2. Calibration data, traceable to the National institute of Metrology, (NIM)  is supplied.

Structure (unit; mm)

37
32

25

-

—_

MSA3000-2 O
=]

Oy
: -—--@f X
-

Top view

=y | o £I =

Automotive testing & crash test

Industrial testing

i Wiring Definition
=
1 Z - S Red Line vee +PWR
T Black Line GND Ground
I 1 Blue Line U Xout X—axis output
Yellow Line U Yout Y—axis output
Side view White Line U Zout Z—axis output
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MTS2000 Axis

tilt Accelerometer

Characteristics

@ Measurement Range:

@ Leadless package

@ Temperature compensation

+5° ~ +75° @ Full Scale Output; 500mV
@ Absolute pressure measurement

@ High Frequency

Parameters MTS2000-05 MTS2000-15 MTS2000-30 MTS2000-75

Measurement Range +5° +15° +30° +75°

Axial Biaxial Biaxial Biaxial Biaxial

Resolution 0.002° 0.002° 0.002° 0.002°

SE=08 +0.01° +0.01° +0.01°

Accuracy (room <+16° - +0.02° +0.02° +0.04°
Precision index temperature) <+30° = = +0.04° +0.06°
<+75° - - - +0.1°

Zero deviation <0.005° <0.005° <0.005° <0.005°

Temperature drift (—40 ~ +70°C) <0.2° <0.2° <0.3° <0.5°
Nonlinearity error <0.1% <0.1% <0.1% <0.1%

Update rate 40Hz 40Hz 40Hz 40Hz

Data Interface

RS—232/422/485

Data transfer rate (bps) 9600,N, 8,1
) o Operating Voltage 8 ~ 24V
Electrical Characteristics
Current 474 3mA
Size 102mmX57mmX29mm
Physical Characteristics
Weight 1659
Operating Temperature Range —40 ~ +70°C
Filter Vde The factory default 5, the table below
] — @ Data Format
Filter Frequency (Hz) Settling time(s) . . . . . ) .
0 e e Up-bit machine to send six-byte packets, the first byte is a fixed value "OxFF", the second and third
| 125 0.025 bytes of the pitch angle (pitch), the fourth, fifth byte roll angle (roll), the last byte is the checksum byte
2 99 0029 for the specific structure of the first four bytes of arithmetic and data packets in the table below:
3 50 0.042 —
4 25 0.074 Bytes Description : |
k | FF'
5 1 014 1 ‘ Pac et'headerl, always OX“ "
6 064 0.2 2 Pitch angle (Pitch) high 8 bytes "0 ~ 255
3 Pitch angle (Pitch) lower 8 bytes "0 ~ 255"
! 0.5 o8 4 Roll angle (Roll) high 8 bytes "0 ~ 255
t ~
8 0.17 1.03 1 v Ul DiEi & 57
5 Roll angle (Roll) lower 8 bytes "0 ~ 255
9 0.09 2.05
6 The first four bytes of the arithmetic sum

Typical Applications

@ The angle of the radar antenna alignment

Testing and satellite communications antenna vehicle attitude angle measurement

High—altitude platform security protection

Remark

1. All values are typical at +25°C , 15Vdc excitation unless otherwise stated.

Structure (unit:

v

mm)

"

®CETCE
NTS2000-AA

o

b1l
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Geological monitoring equipment tilt

Artillery barrel early exit angle measurement

Road bridge inspection

Engineering vehicles leveling

/

Definition Description

Ground

RXD

TXD

11

Output power
supply positive
terminal

Physical interfaces for DB—15HD (Male),
pins not appear in the table is not used
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MSA1000 Variable Capacitance Accelerometer
pacit Accel t
Characteristics
e +2g~+20000g full scale range e Large bandwidth(DC to 5000Hz @ 5%)
e Low noise e 20000g shock survivability
o Extra small size,light weight o Operation temperature -40~+125C
Parameters unit MSA1000-02 -10 -30 -50 -100 -150 -500 -1000 -10000 -20000
Full Scale g pk +2 +10 +30 +50 +100 +150 +500 +1000 +10000 +20000
Sensitivity (at 100Hz) mV/g 1000+ 20 200+£10 66+4 40+2 2041 13.3+0.6 4+0.3 240.3 240.03 0.14+0.01
Amplitude Response( +5%) Hz DC ~ 250 DC ~ 1000 DC ~ 1000 DC ~ 1000 DC ~ 1500 DC ~ 1500 DC ~ 2500 DC ~ 2500 DC ~ 5000 DC ~ 5000
MountingResonant frequency Hz 1100 3000 5500 5500 9800 9800 18000 25.8K 33.4K 33.4K
Non—linearity and Hysteresis %FS (Typ) +0.2 +0.2 +0.2 +0.2 +0.2 +0.2 +2 +2 +2 +6
%FS (Max) +0.5 +0.5 +0.5 +0.5 +0.5 +0.5 +3 +3 4 +8
Transverse Sensitivity % (Max) 2 2 2 2 2 2 2 2 3 3
Zero Acceleration Output mV (Typ) 2500+ 50 2500+ 50 2500+ 50 2500450 2500+ 50 2500450 2500+50 2500+ 50 2500+ 50 2500+ 50
Thermal zero shift(0°C ~ +50C ) | 9%FSO (Max) +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
(=25C~ +757C) %FSO (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
Thermal sensitivity shift(0°C ~+50C) 9 (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
(=25C~ +757C) % (Max) +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0
Mechanical stops, typical/ g +4 +30 +90 +90 +150 +220 £750 +1500 +30000 +30000
minimum
Electrical clipping distortion g +2.5 +12.5 +37.5 +62.5 +125 +185 +650 +1250 +12500 +25000
Recovery time us <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Threshold (Resolution) mg 0.002 0.01 0.05 0.1 5 7.5 15 20 200 400
Warm—Up Time (to within 194) ms 10
Excitation Vdc +3 ~ +7
Working Drain mA 6
Current Drain mA TmA (typ)
Output Impedance/load pV 10chms max,/10k O ohms resistance minimum  50pF capacitance maximum
Residual Noise 10uV ms typ,0.5 ~ 100Hz,50 u V rms typ,0.5 ~ 10KHz
Case, Material Aluminum  Alloy
Electrical , Connections Integral Cable, Four Conductor No.34 AWG
Identification Holes for Two M1.2 Mounting Screws,/0.8Nm
Weight 1.2 grams (cable weighs 12.1 grams/meter)
Acceleration Limite(in Any Directioin) Static 20000g
Sinusoidal /Random Vibration 100g pk, (20 ~ 2000Hz) 40g rms, (20 ~ 2000Hz)
Shock (Half—sine Pulse) 20000g pk,80us
Zero Shift 0.19FSO typical at 20000g
Operating temperature c —40 ~ +125
Storage temperature c —bb ~ +125
ESD sensitivity Class 2, HBM 2kV

Typical Applications

@ Structural Vibration Testing Multi—channel Modal Analysis Product Testiong
Vibration Control Analytical Model Correlation Design Studies
Remark

1. All values are typical at +25°C , 100Hz and 15Vdc excitation unless otherwise stated.calibration data,traceable to the National Institute
of Metrology, (NIM) ,is supplied.

Structure (unit; mm) Wiring Definition

ST |
" ep— I Red Line VCC +PWR
ta v = vz omer ]
I N J N Black Line GND GND
O—no
T 12 Green Line Vout Out
Sensitive direction Side view Top view
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MSA1T000A Variable Capacitance Accelerometer
Characteristics
e +2g9~+20000g full scale range e Large bandwidth(DC to 5000Hz @ 5%)

e Low noise e 20000g shock survivability
o Extra small size light weight e Operation temperature -55~+125C
Parameters unit MSA1000-02 -10 -30 -50 -100 -150 -500 -1000 -10000 -20000
Full Scale g pk +2 +10 +30 +50 +100 +150 +500 +1000 +10000 +20000
Sensitivity (at 100Hz) mV/g 1000+20 200+£10 66+4 40+2 20+1 13.3+0.6 4+0.3 240.3 2+0.03 0.14+0.01
Amplitude Response( +59%) Hz DC ~ 250 DC ~ 1000 DC ~ 1000 DC ~ 1000 DC ~ 1500 DC ~ 1500 DC ~ 2500 DC ~ 2500 DC ~ 5000 DC ~ 5000
MountingResonant frequency Hz 1100 3000 5500 5500 9800 9800 11400 11400 11400 11400
Non—linearity and Hysteresis %FS (Typ) +0.2 +0.2 +0.2 +0.2 +0.2 +0.2 +2 +2 +2 +6
%FS (Max) +0.5 +0.5 +0.5 +0.5 £0.5 +0.5 +3 +3 +4 +8
Transverse Sensitivity % (Max) 2 2 2 2 2 2 2 2 3 3
Zero Acceleration Output mV (Typ) 2500+ 50 2500450 2500450 2500+ 50 2500+ 50 2500+50 2500+ 50 2500+ 50 2500+ 50 2500+ 50
Thermal zero shift(0°C ~ +50°C ) | 9%FSO (Max) +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
(=25°C ~ +75°C) %FSO (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
Thermal sensitivity shift(0C ~+50C) 9 (Max) +2.0 +2.0 +2.0 £2.0 +2.0 +2.0 +2.0 +2.0 +2.0 £2.0
(=25C ~ +75C) % (Max) +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 +3.0 3.0 £3.0
Mechanical stops, typical/ g +4 +30 +90 +90 +150 £220 +750 +1500 +30000 +30000
minimum
Electrical clipping distortion g +2.5 +12.5 +37.5 +62.5 +126 +185 +650 +1250 +12500 +25000
Recovery time us <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Threshold (Resolution) mg 0.002 0.01 0.05 0.1 5 7.5 15 20 200 400
Warm—Up Time (to within 195) ms 10
Excitation Vdc +3 ~ +7
Working Drain mA 6
Current Drain mA TmA (typ)
Output Impedance/load pV 10chms max,/10k O ohms resistance minimum  50pF capacitance maximum
Residual Noise 10V rms typ,0.5 ~ 100Hz, 50 u V rms typ,0.5 ~ 10KHz
Case, Material Aluminum  Alloy
Electrical , Connections Integral Cable, Four Conductor No.34 AWG
Identification Holes for Two M1.2 Mounting Screws/0.8Nm
Weight 1.2 grams (cable weighs 12.1 grams/meter)
Acceleration Limite(in Any Directioin) Static 20000g
Sinusoidal /Random Vibration 100g pk, (20 ~ 2000Hz) 40g rms, (20 ~ 2000Hz)
Shock (Half—sine Pulse) 20000g pk,80us
Zero Shift 0.194FSO typical at 20000g
Operating temperature T —bb ~ +125
Storage temperature T —bb ~ +125
ESD sensitivity Class 2, HBM 2kV

Typical Applications

@ Structural Vibration Testing
Vibration Control

Remark

Multi—channel Modal Analysis
Analytical Model Correlation

Product Testiong
Design Studies

1. All values are typical at +25°C , 100Hz and 15Vdc excitation unless otherwise stated.calibration data,traceable to the National Institute

of Metrology, (NIM) ,is supplied.

Structure (unit; mm)

LE

Wiring Definition
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14.5
Sensitive direction Side view Top view
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Red Line vCC +PWR
Black Line GND GND
Green Line Vout Out
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MSA1000S MEMS Servo Accelerometer

Characteristics
@ Based on MEMS Process @ Single—axial servo Close—loop Control
@® *15g ~ +50g Full Scale @ High Linearity
@ 10000g Shock Resistance @ Small Size, Lihgt Weight
Parameters unit MSA1000S—15 MSA1000S—30 MSA1000S—50
Range q +15 +30 +50
Bias v 5+0.1 5+0.07 5+0.043
Scale Factor mV/g 280415 140+ 15 85415
Bias Stability (10 ) g 3x 107 5x 107 5x 107
Bias Repeatability mg 0.5 1 1
Scale Factor Non Linearity ppm 300 300 500
Scale Factor Repeatability ppm 200 200 300
Thermal zero shift mg/"C 1 1.5 2
Threshold g 3x 10 5x 107 5x 107
Bandwidth Hz 200 200 200
Insulation Resistance MQ > 100 > 100 > 100
Excitation voltage Vde +14 ~ +18
Working temperature C —40 ~ +85
Storage Temperature C = = FF2s
Shock 10000g,80 s
Vibration 100g P.P.Value (20 ~ 2000Hz) 40g Effective value (20 ~ 2000Hz)
Case Material Stainless steel/Titanium alloy
Size mm’ 25%26x 10
Weight gram <25
Typical Applications
@ Posture Analysis Vibration Measurement Ballistic Measurement
Flight Test Vibration Servo Control Overload Measurement

Remark

1. All values are typical at +25°C, +5Vdc excitation unless otherwise statement.
2. When handling the sensor, proper precaution must be taken to protect the sensor from ESD.

3. Temperature Coefficient is specified for a range of —40°C ~ +60°C , where temperature behavior is typically linear .

Structure (unit: mm)

23!

®CETCE
MSA1000S-30
XXYY-ZZ2

Wiring Definition

1100

Red Line vcCe +PWR
Black Line GND Ground

i)
B

Top view Side view White Line Output Output
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MSV3001A Variable Capacitance, Triaxial Accelerometer

Characteristics a8
@ Aluminum Case Packaging ® *2g ~ *+1000g Full Scale ‘:@”;'--';
@® Movement, low frequency, tilt @® 20,000g Shock Resistance se o
@ Full analog signal output @ Based on MEMS Process
Parameters unit MSA3001-02 | MSA3001-10 = MSA3001-30 | MSA3001-50 | MSA3001-100 | MSA3001-150 | MSA3001-200 MSA3001-500 & MSA3001-1000
Full Scale g +2 +10 +30 +50 +100 +150 +200 +500 +1000
Sensitivity mV/g 1000+ 20 200+10 66.7+3 40+2 20+1 13.3+0.6 10£0.5 4+0.3 2+0.3
Frequency Response ( +59) Hz DC ~ 300 DC ~ 800 DC ~ 1000 DC ~ 2000 DC ~ 2000 DC ~ 2000 DC ~ 2000 DC ~ 2000 DC ~ 5000
MountingResonant frequency Hz 1300 3000 5500 8000 8000 8000 8000 8000 10000
Non—linearity and Hysteresis %FS (Max) 1 1 1 1 1 1 1 1 1
Cross—coupling % (Max) 3 3 3 3 3 3 3 3 3
0Og Output mV {max) 25004100 25004100 2500+ 100 2500+ 100 2500+100 2500+100 25004100 25004100 2500+ 100
Thermal zero shift (0'C ~ +50°C ) | 9%FSO (Max) +0.5 +0.5 +0.5 +0.5 20,5 +0.5 +0.5 +0.5 +0.5
(=25C~ +757C) %FSO (Max) +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
Thermal sensitivity Drift(0'C ~+50C) 9% (Max) +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
(=25'C~ +75°C) % (Max) +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0 +2.0
Thermal transient error g/C <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Electricity clipping g +2.5 +12.5 +37.5 +62.5 +125 +185 +250 +625 +1250
Recovery time ms 10 10 10 10 10 10 10 10 10
Threshold mg 0.002 0.01 0.05 0.1 5 7.5 10 15 20
Warm—up time(to within 194) ms 10 10 10 10 10 10 10 10 10
Excitation Vde +7 ~ +40
Electric current (@27V) mA <18
Residual Noise rms % 100 (0.5~ 100Hz) 500 (0.5 ~ 10KHz)
Case , Material Aluminum Alloy or Titanium Alloy
Weight <40 grams (Without cable)
Cable density 15,6+ 3gram/m
Sinusoidal /Random vibration 100g, pk, 20 ~ 2000Hz/ 40g rms,20 ~ 2000Hz
Shock (Half—sine Pulse) 10000g,80 u's
Zero Variation 0.19FSO typical at 10000g
Operating temperature —40°C ~ +125°C
Storage temperature —55C ~ +125C
Typical Applications
@ Helicopter Health and Usage Monitoring System (HUMS) Aircraft flutter testing
Automotive rough road test and suspension test Rail test train tilt test
Emission load and acceleration measurement Centrifugal test
Remark
1. All values are typical at +25°C, +5Vdc supply voltage, unless otherwise statement,
Structure (unit: mm)
Red Line +27V +PWR
Black Line GND Ground
— =] ._J] Green Line U Xout X—axis output
i Yellow Line U Yout Y—axis outpu
White Line U Zout Z—axis outpu

86 http://www.eftsys.com




¢

MEMS DC Response Accelerometers — ifamii

eftsys.com

MSA4000 Variable Capacitance Accelerometer

Characteristics
@ Plastic Package(SOIC16) @ High reliability
® *+2g ~ +200g Range @ |Integrated signal conditioning chip
@ 20,000g Shock resistance @ Self—test function
Parameters unit MSA4000-02 MSA4000-30 MSA4000-50 MSA4000-100 MSA4000-150 MSA4000-200
Range g +2 +30 +50 +100 +150 +200
Bias \ 2.540.1 2.5+0.1 2.5+0.1 2.540.1 2.540.1 2.5+0.1
Bias Stability mg < <8 <10 <15 <20 <30
Bias Repeatability mg < <8 <10 <15 <20 <30
Bias temp. Coefficient mg/‘C <1.6 <10 <12 <18 <24 <36
Scale Factor mV/g 1000+10 66.6+2 40+1 20+1 13.3£1 1041
Scale Factor Stability ppm (Typ) 500 500 500 500 500 500
ppm  (Max) 1000 1000 1000 1500 1500 1500
Scale Factor Repeatability|  ppm(Typ) 500 500 500 500 500 500
ppm (Max ) 1000 1000 1000 1500 1500 1500
Sca'ecgsfcf‘izrie:fmp' pom/C (Typ) 500 500 500 500 500 500
ppm/C (Max) 1000 1000 1000 1500 1500 1500
Resolution@500Hz mg 0.5 3.0 1.5 15 21 30
Noise uV/ v Hz 50 50 50 50 50 50
Bandwidth( +5%) Hz(Typ) DC ~ 500 DC ~ 500 DC ~ 500 DC ~ 500 DC ~ 500 DC ~ 500
Hz (Adjustable) DC ~ 2000 DC ~ 2000 DC ~ 2000 DC ~ 2000 DC ~ 2000 DC ~ 2000
Input Axis Mis—alignment mrad <10 <10 <10 <10 <10 <10
% <1 <1 <1 <1 <1 <1
Non—linearity 9%/FS(max) < 0.1 < 0.3 < £0.3 < +0.3 < 0.5 < 0.5
Resonant frequency kHz 1.3 4.5 5.8 8.1 10.1 1.4
Excitation Voltage Vde +3~+7
Size mm’ 10.6x10.4x3.5
Humidity Plastic Package (SOIC16)
Working temperature T —40 ~ +85
Storage Temperature C —bb ~ +125
Shock Resistance g 20000

Typical Applications

@ Inertial Measurement; inertial guidance, overload measurement, integrated navigation
@ Tilt measurements; antenna attitude determination, measurement platforms, dip test

@ Vibration Measurement; machinery and equipment, bridges & dams, safety testing

Remark

1. All values are typical at +25°C, +5Vdc excitation unless otherwise statement,

2. Temperature coefficient refers to the range of —40 ~ +60 °‘C , again within the range typical linear output performance.

3. Sensors installed as firmly fixed to avoid loosening introduce measurement errors,

4, Self—test function is used to detect whether the sensor is working. Sensor self—modal, SST interfaces connected high (no less than
4V), this time the output voltage of the sensor output when compared with normal work a significant change; modal normal operation
of the sensor, it is recommended grounding SST port.

Structure (unit: mm)

- i el ;c ufone Wiring Definition
AAARAR mli b
e | 2 v:é% : o %z 4 SST Sensor self—test
Al wsasom 50 g b :ﬁ 2 ] ke 5 Vout Sensor Output
| e j— 7 GND Grounding
HEHEHEHE 8 vce Power Supply
Top view Side view Sensitive Axis 14 GND Grounding
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MEMS DC Response Accelerometers

MPA1000 Piezoresistive Accelerometer

Characteristics

@ Based on MEMS rocess

@® +20,000g ~ +150,000g Range
@ 200,000g Shock resistance

@ Firm Metal packaging
@ Wheastone full bridge circuit
@ Wide frequency response

Parameters unit MPA1000—20K MPA1000—100K MPA1000—150K
Range g +20000 =+ 100000 + 150000
Sensitivity uV/g(Typ) 6
Frequency response(+3dB) KHz DC ~ 20 DC ~ 50 DC ~ 50
Resonant frequency KHz (Typ) 100 150 150
Non—linearity %FSO +2
Transverse Sensitivity %
Zero Acceleration Output mV +100
Thermal Zero Shift (—40°C ~ +85°C) mV (typ) +10
mV (max ) +25
Thermal sensitivity Drift (—40°C ~ +85°C) %/°C —0.2
Excitation voltage Vdc 10 (5Vdc and 2 Vdc optional)
Output Resistance Q 2000 ~ 4000
Input Resistance Q mV (typ)
Insulation Resistance MQ (@100V) 100
Package Stainless steel or Titanium alloy
Weight grams 2 (Without Cable)
Shock Resistance g 50000 200000 200000
Working temperature ‘C —45 ~ +85
Storage Temperature ‘C —55 ~ +125
Humidity Unit is epoxy sealed
Altitude Unaffected
Typical Applications
@ High Impact Testing Explosion testing Strong Collision testing Aerospace

Remark

1. All values are typical at +25°C, +10Vdc supply voltage, unless otherwise statement,

Structure (unit; mm)

8.2

,@DO

10.6
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14.3 Sensitive direction

Red (VCC)

Yellow(OUT+)

Black{GND}
Whitg{QUT-}

Wiring Definition

Number Symbol Definition
Red Line vccC +PWR
Yellow Line Out+ +Output
White Line Out— —Output
Black Line GND Ground
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MEMS DC Response Accelerometers #la%in
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MPA1064A Piezoresistive Accelerometer
t Accel t
Characteristics
@ Based on MEMS rocess @ Firm Metal packaging
@® +500g ~ +2000g Range @ Wheastone full bridge circuit ‘
@ 10, 000g Shock resistance @ Undamped
Parameters unit MPA1064A—-500 MPA1064A—2000
Range g +500 +2000
Sensitivity mV,/g (typ) 0.4 0.15
mV/g (min) 0.2 0.10
Frequency response(+5%) Hz 0 ~ 3000 0 ~ 5000
Resonant frequency Hz 17000 26000
Damping Factor Max 0.05
Non—linearity %F.S. (max) +1
Transverse Sensitivity 9% (max ) 3
Zero Acceleration Output mV (max) +25
Bl(aitg?én " Jrceogélflir; 20C) i el £10
mV (max) +25
TTe—Tg"lcsjnig;:tcy,Drgtzo“c) %/°C (typ) —0.2
Mechanical overtravel stops g (typ) 1500 5000
Excitation voltage Vdc 10 (5Vdc and 2 Vdc optional)
Input Resistance Q 2500 ~ 45000
Qutput Resistance Q 2500 ~ 45000
Insulation Resistance MQ >100 (@100V) leads to case and shield
Case Material Anodized aluminum alloy
Electrical Resistance Four conductor No.32 AWG Teflon insulated leads, braided shield
Mounting Torque Nm Holes for two M1 .6 mounting screws/0.5 Nm
Weight grams < 1.4(Without Cable)
Shock Resistance g 5000 10000
Working temperature —40 ~ +85
Storage temperature (& —55F=11125
Humidity Unit is epoxy sealed
Altitude Unaffected
Typical Applications
@ Automotive Crash Test Vibration testing Mechinery Safety testing
Remark
1.All values are typical at +25°C, 100Hz and +10Vdc excitation unless otherwise statement
Structure (unit: mm)
Sensitive direction
- ‘:; - ——— L Wiring Definition
5 - E E Red (VCC) Number Symbol Definition
i::[ * § gl E ; Green(OUT+) B}:jkLLnifc \G];[C) g:rri
B ] E : Black (GND) White Line Out— Negative Output
10 R e i H White (QUT-) Green Line Out+ Positive Output
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MEMS DC Response Accelerometers

MPA1064G Piezoresistive Accelerometer

Characteristics
@ Based on MEMS rocess
@® +500g ~ +2000g Range

@ Firm Metal packaging
@ Wheastone full bridge circuit

&

@® 10, 000g Shock resistance @ Damped
Parameters unit MPA1064G—2000
Range g -+2000
Sensitivity mV/g (typ) 0.15
mV/g (min) 0.10
Frequency response(+5%) Hz 0 ~ 4000
Resonant frequency Hz 26000
Damping ratio typ 0.4
Non—linearity %F.S. (max) +1
Transverse Sensitivity % (max) 3
Zero Acceleration Output mV (max) +25
Bis Tee. Cofcint. . 410
mV  (max ) +25
ﬂ(wir4m;°|csfnzsal5“°én,y 2%%) %/°C (typ) —0.2
Excitation voltage Vdc 10 (5Vdc and 2 Vdc optional)
Input Resistance Q 2500 ~ 4500
Output Resistance Q 2500 ~ 4500
Insulation Resistance MQ 100 (@100V) leads to case and shield
Case Material Anodized aluminum
Electrical Resistance Four conductor No.32 AWG Teflon insulated leads, braided shield
Mounting Torque Holes for two M1 .6 mounting screws/0.5 Nm
Weight grams 1.4 (Without Cable)
Shock Resistance 10000
Working temperature ‘C —40 ~ +8b
Storage temperature ‘C —55 ~ +125
Humidity Unit is epoxy sealed
Altitude Unaffected

Typical Applications

@ Automotive Crash Test Vibration testing

Remark

Mechinery Safety testing

1.All values are typical at +25°C, 100Hz and +10Vdc excitation unless otherwise statement.

Structure (unit; mm)

Sensitive direction
- 15.20 . - —
410

frmm———-
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Wiring Definition

L}

3 Red (VCC) Number Symbol Definition

' Red Line vce +PWR

- Creen(OUT+) 5 0 Tine|  GND Ground

]

: Black (GND) White L"mc Out— Ncgtat‘ivc Output
T White (OUT-) Green Line Out+ Positive Output
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FSM1000 Flow Accelerometer
Characteristics
@ Advanced MEMS sensing element @ Precision, high stability
@ CQuick response, ~ 10ms @ Low power consumption, maximum 25mW@5Vdc
Parameter Unit FSM1000A—200 FSM1000D—200

Flow Range SLPM 0 ~ 200 0 ~ 200

Supply Voltage Vde 3.3~3.5 3.3~3.5
Supply current mA 3.5 3.5

Output 0 ~ 3V Analog Output 14Bit I°’C Digital Output
Accuracy % +2 +2
Repeatability % 0.75 0.75

Zero drift mV /LSB +15 +50

Output drift %/°C 0.1 0.1

Response time ms 10 10

Maximum flow pressure loss Pa 1200 1200
Maximum working pressure kPa 200 200
Calibration conditions N,,20°C ,101.325bkPa N,,20°C ,101.325kPa
Operating Temperature C —20 ~ 60 —20 ~ 60
Storage Temperature C —40 ~ 85 —40 ~ 85
Electrical Interface 5—pin pin Spacing 2.0mm 5—pin pin Spacing 2.0mm
Mechanical interface 22mm, ISO5356 Standard 22mm, ISO5356 Standard
Weight grams 40 40

Typical Applications

@ Medical equipment. ventilators, anesthesia machines, spirometers, oxygen, etc.
Equipment; analytical instruments (spectrometers, chromatographs), leak detection equipment, environment and climate monitoring
Other: HVAC controls, fuel cell fuel ratio control, process control gas mass flow monitoring

Remark
1. Internal integrated voltage regulator, the output voltage does not vary with the supply voltage variations,

2. Repeatability Tolerance contains inherent uncertainty of measurement equipment.

3. 12C digital communications protocol details, please contact technical support.

Structure (unit: mm)

22. ¥ g-f;[sﬂs]iﬁﬁ:)&
— ) S . FSM1000A—200 FSM1000D—200
Pin Pin Name |Pin Definitions| Pin Name Pin Definitions
= ( 1 - - SCL 12C Clock line
2 - - SDA 12C Data line
3 Vout Analog Output INT Data is complete interrupt
2 L 4 GND Ground GND Ground
| __ 33. 8 - 5 vCC +PWR VCC +PWR
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MAVS1000 Wind velocity Accelerometer

Characteristics
@ Advanced MEMS sensing element
@ Quick response, <30ms

@ Precision, high stability

-

@ Low power consumption, maximum operating current<<50mA

Parameter Unit MAVS1000—-50
Flow Range m/s 0 ~ 50
Supply Voltage Vdc 8 ~ 16
Supply current mA 25

Output

0 ~ 5V Analog Output

Precision (standard conditions)

0.5m/s and 394m.v. (Whichever is the greatest)

Repeatability %

0.75

Response time ms

<30

Calibration conditions

20°C ,4594RH, 101 .325kPa

Operating Temperature ‘C

—20 ~ 60

Storage Temperature ©

—40 ~ 85

Typical Applications

@ HVAC controls, air, ventilation, exhaust, etc.

Remark

1.Range, input voltage, sensor and transducer connection length can be customized.

2.The need to maintain the alignment of the sensor sampling ports wind direction as the wind measurement,

3.MAVS1000—50 can not detect wind direction, for testing, can be customized according to the requirements.

Structure (unit; mm)

30

250

MAVS1000
Lead color
st Pin Name | Pin Definitions
|i'| ol e Green Line Vout Analog Output
sl s
Black Line GND Ground
Red Line VCC +PWR
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MAVS2000 Wind velocity

MEMS Wind velocity Accelerometer

Accelerometer

Characteristics

@ Advanced MEMS sensing element

@ Quick response, <30ms

@ Precision, high stability

@ Low power consumption, maximum operating current<50mA

Parameter Unit MAVS2000—-15 MAVS2000-50
Flow Range m/s 0~ 15 0~ b0
Supply Voltage Vdc 8 ~ 16 8 ~ 16
Supply current mA 25 25
Output 0 ~ 5V Analog Output 0 ~ 5V Analog Output
Precision (standard conditions) 0.2m/s and 394m.v. (Whichever is the greatest) | 0.5m/s and 394m.v.(Whichever is the greatest)
Repeatability % 0.75 0.75
Response time ms <30 <30
Calibration conditions 20°C ,4594RH, 101 .325kPa 20°C ,4594RH, 101 .325kPa
Operating Temperature C —20 ~ 60 —20 ~ 60
Storage Temperature ‘C —40 ~ 85 —40 ~ 85

Typical Applications

@ Underground / underground tunnels through ventilation measurement, HVAC ventilation / monitoring

Remark

1.Range, input voltage, sensor and transducer connection length can be customized.

2.MAVS2000—15 can detect bi—directional wind speed, unless there are other requirements, the default way to detect wind speed.

3.MAVS2000—50 can not detect wind direction, by making zero compensation after treatment can further improve the accuracy, please

contact technical support,

Structure (unit: mm)

. e

26
21
{ D
I
hY
I
7

I | —
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g —@
NO. MAVS2000
Lead color |Pin Name| Pin Definitions
1 Green Line Vout Analog Output
2 Black Line GND Ground
3 Red Line vCC +PWR
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