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Abstract. In SRC RF FSUE "Central Research Institute of Chemistry and Mechanics" has been developed a line of
micromechanical linear acceleration sensors. The line includes sensors of three versions MMA-2, MMA-10 and
MMA-30 with conversion ranges of +20 m/s?, +100 m/s? and +300 m/s? respectively. The sensors are intended for
use as part of orientation, stabilisation and navigation systems in various products. The full range of tests con-
firming the declared technical characteristics and resistance to external influences has been carried out, and the
operating design documentation for serial industrial engineering has been approved. The planned production
value of these sensors is several thousand pieces per year.
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BBEJAEHUE

MuKpoMexaHUYeCcKHe JaTUHMKU TUHEeNHBIX yCKOpe-
HHUH HaXOAST IIHPOKOe IIPHMeHeHHe B cocTaBe bec-
1aTGOPMEHHBIX HABUTAIIMOHHBIX CHCTEM (BUHC).
OHHU c110cOOHBL 00eCIIeYUTh BBICOKYIO YyBCTBUTEb-
HOCTH, BpeMeHHYIO U TeMIIepaTyPHYI0 CTabHUIBHOCTH
ImapaMeTpoOB B COYETAHUU C BBICOKOM CTOMKOCTBIO
U [IPOYHOCTBIO K BHEITHUM BO3JeHCTBUSIM, MaJIBIMU
rabapuTaMy U HHU3KUM dHepromnorpebiieHHeM.
OnHuM u3 Haubosnee 3¢ PeKTUBHBIX BAPHAHTOB
HCIIOJIHEHU S ABJISIeTCSI MUKPOMeXaHUYeCKHI aKce-
JepoMeTp, B KaueCTBe UYyBCTBUTEIBHOIO 3JIeMeHTa
KOTOPOI0 HCIIOAb30BaH IIOTHOCTBI0O KPeMHHUEBBIN
MUHHUATIOPHBIN ITpeobpa3oBaTelb eMKOCTHOTO THIIA
C MasiTHUKOBBIM IofABecoM. TaKkasi KOHCTPYKIL U
HCIIONB3yeTCs pa3paboTYMKaMHU aKcelepoOMeTpPOB
C IeBSIHOCTBIX T'OJIOB IIPOILJIOTO CTO/IETH S U [103BOJISIET
obecrieYuTh HU3KUH TeMIIepaTyPHBIA U BpeMeHHOH
Ipend, BHICOKYIO CTOMKOCTD M IIPOYHOCTD K BHEITHHUM
BO3/IeMCTBHUSIM. [IpuMepbl KOHCTPYKIIUI U CII0CO60B
HX U3TOTOBJIEHU S OIIMCAHBI B [1-5].

B Poccuiickou Pemepaiuiu, HECMOTPS Ha CyIle-
CTBEHHBIM HHTEpeC CoO CTOPOHBI OPraHu3alui-pas-
paboTUMKOB MHEPLIMATBHBIX IPUOOPOB U U3JeTHU
Ha UX OCHOBe, CepUIHOe NPOHU3BOACTBO MUKPO-
MeXaHHUYeCKUX JaTUYHMKOB JIMHEHUHBIX YCKOPeHUU
OTCYTCTBYeT. I[IpHU 3TOM IIOCTaBKa MIPeU3UOHHBIX
JATYHKOB He OCYIIEeCTBJSETCS B BUAY SKCIIOPTHBIX
OTPaHHUYeHHH.

TakuM obpa3om, co3gaHHe IUHENKH IIpeIH3H-
OHHBIX MUHHUATIOPHBIX MHUKPOMeXaHHUYeCKHX JaT-
YHKOB JINHEHHBIX YCKOPEHHUH U OpraHU3aLlus UX
CepUHMHOIO IIPOU3BOJCTBA SIBISIeTCS Oe3yCI0BHO
aKTyaJbHOH 3afader. KpoMe Toro, 0fHOM M3 BaK-
HeHMIINX 3ajay IPU NpoBefeHUH pa3paboTku
OBIJIO MCKJIIOUEHHE KMCIIO/Nb30BAHUSA B CO3JaBae-
MOM KOHCTPYKLHH MaTepHal0B KU IIOKYIIHBIX KOM-
IJIEKTYIOMUX u3genui (ganee - IIKH) 3apybeskHOro
ITPOM3BOACTBA.

INTRODUCTION

Micromechanical linear acceleration sensors are widely
used in platform-free navigation systems (PENS). They
can provide high sensitivity, time and temperature sta-
bility of parameters in combination with high resistance
and robustness to external influences, small size and low
power consumption. One of the most efficient designs is
the micromechanical accelerometer, which uses an all-
silicon miniature capacitive-type transducer with a pen-
dulum suspension as a sensing element. This design has
been used by accelerometer developers since the nineties
of the last century and allows to provide low temperature
and time drift, high resistance and durability to exter-
nal influences. Examples of designs and methods of their
manufacture are described in [1-5].

In the Russian Federation, in spite of considerable
interest on the part of organisations-developers of inertial
devices and products based on them, there is no serial pro-
duction of micromechanical linear acceleration sensors.
At the same time, precision sensors are not supplied due
to export restrictions.

Thus, development of a line of precision miniature
micromechanical linear acceleration sensors and organiz-
ing of their serial production is an urgent task. In addi-
tion, one of the most important tasks during developing
was to exclude the use of foreign-made materials and pur-
chased component parts (hereinafter - PCP) in the created
design.

FEATURES AND KEY ELEMENTS OF SENSOR DESIGN AND
MANUFACTURING TECHNOLOGY
Each sensor includes electronic subsystem of "capaci-
tance-voltage" conversion, micromechanical pendulum
sensing element (SE), mounted in hermetically sealed gas-
filled metal-ceramic housing with information outputs.
Measurement of acceleration is provided as a result of
formation of the output analogue signal proportional to
the change in electrical capacitance of the SE due to the
action of the inertia force along the sensing axis.
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OCOBEHHOCTW WU KNIOYEBDBIE S/IEMEHTDbI
KOHCTPYKLIUU U TEXHONOTUU U3rOTOBJIEHUA
JATHYMKOB

Ka>kApli JAaTYUK BKJIOYaeT 3JIeKTPOHHYIO MOJCH-
cTeMy Ipeobpa3oBaHUS "eMKOCTh — HaIIpsIsKeHHeE"
U MHKpPOMeXaHHYeCKUI MasiTHUKOBBIH UYBCTBHU-
TeJIBHBIN 371eMeHT (UD), CMOHTHPOBAaHHBIE B repMe-
TUYHBIN Ta30HAINIOMHEHHBIN MeTaJl/IoOKepaMUuye-
CKHU M KOPIIYC C UHOOPMAIMOHHBI MU BEIBOLAMHU.

Mi3MepeHHe ycKopeHHs obecmedymBaeTCs
B pe3ynbTaTe GOPMHUPOBAHUS BHIXOLHOLO aHa-
JIOTOBOTO CHMIHajla, MPONOPLMOHATIBHOIO U3Me-
HEHHUIO 3JIeKTPUUYeCKON eMKocTH Y3, 0bycnoB-
JIeHHOM NeHCTBUEeM CHJ/B MHepLHU BIOJb OCH
YyBCTBUTEIbHOCTH.

JaTuyUKH BCex TpPeX UCIOIHEHUMN UMeIOT efu-
HBIM DPUHIUII QYHKIIMOHHUPOBAHU S, pa3paboTaHBbl
C IpUMeHeHHeM eTuHOro KoMiiekTa [IKHM u oT/Iu-
YaIOTCS TOABKO XapaKTepUCTUKaMU Y3.

Y3 M3roTaBIMBaeTCAd M3 HU3KOOMHBIX KPpeMHHe-
BBIX IIJIACTUH JUaMeTpom 100 MM U IIpefACcTaBiaseT
co60¥ MUKPOMeXaHHUYeCKYI CTPYKTYpY, BBIIIOI-
HeHHYIO Ha OCHOBe TpexX FepMeTHUYHO COeJHHeH-
HBIX KPeMHHMEBBIX 3JIEMEHTOB — LIeHTPA/IbHOTO IO/
BHUJKHOIO 3/1eKTPOJa U KPaHMHUX HEIOJBUKHBIX
3J1eKTPOJOB. B LleHTpaabHOM MJACTHHE METOJOM
SKUAKOCTHOTO aHMU30TPOIITHOIO TPaBJI€HU S BBIIIOJ-
HeHa MHepIMOHHAs Macca, COeJUHeHHas C rep-
MeTH3HPYIOIler paMKOM IPHU MOMOLIH YIPYTroro
nonBeca [6]. BepxHSS U HUKH SIS IJIACTUHBI COeLH-
HEeHBI C IIeHTPa/JIbHbIM 3/IEKTPOLOM METOLOM IIpsi-
MOro cpamuBaHus (6e3 UCIIOIb30BAHUS aAre3UBa)
Jepes CJIOM JUOKCHJA KpeMHHA. Ha MoBepxXHOCTH
BePXHEro U HUXKHEIro 3JIeKTPOLOB COOPMHPOBAHO
10 YeThIpe AHU3IeKTPUULCKUX OTPAaHUYMTeIS Ilepe-
MeIlleHHMSI MHePLUOHHOMN MacCChl Ha OCHOBE JHOK-
cuma KpeMHHUsI. OHU 0b6eClIeYHBAIOT 3JIeKTpHUe-
CKYIO U301 U0 HHePIMOHHOM MaCChl OT ITOBEpPX-
HOCTH 3JIeKTPOJIOB IIPHU ee HOTBIIOM OTKJIOHEHUU
OT II0JIOKeHU I paBHOBeCcHd. Ha HerepmeTusupye-
MOM YaCTH CTPYKTYPBI Ka’K0r0 371eKTpofa chopMHU-
poBaHE anIOMUHUEBble KOHTAKTH. Ha mocinenqHem
3Talle M3rOTOBJIEHU S IVIACTUHBI Pa3/e/isaioT Ha KpU-
CTaJIJIBl METOAOM AUCKOBOM pe3ku. Ha puc.l npen-
cTaBiaeHbl PoTorpaduu MIACTUHBI, COLEPKALIEN
43, mepen paspeeHUeM Ha KPUCTAJUIBL U U2, HOA-
TOTOBJIEHHBIH /151 COOPKU JaT4YHKa.

Ha crnenyromieM sTare MpoBogUTCS cO6OpKa JaTIH-
KoB. IIpu 3TOM, B CBSI3U C He06XOZHMOCTBIO 0becIe-
YeHH S HU3KOTO TeMIIepaTypHOIo Aperda B IIHPO-
KOM AualasoHe TeMIiepatyp (-60 + +85 °C), TexHO-
JIOTUYeCKUM ITpolecc cOOPKU MMeeT pelnalomiee
3HavyeHHe. PazpaboTaHHAs TEXHOJIOTHUS MOHTaXa
obecreurBaeT MUHKUMAJbHBIN yPOBEeHDb fJepopma-
nui YD Bo BceM pabodeM fHaIla3oHe TeMIlepaTyp,
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Puc.1. a - pomozpaduu naacmuHel, codepxkawiel 4> neped
paszdeneHuem HA Kpucmaaabl, b — 43, nodzomosneHHbIl 0As
cbopku dam4uka

Fig.1. a - images of the wafer containing the SE before separation
into crystals; b - SE prepared for sensor assembly

Sensors of all three versions have the same principle
of operation, are designed using a single set of PCI and
differ only in the characteristics of the SE.

The SE is made of low-resistance silicon wafers with
a diameter of 100 mm and represents a micromechan-
ical structure based on three hermetically connected
silicon elements - the central movable electrode and
the outermost fixed electrodes. An inertial mass is
made in the central plate by liquid anisotropic etch-
ing, connected to the sealing frame by means of an
elastic suspension [6]. The upper and lower plates are
connected to the central electrode by direct splicing
(without adhesive) through a silicon dioxide layer.
On the surface of the upper and lower electrodes, four
dielectric silicon dioxide-based inertial mass move-
ment limiters are formed each. They provide electrical
isolation of the inertial mass from the electrode sur-
face in case of its large deviation from the equilibrium
position. Aluminium contacts are formed on the non-
sealed part of the each electrode structure. At the last
stage of fabrication, the wafers are separated into crys-
tals by disc cutting. Fig.1 shows images of the wafer
containing the SE before separation into crystals and
the SE prepared for sensor assembly.

At the next stage the sensors are assembled. In this
case, due to the need to ensure low temperature drift
in a wide temperature range (-60 + +85 °C), the tech-
nological process of assembly is of crucial importance.
The developed assembly technology provides a mini-
mum level of deformations of the SE in the whole oper-
ating temperature range caused by deformation of the
ceramic base of the housing. This is achieved by using
a specialised elastic adhesive, methods of its applica-
tion and SE installation. Fig.2 shows a microphoto-
graph of the sensors at the assembly stage.

When sealing these sensors, special attention is
paid to ensuring a minimum level of moisture in their
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Puc.2. Mukpopomozpapuu damyukos AUHELHbIX yCKopeHul
MMA-2 neped MOHMA>Xxom Kepamuueckol KpbilKu

Fig.2. Microphotographs of MMA-2 linear acceleration sensors
before mounting the ceramic cover

o0ycioB/leHHBX AedopMallker KepaMHUeCKOIo
OCHOBaHM S KOpIIyca. DTO JOCTUIAETCS 3a CYET IIPU-
MeHeHHM S CHelHaJM3MPOBAHHOIO 3JIaCTUYHOIO
aJresyMBa, MeTOJOB €ro HaHeCeHUS U YCTAHOBKH
4Y3. Ha puc.2 npencraBieHa MUKpodoTorpadpus
JNATYKKOB Ha 3Tare cOOpKHU.

IIpy repMeTH3al MU AAaTUYUKOB 0coboe BHU-
MaHHe yjenseTcss obecrnedyeHUI0O MUHHMAb-
HOI'0 YPOBHS BJIaTH B UX IIOJKOPIIyCHOM oObeMe.
[Ipomecc npoBOOUTCA B aTMochepe a30Ta C colep-
JKaHHeM BjIard, He IIpeBblIIAINeM 1 ppm, C IpU-
MeHeHHeM CIel[MaJlu3upOBaHHOro obopymoBa-
HHS, B KOTOPOM TaK>Ke peaJiM30BaHa BO3MOXKHOCTD
JIUIATe/IbHOM JleTa3allii 3/IeMeHTOB KOPIIYCOB IIpHU
MOBBHIIIEHHOU TeMIlepaType Mepej UX repMeTH3a-
uuen. Ha puc.3 nmpencrasieHa dotorpadus obopy-
OOBaHUS /IS IPOBeJeHUS IIPOLeCcCOB repMeTH3a-
MU JaTYUKOB.

ITocme 3aBepluIeHHs IIpoliecca TepMeTH3aLUHU
BCe JATYHKH IIPOXOAAT TeCTUPOBAHME HA HaTHU4YHe
TedeHl U IepeJaloTCs A/ NPOoBeleHMs Ipolecca
KaTH6POBKH.

KAJINBPOBKA U UCINbITAHNA AATYUKOB

[Tpouecc KaJTUOPOBKHU BHIIIONHSETCS IIPU IOMOILIU
IporpaMMHO-aIlIapaTHOI0 KOMIIJIeKCa, BBIIIOJIHEeH-
Horo Ha 6a3e 1abopaTopHOM LIeHTPUYTH U peanu-
3yIOLIero aBTOMAaTHU3UPOBAHHBIN aJTOPUTM IIOJ-
6opa KOHQUTypallHOHHBIX [IapaMeTPOB 371eKTPOH-
HOM IOJACUCTeMBI, 0becIIeunBaOMKUX MUHUMATb-
HBIH YPOBeHDb HeJIMHEHMHOCTH BBIXOJHOTO CUTHAJIa
Jatuyhka. Ha puc.4 mpencraBieHsl poTorpaduu
dparMeHTa anmnapaTHO-IIPOrpaMMHOI0 KOMIIJIeKCa
Y KOMIIJIeKTa MU3MePUTeIbHOM OCHACTKHU.

Puc.3. O6opydosaHue 0451 npogedeHuUst Nnpou,eccos 2epmemu-
3ayuu 0amyukos
Fig.3. Equipment for sensor sealing processes

underbody volume. The process is carried out in nitrogen
atmosphere with moisture content not exceeding 1 ppm,
using specialised equipment, which also provides pos-
sibility of long-term degassing of housing elements at
elevated temperature before their sealing. Fig.3 shows a
photo of the equipment for sensor sealing processes.
Once the sealing process is complete, all sensors are
tested for leaks and submitted for the calibration process.

SENSOR CALIBRATION AND TESTING

The calibration process is performed using a hardware-
software complex based on a laboratory centrifuge,
which implements an automated algorithm for select-
ing the configuration parameters of the electronic sub-
system that ensure the minimum level of nonlinearity
of the sensor output signal. Fig.4 shows photos of a frag-
ment of the hardware-software complex and a set of mea-
suring equipment.

It should be noted that the product is also equipped
with a built-in temperature sensor, the readings of which
are transmitted as an analogue signal and can be used
for thermal compensation. The characteristics of the
built-in temperature sensor are not standardised by the
manufacturer.

After calibration, these sensors are subjected to a set of
acceptance tests. Each sensor undergoes control of four-
teen parameters that fully characterise suitability of the
product operation. The values of the parameters con-
firmed during the tests for each sensor version are pre-
sented in Table No. 1 [7, 8]. Fig.5 shows photos of sensors
in preparation for the control of zero offset variation in
the operating temperature range.

During developing of durability and resistance of man-
ufactured sensors to external influences (mechanical and
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Hacmku (b)

Puc.4. ®omozpapuu ppazmeHma npozpamMmHo-annapamuozo Komnaekca das Kaaubposku damuukos (a) u usmepumenbHol oc-

Fig.4. Images of a fragment of the hardware-software system for sensor calibration (a) and measuring tooling (b)

CremyeT OTMETHUTD, UTO M3/e/Ihe TaKKe OCHAIIeHO
BCTPOEHHBIM JATUMKOM TeMIIepaTyphl, IIOKa3aHHUS
KOTOPOTO IlepelaloTCsl B BUJle aHAJIOTOBOTO CUTHala
KM MOL'YT HCII0JIb30BaThCs [JI151 TePMOKOMIIEHCALIHH.
I1py 3TOM XapaKTePHUCTUKH BCTPOEHHOIO JaTyHKa
TeMIlepaTypbl He HOPMHUPYIOTCS IIPOU3BOAUTEIIEM.

[Tocne npoBefeHUs KaJTUOPOBKU AATUUKU IO~
BeprarwT KOMIIJIEKCY IPUeMO-CAATOYHBIX MCIIBITA"
HHUM. Ka>XABIH JAaTYUK IIPOXOJUT KOHTPOJIb YeThIP-
HaJllaTH [IapaMeTpOB, IIOJHOCThIO XapaKTepu-
3YOIHUX OPUTOLHOCTD 3KCIIIyaTalluKU U3OeIus.
3HayeHHs IapaMeTpPOB, IOATBEPXKAaeMBIX IIPH
MIpOBeeHUU HUCIBITAHUU IS Ka>KJOro HCIOJ-
HeHHS JaTUYMUKOB, IIpefCcTaBIeHbl B Tabn.l [7, 8].
Ha puc.5 nmpenacraBiaeHsl $oTorpadpuu SJATUUKOB
IIpYU IOATOTOBKE K IIPOBeeHUI0 KOHTPOJI U3Me-
HeHHUs CMeIleHHUs Hyas B pabodeMm guamasoHe
TeMIIepaTyp.

IIpu npoBefeHUU pa3paboTku 6bla MOATBEPIK-
JleHa IPOYHOCTD M CTOMKOCTD CO3/laBaeMBbIX JaT4H-
KOB K BHEIIHHUM BO3/IeHCTBUAM (MeXaHHUYeCKUM
Y KIMMaTH4ecKuM). [TolyuyeHHbIe 3HaUeHHU S IIPeJ-
CTaBJIeHHI B Tabnm.2 u 3.

IToce mpoBeneHUs IPUEMO-CAATOYHBIX HCIIBI-
TaHUU JAaTYUKK MApKHPYIOTCS, YIaKOBBIBAOTCS
Y IJIOMOUPYIOTCSI. YIIaKOBKA COCTOUT M3 TPYIIIIOBOM
oTpebUTebCKOM Taphl B BUJIe IOKeMeHTa MaTpHY-
HOI'O THIIa, U3TOTOBJIEHHOM M3 aHTHCTAaTHYeCKOIr o
IJIACTHKA, U TPAHCIIOPTHOM Taphl B BUZe KOPOOKHU
K13 roQpuPpOBAHHOrO KapToHa. Ha puc.5 npencras-
JeHbl oTorpaduu JaTUYUKOB MMA-2 rocjie MapKHu-
POBKH H B IIpoLlecce yIIaKOBbIBAHU .
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climatic) were confirmed. The obtained values are pre-
sented in Tables 2 and 3.

After acceptance, tested sensors are labelled, packed
and sealed. Packaging consists of group consumer pack-
aging in the form of a matrix-type spoon made of anti-
static plastic and transport packaging in the form of a
box made of corrugated cardboard. Fig.5 shows photos of
MMA-2 sensors after labelling and during packing.

The sensors are manufactured under the QC. Within
the framework of the development, the working design
documentation was approved for organisation of serial
production of sensors. The technological and testing base
available in SRC RF FSUE "Central Research Institute of
Chemistry and Mechanics" provides possibility of serial
production of linear acceleration sensors with the pro-
duction volume of several thousand pieces per year.

POSSIBLE DIRECTIONS FOR IMPROVING SENSOR
PERFORMANCE

The analysis of the data obtained during development
showed that further improvement of the sensor char-
acteristics (output noise, parameter instability) is lim-
ited by the characteristics of the applied electronic sub-
system. At the same time, as a result of mathematical
modelling it has been established that in case of using
the SE in the compensatory mode it is possible to reduce
these parameters by one decimal order. Thus, implemen-
tation of an electronic subsystem providing a compensa-
tory mode of operation of the SE is a priority direction for
improving the characteristics of micromechanical linear
acceleration sensors. In turn, the improvement of the SE
can be aimed at increasing its resistance to shock impact
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Tabauua 1. OcHoBHble MexHUYecKue Xapakmepucmuku dam4ukos
Table1. Main technical characteristics of the sensors

MapameTp
Parameter

UcnonHeHune
Design

MMA-10 MMA-30
[vanasoH YyBCTBUTENbHOCTU, M/C2 +20 +100 +300
Sensitivity range, m/s?
HectabunsbHOCTb Hy/4 B 3anycke (o), He 6onee, M/c2 0,008 0,040 0,120
Zero instability in start-up (g), not more, m/s2
HecTtabunbHOCTb HyA OT 3anycka k 3anycky (o), He 6onee, M/c? 0,009 0,045 0,135
Zero instability from start to start (o), not more, m/s?
LLlym BbIXOHOTO cCurHana, He 6onee, m/(c2ru'2) 0,0015 0,0060 0,0180
Output signal noise, not more, m/(s2Hz"2)
MacTabHbin Ko3hPULNEHT, He MeHee, MB/(M/c2) 50 10 3
Scale factor, not less, mVv/(m/s?)
3MeHeHMe CMeLLLeHMA Hy1S B paboyeM AuanasoHe TemMnepaTyp, He 6onee, M/c2 +0,6 +3,0 +9,0
Variation of zero offset in the operating temperature range, not more, m/s?
CMmelLeHne Hynd, He 6onee, m/c? +0,6 +3,0 +9,0
Zero offset, not more than, m/s?
HennHernHoCTb NepefaToyHOM XapakTepucTnkn, % He 6onee1,5
Nonlinearity of transfer characteristic, % No more
3meHeHMe MmaclwTabHoro koadduumeHTa B paboyem aranasoHe Temnepatyp, % He 6onee 2,5
Change of scaling factor in the operating temperature range, % No more
HecTabnnbHOCTb MaclwTabHOro KoadduLMeHTa oT 3anycka K 3anycky, % (o) He 6onee 0,3
Instability of scaling factor from run to run, % (o) No more
YacToTHbIM AMana3oH Npeobpa3oBaHMs MO YPOBHIO MUHYC 3 4B, L, 0-100
Frequency range of conversion at minus 3 dB level, Hz
Tok noTpe6neHns, MA (Npy HanpsXXeHUW NUTaHns 3,3 B £1%) He 6onee 0,9 +10%
Consumption current, mA (at supply voltage 3,3V +1%) No more
rabapuTHble pasmepbl ([ x LI x B), MM X MM X MM 10,5%x9,3%3,5
Overall dimensions (L x W x H), mm x mm x mm

H3roToBjieHHe JATYHMKOB BBIIIOJHACTCS 10 KOH-
TposieM OTK. B paMKax BBIIIOJIHEHU S pa3paboTku
yTIBepKJeHa pabodasi KOHCTPYKTOpPCKas JOKyMeH-
TaLMs J/151 OPTaHM3aL MU CEPUHOIO IPOU3BOJCTBA
IaTuyuKoB. UMeromasca Bo ®TYII "HHUUXM" Tex-
HOJIOTHMYeCcKasl U UCIBbITaTeNbHas 6a3a obecrneun-
BaeT BO3MOXKHOCTb CEDHHHOIO U3rOTOBJIEHU S AaT-
YU KOB IMHEHHBIX YCKOPEHHUI C 00beMOM IIPOU3BOJ-
CTBa Ha YPOBHE HECKOJbKUX THICAY IITYK B IOJ,.

by optimising the parameters of dielectric inertial mass
displacement limiters.

CONCLUSIONS

SRC RF FSUE "Central Research Institute of Chemistry
and Mechanics" has created a line of micromechani-
cal linear acceleration sensors with conversion ranges
of +20 m/s?, +100 m/s? and +300 m/s?> with the accep-
tance of the QC. The sensors are made on the basis of
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Tabauua 2. MexaHudeckue 8osdelicmeytoLuue pakmopebl
Table 2. Mechanical affecting factors

Bo3pgeicTBylowmii paktop XapakTepucTuka Bo3pencrayouiero pakropa 3HavyeHue BO3eMCTBYIOLLEro

Affecting factor Characteristics of the affecting factor ¢akTopa
Affecting factor value

CnHyconaanbHasa Bubpaums AMMAUTYAA YCKOPeHUs, M/c? 200
Sinusoidal vibration Acceleration amplitude, m/s?
[vianasoH yacrtor, I, 1-2000

Frequency range, Hz

LLiInpokononaocHas cayyarHasa Bubpaums CpefHeKkBaApaTUYeCKOe 3HaYeHWE YCKOPEHUS, M/c? 200
Broadband random vibration RMS value of acceleration, m/s?
JlvanasoH 4yacTor, 'y, 20-2000

Frequency range, Hz

MeXaHMYeCcKni yaap 0ANHOYHOIO MUKOBOE yAapHoe yCKopeHue, M/c? 5000
NencTeums Peak impact acceleration, m/s2
Single-acting mechanical impact

ANnTenbHOCTb AeNCTBUS YAAPHOI0 YCKOPEHUS, MC 0,1-2
Impact acceleration duration, ms

MexaHunyeckme yaapbl MHOrOKpPaTHOro MVKOBOe yAapHOe YCKopeHue, M/c? 150
NencTeums Peak impact acceleration, m/s?
Multiple mechanical impacts

[NNTeNbHOCTb AeNCTBUS YAAPHOIO YCKOPEHUS, MC 5-10
Impact acceleration duration, ms

JInHenHoe yckopeHme 3Ha4YeHne IMHENHOr0 YCKOPeHUs, M/c2 1000
Linear acceleration Linear acceleration value, m/s?
BO3MO)XHbIE HAMPABJIEHUA Russian-made materials and components. The created

COBEPIUEHCTBOBAHUA XAPAKTEPUCTUK AATYUKOB sensors combine small dimensions (the occupied area
AHa/M3 IOJYYeHHBIX B X0/le pa3paboTku maHHBIX | isless than 1cm?) and power consumption (less than
IoKa3aj, 4YTO JaJibHelllee COBepIIeHCTBOBaHHUe | 1 mA at supply voltage of 3.3 V) with sufficiently high

Puc.5. a - pomozpaduu no8opomHo20 cmona 80 BHymMpeHHeM 06svene mepMoKamepbl ¢ yCmaHosAeHHbIMU damyukamu; b - pabo-
uee Mecmo 045 pe2ucmpauuu U aHanu3a OaHHbIX
Fig.5. a - images of the turntable in the interior of the thermal chamber with sensors installed; b - the workstation for data

recording and analysis
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Tabauua 3. Knumamuyeckue so3delicmaytouiue pakmopbl

Table 3. Climatic affecting factors

Bo3geincTBylowmii paktTop

Affecting factor

XapakTepucTuka Bosgencrayiouiero pakropa
Characteristics of the affecting factor

3HavyeHue BO3AeMCTBYIOLLEro
¢akTopa
Affecting factor value

[MoBbIWeHHas TemnepaTypa cpefbl Mpw akcnayaTaumm, ‘C +85
Increased ambient temperature In operation
Mpw TPAHCMOPTUPOBAHUM U XpaHeHUH, “C -70
During transport and storage
[MOHM>XXeHHaa TeMmnepaTypa Cpefbl Mpw akcnayaTaumm, ‘C -60
Lowered ambient temperature In operation
MpY TPAHCMOPTUPOBAHMM N XpaHeHuu, ‘C -60
i3mMeHeHne TemnepaTypbl cpeabl [lvanasoH n3mMeHeHns TemnepaTypbl cpedbl, ‘C -60 o +85
Change of environment temperature Medium temperature variation range -60 up to +85
CKOpOCTb M3MEHeHUs TemnepaTypbl, ‘C/MUH 3
Temperature change rate
KomMbrHMpOBaHHOe BO34eNCTBNE ATMOChepHOe NOHMKEHHOE AaBneHue, KlMa 70,1
Combined effect Atmospheric underpressure, kPa
TemnepaTtypa cpeabl, ‘C -4,5
Medium temperature
Linknmnyeckoe n3MeHeHne TemnepaTypbl MocneaoBaTelbHOCTb M3MEHeHWs TemmepaTypbl, 'C +15; -60;
Cyclic temperature change Sequence of temperature change +60; +15
Konn4yecTBo LMKIOB 3
Number of cycles
ONTeNbHOCTb OAHOr0 NOJIHOMO LMKAA, Y 4
Duration of single complete cycle, h

XapaKTepPUCTHUK JAaTUUKOB (BBIXOLHOM IIyM, HeCTa~
OUBHOCTD TapaMeTPOB) OTPAHHUUYEHO XapaKTepu-
CTUKaMU IIPUMeH sie MO 31eKTPOHHOM I0ICHCTEMBI.
[Ipy 3TOM B pe3y/bTaTe MaTeMaTHU4YeCKOro MOJeH-
POBaHHS yCTAHOBJIEHO, YTO B CJIy4ae UCII0Ab30BaHU S
Y3 B KOMIIEHCAI[UOHHOM pPe>KHuMe BO3MOXKHO CHH-
3UThb YKa3aHHbIE [IapaMeTPhl Ha OJUH JeCATUUHBII
nopsimok. TakuM obpas3om, peann3alnius 3J1eKTPOH-
HOM IOJICHCTeMBI, obecreunBaoLiell KOMIEHCALIH-
OHHBIM pexkUM paboTel UD, sB/IseTCS NPUOPUTET-
HBIM HallpaBJeHHeM COBePIIeHCTBOBAHHS XapakK-
TePUCTUK MUKPOMeXaHUYeCKHX JaTUUKOB THHeH-
HBIX YCKOPeHHH. B CBOI0 ouepe/b, COBEPIIEHCTBOBA-
Hue U5 MoskeT ObITh HallIPaBJIeHO Ha ITOBBILIIEHHE eTo
IIPOYHOCTH K yJAapPHOMY BO3/I€ICTBHIO 3a CUeT ONTH-
MH3aLHH IapaMeTPOB AU3IeKTPUUECKUX OTPaHU-
YMTe/leH epeMellleHH I HHePIHOHHOK MacCHl.

performance characteristics, wide range of operating
temperatures (-60 + +85 °C) and other external influ-
ences. The available technological and testing base in
SRC RF FSUE "Central Research Institute of Chemistry
and Mechanics" provides possibility of serial production
of linear acceleration sensors with the production volume
at the level of 1000 pieces per year.
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Puc.6. ®omozpapuu damuukoe MMA-2: a — nocae mapkuposKku; b — e npouecce ynakogbigaHus
Fig.6. Images of MMA-2 sensors: a - after labelling, b - during the packing process

BbIBO/1bl

B OI'VII "HHHUHMXM" co3maHa IMHeHKa MUKPOMeXaHU-
YeCKHUX JaTYHMKOB JIMHEHHBIX yCKOPeHUM C IPHUeM-
kor OTK co cenyomuMU JHUAIa30HAMU IIpeobpa-
30BaHUsg: 20 M/c2, #100 m/c?2 u +300 M/c2. JaTUYHUKHU
BBIIIOJIHEHHI Ha 6a3e MaTepHaioB U KOMIIJIEKTYIO-
X POCCUMCKOIO IIPOM3BOACTBa. Co3/laHHBIe 1aT-
YUKH COUeTAIOT B cebe Masble rabapuThl (3aHHUMA-
emas IJomaznb MeHee 1 cM?) u 9HepromoTpebdie-
HUe (MeHee 1 MA IpU Halps>keHUU NUTaHUA 3,3 B)
C LOCTATOYHO BHICOKMMHM 3KCIIJIyaTalMOHHBIMHU
XapaKTepPUCTHUKAMHU, IMHUPOKUM JHATIa30HOM pabo-
qyux TeMmIeparyp (-60 + +85 °C) U Apyrux BHeII-
HHX BO3JeHCTBUH. M Melomasics TeXHOJOTHYecKas
U UCIIbITaTeaAbHas Bo OTYII "IITHUUXM" 6a3a obecrie-
YKMBaeT BO3MOXKHOCTb CEPUHHOIO U3TOTOBIeHU S AaT-
YHMKOB IMHEMHBIX YCKOPeHUH C 06beMOM IIPOU3BO-
CcTBa Ha ypoBHe 1000 HITYK B TOA.

WHOOPMALINA O PELLEH3UPOBAHUU

Pepmakuus 61arofapuT aHOHMMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a X BK/IaJ, B pelleH3MPOBaHUe 3TOM
paboThl, a TakKe 3a pa3MellleHHe CTaTell Ha cCanlTe
SKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM BH e B HOb
eLIBRARY.RU.

Jekaapauus o KoH$AuKMe uHMepecos. Asmopsl 3a18AAH0M
06 omcymcmauu KOHQAUKIMOB UHMepecos UAU AUMHBLX 0MHOuLe-
HUL, Komopble Mo2Au bbl nosAusMb Ha pabomy, npedcmasAeHHyto
6 daHHoll cmamee.
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