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AHOTAIIISA

Tema kBamidikariiinoi podotu: «CucTemMa KepyBaHHS E€JIEKTPOIPHUBOIOM
OlOHIYHOTO TIPOTE3a HAa OCHOBI M'€30ABUTYHIBY». KBamidikariitna pobora OGakamaBpa //
ManumeBceka Mapis OnekcanapiBHa// TepHONUIBCHKUIM HalllOHATBHUN TEXHIYHUHN
yHiBepcuteT iMeHi [Bana [lymros, hakyapTeT npukiagHux iHQOpMAaIiitHUX TEXHOJIOT1H Ta
enexTpoimkenepii, rpyna Pb-41 // Tepromins, 2025 p // crop. — 79, puc. — 33, Tabim. — 1,
610umior. — 25, momar. — 1.

Kmouosi cnosa: IT'€30JIBUT'YH, JPAVMBEP, BIOHIYHMI ITPOTE3

VY miit kBamigikaniiiHid poOOTI MPOBEACHO MPOEKTYBAHHS CHUCTEMU KEpyBaHHS
€JIEKTPONPUBOJOM OIOHIYHOTO MTPOTE3a HA OCHOBI M'€30BUTYHIB. [IpoaHanizoBaHo TUIIH
OPUBOJIB ISl OlOHIYHMX TPOTE3iB, TpaHCMICIi, Ta OCOOJIMBOCTI iX (YHKIIOHYBaHHS.
3anponoHOBAaHO BHKOPUCTATH MIHIATIOPHI 11’€30JBUTYHU. PO3pO0IEHO CTPYKTYpy
CUCTEMHM KEpyBaHHS TpYNHU I1'€30/IBUTyHIB. 3a OCHOBY BHKOPHUCTAaHO JpaiiBep
DRV8662EVM, sxuii mae gocratHiii (GyHKIIOHANT 1Jisi €(heKTUBHOTO BHUKOPUCTAHHS B
Ol0HIYHUX MpoTe3ax. Po3poOEeHO CTPYKTYpy CHUCTEMHU KEpPYBaHHS €IEKTPONPUBOJIOM
O10HIYHOTO TIPOTE3a, AKa mpairoe Bia curHamiB EMI'. KepyBanHsi 610HIYHUM MIPOTE30M
Mae OyTH MPOCTUM Ta MpPAIlOBATH B MacllITall peaibHOro yacy. i iboro BAKOPUCTAHO

croci0d MpsIMOro KepyBaHHS.



ABSTRACT

The subject of the qualification work: “Electric drive control system for a bionic
prosthesis based on piezo motors” Bachelor’s qualification work //Malyshevska Maria
Alexandrovna// Ivan Pulyuy Ternopil National Technical University, Faculty of Applied
Information Technologies and Electrical Engineering, Group RB-41 // Ternopil, 2025 //
pp. — 79, fig. — 33, tab. - 1, bibliog. - 25, add. — 1.

Keywords: PIEZO MOTOR, DRIVER, BIONIC PROSTHESIS

In this qualification work, the design of a control system for the electric drive of a
bionic prosthesis based on piezomotors was carried out. The types of drives for bionic
prostheses, transmissions, and the features of their functioning were analyzed. It was
proposed to use miniature piezomotors. The structure of the control system for a group of
piezomotors was developed. The DRV8662EVM driver was used as the basis, which has
sufficient functionality for effective use in bionic prostheses. The structure of the control
system for the electric drive of a bionic prosthesis, which operates on EMG signals, was
developed. Controlling the bionic prosthesis should be simple and work in real time. For

this, a direct control method was used.
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BCTVII

B choroguimHii Baxkkuit A5 YKpaiHu yac 0COOJIMBO TOCTPO CTOITh MUTAHHSA
B JIOCTYITHOCTI OIOHIYHMX MPOTE3iB JJII OKpEeMHUX KaTeropid Jrojei, 30Kkpema
NOCTPaXJAINX BHACTIAOK BiHU. [Ipu 1bOMYy Ba)JIMBUM € MHUTAHHSA PO3POOJICHHSA
OlOHIYHUX MPOTE3iB 13 PO3MUPEHUMH (PYHKIIOHATBHUMH MOXKJIUBOCTIAMU. [Ipu
[bOMY BCE€ II[€ 3aJUIIAEThCS MPOOJIEMOI0 3a0€3MeUeHHsI IIABHOCTI Ta IIBUJIKOCTI
BUKOHAHHS PyXiB MPOTE30M, PETyIIOBAaHHS CHJIM 3aXBaTy B mporeci podotu. Lle
MOB’S3aHO 13 BUKOPHUCTAHHSIM POTAIIMHUX EJICKTPOABUTYHIB, SKI HOTPeOYIOThH
BUKOPUCTAHHS JOJATKOBUX 3ac00iB 30UIBIIEHHS KPYTHOTO MOMEHTY, 30Kpema
TpaHcMmiciid. Ilpu npomMy BiacHe 3pocTae yNOBUIBHEHHS BHMKOHAaHHS pyXIB Ta
3’SIBJISIETHCSI CKJIAJIHICTh KOHTPOJIIO CUJIM 3aXBaTy.

3 1HIIOI CTOPOHU Takl EJIETPONPUBOAM € JOCUTh IIYMHUMH 1 TaKOX
CIIOKUBAIOTh 0araTo eJEKTPOCHeprii, IO OMEXYye€ Yac iXHbOI pPOOOTH BiX
aKyMYJISITOPHUX OaTapei.

ToMy akTyalbHUM € 3aCTOCYBaHHS B OIOHIYHUX MPOTE3aX aJbTEPHATHBHUX
CJICKTPONIPUBO/IB, sIKI Oyiau O 1mo30aBieH] 3rajlaHuX HeAoJiKiB. OJHUM 13 TaKuX
NEPCIIEKTUBHUX EJIEKTPONPUBOIIB € BUKOPHCTAHHS '€30€JIEKTPUYHHUX JIBHUTYHIB.
Opnak, Ha BIAMIHY BiJI POTAIWHUX EJIEKTPOJBUTYHIB, IO SBISIOTH COOOIO
IHAYKTUBHE HABAHTAXXEHHS MJII CUCTEMH KEpyBaHHSA, I1'€30JIBUTYHU SBIISIOThH
co00I0 €MHICHUHI TUIl HaBaHTaxeHHS. [Ipy IbOMYy HEOOXIIHUM € BUKOPUCTaHHS
CKJIQJHUX CHCTEM KEepyBaHHS TaKUM €JIEKTpOnpuBoaoM. BiacHe B kBamidikaiiiHini
po0OTI MPOBOAUTHCS TPOEKYBAHHS CHUCTEMH KEPYBAHHS EIEKTPOIPUBOIOM
OIOHIYHOTO TMpPOTE3a HAa OCHOBI I'€30JIBUTYHIB 13 MOXJIMBICTIO PEryJIOBaHHS
IIBUIKOCTI Ta CUJIM BUKOHAHHS 3aXBarTy.

MeTo10 € MPOEKTYBaHHSI CUCTEMH KE€pPYBaHHS €JIEKTPONPUBOIAOM O10HIYHOTO
IpOTE3a Ha OCHOBI IT'€30/IBUTYHIB.

3aBIaHHA:

— OIVISIH BIAOMUX KOHCTPYKIIIH €JIeKTpONpPUBOAY OI0OHIYHUX IPOTE3aMIB;
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I'€30/IBUTYHIB;

1'€30/IBUTYHIB.

— BUJIJICHHS HEJOJIKIB BIIOMUX CUCTEM €JIEKTPOIIPUBO/LY;

— OTJIsii BIIOMHUX CHOCOOIB KEpyBaHHS €JIEKTPONPUBOJOM HAa OCHOBI

— po3polOka

CHUCTCMH

KEpyBaHHSA  €JIEKTPOINPUBOIOM

OCHOBI

PGSYJ'II)T&TI/I BUKOHAHHA € BaXJIUBUMHU 3 HpaKTI/I‘-IHO.l. CTOPOHHU, OCKIJIBKH

BKJIMBI1 JIJISI pO3POOJICHHS Cy9acHUX THUIIIB O10HIYHHMX MPOTE3iB.
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PO3JILTT 1
[IPUBO/IM BIOHIYHUX ITPOTE3IB

1.1 Tunu npuBoaiB 6i0MEXaTPOHHUX CUCTEM

PosriastHeMo  OCHOBHI ~ THUNIM  TPHUBOJIB, $AKI BUKOPUCTOBYIOTHCA B
010MeXaTPOHHUX MPHUCTPOSAX Ta MOKYTh OyTH 3aCTOCOBaHI B O10HIYHUX MPOTE3ax.

EnexTpoMarHiTHI MPUBOJM BUKOPUCTOBYIOTh 3aKOH cuiu JlopeHIa, 3rigHo
SAKOTO SIKIIO KOJIM MPOBIJHUK 31 CTPYMOM IE€PEMIIIYEThCS B MArHITHOMY MOJI,
BUHHUKAE CWJIa B HaIpsMKY, MEPHEHIAUKYISIPHOMY JO HAINpPSMKIB CTpyMy Ta
marHiTHoro nossa(MII). MII Mmoxke i1HAyKyBaThCs TOCTIMHUMH Mar”itamu abo
THIIIOO KOTYIIKOIO Mij] HAalPYyTroko.

Icnye  Garato THMIB  €JEKTPOMArHiTHUX  MPHUBOJIIB, Xo4a  JIESKI
BUKOPUCTOBYIOThCA B 010MEXaTPOHHUX NMPHUBOJIAaX YacTimie, HiXk 1HI1. CoJieHoiau Ta
pene — 1€ IPOoCTi MPUCTPOi 3 HEPYXOMUM 3alli3HUM CEPJICUHUKOM 1 KOTYIIKOIO
(puc. 1.1, a), a TakOX PYXOMHM CEPACYHUKOM, MPHUKPIIJIEHUM JI0 HEPYXOMOIO
Cep/ICUHMKA uepe3 NpYyKUHY. BOHU piAKO BUKOPUCTOBYIOTHCS JIJIsi 010MEeXaTPOHHUX
MPUBOJIIB, OCKUIBKM BOHM HE MOXYTb CTBOPIOBATH BEJIMKI CHWJIM a00 BHCOKI
YaCTOTH.

EnekTpoaBUTryHH MalOTh HEPYXOMUM KOPITYC, IKUH HA3UBAETHCA CTATOPOM, 1
YaCTHHY, SIKa 00EPTAEThCS, 110 Ha3UBAETHCA poTopoM. Ha BiMiHy BiJl COJIEHOIMIB 1

pelie, eJIeKTPOIBUTYHU MOKYTh 00epTaThCs Oe3MepePBHO.
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Pucynok 1.1 — EnekTpomMartiTHi NpuBOJIM: a — UIFOCTPaLlisi KOTYIIKA
coJieHoifa Ta gororpadis cojeHoina B KOpIycl; O — UTocTpalis KpOKOBOTO
JIBUTYHA 3 YOTUPMA €JIEKTpOMarHiraMu ta gororpadis KpOKOBOIO JBUTYHA; B —
utrocTparlis 0yoBu ABUryHa noctiitHoro crpymy (HAIIC) Ta ¢poTtorpadis poropa; ir

— imrocTparist Ta pororpadis 6e3muritkooro AIIC.

KpokoBi asuryun — ue tun JIIC 3 cranum MarHiTom, SKUid MOXe
obepratucss B 000X HampsMKax, pyXaTucs 3 TOYHUM KYTOBUM KPOKOM,
HNIATPUMYBATH yTPUMYIOUMKA KPYTHHUM MOMEHT Ha HYJIbOBIM IIBHJIKOCTI Ta
KepyBaTHUCsl 3a J0NoMorow muppoBux cxem. OgHAK BOHM 3a3BUYail HE MOXKYTh
CTBOPIOBATH BUCOKI KPYTHI MOMEHTH, BUCOKI IIBUKOCTI 200 BHUCOKI 4aCTOTH.

[I{iTKOBI ABUTYHH BHUKOPUCTOBYIOTH E€JEKTPUYHI IIITKU [Js1 NEPEeMHUKaHHS
HaAMpsIMKY CTpyMy B KoTymikax. KOTymiku posTamioBaHi Ha pOTOpi, a MOCTIHHI
MarHiTé - Ha cTaTopi. Y MOPIBHAHHI 3 0ararbma 1HITUMU JIBUTYHAMH, 11l JBUTYHU
MalTh BHCOKE CIIIBBIJHOIIEHHS KPYTHOTO MOMEHTY JO Bark, OCKUIbKH
HANpy>KEHICTh MOJsI MOCTIMHUX MAarHiTiB JIyke BHcOKa. CTpyMm, SIKMH MOXHa

JIOCTABUTH /10 KOTYIIOK, OOMEXYEThCS ICKPIHHAM Ha LIITKAX; 1€, Y CBOI YEpry,
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oOMeXye KPYTHHUH MOMEHT, SIKMM MOXYTh CTBOPIOBATHU JIBUTYHHU. JlesKi IIITKOBI
JBUTYHU MalOTh IOPOXKHUCTI poTOpH (0€3 3a113HOT0 CepACUHUKA), SIKI HA3UBAIOThCS
nBUTYHaMU 0e3 cepaeuHuka. L{i ABUTyHH MarOTh 3HIDKEHY 1HEpIio (3abe3neuyrodn
OlJIbLIIE TPUCKOPEHHS), aJI€ TAKOK MOKYTh CTBOPIOBATH MEHIINI KPYTHUII MOMEHT.

HaBmaku, Ge311ITOYHI IBUTYHH BUKOPUCTOBYIOTH Takl JaTUMKH, K JaTUYUKU
Xoina, 00 BU3HAYUTH, KOJM 3MIHMTH MOJSIPHICT CTPyMy 4depe3 KoTymiky. Ll
IPUBOJY BUMAraroTh OUIbII CKIAAHOI CXEMH, SIKa MIPOBOAUTH KOMYTalito (a3, ajie
MO’K€ CTBOPIOBATH OUIBIIUI KPYTHUNW MOMEHT. 3 IIi€i MpUYMHH M BCE YaCTIIIe
HaJal0Th NIepeBary Haj IIITKOBUMHM JBUTYHAMH B 010MEXaTPOHHUX 3aCTOCYHKax. €
JIBa BaplaHTU —3 BHYTPIIIHIM (K1 € OUIbII MOMIMPEHUMH) Ta 30BHIIIHIM POTOPOM
(K1 € MOIIMPEHUMHU B TAKUX MPUCTPOSX, SK KBAJPOKONTEPU 3 IAUCTAHLIMHUM
KEpyBaHHAM), 1 BCE YaCTillle BUKOPUCTOBYIOTHCS B OI0OMEXaTPOHHHX CHUCTEMax 3a
iXHI 4yJJOBI MO>KJIMBOCTI T€HEPYBAaHHSI KPYTHOT'O MOMEHTY.

PinuHHI Ta THEeBMATHUYHI IPUBO/IH.

[lHeBMaTH4YHI IOTYy4YHI M A3U NEPETBOPIOIOTh ITHEBMATHUYHY EHEPril0 Ha
MEXaHIYHUl pyxX 1 cwiy. HalnmommpeHim DHEBMAaTHYHI MITY4YHI M’ s34
Ha3uBaloThcs M’sizamu  Mak-KiO0ena, siki CKIafaroThCs 3 TPYOOK, OTOUEHHUX
neperuieTeHuMu HuTkamu (puc. 1.2). [Ipu HakauyBaHH1 MOBITPS M1 TUCKOM TPYyOKH
paziagbHO PO3LIMPIOIOTECS Ta 3BYXKYIOThCSI B aKC1aJIbHOMY HAIPSIMKY, CTBOPIOIOYH
cwi po3TsaryBaHHsA. M’ s3u Mak-Kib6ena ciouatky Oyiu po3poOiieHi s imiTarii
NPUPOAHOI PYHKIIIT M’ SI31B JIs1 TPOTE3IB.

OcHoBHOW miepeBaror M’s3iB Mak-Ki6OeHa € Te, 110 BOHH MarTh 3MiHHE
BUJIOBKCHHSI 3QJIOKHO BiJ THCKy rasy. BoHW Jerki Ta Ha HHX HE BIUIMBAIOTH

MAar”iTHI ITOJIS.
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Pucynok 1.2 — M's3u Mak-Ki66ena
EnexTpoakTuBHI MOJIMEpH.
EAP — me onaHa Kareropis pO3yMHHX MaTepiajiB, SKi Ha3UBaIOTHCS

«IWITYYHUMH M’si3aMU». 3 yCIX Cy4acHUX TeXHOJorid npuBoaiB EAP HalOuibIn
dbyHKII0HATBEHO MOI0H1 0 mpupoaHux M’si3iB. EAP — 1e mosiMepHi Marepianuy,
K1 KOHBEPTYIOTh €JIEKTPOCHEPTril0 B MeXaHIYHy (1 HaBmaku). BoHM MaioTh BHCOKe
CIIBBITHOIIIEHHS TOTYXKHOCTI JO Baru, aje TaKOXX MAaloTh IMepeBard HUKYOL
BapTOCTi, BHYTPINIHBOI BIAMOBIAHOCTI Ta 3HAYHO OUIBIIMX MOXJIMBOCTEH
nedopmarrii.

€ ngi xareropii EAP: ioHHI, siKi pearytoTh Ha MOTIK 10HIB, 1 €IEKTPOHHI, SIKI
pearyioTh Ha enekrpoctatuuHi cuiau. lowHi EAP BumaraioTh BOJOTOro
cepeloBuIla; TOMYy elekTpoHHI EAP, sk mnpaBwio, OuUIbIe MIAXOASATH JJIs
O0loMEeXaTpOHHHUX 3aCTOCyBaHb. 3 elleKTpoHHUX EAP nyxe mnepcnekTuBHUM €
JETEeKTPUYHUIA eTacToOMep.

JliemeKTpUUHUM ~ eJacToMep  CKJIAJA€ThCA 3 JIBOX  CJICKTPOMIB,  SKI
poO3TaIIoBaHi B 130JAI1AHIN MOTIMepHil TtiBkKi. [Ipu nmogadi Hanmpyru Ha €NEKTPOAH
€JIEKTPOCTATUYHI CHUJIM  CTHUCKAIOTh  JICJEKTPUYHY IUIIBKY, CIPUYUHSAIOYU
3MEHIIICHHS] TOBIMMHU Ta 30utbmieHHa twioml (puc. 1.3). Taka mienexkTpuyHa
MOBEIIHKA 3a0e3leuye MOMKJIMUBOCTI, SIKI HAOJMIKAIOTBCA [0 BJIACTHUBOCTEH
npupoaHux Mm’s3iB: aepopmauii 10-100 % 1 piBai HanpyxenHs 0,1-9 MlIla.
[lepeBar mieneKTpUYHUX €1aCTOMEPIB Oarato: BOHU JIETKi, HEAOPOTi, TUX1 Ta MalOTh

BHUCOKY IIUIbHICTh HOTY>KHOCTI.
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\:\\\\\& Compliant electrodes ,

Elastomer membrane

(C) Fixed y

Pucynox 1.3 — Imoctpariii koHpirypaiiiii gieneKTpuaHoro enacromepy: (A)
IJIaHapHE CIpalbOBYBAaHHSA 3 IBOMA CTyNEHsIMU cBOOO I, (B) muianapue

CIIpadbOBYBAHHA 3 OJHHM CTYIICHCM CBO6OI[H Ta (C) 3IrMHaHHA.

Tpancwmicii. JIBUTYH nepefae MEXaHIYHY €HEPril0 B CUCTEMY 3a JOMOMOIOI0
neBHOi Myt abo TpaHcwmicii. TpaHcmicis dYacTo po3paxoBaHa Ha TIEBHY
JUHAMIYHY TOBEIIHKY, IO TMOKpallye 3arajbHy Oe3neky ado MpOayKTHUBHICTb
CHCTEMHU.

JlinifiHI mepenayi MepeTBOPIOIOTh OOEPTAHHS JABUTYHA HA JIHIMHUN BHXI.
Lleit miHIMHUN BUX11 MOKe OyTH BUKOPUCTAHUMN JIJIs CTBOPEHHSI JIIHIHHOTO pyXy a0o
obOepTanbHOTrO pyXy. JIiHINMHI TpaHCMICIT 3a3BHYall MAlOTh HIDKYY BUXIJHY 1HEPIIIIO,
HIDK POTOpPHI AaHajord 3 TOMIOHMMH XapaKTEpPUCTHUKAMHU, 1 YaCTO MOXKYTh
BUTPUMYBATH OUIblIl HaBaHTaXeHHS. OJIHAK BOHM YACTO 3aiMalOTh 3HAYHHMA
MIPOCTIP 1, SIK MPaBUJIO, BHOCATHh M SIKi HEJIIHIMHOCTI B IepeaBaIbHE BITHOIICHHS B

JianaszoHi pyxy. Y 0OaraTboX O010MeXaTpOHHUX KOHCTPYKIISIX BHUKOPHUCTOBYIOTHCS

JiHIMHI Iepeaadi, 0COOIMBO B MPOTE3axX 1 OPTE3ax 3 CICKTPOIPHUBOJIOM.

3

Apk

No Qoxym

\ionud/lam
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Haitnpocrimow ¢opmoro JiHIMHOT Tiepeadi € XOJOBUH TBUHT, SIKUM
CKJIAJIAETRCS 3 CTEPIKHS 3 pi3h00I0 1 raiiku (puc. 1.4, a). Bxin tpancMicii (3'eqaanoi
3 JBUTYHOM) - pi3b00OBUil cTepxkeHb. Buxim Tpancmicii - raiika. [aiika
MEPENIKO/KAe€ 00EPTaHHIO HAIMPSMHUMU CTEPKHSAMU a00 IHIIMMU CTPYKTYPHUMU
KOMITOHEHTaMH, TaK 110, KOJU Pi13bOOBHI CTEPKEHB 00EPTAETHCS, TallKa PyXa€ThCS
B3/I0BK HbOro. [IOpiBHSHO 31 CTaHAAPTHUM T'BUHTOM, Mpoduib 3y0iB XOJ0BOIO
I'BUHTA PO3pOOJIeHUN Tak, o0 OyTv OuUTbll €(EeKTUBHUM 1 BUTPUMYBATH OUIBIII
HaBaHTa)XeHHA. KynpKOBI TBHHTH KOHLIETITyallbHO TOJIOHI O XOJOBUX T'BHUHTIB,
asie pi3b0OBHI CTEpKEHb Ma€ KAHABKHU, a Tailka MICTUTh KYJIbKH, sIKI 00E€pTalOThCS B
KaHaBkax TBuHTa (puc. 1.4, 0). TakuM YHMHOM, KYJIbKOBI TBUHTH KOTSTHCS, a HE
KOB3aI0Th, 1, BIIMOBIJTHO, MAIOTh 3HAYHO Kpally €peKTUBHICTh, HI’K X0JI0BI TBUHTH.
[1s epexTUBHICTH, OJTHAK, MOB's3aHa 13 OUIBII CKJIATHOK KOHCTPYKIIIEI0, O1IBIIO0
BapTICTIO 1 9acTo 3 OUIBIINM IIyMoM 1 JitopToM. Kpim TOro, KOHTaKT MiXk KyJIbKaMH
Ta CTEp>)KHEM 3 KaHaBKaMU € TOYKOBUM, a HE JIHIWHUM KOHTAaKTOM XOJIOBUX

FBI/IHTiB, 10 3HAYHO 3MCHINIYE 3yCHUJLIIA, K1 CHCTEMa MOIKE BUTPpHUMATH.

Pucynoxk 1.4 — Jliniiini nepenayi: a — X0JJ0BUM TBUHT, O — KyJIbKOBUHN I'BUHT,

B — POJIMKOBUM T'BHUHT 1 T — 3yOuacTa peika

g
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JudepeniiiaabHi pOIMKOBI TBUHTU MOEIHYIOTh Y 001 HaWKpaIllli BIaCTUBOCTI
XOJIOBUX TBHUHTIB 1 KYJIBKOBUX TBHHTIB, OCKIIBKM BOHHU MOXXYTh BHUTPUMYBATH
BHCOKI HaBaHTa)XEHHS Ta BOJHOYAC MalOTh BHCOKY e(eKTUBHICTH (puc. 1.4, B).
OpHak iX BUTOTOBJICHHSI BUMArae BUCOKOT TOUYHOCTI 1 BIATIOBIAHO € JOPOTUM.

Yac Big yacy 3yCTpIHarOThCA KOHCTPYKIII 3 PEUKOBOIO TMEepeaadcto

(puc. 1.4, r).

1 Input shaft
- Eccentrically
(&) mounted bearing
Cycloidal
disc
2® "0, Input drum
5 Ring pins
v (part of chassis) Produces

J rotary motion

Output rollers
and shaft

| Moter fixed
© on the base

(D) (E)®

Pucynok 1.5 — Porauiiini nepenadi: a — npsiMmo3y0a nepegava, 1o NpuBOIUTHCS B

pPYyX ABUTYHOM MOCTIHOTO CTpyMy, O — IJIaHeTapHa Mepeiaya, B — CXeMa, 1110
MOKa3y€e OCHOBHY POOOTY FapMOHIYHUX MPUBOIIB, T — IIUKJIOITHUN TIPUBI 1 1T —

Kabecrannuii npusia Ha npuctpoi Phantom.
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Potamiitai Tpancmicii 3a3BU4ail KOHIEHTPUYHI 3 JBUTYHOM, XO4a B JCSKUX
KOHCTPYKIIAX 1€ He Tak. PoTariitHi nepenayi, Sk nmpaBuio, OUTBII KOMIIAKTHI, HIK
JIHIMHI, aJIe 4acTO MalOTh OUIBIINY 1HEPITO.

Haitnpoctimma ¢opma portamiiiHoi mepemadyi — 1€ OPOCTO CcHCTEMaA
HUAJIHAPUYHUX IIECTePEeHb, 3’€IHAHUX oOJHa 3 oxHoro (puc. 1.5, a). Kocosybi
IIECTEePHI1 CXO0XKI1, ajie He MaroTh 3y0iB, MapajeabHUX OCl 00epTaHHS, IO J03BOJISIE
iM TpalfoBaTH IJIABHIIIE Ta TUXIIIE, ajie 332 PaXyHOK 30UIBIICHHS TATH Ta 3HIKEHHS
edextuBHOCTI. KOHIUHI Ta dYepB'syHI TMepenadi 1HOAI BHKOPUCTOBYIOTHCS B
OlomMexaTpOHHMX JTOJAaTKaX.

[lnanerapni 1mectepHi NOMIOHI JO UMJIIHAPUYHUX IIECTEPEHb, aje
BUKOPHCTOBYIOTH HA01p 13 TpbOX ab0 OLIbIIIE MJIaHETAPHUX IIecTepeHb (puc. 1.5, 0).
BOHM TakoX KOHTakKTyIOTb 3 HEPYXOMHM KuableM. IlopiBHSIHO 3 mpsiMo3yOumu
3yO4acTUMHM KOJIECaMM, IUIaHETapHI 3yOdacTi KoJjieca MalTh OUIBII BHCOKE
CITIBBITHOIIIEHHS MIIHOCTI IO Baru, 1 B OJJTHOMY KUJIbI[l MOKHA PO3MIIIYBAaTH KiJIbKa
cTyrneHiB. OpUKLIiHI MJIaHETapHI Mepeaadl MalTh BEJIMKUI MOTEHI1a], OCKIIBKH
BOHM HE MAlOTh CTaTMUYHOTO TEpTs 4M JOPTy, aje MNoTpeOyroTh MONEPEIHBOTO
HATATy, 1[0 3MEHIIyE TEePMIH CIyKOM KOMIOHEHTIB. barato OioMeXxaTpOHHUX
MPUBOJIIB 3 BETUKUM MOMEHTOM BUKOPHUCTOBYIOTH TapMOHIYHI MPHUBOJAU, B SKUX
CHMNTUYHUNA BXIJHUM KyJa4dokK JedopMye THYYKUM TeHepaTop XBWIb, SKUAN
KOHTAKTY€E 3 JKOPCTKUM KiblieM (puc. 1.5, B). 'eHepaTtop XBuUIb Ma€e Ha JBa 3yOu
MEHIIIe, HIK >KOPCTKE KUIbIE, TaK IO JJIsI KOXKHOI'O ITMKIIy OOepTaHHsS BXOIY
reHepaTop XBWJIb 3MIIly€ ABa 3yOM BITHOCHO KUIbIS. TakuM 4MHOM, JTy>X€ BUCOKI
nepeaaBaibHi Yuciia MOXKYTh OyTH TOCATHYTI B KOMIIAaKTHOMY po3Mipi. L1 nepenaui
BOHU HE MaroTh JO(Ty. OHaK BOHU MAIOTh 3HAYHY 1HEPIlII0, OCKIIBKU JJII HUX
NOTpiIOEH BENUKHUM, BAXKKUH, ENINTUYHUN KyJadoK Ha BXIJHIA CTOPOHI
nepefaBaibHOrO unciaa (M0 TOTIM  BIIOOPAKAETHCA KBAAPATOM  BEIIMKOTO
nepeaaBalbHOr0 uyrcia). BoHM TakoXX CTBOPIOIOTH MyJibCallli KPYTHOIO MOMEHTY

yepes eNNTUYHY MPUPOY BXIAHOTO KyJadyKa.
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[{uk101aH1 TPUBOAM TOMOJOTIYHO €KBIBAJICHTHI TAPMOHIYHUM MPUBOJIaM, ajie
BUKOPHCTOBYIOTh 3CYBHMI BXiA, a He emntuyHuil (puc. 1.5, r). Bonu meHm
nommpeHi B 610MeXaTpOHHUX JOJATKax, Xo4a iX Jerme BUTOTOBUTH. l[uknoimHi
MIPUBOJIM MAIOTh MEHIITY 1HEPIIiI0, HIXK TapMOHIYHI IPUBOAH, 1 Kpally e(PeKTUBHICTh
(OCKUTPKM BOHH MOKYTh MpAalIOBaTH Ha KOYEHHI, a HE Ha KOB3aI0YOMY KOHTAKTI).
Opnak BOHM MawTh JIOQT, a iX Mepe/laBalibHE YUCIO KOJMBAETHCS 3aJE€KHO BiJl
MOJIOKEHHS BX1HOTO BaJia

OpHiero 3 1ie 6i0MeXaTPOHHUX CHUCTEM € 3aMiHa BiCyTHROI (yHKIII abo
KOMITOHEHTa Tina. Ha 1l cucTteMu MNOKIaar0ThCsl BEIMKI OYIKYBaHHS, OCKIIbKU
HETOIIKO/[P)KEHI BUKOHABYl MEXaHI3MM Tija — M’ SI3M — MillHI, JIETKi, THY4YKi Ta
TICHO IHTETpOBaHI 3 HEUPOHHOIO cHucTeMol KoHTpomo. llle Hemae »xomaHOTO
HMITYYHOTO TPUBOY, SKUUA HaOMMKaBcs O O MOMXIJIMBOCTEM MPUPOJIHUX M’SI31B.
KpiMm TOro, BiICyTHI NPUPOJHI CUCTEMH 3B’SI3KY TilA, 1 pPO3MI3HABAHHS PYXOBHUX
HaMipiB KOPUCTYBaua 3aJUIIAE€THCS BEIMUE3HOIO IPOOIEMOIO.

[cTopuuHO cKianocs Tak, M0 MPUBOJIH, IKI BUKOPUCTOBYIOTHCS JJIsl IIPUBOIY
IPOTE31B, MPUBOJUINCS B PyX TUIOM, TOOTO KOPUCTYBad BHCTYIIaB y POJIl JBUTYHA
Ta TIepe/laBaB €HEprilo Ha TpaHcMicito. J[is nmrogeit 3 aMImyTOBaHMMHM KiHIIIBKAMU
MpOTE3U, IO MPAIIOIOTh BiJ TUIA, SK MPaBWIO, OCHaIeHl TpocoM boynena. Jlis
JIOJIeH 3 aMIyTOBaHUMH KIHI[IBKAMU MACHBHI MPYXHHHI MPOTE3U 3a0€3MedyIoTh
HAKOIWYEHHS Ta TIOBEPHEHHSI €HEpPrii, TOJ1 SK MPOTE3U Ha OCHOBI 3UCIIJICHHS, TaKl
SK TMOJILIEHTPUYHI KOJIIHA Ta 0araroochOBl CTOMH, 3a0€3MeUyI0Th CTaOUIbHICTh Ha
HepiBHIN MiciieBocTi. [lepeBara npuBoIiB, 1110 MPUBOATHCA B PyX TIJIOM, TOJIATAE B
TOMY, 1110, OCKIJIbKM KOPHUCTYBau Ji€ SIK JBUTYH 1 MEpPEae CUIy Yepe3 MEXaHIuHYy
repenady, BOHM OTPUMYIOTh IPSIMUN CEHCOPHUI 3BOPOTHUM 3B’ SI30K — SIBUILE, SIKE
HA3MBAETHCS PO3MIMPEHOI0 (Pi1310J0TIYHO0 Mpormpiomemniiero. Yepes meit npsmuii
CEHCOpPHHUI 3BOPOTHHI 3B 530K, HU3bKY BapTICTh 1 BUCOKY JIOBFOBIYHICTh MPOTE3H,
M0 MPAITIOIOTH BiJ] TIJIa, 3aJTUIIAIOTHCS IUPOKO MOITUPEHUMH.

Jlns MexaHIYHUX MPOTE31B BEPXHIX KIHI[IBOK PO3MIp 1 Bara OCOOJIMBO

BAXKJIMBI 1711 KOM(POPTY KOPUCTYBaya. BIIBIIICTE KOMEPLIHHO JOCTYIHUX MPOTE31B
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PYK TPHUBOAATHCS B JiI0 JABUTYHAMHM IMOCTIMHOTO CTPyMy 3 PEIyKTOPHUMHU
nepesayaMu, TaKUMU SK 4epB’sSUHI IIecTepHi Ta xoa0Bl rBUHTH. 11106 mie Oinbiue
3MEHIIUTH Bary Ta po3Mip, TOCHIAHUKU PO3pOOISIOTH HECTAaHAAPTHI ABUTYHH 13
30BHIIITHIM POTOPOM, TAPMOHIYHI IPUBOAM Ta ITUKIIOITHI IPHUBO/IH.

OcHoBHa nepeBara MmpoTe3iB HIKHIX KIHIIIBOK 3 €JIEKTPOIMPUBOJIOM IOJIATAE B
TOMY, III0 YHCTa TO3WTHBHA IOTYXXHICTh 3abe3neuye Ouiblie (QYHKIIOHATBHUX
MO>KJIMBOCTEH, TAKHX SK MEPEMILIECHHSI CUJIYU B CTOAYU Ta MIIAOM IO CXOJaX.
[TpuBoau TpOTE31B HMKHIX KIHIIBOK MOBUHHI BUTPUMYBAaTH HABAaHTA)XCHHS BiJ
Baru Tijla 1 3a3BMYail MalOTh 3BUYANHI €JIEKTPOJIBUTYHH 3 3y0UaCTOIO Mepeaaveto.

[Ile omgna Mera OlOMEXAaTPOHHMX CHUCTEM — IE€BHUM YHHOM PO3LIUPHUTH
MOXJIMBOCTI  JIIOJICBKOTO Tiua. MeToo Moxe OyTH BIAHOBICHHS (YHKIIIH,
ocnabJeHNX PyXOBUMU po3iajlaMu (HaPUKIA[, IHCYJIBTOM YH YEPEIHO-MO3KOBOIO
TPaBMOIO), 200 MICUJIEHHS TUIIOBUX JIIOACHKUX (YHKLIN 7S JIOAEH y CKIIaJHUX
YMOBAX.

Opre3u (abo eKk30cKeneTaMu) MOKYTh BUKOPHUCTOBYBATHUCS K CTal[lOHAPHI
abo HocuMi mpucTpoi. CranioHapHl OpHUCTPOi, Takl K JIokoMaT, Opl€eHTOBaHI Ha
peabimiTamito. 3a3BUyaid BOHM JyKe€ BEIMKI Ta CTaOUIbHI, 13 TpagulliiHUMU
CJIEKTPOJIBUTYHAMH $IK TpUBOAaMU. HocuMi opTe3n BHUKOPUCTOBYIOTHCS JJISI
PI3HOMaHITHUX IUJICH, TOYMHAIOYH B1J] JOTIOMOTH JIFO/ISIM 13 TIOPYIIEHHSIMH PYXOBO1
AKTUBHOCTI Ta 3aKIHUYIOUU MIJATPUMKOIO COJIJATIB, Ki MOJOPOKYIOTh HAa BEJHKI

BIJICTaHI 3 BEJJUKUMHU BaHTaKaMU.

1.2 AKTyaJIbHICTb MMOCTABJICHOTO 3aBJAaHHS

[IpakTiyHO B YyCIX Cy4YyaCHHUX IOHIYHMX TMPOTE3aX KHUCTI PYKH SK
CJICKTPOIIPUBIJT  BUKOPUCTOBYIOTHCS  POTALMHI  €JIEKTPOABUTYHHU, 30KpeMa
Oe3MIITKOBI Ta TpaHCMICIi y BUMISIAI a00 KIWHO-TIAaCOBUX Tiepenad aboHaOoOpiB
mectepenb. [Ipu 1bOMy Taki IpoTe3n € iHepuiiHuMU 1 noBuUIbHUMH. [loTpiOen

NEeBHUM Yac, o0 najienb npoTe3a 3IrHyBCs UM BUKOHABCS 3axBart. Lle mos'sa3aHo 13
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TUM, W10 B TPAHCMICIAX 3a pPaxyHOK 3MEHIICHHS MIBUAKOCTI 0OepTaHHS
301IbIIYEThCS KPYTHUH MOMEHT 1 JIOCSTA€eThCS HEOOXI1JHA CHiia 3axBaTy. Takox
CKJIQIHAM € PETYJIIOBaHHS IIBUIKOCTEH BUKOHaHHS pyXiB. Lle moTpeOye ckimaaHux
CHCTEM KepyBaHHS TaKUMH MpHUBOJaMH. TakoX CKJIaTHO 3a0€3MEUYUTH BHKOHAHHS
BEJIMKOI KINBKOCTI PyXiB Ta 3aXBaTiB MPOTE30M, OCKIIBKU AJIs I[HOTO MOTPIOHO
BUUIATH 13 ToBepxHeBUX EMI curnasmip OuIbIy KiJbKICTh 1HPOPMATHBHUX O3HAK
PO BUKOHAHHS OaKaHUX PYXIB.

3 1HIIOI CTOPOHM Takl EJETPONPUBOAM € JOCUTh IIYMKUMHI TaKOXK
CIIO’)KMBAIOTh 0arato eJjIeKTpoeHeprii, MO0 OMEXYye dYac IXHbOI pOOOTH Bij
aKyMYJISITOPHUX Oatapei.

ToMmy akTyalbHUM € 3aCTOCYBaHHS B O1OHIYHUX IMPOTE3aX aJbTEPHATHUBHUX
CICKTPONIPUBO/IB, sIKI Oyiau O 1mo30aBieHi 3rajjaHux HeaomikiB. OJHUM 13 TaKux

NEPCHEKTUBHUX €JIEKTPOIPUBOIB € BUKOPUCTAHHS '€30€JEKTPUYHUX JABUTYHIB.

1.3 IT'e30enekTpryuHI IPUBOAU

Jlist OUIBIIOCTI 1HXKEHEPIB-€JIEKTPUKIB MPOCTHI TEPMIH «IBUTYH» O3HAYaAE
OJIHE: €JIEKTPOMArHiTHUN 00epTOBHIl pyXxoBHil arperar. [HxeHepH, IKUM MOTPIOEH
JTHIAHUN, a HE 00epPTOBUH PyX, PO3IIISIaI0Th MOKJIUBICTh BBEJCHHS MEXaHIYHOTO
3B'S3KY MIEBHOTO THUITY abo 3aCTOCYBaHHS THIAHO-1HYKIIAHOTO
€JIEKTPOMArHiTHOTO JBHUryHa. OpHak 3BUYAWHUN €JIEKTPOMArHiTHUN JBUTYH —
00epTOBUIl 4M JIIHIMHHM, BEIUKUN YU MAJIMM — YacCTO HE € HaWKpamuM BHOOPOM
JUIsL TOYHOTO JIIHIMHOTO pyXy uepe3 NpoOieMu 3 KEpyBaHHAM, MEXaHIYHUMHU
JOMyCKamMu, JO(MTOM Ta THIIMMHU €JIEeKTPUYHUMHU Ta MEXaHIYHUMH IpoOiemMamu.
OpHak ICHye aJbTepHaTHBA: I'€30€JEKTPUYHUN  JABUTYH, SKUH  IIHPOKO
BUKOPHUCTOBYETHCS B 3HAYHOMY CIIEKTpI 3aCTOCYBaHb, IO MOTPEOYIOTH TOYHOTO
KEepyBaHHs HEBEJIMKUMH Jialla30HaMHU JIHIHHOTO PYXY.

Orusia n'€30€NEKTPUYHOTO IBUTYHA.
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Le#t nBuryH 6a3zyeTbcst Ha JOOpe BIIOMOMY Ta IMIMPOKO BUKOPHUCTOBYBAHOMY
'€30€TCKTPUIHOMY  €(eKTi, SKHA € CHMETPUYHUM CIEKTPOMEXaHIYHUM
B3ae€MO3B's13kOM. [l miero poro eexTy, KOau KpUCTATIYHUN MaTepial MiIIaeThCs
MEXaHIYHOMY HAMpYyXKeHHIO (CTUCKaHHIO), BIH T€HEPYE HAMPYTy; KOJIU IO TOTO XK
KpHUCTaja MPUKIAJAEThCS HAMpyTra, MaTepiall pO3UIUPIOEThCS HA JYy)KE HE3HAUHY
BEIIUYUHY.

Y  1'€30€NeKTPUYHOMY JIBUTYHI €JICKTPUYHE TMOJIe TPUKIATAETHCS [0
KPUCTAIIYHOTO Marepialy (uepe3 Hampyry Ha watepiami), 1 maTepiaa Jyxe
HE3HAYHO BUAOBXKYEThCS, mopsanky 0,01-0,1 BigcoTka 1isi TUMOBUX MPUKIAIECHUX
Hampyr. LI aBuryHu HeBenuki (0JHa 3 IXHIX YHUCJICHHUX IepeBar), MpUYOMY
pPO3MiIpH TUIIOBOTO MPUCTPOIO CTAHOBIATH OJM3bKO 10 MM y KOXHOMY BUMIpI
(Tako’X BUKOPUCTOBYIOTHCS OUIBIII), a PE3YJIbTYIOUMN PyX — MOPSAKY MIKPOHIB,
aine 3 cuwioro HproToHa. BuUThluX BUIOBXKEHB 3 OUIBIIOI CHJIOI0 MOYKHA JTOCSTTH,
00'€THABITM Ta KEPYIOUHM KUTbKOMA IT'€30€TICKTPUYHIMH KPHUCTAJIaMU SK €JIHHAM
LJTUM.

[le ¢i3uuHe BHUIIOBXKEHHS MOXKHA BHKOPUCTOBYBAaTH JABOoMa crocobamu. B
OJIHIA 3 KOH(Irypariil m'e30e1eMeHTH MOXXYTh MO 4Yep3l YTPUMYBATHUCH, a MOTIM
BIJIMMYCKATUCS 3a JIOTIOMOTO0 HA0Opy KPUXITHHX IT'€30€JIEMEHTIB, IO J03BOJISIE

KpHUCTay MOBUILHO pyXaTHCs BIIEpE, K MoKa3aHo Ha puc. 1.6.
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Pucynox 1.6 — 3a yMOBH BIJIOBIHOTO Yacy 3aTUCKAHHS Ta PO3TUCKAHHS

BiIIHOCHO CIIpalbOBYBAHH:A H'GBOHBHFYHa, ABUI'YH MOJKC PYXATHCA BIICPCHO 3

/114

KpUXITHUMU Kpokamu (1 - kopryc, 2 - pyxoMuil Kpuctain, 3 - pikCyrouuil Kpucrad,

4 - 0bepToBa YaCTHHA)

AJIbTEpHATUBHO, OJIMH KIHEIh KpUCTalla MOXKe OyTH 3aTHCHYTHH Ha MICII],

JTO3BOJISIIOYM 1HIIIOMY KIHITIO PyXaTUCS BIIEpEa 1 Ha3ajl Mij 4yac Mojadi Ta 3HATTS

HAIPYTH, [0 MPU3BOIUTEL 10 PyXy MOpIIHS abo kKoB3arouoro crepxkus (Puc. 1.7).

MacuB 3 KUTIbKOX M'€30JBUTYHIB TaK0X MOK€ OYTH PO3TAIIOBAHHWI MO KOMY IS

3a0e3neYeHHs] 00epTaIbHOTO PyXy, X04Ua IXHE OCHOBHE BUKOPHUCTAHHS - JIHIMHUN

pyX.

3
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ACtustor Piezo Base

Slow extension

(b)

Pucynok 1.7 — 3 ogHuUM KiHIIeM, 3aKpIIJICHUM Ha MICIII, IT'€30IBUTYH

IIEPETBOPIOETHCSA HA TOYHUM, BUCOKOKEPOBAHHUM MOPIIEHb.

Pyx Ha OCHOBI N'€30€JIEMEHTIB BUKOPHCTOBYETHCSA B 1H(PY31MHUX HAcocax,
CTOJIMKAaX MIKPOCKOIIIB, ONITUYHOMY MO3ULI0OHYBaHHI, IHCTPYMEHTAX, CTPYMEHEBHX
COIUIaX TOIIO; HEIOPOri, HU3BKOSKICHI IT'€30MPUCTPOi BUKOPUCTOBYIOTHCS ISt
3BYKOBMX CHUTHAQJIB, CUTHaTI3allii Ta HaBITh HEBEJIMKUX Ty4YHOMOBIIIB, aje IIi
CrOCOOM BHKOPHUCTAHHS MAalOTh TMOCHA0JIEHI BUMOTH JI0 TMPOAYKTHUBHOCTI.
[T'e30aBUTYHH MOXKYTh OyTH MIBUAKAMHU, MOXKYTh JOCSTATH Jiana3oHy KiabKkox KI i,
[0 HEMOXIIMBO 3 €JICKTPOMArHiTHUMH JBUTYHaMH, a TaKOXX € TOYHHUMH,
MOBTOPIOBAaHUMHU Ta KepoBaHMMH. KpiM TOro, BOHM YHCTi, HE MOTPEOYIOThH
3MalleHHs MiANIMITHUKIB, 1[0 MOXE CIPUYMHUTH 3a0pyAHEHHS, a X HeMeTalieBa
IPUPOJIa TAKOXK € TIEPEBAror0 B 6araTb0X CUTYyAIlisX.

Tenep po3rIstHEMO KOHKPETHI MPUKIIAIN TT'€30BUTYHIB.

KpoxoBi 1'e301BUTyHH

[TpuHiun  pobGoTu Ta OCOOJMBOCTI T'€30CNEKTPUYHHUX JBUTYHIB cCepii
NEXLINE. IT'ezonpuBoar NEXLINE MaroTh Taki TeXHI4HI 0COOIUBOCTI:

Bucoka posnuibHa 3aTHICTh, $Ka OOMEXYEThCS BUKOPHUCTOBYBAHOIO

CJICKTPOHIKOO IS KEPYBAHHS I'€30JBUTYHOM. Y peXuMi poOoTH 0€3 3BOPOTHOTO
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3B'SI3KYy BEIMYMHA MIHIMAJIBHOTO KpPOKY JOcCsirae 3Ha4eHb <l HM, BHCOKa
YKOPCTKICTB, mToBxatoue 3ycmuist 10 600 H, yrpumytroue 3ycumis nocsirae 800 H

VY HepyXxoMoMy CTaHi '€30npHBij 30epirae MOTOYHE MOJI0KEHHS 3 TOUHICTIO
B KiJIbKa HAHOMETPIB, y TOMY YHUCJIl IPU BUMKHEHOMY KHBJICHHI.

[T'e30mpuBOAM HE CTBOPIOIOTH MArHITHI MOJIS 1 HE CXWJIBHI JI0 1X BILTUBY.

MoXIIUBICTh pOOOTH B YMOBAX 3KOPCTKOTO Y D-BUIIPOMIHIOBAHHSIE

CTIMKICTb J0 MEePEBaHTAXKEHD Y IEKUIbKA g

OcHoBa

JIiHITHuH
CerMeHT

3CcyBHHIT
CerMeHT

Hamnpagisitoua
(pyXxoMa 4acTHHA)

Pucynox 1.8 — Ilpunnumnosa cxema mn'ezoenextpuanoro asuryna cepii NEXLINE
(J1iBOpyH), 310paHuil aKTUBHUI MOJYJIb I'€30IBUTYHA (IIPABOPYY ), JTIHIMHUAN

'€30aKTyaTop (MpaBOpyd BHU3Y)

B akTMBHOMY MOMyJli BHKOPHUCTOBYIOTHCS [IBa THITA IT'€30€JIEMEHTIB:
JiHIAHUN Ta 3cyBHUM (puc. 1.8). JIiHiitHI M'€30€1eMeHTH 3aKPIIUTIOITHCS Ha OCHOBI,
Ha SKy Jll€ CUJia TIEpeIHABAaHTAXXCHHS. 3CYBHI M'€30€JIEMEHTH KOHTAKTYIOTh 3
PYXOMOIO YaCTHHOIO, TEPEeMIIIyoYd iX Yy JBOX HampsMax. [aKuM YHHOM
n'ezonsurynn  NEXLINE 103BoNSIFOTH 3M1MCHIOBATH TEPEMINIEHHS Ha BEJUKI

B1JICTaH1 3 BUCOKOIO TOUHICTIO. CxeMa nepeminieHHs 300paxeHa Ha puc.1.9.
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Pucynok 1.9 — Cxema nepemimienns n'ezoasuryna NEXLINE. Ctpinkamu

ITOKAa3aHO HAIIPAMOK ,ue(bopMaui'l' KO’KHOT'O 3 CETMEHTIB aKTHBHOT'O MOOYJIA

BenmnunHa KpoKy IT'€30/IBUTYHA 3aJIC)KUTh BiJ BEIMYMHN HABAaHTAKCHHS, a
TaKoX HarpsMy pyxy. EdekT ricrepesucy, 1o nojisra€ B HEOJIHO3HAYHOCTI 3MiHH
PO3MIpIB I'€30KEpaMIYHUX €JIEMEHTIB BiJl HAIPSIMKY 3MIHU €IEKTPUYHOTO OIS, HE
JIO3BOJIIE TPUBOJY TIEPEMIIIATHCS 3 PIBHUMH Kpokamu. Jlims KkommeHcarii
HEJIIHIMHOCTI Ta JOCSATHEHHS BHCOKOI TOBTOPIOBAHOCTI IEPEMIIICHHS IOTPiOCH
JATYHUK TTOJIOKCHHS.

Posrnsinemo peranphime pesxkxumu podotu n'ezoasuryna NEXLINE.

PexxuM moBHOTO KPOKY

VY pexumi MOBHOTO KPOKY ICHY€ YaCOBHH 3CYB MK PUTUCKHOIO Ta 3CYBHOIO
dazamu, 1Mo Beme M0 HepiBHOMIpHOCTI pyxy. Ha rpadimi Huxkde mnokaszaHa
3aJIEKHICTh MPUKIAACHOI HAMPYTH (ISl JIIHIMHOTO Ta 3CYBHOTO MEPEMIILIEHHS) Bij

4acy 1 BIIMOBIIHA 3MiHA KOOPJIMHATH HAMIPSIMHOT 32 OJIMH IIUKJI pOOOTH.

3
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\ionud/lam

KPb 163.21-067.001 I13

Apk

25




Fulstep moae

Clamping Umax Cc1 N / A
Voltages \ // \ f \
\
\

X - Time

/ I\

/ / \ y

/U'v in c2 i/ /

Shearing

; [ Umax . { DI
Voltages 5

| _Umin i | D2

Position dx /

Pucynok 1.10 — 3mMiHa KOOpUHATH PYXOMO1 YaCTUHU M'€30MPUBOIY B

3aJIEKHOCTI B1J] KOMIIOHEHTIB HAIIPYTH KEPYBAHHS B PEKUMI IIOBHOTO KPOKY

Bianosinno g0 puc. 1.10 BugHO, 110 MPUBIA HE MEPEMIMIAETHCS MPOTATOM
nepiojly, KOJM M'€30aKTyaTop 3AIMCHIOE JIHIHHUN pyX N0 HampsiMHOi. Pyx "Hir"
JIBUTYHA 3I1MCHIOETHCS TMOMApHO. XiJi 3CYBHOT'O M'€30aKTyaTopa BH3HAYa€ KPOK
MO3UIIIOHYBaHHsA. BapTo BiI3HAUWTH, IO HAMpyra, M0 MOJAETHCA HA JIHIWHUN
CEeTMCHT, 3aBXJM € MaKCHMaJlbHa B PEXKHMiI TOBHOTO KPOKY, BHACIITOK YOTO
3YCHJUIA IT'€30JIBUTYHA, III0 PO3BUBAETHCS, B TAHOMY PEXKUMI TEK MaKCUMabHE. Y
pexkumi 6e3 3BOPOTHOTO 3B'SI3KY KOPHUCTYBad MOKE 3aJlaBaTH BEJIMYMHY KPOKY 1
foro 4actoTy (4ac OJHOTO IMKIY), IO BIUTMBA€E HA 3YCHIUIA, IO PO3BUBAETHCA, 1
MIBUIKICTh TIEPEMINICHHS TpUBOAY. MakcumanbHa 4YacToTa KpOKy, IO
pekoMmeHayeTbes, - 100 I'p aist TpuBanoro BUKOpUCTaHHS. MOKIIMBE MiBUILICHHS
4acTOTH, IPOTE HA KOPOTKI YaCOBI MPOMIKKH. BenrunHa KpoKy MOXke 3MIHIOBATUCH
BiJl KIJTbKOX HAHOMETPIB JO KUTBKOX MIKPOH. Y PEXKHMI 31 3BOPOTHHUM 3B'SI3KOM
KOPHCTYBau 3a/1a€ MBUJKICTh MEPEMIIICHHS 3aJ1aHOi KOOpAUHATH (PEKOMEHI0BaHA

MBUAKICTh -250 MKM/CEK), MICJISI YOTO aBTOMATHYHO KOHTPOJEPOM BHU3HAYAETHCS
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OHTI/IMiSaHiH BCIMYMHHN KPOKY. [Ticns JOCATHCHHA 3a3HA4Y€HO1 KOOpAHNHATH

N'€30/IBUTYH MEPEXOAUTh B PEKUM OUIKYBAHHS, TOOTO BC1 BEIMYMHU KOMITOHEHTIB

HanpyTru JOCSTalOTh HYyJs, HOTH I'€30JBUTYHA 3HAXOMATHCS B KOHTAKTI 3

HaIMpsMHOIO. 3aJIeKHO BiJl apaMeTpiB, 30BHIIIHIX YMOB Ta KOHKPETHOI MporpaMu

IpU TEPEeXO0/l B PEKUM OYIKYBaHHS MOXKIWBE BiaxuieHHsS 10 HM BiJ IOCSATHYTOI

KOOpJIMHATU. Yac nmepexojy B pexuM OUiKyBaHHS HE TIEPEBUIILYE 2 CEK.

HanokpokoBuii pexum.

Y HaHOKPOKOBOMY pEXKHMI BCl IT'€30€JEMEHTH PYXalOThCS OTHOYACHO 1

3HaXOOATBhCA B KOHTAaKTI 3 PYXOMOIO 9YaCTHHOXO. AKTyaTOp PYXa€EThCA IMOCTYIIOBO.

3Bakar04M Ha Te, 1110 JA1ana30H MEePEMIILICHHS 3CYBHUX IT'€30aKTyaTOPIB HE JOCSATAE

MAaKCHMAJIbHUX 3HAYCHb, BCIIMYHNHA KPOKY 1 IITOBXaKUYoOro 3yCHJIIs1 CTa€ MCHIIC,

HIXK Y PEXKUMI TTOBHOTO KPOKY.

Nanostepping mode

Clamping
Vollages

Shearing
\oltages

Position

Umax

Umin

\Umax

Umin

B2

D

|

- Time

" Time

= Time

Pucynok 1.11 — 3miHa KOOpJIMHATH PYXOMOI YACTUHU I'€30IPUBOY B 3aJI€AKHOCTI

BiJl KOMIIOHEHTIB HalpPyTy KEPyBaHHS B HAHOKPOKOBOMY PEKUMI

3
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AHaIOrOBHI PEXUM.

B anamoroBoMy pekuMi BCi HOTH M'€30/IBUTYHA 3HAXOMSTHCS B KOHTAKTI 3

HaIpaBJISAI0Uu0l0, MPU IHOMY JAehOPMYIOThCS 3CYBHI IT'€30aKkTyaropu. JliamazoH ix

BiI[I[aJIeHHﬂ BU3HAYa€ BCIIMYUHY KPOKY. MaxkcumanbHe 3HAaYCHHS BEJIIMUMHU KpPOKY

y IIbOMY PEXHMIi CTAaHOBUTH KiJIbKAa MIKpOH. MiHIMaIbHUNA KPOK OOMEXKEHUM JTUIIIEe

IIyMOM TijcuitoBaya. llepexin A0 aHaIoOroBOro PeKMMY 3IIMCHIOETHCS uepes

CTaJli10, KOJIH I1'€30ABUTYH MepedyBae y pesKuMi OUiKyBaHHS.

[T'ezonBurynn NEXLINE uyTtnuBi g0 neperpiBy. TpuBajie mo3uiliOHyBaHHS

Ha TPaHNUYHNX MBUAKOCTAX MOKC IIPU3BCCTH 10 Hal"piBaHHH AKTUBHOI'O MOJYJIA Ta

3HIDKCHHS TEPMIHY CITYKOU.

[TpuHiun poGoTH Ta OCOOJMBOCTI M'€30€JIEKTPUYHUX JBUTYHIB cepii

NEXACT.

IlepeHaBaHTaKeHHS

[Tepmia napa Hir Jlpyra mapa Hir

N e
s |
\

Hamnpasisiroua

[I'ezonmakeTn

OcHOBa

Pucynok 1.12 — Cxema po6otu moay:s n'e3oasuryHa cepii NEXACT®
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Oxpemuii monynb m'ezonsuryHa cepii NEXACT® cknagaeTbcs 3 OCHOBH,
JIBOX TIap €JIEMEHTIB, 0 3TUHAIOTHCS («HIT») 1 pyXOMOI YaCTHUHU («HAMPSIMHOI»),
Ha SIKy Ji€ cuia mnepeaHaBaHTaxeHHs. KoxkHa mapa HIT Tpalioe CHUHXPOHHO 1
CKJIQJAETHCS 3 IBOX IT'€30MaKeTiB. BHaCIiI0K 3BOPOTHOTO M'€30€(PEeKTy M'€30MaKeTH
MOJIOBXKYIOTBCSA/CKOPOUYIOTBCSI Ta 3THHAIOTBCS, IO JIO3BOJSIE MEPEMIllyBaTH
HanpsMuy (puc.1.12).

Icnye nBa pexumu pobotn mn'ezonuryHa NEXACT®: OGesnepepBHHUii
(puc.1.13) Tta kpokoBmit (puc.l.14). VYV Oe3nmepepBHOMY pEXKHMI BCl HOTH
M'€30/IBUTYHA TIPUTUCHYTI J0 HampsMmHOi. Y 1 KoHpirypamii HampsmHa
NEepPEMIIIAETHCS 3 BUCOKOIO IIBUAKICTIO, MPOTE Alaa30H MEPEMILIEHHSI CTAHOBUTD
KUJIbKa MIKpPOH, IO TMOB'SI3aHO 3 OOMEXKEHHSIM BEJIMYMHU 3TUHY M'€30Makery. Y
KpPOKOBOMY pEXHMI TMepiia Ta Jpyra Napu HIr M'€30JIBUTYHA MPAIIOIOTh

nonepeMiHHo. JlianazoH nepeminieHHs: 0OMEKEHUN JIUIIE JOBKUHOK HAPSIMHOI.

5
[{1

Pucynox 1.13 — Cxema po6otu n'ezoasuryna NEXACT® y 6e3nepepBHOMY

pexuMi
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Pucynok 1.14 — Cxema po6otu m'e3oaBuryna NEXACT® y kpokoBomy

pexuMi

Buxonsun 3 ocobnuBoctel KoHCTpykuii mpuBoaiB cepii NEXACT®

30UTBIIEHHS] IIBHJIKOCTI PyXy BeA€ A0 3HUKEHHS IITOBXAlOYOro 3YCHUJUIS B

HAIPSMKY TIEPEMIIICHHS.

VY bTpa3ByKOBI IT'€30€1€KTPUYHI IBUTYHU [IpuHImn podotu Ta 0co0IMBOCTI

'€30€JeKTPUYHUX ABUTYHIB cepii PILine.

[T'ezonpuBoau PILine MaroTh Taki TEXHIUYHI OCOOJIUBOCTI:

Bucoka mBuakicTs nepemimierss — 10 500 Mm/cex.

KoMIakTHICTb.

CamoO0JIOKyBaHHSI TIPU  BIJKIIOUEHH1 JKUBJICHHS, BIJICYTHICTh BUIIJICHHS

Teria B peKUMI OYiKyBaHHS.

BiacyTHicTh nepenaBaibHUX MEXaH13MiB Ta HEOOX1AHOCTI B 0OCIIyTOBYBaHHI.

HeMmarHiTHui Ta BAKYyMHO-CYMICHUM PUHIUIT POOOTH.

BiacyTHICTh MPUHIMIIOBOTO OOMEKEHHS J1alma30Hy MepeMileHHs.

Yrpumytroue 3ycusuist 1o 15 H, moment g0 0.3 H*m.

MiHiMalIbHUN KPOK Yy pekrMi 0€3 3BOPOTHOTO 3B's13Ky 710 50 HM.

[TpunHuMIIOBa cXeMa M'€30BUTYHIB JIIHIHHOTO Ta KyTOBOT'O THUITy IIOKa3aHa Ha

puc. 1.15.
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. Hanpasnaroua

IT'ezonnacTika

IIToxag

Pucynoxk 1.15 — Ilpuniunosa cxema JiiHiitHOTO (JTIBOPYY) Ta KyTOBOIO

(mpaBopyy) n'e30aBuUryHiB cepii PILine.

[T'e30enexTpuyHi iHepuiitHi 1BUryHH cepii PIShift.

[MpunIun po6oTu T2 0cOOIMBOCTI M'e30ABUTYHIB cepii PIShift.
[TpuBoau PiShift maroTe HaCTYNHMI psAZT 0OCOOIMBOCTEIH:
BincyTHICTh IPUHIMIIOBOTO OOMEKEHHS J1alla30Hy MEePEMIILIECHHS.

Camo0JIOKyBaHHSI TIPW  BIJKIIOYCHH1 JKHBJICHHS, BIJICYTHICTh BHUIIJICHHS

TeIia B peKUMI OUIKyBaHHS.

slip

MiHIMyM HIyMy MiJ] 4ac MepeMILEHHS.

Yrpumytroue 3ycumist 1o 10 H, makcrumanbHa MIBUIKICTD ITOHAT 5 MM/CEK.
[IpocToTa cucTeMn KEpyBaHHS.

Husbka BapTicTh.

[T'ezonBurynu cepii PIShift 3acHoBani Ha eexT nepepuByacToro pyxy (stick-

effect). OcHoBa mpuBOMY - M'€30aKTyaTop, M0 OJHOTO OOKYy SIKOTO

MPUKPITUICHUN TiepeIHaBaHTaXEeHUN (Gpukiiiauil enemeHnT. Ha m'e30aktyatop

MOJIA€THCS MUJIKOMOAIOHUN CUTHAI 3 KOHTpOJepa. Y Mpolieci HAPOCTaHHS HANPYTU

IMITYJIbCY IT'€30€JI€MEHT MOBLIBLHO PO3TATYETHCA 1 NMEPEMIIIae HAIPSIMHY, OCKUIBKH

IITOBXAO4e 3yCHWJUIA HE TMEPEBHUIYE CTATHYHOI CHJIA TEPTA MK HAMPSMHOIO Ta

3
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bpukIiiHuM eneMeHToM. l[Ipu pi3komy crmajal Hampyrd BiOYBaeTbCs IIBHJIKE
«BKOpPOUYBaHHS» I'€30aKTyaToOpa, MPH IOMY HAaNpsSMHA 3QJIMIIAETHCA B CBOEMY
MICIl, OCKUIBKH 3YCHJUIS, $IKE PO3BUBAETHCS I1'€30€JEMEHTOM, IMEPEBHILYE

KiIHETUYHE TEPTSI, [0 IPU3BOAUTH A0 Ipociu3aHHs (puc.l1.16).

[Ipu noBiTbHOMY PO3TATYBAaHHI HAIMIPABIIAIOYA EPEMIIIAETHCS PA30M 3 KUIBLEBUM

I'€30aKTYaTOPOM.

[IBuKE CKOPOYEHHS M'€30aKTyaTOpa, MPU I[bOMY HAIPSMHA 3AJIMIIAE€THCS HA MiCIi

[ToBibHE PO3TATYBaHHS, HANPSIMHA MIEPEMILIAETHCS PAa30M 3 KUIBLIEBUM I1'€30aKTYaTOPOM.

Pucynok 1.16 — Cxema pyxy iHepiiiiiHOro 1m'e30aBuryHa cepii PIShift,

TakuM 4YMHOM eJIeKTponpuBig Ha 0a3l M'€30ABUTYHIB € MaJOradapuTHUM,
JIETKUM, TPAaTUYHO OE31HEPIIMHUM Ta €HEeProeKOHOMHUM. TakoX Taki JIBUTYHU €
Oe3UIyMHHMHU 1 HE TOTPEOYIOTh BUKOPUCTAaHHS A0JaTKOBHUX TpaHciciil. llle ogHiero
NepeBarol0 IM'€30JIBUTYHIB € Te, M0 1XHI KOHCTPYKIli CTBOPIOIOTH B OCHOBHOMY
JTHIAHI TIEpEMIIeHHS, SIKI € OCHOBHHUMH JUIsl TPUBEICHHA B PyX O1OHIYHUX
nporesiB. SKIMI0 y BUNAAKY pPOTAUIWHUX EJIEKTOJIBHUTYHIB HEOXIIHHM €
BUKOPUCTAHHS TIEPETBOPIOBAYiB KyTOBOTO TEPEMIIIEHHS B JIiHINMHE, TO

II’€30€JEKTPUYHI JIBUTYHH IIbOTO He mnotpelytorh. Ile 3HauHO chopoiye
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KOHCTPYKI[IIO TMpoTe3a Ta MIABUILYE HOro HamiiHICTh. OjHAK, BPaxXOBYIOUH
EMHICHUH a He IHAYKTUBHUNA (SK I KIACUYHUX EJIEKTPOJBUTYHIB) THII
HABaHTAKCHHS, HEOOXITHUM € BUKOWUCTAHHS CKJIAIHUX CHUCTEM KEpyBaHHS TaKUM
eJIEKTpOTprUBOIOM. ToMy B poOOTiI BIIaCHE 1 MPOEKTYETHCS CHCTEMa KepyBaHHS

IPYMHOI0 TaKUX M'€30/IBUTYHIB JIJIs1 O10HIYHOTO TIPOTE3a.

1.4 BucHoBKH 110 po3ainy 1

[IpoananizoBaHO OCHOBHI THIIM TIPUBOIIB, $SKI BHUKOPHUCTOBYIOTHCS B
010MeXaTPOHHHUX MPUCTPOSX Ta MOXKYTh OyTH 3aCTOCOBaH1 B O10HIYHHUX ITPOTE3aX.

30KpeMa pO3IJIIHYTO €JIEKTPOMAarHiTHI NPUBOAM, Takl SK COJIEHOINH,
CJIEKTPOJIBUTYHH TOCTIMHOTO CTPyMy, KPOKOBI JBUTYHM, OE3IITKOBI JBUTYHH.
Takox pPO3IISHYTO OCHOBHI THNM TPAaHCMICIH it O10MEXaTPOHHHUX CHUCTEM Ta
MO>KJIMBOCTI iX BUKOPUCTAHHS B O10HIYHUX MPOTE3aX.

[IpakTiyHO B YyCIX Cy4YacHUX OIOHIYHMX MpPOTE3aX KHUCTI PYyKU SK
€JIEKTPOIIPUBIJT  BUKOPUCTOBYIOTBCS  POTALHI  €JIEKTPOABUTYHH, 30KpeMa
O€3MIITKOBI Ta TpaHCMICli y BUMISAI a00 KIMHO-TIACOBUX Tiepenad aboHaOOpiB
mectepenb. [Ipu mpoMy Taki mpoTe3u € iHepuidHMMHU 1 noBUIbHUMH. [loTpibeH
MEeBHUI Yac, mo0 mayielb MpoTe3a 3irHyBCS UM BUKOHABCs 3axBat. lle moB's3aHo 13
TAM, 10 B TPAHCMICIAX 3a PpaxyHOK 3MEHIICHHS MIBUIKOCTI OOepTaHHS
30UIBIIYETHCS KPYTHUM MOMEHT 1 JOCSTAEThCsl HEOOXIJHA cuja 3axBary. Takox
CKJIaIHUM € PETyJIOBaHHS IIBUJIKOCTEH BUKOHaHHS pyXiB. Lle moTpedye ckiagHux
CHCTEM KepyBaHHs TaKHMMH TpHUBOAaMH. TakoxX CKIagHO 3a0e3MeunTH BUKOHAHHS
BEJIMKOI KUIBKOCTI PyXIB Ta 3axBaTiB MPOTE30M, OCKUIBKH ISl I[bOTO MOTPIOHO
BUJILIATH 13 ToBepxHeBUX EMI' curnaniB Ou1bIny KiTbKICTh 1HGOPMATUBHUX O3HAK
PO BUKOHAHHS Oa)KaHUX PYXiB.

3 1HImIOI CTOPOHW Takl EJIETPONPHUBOAU € JOCUTHh IIYMKHUMH 1 TaKOX
CIOKHUBAIOTh 0araTto eJEKTPOCHEprii, IO OMEXYy€e Yac IiXHbOI POOOTH BiJI

aKyMYJISITOPHUX OaTapei.
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ToMmy akTyanbHUM € 3aCTOCYBaHHsI B OIOHIYHUX IMpOTE3aX ajlbTE€PHATUBHUX
CJICKTPOIIPUBO/IB, sIKi Oynu © mo30aBieHi 3ragaHux HeMomiKiB. OIHUM 13 TaKHX
NEPCIIEKTUBHUX €JIEKTPONPUBOAIB € BUKOPUCTAHHS IT'€30€IEKTPUYHHX JBUTYHIB.

BcTanoBieHo, 1110 €1eKTpOnpHuBiL Ha 0a3l MM'€30IBUTYHIB € MajorabapuTHUM,
JIETKUM, TIPATUYHO OE31HEPLINHUM Ta €HEPrOeKOHOMHUM. TakoX Taki JBUTYHU €
Oe3IIyMHUMH 1 HE MOTPeOyIOTh BUKOPHUCTAHHS J10JaTKOBUX TpaHcicii. 1lle ogniero
NepeBarol0 IM'€30JBUTYHIB € Te, M0 1XHI KOHCTPYKIIIi CTBOPIOIOTH B OCHOBHOMY
JTIHIAHI TepeMillleHHs, sKI € OCHOBHMMH [Jisi TPUBEACHHS B pPyX OIOHIYHUX
npoTe3iB.  SIKIO y BUINAAKY pOTAllIMHUX €JICKTOABUTYHIB HEOXIJIHUM €
BUKOPUCTAaHHS MEpPETBOPIOBAYIB  KyTOBOIO IMEpPEMIUIEHHS B JIIHIMHE, TO
II’€30€JEKTPUYHI  JBUTYHH LbOro He mnorpedytoTs. lle 3HauHO cmporrye
KOHCTPYKIIII0O TpoTe3a Ta IMiJBUINYE HOro HaiiHicTh. (OHAK, BpPaxOBYIOUH
€EMHICHUM a H€ IHAYKTUBHMU (K JJi1 KJIAaCUYHUX EJEKTPOJABUTYHIB) THII
HABAHTAKEHHS, HEOOXITHUM € BUKOUCTAHHS CKJIAIHUX CHUCTEM KEpyBaHHS TaKUM
€JIEKTPONPUBOAOM. ToMy B poOOTI BiacHE 1 MPOEKTYEThCS CUCTEMA KEpyBaHHS

IPYIOIO TAKUX I'€30JBUTYHIB JJ1 O10HIYHOIO MPOTE3a.
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PO3/ILI 2
TTIPOCKTYBAHHS CUCTEMU KEPYBAHHS EJIEKTPOIIPUBOJIOM HA
OCHOBI IT'€30/IBUT'YHIB

2.1 MOoXIHUBICTh 3aCTOCYBAaHHS M'€30€TEKTPUYHUX JBHUTYHIB B O10HIYHHX

IMpOTC3ax

Sk 3a3HayYaIOCh B MOMEPEIHBOMY PO3JLII, 3aCTOCYBAHHS M'€30CICKTPHIHUX
JIBUTYHIB € OCOOJIMBO MEPCHEKTUBHUM IPU PO3pPOOJIEHHI IMIBUJKHX, IMOTYXHUX Ta
EKOHOMIYHMX OIOHIYHMX TMpoTe3iB. BHKOpHCTaHHS LBOTO THUIYy JABUTYHIB 13
JHIAHUM TEpPEeMIIICHHSIM He MOoTpedye JO0JAaTKOBUX TPAHCMICIA, MEXaHIYHUX
NEPETBOPIOBAYIB HANPSAMKY pPYXy CH HapoOIIyBaHHS MPOJYKOBAHOTO 3YyCHJLIA.
Takox Nmpu Manux po3Mipax Tal JBUTYHH CTBOPIOIOTH BEIMYE3HI SIK JUIsI CBOTO
PO3MIpY 3yCHILIIS.

OpHak KepyBaHHS IIMMU JBUTYHAMH € BIAMIHHUM BiJ KepyBaHHS
€JIEKTPOJBUTYHIB, $IKI CHOrOJHI BUKOPHCTOBYIOTbCSI B OUIBIIOCTI Ol1OHIYHHMX
npore3iB. ToMy B OCHOBI NIPOEKTOBAHOI CHUCTEMHM KEpyBaHHS  TaKUM
€JIEKTPOTIPUBOIOM MAaIOTh JIKATH CXEMHU JpaBepiB M'€30€NEKTPUUYHUX BUTYHIB,
K1 3a0e3meuyBagu 0 MOXJIMBICTh SIK BUKOHAHHSI OKPEMUX PYXiB MPOTE3aMH, TaK i

PETYIIOBaHHS IBUAKOCTI BAKOHAHHS PYXY TaK 1 3MIHM CUJIM BUKOHAHHSI 3aXBAaTIB.

2.2 3ayaya mpoeKTyBaHHS IpaiBepiB IM'€30€JIEKTPUIHUX JIBUTYHIB

Ak 1 [0 eNneKTpOMAarHiTHUX JBUTYHIB, TOBHUM BY30J M'€30/IBUT'YHA
CKJIAIA€TbC 3  TPbOX  YACTUH:  EJIEKTPOHHOIO  MNPUBOAY,  CaMoOro
€JIEKTPOMEXaHIYHOTO MEepeTBOPIOBaya (ABUTI'YHA) Ta BUXIAHOTO 3'€THAHHS.

JInst eNeKTpOMarHiTHUX JBUTYHIB (DYHKIliSI TPUBOAY BUMAarae Tmojadi Ta
BBEJICHHS CTPyMY B €JIEKTPOMArHITHI KOTYILIKH, IO 3a3BUYail 3A1MCHIOETHCA 3a

nonomMororo cuioBux HaniBnpoBigHUKIB (MOSFET a6o IGBT). Li cunosi npuctpoi
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KEepYyIOThCA JIpaiiBepamMu, SIKi BMUKAlOTh Ta BUMHMKAIOTh iX y MOTpiOHUI yac, 3
BIJIMOBITHAUMH TIBUAKOCTSMH 3MIHM Hanmpyru. Hampyra, mo momaeTscsi Ha
Buxigaui kackag MOSFET a6o IGBT, neoOxigHa 115 mpuMycoBoi mo1adi CTpymMy
B KOTYIIKH, ajJ€ caMe€ CTpyM 3a0e3reuye eJNeKTPOMArHiTHYy CHIIy IJisi KOTYIIOK
JBUTYHA.

Jlns m'€30ABUTYHIB CHUTYyallisl 30BCIM 1HIIA. 3aMiCTh KEpPYIOUOTO CTPyMY
JpaiiBep TOBMHEH TMOJaBaTU BIJHOCHO BHUCOKY Halpyry JUisi CTBOPEHHS
CJIEKTPUYHOTO TOJsI, @ CTPYyM € BTOPHUHHHM (PAKTOPOM, IO CYIPOBOKYE IO
NpUKJIaJeHy Hampyry. TakuM YMHOM, CIEHapiil M'€30MPUBOAY € JOMOBHEHHSAM 0
€JIEKTPOMArHiTHOTO MPUBOIY, A€ MOTPIOEH CTPYMOBUM TNpHUBIA, a Hampyra €
HACJIIKOM; TYT TOTpiOHA Hampyra, a CTpyM € HachigkoM. [l'e3oenexTpuunuii
JpaiiBep TMOBHHEH I0OJaBaTh HEOOXIMHY Hampyry (He CTpyM) Ha eMHIicHE (He
IHAYKTUBHE) HABAaHTAKCHHSI, @ TAKOXK KOHTPOJIIOBATH Ta MOYJIIOBATH IFO HAIPYTY,
mo0 3abe3neynTu Oa)kaHe BHUJIOBXKEHHS KpucTaia. [HIIMMH CJlIOBaMH, CTPyM €
HE3AJIOKHUM TapaMeTpoOM, a Hampyra — 3aJICKHUM TMapamMeTpoM i 3BHYAHUX
JBUTYHIB, aJIe¢ JIS I'€30€ICKTPUYHUX IBUTYHIB CUTYaIlisl IPOTHIIC)KHA.

HeoOxigni piBHI Hampyru (a oTke, 1 CTpyMy) I I'€30€IeKTPUYHOIO
JIBUTYHA 3alieXkKaTh BiJ] PO3MIpY M'€30€IEKTPUYHOTO €JIEMEHTa, MepeadadyBaHOTo
BUJIOBKEHHS Ta MIBUAKOCTI pyxy. Ha HI)KHbOMY PiBHI BEJIMUUHU HATIPYT 1 CTPYyMIB
MOXyTh craHoBuTH 20-30 B Ta 10-30 MA BiamoBimHO, ajie OUIBIIICTH
BHUCOKOIIPOIYKTUBHUX IT'€30€ICKTPUYHUX TIPUCTPOIB MOTPEOYIOTH IIOHAHMEHIIIEe
100 B ta Big 10 10 KIIbKOX COTEHB MiJIaMIIEp.

Came 1 notpeda B 3a0€3MeUeHHI BUCOKOI HAPYTH MPU MOMIPHUX CTpyMax €
po0JIEMOI0 €JIEKTPUYHOTO NpoeKTyBaHHs. KpiMm Toro, n'e3oenekTpuuHuid gpaiBep
MOBUHEH 3aJIMIIATUCS CTAa0UIPHUM, HE3BAXKAIOUM HAa BHCOKOEMHICHUUN XapakTep
HaBaHTaXeHHs, sike Moxke csarati eMHocTi B 1000 nd (1 vd) 1 Oinbie. Takox,
OCKITBKA  T'€30€JICKTPUYHUM  TMPUCTPI € T[aBalouuM  JudepeHIiaabHuM
MPUCTPOEM, OUIBIIICTH 3aCTOCYBaHb MOTPEOYIOTh AU(PEPEHIIATBHOTO OIMOISIPHOIO

BUXOAY ApanBepa.
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OpHe BaKJIMBE 3aCTEPEIKEHHS: OCKIIBKH IIi JBUTYHU TPAIIOIOTH HA BHUIIMX
HaIpyrax, iICHyIOTh TTpo0OJeMu Oe3MeKr KOpucTyBada, (hi3M4HO1 130JIA1111 Ta 3aXUCTy
Bim Hampyr. Tomy Oyap-sfika cXema KepyBaHHS IT'€30JJBUTYHOM TIOBHHHA
BPaxOBYBATH 11l YMOBU KOMIIOHYBaHHS Ta PO3MIIIICHHS.

Po3poOka Ta 3a0e3nedyeHHs BIAHOCHO BUCOKHX HANpyT, HEOOXITHUX IS
I'€30MPUCTPOIB, Y 0araTbOx BUMAJKAX € CKIAJHUM 3aBJIaHHAIM, OCKUIBKHA OUIBIIICTh
MIKpPOCXEM  MIJICUJIIOBa4iB €  HU3bKOBOJBTHUMH  MPUCTPOSMH, TOII  SIK
BrcokoBOJIbTHI MOSFET/IGBT 3a3Buuaii onTuMizoBaHi JJisi KEPYBaHHSI CTPYMOM,
a He Ui KepyBaHHS Hampyrorwo. ICHYIOTH deski cIeliaxi3oBaHl omnepalliiHi
nigcuwttoBadl (OII), mpu3HayeHi s 0'€30€IEKTPUYHOTO KEpPYBaHHS MPU BULIUX
CTpyMax 1 Hampyrax 3 BHUKOPHUCTaHHSIM BHCOKOBOJbTHUX IMC-mporeciB abo
rOpUIHUX TPUCTPOIB, SIKI MOEAHYIOTh OTIEpaIliiHI MICKIIOBaYl HHYKYOT HAPYTH 3
TPaH3UCTOPAMH, IO ITiIBUIIYIOTh HAMPYTY HA CBOEMY BUXO/II.

B npunmumni, MoxHa moOymyBatH 0a30BHI BHCOKOBOJBTHUM JpaiBep,
BUKOPHUCTOBYIOUH JIMIIIE€ OJUH TPAH3UCTOP 3 BIATOBITHOIO HOMIHAIBHOIO HAIIPYTOIO.

OpHak, ICHYIOTh MIKPOCXEMH, CHEIIaIbHO PO3POOJIEHI JUIsl KEepyBaHHS
n'e30eJIeMEHTaMu, JO0Jaloud  HEOoOXiJHI  (YHKIli, BKJIOYAIOYM KEPyBaHHS
HapOCTAaHHSM CUTHaly BUCOKOI HampyrH. L1 MikpocxeMu TakoX MaroTh 3aXHCTH Bij
TEeMIIepaTypHy, NEPEeBAHTAKEHHS Ta KOPOTKOTO 3aMUKAHHS, 10 € OOOB'SI3KOBUM Yy
MPAKTUIHUX KOHCTPYKIIISIX.

Hanpuxnaa, Analog Devices npononye ADA4700-1, BHUCOKOBOJBTHUIA
MPEU3IMHUNA TACUIIIOBAY 13 MIMPOKUM Jiara3oHoM poOouoi Hampyru (Big £5 10
+50 B). Xoua ueii BochMuBHBIAHUN SOIC-mipucTpiil BUTIsgae K CTaHAAPTHUN
omnepaliiHuii MiACWIIOBAY, BIH ONTHUMI30BaHUM il 3a0€3MEUEHHS] BUCOKOI
IIBUIKOCTI HAPOCTAHHS CUTHATY B €MHICHI HABaHTaKCHHS.

ADAA4700-1 cTabinbHUI 3 MIHIMAJIBHUM MEPEPETYIIOBAHHAM MPU KEPyBaHHI
€EMHICHUMU HAaBaHTAXCHHSIMH, aji€ J0JIaTKOBa KOMIICHCAIlISI MOXKE TOKPAIIUTH
BIITYK TpPU KepyBaHHI OUTblIMMU €MHOCTsMU. Lle Bumarae manoi gemmndepHoi

nanku, Puc. 2.1; nng 3actocyBaHb 3 OJMHUYHUM KOE(DIIIEHTOM IICHUJICHHS Ta
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eMHICHMX HaBaHTaxeHb 70 1 HO (1000 nd) mocratHbo kKomOiHaIIi pe3ucTopa 150
Om Tta xonmencaropa 10 H®. [[ns Ginpmmx HaBaHTaxkeHb A0 10 HD Ta BUMMX
Koe(DIieHTIB MACUICHHS, HAIPHUKIIA, JECATUKPATHOTO, PE3UCTOP 3MEHIIIYETHCS 70
22, a eMHICTh KOHJeHcaTopa 30utbinyeThest 10 100 Hd. Hapemri, piBeHb CTpymMy

KCPYyBaHHA MOXHA HiI[BI/H_HI/ITI/I, J044aBIIIH 30BHIIIHIO napy KOMINUICMCHTApHUX

tpan3ucTopiB (PNP/NPN) (Puc 2.2).

T O Vour
Rsnus

6 Csnus g

Pucynok 2.1 — KepyBaHHS BUCOKOEMHICHUMU HaBaHTakeHHsIMU 10 ADA4700-1

115851004

70J1aHo MpocTy 30BHIIIHIO RC-cxemy 3 nemmdepom

QO +V

2N5550

' : oW

11551085

Pucynox 2.2 — Slkmo motpiOeH 10AaTKOBUN BUXITHUN CTPYM, 10 BUXOTY

ADAA4700-1 nongaerbcs mapa Tpanzuctopis PNP/NPN.

Texas Instruments TakoX TPOIMOHYE MPHUCTPOi, SKI AOOpPE MITXOIATH IS
M'€30€/IEKTPUYHIX HABAHTAKEHb. IXHil m'€30e7eKTpHYHMII TakTOBMil jpaiiBep
DRV8662 3 1HTErpoBaHMM MiABUIIYBAIBHUM NEPETBOPIOBAYEM MA€ BHCOKHMA

CTYIHiHb (PYHKIIIOHAJIBHOCTI, BKJIIOYAIOUM TMiABHUINYBalbHUNA nepeMukaud 105 B
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(puc. 2.3), npote Homy moTpiOHe JuIie xepeno >kupieHHs Biax 3,0 mo 5,5 B.
[linBuiryBanpbHa Hampyra BCTAHOBIIOETHCS 3a JOMOMOTOIO JIBOX 30BHINTHIX
PE3UCTOPIB, TOAI K KOSPIIIEHT MiACHICHHS MPUCTPOIO MOKHA BCTAHOBUTH OJIMH 3

4 MOXJIMBHUX 32 JIOTOMOTOIO JIBOX JIIHIM BBOY/BUBOTY.

VBAT ™ I
\
L1
)
3
e i i o e 9
| N 1 _L
> l Converter | L R
i . 1A
I Rear l + *
2 | DRV8662 |
[ 7 | o
N I \.= l v I P
aS wxm -
N - /\I l (i - = acwator
/1 I I 'Y -1 |
| I F——S | S——
GAND W g 2
GANT ™

Pucynox 2.3 — DRV8662 — 11ie mm'e30eneKTpUIHMNA IpaiiBep, MPpU3HAYCHHUH IS
TOYHMX 3aCTOCYBaHb, sikuii 3a0e3neuye nmonaa 100 B Bix ogHOTO MIKEeperna

ZKHBJICHHS

Bin mae mumpokuii CieKTp MOKIUBOCTEN KepyBaHHs. Hanpukian, mpu po6oTi
3 yactororo 300 I'y BiH npu3HaueHuii Ay kepyBanHda eMHicTio 100 H® pu 200 B
po3psany, 150 H® npu 150 B pospsay, 330 H® npu 100 B po3psay ta 680 HD nipu
50 B pospsny. He3paxkaroun Ha BHYTPIIIHIO CKJIAIHICTh, IIEH JBaAIATHBUBIIHHUMA

QFN 4 x 4 MM npoCTH#l Y BUKOPUCTaHHI, III0 BUJIHO 3 HOTO CXEMH 3'€THAHHS.
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Pucynox 2.4 — He3Baxkaroun Ha BHYTPIIIHIO CKJIAHICTh, BUKOpUCcTaHHS DRV 8662

y CXeM1 BUMArae JIMiie KiJIbKOX 30BHIIIHIX KOMIIOHEHTIB JJIs1 BCTAHOBJICHHS

OCHOBHHX POOOYMX MapamMeTpiB.

Jleski moCTayaJbHUKH IT'€30€JIEKTPUYHUX MIKPOCXEM BHUHIUIA 32 PaMKH
MIPOCTOr0 HaJaHHA MIKPOCXEM Ta IXHBOI OCHOBHOI JIOMOMDKHOI JOKyMEHTaIlli,

TaKOl SIK TEXHIYHI XapaKTEPUCTHKH, 1 HATOMICTh MPOMNOHYIOTh JETAJIbHI JI0BIJIKOBI
MIPOEKTH.

2.3 Bubip apaiiBepa kepyBaHHS 1'€30€TEKTPUUHUM JABUTYHOM

2.3.1. NSD-2101

VYV mnoennanni 31 SQUIGGLE® RV ab6o UTAF, NSD-2101 3abe3mneuye

HallMEHIIIE PIMICHHS JUIsl KepyBaHHS T'€30€JICKTPUYHUAM JIBUTYHOM 13 TIPSIMUM

YKUBJICHHSIM BiJ O0aTapei; cxema MiJBUILCHHS HAIIPyTy HE MOTpiOHa.

3
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NSD-2101 — e cmemianizoBaHa MiKpocxema ApaiBepa I1'€30€JIeKTPUIHOTO

nsuryHa ASIC, 3gatna kepyBatu n1BuryHoM SQUIGGLE® RV cepii 31 3HHXKEHOIO

Hanpyroto abo gsuryHom UTAF Bin omHoro mxepena xwusneHHs 2,3-5,5 B

MOCTIHOTO CcTpyMy. [IBUTYHOM MOKHa KEpyBaTH 3a JOMOMOTOI0 CTaHIAPTHOIO

inTepdeiicy T1K.

NSD-2101 BHUKOpHCTOBYE 3amaTeHTOBAHY TEXHOJOTII0 KEpyBaHHS IS

I[I/IHaMi‘{HOFO PETYIIIOBAHHA YaCTOTH [OBHUI'YHaA IJIA HiI[TpI/IMKI/I ONTUMAIbHOIL

OPOAYKTUBHOCTI JBHTYHA Ta MIHIMAQJIBHOTO CIIOKHBAHHS €HEPrii B IIMPOKHUX

Jiara3oHax TeMIneparyp Ta pooodnx yMmoBax.

NSD-2101 imeansHO MiAXOAWTH JJIA IparBEPIB IT'€30€TECKTPUIHOTO JIBUTYHA

SQL-RV-1.8 SQUIGGLE® RV Tta npaiiBepis 1m'e3oenekrpuunoro npuryHa UTAF.

Ha puc2.5 nokazaHo OCHOBHI CTPYKTYpHI OJOKH CUCTEMHU:

Le
t 1
‘Lr}VDD pYoDP 2.3V -55V
vee |, | | 1 Lt
I Ve DO  — BandGap Startup I
ct %
y T Vil- O
XPD [_‘J—-I Power Save Brences o
—
9 Connection to Connection to
SQUIGGLE® RV UTAF motor
Frequency Motor
Tracking &
Control Veo | P1-1
I pr2 |
‘ PPTRIM‘ i MLA [ P2t (0 'L'-|
- Squiggle 5 ] "LIT‘ h
o Motor Driver -
SDA [4—— Control » ‘ P2-2
| I£C Interface & N —d :
SCL [I Regsters '
ADR [—— )
’ Test ‘ j
S, i X
VSS TMI VSSP

Pucynox 2.5 — OcHOBHI CTpyKTypHi 0J0Ku cucTemMu: Bxif skuBienns; LDO Ta

OaitnmacHi koHaeHcatopH ; iHTepdeiic 11K; perictpu; renepaTop; BiICTEKEHHS

4acTOTH; JpaiiBep MOBHOTO MOCTY

3

Apk

No Qoxym

\ionud/lam

KPb 163.21-067.001 113

Apk

41




Bxigna Hampyra momaeTbesi 6€3mocepeHp0 Ha apaBep moBHOTO Mocty. [1pu
MMOBHOMY MOCTOBOMY VIIPaBJIiHHI KOXKEH IT'€30€JIEMEHT OTPHMY€ BIIBiUi OLIBITY
BXiHY Hampyry (2 x VDD). Ognak cepenHsi BXiJHa Hampyra Ha IM'€30€JI€MEHT
moske perymoBaTtucs ASIC mix VDD Tta 2 x VDD. s cepennst Hampyra, Ky
MoxHa BcTtaHoBUTH Yepe3 [IK pazom 13 mmapysaticTio (200 MIUPUHOKO IMITYJIBCY)
CUTHAJIy KEpyBaHHs, BU3HAYa€ IMIBUJKICTh JIBUTYHA. B pe3ynbTaTi Ha HUKYHX
IIBUKOCTSIX IBUTYH CIIO’KUBA€E MEHIIIEC EHEPT1i.

Perictpu 12C Takox BU3HA4arOTh TOYATKOBY YacCTOTY MEPEMUKAHHS JIBUTYHA,
Ky MoxHa perymoBaTtd Big 50 kI’ 1o 200 kI’ 3anexxHO Bix Tuny ABuryHa. [Huom
pericTpu KepyroTh HAIPsIMKOM PyXY JBUTYHA Ta KUIBKICTIO IMITYJILCIB, TPOTITOM
SKUX JBUTYH aKTUBHMM (IIO KOpeJoe 3 TMpoijeHor0 BifcTaHHI0). Bxinm XPD
3a0e3Ieuye pesKUM OU1KyBaHHS.

Buxignai apaiiBepu 37aTHI KepyBaTH €MHICHUM HaBaHTa)xeHHSIM 0 60 HOD.
Konneniiis 6a3yeTbcsi Ha ABOX MOBHUX MOCTax Ha JBUTYH. JIBUTYH 31 3HHUKEHOIO
Hanpyrow Squiggle cknamaeTbess 3 2 miuactuH Ha (a3zy ta 2 da3. YV pexumi
BUMKHEHHSI JKUBJICHHS BHXIJTHI JpaliBepu MIJIKIIOYAIOTECA 70 3eMil. Te came

CTOCYETHCA 1 BAMKHEHOT'O ABUT'YHA.
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Motor Drive Concept (SQUIGGLE® RV Motor)

Motor Drive Concept
P11 VIN
P T [
VIN VIN 3 i ]
| ' P12 VIN
I e, I
- | R TR e T
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or =
A o A
90 s Reverse
< >
P21 VIN
[l — ' =
| i 0
1 I ov | | ]
P22 VIN
1l ' g ol
Full Bridge Drive N R S SQUIGRLEBRV Motor
Motor Drive Concept (UTAF Molor)
Motor Drive Concept
i O e
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Pucynok 2.6 — MocToBe kepyBaHHS 11’ €30ABUTYHAMU
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BusHaueHHs yaCcy HapoCTaHHs Ta CHaay MoKa3aHo Ha puc. 2.7. Bumiproerbes
gac mix neperrHoM 10% Ta 90% mopory minimaneroro VDD, Big 10% mo 90%
st gacy HapoctanHs Ta Big 90% mo 10% ms wacy crmamy. [loBHUMET 1TUKI

MMCPCMHUKAHHA MOCTY TPUBATUMC NOBIIIC.

V{haif-bridge)
VDD =23V 90%

10%

o

~Y

Pucynox 2.7 — BusHaueHHs yacy HapOCTaHHS/CIIay

Ha puc. 2.8 mokazaHo BIUIMB OOMEXEHHS CTPYMY Y BHUXITHUX JIpaiBepax.

Kosxen Buxia HamiBMocTa Moxke Bumasatu 1000 MA.

I(half-bridge)

lim = 1600mA

lien = 1000mA /’ \\

OmA |

fyp 1300mA

~Y

Pucynok 2.8 — OOMexeHHs cTpyMy BUX1IHOTO JpaiiBepa

3aJIe’)KHO BiJI THUITY JIBUTYHA, MTOYATKOBHUH TEPIoJl CUTHANy KEpyBaHHS Mae
oytu 3anucanuii y NSD-2101. Ilepion BuzHauaetbes B omuuuisax 0,04 mxc (Ha
OCHOB1 HOMIHaNBHOI BHYTpimHbOI yactot ['KH 25 MI'm). ¥V Bunaaxky aBuryHa
SQL-RV-1.8 mepion moxe craHoBuTH 148 nig reHeparii 4acTOTH KepyBaHHS -

168,9 xI'1.
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NSD-2101 3pgaTtHuii onTUMI3yBaTH 4YacTOTYy KEpyBaHHS 3a KOMAaHJIOHO
MEPEMUKAYHCH 10 J1alla30Hy 4YacTOT, 30CEPEKCHUX Ha 3aJlaHOMy Tepioni, Ta
BCTaHOBJIIOIOYHCH HA YacTOTi, Ha fAKiil OyJI0 BUSABICHO HaWKpally MPOAYKTUBHICTb
neuryHa. Sk Bapiant, NSD-2101 moxxe OyTH Haka3aHO IMOCTYNOBO 30UIbIIYBaTH
YaCTOTY B HAMPSAMKY 301IBIIEHHS MTPOTYKTUBHOCTI JABUTYHA (3MIHIOIOYH HAMPSIMOK
KpPOKY, KOJIU MMPOIYKTUBHICTh NAJAE).

B Oyap-skomy Bumanky NSD-2101 perymtoe 4acTtoTy, perysordu
nignamryBanaa ['KH, a we kinbkicte mepioniB. lle 3a0esneuye nabarato BHILY
PO3JIUIbHY 3/IaTHICTh, HIXK 11€ MOXJIMBO IIUISIXOM 3MIHH KIJIBKOCT1 MIEPi0IiB.

Intepdeiic IIK BuxopucroByeTbcsi st kepyBanHs NSD-2101 Ta
BCTAHOBJICHHSI 3HAYEHHS KUIbKOX pericTpiB. Lli perictpu BuU3HA4YaIOTh HAMPSIMOK 1
TPUBAJICTh BUXIJIHUX CUTHAJIIB JpaiiBepa, MIMapyBaTiCTh, (ha30BHil 3CYB 1 CEPEIHIO
HaIpyry Ha JIBUT'YHI.

YwmoBa 3anycky/3ynuHkd. [lepexiy 3 BUCOKOTO Ha HU3BKMM PiBEHb Ha JIHIT
SDA, xonu SCL Mae BHUCOKUH piBE€Hb, € YMOBOW 3amycky mmHH. [lepexin 3
HU3BKOTO Ha BUCOKMM piBeHb Ha JiHIT SDA, xonmu SCL Mae BUCOKHI piBEHB, €

YMOBOIO 3yITUHKH.

2.3.2. DRV8662

DRV8662 — BUCOKOBOIBTHHUH IT'€30€ICKTPUIHUI IpaiiBepe

3ab6esneuye emHicTh 10 100 HO mipu 200 B ta 300 I'x

3abesneuye emHicTh 10 150 H® mipu 150 B ta 300 I'nx

3ab6e3neuye emHicTh 10 330 H® nipu 100 B Ta 300 '

3ab6es3neuye emHIcTh 10 680 HD mipu 50 B Ta 300 '

DRV8662 — 1ie onHOKpUCTanbHUN T'€30 JApaliBep 3 1HTETPOBAHUM
M1JBUITYBAILHUM MepeTBOproBaueM Ha 105 B, iHTerpoBaHWM CHJIOBUM JI0JIOM Ta
IHTETPOBAaHUM TOBHICTIO AudepeHIiiaIpHuM miacmioBadem. Lleli yHiBepcaibHUM
NPUCTPIA 3AaTHUM KepyBaTH SK BHCOKOBOJIBTHUMH, TaK 1 HHU3bKOBOJBTHUMH

n'e30akTyaTopaMu. BXigHuil curHanm moxe OyTH sk AU@epeHLiaIbHUM, TaK 1
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HecuMmeTpudHUM. DRV 8662 miarpumMye qotrpu KoedIlieHTH MiICUIICHHS, KEpOBaHi
GPIO: 28,8 nb, 34,8 nb, 38,4 nb Ta 40,7 nb.

[TigBuiyBabHA HAMpPyTa BCTAHOBIIOETHCS 3a JOIMOMOTOIO JTBOX 30BHIITHIX
pe3uCTOpiB, a OOMEXKEHHS CTPyMy IMIJICUJICHHS MPOrpaMyeThbcs 3a JIOMOMOTOIO
pesuctopa Rext. ApxiTekTypa MHiABHUIIYBaJIbHOIO MEPETBOPIOBAYa HE JO3BOJUTH
CIOKUBAHHIO CTPYMY OKUBJICHHS [EPEBUIIUTH OOMEKEHHS, BCTAaHOBJICHE
pesuctopoMm REXj; Ttomy DRV8662 nobOpe miaxoauth s TOPTATUBHUX
3actocyBaHb. Ll QyHKIS TakoXk J03BOJISIE KOPUCTYBAu€Bl ONMTHUMI3YyBaTH CXEMY
DRV8662 nist 3a7aHoro iHAyKTOpa Ha OCHOBI 0akKaHUX BUMOT /10 TTPOTyKTUBHOCTI.

TunoBuit uvac 3amycky 1,5 wmc pobutrse DRV8662 igeanbHuM
M'€30€JEKTPUYHUM JIpaiBepoM JUIsl IIBHAKOI peakiii. 3aXucT BiJ TEIIOBOIO

IICPCBAHTAXKCHHA 3aro0irae IMOMIKOKCHHIO ITPHUCTPOILO.

VBAT IBp—y

1L
| % | c;x:tter | | TC R

|
| DRV8662 |
|

R2

Piezo
Actuator

vPUMP|.. 1. : ' £15. ] REXT
voo| 2 + ] our-
) L (73] outs
enof iz t ¢55] pvop
GND| 5 : : {11] vest

hacaecccmcmmcmms- J

o} 7t s} [s} qd

2 2 2 3 g

Pucynok 2.9 — Bxirouenns npaiisepa DRVE662
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DRV8662 mae mBHIKHI Yac 3amyCcKy, IO € BAXKJIWBHUM JJISi JOCATHEHHS
Hu3bKoi 3aTpuMKu. Konn konTakT EN nepexoauTs 3 HU3bKOTO Ha BUCOKHI PiBEHb,
BMUKAETHCS MMIJICUIIOBAIIBHE OKUBJICHHS, BXIAHUN KOHJEHCATOp TMOIMEPEAHBO
3apsAKAEThCS, 1 TMJACUITIOBAY BMUKAETHCA 3a THIOBUN 3arajibHHUM 4yac 3amycky 1,5
McC. Y CHCTEMHOMY 3aCTOCYBaHHI 3arajibHa 3aTpUMKa CHCTEMHU TOBHUHHA OyTH
MeHIor 3a 30 Mc, o0 OyTH HEMOMITHOIO IS KIHIIEBOTO KopucTyBada. [Ipu 1,5
Mc DRV8662 craHoBUTHME HEBEIMKHUI BIACOTOK BiJ] 3arajbHOI 3aTPUMKU CUCTEMH.

Koedimient miacunenas Big IN+/IN- no OUT+/OUT- naBeaeno B tabiuiii

HIKXYC.

Tabmuusg 2.1 — Koedimient migcunenns Bix IN+/IN- no OUT+/OUT-

GAIN1 GAINO Gain (dB)
0 0 28.8
0 34.8
1 0 38.4
1 1 407

KoedimienTn migcuiieHHs ONTUMI30BaH1 Ui TOCATHEHHS npuban3Ho 50 B Ha
onuHuULI0 Harpyru (ppm), 100 B Ha ogunuiio Hanpyru (ppm), 150 B Ha oguHuIio
Harpyru (ppm) a6o 200 B Ha onuHuLIO Hanpyry (ppm) Ha BUXOA1 0€3 OOMEeXEeHHs
HaIPYTH BiJl JpKepesa MKOBOTO OJJHOCTOPOHHBOTO BXigHOTO curHaiy 1,8 B.

BuxigHy Hanpyry 1HTErpOBaHOTO MiABUIIYBAJIBHOIO MEPETBOPIOBaYa MOKHA
pPEryJIOBaTH PE3UCTUBHUM JUIBHUKOM 3BOPOTHOTO 3B'S3KY MDK BHXIJIHOIO
Harnpyroto migsuieHHs (VBST) ta BuBomom 3BopotHoro 3B'si3ky (FB). Hampyry
NIJBUILEHHS CJiJ 3amporpamyBaTH Ha 3HAYEHHS, IO MEPEBUIIYE MAKCUMAIbHY
MIKOBY HANpyry CHUTHalIy, SKy KOPHCTYBad OYIKYE CTBOPUTH 3a JOIOMOTOIO
nigcumoBada DRV8662. Hwxui Hanpyru migBUILCHHS 3a0e3mnedaTh Kpalry

e(EeKTUBHICTh CUCTEMH IPH 3aCTOCYBaHHI CUTHAIIB 3 MEHILIOI aMILUTITYI010, TOMY
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KOPUCTYBa4 TOBHHEH OyTH OOEpPEeKHHM 1 HE BUKOPUCTOBYBATH BHILY HANpPYTy
MiBUIIEHHS, HIK HEOOX1MHO. MakcMManbHO MONMyCTHMa Hampyra IiIBUIIECHHS
ctaHoBuThH 105 B.

OOMexXeHHST CTpyMy MIABUIIYIOUOTO TEpeMHKaya MOXHa PEryJIloBaTH 3a
JIOTIOMOTOI0 PE3UCTOpa, MIAKIIOYSHOTO A0 3eMJIi, po3mimeHoro Ha BuBoai REXT.
3anporpaMoBaHe OOMEXEHHS CTpyMy Ma€ OyTH MEHIIMM 32 HOMIHAJIbHY MEXY
HACHMYEHHS JABUTYHA, BUOPAHOTO KOPUCTYBaueM, 00 YHUKHYTH MOIIKOHKEHHS SIK
neuryHa, Tak 1 DRV8662. Skmo xomOiHaIlis 3amporpaMoBaHOTO OOMEXKEHHS Ta
HACHYEHHS JIBUTYHA HEIOCTAaTHHO BHCOKA, TO BUXIJHUW CTPYM MIABUIIYBAJIBHOIO
nepeTBoproBaya 0yJ/ie HEOCTATHBRO BUCOKHUM JIJIsl PETYJIIOBAHHS BUXIJIHOI HAPYTH
MIJBUIIEHHS B YMOBaX BHCOKOT0 HaBaHTaxeHHs. Lle, y cBoro uepry, mpusBene 1o
MIPOBUCAHHS M1JBUILIYBAIBHOI IIWHU, III0 MOXE CIIPUUYUHUTU CIIOTBOPEHHS BUX1THOT
dbopmu cUrHamy.

DRVE8662 mae BOymoBaHUW Hacoc 3apsay ajisi 3a0e3MedeHHs HaJeKHOTrOo
KepyBaHHA 3aTBOPOM IS BHYTPIINIHIX BY3miB. BuXix mporo Hacoca 3apsnay
po3MmimeHo Ha BuBoal VPUMP. Ha upomy BHBOAI HEOOXIZHO PO3MICTUTH
HakonuuyBabHUN KoHAEHcaTOp X5SR abo X7R emnictio 0,1 Mk® 3 HOMIHATBEHOIO
Harnpyroto 10 B abo Outblue.

DRVE8662 micTuTh BHYTpPIIIHIA JAaTYUK TEMIIEpaTypH, KU BUMHUKAE SK
M1BUIIYBATHHUN TEPETBOPIOBAY, TaK 1 MIJCHIIOBAY, KOJU TEPEBUINECHO TMOPIT
temnepatypu. Komu temmeparypa KpucTaia Majae HUKYE MOPOrOBOTO 3HAYCHHS,
MPUCTPI aBTOMATHUYHO Iepe3amyckae poOoTy, moku Ha BuBoAl EN Bucokwuii
piBeHb. besnepepBHa podota DRVE662 He pekoMeHayeThes. BulbiicTh MoJemeH,
0 BUKOPUCTOBYIOTh MIKPOCXEMY, BUKOPUCTOBYIOTh DRV8662 nuie KopoTKumMu
nepiogamMu. @DYHKIIS  TEIUIOBOrO BUMKHEHHA 3axucTUTh DRVE8662  Big
MOIIKO/KEHHSI TIPU TIEPEBAHTAXKCHHI, alie 3aBXKAU CJIIJI YHUKATH MOJelied, sKi

MIPU3BOJIATH 10 TEMI0BOr0 BUMKHEHHSI DRV 8662.
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Jns  mATpUMKM  TUIaBHOT  pOOOTH  Clii  BUKOPUCTOBYBATH  MPOCTY
NOCIIZOBHICTh 3alyCKy. SIKIIO TMOCHIAOBHICTE HE JOTPUMYBATUCSA, MOXKYTb
BUHUKHYTH HeOakaHi MoAil abo 3ByKH.

HaiiHmxk4de HanmamTyBaHHS KoedillieHTa MiJcuiIeHHs onTuMizoBaHo aiis 50 B
Ha MIKCEJIbHY HaMpyry 3 MmiABHINyBaibHOIO Hampyroio 30 B. Jleskum mporpamam
Moke He 3Haaobutucs 50 B Ha mikcenbHY Hampyry, TOMY KOPHCTYBad MOXKE
3anmporpaMmyBaTd MiABUIIYBJIbHHUI MepeTBopioBad 10 15 B anga migBuieHHS
epextuBHOCTI. [1i yac BUKOpHCTaHHS MiABHUIYBaIbHOT Hanpyru Hux4e 30 B cuin
BpaxOBYBaTH JIesIKI 0coOMBI MipkKyBaHHs. [lo-mepiie, 1mo6 3MEHIIUTH MyJIbcarlii
HiACWJICHHS [0 TPUWHATHOTO PIBHSA, PEKOMEHAYETbCI BUKOPHCTOBYBATH
MIJBUINYBATBHUN KOHAEHCATOP e€MHICTIO 0,22 MK®D 3 HOMIHAJIBLHOI Hanpyrow 50
B. Ilo-gpyre, mMoxe 3HaAOOMTHCS HANAIUTYBAHHS IMOBHOTO BXIAHOIO Jiala3oHy,
00 YHUKHYTH OOMEXEHHs Harpyru. 3a3Buyaid, ogHoctopoHHid [IIM-curnan 1,8
B nmacte 50 B Ha miky Hanpyrd npu HaWHIKYOMY KOE(DIIIEHTI MiJACHIICHHS.
Hanpuknaza, sSkimo migBUIIyBaJlbHa Hamnpyra BCTaHOBJIEHa Ha 25 B myig moBHOro
BUX1gHOro curHany 40 B Ha miky Hampyru, MOBHMM BXIJHUW Alana3oH Majaae 1o
1,44 B nns onHocroponHix IIIM-BxoaiB. ¥V 1mpoMy BHUIAIKy MOXE 3HAJTOOHUTHCS
JUIBHUK BX1JIHOI Hampyru, Ko sk jxepeno M BUKOpHUCTOBYEThCS BXi/BUXI1]
1,8 B.

Buxinna migumnyBansHa Hamnpyra (VBST) mporpamyerbest 3a A0MOMOTORO

JIBOX 30BHIIIHIX PE3UCTOPIB, sIK ToKa3zaHo Ha puc. 2.10.
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VBST

DRV8662

R1

FB

R2

Pucynok 2.10 — IIporpamyBaHHsI MiABUIIEHOT HAIIPYTH

BuxigHa migBuilieHa Hapyra BU3HA4a€ThCs piBHAHHAM 2.1:

2

R
Veoost = Vs [1 * _1]
R (2.1)

ne VFB =1,32 B.

VBST cnin 3anporpamyBaTy Ha 3HaueHHs Ha 5,0 B Oinbliie, HiXK HalOUIbIIA
MKOBa HaIpyra, 10 OYIKYEThCS B CHCTEeMi, 1100 3a0e3medyuTH JOCTATHIN 3amac
MOTYXXHOCTI TifacwioBada. OCKUIBKM J1alla30oH TMPOTpaMyBaHHS [Jisi HANpyTu
NIJBUILIEHHS MOMMPIOEThes 10 105 B, cTpyM BUTOKY 4epe3 pe3ucCTOpHHUM JIITbHUK
MOKE CTaTW 3Ha4YHUM. PekoMeHyeThes, o6 cyma omnopiB R1 ta R2 Gyna Oinbiie
500 kOwm. IIpu BuKOpuCTaHHI HOMIHAJIB pe3ucTopiB OuIbiie | MOM, 3a0pyaHEeHHs
JPYKOBAHOI IJIaTH MOKE MMPU3BECTH 10 HETOYHOCTI HANPYyTH MiABUIIECHHS.

[TikoBui CTpyM, L0 CIIOXKUBAETHCA 3 JUKEpesa JKUBJICHHS uyepe3 1HIYKTOp,
BCTAHOBIIIOETHCA BUKIIOUHO pe3uctopoM RexT. Lle oOMexeHHs MIKOBOTO CTPyMy
HE 3aJIeKUTh BiJ] 0OpaHOr0 3HAUYEHHS 1HAYKTHBHOCTI, ajieé 1HAYKTOp MOBUHEH OyTH
3MaTHUM O0OpoOJIsTH 1Ie 3amporpamoBaHe oOMexeHHs. 3B's3ok REXj) 3 ITUM

anpOKCUMY€EThCS PIBHSHHAM 2.2.
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‘f—]— R
LIM

(2.2)

ne K = 10500, VREF = 1,35 B, RINT = 60 Om, a IlUm — Gaxxana mexa
MIKOBOTO CTPYyMY 4epe3 1HAYKTOP.

DRVE8662 3a3Bu4ail BUKOPUCTOBYETHbCSI B CHCTEMaX, SIKI TOTPEOYIOThH
3BOPOTHOTO 3B'SI3KY 3 BHKOPHUCTAHHSIM BHCOKOBOJBTHHX IT'€30CIICKTPUUHUX
aktyatopiB. Ili cucTtemMu 3a3BUYail MICTATh MPUKIATHUNA TIporecop ado
MIKPOKOHTPOJIEP, KU TeHEpYE MOTPIOHY (OpMY XBHIIL.

Cxema cuctemu DRV8662 3 Bxomom LIAII

Ha nactynniit cxemi DRV8662 DRV8662 HanamtoBaHo 3 1udepeHiiiaibHIM
BxojgoM [[AIl Ta 3aranpHUM M'€30€JIEKTPUYHUM akTyatopoM. lle kopucHo s

CUCTEM, sIKI MatoTh focTynHuil LIAIT abo reHeparop aHaIOrOBUX CUTHAIIIB.

ic1 TNwl c2
I VDD SW VBST PVDD I

VBAT
33V-55V

EN
FB
Digital { GAIN1
Control

+—
|
3
c
3

N\

R1
R2
_im
/
L& amif—1
DAC ——— N+ [ Piezo
IN- ouT- Actuator
cs5 l I
GND

Pucynox 2.11 — Cxema cuctremu DRV8662 3 Bxomom LIAII

|

BuOip inaykropa Biairpae BHUpilIadbHy pojib y npoaykKTuBHOCTI DRVE8662.

Jliama3oH peKOMEHI0BaHUX 1HAYKTHBHOCTEH cTaHOBUTH Bif 3,3 Mk['H 10 22 mk['H.
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3arajyioM, BUII 1HAYKTUBHOCTI B MeXaX cepii IHIYKTUBHOCTEH JaHOTO BUPOOHMKA
MalOTh HIDKYl MEXI CTpyMy HacuueHHs, 1 HaBmakd. Komu BuOpaHOo Oinblry
IHAYKTUBHICTb, MIABUIIYBaJbHUI mepeTBopioBau DRVE662  aBromMaTnyHO
mpaioBaTUMEe Ha HWXKYIM YacTOTI MEPEeMHMKaHHS Ta MaTUME MEHIII BTpAaTH Ha
NEpPEeMUKAHHs;, OJHAK, OLIbIl 3HAYEHHA I1HAYKTUBHOCTI MOXYTh MaTH BHUIIHI
ekBiBajieHTHUN mnociigoBauit omip (ESR), mo 30u1bmuTh napa3uTHI BTpaTH
1HTYKTUBHOCTI. OCKUIBKM HMJKYl 3HAYEHHS 1HIYKTHMBHOCTI 3a3BMYail MarOTh BWIII
CTPYMH HaCHYCHHsI, BOHH € KpalliuM BUOOPOM, KOJIM HaMararoTbCs MaKCHUMi3yBaTH
BUXIJTHUHM CTPyM M1JBUITYBAJIBHOTO MEPETBOPIOBAYA.

BuOip n'e30e1eKTpUYHOIO aKTyaTopa.

IcHye Kibka KIIIOYOBMX XapaKTEPUCTHK, 10 BIUIMBAIOTH Ha BHUOIp
'€30€JIEKTPUYHOTO aKTyaTopa, TAKUX SIK PO3MIpHU, CHJIa OJIOKYBAHHS Ta 3MIIICHHS.
OnHak, KIOYOBUMHU EIEKTPHUYHUMHU XapaKTePUCTHKAMHU 3 TOYKH 30pYy JpaiiBepa €
HOMIHAJbHA Hampyra Ta eMHicTh. [Ipu makcumanpHiii gactoti 500 I'm DRV8662
onTuMizoBaHui sl kepyBaHHs 10 50 H® npu 200 B nampysi po3Maxy, IO €
HaMBHILOK 3JATHICTIO /0 KOJMBaHb Hanpyru. BiH Oyzae kepyBaTu OUIBLIMMHU
€EMHOCTSIMHM, SIKIIIO 3alpoOrpaMOBaHy HaNpyry IMiJBUINCHHS 3HU3UTH Ta/abo
KOpUCTYBaud OOMEXHThH Jlalla30H BXIJHOI YacCTOTH HWXKYUMHU 4YacTOTaMH
(manpuximan, 300 I'm).

Buxinny migBuieHy Hanpyry MoskHa 3amporpamysatd 10 105 B. Ockinbku
KepaMiyHi KOHJEHCATOPH 3a3BUYail MaloTh HOMIHAJIBHY Hampyry 100 B a6o 250 B,
st 105 B pexomenayethest konaencatop tunmy XSR a6o X7R emuictio 100 HD 3
HoMiHasioM 250 B. BuOpanuii koHJeHCATOp MOBUHEH MaTH MiHIMaJIbHY poOouy
€MHICTH moHaimenIe 50 HD.

Po3paxyHOK CIIOKHBaHHS CTPYMY

KopucHO po3ymiTH, SK Hampyra, IO TOJAEThCS Ha IT'€30€TCKTPUUHUIMI
aKTyaTop, TOB'sI3aHa 31 CHOXHBAHHSAM CTPyMYy B JpKepelia JKUBJICHHS.

MO)ICJ'IIOB&HHH m'e30€JIEMEHTa SK YHCTOTO KOHACHCATOpPa € JOCHTb TOYHHM.
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PiBHSIHHS [UIsl CTpyMy 4epe3 KOHIEHCATOp AJIA 3aCTOCOBAHOI CUHYCOII 33/1a€ThCA

piBHSHHSM 2.3!

Icapacitor(Peak) = 21 xf xC xVp (2.3)
ne f — wyactora cunycoimm B [, C — €MHICTh MI'€30€IEKTPUYHOTO
HaBaHTaXEeHHA y ¢apanax, a VP — mikoBa Hampyra. Y [Kepenl XUBJICHHS

(3a3BHuaii Bij Oarapei) CTpyM BUKOHABYOTO MEXaHI3MY MHOXKHUTHCS Ha KOE(IIEHT
MiIBUIEHHS Ta JUIATBCS Ha KOE(QIIIEHT KOPUCHOI [ii MiABUIIYBAIBHOTO

IepeTBOPIOBaYa, K IMOKa3aHO B PiBHSAHHI 2.4.

vBoosr

;BAT(F'eak) =2n xf XC XVP X VBAT — (2 4)

[lincTaBisitoud TUMOBI 3HAYEHHS JUISl 3MIHHHMX I[LOTO PIBHSIHHSI, OTPUMY€EMO
TUTIOBUM TMIKOBUU CTPYM, SIKUH BUJIAETHCA aKyMYJISTOPOM 13 CHHYCOIJaTbHUM

BXOJIOM, SIK Y piBHSIHHI 2.5.

105
6,07 - 392mA (25)

"BAT(PE&R) =2rn %300 Hz=x 50 nF <100 x

3aJie’KHO BiJ SIKOCTI BUXIJHOTO CUTHANTY, 1110 mojaeThess Ha DRVE8662, moxe
3HanoOuTHCS BXITHUM PuibTp. [leski kitodoBl (akTopH, L€ T€, YU TE€HEPYETHCS
mokepesio 3 LIAIT um 3 IIIIM, a Takox 3reHepOoBaHMM MMO3aCMYTroBHM cKiaf. SKIIo
BukopuctoByetbes LM, notpiben npunaiiMui RC-¢gineTp 1-ro nopsiaky. Yacrora
nuckperusarii [IIIM noBunna 6ytu 6unbiie 30 k1, m00 3amo6IrTd MOTPAIUISHHIO
nynbcamiii [IIIM Ha n'e30enemMeHT Ta po3citoBaHHIO HEMOTPIOHOT MOTYykHOCTI. RC-
bubTp 2-TO TOPSAKY MOXe OyTH OaXaHuM JUIs TOAAIBIIOr0 YCYHEHHS
M03aCMyTOBOTO CKJIaly CHUTHAy, 00 1I1e OiJblie 3MEHIIUTH PO3CIFOBaHHS

MOTYXHOCTI Ta YCYHYTH LIyM.
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Cxema cuctemu DRV8662 3 pinprpoBanum ogHoctoponHim IIM-Bxomom

DRV8662 moxxHa BukopucTtoByBaTH 3 BXigHuM LIIIM-curnanom mist cucrem,
skl He MarTh noctynHoro LIAIl aGo anamoroBoro Buxony. bimbiiicTe cuctem
'€30MpUBOIIB MOTPeOYyIOTh BXigHoro HIIM-dineTpa a1 BugaieHHS Oyab-sSKOTO

HeOa)XKaHOTO IIyMY.

L

VBAT
3.3V-55V | | |

c1 c2
I VDD SW VBST PVDD I

R1

EN FB

Digital | ——————] GAIN1

Control R2
—cano

VPUMP

@ REXT
I DRV8662 _im

b —— m+ ouT+
rocessor
= LT
C5

Cc6
GND

Pucynok 2.12 — Cxema cucremu DRV8662 3 pinbTpoBaHUM OTHOCTOPOHHIM

HIIM-Bxogom

[TpoexTyBaHHs BXigHOTO PLIBTpA.

[Tin ywac Buxopuctanus [IIM-Bxomy moTpiOeH HU3BKOYACTOTHUHN (DUIBTP.
OCHOBHUMH MapaMeTpaMu JJIsl BU3HAYEHHS BXIJHOrO (UIbTpa € BXIJHA YAcTOTa
IIIIM Ta gactrora auckperu3aiii. OCKiIIbKH XBUJII 3a3BHYail MalOTh YaCTOTY MEHIIIE
500 I'u, BxigHuit GUILTp MOBHHEH MociadmtoBatu yactoTu Buie S5S00 I'm. Jlus
yacToT auckperu3aiii Buiie 20 k[ peKOMEHIyEThCSI BUKOPUCTOBYBATH MPOCTUM
RC-dinpTp mepmioro mopsiiKy; OAHAK JJIsi 3HAYHO HUKYMX YAaCTOT JUCKpETH3arlii
(manmpukian, 8 kl[m) @iapTp nOepmoro MOpsSAKY MOXKe OyTH HEAOCTaTHBO
MOCJIA0TIOI0YUM BHUCOKOYACTOTHHM CKJIa[. TakuM YUHOM, HJIs HIDKYUX YacCTOT

nuckperusaiii Moxe 3Hagooutucs RC-pinbTp Apyroro nopsiaky. Y KoH@irypartii

Apk
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DRV8662EVM 3a 3aMOBUyBaHHSIM BUKOPUCTOBYETHCS IUDEpeHIiaIbHUNA PiIbTp
JIPYyroro TMOpSIKY, ajie #oro MoXHa 3aMIHUTH Ha OJHOCTOPOHHIN abo
nudepeHLiaTbHIN QUIBTP MEePIIOro NOPSAKY.

Kpurepii niis Bubopy BxigHOTO (DiIBTpA:

RC-dinpTpu meproro mopsiiKy, SK OJHOCTOPOHHI, Tak 1 nudepeHIiaabHi,
PEKOMEHIYIOTbCA Uil yacToTu Juckperusamii ganux 20 k[ 1 Bume. diunbtpu
NEPIIOro MOPSAKY MaloTh JOCTaTHIM Yac BCTAHOBJICHHS Ta HalMEHIIY KUIbKICTb
KOMITOHEHTIB.

OinbTpU JIPYroro MOpsAKy PEKOMEHAYIOThCS JUIsi Oe3UIyMHOI PoOOTH TpH
BUKOPUCTaHHI HUYKYOI YACTOTH TUCKPETHU3ALlT JaHUX.

PexoMeH0BaHMil Jiana3oH Hanpyru >KupjieHHs st DRVE8662 craHOBUTH
Bix 3,3 B nmo 5,5 B. Jlna HajmexHOi poOOTH PO3MICTITH KOHACHCATOp Oaifmacy
xuBlieHHs THIY X5R ab6o X7R 3 HM3bKUM €KBIBAJICHTHHUM MOCIIJIOBHUM ONOPOM
(ESR) emnictio 0,1 Mx® nmo6au3y BuBoay VDD 3 nanpyroto monaiimenie 10 B.

Jlnst BHYTpilIHBOTO Hacoca 3apsay Mixk BuBogoM VPUMP ta GND notpi6HO
po3micTuTu KoHAeHcaTop Tuimy XSR a6o X7R emnictio 0,1 Mmx® 3 nanpyrow 10 B
a6o Oubie. He BUKOpUCTOBYITE 3apsiIHUIA HACOC SIK JIKEPEJIO HANpyTH Juisl Oy/ib-

SAKUX 1HIIAX TPUCTPOIB.

2.3.3 Bubip KOHKpPETHOTO THUITY ApaiBepa

BianoBigHO 10 MNpPOBEACHOrO aHali3y B OCHOBI POOOTH MPOEKTOBAHOI
CUCTEMH KEpYyBaHHS 3allpONIOHOBAaHO BHKOpHUcTaTu npaiiBep DRVE662EVM, skuit
Ma€e JOCTaTHI (yHKIIOHAT [ €QEeKTUBHOTO BHKOPHUCTAHHS B O1OHIYHUX
npote3ax. BukopuctoByrouun meron IIIM, na ocHoBi mapamerpiB EMI' curHanis
MarTh (OPMYBATUCh TMAYKHU IMIYJILCIB, IIUPHHA SIKUX BU3HAYATUME IIBUIKICTh
BUKOHYBAaHHMX IPOTE30M pPyXiB. TaKkoX BaKJIUBOIO € MOXKJIMBICTh BCTaHOBJICHHS
PI3HMX 3HAYCHb BUXIIHUX HANpyr JpaiBepa, 3aBISKH YOMY MOXKIUBHM Oyje
pEryJIIOBaHHS CHJIM BUKOHAHHS 3aXBaTiB, OCKUJIBKH MPOJAYKOBAHE TaKUM JBUTYHOM

3ycuiuig OyJe 3ajie’kaTd BijJ] BETMYMHU MPUKIAACHOI A0 HbOrO HAmpyru. Takum
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YUHOM MOJKHA PEryJlOBaTH Y 3MIHIOBATH B JJOCUTh MPOCTUN CIOCIO 1 MIBUAKICTH 1
CHJIy BUKOHAHHS 3axBaTiB. B icHyrounx mpote3ax Taki pyHKuii € a0 BIACYTHIMU

a00 OOMEXKEHUMHU.

2.4 Cuctema KepyBaHHS I'€30€JEKTPUYHUX JBUTYHIB

CporojiHi MOWIMPEHHS HAOyJIM MIKPOIPOLIECOPHI CUCTEMHU YIIPaBIiHHSA
(MIIC) 30kpema 1 mW'€30€NEKTPUYHUMU BHUKOHABUMMH TPUCTPOSIMU. Y HHUX
3MIIACHIOETHCS TPOrpaMHO-anapaTHEe YIpaBIiHHS 3a JOIMOMOTOI0 MPOrpaMOBaHUX
MIKPOKOHTPOJIEPIB, IO POOUTH MOXKJIMBHUM OpPraHi3alil0 THYYKOTO YIPaBIIHHA
N'€30/IBUTYHOM 1 JIO3BOJIIE pealli3yBaTU CKJIAJHI 3aKOHU YIPABIIHHSA LUIIXOM
BiJIMOBITHOTO mnporpamyBanHa MIIC 3 kommeHcali€o 30BHINIHIX 30yprOBabHUX
BIUIMBIB 1 HENIHIAHOCTEH, BIACTUBUX NPUCTPOSM JAHOTO TuUIly. Benuka
HOMEHKJIaTypa MIKPOKOHTpPOJEpiB, BiA HaimpocTtimmx PIC - koHTponepiB [0
MOPIBHSIHO CKJIAJIHUX OJIHOKpUCTAIbHUX MiKpo-EOM, no3Boiisie peanizoByBaTH
uuppoBe YHOpaBIiHHA SK OJAHOKOHTYPHMX NPHUBOMIB, TaK 1 CKIAIHIIIUX
0araTOKOHTYpHUX 1 OaraTompuBIIHUX CHUCTEM 1 KoMmIuiekciB. Yepe3 crernudiky
YIOPABIIHHS '€30€JIEKTPUYHUMH MPUCTPOSIMU HE 3aBXKIM BAAETbCS OO01ATHCA 0€3
aHAJIOTOBUX TPHUCTPOIB, a 3aCTOCyBaHHA IM(GPOBUX 3aco0iB y TMOEAHAHHI 3
aHAJIOTOBUMHU MPHUCTPOSIMH CTAPOr0 TOKOJIHHS MOCHUJIIOE iX HENONIKH 4Yepes
CKJIQJHICTh  Y3TO/KCHHSA  MIACWIIOBAIBHUX  TMPUCTPOIB  M'€30MPUBOAY 3
MIKpONPOLIECOPHUMH TPUCTPOSAMHU. [l IMIMPOKOTro BHIPOBaIKEHHS LU(PPOBOTO
M'€30MPUBOIY B TEXHIYHUX CHUCTEMaxX HEOOXIJHUM € TMiJIBUIICHHS €HEPreTUYHOl
€(EeKTUBHOCTI ~ BHCOKOBOJIbTHUX  €JIIEKTPOHHUX  MPUCTPOIB  YNpPaBIIHHA,
3a0e3MeUeHHs] X CTIHKOCTI Ta CHPOIIEHHS 3B'SI3KYy 3 MIKPOMPOIIECOPHUMU
OPUCTPOSIMU. YCl MOCTaBJEHI 3aBJIaHHA BUPIIIYIOTHCS 3aCTOCYBAHHSIM CYYacCHUX
JHIAHUX TIJACWIIOBAYiB Ta MPUCTPOIB YMPaBIiHHS 3 BUXITHUMHU KacKajaMu Ha
BHCOKOBOJIbTHUX TPAH3UCTOpaxX, fAKl MpPaIlOl0Th Yy KIIOYOBOMY PEXKHMi, TOOTO

BUKOPUCTAHHSAM IMIYJbCHUX MPHUCTPOIB Ta CHEIali30BaHUX JApalBepiB Jis

KPB 163.21-067.001 I13 Apx

3

56

Apx]| Ne doxym Wlionud/lam




'€30€JICKTPUYHUX BHUKOHABUMX MPUCTPOiB. BcCl mepesniueHi HpUCTpoOi MPOCT,
eKOHOMIYHI, HaiiHi, CTIHKI A0 caMO30Yy)KEHHS, MalOTh Kpalll MacorabapuTHI
NOKa3HWKU B TOPIBHAHHI 3 JIHIMHUMH MiACHIIOBaYaMH CTapuxX MOJENeEH,
3a0€31euy0Th HaOUIbIII ONTUMAJIbHI PEKUMU POOOTH Ta 3pYUHOCTI Y3TOJKEHHS 3
MIKpOTIPOIIECOPHUMH MIPUCTPOSIMHU.

Ha mamonky 3 moka3aHa y3arajibHeHa (yHKIIOHaJbHa cXxeMa IU(pPOBOTro
'€30€JEKTPUYHOTO MPUBOAY, 110 € OAHOKOHTYPHOIO CHCTEMOIO PEryJIOBaHHS IO
MOJIOKEHHIO. Y HIM MOXXHA BUIIIUTH JIBI YacTWHU: IU(POBY Ta aHAJIOTOBY. Y
1idpoBy BxoasaTh MikpokoHTpoJiep (MK), mpuctpoi 3B's13Ky 3 MIKPOKOHTPOJIEPOM:
AIIT Ta IAIl Ta oOuucmoBambHa MammuHa BepxHboro piBHa (EOM BP).
AHaznoroBa yactuHa BKJIO4ae B cebe cunoBuil nepersoproBau (CII), m'ezoaBuryn
(ITMT) 1 matuuk nooxxennst (JIIT).

EOM BP - cinyxuTh 1151 popMyBaHHS CUTHAIIY KEPYBaHHS 1 IPOrpaMyBaHHs
MK. 3B's30k mix EOM BP ta MK oprani3yerbcst 3a CTaHAQPTHOIO JIHIEIO 3B'SI3KY
(USB, RS-232, RS-485 Ta iH.).

MK - ¢opmye curnan ynpasiiHHA 3a 33JaHUM aJTOPUTMOM, MpUNAMAaE Ta
obpobiisie iHpopmario Big JII ta EOM BP. VYV cydacHux mnpenu3iiHux
€JIEKTPOMEXAHIYHUX CUCTEMAX BHUKOPHUCTOBYIOTh OJHOIUIATHI Ta OJAHOKPHUCTANIbHI
MIKpPOKOHTpPOJIEpH, 30KpeMa, KoHTposiepu cimeiictea MK-51, ADuC831 1 841
bipmu  Analog devices 1 MikpoEOM 18XC196MC, mio wmaioTh pO3BHHEHY
nepudepito. ADuC831 1 ADuC841 npusHadeHi AJi1 BAKOPUCTAHHS B TUX JI0AAaTKaX,
Jie ToTpiOHI BeJMKI OOCSITH MaM'siTi Ta MiJBHUINEHI IIBUAKOCTI podoTu sapa. Yinu
ADuC831 1 ADuC841 Biapi3Hsie€ Te, IO PO NEPIIOr0 MAaE MAKCUMAJIbHY TaKTOBY
yactoTy 16 MI', B Toit yac sik ADuC841-sapo 37aTHE MpaloBaTi Ha 4acTOTi J10
16 MI'y mpu Hanpy3i 3 B 1 Ha wactoti no 25 Ml npu nanpysi 5 B. Kpim Toro,
BOHU MaroTh BOymoBaHi 12-po3psani LIAIT ta AILIL. ALIT 1 IJAII - 3a1iicHIOIOTH
aHajoro-nupoBe MEPEeTBOPEHHS 1 TUCKPETHU3AIIO 3a YacoM 3 mepiogoMm T, BoHU
MOKYTb MPEACTABIATH CaMOCTIIHI TPUCTPOi a00 OyTH BOYJIOBAHUMHU, SIK Y BUMAAKY

3 ADuC831 1 ADuC841, mo 3Ha4yHO MIJBHUIIYE 3aBaJOCTIMKICTh 1 HAIIWHICTh
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poboTH BChOTO MpHUCTPOr0. Bubip mepiosy KBaHTYBaHHSI 3aJ€KUTh BiJ BUMOT JI0
JUHAMIYHUX BJIACTHBOCTEH MPUBOIY B IIIJIOMY Ta MIBUAKOAIT 1U(POBOI YaCTHHH
30KkpeMa. 3a3BWUYall B EJIEKTPOMEXAHIYHHMX CHUCTeMax mepiof T CTaHOBHUTH Bij
JeCATHX YacTOK 10 oJuHMIL MuTicekyHA (0,1-5 Mc), 110 BUCyBa€e JOCUTh BHCOKI

BUMOTH 710 TpoaykTuBHOCTI MK.

EOMBP——) MK ——> IIATI > CII > I =
7
e AL Al =

Pucynox 2.13 — ®yHKIioHaTRHA CXeMa MU(PPOBOTO IT'€30€TEKTPUIHOTO

MIPUBOY

CIl - meperBOprO€ cUTHAN YNpaBIiHHA 32 (OPMOIO Ta BEIMYMHOIO, [0
HeoOxiqHuX it m'e3onaBuryHa. Sk CII MoxyTb OyTH BUKOpPHUCTaH1 JIiHIMHI
MIJCUIIIOBAYl, CHeliani3oBaHl ApaBepH, Kackaau BUCOKOBOJBTHHX TPAH3UCTOPIB,
110 IPALIOI0Th Y KJIFOYOBOMY PEXHMI.

JIT - dopmye curHai 3BOPOTHOrO 3B'SI3KY 3a MOJOKEHHSIM. Y CydacHUX
cUCTeMaxX [JIsi IUX [UJIed BHUKOPUCTOBYIOTHCS €MHICHI, IHIYKTUBHI Ta OIITO-
€JICKTPOHHI MTEPETBOPIOBAYI.

[I]I - Ak BUKOHABYMM MPUCTPIN MepeMillae MEeBHUM O0O0'€eKT Ha 3aJaHy
BEJIMUUHY.

B pob6oTi po3po0sieHO CTPYKTYpPY CUCTEMH KEPYBAHHS €JIEKTPONPUBOIOM

O10HIYHOTO TPOTE3a, SIKa Ma€ BUIJISL CTPYKTYPHOI CXEMH, 1[0 HABEJICHA Ha PUC.

2.14.
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bi () IIIIM — Ji1

DRV8G662ZEVM

Pucynok 2.14 — CTpyKTypa NpOEKTOBAHOT CUCTEMH KEPYBaHHS

Binnosiano mo puc. 1.1, cucrema mpaioe Big curHamnis EMI'. KepyBanus
O1OHIYHUM TPOTE30M Ma€ OYTH MPOCTUM Ta MPaIIOBATH B MacHITabl pealbHOTO
yacy. /{1 nporo BHKOPHUCTAHO CIOCIO MPSAMOro KepyBaHHS. SIKIIO NPUWHSITH 3a
OCHOBY KoHIIenIlito BukopuctanHsi EMI' curnamiB ta ¢poopMyBaHHS 13 HUX TATEPHIB
KepyBaHHs, To Ha puc. 1.1 6moxkamu AT ta JIO BnacHe peamnizyerbcs mpoliec
00poOku EMI' curnaniB 1 BUIJIEHHS TPUBAJIOCTEH MAaTEpHIB Ta iX OrMHAIOYUX.
Bignosinno AT — me nerekrop tpuBanmocti marepna EMIT curnamy, a JJO —
JIETEKTOP OTMHAI0YOl. fIK IEHTparbHUN €JIEMEHT CHUCTEMH BHKOPUCTAHO APANBEP
DRV8662EVM. TIJI — me BnacHe m’e30aBUTYH. OCKIIBKM LW ApaiBep MOXKe
npaitoBatu Bia curHany [IIM 1 TakumM 4YMHOM MO’KHa PETYJIOBATH IIBUIKICTh
NEepeMIIIEeHHS] €JIEMEHTIB MPOTe3a M’ €30JJBUTYHOM IPU BHUKOHAHHI pyXiB, TO OJOK
[IIM Bnache 13 curnany oruHatouoi EMIT dopmye ckmanuuii LM, sxuii 1 kepye
1’ €30/IBUTYHOM.

BpaxoByroun Te, 10 BUKOPUCTAHUN ApaiBEp Ma€ MOKIJIMUBICTh AUCKPETHOI
3MIHM HAmNpyTu >KUBJICHHS I €30JIBUTYHA, IF0 OCOOJIMBICTH BUKOPUCTAHO JIJIS
KepyBaHHs CHJIOI0 BHKOHYBAaHOTO 3axBaTy mpoTe3oM. Tak, mapanenpHO 13
dbopmyBannasam LM, curnan 13 geTekTopa TPUBAIOCTI MATEPHIB HAIXOIUTUME Ha
JpaiiBep Ta 3aJaBaTHUME 3HAYEHHS BUXIJHOI HANMPYTH JKUBJICHHS T’ €30/IBUTYHA.
Ockinbku OlnbIlIa CUja 3axBaTy NOTpiOHA MpU TPUBAIUX pyxax (HampuKiIaa

TPUMYBaHHS IEBHUX 00’ €KTIB IMPOTE30M), TO BIAMOBIIHO HAa OCHOBI BH3HAYEHHS
y y )
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TpuBaoCTI marepHiB EMI' MOkHa perymtoBaTH CHIy 3aXBaTy MIiHSIOYU BUXIIHY
HaIpyTy Apansepa.

brnox JIC — ne matuuk ctpymy, a Omox Il — me marumk monoxkenns. Ha
OCHOB1 CUTHAJIIB 3 IUX JAaTYMKIB MOXIHUBUM CTAa€ KOHTPOJIb PEXHUMIB poOOTU
I’ €30/IBUTYHA Ta MO3ULII0HYBAHHS HOTO B IPOCTOPI.

[TpormoroBaHa cructema Oy/e eeKTUBHOIO MPU KePYBaHHI €IEKTPOIIPUBOIOM
O10HIYHOTO MPOTE3a, a BPAXOBYIOYH BUKOPHUCTAHY CTPYKTYPY MPSMOTO KEpyBaHHSI
Ta po3Mipu JpaiiBepiB, TeXHIYHa peamizamis i1 Oyne MamorabapuTHOIO Ta
eHeproeeKTUBHO 1 il MOXKHa OyJe BUIBHO PO3MICTUTH BCEpeInH1 O10HIYHOTO

nporesa.

2.5 BucHoBk# 10 po3ainy 2

[TpoananizoBaHo crocoOu peani3allii CUCTEM KepyBaHHS I'€30/IBUTYHAMHU Ta
IpOaHali3oBaHo ABa Tunu ApaisepiB: NSD-2101 ta DRV8662.

B ocHOBI poOOTHM MPOEKTOBAHOI CHUCTEMHU KEPYBAHHS 3alpONOHOBAHO
Bukopucratu npaiiBep DRV8662EVM, skuii mae noctaTHidi (yHKIIOHANT s
e(pEeKTUBHOTO BHUKOPHCTAHHS B OIOHIYHMX MpoTe3ax. BUKOPUCTOBYyIOUHM METO.
[IIM, na ocuoBi mnapamerpiB EMI' curnamiB maioTh QopMyBaTHUCh MAYKH
IMITyJIbCIB, IIIMPUHA SKUX BU3HAYATHME IIBUJIKICTh BUKOHYBAHUX MPOTE30M PYXIB.
Takox Ba)JHMBOIO € MOXJIMBICTh BCTAHOBJIEHHS PI3HUX 3HAYEHb BUXIJHUX HAMpPyT
JpaiiBepa, 3aBISKH YOMY MOXJIMBUM OyJie PEryIIOBaHHS CUJIM BUKOHAHHS 3aXBarTiB,
OCKUTbKH TPOJYKOBAaHE TaKWM ABUTYHOM 3YyCWJUIA OyJe 3ainekaTh BiJl BETUYMHU
MPUKIIAJEHOI 10 HBOTO HAMpyru. TakuM YMHOM MOYKHA PETyNIOBaTH Y 3MIHIOBATH
B JIOCUThb MPOCTUN CHOCIO 1 MIBHUAKICTH 1 CUITy BUKOHAHHS 3axBaTiB. B icHyroumx
npoTe3ax Taki GyHKIIIT € a00 BIACYTHIMU a00 OOMEKECHUMHU.

Po3pobnieHo CTpyKTypy CHUCTEMHU KEpyBaHHS E€JIEKTPOIPUBOIAOM O10HIYHOTO

nporesa, sika npairoe Bij curHainiB EMI. KepyBanHs OlOHIYHMM NIpPOTE30M Mae
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OyTM TpoOCTUM Ta TpaloBaTM B MaciiTtadi peanbHoro yacy. g 1poro
BUKOPHCTAHO CTIOCI0 MPSMOTO KepyBaHHH.

BpaxoByroun Te, 1110 BUKOPUCTAHUI JpaiiBep Ma€ MOXIIMUBICTb JUCKPETHOT
3MIHM HANpyTd KUBJEHHS II'€30/IBUTYHA, II0 OCOOJIMBICTH BUKOPHUCTAHO MJIs
KEpyBaHHsS CHJIOI0 BHKOHYBAaHOTO 3axBaTy mpoTe3oM. Tak, mapanenpHO 13
dbopmyBannsam LM, curnan 13 AeTeKTOpa TPUBAJIOCTI MATEPHIB HANXOJAUTUME Ha
JpaiiBep Ta 3aJaBaTHUME 3HAYEHHS BUXIJHOI HANPYTHU JKUBJICHHS I’ €30/IBUTYHA.
Ockinbku OinpIlia cHjla 3axBaTy NOTpiOHA TpH TPHUBAIMX pyXaxX (HAIPUKIAT
YTPUMYBaHHS MEBHUX 00 €KTIB MPOTE30M), TO BIJIMOBIJIHO HAa OCHOBI BHU3HAYCHHS
TpuBajocTi narepHiB EMI' MoxHa peryiroBaTU CUJy 3aXBaTy MIHSIOYM BHUXIJIHY
HaIpyry JipaiiBepa.

[TpononoBana cucrema O0yje eeKTUBHOIO MTPU KEPYBAHHI €JIEKTPOIIPUBOIOM
O10HIYHOTO MPOTE3a, & BPAXOBYIOUH BHKOPUCTAHY CTPYKTYPY MPSMOTO KEpyBaHHS
Ta po3Mipu JpaiBepiB, TEXHIYHA peamizaiis i1 Oyae MajgorabapuTHOIO Ta
eHeproe()eKTUBHOI 1 i MOXHa OyAe BUIBHO PO3MICTUTH BCEPEIHHI OI0OHIYHOTO

nporesa.

KPB 163.21-067.001 I13 Apx

3

61

Apx]| Ne doxym Wlionud/lam




PO3JIIT 3
BUKOPUCTAHHS CIILIAJIIBOBAHOI'O TIPOTPAMHOI'O
3ABE3IEYEHHS [TPM BUKOHAHHI POBOTH

3.1 Cepenosuie SolidWorks

[Iporpamuuii mpoaykt SolidWorks € HalimommpeHImyuM 1HCTPYMEHTOM IS
aBTOMAaTU30BaHOTO MpoekTyBaHHd 1 3D MoxaemtoBanHs. [lakeT 103BoJIsIE CTBOPUTH
netani st MaioyTHeoro 3D npyky.

SolidWorks y mporeci poOOTH BHKOPHCTOBYE 3BHYHHMM JjIsi Oararbox
KopucTyBauiB iHTepdeiic Windows.

Haitnmommpenimri oco6mmBocTi SolidWorks:

1. CnemianbHa 0101i0TE€Ka 3 PISHOMAHITHUMU CTaHJIAPTHUMHU KOMITIOHEHTaMU
Ta BUpOOaMHU, 110 MICTUTh J€Tajl 3 PI3HUM MPU3HAYECHHAM Ta MapaMmeTrpaMu. B Hiit
MOXHa IIBHJIKO 3HAUTH Oynb-sKuid 00'eKT a00 CKOPUCTATUCS CTaHJAPTHUM
KOMITOHEHTOM SIK JIETaJII0 I Moaudikartii.

2. Ilpus's3ku. lle HalilikaBima 1 HalaKTyaJbHIIA OCOOJIMBICTH MPOTPaMH,
0 JI03BOJISIE BUKOHYBAaTH TMPUB'S3KU TpsMO B Mojeni. [lpu mpomy poboui
CJIEMEHTH MPEIMETa, 10 MPOCKTYETHCS, 3B'I3YIOTHCS MK COOOO ISl 3aIo0iraHHs
CIIOTBOPEHHIO MOOYA0BaHOTO 00'€KTa MPU BHECEHHI HEOOXIIHMX 3MIH JO Camoi
MoJiel.

3. PoboTta 3 pi3HUMM pIBHSHHSAMHU. Y TPOrpami € MOXIJIMBICTH 3B'SI3yBaHHSA
BCi€l MOJedl 3a JOMOMOTOI0 pPIiBHSHb, BHHECEHUX JO OKPEMOIO CTBOPEHOTO
JIOKyMeHTa TeKCcToBOro hopmaty. [Ipu oMy mipu 3MiH1 OJTHOTO eIeMeHTa B 00'€KTi
B1JI0Y1€ThCSI CHHXPOHHA 3MiHA yC1€1 MOJEN.

4. ABTomaTtMuHa MOOYJ0Ba KpecieHHs Oe3mocepeaHro 3 Mmojmeni. Taka

OCOOJIMBICTh MPAKTUYHO HE3aMiHHA JJIsl MPOEKTYBAHHSA PI3HOMAHITHUX TEXHIYHHMX
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BUpOOiB. OTpuMaTu KpEeCICHHsS 3 MOJeJl MOXKHa JIMIIE 3a KiJbKa KIIKIB
KOMIT'FOTEPHOIO MUILEIO.

5. HasBHICTP MOJHMBOCTI 3IIMBaHHS TOBEpXOHb. Lle m03BONISIE OTpUMaTH
TBEPAOTLUIBHY MOJIENb, SIKa CTaHE MPUAATHOIO /IS BinTBOpeHHs Ha 3D mpunTepi.

Kowmmanis SolidWorks Corp. 3'sBumacs B 1993 pori, a mepiry CTBOpeHY
Bepcito mporpamHoro 3abesnedeHHs: SolidWorks Bona npencraBuna B 1995 pori. 3
IFOTO Yacy MporpaMa OINWHWIACS IIiJl MHIBHOIO YBarow 0aratboxX BiJOMHUX
aHaIITUKIB, IO crieniani3yoTses y chepi CAIIP.

Jis peamizamii  pyHkmioHany Oyio o0paHo Ta Bukopuctano Microsoft
Windows, Toxi sk paHimie Taki 3IIHCHIOBaHI pPO3pOOKHM TMiIsrand peaizarii
BUKJIIOYHO Ha omepalliiiHiii cucremi UNiX, Ha SKiil mpaioBaid MpPOTATOM KiJbKOX
JECATUIITh.

Y nanmekomy 1997 xopmopanis SolidWorks Corp. Bctymumia 1o ckiamy
Haioubmoro IT xomauury Dassault Systemes, mpuuoMy Take cTpaTeriyHe pilieHHs
BU3HAHO KOMIIETEHTHUMH JDKEpelaMH HaWBaamimuM. ToMy ChOTOJAHI Mporpama
SolidWorks BBaka€eTbcsi MOMYJISPHUM Ta HIMPOKO 3aCTOCOBYBaHMM makeToM 3D
MOJIETIOBaHHSI.

MosxmmBocTi porpamu SolidWorks

bazoBi (yHKIIi 1i€i mporpaMu OCTYIMHI KOpPHCTyBauaM 0€3 3aCTOCYyBaHHS
CHeliaJIbHUX PO3IIUPEHb, aJle CTBOPEHI JI0JATKOB1 MOAYJI1 30UIBIIYIOTH i (PYHKITIT.

Jlesiki MOXKIJIMBOCTI 111€1 MPOTrpaMHu:

* 3D-MopenoBaHHs PI3HUX TBEPAUX TIIT,

* po3po0OKa HEOOX1AHUX 3BAPHUX KOHCTPYKIIIN;

* MPOBEJEHHS PO3pPaxyHKIB Ha MILHICTh Ta TOYHUH MPOPaxXyHOK TiApo- Ta
aepOJIMHAMIKH;

* CTBOPEHHS PI3HOMAaHITHUX KPECJICHb;

* BUKOHAaHHA TPOCKTYBaHHA 3  BpaxXyBaHHAM  MmaTepialy, IO
BUKOPHUCTOBYETHCS JUISI CTBOPEHHS BHPOOY;

* BI3yaJri3allisl Ta MPOBEIEHHS IIPOPAXYHKY Ha MOKJINBUN BUTHH;
2
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* BUKOPHUCTAaHHS JaHUX MICis BUKOHaHOro 3 D-ckaHyBaHHS;

* TMPOEKTYBAaHHA PI3HOMAHITHOI MPOAYKINi, /A BUTOTOBJICHHA SKOi
BUKOPHCTOBYETHCA JTUCTOBUN METAT;

* YUTAHHS €JIEKTPOCXEM;

* eKCTIOPT OTPUMAHUX JAHUX Ta iX MepeBe/IeHHs y pi3Hi (hopMaTu.

OCHOBOIO TIPOEKTYBAaHHS KOKHOT'O CKJIAJHOTO MPOMMCIOBOrO BUpoOy € 3D
mozemtoBanHsA. Y SolidWorks moctymHi Taki pyHKIii:

1. TeepmoTenbHEe MOJENIOBaHHS 3 pO3pPOOKOI BHUPOOIB, SKI MaroTh
BJIACTUBOCTI peadbHuX (PpizmuHuXx 00'ekTiB. lle mpakTHU4HO iAcaNbHUN BapiaHT, IO
JI03BOJISIE BI3yalbHO YSIBUTH BHPIO.

2. lloBepxHeBe MOJEIIOBAaHHA, IO pEAT3yeTbcs y LM Oporpami yepes
MIPOBENICHHS /M 13 KPUBUMU YM CIUTaiiHaMu. B pe3ynbrari BUXOJATh I1aiKi BUpoOU
3 HOpMaJIbHUMH IJIABHUMU 3THHAMHU.

3. KapkacHe MojentoBaHHs, 1110 J03BOJISIE YABUTH (hopmy 00'eKTa.

[Tponiec 3D MoaenoBaHHS BUKOHYETHCS 32 JOMOMOTro0 ecki3iB. Ha HasBHIN
OCHOBHI/A 0a30Bilil IUIOLIMHI CTBOPIOETHCA HaWmpocTima (opMa 3a JOMOMOTOIO
PI3HUX omepalliii, SKUMHU CTal0Th OOEpTaHHS, BUJABIIOBAHHSA, MPOBEACHHS BUPI3Y
no mnepepizy abo TpaekTopii. Takok 00'€KT MOKHA 3a0KpPYTJUTH, A3EPKAJIBHO
B1IOOpa3UTH, CTBOPUTH HEOOXiAHI TOHKOCTIHHI €JIEMEHTH, BIJIOBIIHE Pi3bOJICHHS
Ta BUKOHATH 1HIIIN OIepalii.

Takox nporpamMa J03BOJISIE BUPIIIYBATH TaKl 3aBJaHHS:

1. KoHCTpyKkTOpChKa MIArOTOBKA BUPOOHHUITBA JJIsi BUKOHAHHS BaXKIMBHUX
3aBJIaHb.

* 3D npoektyBaHHS pI3HOMaHITHUX BUPOOIB, MPOMHUCIOBHX Je€Tane Ta
CKJIaJaHHs HE3aJIEXKHO Bl CKJIAIHOCTI;

* CTBOPEHHA pPI3HOMAHITHOI ~KOHCTPYKTOPCBHKOI ~ JOKYMEHTallli, IO
BUKOPHCTOBYETHCS HAa Cy4YaCHOMY BUPOOHMIITBI;

* IPOMUCJIOBHI TU3aiiH Ta HAMBAXXJIUBIIIMKM PEBEPCUBHUM 1HXKUHIPUHT;
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* IIPOCKTYBaHHS  PI3SHOMAHITHMX KOMYHIKAIlld, HaOpUKIad, JIHINA
TpyOOTIPOBO/IiB;

* BUKOHAHHSA 1HXEHEPHOTO aHaJi3y Ta iHII (yHKINI.

2. TexHoJor14Ha MiATOTOBKA BUPOOHUIITBA.

* MPOEKTYBAHHS PI3HOMAHITHUX 3aC00iB HAWBAXKJIMBIIIOIO TEXHOJIOTTYHOTO
OCHAILICHHS;

* MaTepiajibHe 1 TPYJ0BE HOPMYBAHHS;

* MPOIIEC MEXAHOOOPOOKH 3 BUPOOHHIITBA,;

* IPOBEJICHHS aHaJ13y KOHCTPYKIIIMHOI YaCTHHU BUPOOY Ta 1HIIM (PyHKIIII.

3. Ilpouec ympapiiHHs 1HOOPMaLITHUMU TAHUMHU.

* BHUKOHaHHA pPOOOTH 3 €IUHOI0 LHU(PPOBOIO MOMAEIUIIO CIIPOEKTOBAHOIO
BHUPOOY;

* PI3HOMAaHITHI TEXHOJIOT11 3/IIICHEHHS CIIELI1AJIbHOI KOJIEKTUBHOI PO3POOKH;

* POEKTHE YIPABIIHHS;

PoGoul QyHKIIi pO3TAlIOBYIOTHCS Ha NaHEIl IHCTPYMEHTIB Yy BEpXHIU
YaCTHHI, TOMY KOPHUCTYyBaueM 3J1MCHIOETbCS 3py4HEe ympaniiHHS 3D mometo.
Takox 1ell IHCTPYMEHT J03BOJISIE CTBOPUTU TPUBHUMIPHI BHUIU €CKI3IB, IPUUOMY
pobGoTta BigaaseHo Haraaye nporec 3D MopentoBanHs B pemTi rpadiuHUX
penakTopiB. | TyT 3abe3neuyeTbcsi PO3MIMPEHUNM MIAXiA A0 TPOLECYy PO3pOOKH

PI3HOMaHITHUX MOJIEJICH.

3.2 MonentoBaHHS I’ €30/IBUTYHA B CTPYKTYp1 O10HIYHOTO TTpOTE3a

B poGoTi mpoBeneHO MOIeNIOBaHHS BJIaCHE KOpITyca I €30/IBUTYHA a TaKOX
BCTAHOBJICHHSI MOTO B YaCTHHI €HJIOCKEJEeTa MpoTe3a, IO SBIsLE COO0K 301pKy
OJTHOTO TIAJIBIIS.

Ha puc. 3.1 HaBeneHO BiIacCHE BHIJIAJ IUTOKA I €30/IBUI'YHA, Ha puc. 3.2 —
KOpITyC JBUTYHA, a Ha pHC. 3.3 — BCTAHOBJICHHI JBUTYH B KOHCTPYKIIii eleMeHTa

nporesa.
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Pucynok 3.1 — Bursig mroka n’€30BUTyHA

o P

Pucynox 3.2 — Kopryc aBuryHa

Pucynok 3.3 — BcraHoBieHul ABUTYH B KOHCTPYKIIIT €JIEMEHTa MpoTe3a

BinmoBigHO 3 OCTaHHBOTO PHUCYHKA BHJIHO, 110 CaM II’€30JBBUTYH € JIOCHUTH
rabaputHuM. Aje TyT Tpeba BpaxoByBaTU TOH (hakT, 10 BCEpPEIWHI KopIryca IIe
BTCAHOBJICHWN BIacHUM npaiiBep. ToMy, SKIIO peani3yBaTh NPOEKTOBaHY B IIiif

poOOTI cuCTEMY KE€pYBaHHS B MPOTE31 MOXKHA Oy/ie BUKOPUCTOBYBATH JABUTYHH 0€3
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BJIACHMX JIpaiiBEPiB 1 BIJMOBIIHO 111 IBUTYHH 3aliMaTUMYTh Ha0arato MEHIIE MICIIS.

Tomy 3a1a4a IPOEKTYBAHHS OKPEMOI CUCTEMU KEPYBATTS € aKTyaJIBHOIO

3.3 BucHoBku 10 po3ainy 3

[TpoanamnizoBano moxiauBocti mporpamu Solid Works ta 3actocoBano i st

IMPOEKTYBAHHA CJICMCHTIB OKpPEMOTIO0 H’€30,ZIBI/IFYH3. 1 BCTaHOBJICHHA WOTO B

€HOCKEJIETI MpoTe3a.

3

Apk

No Qoxym

) 1ionug
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4 besneka >XUTTEAISIIBHOCT], OCHOBU OXOPOHHM TTparli

4.1 TlnanyBaHHs 3aXO/IB 3 OXOPOHHM Mpaili. Buau mianyBaHHS Ta KOHTPOJIIO
CTaHy OXOpOHM Tpaill. BusiBieHHs, OI[IHKA Ta 3MEHIIEHHS PU3UKIB HEOE3MEUHUX

MO

MeToro mIaHyBaHHS 3aXOJIB 3 OXOPOHM TpaIll € BHU3HAYCHHS HEOOXITHHX
BKJIAJICHb Y 3aXOJU 3 OXOPOHU Tpalll /Ui €eeKTUBHOTO BIJIUBY HA CTaH OXOPOHU
npari.

Cucrema miaHiB 3 0XOPOHU Mpalll OKPEMOT0 MIANPUEMCTBA MOXKE BKIFOUATH:

- IEPCIIEKTUBHE TUTAHYBaHHS (Ha Mepioji, OUIBIINIA OJHOTO POKY) ;

- IOTOYHE IJIaHYBaHHS (Ha pIK) ;

- OIlepaTUBHE IUIaHYBaHHS (JE€TajlbHI IJIaHW, CIPSMOBAHI Ha BUPIIIEHHS
KOHKPETHUX [HTAaHb MPal€OXOPOHHOI  JISUIBHOCTI HAa  OIAOPHUEMCTBI B
KOPOTKOCTPOKOBOMY, 0 OJTHOTO POKY, MEPI0/I1).

[InanyBaHHS B OXOpPOHI Mpali MOXe BKIIOYATH:

- BU3HAYEHHS LN JisSTIbHOCTI 3 OXOPOHH Mpalll Ha MiAMPUEMCTBI Ta 3aCO0IB
1X JOCSATHCHHS;

- BUOIp MeTOIB 1 0a30BUX IIOKA3HMKIB, 3a JIOMIOMOTOI SKHX MOXKE
31MCHIOBATHCS OllIHKA HEOOX1JHUX BKJIaJICHh B OXOPOHY Mpalli;

- pO3paxyHOK CyMH BKJaJIeHb Yy 3aXOJM 3 OXOPOHH Mpalll Ta palioHaJIbHUN
PO3IOLT II€T CYMU 3a HAITPSIMKaMU JIsJTIBHOCTI,

- 3a0e3MeUeHHsl opraHizailii KOHTPOJII0O BUKOHAHHS IJIaHy (TpU HEOOX1THOCTI
3MIICHEHHS] KOPUTYBAHHS 3aIlJIAHOBAHUX TTOKA3HUKIB) ;

- 3JIIICHEHHSI TIOCTIHHOTO KOHTPOJIIO YMOB 1 O€3MeKu mpaill Ha MiANpUeEMCTBI
Ta OllepaTUBHE pearyBaHHS Ha BIAXUJICHHS BiJl HOpPMAaTUBHUX BUMOT.

[lepcniekTHBHE TUTAaHYBAHHS BMIIIYE HAWOUIbII BaXXJIMBl, TPYAOMICTKI 1

JIOBFOCTPOKORBI 32 TEPMIHOM BUKOHAHHS 3aXO/U 3 OXOPOHHU Mpaili, BAKOHAHHS SIKUX,
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K TPaBUJIO, BHMAarae CyMICHOI poOOTHM KUIBKOX IMiJPO3JLIIB MiANPUEMCTBA.
MOXIHMBICTP BHMKOHAaHHS 3aXOJIB TEPCHEKTUBHOTO IUIaHy TMOBUHHA OyTH
HiATBEp/UKEHa  OOTPYHTOBAHMM  PO3PaxXyHKOM  HEOOXITHOTO  MarepialbHO-
TEXHIYHOro 3abe3neyeHHss 1 (PIHAHCOBMX BHUTpPAT 3 3a3HAYEHHSIM JDKepen
(biHaHCYBaHHS.

J1o mepcreKTUBHUX TUIaHIB HAJEKUTh KOMILJIEKCHUM TUIaH MOKPAIIEHHS YMOB
mparii 1 CaHITapHO-03/I0POBUYMX 3aXOJIiB, 110 Mepeadavae CTBOPEHHS, BIATOBIIHO 10
HOPMAaTHUBHUX aKTIB 3 OXOPOHU Mpalli, yMOB Mpalli, OB’ S3aHUX 3 MEPCIEKTUBHUMU
3MiHAMU TiANpUEMCTBa. Take MIIaHyBaHHS, K MPAaBWIJIO, PO3paxOBaHE Ha TEPMiH
Bil 2 10 5 pokiB. Peanizaimis nux miaHiB 3a0e3MeuyeThCcsl uepe3 pluyHi IUIaHU
HOMEHKJIATYPHUX 3aXOIB 3 OXOPOHHM IHpalll, fKI BHOCATBCS [0 YroJu, IO €
HEBI1JI’€MHOIO YACTUHOIO KOJIEKTUBHOIO JOTOBOPY.

[ToToyHe maHyBaHHSI 3MIIMCHIOETHCS y MeEXKax KaJCHAAPHOIO POKY uepes
pO3pOo0JIEHHS BIAMOBIAHUX 3aX0JiB y po3auii «OxopoHa Mpari» KOJEKTHUBHOTO
JIOTOBODPY.

[loTouHl miaHu mependayaroTh peani3aliio 3axO/IB 13 MOKPAIICHHS YMOB
mpaili, CTBOPEHHSI KpaluxX MOOYTOBUX 1 COIlaJbHUX YMOB Ha BUPOOHUITBI. L1
iaHu 00OB’s3KOBO 3a0e3meuyroThesl (PiHAHCYBaHHSM 3TIIHO 3 PO3POOJICHUMHU
KOIITOPUCAMHU.

[lutaHHS OXOPOHUW Mpalll MOXYTh BIII3EPKATIOBATUCS B 1HIIMX MOTOYHHUX
IiaHax, Kl OiJOpUEMCTBA Ta OpraHizailii MOXYTh CKJIaJaTH Ha BUMOTY TPYIOBHUX
KOJICKTUBIB:

- TUTaH COIIAJIbHOTO PO3BUTKY KOJIEKTHBY;

- HayKOBOI OpraHi3ailii npaiii;

- MEXaHi3aIlli BaKKHUX 1 py4YHUX pOOiT;

- OXOPOHH Tpalll KIHOK;

- MITOTOBKY MIAMPUEMCTBA JI0 POOIT B OCIHHBO-3UMOBUI TIEPIOI;

- M1JIBUILICHHS KYJbTYpH BUPOOHUIITBA Ta 1H.
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OnepaTuBHE IUUIaHYBaHHS pPOOOTH 3 OXOPOHU Tpalll 3IHCHIOETHCS 3a
HiCYMKaMH KOHTPOJIIO CTaHy OXOPOHHU Mpalll B CTPYKTYpHUX MIAPO3ALIAaX 1 HA
MITPUEMCTBI B IIJIOMY.

OnepaTuBHI IJIaHU CKIAJAIOTHCS NIl IBUKOIO BUIIPABIICHHS BUSIBICHUX B
mporieci Jep>KaBHOTO, BIAOMYOTO 1 TPOMAJACHKOTO KOHTPOJIO HEIOJIKIB B CTaHI
OXOPOHM TIpaIli, a TAKOXK JJIS JIIKB1IaIlli HACTIKIB aBapiit 400 CTUXIHHOIO JIUXa.

OnepaTuBHI 3aX0AM IMOJO YCYHEHHS BHSBICHUX HEIIONIKIB 3a3HAYaIOThCS
Oe3mocepeTHbO Y Haka3l BJIaCHUKA MIIMPUEMCTBA, SKUA BUIAETHCS 3a MMiICyMKaMH
KOHTPOJII0, 200 y TJIaH1 3aX0/IiB, SIK I0AATKY /10 HaKas3y.

OpranizaiiiHo-MeToAu4YHy poOOTy MO0 CKJIAQJaHHS MEPCHEKTUBHUX,

MOTOYHUX Ta ONEPATUBHUX IJIAHIB 3/I1MCHIOE CiTyk0a (CIemiaiicT) OXOpOHU Tpaili.

2.2 31CHeHHS 3aXO0/IiB 010 3HWKEHHS Jii paJi0aKTUBHUX BUIIPOMIHIOBAHb

OruiHkKa ypa3auBOCTI JJaDOpaTOPHOro OJIOKA >KUBJICHHS BiJ paJllOaKTUBHOTO
3a0pyHEHHS 1 MPOHUKAIOYOI pajiiallii MOYNHAETHCS 3 BU3HAUYCHHS MaKCUMaJbHUX
OUIKYBaHMX 3HA4Y€Hb PIBHA pajiamii 1 103U MPOHUKAOYOi pajiaiii. 3a MOKa3HUK
CTIMKOCTI 00'€eKTa MPUIAMAETHCSA TOMYCTUMA J103a pajialii, sIKy MOXYTb OJEp)KaTh
JIFOJTH 32 Yac poO0Yoi 3MIHH.

JIJist XapakTEepUCTUKU Pal0aKTUBHOTO 3a0pyIHEHHSI 3aCTOCOBYIOTH CTYIIHB
(IWUTBHICTD) 3a0pYJHEHHS, SKUM XapaKTEepU3YEThCS MOBEPXHEBOI ULIUIBHICTIO
3a0pyHEHHS PAaTIOHYKIIIaMU 1 BHUMIPIOETHCS AKTHBHICTIO paIlOHYKIiIa Ha
omuHMIr0 Tom  (00'emy). OCHOBHOIO JO3UMETPUYHOIO BEIWYMHOI, 34
JIOTIOMOTOI0 SIKOi OL[IHIOETBCS JAisl pajiailii, € J103a BUIPOMIHIOBAHHS - KUIBKICTh
eHeprii, sKa TOIVIMHyTa OJIMHUIICI0 MacH OIPOMIHEHOTO  CEpeOBHIIA.
Excno3uiiiiiHa 103a BUBHAYAETHCA TUIBKH JJIs OBITPS MIPU T'aMa 1 peHTT€HIBCbKOMY
BUIIpOMiHIOBaHHI. [lornuHyTa n03a BU3HAYA€THCS A PeuyOBUH. MicLeBiCTbh, L0
3a0pyIHIOETHCS BHACIHIJIOK pajiaiiifHoi aBapii, 3a IIUIBHICTIO 3a0pyIHEHHS

paIiOHYKJIIJaMl YMOBHO TIOAUISIIOTH HAa 30HU: 30HY BIIUY)XCHHS, 30HY
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0e3yMOBHOT0 (00OB'A3KOBOT0) BIJCEJIEHHS, 30HY TapaHTOBAHOIO (IOOPOBUIHHOTO)
BiJICETICHHS 1 30HY MIABUIIICHOTO PAII0EKOJIOTTYHOTO KOHTPOJIIO.

3a mo3aMu ONPOMIHEHHS 30HY 3a0pyIHEHHS MOAULSIIOTh Ha HACTYIHI 30HU:
Ha/I3BUYAHO-HEOe3MeuHOT0 3a0pyAHCHHS, HEOE3MeUHOTo 3a0pyAHCHHS, CHIIHOTO
3a0pyIHEHHS, IOMIPHOTO 3a0pyAHEHHS, 1 30HY paaiariiiiHol HeOe3MeKH.

Takoxx pamioakThBHE 3a0pyaHEeHHs Oyne Oes3rocepeHbO  BILIUBATH
J1a00paTOPHOTO OJIOKA YKUBJICHHS, aje 1 Ha MOro KOHCTPYKIIII0, OCKUIBKH, O HOTO
CKJaay BXOJATh METIUHI TMPOBIAHUKH 3 130JSIIMHUM TMOKPUTTSIM, METaTiqHHUNA
KOpPITyC, IJIACMAacoBl PO3’€MH 1 caMi pPaaioelIeMEHTH (Pe3UCTOpU, TPAH3UCTOPH,
MIKpOCXEMa, KOHJIEHCATOPH, J1101).

Opraniydl peyoBMHM BEJIbMHM 4YYyTIWMBI 10 pamiamii. Brume pamiamii

MNpU3BOAUTL OO0 NCPCTBOPCHHA MOJICKYJI, IHO  CYIIPOBOKYETHCA XIMIYHUMH

peaxiisiMi, 10 BUKJIUKAIOTh HE3BOPOTHI 3MIHU MIPUPOJIU PEUOBHHH 1 ii MEXaHIYHUX

BJIACTUBOCTEMN.

[lepeTBOpPEHHS CYNPOBOIKYEThCA BUAUICHHSM Tra3iB, sKi B TMO€JHAHHI 3
BOJIOTOIO YTBOPIOIOTH  KHUCJOTH, SKi 3IACHIOIOTh IIKIJJWMBUM BIUIUB Ha
130JIs1111HHI MaTepianu. buIbIICTh MacTMAac OTPUMYE MEXaHIYHE IOIIKOIKECHHS
HaBITh MPU MaJUX J103aX pajlialii.

®enondopmanpaeriy 1 METUIMETaKpuiaaT  CTalOTh  KPUXKHUMH 1
nedopmyroThes. [lomieTuneH 1 DOMICTHPOI - CIOYATKY 301UTBIIYETHCS OIIpP PO3PUBY
1 TBEpHICTh, @ MOTIM BOHU CTAlOTh KPUXKUMH. BUIBLIICTh TIacTMac TEMHIE 1
3HeOapBItoeThes. [IpocodyeHHs 1 130J1I1iHI Maciia MCYIOThCS, K 1 oprMarepiaim.
CHUHTETUYHUI Kay4dyK 1 KpEMHIAOpraHiyHa ryMa TBEp/it0Th

3MiHA €JEeKTPUYHMX BJIACTUBOCTEW OPraHiyHUX PEYOBHUH (IPOBIIHICTH,
JIEJEKTpUYHA TPOHUKHICTh, KYyT BTpar) Mae oOOpoTHMil Xapaktep. Yac
BIJIHOBJICHHSI 3aJICKUTH B1J IPUPOAH MaTepially Ta YMOB ONIPOMIHEHHS.

Ha neopraniuni pedoBuHm (MaTepiajM) pajiailis BIUTMBAE€ MEHIIE, HIXK Ha
opratiudi. [Ipyu onpomMiHeHHI HEUTPOHAMHU MOKJIUMBO 00'eMHe po3mupeHHs. Kpapi

1 CKJIO BTPayaroTh MPO30PICTh NMPU BETUKUX J03aX.
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http://ua-referat.com/%D0%9F%D0%B5%D1%80%D0%B5%D1%82%D0%B2%D0%BE%D1%80%D0%B5%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%9F%D0%B5%D1%80%D0%B5%D1%82%D0%B2%D0%BE%D1%80%D0%B5%D0%BD%D0%BD%D1%8F
http://ua-referat.com/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8
http://ua-referat.com/%D0%9F%D0%BE%D0%BB%D1%96%D1%81%D1%82%D0%B8%D1%80%D0%BE%D0%BB
http://ua-referat.com/%D0%9A%D0%B0%D1%83%D1%87%D1%83%D0%BA
http://ua-referat.com/%D0%93%D1%83%D0%BC%D0%B0
http://ua-referat.com/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8
http://ua-referat.com/%D0%A1%D0%BA%D0%BB%D0%BE

BrmB panianii Ha HamiBOPOBUIHUMKOBHM J10]1 3aJICKUTh BIJlT TOTO, SKUH

e(peKT BUKOPUCTAHHI B OCHOBI MOro poOOTH, BHUIY Marepianry, TUTOMOIO OMOpPY
HOTO, a TaKoX KOHCTPYKTHBHUX OCOONHMBOCTEH mioma. OCKUTBKH B TiACHITIOBAYi
BUKOPHUCTAH1 JIUIIIE KPEMHIEB] JIOAW TO PO3IIITHEMO JIUIIE TXHIO PEaKIIito.

[Tix BIIMBOM HEUTPOHHOI pajiallii MPOBiIHICTh TOYKOBO-KOHTAKTHUX J10/iB

3MEHIIYETHCS B TMPSAMOMY 1 3BOPOTHOMY HANpSMKaxX; y IUIOMIMHHUX J10/1B

NPOBITHICTE y TPSIMOMY HANPSMKY TaKOXX 3MEHIIYEThCS.[IOMIKOKEHHS TI0/TiB
OOYMOBIIOETBCSI ~ 3MIHOIO  XapakTePUCTUK  MPOBIIHOCTI B MPSAMOMY
HaNpSMKY. BIIJTUB Y -onpoMiHEHHS BUKIIMKAE OOOPOTHI 3MiHH 3BOPOTHOTO CTPYMY.
XapakTepucTuka BIUIMBY pPaJI0aKTUBHOTO 3a0pyJHEHHS Ha TPaH3UCTOP.
BmiivB onpoMiHEHHS BHUKIMKAE TMOPYIICHHS KPHUCTAIIYHOI PEUNTKA MaTepiary
(ocHOBHUI edeKT) 1 10Hi3a1i0 (BTOpuHHUM edekT). BHACIIIOK 1IbOTO 3MIHIOIOThCS

napaMeTpyd HamiBOPOBIHUKOBUX MaTreplaliiB — 4Yac JKUTTS OCHOBHUX HOCIIB,

MUTOMA MPOBIIHICTh, MIBUIKICTh MOBEPXHEBOT peKOMOIHAIIIT JIPOK 3 €JIEKTPOHAMHU.
BHacii1ok 3M1HM BUIIIEBKa3aHUX MapaMETPIB 3MEHIITY€EThCS KOSPILIEHT MICUICHHS
1o CTPyMY, 30UIBIIY€ETHCS 3BOPOTHHM CTpyM KOJIEKTOpA,

3pOCTAaOTh IIYMH TPAH3UCTOPA.

lonizaiisi, CTBOpIOBaHa pajialli€lo, I1HXEKTYEThCS HAJJIUIIOK HOCIIB Yy
TPaH3UCTOP, BHACHIJOK YOTO BHHUKAIOTh 3HAYHI IIyMH. 3MiHAa KoedillleHTa
MOCWJICHHSI € HE3BOPOTHIM, a 3MIHH 3BOPOTHOTO CTPYMY MOXYTh OyTH 0OOPOTHUMH
1 HEOOOpOTHUMHU. SIK OAUYMMO 3MIHIOETHCSI OCHOBHUH 13 €JIEKTPUYHHUX MapaMeTpiB
MiJIcCHITIOBaYa — KOe(MIIIEHT MiCUIICHHS, a OTXKE BUXI1JIHA IMOTYKHICTb.

[ToTpiOHO 3a3aHayuTH, MO OUTBIIY pajlalliHy CTIMKICTh MalOTh T€pPMAaHIEB]
TPaH3UCTOPH B MOPIBHSIHHI 3 KPEMHIEBUMH.

J10 OCHOBHHMX METO/IIB 3aXUCTY PaJlI0EJICKTPOHHOI amapaTypu BITHOCSThH TaKi
KOHCTPYKTHBHI PIIICHHS:

- TPaBWIBHO MIIOUPATH 1 PO3TAIIIOBYBATH €JIEMEHTH;

- IIMpUIe BUKOPUCTOBYBATH KEpaMiyHI 130JIATOPU B YaCTUHAX MEPEMUKAYIB,

pos'emax, THI3AaxX 1 T.1.;
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http://ua-referat.com/%D0%9D%D0%B0%D0%BF%D1%96%D0%B2%D0%BF%D1%80%D0%BE%D0%B2%D1%96%D0%B4%D0%BD%D0%B8%D0%BA%D0%B8
http://ua-referat.com/%D0%A0%D0%BE%D0%B1%D0%BE%D1%82%D0%B8
http://ua-referat.com/%D0%9F%D0%BE%D1%88%D0%BA%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%B8%D0%B9
http://ua-referat.com/%D0%A0%D0%B5%D1%88%D1%96%D1%82%D0%BA%D0%B8
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- 3aCTOCOBYBaTH CKJIOTKaHWHA Ta 1HIIII HEOPTaHIYHI MaTepiaJid JIJIi MaHKET,
KaOeJIbHOI 130141111 TOIIIO;

- 3aCTOCYBaHHS €JIEMEHTIB 3 HEOpPTraHIYHUX MaTrepialiB, CIHIOASHUX 1
KepaMidyHUX KOHJIEHCATOPIB;

- 3aCTOCOBYBATH IUTIBKOBI 1 METAJJIOIJICHOYHI1 OTIOPY;

- pETeNBbHO MPOIYMYBaTH CXEMY PO3TalllyBaHHS, JJISl 3MCHIIEHHS CTPYMiB
BUTOKY 1 p0o00I0;

- eKpaHyBaTH HANOUIBII YyTIMBI €JIEMEHTH;

- TpaBWJIbHO BUOMPATH MaTepiaiM AeTaIe KOHCTPYKIIIT,

- TpaBWIbHO BUOUpATH HAMIBIPOBIIHUKOBI MpUiIaAu (HaJaBaTU NepeBary

Te€pMaHIEBUM).
- Jlns 3axucty BiJ Y - IPOMEHIB JOOpE €KPaHYIOTh, 3aXUINAIOTh - CBUHEIIb,

BICMYT, BoJIbhpaM, 30J10TO, IJIATUHA, PTYTh 1 JAESAKI 1HII BaXKKI MaTepiaJiy.

2.3 BUCHOBKH 10 pO3/iiy 2

B poznini «besmneka sKUTTENISIIBHOCT], OCHOBH OXOPOHU TIpalli» PO3TIISHYTO
TJIaHYBaHHS 3aXOJiB 3 OXOPOHUW Tpami. Buaw miaHyBaHHS Ta KOHTPOJIO CTaHy
OXOPOHM Tpaili. BusiBiieHHs, OlLIHKA Ta 3MEHIICHHS PU3UKIB HEOE3MEeUHUX ITOJIIM.

Tako OnmrMcaHo 3aX0/I1 MO0 3HUKEHHS JIii pagloaKTUBHUX BHIIPOMIHIOBAaHb
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http://ua-referat.com/%D0%9D%D0%B0%D0%BF%D1%96%D0%B2%D0%BF%D1%80%D0%BE%D0%B2%D1%96%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%96_%D0%BF%D1%80%D0%B8%D0%BB%D0%B0%D0%B4%D0%B8
http://ua-referat.com/%D0%A1%D0%B2%D0%B8%D0%BD%D0%B5%D1%86%D1%8C
http://ua-referat.com/%D0%92%D0%BE%D0%BB%D1%8C%D1%84%D1%80%D0%B0%D0%BC
http://ua-referat.com/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
http://ua-referat.com/%D0%9F%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ua-referat.com/%D0%A0%D1%82%D1%83%D1%82%D1%8C

BHUCHOBKU

[IpoananizoBaHO OCHOBHI THIM TPUBOMIB, SKI BHKOPUCTOBYIOTHCA B
OloMeXaTpOHHHMX MPUCTPOSX Ta MOXKYTh OyTH 3aCTOCOBaHI B OIOHIYHMX MPOTE3axX.
30kpeMa  pO3TJIAHYTO  €JIEKTPOMArHiTHI ~ NMPUBOJM, TakKi SK  COJICHOIIH,
CJICKTPOABUTYHH ITOCTIMHOTO CTPYMY, KPOKOBI JBUTYHH, OC3IIITKOBI JIBUTYHH.
TakoX PpO3TJSHYTO OCHOBHI THIIM TPAHCMICIH I OlOMEXaTPOHHHMX CHCTEM Ta
MOJKJIMBOCTI iX BUKOPUCTaHHS B O10HIYHHUX MPOTE3ax.

OaHuM 13 TakhX TMEPCHEKTUBHUX EJIEKTPONPUBOAIB € BUKOPUCTAHHS
'€30IBUTYHIB.

BcranoBneHo, 0 eeKTponpuBij] Ha 0a3i M'€30/IBUTYHIB € MAJIOTa0apUTHUM,
JIETKUM, MPAaTUYHO O€31HEPIIMHUM Ta €HEeProeKOHOMHUM. TakoX Taki JIBUTYHU €
Oe3UIyMHHMH 1 HE TOTPEOYIOTh BUKOPUCTAaHHS A0JaTKOBHUX TpaHciciil. Ille ogHiero
IIEPEeBaror0 IM'€30JABUTYHIB € Te€, L0 iXHI KOHCTPYKLII CTBOPIOIOTb B OCHOBHOMY
JIHIAHI TIepeMIUIeHHs, SKI € OCHOBHHUMH JUIsl TPUBEIECHHA B PyX OIOHIYHUX
nporesiB. SKIMO y BUOAAKY pOTAUIMHUX EJIEKTOJIBUTYHIB HEOXIIHHM €
BUKOPUCTAHHSA TIEPETBOPIOBAYIB  KYTOBOTO IMEpEMIIIEHHs B JIHIAHE, TO
I’€30€JEeKTPUYHI JBUTYHU IOTO He mnoTpedyoTh. lle 3HauHO chpolrye
KOHCTPYKII}0O TpoTe3a Ta MiJABUINYE HWOro HasiiHicTh. OHAK, BpPaxOBYIOUH
EMHICHUH a He IHAYKTUBHUN (SK I KIACUYHUX EJIEKTPOJBUTYHIB) THII
HaBaHTa)XCHHS, HEOOXITHUM € BUKOPUCTAHHS CKIIAJHUX CHUCTEM KEPYBAHHS TaKUM
€JIEKTPONPUBOIOM.

[IpoananizoBaHo crnocoOu peanizalii CUCTEM KEpyBaHHS I'€30JBUTYHAMHU Ta
npoaHaiizoBaHo jaBa Tumnu apaisepiB: NSD-2101 ta DRV8662.

B ocHOBI po0OTH MNPOEKTOBAHOT CUCTEMH KEPYBAHHS 3allPONOHOBAHO
Bukopuctatu npaiiBep DRV8662EVM, skuit mMae nocratHii (yHKIIOHAT IS
e(eKTUBHOTO BUKOPUCTAHHS B O10HIYHHUX MTPOTE3aX.

Po3po6ieH0 CTPYKTYpYy CHUCTEMH KEpPYBaHHSI €JIEKTPONPUBOJAOM O10HIYHOTO

nporesa, sika npairoe Bij curHainiB EMI. KepyBanHs Ol0HIYHMM NIpPOTE30M Mae
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OyTM TpOCTUM Ta TpalloBaTM B MaclTabl peanbHOro yacy. g 1boro
BUKOPHCTAHO CTOCI0 MPSAMOTO KepyBaHHS.

BpaxoByroun Te, 1110 BUKOPUCTAHUI JpaiiBep Ma€ MOXIIMUBICTb JUCKPETHOT
3MIHM HANpyTd KUBJEHHS II'€30/IBUTYHA, II0 OCOOJIMBICTH BUKOPHUCTAHO MJIs
KEpyBaHHsS CHJIOI0 BHKOHYBAaHOTO 3axBaTy mpoTe3oM. Tak, mapanenpHO 13
dbopmyBannsm LM, curnan i3 geTekTopa TPUBAIOCTI MATEPHIB HAIXOJUTUME Ha
JpaiiBep Ta 3aJaBaTHUME 3HAYEHHS BUXIJHOI HANPYTHU JKUBJICHHS I’ €30/IBUTYHA.
Ockinbku OinpIlia cHjla 3axBaTy NOTpiOHA TpH TPHUBAIMX pyXaxX (HAIPUKIAT
YTPUMYBaHHsI MEBHUX 00 €KTIB MPOTE30M), TO BIJIMOBIJIHO HAa OCHOBI BHU3HAUYCHHS
TpuBajocTi narepHiB EMI' MoxHa peryitoBaTH CUJy 3aXBaTy MIHSIOYM BHUXIJIHY
HaIpyry JipaiiBepa.

[TpononoBana cucrema O0yje eeKTUBHOIO MTPU KEPYBAHHI €JIEKTPOIIPUBOIOM
O10HIYHOTO MPOTE3a, a BPAXOBYIOUH BHKOPUCTAHY CTPYKTYPY MPSMOTO KEpyBaHHS
Ta po3Mipu JpalBepiB, TEXHIUYHA peamizaiis ii Oyne wManorabapuTHOO Ta
eHeproe()eKTUBHOI 1 i MOXHa OyAe BUIBHO PO3MICTUTH BCEPEIHHI OI0OHIYHOTO

nporesa.
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DRV8662
INSTRUMENTS SLOS709C — JUNE 2011 — REVISED DECEMBER 2022
DRV8662 Piezo Haptic Driver with Integrated Boost Converter
1 Features 3 Description

* High-Voltage Piezo Haptic Driver
— Drives up to 100 nF at 200 Vpp and 300 Hz
— Drives up to 150 nF at 150 Vpp and 300 Hz

— Drives up to 330 nF at 100 Vpp and 300 Hz
— Drives up to 680 nF at 50 Vpp and 300 Hz
— Differential Output
* Integrated Boost Converter
— Adjustable Boost Voltage
— Adjustable Current Limit
— Integrated Power FET and Diode
— No Transformer Required
» Fast Start Up Time of 1.5 ms
» Wide Supply Voltage Range of 3.3 Vto 5.5V
* 1.8 V Compatible Digital Pins
* Thermal Protection
* Available in a4 mm x 4 mm x 0.9 mm QFN
package (RGP)

2 Applications

* Mobile Phones

« Tablets

» Portable Computers

* Keyboards and Mice

* Touch Enabled Devices

The DRV8662 is a single-chip piezo haptic driver
with integrated 105 V boost switch, integrated power
diode, and integrated fully-differential amplifier. This
versatile device is capable of driving both high-voltage
and low-voltage piezo haptic actuators. The input
signal can be either differential or single-ended. The
DRV8662 supports four GPIO-controlled gains: 28.8
dB, 34.8 dB, 38.4 dB, and 40.7 dB.

The boost voltage is set using two external resistors,
and the boost current limit is programmable via the
Rexr resistor. The boost converter architecture will not
allow the demand on the supply current to exceed the
limit set by the Rext resistor; therefore, the DRV8662
is well-suited for portable applications. This feature
also allows the user to optimize the DRV8662 circuit
for a given inductor based on the desired performance
requirements.

A typical start-up time of 1.5 ms makes the DRV8662
an ideal piezo driver for fast haptic responses.
Thermal overload protection prevents the device from
being damaged when over driven.

Device Information""
PART NUMBER PACKAGE BODY SIZE (NOM)
DRV8662 VQFN (20) 4.00 mm x 4.00 mm

(1)  For all available packages, see the orderable addendum at
the end of the datasheet.
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Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions
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Figure 5-1. QFN (RGP) Top View

Table 5-1. Pin Functions

PIN
NAME NO. (RGP) Ibll’zlxlligl(jl/Tg/llJ’)T/ DESCRIPTION
EN 20 | Chip enable
FB 3 | Boost feedback
GAINO 18 | Gain programming pin — LSB
GAIN1 19 | Gain programming pin — MSB
GND 4,5,6 P Ground
IN+ 17 | Non-inverting input (If unused, connect to GND through capacitor)
IN- 16 | Inverting input (If unused, connect to GND through capacitor)
OouT+ 13 (0] Non-inverting output
OUT- 14 (6] Inverting output
PVDD 12 P Amplifier supply voltage
REXT 15 | Resistor to ground, sets boost current limit
SW 7,8 P Internal boost switch pin
VBST 10, 11 P Boost output voltage
VDD 2 P Power supply (connect to battery)
VPUMP 1 P Internal Charge-pump voltage
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT
Supply voltage VDD -0.3 6.0 \%
V, Input voltage IN+, IN—, EN, GAINO, GAIN1, FB -0.3  Vpp+03 \Y
Boost/Output Voltage |PVDD, SW, OUT+, OUT- 120 \%
Ta Operating free-air temperature range -40 70 °C
T, Operating junction temperature range —40 150 °C
Storage temperature, Tgig —65 85 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2500
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +1500 v
Cc101@ -
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN| TYP| MAX| UNIT

Vpp  Supply voltage VDD 3.3 5.5 \%
Vgst Boost voltage VBST 15 105 \Y
Vv Differential input voltage 1.8 \%

VBST =105V, Frequency = 500 Hz, Vg pp = 200 V 50

VBST =105V, Frequency = 300 Hz, Vg pp = 200 V 100

VBST =80V, Frequency = 300 Hz, Vo pp = 150 V 150 nF
CL Load capacitance VBST =55V, Frequency = 300 Hz, Vo pp = 100 V 330

VBST =30V, Frequency = 300 Hz, Vo pp = 50 V 680

VBST =25V, Frequency = 300 Hz, Vo pp =40 V 1 uF

VBST =15V, Frequency = 300 Hz, Vg pp = 20 V 3
ViL Digital input low voltage |EN, GAINO, GAIN1 Vpp=3.6V 0.75 \Y
Viy  Digital input high voltage |EN, GAINO, GAIN1 Vpp=3.6V 14 \Y
Rext Current limit control resistor 6 35 kQ
L Inductance for Boost Converter 3.3 uH

(1)  Gains are optimized for a 1.8V peak input
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6.4 Thermal Information

DRV8662
THERMAL METRIC(") UNIT
RGP (20 Pins)

Rgya Junction-to-ambient thermal resistance 33.1
ReJcitop) Junction-to-case (top) thermal resistance 30.9
Ress Junction-to-board thermal resistance 8.7 oW
Wyt Junction-to-top characterization parameter 0.4
Wis Junction-to-board characterization parameter 8.7
Rauc(bot) Junction-to-case (bottom) thermal resistance 2.5

(1)  For more information about traditional and new thermal metrics, see the /IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics
Ta =25°C, Vo pp = Vout+ — Vour- =200 V, C| =47 nF, Ay =40 dB, L = 4.7 pH (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN‘ TYP‘ MAX| UNIT
el Digital input low current EN, GAINO, GAIN1 Vpp=36V,Vny=0V 1 MA
] Digital input high current EN, GAINO, GAIN1 Vpp =3.6V, ViNn=Vop 5 MA
Isp Shut down current Vpp=3.6V,Ven=0V 13 HA

Vpp = 3.6 V, Vgn = Vpp, VBST = 105V, no signal 24 mA
Vpp = 3.6 V, Vgn = Vpp, VBST =80V, no signal 13 mA
Ibpa Quiescent current
Vpp = 3.6V, Ven = Vpp, VBST =55V, no signal 9 mA
Vpp = 3.6V, Ven = Vpp, VBST =30V, no signal 5 mA
RN Input impedance All gains 100 kQ
GAIN<1:0> =00 28.8
Ay Amplifier gain GAIN<1:0> = 01 48 dB
GAIN<1:0> =10 38.4
GAIN<1:0> = 11 40.7
GAIN<1:0> =00, Vg pp = 50 V, No Load 20
BW Amplifier Bandwidth GAIN<1:0> = 01, Voep = 190 V. No Load 10 kHz
GAIN<1:0> =10, Vo pp = 150 V, No Load 7.5
GAIN<1:0> =11, Vg pp = 200 V, No Load 5
Vpp =3.6V, C_=10nF, f= 150 Hz, Vo pp =200 V 75
lsaT AVG Average battery current during Vpp = 3.6V, C_ =10 nF, =300 Hz, Vo,pp =200 V 115 mA
' operation Vpp =3.6 V, C_ =47 nF, f= 150 Hz, Vo pp = 200 V 210
Vpp =3.6 V, C_ =47 nF, f=300 Hz, Vo pp = 200 V 400
THD+N  Total harmonic distortion plus noise |f = 300 Hz, Vg pp = 200 V 1%
6.6 Timing Requirements
MIN TYP MAX| UNIT
tsuy  Start-up time Vpp = 3.6 V, time from EN high until boost and amplifier are fully enabled 1.5 ms
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6.7 Typical Characteristics
Vpp = 3.6 V, Rext = 7.5 kQ, L = 4.7 yH, Differential Input

600m 600m
Frequency = 200 Hz Vpp=3.6V
Cuoap =47 nF Curoap = 47 nF
500m | PVDD =105V 500m PVDD =105V
Gain =40dB Gain =40dB
< <
-:5 400m | — Vop=3.6V L 400m | — Frequency = 150 Hz
- c
8 —— Vpp=5.0V ° — Frequency = 200 Hz
3 E —— Frequency = 300 Hz
o
= 300m S 300m //
Q.
s // = /
% 00 3 /' /)
! m 1 200m
8 /] 3 /
» -
H A
100m > 100m =
L—"1 |_— 5//
— g%
0 0 \
1 10 100 200 1 10 100 200

Vour — Output Voltage — Vpp

Figure 6-1. Supply Current vs Output Voltage

Vour - Output Voltage - Vpp

Figure 6-2. Supply Current vs Output Voltage

600m 600m
Frequency = 200 Hz Vpp=3.6V
Cronp = 330 nF Cronp = 330 nF B
500m | PVDD =55V 500m PVDD =55V 4
Gain =34 dB Gain =34 dB
< <
‘:E 400m | — Vop=3.6V é 400m | == Frequency = 150 Hz
g — Vpp=5.0V / 1] —— Frequency = 200 Hz /
3 E —— Frequency = 300 Hz [
o
> 300m ,/ L_i 300m I) 4
g y g /
@ @
1 200m / /'/ 1 200m // //
5 5 /A
= /’ 2 AN S
o 7
100m 100m e
/ L
=T -
0 0 !
1 10 100 1 10 100

Vour — Output Voltage — Vpp

Figure 6-3. Supply Current vs Output Voltage

Vour — Output Voltage — Vpp

Figure 6-4. Supply Current vs Output Voltage

600m 600m
Frequency = 200 Hz Vpp=3.6V
Croap = 680 nF Croap = 680 nF
500m | PVDD =30V 500m | PVDD =30V
Gain =28 dB Gain =28 dB
< <<
«:5 400m [ = Vop=36V o~ 400m | — Frequency = 150 Hz
- =4
g — Vpp =50V g —— Frequency =200 Hz
3 3 —— Frequency = 300 Hz
> 300m > 300m
2 & /
@ @
i 200m //’J 1 200m //,./"
- [=]
// - ///,/
100m 100m o~
S%
0 0
1 10 50 1 10 50

Vour — Output Voltage - Vpp

Figure 6-5. Supply Current vs Output Voltage

Vour — Output Voltage — Vep

Figure 6-6. Supply Current vs Output Voltage
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7 Detailed Description

7.1 Overview

The DRV8662 accepts the typical battery range used in portable applications (3.3 V to 5.5 V) and creates
a boosted supply rail with an integrated DC-DC converter. This boosted supply rail is fed to an internal,
high-voltage, fully-differential amplifier that is capable of driving capacitive loads such as piezos with signals
up to 200 Vpp. No transformer is required for boost operation. Only a single inductor is needed. The boost power
FET and power diode are both integrated within the device.

7.2 Functional Block Diagram

Cvop J‘
T L1

VDD SW
[
L1 L1
VBST
VPUMP —— Charge N L J_
i L Pump '_ Cooost
= o m
I REXT Boost )
1 L Control
g 1 PvbD R2
Rexr L |
Y —
DRV8662
IN+ | OuT-
AY! 1 L —
- % I‘:I:: Gain +\> ):E: I_i_l Piezo
» > I _ =— Actuator
IN- | OUT+
Thermal
Shutdown
1 1
L LT
GAINO GAINT1 GND
»——
- -~
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7.3 Feature Description

7.3.1 Fast Start-up (Enable Pin)

The DRV8662 features a fast startup time, which is essential for achieving low latency in haptic applications.
When the EN pin transitions from low to high, the boost supply is turned on, the input capacitor is pre-charged,
and the amplifier is enabled in a typical 1.5 ms total startup time. In the system application, the entire system

latency should be kept to less than 30 ms total to be imperceptible to the end user. At 1.5 ms, the DRV8662 will
be a small percentage of the total system latency.

7.3.2 Gain Control
The gain from IN+/IN- to OUT+/OUT- is given by the table below.

GAIN1 GAINO Gain (dB)
0 0 28.8
0 1 34.8
1 0 38.4
1 1 40.7

The gains are optimized to achieve approximately 50 Vpp, 100 Vpp, 150 Vpp, or 200 Vpp at the output without
clipping from a 1.8 V peak single-ended input signal source.

7.3.3 Adjustable Boost Voltage

The output voltage of the integrated boost converter may be adjusted by a resistive feedback divider between
the boost output voltage (VBST) and the feedback pin (FB). The boost voltage should be programmed to a value
greater than the maximum peak signal voltage that the user expects to create with the DRV8662 amplifier. Lower
boost voltages will achieve better system efficiency when lower amplitude signals are applied, so the user should
take care not to use a higher boost voltage than necessary. The maximum allowed boost voltage is 105V.

7.3.4 Adjustable Boost Current Limit

The current limit of the boost switch may be adjusted via a resistor to ground placed on the REXT pin. The
programmed current limit should be less than the rated saturation limit of the inductor selected by the user to
avoid damage to both the inductor and the DRV8662. If the combination of the programmed limit and inductor
saturation is not high enough, then the output current of the boost converter will not be high enough to regulate
the boost output voltage under heavy load conditions. This will, in turn, cause the boosted rail to sag, possibly
causing distortion of the output waveform.

7.3.5 Internal Charge Pump

The DRV8662 has an integrated charge pump to provide adequate gate drive for internal nodes. The output of
this charge pump is placed on the VPUMP pin. An X5R or X7R storage capacitor of 0.1 yF with a voltage rating
of 10 V or greater must be placed at this pin.

7.3.6 Thermal Shutdown

The DRV8662 contains an internal temperature sensor that will shut down both the boost converter and the
amplifier when the temperature threshold is exceeded. When the die temperature falls below the threshold, the
device will restart operation automatically as long as the EN pin is high. Continuous operation of the DRV8662
is not recommended. Most haptic use models only operate the DRV8662 in short bursts. The thermal shutdown
function will protect the DRV8662 from damage when overdriven, but usage models which drive the DRV8662
into thermal shutdown should always be avoided.
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7.4 Device Functional Modes
7.4.1 Startup/shutdown Sequencing

A simple startup sequence should be employed to maintain smooth haptic operation. If the sequence is not
followed, unintended haptic events or sounds my occur. Use the following steps to play back each haptic
waveform.

7.4.1.1 PWM Source

1. Send 50% duty cycle from the processor to the DRV8662 input filter. This is to allow the source and input
filter to settle before the DRV8662 is fully enabled. At the same time (or on the next available processor
cycle), transition the DRV8662 enable pin from logic low to logic high.

2. Wait 2 ms to ensure that the DRV8662 circuitry is fully enabled and settled.

3. Begin and complete playback of the haptic waveform. The haptic waveform PWM should end with a 50%
duty cycle to bring the differential output back to 0 V.

4. Transition the DRV8662 enable pin from high to low and power down the PWM source.

7.4.1.2 DAC Source

1. Set the DAC to its mid-scale code. This is to allow the source and input capacitors to settle before the
DRV8662 is fully enabled. At the same time (or on the next available processor cycle), transition the
DRV8662 enable pin from logic low to logic high.

2. Wait 2 ms to ensure that the DRV8662 circuitry is fully enabled and settled.

3. Begin and complete playback of the haptic waveform. The haptic waveform should end with a mid-scale
DAC code to bring the differential output back to 0 V.

4. Transition the DRV8662 enable pin from high to low and power down the DAC source.

7.4.2 Low-voltage Operation

The lowest gain setting is optimized for 50 Vpp with a boost voltage of 30 V. Some applications may not need
50 Vpp, so the user may elect to program the boost converter as low as 15 V to improve efficiency. When using
boost voltages lower than 30 V, some special considerations are in order. First, to reduce boost ripple to an
acceptable level, a 50 V rated, 0.22 pF boost capacitor is recommended. Second, the full-scale input range may
need adjustment to avoid clipping. Normally, a 1.8 V, single-ended PWM signal will give 50 Vpp at the lowest
gain. For example, if the boost voltage is set to 25 V for a 40 Vpp full-scale output signal, the full-scale input
range drops to 1.44 V for single-ended PWM inputs. An input voltage divider may be desired in this case if a
1.8V 1/O is used as a PWM source.
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7.5 Programming
7.5.1 Programming the Boost Voltage

The boost output voltage (VBST) is programmed via two external resistors as shown in Figure 7-1.

VBST
DRV8662
R1
FB
R2

Figure 7-1. Boost Voltage Programming

The boost output voltage is given by Equation 1:

R
Veoost = Vrs [1 + R1]
2 (1)

where Vg = 1.32 V.

VBST should be programmed to a value 5.0 V greater than the largest peak voltage expected in the system
to allow adequate amplifier headroom. Since the programming range for the boost voltage extends to 105 V,
the leakage current through the resistor divider can become significant. It is recommended that the sum of the
resistance of R1 and R2 be greater than 500 kQ. Note that when resistor values greater than 1 MQ are used,
PCB contamination may cause boost voltage inaccuracy. Exercise caution when soldering large resistances, and
clean the area when finished for best results.

7.5.2 Programing the Boost Current Limit

The peak current drawn from the supply through the inductor is set solely by the Rgxt resistor. Note that this
peak current limit is independent of the inductance value chosen, but the inductor should be capable of handling
this programmed limit. The relationship of Rgxt to I is approximated by Equation 2.

V
Rexr = [ K |LEF - R
LIM (2)

where K = 10500, Vgeg = 1.35 V, Ryt = 60 Q, and I is the desired peak current limit through the inductor.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and
Tl does not warrant its accuracy or completeness. TI's customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

8.1 Application Information

The DRV8662 is typically used in systems that require haptic feedback using high-voltage Piezo actuators.
These systems typically contain an applications processor or microcontroller, which generates a haptic
waveform. This section contains two examples of such systems and how to appropriately configure the input
signal for the DRV8662.

8.2 Typical Application
8.2.1 DRV8662 System Diagram with DAC Input

In the following DRV8662 diagram, the DRV8662 is configured with a differential DAC input and a generic Piezo
actuator. This is useful for systems that have an available DAC or analog signal generator.

L

VBAT
33V-55V

C1
I vDD SW VBST PVDD

{:

L]
I

[ C4
DAC
|—
C5

EN
GAIN1

- FB
Digital
Control
GAINO

VPUMP

REXT
DRV8662

OuUT+
OuT-

IN+ Piezo

—

_|—_|_ Actuator

@]
4
o

|||—

Figure 8-1. DRV8662 System Diagram with DAC Input

8.2.1.1 Design Requirements
For this example, use the parameters shown in Table 8-1.

Table 8-1. Design Requirements

DESIGN PARAMETER EXAMPLE VALUE
VDD 33V-55V
Boost Converter 20-105V

Output Voltage

2 x Boost Converter (Vpp)

Differential Input Voltage (IN+,
IN-)

1.8 Vp Sine wave
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Table 8-2 contains a list of components required for configuring the DRV8662. The components labeled
“Standard” can be used “as-is”; and, the components labeled “Configure” require the designer to evaluate
specific system requirements.

Table 8-2. List of Components

COMPONENT DESCRIPTION RECOMMENDED VALUE UNIT USE

CVvDD VDD bypass capacitor 0.1 uF Standard

CPUMP Voltage pump capacitor 0.1 uF Standard

CIN+/ CIN- IN+ / IN- AC coupling capacitors 1 uF Standard

REXT Boost current limit resistor See Programing the Boost Current Q Configure

Limit

CPVDD Boost converter output capacitor See Boost Capacitor Selection uF Configure

L Boost converter inductor See Inductor Selection uH Configure

R1 Boost converter high-side See Programming the Boost Q Configure
feedback resistor Voltage

R2 Boost converter low-side SeeProgramming the Boost Q Configure
feedback resistor Voltage

8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Inductor Selection

Inductor selection plays a critical role in the performance of the DRV8662. The range of recommended
inductances is from 3.3 pH to 22 pH. In general, higher inductances within a given manufacturer’s inductor
series have lower saturation current limits, and vice-versa. When a larger inductance is chosen, the DRV8662
boost converter will automatically run at a lower switching frequency and incur less switching losses; however,
larger values of inductance may have higher equivalent series resistance (ESR), which will increase the parasitic
inductor losses. Since lower values of inductance generally have higher saturation currents, they are a better
choice when attempting to maximize the output current of the boost converter. The following table has sample
inductors that provide adequate performance.

For inductor recommendations, see DRV8662EVM User's Guide (SLOU319)
8.2.1.2.2 Piezo Actuator Selection

There are several key specifications to consider when choosing a piezo actuator for haptics such as dimensions,
blocking force, and displacement. However, the key electrical specifications from the driver perspective are
voltage rating and capacitance. At the maximum frequency of 500 Hz, the DRV8662 is optimized to drive
up to 50 nF at 200 Vpp, which is the highest voltage swing capability. It will drive larger capacitances if the
programmed boost voltage is lowered and/or the user limits the input frequency range to lower frequencies (e.g.
300 Hz).

For piezo actuator recommendations, see the DRV8662EVM User's Guide (SLOU319).
8.2.1.2.3 Boost Capacitor Selection

The boost output voltage may be programmed as high as 105V. A capacitor with a voltage rating of at least
the boost output voltage must be selected. Since ceramic capacitors tend to come in ratings of 100 V or 250 V,
a 250 V rated 100 nF capacitor of the X5R or X7R type is recommended for the 105 V case. The selected
capacitor should have a minimum working capacitance of at least 50 nF.

8.2.1.2.4 Current Consumption Calculation

It is useful to understand how the voltage driven onto a piezo actuator relates to the current consumption from
the power supply. Modeling a piezo element as a pure capacitor is reasonably accurate. The equation for the
current through a capacitor for an applied sinusoid is given by Equation 3:

ICapacitor(Peak) =2n xfxCxVp o
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where f is the frequency of the sinusoid in Hz, C is the capacitance of the piezo load in farads, and Vp is the
peak voltage. At the power supply (usually a battery), the actuator current is multiplied by the boost-supply ratio
and divided by the efficiency of the boost converter as shown by Equation 4.

IBAT (Peak) = 21 xf x CxVp x _Veoost
VBAT X HBoost @)

Substituting typical values for the variables of this equation yields a typical peak current seen by the battery with
a sine input as in Equation 5.

105 _ 392 mA

IBAT(Peak):Zn x 300 Hzx 50 nF><1OOX36X07 (5)

8.2.1.2.5 Input Filter Considerations

Depending on the quality of the source signal provided to the DRV8662, an input filter may be required. Some
key factors to consider are whether the source is generated from a DAC or from PWM and the out-of-band
content generated. If proper anti-image rejection filtering is used to eliminate image components, the filter can
possibly be eliminated depending on the magnitude of the out-of-band components. If PWM is used, at least a
18t order RC filter is required. The PWM sample rate should be greater than 30 kHz to keep the PWM ripple from
reaching the piezo element and dissipating unnecessary power. A 2" order RC filter may be desirable to further
eliminate out-of-band signal content to further drive down power dissipation and eliminate audible noise.

8.2.1.3 Application Curves

160 150
Vpp =36V — OUT+ Vpp=3.6V | — OUT+-0UT-
140 | Cronp =47 nF — OouT- Cloap = 47 nF L
120 | Vour =200 Ve —— VBST 100 | Vour =200 Vep ’\
MAAARARAR » \
> 80 > \
. | \ I
g 60 ’_( \ g 0
S \ Ir 5 |
20 -50 \
\
; VUVUVYVT VY IR
-20
—40 -150
-10m -5m 0 5m 10m 15m 20m 25m 30m 35m -10m -5m 0 5m 10m 15m 20m 25m 30m 35m
t-Time-s t-Time-s
Figure 8-2. Typical Waveform Figure 8-3. Typical Waveform — Differential
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8.2.2 DRV8662 System Diagram with Filtered Single-Ended PWM Input

The DRV8662 can be used with a PWM input signal for systems that do not have an available DAC or analog

output. Most piezo actuator systems require a PWM input filter to remove any unwanted noise.

Digital
Control

Processor

C5
6

f

VDD SW VBST PVDD

EN
GAIN1

FB

GAINO
VPUMP

REXT
DRV8662

IN+ OouT+ —I—_|_

0]
z
o]

|||—

Cc2

Piezo
Actuator

Figure 8-4. DRV8662 System Diagram with Filtered Single-Ended PWM Input

8.2.2.1 Design Requirements

For this example, use the parameters shown in Table 8-3.

Table 8-3. Design Requirements

DESIGN PARAMETER EXAMPLE VALUE

VDD 33V-55V

Boost Converter 20-105V

Output Voltage 2 x Boost Converter (Vpp)
Differential Input Voltage (IN+, 1.8 Vp PWM

IN-)

Table 8-4 contains a list of components required for configuring the DRV8662. The components labeled
“Standard” can be used “as-is”; and, the components labeled “Configure” require the designer to evaluate

specific system requirements.

Table 8-4. List of Components

COMPONENT DESCRIPTION RECOMMENDED VALUE UNIT USE

CvDD VDD bypass capacitor 0.1 uF Standard

CPUMP Voltage pump capacitor 0.1 uF Standard

CIN+/ CIN- IN+ / IN- AC coupling 1 uF Standard
capacitors

REXT Boost current limit resistor | See Programing the Boost Current Limit Q Configure

CPVDD Boost converter output See Boost Capacitor Selection uF Configure
capacitor

L Boost converter inductor See Inductor Selection pH Configure

R1 Boost converter high-side | See Programming the Boost Voltage Q Configure

feedback resistor
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Table 8-4. List of Components (continued)

COMPONENT

DESCRIPTION

RECOMMENDED VALUE

UNIT

USE

R2

Boost converter low-side

SeeProgramming the Boost Voltage

Configure

feedback resistor

8.2.2.2 Detailed Design Procedure

Use the following section for designing the DRV8662 input filter. See the DRV8662 System with DAC Input
Detailed Design Procedure for the remaining design.

8.2.2.2.1 Input Filter Design

When using a PWM input, a low-pass filter is required. The primary parameters for determining the input filter
are the PWM input frequency and sample rate. Because haptic waveforms are typically less than 500Hz, the
input filter must attenuate frequencies above 500 Hz. For samples rates above 20 kHz, a simple first-order
RC filter is recommended; however, for sample rates much lower (such as 8 kHz), a first-order filter may not
sufficiently attenuate the high-frequency content. Thus, for lower sampling rates, a second-order RC filter may
be required. The DRV8662EVM User's Guide contains example filter configurations for both first-order and
second-order filters. The DRV8662EVM default configuration uses a second-order, differential filter, but it can be
replaced by a first-order, single-ended or differential filter.

N L 1% Order Filter

2" Order Filter

fin fs - fin fs

Apply these criteria to select an input filter:

1. First-order RC filters, both single-ended and differential, are recommended for 20 kHz and higher data
sample rates. The first-order filters have adequate settling time and the fewest components.

2. Second-order filters are recommended for noiseless operation when using a lower data sample rate where a
sharper cutoff is necessary.

3. The attenuation at the PWM carrier frequency should be at least —40 dB for haptic applications.

8.2.2.3 Application Curves
See DRV8662 System with DAC Input Application Curves.
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9 Power Supply Recommendations

The recommended voltage supply range for the DRV8662 is 3.3 V to 5.5 V. For proper operation, place a 0.1
WF low equivalent series resistance (ESR) supply-bypass capacitor of X5R or X7R type near the VDD pin with a
voltage rating of at least 10 V.

The internal charge pump requires a 0.1 yF capacitor of X5R or X7R type with a voltage rating of 10 V or greater
be placed between the VPUMP pin and GND for proper operation and stability. Do not use the charge pump as a
voltage source for any other devices.
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10 Layout

10.1 Layout Guidelines

» To achieve optimum device performance, use of the thermal footprint outlined by this datasheet is
recommended. See land pattern diagram for exact dimensions. The DRV8662 power pad must be soldered
directly to the thermal pad on the printed circuit board. The printed circuit board thermal pad should be
connected to the ground net with thermal vias to any existing backside/internal copper ground planes.
Connection to a ground plane on the top layer near the corners of the device is also recommended.

* Another key layout consideration is to keep the boost programming resistors (R1 and R2) as close as
possible to the FB pin of the DRV8662. Care should be taken to avoid getting the FB trace near the SW
trace.

10.2 Layout Example

Figure 10-1. Layout Example

18 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DRV8662


https://www.ti.com/product/DRV8662
https://www.ti.com/lit/pdf/SLOS709
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLOS709C&partnum=DRV8662
https://www.ti.com/product/drv8662?qgpn=drv8662

13 TEXAS
INSTRUMENTS DRV8662
www.ti.com SLOS709C - JUNE 2011 — REVISED DECEMBER 2022

11 Device and Documentation Support
11.1 Documentation Support

11.1.1 Related Documentation

DRV8662EVM User's Guide (SLOU319)
DRV8662 Configuration Guide (SLOA198)

11.2 Trademarks
All trademarks are the property of their respective owners.
12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DRV8662RGPR Active Production QFN (RGP) | 20 3000 | LARGE T&R Yes Call TI | Nipdau Level-4-260C-72 HR -40to 70 8662
DRV8662RGPR.A Active Production QFN (RGP) | 20 3000 | LARGE T&R Yes Call TI Level-4-260C-72 HR -40to 70 8662
DRV8662RGPT Active Production QFN (RGP) | 20 250 | SMALL T&R Yes NIPDAU Level-4-260C-72 HR -40 to 70 8662
DRV8662RGPT.A Active Production QFN (RGP) | 20 250 | SMALL T&R Yes NIPDAU Level-4-260C-72 HR -40 to 70 8662

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0O Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DRV8662RGPR QFN RGP 20 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
DRV8662RGPT QFN RGP 20 250 180.0 12.4 425 | 425 | 1.15 | 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV8662RGPR QFN RGP 20 3000 346.0 346.0 33.0
DRV8662RGPT QFN RGP 20 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGP 20 VQFN - 1 mm max height

4 x 4,0.5 mm pitch VERY THIN QUAD FLATPACK

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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