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12 KOMMOHEHTbI

Copxu TCYBOTA
(Shoji TSUBOTA)

0 HeJJaBHETr0 BPeMEHH B CHJIOBBIX CXeMaX

TPAHCIOPTHBIX CPEJICTB C dJIEKTpUIec-

KHM WY THOPUITHBIM IIPUBOJOM HCTIONb-
30BAJIICh TOJBKO IIJICHOYHBIE MM 9JIEKTPOJIN-
THYeCKHe KOH/IeHCATOphl. 14 1mereit nuTaHus
IOfO0OHBIX YCTPOUCTB HEOOXOIHMa eMKOCTb
B IMaIa3oHe fecsITKOB U ThICTd MKD. Ocoben-
HOCTBIO paOOTBI KOHJICHCATOPOB B TPAHCIIOPT-
HBIX IIPHUMEHEHHAX ABJIAIOTCA OYeHb BLICOKHE
TOKH ITyJIbCAIIUH U KECTKIUE YCIOBHS BO3/IEHCT-
BUS OKpYsKaromed cpenpl. CylecTByIOIIue Tex-
HOJIOTUH He TT03BOJIAIN TPOU3BOJMTD JOCTATOY-
HO 6OJIbIIITE BHICOKOBOJIBTHBIE MHOTOCIIOMHBIE
kepammdeckue KounercaTopsl (MLCC). T'ias-
HOII Ipo61eMOoli GbIIIO pacTpecKUBaHMUe Kepa-
MuKH pu o6xure. Kpome Toro, momycrumere
Toxu mmynbcanuit MLCC 6511 Jajieku OT Heo6-
XOIUMBIX /711 TPAHCIIOPTHOTO ITPUBOJIA BEJIU-
YHH.

YVuenble kommanuy Murata IIOATBEPHIH, YTO
OHH c11oco6HBI Tpon3BopuTh MLCC-KOHIEHCa~
TOPBI TOPa3o GOJIbIIIe eMKOCTH, KOTOPAs CO-
u3MepuMa C II0Ka3aTeJAMHU IUIEHOYHBIX U dJIe-
KTPOJINTHIECKUX EMKOCTEH U COOTBETCTBYET
TPe6OBAHMAM, IPEIBIBILIEMBIM K YCTPOCTBAM

NaCCUBHbIE KOMMOHEHTbI

HoBasi texHonorusa MLCC
0N NPOU3BOACTBA KEPAMHUUECKUX
KOHJeHCcaTopoB 00/bLLMX pa3MepoB

Hosble kepaMmuueckue matepuanbl U TEXHONOrHH 06XXKUra NO3BONSIOT MPOU3-
BOAUTb KepaMHUUYECKHUE KOHleHCATOPbl C XapaKTepUCTUKAMHU, KOTOpble B He-
AAaBHEM NPOLL/IOM Ka3a/IuCb HEJOCTUXKUMbIMU. PasMep HOBbIX CUNOBbIX KOH-
aeHcatopos B 87 pas 6onblue, ueM y caMbiX 6ONbLIKMX KOMMNOHEHTOB NpeabiAy-
WHUX CEpPUH, HO, TEM HE MeHee, MO MacCco-rabapUTHbIM NOKa3aTeNsiM OHH
NoAXOAAT AaXke ANsl UCNOJIb30BAHUA B FOHOYHbIX aBTOMOOUNsX cepun D1,

CHJIOBOHI 9JIeKTPOHHKH. B niepByIo odepenb A1
PeIlIeHNsI 9TOM 3aa4l He0OXOMIMO OBLIO pa3-
paboTaTh HOBYIO TEXHOJIOTHIO OGYKHTa, TPHTOJ-
HYIO JULSl IIPOU3BOJICTBA KePAMUIECKIX KOH/IEH-
€aTopoB OOJIBIINX Pa3MePOB.

Tl ;aHHOTO MpOoeKTa 6BUIN pa3paboTaHbI
IOJTHOCTBIO HOBBIE MaTepHaJIbl, 06€CIIeTnBaIO-
II1e TOPa3ao MEHbBIINH YPOBEHD II0TePh, CBOM-
CTBa KOTOPBIX Pe3KO OTJINYAIOTCS OT JTIOOBIX
npyrux TunoB MLCC. B pe3ynbrate KoMImaHun
Murata yJa0ch H3TOTOBUTb CaMBIII OOJIBIION
B Mupe KoHzieHcaTop Power MONO, pa3mep ko-
TOPOTO B 87 pas IIpeBbIIIaeT rabapuThl HALOOIb-
II1eT0 13 KOMIIOHEHTOB IPE/IBIYIINX CepHIL.

KoHcTpyKkuMs 1 OCHOBHble CBOMCTBA

B HOBBIX KepaMIdecKHX KOHZIeHcaTopax Murata
Power MONO, oTardaomuxcs HI3KUM ypPOB-
HEM II0Tepb B COYETAHUU C BBICOKO €MKOCTBIO,
UCIIOJIb30BaH KepaMudeckuit MaTepuan BaTlO,
(puc. 1). ITo BceMy IPOCTPAaHCTBY KePaMUKH pac-
TI0JIaraeTcsl CeTKa BHYTPEeHHUX JJIEKTPONIOB, U3~
TOTOBJICHHBIX U3 HUKeNA. OHHU MOJKIIOYEHDI

Huskune NOTEPH U BbICOKasA EMKOCTb

BaTiO; kepamuka

BHyTpeHHuWI anekTpog,
(H1Kenb)

BHewwHui anekTpos
(meab)

Metannuueckue
BbIBOAbI

Puc. 1. KoHcTpykuus 1 BHewwHui sug Power MONO

K BHEIITHUM Me[HBIM 3JIEKTPOTaM, KOTOpBIe
B CBOIO OUepe/ib COeANHEHBI ¢ META/UIITIeCKIMUI
BBIBOZIAMH METOJOM CBapKH 6€3 IIpUMEeHEeHUS
CBHHIIOBO-COZIepPIKAIINX MAaTePUAJIOB.

ITpu pou3BOICTBE JIIOOBIX KePAaMUIECKIX
KOMIIOHEHTOB 6OJIBIIIOTO pa3Mepa IJIaBHOM I1po-
671eMOI1 SIBJISIETCSI PACTPECKUBAHNE MaTepHaia
KepaMHUKH. [IJIs IPeoIoIeHUs 9TOM TPO6IIeMbL
B KoHzIeHcaTtopax Power MONO npumensioTcst
CIENUAIBHO pa3paboTaHHbIE BBIBOMIBI, T03BOJIS-
IOIIIMe TIPEJIOTBPATHTh BOSHUKHOBEHNE MEXaHH~
YeCKUX HaNlPsUKeHHI 1 TTOSIBIeHNe TPEIINH IIPH
MOHTa)ke KOMIIOHEHTOB Ha IIeJaTHYIO ILIaTYy.

Ha rpacuxe, mpezcTaBsioleM 3aBHCUMOCTh
HOMUHAJIBHOTO HAIIPSDKEHUS OT eMKOCTH (puc. 2),
3ona Power MONO pacriosioskeHa BHe 001aCTH,
TpaguuoHHo 3aHmMaemort MLCC. Hanporus,
OHa 6JI3Ka K 30He, B KOTOPOI1 HAXOIINCH TOJb-
KO IUICHOYHbIE KOH/ICHCATOPBI, TAKUM 00pasoM,
Power MONO mnpefcTaBisiior o600 IpUHIIN-
uajabHO HOBBIM Kiacc MLCC.

Marepuain BaTiOs, crierinanbpHo paspaboTan-
HBIIT JUIs1 IPOU3BOZICTBA KOH/IEHCATOPOB 00JIb-
III0FT @MKOCTH C MaJIBIMHF ITOTEPSIMHU, I03BOJISET
TIOBBICUTB JIOITYCTUMBIH YIETBHBIIN TOK ITyJIbCa~
Ui 1o ypoBHs 1,56 A/cM’. DTa BetmunHa He-
CKOJIBKO BBIIIIE TIOKa3aTeJIsl IVIEHOYHBIX KOH/IEH-
CaTopOB U B 2 pasa 00JIbIIIe TUIIOBOTO 3HAYCHUS
ILISL 9JIEKTPONIUTOB (puc. 3).

ITocKoJBKY, KaK BUIHO Ha uarpamme (puc. 3),
MLCC numeIoT sIBHOE IPENMYIIECTBO O IOy~
CTEMOMY TOKY ITyJIbCAIIHIL, CYIIIeCTBYeT BO3MOK-~
HOCTb 3aMEHUTh IUIEHOYHBIE WIIN aAJIFOMUHIME-
BbIe KoHfieHcaTopsl Ha MLCC MeHbIIIelt eMKO-
cru. [Ipu 9TOM KepaMudecKne KOHIEHCATOPHI
MOTYT OBITh PacIIONIOKEeHbI GIU3KO K AIPYTUM
KOMIIOHEHTaM CXeMbl 6JI1arofaps OTCYTCTBUIO
y HEX ¢ dexra camopasorpesa. B HEKOTOPBIX
cydasx npuMererne Power MONO mosBoss-
€T CHUSHUTH TPeOOBAHUS K CHCTEME OXJIAKICHUS
BCETO yCTPOMCTBA.

ITpencraBisieT HHTEpPeC M TAKO BaSKHBI ITapa-
MeTp, KaK yenbHast eMKocTb. [list Power MONO
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Puc. 2. Pabouee Hanps»XeHuWe B 3aBUCUMOCTHU OT EMKOCTH A1 Pa3/IMYHbIX TEXHONOrHH Npo13BOACTBa KOHAEHCATOPOB

1,8

1,6

1,4

Arms/cc
N
.

0,8
0,6 1

0,4

0,11

0,2
.

0,04 0,015

MLCC MneHouHble A MnexouHbie B AniomMuHKeBble
3/1EKTpONETUUECKHE
Puc. 3. YaenbHbii TOK nyabcauni Anst pasnnuHbiX TEXHONOTMIH KOHAEHCATOPOB
288~400—14B 14-8/5B
DC/DC- Bnok ynpasnexus
KOHBEPTOP DC /DC-koHBepTOpOM

Komnpeccop
cucTeMbl o /IHBEPTOP AKKyMynsTOp =  HBEPTOP
288,400 B
KOHAWLWOHWPOBaHUS
|
INEKTPOHHBIMU
ynpasnsitoLLuil 610K
aKKymynsTopa
Asc OnekTpomMoTOp
WNK Au3enb

Puc. 4. BapuaHT cxembl rubpuaHoro npusoaa

yHoenbHas eMKOCTh cocTaBiuseT 2,4 Mkd/cm’
B cpaBHeHUH ¢ 1,2 MKD/cM® 17151 TIeHOYHBIX KOH-
meHcatopos # 1,89 Mk®/cM’ 1151 aTIOMITHUEBBIX
9JIEKTPOJIUTOB. DTO O3HAYAET, UTO, HECMOTPS Ha
OTHOCHTENBHO «6obinue» rabapute MLCC
Power MONO (32x40x4 MM), T10 YIeTIbHBIM I10-

KazaTeJIsIM OH OKa3bIBAETCsI MEHBIIIE, YeM IUIEHOY-
HBIe WU 3JIeKTPOIUTUIECKIe KOHIEHCATOPBL.
Hosas texnomorus Murata mogxomuT s
TIPUMEHeHNUS B TPAHCIIOPTHBIX CPEICTBAX C dJIe-
KTPUYECKUM WM THOPHIHBIM IIPUBOJOM, T/ie
TPeOYIOTCSI BHICOKOBOIBTHBIC KOHIEHCATOPBI

KOMMNOHEHTbI

¢ 6OJIBIIINM 3HAYEHUEM TOKOB ITYJIbCALIUIL, OT-
JTMYAIOIUeCcs] MaJbIMH rabapuTaMy U OYeHb
XOPOIIUMHU TEIJIOBBIMU XapaKTePUCTUKAMH.
Ha puc. 4 mpeficraBiieH BapHaHT CXeMBI THOPHL-
HOTO IIPUBOJIA, B KOTOPOM JHEPIHs IOCTYIIaeT
or IBC/nusens umu ot snekrpomoropa. Oco-
GeHHOCTb TAaHHOU CXeMBI — HAJIMIHe IBYX MO~
IyJiel HHBEPTOPA, OIMH U3 HUX PaboTaeT ¢ aJie-
KTPHYECKIM MOTOPOM, a BTOPOUI 06ecrednBa-
eT paboTy KIIMMAaTHIeCKOH YCTaHOBKH.

HampspkeHue TUTaHUS 060MX HHBEPTOPOB
cocrasisger 400 B. Kak npasuiio, neHOYHbIE
KOHJIEHCaTOPbI HCIIOIb30BAIUCH B KaUeCTBe
cHa00epoB B DC-11eIsIX CHIOBBIX HHBEPTOPOB.
OJHaKO HAIEKHOCTD IVIEHOYHBIX U 9JIEKTPO-
JUTHYECKIX eMKOCTell B 3HAYUTEJIbHOM CTerte-
HU 3aBUCUT OT YCJIOBHUH 9KCIUTyaTaIluH U3-3a
HU3KOU TEPMOCTOUKOCTH, TPUIMHON KOTOPOM
ABJIAETCA MCIONb30BaHNEe OPTAHNIECKUX Ma-
TEPUaJIOB IIPH UX IIPOU3BoACTBe. KoMIOHeH-
Tl Power MONO H3roTaBiIuBaloTCsA TOJIBKO
13 HeOPraHMYeCKUX MaTepHaoB, 6Jarogaps
yeMy UM IIPHCYIa OYeHb BBICOKAs CTOMKOCTD
k nmeperpeBy. EMxoctssm MLCC cBoticTBeHHA
1 6oJ1ee BBICOKAS, YeM Y IIJICHOYHBIX KOHJIEH-
CaTOPOB, CTOMKOCTD K I1€PeXO/IHBIM IIepeHa-
IpsDKeHUSIM OJIarogapsi HU3KUM 3HaYeHISM
ESR u ESL (sxBuBajeHTHOE IIOCIEN0BATENb-
HO€ COIPOTHUBJIEHUE U SKBUBAJIEHTHAs IOCTIe-
IoBaTeJbHas HHIYKTUBHOCTB). [IoCKONBKY
MLCC rerneps JOCTYIIHBI ¢ pab0IUM Hampsi-
skeHueM 1200 B, oHE MOTYT OBITH YCIIEIITHO UC-
II0JIb30BAHBI HA TPAHCIIOPTE.

Konpencaroper Power MONO mpumeHsich
Y pa3paboTKe HOBOTO AJIEKTPHIECKOrO CKyTe-
pa ¢ 6aTapeiiHBIM MUTaHIeM. MaKcMasbHasI CKO-
pocTh cKyTepa cocTapiser 100 KM/4, Ha pa3roH
10 80 kM/4 Tpebyercs 6,8 ¢, 3amac Xozia JOCTHra-
er 68 MuIb (Bpemst 3apsiia Garapeit — 2 Jaca).
JlaHHO€e TPAaHCIOPTHOE CPENCTBO ABJACTCA
B BBICIIIEH CTEIIeHH 9KOJOTHYHBIM, OHO OTHO-
cutest K knaccy ZEV (Zero Emission Vehicle —
TPAHCIIOPT C HYJIeBBIM YPOBHEM 3aTPSI3HEHMUII).

Yerrrpe emxoct Power MONO ycTaHOBIIe-
HBI B [[eTIM IITAHUS CHJIOBOTO IIpeoOpasoBare-
1151, KoHJIeHCaTOPbI HCIIOB3YIOTCS IS CHIKE-
HUS yPOBHSI IIePeXOIHBIX ITepeHaIpsDKeHHIA, 00~
pasyembIx npu nepexmodennn IGBT mopyneit
uHBepropa. biaarogapst coco6rocTt MLCC-
KOMITOHEHTOB ITOIaBJIATh KOMMYTalluOHHBIE
BBIOPOCHI HAIIPSDKEHHS, TOSBUIACH BO3MOK-
HOCTb HCI01b30BaTh IGBT ¢ MeHbIINM pabo-
Y1M HaIPsDKEHHEM, 9TO, MOKHO HCII0JIb30BaTh
IGBT menbIrero pasmepa, 4To BMeCTe C yMEHb-
IIIeHUEM Pa3Mepa CaMOT0 ITOZIABJIAIONIEro KOH-
JIeHCaTOPa, TI03BOJIAET CIeJaTh BCIO CUCTEMY UH-
BepTOpa O0Jiee KOMIIAKTHO.

Cucrtema Bo3Bparta
KWHETUYECKOMW IHEepPrum

Emre omHUM HMHTEPeCHBIM IIPUMEHEHHEM
Power MONO KOMIIOHEHTOB CTaJIa CHCTEMa BO3-
Bpara kuHerndeckoit aeprun KERS (Kinetic
Energy Recovery System), pagpaboTaHHas I/
aBroMoOmIei Kiacca «Popmyia 1», Tu3atHOM
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KOTOpOUI 3aHIMaeTcsl koMmnanust Magneti Marelli.
Huskue Macco-rabapuTHbIe ITOKAa3aTeNH MO~
151 KERS obecrieanBaioTcs 3a cyeT IpuMeHe-
HI IIePeIOBBIX TeXHOJIOTHIA, HONOOHBIX Power
MONO.

bitaropapst nsMeHeHHsAM B TEXHUYECKOM pervia-
MenTe «Popmyibl 1», momynu KERS moryT ObITh
TOIIyILleHbI K IPUMeHeHHIO B ce3oHe 2009 ropa.
Cucrema KERS mosBossier 3amacats aHepruo,
BBIZIEJIIEMYIO IIPU TOPMOKEHUH aBTOMOOMIIS,
U B laJIbHENIIIeM HCII0JIb30BaTh €€ IJIs OBBI-
IIIeHHs] MOIITHOCTH CHJIOBOH YCTaHOBKU. 3a OfIH
KPYT MO>KHO HakonuTb 0Kou1o 400 k[I>x oHeprun
7 HOJYYUTh NPHO6ABKYy MOIIHOCTH MOPSIIKA
60 xBT. DTO 5KBUBAJIEHTHO CHW)KEHUIO Ha 6,7 C
BpPEeMeHH, 3aTPAYNBAEMOTO Ha IIPOXOKIEHHE
kpyra. OKupaercs, 4To BHeJpeHHe ITOT0OHBIX

NaCCUBHbIE KOMMOHEHTbI

CHCTEM OTKPOET HOBbIE BO3MOKHOCTHU TOHOY~
HBIX aBTOMOOIIETT, 0COOEHHO B PESKUMAX YCKO-
peHus 1 06roHa.

Kommanus Magneti Marelli BerGpasa konpeH-
caroper Power MONO 151 mprMeHeHUs B CHIIO-
BoM 1nipeo6pasosaresie Monysist KERS 6maronapst
BBICOKOMY JIOITyCTUMOMY TOKY ITyJIbCAI[Hil KOM-
nonenToB MLCC 1, 4T0 camoe BasKHOE, HU3KUM
Macco-rabapuTHBIM IapaMeTpaM. Bec 6110ka
KERS aBisercsa o4eHb Ba)XHBIM [1I0KA3aTeJIeM,
TaK KaK paclipefieieHle MacChl BHYTPH TPaHC-
HOPTHOTO CPefCTBA, OCOOEHHO TOHOYHOTO,
BO MHOTOM OIIpeJIeJIsieT €r0 IMHAMIIecKHe CBO-
CTBa. A MaJjble pa3Mephbl KOMIIOHEHTOB C OYeHb
BBICOKOM YIETbHOM €MKOCTbIO CBOMCTBEHHBI
TEXHOJIOTUAM KePaMUYECKHX MaTePHaJIOB KOM-
naHuu Murata.

Hcnonp3oBanue komnoreHToB Power MONO
B Momyie KERS Tarcke meMoHCTpupyeT UX CI10-
COOHOCTB HA[IE)KHO PAOOTATh B IIPENETBHO TsDKe-
JIBIX YCTIOBMSAX 9KCILTyaTanun. KoHgeHcaTops
Power MONO coxpaHSTIOT CBOH CBOFICTBA BO BCeM
IUanasoHe pabOYUX TeMIEePaTyp, KOTOPBIe JJL
TPAaHCIOPTHBIX IPUMeHeHHH gocturator 125 °C.

Kax ripaBuio, HOBBIE HIeH 1 TeXHOJIOIUH, AC-
110J1b30BaHHbIe B 6ouzax «®opmyIisl 1», BIO-
CJIeICTBUN HAXOIAT CBOE IIPHMEHEHUE H B KOM-
MepYecKoM TpaHcropTe. B aTom cMbIciie BHeJI-
perme cucteM KERS mosBonuT moBwIcHTH
9KOJIOTMYeCKHe XapaKTePHCTHKH KaK TOHOYHBIX,
TaK 1 OOBIMHBIX aBTOMOGmIei. Kommanmsa Murata
HageeTcs ¢ momotnbio BHenpeHus KERS u pas-
BUTHS 2JIEKTPIIECKOTO TPAHCIIOPTA BHECTH CBOI
BKJIAJL B 3aIIIUTY OKPY/KaIOILed CPeibl.
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