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KIPICIIE

3epmmeyoin 03exkminici

Kazipri yakpITTa 5J€KTp KOJIriHAe, YIIKBIIICHI3 YIINy anmapaTTapblHia,
POOOTOTEXHUKABIK >KYHenepe, *KOorapbl THIMAL SHEPTETUKANBIK KOHABIPFbLIApIA
XKOHE FBUIBIMU-3€PTTEy MPOTOTUINTEPIHAEC KEHIHEH KOJJIAHBUIATBHIH KOJUIEKTOPCHI3
TYPaKTHI TOK 3JIEKTp Ko3ranTKeITapbiabiH (BLDC) sHeprus TuiMaiIirine, MEHITIKTI
KyaTblHa, MAacCaJblK Ta0apUTTIK KOPCETKIIITEpIHE J>KOHE KbUIYy CEHIMAUIITIHE
KOWBUIATBIH TananTap apTeil kejedi. Ochbl xyieneplli maiianaHyllblH 3amMaHayu
mapTTapbl MIEKTEYJl MaccalblK TrabapuTTi cUNaTTaMalapbl MEH >KOFapbl KbLIY
KYKTeMenepi Ke31H]1e KYKTEeMeJIepliH KEH ayKbIMbIH/1a DneKTp
KO3FAJITKBIIITAPBIHBIH TYPAKTHI )KYMBICHIH TaJIall €Te/Ii.

Kytora, eHzaeyre, JlaMHHATTayFa >KOHE IITAMIITayFa HETI3[ENTEH 3JIEKTP
KO3FANTKBIIITAPBIH  OHIIPYAIH  JSCTYpAi  TEXHOJOTHUSIAPBl  KYPBUIBIMIBIK
HIEHIMAEPAIH EKTEeYJ UKEMAUTITIMEH, MaTepHaIapAblH AKOFApPbl TYTHIHBUTYBIMEH
XKOHE THUIM[I CalKbIHAATY XYHelnepiH OIpIKTIpYIiH IIEKTeyJdl MYMKIHAIKTEpIMEH
cunaTTanaasl. byn TeXHONMOTHSIIBIK MIEKTEeYJIep OHTAIaHIBIPbUTFaH T€OMETPHUSIIBIK
NIIIIHAEPAl JKY3€re achIpylbl KHUBIHAATAAbI, KYPBUIBIMHBIH BUIy KEIEpTiCiH
apTTHIPAJIBI XKOHE TEKTP KOFAITKBIIITAPBIHBIH KyaT THIFBI3IBIFBIHBIH OJ1aH 91 6CYiH
HIEKTEH/I].

AnnutuTi eHaipic (3D Oacein mibIFapy) TEXHOJOTHSIJIAPBIHBIH JIaMybl 1K
CAJIKbIHIATy apHaJIapbl, TOMOJOTUSUIBIK OHTAMIAHABIPBUIFAH KOPITYCTaphl JKOHE
WHTETpalusjianFal  (PYHKIMOHAIIBIK DJIEMEHTTEpPl 0ap dIEeKTPOMEXaHUKAIBIK
KyHhenepal »kobajgay MEH OHIIPYIIH >XaHa MYMKIHIIKTEpIH amThl. AJIUTHBTI
TEXHOJIOTUSIIIAPABl KOJIJIaHy KYPBUIBIMHBIH MAacCCachblH a3alTyFa, KbUTy TapaTy.ibl
KaKcapTyFa KoHe OHIIPIC IUKIEPIH a3alTyFa MYMKIHJIIK Oepemi. Anaiina, dJeKTp
KO3FAJITKBIIIBIH KacayAa aJJUTHBTI OHIIPICTI KEHIHEH OHEpKACINTIK eHrizy 3D-
Oacma KOMIIOHEHTTEPIHZErl JKbUIy, MEXaHUKAJIbIK MKOHE DJIEKTPOMATrHUTTIK
MPOIECTEP/IiH ©3apa OailJIaHBICBIH €CKEPETIH KEIIEH]I FhUIBIMHU 9JICTEMENEPIiH
00JIMaybIMEH IIEKTEE/I].

AVHBIMAIIBI  JKOHE y3aK IKYKTEeMesep Ke3lHJIe KOJUIEKTOPChI3  3JIEKTP
KO3FAJITKBIIITAPBIHBIH TUIMIIITIH CaHABIK OarajayAblH omOe0an TocUIIepiHIH
O0oJiMaybl MaHBI3Jbl FHUIBIMU-TEXHUKAJBIK Mocesie Oobim Kaja Oepeai. Atam
alTKaHda, JKbUTy IIBIFBIHBIHA, OpaMaapJiblH JJIEKTP KEIEPriCiHIH OCYiHEe >KOHE
naianany MpoIeciH/Ie MATHUTTIK CUTIATTaMaJIap/IbIH JAeTpagaliusChiHa OalIaHbICTHI
KyaT IME€H MOMEHTTIH TOMEHJIEYyiHIH MEXaHU3MIEpPl >KETKUIIKTI 3epTTeIMEreH.
KonpaneicTarel ecenmTey omiCTepi, OACTTE, HOMUHAJABI >KYMBIC PEKUMIEPIHE
OarpITTaTFaH )KOHE HAKTHI )KaFaiyiapa )KYKTeMe KEe31H/1€ DJIEKTP KO3FAITKBIIIBIHBIH
OpEKEeTiH NyphIC OOKayFa MYMKIHIIK OepMeiii.

Hucceprauusiblk  3epTTey  IIeHOepiHAe  TUIMAUIK  KOPCETKIIITEepiHe
HETI3/IeJITeH TYPAaKThl TOKTHIH KOJUIEKTOPCHI3 SJIEKTP KO3FaJTKBIIITAPBIH K0oOaay
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XKoHe Oaranay ojicTeMeci 931pieH I, Oy )KYKTeMe Ke31HJI€ KO3FAITKBIIITHIH KyaThl
MEH SHEprusl NIBIFRIHBIHBIH TOMEHJICYIH CaHJBIK aHBIKTayFa MYMKIHIIK Oepei.
¥ coiHbUTFaH Toc11 bipbIHFail ecenTey MOETIHACTI )KbUTY, SJIEKTP KOHE MEXaHUKAJIBIK
dakTopiapabl ecenke aaypl KaMTaMachl3 eTel jKoHe U PIbIK jko0anay Ke3eHIH e
ANEKTP KO3FAJITKBIIITAPBIHBIH JKYMBIC CHUIIATTaMallapbiH, COHBIH IMIIHJIE KyaT TIeH
pPECYPCTHIH TOMEHCY1H O0JDKayFa MYMKIHAIK Oepe/i.

Ocpiran OalIaHBICTHl QJJUTUBTI OHJIPIC TEXHOJOTHUSAJIAPBIMEH YHIIECIMIE
TUIMJIJIIKKE HET13[IeJITeH OJ[iICHAMaHbl 931pJiey JKOHE €HTI3y TYpaKThl TOKTBIH
KOJUIGKTOPCHI3 DJIEKTP KO3FAITKBIIITAPBIHBIH SHEPTCTHKAIBIK THIMIUTITIH, >KBLTY
TYPaKThUIBIFBI MEH OCPIKTIT1H apTThIPYFa, COHJIai-aK oJap/ibl OHEPKICINTIK KOJITaHy
YIIiH FBUIBIMUA HETI3/11 KaJBIMTACTHIpyFa OaFbITTANFaH ©3€KTi FHUIBIMH-TEXHHUKAIBIK
MIHIET 00BN TaObLIa kL.

3epmmeyoin maxcamvl MeH MiHOemmepi

JluccepTalusiyiblK ~ )KYMBICTBIH —~ MAaKCaThI-)KYKTEME  KE€31HJE  TUIMIUIIKTI
apTTHIPY/IbI J)KOHE KyaT IIBIFBIHBIH a3alTybl KAMTaMachl3 €T€TIH TYPaKThl TOKTHIH
KOJUIEKTOPCBI3 3JIEKTP KO3FAITKBIIITAPBIHBIH JW3alHbIH Kacay Ke31HIE aJJIUTHUBTI
TEXHOJIOTUSIIApAbl KOJJAHY TOCUIAEPIH d31pJey 'KOHE FhUIBIMH HET13/1ey

Juccepmayuanvik sHcymvicmol, MiHOemmepi

JKyMBICTBI OpbIHIAy OapbICHIHA KOMBLUIFAH MaKCaTKa CYWEHE OTBIPHIIN, Kellecl
FBUTBIMU-TEXHUKAJIBIK MIHACTTEP/I1 MICITY KaXKEeT:

1. BLDC Dnextp KO3FaJITKBIIITAPBIHBIH KOMIIOHEHTTEPIH aJJIUTHBTI
OHJIIPY CaJlaChIHJIaFbl 3ePTTEYJICP MEH MaTCHTTIK-TEXHUKAJIBIK IIEHTIMACPIIH Ka3ipri
Kal-KyWiHE aHATUTUKAIBIK IOy KYPri3y, JOCTYpPAl KOHCTPYKIUSIAPIAbIH
(reOMEeTpUSIIBIK, JKbUTY, TEXHOJOTHSUIBIK) HET13r1 IIEKTEYJIepiH alKbIHIAy >KOHE
aJAUTUBTI-0aFqapiaaHFaH ko0ajayra KOWbLIATHIH TajlanTapabl KaJbIITACThIPY .

2. [Tonumepini, amOMUHUN >KOHE METalll KepaMHKaJbIK MaTepuaiap.ibl
BTy OTKI3TIIITIK, BICTBIKKA TO3IMALIIK, OCPIKTIK, OHIIPICTIH TEXHOIOTUSIBLIBIFBI
KOHE DJIEKTP KO3ZFAJITKBIIIBIHBIH TOpanTapbiIMEH YHJIECIMIUIIK KpHUTepuiliepl
OOMBIHINIA CaANBICTHIPMAJIBI Oaranaybl OpPBIHJAM OTBIPBIN, CTATOpP, POTOP >KOHE
Kopnyc »neMeHTTepiH Kacay VIIIH aJJUTUBTI OHIIpIC MaTepuaijapbl MeEH
TEXHOJIOTUSIJIAPBIH TaHIay bl HET13/ey .

3. 3D OGacein mbiFapy mekTeyiepid eckepe otbipbin, BLDC cTaTopbiHbIH,
POTOPBIHBIH KOHE JJIEKTP KO3FAITKBIIITAPBIHBIH KOPIYCHIHBIH TapaMeTpIIiK
CAD/CAE w™openbiepin a3ipiiey KoHE OHHEprus THIMAUIN MEH Naiijanany
KYKTEMEJIEpIHE  TO3IMJIUIKTI  aHBIKTAWTBIH  JKBUTY, MEXAHUKAJIBIK  KOHE
AIEKTPOMArHUTTIK MPOIECTEeP/Il KEIICH I CAaHABIK MOJICIIBICYIl OPBIH/AY .

4. Maccansbl azaiTy, )KblUly KeIEpTiCiH a3alTy KoHE KaTThUIBIKTHI apTThIPY
YUIIH 3JIEKTP KO3FAJITKBIIIBIHBIH HETI3T1 3JE€MEHTTEpIH (€H alJbIMEH KOpIyC IeH
KBUTy ~ OTKI3TIII ~ KOMIIOHEHTTEP)  TOMOJOTHSUIBIK  JKOHE  KYPBUIBIMJIBIK
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OHTaWNAHABIPYIbI JKY3€re achlpy, COHBIH IIIIHJE WHTETPAIMSIAHFAaH CAIKBIHIATY
apHANapbl Oap MeEmnMAEpal 93ipiey KoHE OHTAWIAHIBIPYABIH KO3FaJITKBIIITHIH
AKYMBIC PEKUMJIEPIHE 9CEPIH TaIAay.

5. OHeprusi WIBIFPIHBIH CAaHABIK Oaranay/ibl JKoHe kykreme ke3inae BLDC
ANIEKTP KO3FAITKBIIIBIHBIH KyaThIHBIH TOMEHJIEYiH OOJKay/bl KaMTaMmachl3 €TETiH
THIMJIUTIKKE HETI3JIENTeH OJICTEMEHI 93ipJiey JKOHE CBhIHAKTAaH OTKi3y, COHJai-aK
MPOTOTUIITEPII kobanay >KOHE 3epTTey HOTIDKeNepl OOWBIHINA KOCTa OHIIpICIH
KOJIIAHYABIH TEXHOJOTHUSIIBIK JKOHE HKOHOMHKAJBIK OPBIHIBUIBIFBIH OaFasayibl
OpBIHJIAY.

3epmmey Hvicanul
KocbiMilla  eHJIpiC  TEXHOJIOTHSJIAPBIH  KOJJaHAa  OTBIPBIN  KacajFaH
KOJUIEKTOPCHI3 TYPAKTHI TOK IEKTP Ko3ranTKbimTapsl (BLDC).

3epmmey noui

AITUTUBTI  OHJIPIC TEXHOJIOTHSJIAPBIH TalaliaHy Ke3lHJe OJIapJiblH
TUIMJLIITH, KyaTblH XoHE KYKTEeMeJlepre TO3IMIUIITH aHbBIKTAUThIH KOJIJIEKTOPCHI3
TYpPakTbl TOK DJJIEKTP KO3ZFAJITKBIIUTAPBIHBIH KOHCTPYKTHBTI, JKbUIy JKOHE
HYHEPIrEeTUKAJIBIK CUIIaTTaMasapshl.

Foinvimu scananvik

TypakThl TOKTHIH KOJUIEKTOPCHI3 DJNEKTP KOFAITKBIIITAPBIHBIH TaliajIbl 9CEp
eTy Kod(p(UIIMEHTIH ecenTey oiicTeMeci o3IpieHAl, Oy JKbUIy KYHIH JKOHE
opaMaliapJIbIH JIEKTPIIIK apaMeTpiIepiH €CKepPe OTBIPHIMN, KYKTEME KE31HJE AJICKTP
KO3FAJITKBIIIBIHBIH JKYMBICBIHAAFbl KyaTThIH TOMEHJCYIH JKOHE DHEPTHUs IIbIFbIHBIH
CaHJBIK aHBIKTayFa MYMKIHIIK Oepei.

TonmonorusapIK OHTAMIaHIBIPYABI KOJIAaHY KOHE KOCHIMIIIA 1IIK1 CAJIKBIHIATY
apHaJapblH KaJbITACTBIPY apKbUIbl CTATOPJIbI CAJIKBIHJATY XKYHECIHIH THIMAUIITIH
apTTHIPY TEK CTATOP ©3ETiH ayBICTBIPY apKbLIbI POTOPBI KoHE 0acKa KYPBUIBIMIBIK
AIEMEHTTEPAl ©3repTHECTEH 3JIEKTP KO3FaNTKBIIIBIHBIH IIBIFBIC KyaThlH 15% - Fa
Jef1H apTThIpyFa MyMKIHIIK O€peTiHI aHBIKTaJIbI.

ABTOD 931pJIereH KOMIBIOTEPIIK MOJINIb HET131H/1€ KOChIMIIIA OHIIPIC 9/1ICIMEH
eHIpUIreH al.03 HeriziHAeri MeTalyl KepaMUKalblK MaTepuangap CTaHIapTThI
ATFIOMUHHAM KOPBITIAJAPHIMEH CAJIBICTHIPFAaH/a THIMIIPEK MACCUBTI KBUTY TapaTyIbl
KaMTaMachl3 €TETiHI aHBIKTAJAbl JKOHE JKCIEPUMEHTAAbl TYPAE pacTajabl, Oy
peTTe TemmepaTypa pPEeKUMACPIHACTI aWbIPMAIIbUIBIK ODJIEKTP KO3FAITKBIIIBIH
nananany >karnainapsl Oipaen 6osran kesne 24% - Fa JKeTel.

Bipikrtipinren imki cankpiHaaty apHanapsl 6ap AlSil0Mg kopeitnaceinan 3D
0achIl MIBIFAPy 9MICIMEH KacalFaH AJIEKTP KO3FaITKBIIIBIHBIH KOPITYChIH KEIIEH1
KBUTYy KOHE KYPBUIBIMIBIK OHTAaWJIaHABIPY alfall peT OPBIHAANIbI, Oy KYMBIC
temneparypacbiibi 30% - Fa JeiiH TOMEHJEylH JKOHE HEeri3rl Jau3allHMeH
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CaJIBICTBIPFaH/a KO3FAJITKBIIITHIH IIBIFBIC KyaThlH 17% - Fa JeiiH apTTBIPYIbI
KaMTaMachI3 €TTI.

Kymvicmuly meopuanvlk Manbi30bl1b12bl

TypakThl TOKTHIH KOJUIEKTOPCHI3 DIIEKTP KO3FAITKBIIIITAPBIHBIH YHEPTCTUKAIBIK
TUIMIUIITIH €CenTey SAICTeMeci d31pJeH I, OYJI JKbUTy KOHE AJIEKTp HapaMeTpiiepiH
€CKepe OTBIPHIMN, JKYKTEME KE3IHAC AJICKTP KO3FAITKBIIMIBIHBIH Taigallbl ocep €Ty
K03 hUIIMEHTIH KoHEe KyaTThIH TOMCHJICYIH CaH/IBIK aHBIKTayFa MYMKIHIIK Oepe/i.

CankplHAATYy  JKYHENepiHIH  TeOMETPHUSACHIHBIH  JKOHE  KYPBUIBIMIBIK
AIIEMEHTTEPIH TOIOJOTHUSIBIK OHTAMIAHJBIPYBIHBIH JKbUTY PEXHUMJICPIHE >KOHE
TYPaKThl TOKTBHIH KOJIJIEKTOPCHI3 AJIEKTP KO3FAITKBIIITAPBIHBIH pYKcaT €TUINeH KyaT
TBHIFBI3JIBIFBIHA OCEPIHIH TCOPHUSIIBIK TOYEIAUTIKTEP1 AJIbIHIBI.

AJIIOMMHUNA JKOHE METall KepaMUKAJbIK Marepuanaapaan xacairadn BLDC
ONEeKTp KO3FaNTKBIITAPBIHBIH aJAUTUBTI OHAIPUITEH 3JIEMEHTTEPIHAE XbUIy Oepy
3aHJIBUTBIKTAPhI OJIAPABIH JKBUTY TYPAKTHUIBIFBI MEH TACCUBTI CAJKBIHIATY Ke3iHICTI
AHEPIUsl TUIMJIUIITIH aHBIKTANIbI.

Kymovic hamuoicenepiniy npaKmuKaivblK Maybl30bl1b12bl

KosnekTopehl3 TypakThl TOK SJEKTP KO3FaITKBIIITAPBIHBIH THIMIUIITT MEH
KyaTblHbIH ~TOMEHJCYIH ecenTeyAiH a3ipjeHreH oxpicteMeci BLDC anektp
KO3FAITKBIIITAPbIH IUPIBIK >K00anay Ke3eHIHJE OJIapAbIH SHEPTHs TUIMAUIITIH
Oaranay YIIiH jko0anay *oHe >KaHapTy Ke31HJIe MaijaiaHbUTybl MYMKIH.

Kockimimia  eHpaipic  omiCTepiMEeH  JKacalFaH CTaTopjap MEH  JJICKTP
KO3FaNTKBIIITAPBIHBIH ~ KOPIYCTapbIHBIH ~ TOMOJIOTHSUIBIK ~— OHTAWIaHABIPBLIFaH
KOHCTPYKIIUSITIAphl TEK CAJKbIHAATY IKYMECIHIH KYPBUIBIMJIBIK 3JIEMEHTTEpPIH
aybICTBIPY apKbUIBI POTOP MEH KyaT JJIEKTPOHUKACHIH ©3TepPTHECTeH ODIEKTP
KO3FaJITKBIIITAPBIHBIH WIBIFBIC KyaTblH 17% - Fa J€iiH apTThIpyFa MYMKIHAIK Oepe/il.

3D OGackin mwsiFapy o9AiCiMEH OHIIpUITreH al203 Heri31HAer MeTal-KepaMHUKaIbIK
MaTepuaIIapAbl KoJigaHy OOWBIHIIA ajbIHFaH HOTWKENEP CTaHIAPTThl ATFOMHHUN
KOPBITITAJIAPBIMEH CAJIBICTRIpFaHAa THIMIIPEK JKBUTY TapaTyabl KaMTaMachl3 €TETiH
NAcCUBTI  CaJKBIHIATBIIFAH  DJEKTP  KOBFAITKBIITAPBIH  93ipiey  Ke3iHAe
naiaTaHbLTY bl MYMKIH.

[mki cankpiHgaTy apHanapel Oap AlSi10Mg KopbITHachlHaH —>KacajfaH
O3IPJICHTCH JKOHE OHTAWIAHABIPBUIFAH JJICKTP KO3FAITKBIIITAPBIHBIH KOPIYCTAPHI
AJIEKTP KOJITi, VIIKBIIICHI3 VI anmapaTrTapbl )KOHE YHEPTUSHBI YHEMICUTIH JJICKTP
KETEKTEpl YIIIH AJIEKTP KO3FAITKBIIITAPBIH JKOOanay >XoHE OHAIPY TXIpuOeciHe
CHT1311yl MYMKIiH.

3epmmey adicmemeci meH 20icmepi
3epTTeyliH  OJICHAMAJIBIK HEri31 KYKTeME KeE31HJIE JKYMBIC Ke3lHJe
HHEPreTUKAIBIK THIMAUIK T[EH KyaTTblH TOMEHJEYIH eCenTeyiH o3IpJeHIeH
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OMICTEMECIH  KaMTUTBIH  aJJUTUBTI  TEXHOJOTHUSUIApAbl  KOJJaHa  OTBIPHIIL,
KOJUIEKTOPCHI3 TYPAKThl TOK JJICKTP KO3FAITKBIIITAPBIH KoOajayFa >KyHETiK TocuI
0o TaObLIaAbl. JKYMBICTA 3JIEKTP MAalllMHAIAPHI TEOPHUSACHIHBIH aHATUTUKAIBIK
omictepi, canablik Monaenpaey omictepi (FEA, CFD), TOomomOTHSUTBIK OHTAMIAHIBIPY,
napameTpiiik CAD monenbaey jKoHE 3JIEKTP KO3FAJITKBIIITAPBIHBIH KOMIOHCHTTEPIH
QIIUTUBTI OHIIPYre KOJIAHBUIATHIH MaTepPHAIIAPAbl  CANBICTRIPMAIIBI  TaJay
KOJIAAHbLIAbI.

Kopzayza wivizapovinamoin 2oliblmu epesicenep

1. OpamanapaplH KbUTy KYHIH KOHE KO3FAITKBIIITHIH KYPbUIBIMIIBIK
EPEKIICNIKTEPIH €CKEPE OTBIPHIN, TYPAKThl TOKTBIH KOJUIEKTOPCHI3  DIIEKTP
KO3FITKBIIITAPBIHBIH SHEPTEeTUKAIBIK THIMJIUIITIH €CenTey oficTeMeci Manaabl acep
KOO (PUIIMEHTIH CaHIBIK aHBIKTAyFa >KOHE SJIEKTP KO3FANTKBIIIBI KYKTeME Ke3lHe
YKYMBIC ICTETEH K€3/1€ KyaTThIH TOMEHJIEy1H O0bKayFa MYMKIH/IK Oepei.

2. Tononorusinelk oHTanmauaeipyabl (Generative design) koHE 1K1
CAJIKBIH/IATy apHAJApbIH AJJUTUBTI OHAIPY OHICIH KOJJAaHA OTBIPBIN, CTaTOpP MEH
CTaHJAPTThI CTATOPBIH 1IIKI KoJieMi 26 MUJUTHIIUTPIeH 132 MIITUIUTPre AeiH ocTi,
aJl 1K1 alfHAJIBIMAAFbI Cy aFbIHBI 5 €Ce OCTI.

3. 3D Oacwein mbIFapy oAICIMEH jkacajdraH al.0s HeriziHaeri Merasl
KepaMUKAJIbIK MaTepuasaap bl Maii1agany CTaHIapTThl A TIOMUHUN KOPBITIAJapbIMEH
CaJIBICTBIpFaHAa TUIMJIPEK MACCUBTI >KbULy TapaTyabl KaMTaMachl3 €Telll, DJIEKTP
KO3FANTKBIIIBIHBIH ~ KYMBIC ~ TEMIIEpaTypachlHbIH TOMEHJEyl OipAed  KYMbIC
skarmaneiaaa 24% xerenl.

4. Koceimia eHjiipic 91iciMeH >KacajFaH 1IIKi CaJKbIHAATy apHaiapbl 6ap
alsil0mg KOpBITIIaChIHAH KACAIFaH dJIEKTP KO3FAITKBIIIBIHBIH KOPITYCBIH JKbUTY KOHE
KYPBUIBIMJIBIK ~OHTAWJIAHIBIPY KYMBIC TemmeparypacbiibiH 30% - Fa [eifiH
TOMEH/JICYIHE KOHE JIOCTYPJl JU3aWHMEH CaJbICThIPFAH/A DJIEKTP KO3FaITKBIIIBIHBIH
[Isirpic KyaThIHBIH 17% - Fa AeiiiH apTybIHA OKETe/Il.

CeHimoinik 0apesiceci rsHcane Hamudicenepoi Cblnay

Foinvimu Homuocenepoin Oypvicmulabl

FoimpiMu  HOTHOKENEpIiH MYPBICTHIFBI 3JICKTP MalllMHAJIAPHI TEOPUSCHIHBIH
HET13/IeJITeH TEOPHUSIIBIK epekesiepiH Koyany, cauablk Moaensaey (FEA, CFD) xone
TOTIOJIOTUSUTBIK ~ OHTAMJIAHIBIPY OMICTEPIH KOJJIaHy, COHJai-aK >KoOaJlaHFaH
JIEpeKTepAl  IJEKTP  KOFAITKBIIITAPBIHBIH ~ MPOTOTUNTEPIH  IKCIEPUMEHTTIK
3epTTEyJIep MEH CBhIHAKTApJIbIH HOTHIKEICPIMEH CabICTHIPY apKbUIbl KaMTaMachl3
eTLIe.

Kymoic sncane sncapuananvim Homuoicenepin anpooayuanay
JuccepTrauusuiblK 3€pTTeY OaphIChIHA alIbiIHFaH HOTKenep 2024 KbuUiabIH 2-6
mriaect apansirbiHaa Munonesusaa (o.Jlombok) etken Shell Eco-Marathon Asia,
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Pacific and Middle East 2024 sxofapbl 3HEprysjibl aBTOMOOMIIBAED JKacay KOHIHET1
WH)KCHEpIiK >kappicta YcbHBULABL. Kapwic asiceinma FDM  (Fused Deposition
Modeling) TexHOMOTHACHI OOMBIHINA AAAUTUBTI OHIIPIC OMICIMEH KacaJiFaH AJICKTP
KO3FAJITKBIIIBI KOPCETLIIL.

JluccepTalsuibIK 3epTTey HoTHXenepi OoitbiHIa Scopus xane Web of Science
JIEPEeKKOpJIapbIHIa HHIEKCTEICTIH XypHaJAapJa €Ki FbUIBIMH MakKalla, COHAai-aK
Kazakcran PecryOnnkach! FhutbiM skoHE KOFaphl 011iM MUHUCTPIITIHIH FBUTBIM jkoHE
KOFapbl OiTiM callaChIHIAFbl CcalmaHbl KaMmTamachi3 eTy KoMuTeTi yChIHFaH
OaceuBIMIAp Ti30€CiHE KIPETIH FBUIBIMH XKypHalJapja TOpT Makaja >KapusJiaHJibl.
CoHbIMEH KaTap, AWCCepTalysi MaTepuanaapbl OOWBIHIIA allbIHFAH HOTHIKEIEPIiH
FBUIBIMHU JKOHE TPAKTUKAIBIK MAaHBI3IBUIBIFEIH PACTAUTHIH ©HEPTAObICKa Oip MaTeHT
TIpKEJJI1; TaFbl €Kl MaTEHT caparTaMaaad oTTi.

Kymovic Hamuosicenepin npaKmuKaavlk icke acvlpy HcaHe eH2i3y

JluccepTauMsuiblK, KYMBICTBIH HOTHKeNepl TypakThl TOKTBIH KOJIJIEKTOPCHI3
AIEKTP KO3FAITKBIIITAPBIHBIH aITMTUBTI OHIIPIIT€H KOMIIOHEHTTEPIH jK00anay >KoHe
nalbIHay Ke3iHe icke achlpbliibl xkoHe Shell Eco-marathon xapsicTapbina, coHam-
ak formula Student CTyIEHTTIK HMH)KEHEPIIK CEPHUSCBIHBIH >KapbiC OOJIMATEpIHE
KATBICyFa JaWbIHAAIFaH SHEPrus TUIMAl NPOTOTUOTEP]E NaWJalaHbUIFaH 3JEKTP
KO3FaJITKBIIITAPBIHBIH TOKIPUOEIIK YITJIEPIHE €HT1311/11, OHJ]Ja MAaCCAHbIH TOMEHAECYI,
KBUTy PEKUMJEPIHIH >KaKcapybl JKOHE JHEPreTHKAJBIK THIMIUIIKTIH >KOFapbUIaybl
KaMTaMachl3 €TUI1 3JIEKTP CTaHLUSIIaPHI.

Juccepmayuanotyy Kypoliavimbl MeH Ko1emi

JluccepTalMsuIbIK KYMBIC KIPICTIENIEH, TOPT TapaydaH »oHE KOPBITHIHIbIIAH
typanel. Juccepranus 128 6erren, 40 cyperreH, 13 kecreneH, 76 Oubanorpadpusiibik
JIEPEKKO3/ICH TYPaIbl.
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1 JIEKTPOMOTOPIbI ’)KOHE OHbIH BOJIINEKTEPIH
AJAUTUBTI OHAIPIC APKBIJIBI )KACAY MYMKIHAIKTEPIH 3EPTTEY

1.1 Dy1eKTPOMOTOP K9HE OHBIH HeTi3ri OeJimeKTepi

Komekropebid typaktsl Tok (BLDC) moTopnapsl »KoFapbl THIMAUTIKTI, y3aK
naijjanany Mep3iMiH, COHAAM-aK TEXHUKAIBIK KbI3MET KepceTy OONBbIHIIA TOMEH
TajanTap/bl KaMTamachl3 €TETIH OJIIEKTP KO3FAITKBIIITAPHl TEXHOJOTHUSCHIHBIH
alTapiplKTail Urepuieyin oOuiaipeai. Onexkrpomoobmibiep (OB), pobororexHuka,
JPOHJIAP, TYPMBICTBIK TEXHUKA CHUSAKTBI CEKTOPJap/ia CEHIM/II, JKeHLI KOHE SHEpTHs
TUIMJII JKE€TEK JKYHelepiHe CYpaHBICThIH OCYIHE Kapail Ka3ipri 3J1eKTPOMEXaHUKAIbIK
MallIrHa JKacay/ablH Heri3ri Kypamaac Oemiri petinae BLDC MoTopiapsl naiiga Oosbl.

Heri3ri npuHIUIi )KoHE KYPbUIBIMBI

BLDC wotopnappl — poTOp TYpPaKTbl MarHUTIEH KOPEKTEHETIH MKOoHe
CTaTOpAbIH KypaMblHa opama 6ap CUHXPOHIbI MOTOPABIH O1p Typi. JJocTypi meTkaisl
TYpakThl TOK MOTOpiapblHa Kaparanna, BLDC wmoropmapel komMmyTanus YIIiH
HieTKanapapl nagananOanasl. OHBIH OpHBIHA OJIap POTOPIBIH KAJINbIH aHBIKTAUTHIH
KOHE CTaTop OpaMacChIHJAFbl TOKTHI THICIHINIE ayBICTBIPBHINT KOCATBIH SJCKTPOHIBIK
Oackapy XyieciHe cyileHeal. DJIEKTPOHIBIK KOMMYyTalMs JACreH arneH Oenrui Oy
MPOLIECC MEXAHHUKAJIBIK KOMMYTalLMsIFa KaparaHJa CEHIMAIPEK opl TUIMIIPEK, OMTKEHI
OJ1 YUKEJIIC MEeH JIOFaHbl KOS IbI.

BLDC MoOTOpBIHAAFbl CTaTOp OAETTE MbIC OpaMaliapAbl OpPHAIACTBHIPYFa
apHaJFfaH CJOTTapbl Oap JaMUHUpJCHreH OoJlaT e3eKIIeNepleH KypaiaraH. byn
opamMjap aifHaJIMasbl MATHUT OPICIH JKaCalThIH PETTUTIKIIEH KepHeyi 6omanbl. Porop
OpiC TIEH POTOP/ABIH TYPAKThl MAarHUTTEPIHIH apachIHJaFbl TAPTHUIBIC KYIII €ceOiHEH
OCBI OpicCIieH Kypei. oy ®KyMBIC ICTEY/IIH KUITI pOTOP KAJIbIH JJI aHBIKTAy OOJIbIM
TaObUIaJbl, deTTe XOMI-3PPEKT NATUUKTEpl CUSAKTHI JATYUKTEPMEH HEMECE apTKbI
ANMEKTPOMOTUBTI  KymTeH (OM®) kannblH OarajnalThIH CEHCOPCHI3  Oackapy
aNTOPUTMIEP1 APKBLIBI KOJI KETKIZIE/I.
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Cypert 1 — DnekTpoMOTOp CypeTi

BLDC motop Typrepi

BLDC motopnapsl, oneTTe, poTop MO3UIMAICHIHA Kapai eKi Typre KiKTeNe/Ii:

. WHpyHep MOTOpIapblHbIH CTarop 1MIIHAE POTOpbl 0OoJanbl KoHE
OHEPKACIITIK KOHE JKOFaphl )KbUIIaMBIKThI KOChIMILIATApAA KU1 KOJJaHbLIa Ibl.

. AyTpyHep MOTOpJapbl CTaTOPbl KOPIIAIl TYpPFaH pOTOPHI Oap MOTOpiap
TOMEHT1 KbUITAM/IBIKIIEH HEFYPJIBIM JKOFaphl alHAIABIPY MOMEHTIH KAMTaMachl3 €T/l
YKOHE APOHAAp MEH X000MIII )KaOIbIKTapAa Kui KOIAaHbIIAIbI.

Exi Typ ne konjmaHy TajanTapblHa OailJTaHBICTBI HAaKThl APTHIKIIBUIBIKTAP
YCBIHABI, MBICANbBI, aWHAIABIPYy MOMEHTIHIH TBIFBI3ABIFEL, (opMa KOIPPHUIMEHTI,
CaJIKBIHJIATy CTPATETHUSCHI.

BLDC Motors apThIKIIBIIBIKTAPI

BLDC wMotopnapbl onapAplH KEHIHEH KaObUIAaHyblHAa bBIKMAl €TKEH
apTHIKIIBUIBIKTAP 1€CTECIH YChIHABL:

. JKorapbl THIMAUTIK JKOHE KyaT TBHIFBI3ABIFBI:  IIETKAJIAp  MEH
OHTAWJAHBIPBIIFAH  AJIEKTPOMArHUTTIK KOHCTPYKUMSHBIH OonmaybiHaH BLDC
MoTopiaapsl 85-90%- naH actam THIMIIUTIKKE KOJI JKETKI3€ aaabl.

. Kb3mer ety mep3iMmiHiH y3aFbIpak OoOJybl: TO3yFa apHaJFaH ILIeTKajlap
6onmaca, BLDC moTopnapsl €H a3 TEXHUKAJIBIK KbI3MET KOPCETY/l Tajar eTe/l KoHe
y3aK yaKbIT OOMBI CEHIM/II XKYMBIC icTenml. [1,2].
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. [lynpiH TOMEHAIT1 XoHE OIPKAJIBINTHI JKYMBIC 1CTEYl: OJIEKTPOHJIBIK
KOMMYTAIHsI TYTHIHYIIBUIBIK 3JICKTPOHUKA MEH MEAUITMHAIBIK KYPBUIFBIIIAPIa OMIpIiK
MaHBI3bl 0ap KbUIKAJIaM MOTOPJIAPBIMEH CAJBICTBIPFAH/Ia TBIHBIII KYMBIC 1CTEYI
KaMTaMachI3 €Te/Il.

. Hon OGakpunay: onap JoJ KbUIAAMJBIKTHI JKOHE alHAIIBIPY MOMEHTIH
Oackapyra MyMKIHIK O6epesii, Oy ojlapabl pOOOTOTEXHUKA MEH CEPBO KOCHIMIIIAJIAPHI
YIIIiH ©T¢ KOJaiIbl eTe/l.

. blkmam oHe KeHUT: AWHANIBIPYy MOMEHTIHIH CajMaKKa >KOFaphl
apakaThIHAChl KEHICTIK TEH CaJMaK ©Te MaHBI3Ibl KYWelepre HHTerpalusiayra
MYMKIHAIK Oepei.

Cypert 2 — TypakTbl TOK AJIEKTPOMOTOP >KYMBIC 1CTEY CYI0aCh

BLDC Motors KochIMITIagapbl
BLDC MoTtopiapbIHbIH KaH->KaKTBLIBIFBI OJIAPABIH op TYPJIl JOMEHICD
OolibIHIIa OIpIKTIpyiHE MYMKIHIIK Oepii:
- Onextpomobunbaep (OB): Heri3ri kosraymisl Kyl KyienepiHae, KyaTTbl
py/bjeyae, CANKbIHAATY KYHenepiHae KON JaHbLIa b,
- AbsporapelutslK xoHe apoHaap: Outrunner BLDC moropnapel Tomen RPM-ne
KOFaphl aWHaJAbIPy MOMEHTIH KamMTamachl3 €TeTIH JpOHJapJarbl KyaT

pOTOpJIApPHI.
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- Consumer Electronics: Kartel quckinepaex, DVD oifHarkeIrapian, COHIan-axk
OJapAbIH  THIHBIII JKYMBIC iCT€yl MEH CEHIMAUIrIHE OailaHBICTHI
CaAJIKBIHIATKBIII KEIACTKIMTEPICH TaObLUIFaH.

- OmnepkocinTik  aBromartapabipy: CNC  MmammHanmapbiHAa,  KOHBeEiep
Kyienepinae, poOOTTaHIbIPbUIFAH Kapy->KapaKTa MaHbI3/IbI.

- MenunuHansIk xa0apIKTap: JIoa ik eH THIHBIII )KYMBIC 1CTEYIIH MaHbI3bl MOH1
0ap KYWITIK XUPYPTUSUIBIK Kypajiaap, COpPFbLIAp, OKIEHI >KaCaHJbl >KENICTy
amnmaparrapsl. [3].
backapy Herizaepi
BLDC wmoTopiapbIHBIH JKYMBIC KaOUISTTUIITIH AJIEKTPOHABIK JKbUIIAMIBIKTHI

oaxkputaymsuiap (ECK) perreiimi. byn KypbUiFbLiap UMOYIbCTIK €HI MOAYJISALHSICHI
(PWM) mnemece Field-Oriented Control (FOC) cuSKTBI MOZYJSIUS OIICTEPiH
naijanany apKbUIbl aifHATY KbUIIAM/IBIFbI, alfHATIBIPY MOMEHTI 5KOHE OAFBITHI CUSIKTHI
napametpiepai  6ackapaabl. CeHCOpchl3 KOH(UTrypamnusuiapaa MOTOPABIH —apTKa
HIETIHYIH TaJlJlay apKbUIbl Oackapyra Ko sketkisineni. Advanced ESC sxorapsl xkayan
Oepy >koHe OeliMmieny OakplUIaybl YIIIH MUKPOKOHTPOJUIEPIEp MEH Kepl OailinaHbIC
aNrOpUTMIEPIH KAMTHU/IBI.

ChIH-TereypiHiep MEH LIEKTEYIEep

OnapapiH apTHIKIIBUIBIKTAphiHA Kapamactad, BLDC motopnapsl na OipHere
WHXEHEPIIK MIHAECTTEP KOSIbI:

- Kypneni 6ackapy >xyitenepi: DIEKTPOHIBIK OaKbUIAyNIbUIAPABIH KaKETTUIIr
YKOOAJIBIK KYPJCIIIK MeH KYHFa KOCBIJIAIbI.

- XKeumy menemkMeHTi: JKoraphl )KbUTAAMABIKTHI ITal1aaHy KOHE BIKIIAM OJIIIeMi
KbI3bII KETYAIH aJIJIbIH aJIy YIIIH TUIMJ1 CaJKbIHAATY KaXETTUIIIH TyAbIPabl.

- Marepuannplk meFbIHAap: HeomuM CHSKTBI CHpEK Ke3[AeCeTiH MarHUTTEepIi
naianany MaTepPHAIIBIK IIBIFBIHIAPIBI apPTTHIPAIBI.

- OwupmipicTik mekTeynep: JalblHAAyabIH JOCTYPJl OJICTEpl HHTETPAJIIBIK
CaJIKbIHIATyMEH HEMeCEe OHTAMIaH IBIPbUIFaH TOTIOJOTUSIIAPh Oap MOTOPIAPAbI
»)o0ajay MYMKIHJIITIH TIIEKTEH .

AnmutuBTik  eHaipicTiH (AO) ecyimen komimri BLDC wmoTtopnapbiHbIH
KOHCTPYKUHUSCHl MEH OHIMIUTITNHIH KONTEreH IIEKTEYJIEepIH €HCepy YIIIH QJeyeTTiH
ecyl Oaiikanmanpl. A©O Kypaeli reoMeTpusiapibl, CaJKbIHIATyFa apHaJfaH KeIIeHl
apHajapIbl JalblHIAyFa, COHJAl-aK KoAIMI1 MalllMHKaMEH >XY3ere achlpbUIMANThIH
KEHUIICTUITCH KYPBUIBIMIBIK (opMaiapasl TMakgajaHyFa MYMKIHIIK Oepemi. by
KETICTIKTEp  MOTOPJAPABIH  KBUTYIBIK,  KYPBUIBIMIBIK,  3JEKTPOMAarHUTTIK
cUmnarTamMaapbiH e19yip JKakcapTa anajisl. [4].
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Cypert 3 — DnekTpoMoTOp eHIpici

bynan Gacka, kaHa KOMITO3HTTIK MaTepHAIAPAbI, OpayAbIH O3BIK TICLIIEpiH,
COHJIali-aK OHIMIUIIr >XOFapbl MarHUTTIK MaTepuaiaapabl a3ipiney BLDC motop
TUIMIUTITT MEH KyaT THIFBI3IBIFBIHBIH IIEKapachlH UTEepyAl kamracTeipyga. CmapT-
KOHTPOJUIEPJIEPMEH JKOHE HAKThl YaKbIT PEXHMIHAEC CEHCOPJBIK HWHTETpallMsIMEH
yinecimae BLDC mortopnapsinbiy 6omamiarsl 10T, smart mobility sxone Industry 4.0
TPEHATEPIMEH THIFbI3 COMKECTEHAIPIIICII.

BLDC woropnapsl Ka3ipri 3aMaHFbl JKOFapbl OHIMII JJEKTP KO3FaJIbIC
KYWENepiHiH 1preTachlH Kypaiasl. OnmapaelH THIMAUTIK, Oakplaay JONIITT KoHE
OepikTiK KOCMachl ONapAbl KOCBIMINATAPABIH KEH ayKbIMBIHIA TamlThIpMac eTel.
AJITMTUBT1 OHJIPIC CUSKTHI TEXHOJIOTHSIAPAbIH AamybiHa Kapaiit BLDC moTopnapbix
»o0amay JKOHE JaiibIH1ay WHHOBAIUSIIAP/IBIH JKaHa JdyipiHe ask 6acajbl, Oy cananap
OolplHIIA OfaH Ja Kem (YHKIMOHAIIbUIBIKKA, TYPaKTbUIBIKKA, HWHTErpalusra
MYMKIHJIIK O6epeni. [5]
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Cypet 4 — DieKTpoMOTOp OHIpicl

[Mamamen emy xbu1 OypbiH T.I. Yuncon men I1. X. Tpukku KarTbl KyHjeri
KOMMYTAIMSIHBI KOJIJIaHa OTBIPBII, TYPAKThI TOK KO3FAJITKBIIITAPBIH KYPrizy OONbIHIIIA
13a1IapIIbIK SKCIIEPUMEHTTEp KYprizai, by JIopeHUTiH Kyl IpUHLMIIHE HET13[eNreH
nieTkachbi3 TypakThl TOK (BLDC) KO3FanTKBIIIBIHEIH AaMyblHAa HET13 00761, . COHFbI
Oipueme oHXbUIABIKTa BLDC KO3FaNTKBIINITaphl aBTOMOOWIIb  ©HEPKICIOIHIIE
anekrpomoounpaepal (Ev) inrepinety MeH eHrizyaeri menryir pesiHe OaillllaHbICThI
3epTTEYJIePAIH HEeT13T1 OarbIThIHA aifHAIIbL. [6]

blkmam emnmemine, »Kofapbl KyaT THIFBI3[BIFRIHA KOHE JI97 OacKapyra
KaOuerTinirine 6annansictel BLDC KO3FanTKbIIITaphl Ka3ipri yakpITTa aBTOMOOUIIb,
COpPFBl JKOHE TMPOKAT OHEPKACIOIH Koca ajfaHjia, JdpPTYpil CeKTopiapaa KeHIHEH
KOJAaHBUIA/Ibl. DJIEKTPOMOOMIBACPTe SJIEM/IIK CYPAHBIC apThIM KeJie KaTKaHABIKTaH,
ocipece keneci omwXbULIbIKTa, BLDC KO3FanTKbIIITaAphl TYPAKThI TachIMaJAay/Ibl
KaMTaMachl3 €TETIH HETi3rl TEXHOJOTHSUIApAbIH OipiHe aWHamagbpl Jen KYTLIyae.
Hapwiktel Tanmayra coiikec, BLDC KO3FanTKbIIITapbIHBIH oleMaiK Hapbirbl 2020
KbUlbl 9,6 mwmuuapa posutap 2025 xputFa Kapail mamameHn 15,2 Muuapi akin
JoJIIaphIHa JIeHiH KeHelenl gen 0obkanyna, OyJ1 TEXHOJIOTUSIIBIK )KOHE OHEPKICIITIK
KaObLIay/IbIH KapKbIH/IbI KAPKBIHBIH KopceTei [7].

OMOeOanThirpiHa OaitmanbicThl BLDC  KO3FanTKbIIITaphl CTAaTHKAJBIK >KOHE
JTMHAMUKAJIBIK Taii/lajlaHy TajJanTapblH KaHaFaTTaHJbIPY YIIIH K0OaJIaHybl MYMKIH,
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OyJ1 onappl KeTepy Kyienepi, Kecy MallMHaIaAphl KOHE POOOTTHI ICKEe KOCY CUSIKTbI
KOJIJaHOamap/IblH KeH ayKbIMbIHA KapaMibl eTedi. JocTypii HHIYyKIUSIIBIK >KOHE
nietkaiabl TYPAKTDBI Tok Ko3FanTkelTapbiMeH caibicThipranaa, BLDC mammHanapel
OipHeIIe epeKie apThIKIIBUIBIKTAP/Abl YChIHAIBI: KOFAPhl YHEPTHsl THIMJLIIT, YJIKESH
MOMEHT TI€H cajMaK KaTbIHAChI, TOMEH aKyCTHUKAJIbIK LIy >KOHE TEXHUKAJBIK KbI3MET
KOPCETY TalalTapbIHBIH TOMEH/IeYl. MeXaHUKaJIbIK KOMMYTAIUsHbIH 00JIMaybl pOTOp
MEH CTaTOp apachIHAaFbl KO3FaJIMalThIH MArHUT aFbIHBIHBIH Maija OOJybIHA Kl
COFaJibl, OYJ1 KO3FAITKBIIITAPIABIH OIpMiK KyaT KOA((HUIIMEHTIHIEC THIMII KYMBIC
icTeyine MyMKiHJIIK Oepeni. [8].

BLDC ko03FanTKbIIITAphl MEKTPOHIBI KOMMYTAlLUS apKbUIbI JKYMBIC 1CTEH],
MyHJa opOip cTratop ¢aszackl TyHBIKTanFaH Oackapy XKyHeciMeH IoMeKTI Typie
KyaTTanajbl. by xyiie KO3FaITKbIII opamMaiapbiHa OEpIJIeTIH TOK UMITYJIbCTaPbIHBIH
YaKbITBIH JIOJI aHBIKTAy apKbUIbl ©3apa TOyelAl >KYMBIC TapameTpiiepi OOoJbI
TaOBUIATBIH JKBULIAMABIKTBI J1a, alHaTy MOMEHTIH jAe¢ perreiai [9]. Mynnai
Oackapynbiy xorapbl gomairi BLDC  ko3ranTkplTapblHa —aybICHaibl KYKTEME
KarJablHAA TYPAKThl )KYMBIC 1CT€yT€ MYMKIHIIK Oepenl, JereHMEH OyJl KapKbIH]IbI
HEMECE Y3aK KYMBIC K€31H/1€ TO3YAbIH XKOFapbljayblHA JKEJIEI].

PotopnblH oOpHanacyblH aHBIKTAy TYPFBICBIHAH OJETTE €Kl HEeri3rl Tacll
Kosanbuiaabl. bipinmicinae PoTopsiH opHaiacysl Typalibl TIKeJIeH Kepi OailIaHbICThI
KaMTaMachl3 €TETIH, JOJ AJIEKTPOHIbl KOMMYTAIMSHBI KamMTaMachl3 €TETIH XOJUI-
b dexT maruukTepi KosmaHbutanbl. EkiHIN TociiI-ceHCOpChI3 Oackapy, O KyaTchi3
KaTyIlIKaJlap/a UHIYKIUsJIaHFaH apTKbl JIEKTp Ko3Fayiibl KymiTi (apTkel DKK) emmey
apKbpUIbl POTOPIBIH OpHBIH Oaraynaiibl. XOJI CEHCOPbIHA HETI3[ENreH 9ETTErl
KOH(UTypaIusiga KO3FaITKBII 9PKAUCHICH KO3FAITKBIII (pa3achlHa COMKEC KeJeTiH
JKOHE CaHJBIK JIOTUKAJIBIK Oackapy Ti30eriMeH OacKapblIaThlH YII €Ki OaFrbITThI
WbIFYAbl KaMTuAsI [10].

KopsitbiHabinai kene, BLDC KO3FanTKBII TEXHOJOTUACHIHBIH 3BOJIFOIUACHI—
OHBIH KaTThI KYWJIET1 KOMMYTAIUSIHBI €pTe 3epTTEyeH OacTar Ka3ipri 3aMaHFbl JIEKTP
KETEKTEpIHACTI Ka3ipri peiliHe JeHIH-AJIEKTPOMEXaHUKAIBIK  WHKECHEPHSIAFbI
MaHBI3BI Ke3eH OoNbI TaObuIaapl. OHBIH THIMAUIK, CEHIMAUIIK >KOHE IHM3aiiH
WMKEeMJILTITIHIH YilJieciMi OHBI TachbIMaiiay, aBTOMATTAHJbIPY >KOHE >KaHAPTHUIATHIH
SHEPrusl >KyhenepiHje Kazipri jkoHe Oosaimiak KoJjijgaHOanap YIIIH €H MaHbI3IbI
KO3FaJITKBIII TYpJIEpiHIH O1piHe allHANIBIPY/IbI KaJFaCThIPYy/IaA.
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1.2 3D npuHTEpPMeH 0ACBLIIFaH 3JIEKTPOMOTOPJIAPFA HIOJTY

TonmerreiMen 3d OGachIll MIBIFAPBUIFAH 3JICKTP KO3FAITKBIIITAPHIHBIH JTaMYBI
Kocrajgap eHgipicii (AM) sleKTpoMeXaHHKaIbIK WHXECHEpUsFra OipiKTipyderi
MaHBI3Bl Ke3eH OoJbim TaObutaael. OChI canmafarbl alFallKel 3epTTeYyiep, MBIcabl,
Elas Kri »xone Ellery (2020) >xympIcTapbl, TeK KOcHaiapJbl ©HAIPY MpoIecTepl MeH
KOMMEPLMSIIBIK KOJ JKEeTIM1 MaTepualfap/bl MaiianaHa OTBIPHIN, (PYHKIIMOHAIIbI
TYPaKThl TOK DJEKTP KO3FAITKBIIITAPBIH ACAYJbIH OPBIHJBUIBIFBIH KOPCETTI.
OnapnaplH ~ 3epTTeyl  OCBhI  CajaHblH  HETI3rl  MIHJACTTEPIHIH  OIpIH-TOJBIK
AIIEKTPOMEXAHUKAJBIK (PYHKITMOHATABLUIBIK YIITIH KAXKETT1 AJCKTP OTKI3TII, MAarHUTTIK
KOHE KYpPBUIBIMJIBIK MaTepuaigapibl Oip yakpITTa Oachll MIbIFapy yuiiH AO
TEXHOJIOTUSJIAPBIHBIH IIEKTEY1 MyMKIHAIKTEPIH KapacThIP/IbI.

CoHFBI yakbITKa JIEHIH OChI CaJlaJlaFbl 3ePTTEYJIEPAIH KOMIIUIIT CTaTop HEMece
pPOTOp JKAaKTayJIaphl CHUSAKTHI iMIIHApA KO3FAJITKBIII TOPANTAPBIH OACHI IIBIFAPyMEH
HIEKTEN/I1, ajl KOAIMIT marepuanaap (MbICalibl, MBIC CbIM, MarHUTTEp *oHE Oojar
JaMUHaLUsAIap) KeHIHHEH eHJIPUIreH HeMece KYpacThIpbUIFaH.. bys rubpuari Tacia
AM oneyeTiH IWIEKTEYNl 3€pTTeyre MYMKIHIAIK Oepai, Oipak ©HAIPICTIH TOJIBIK
nepOecTIriHe KO KETKI3€ aIMaibl. DIACKpU MEH DIIEpUIiH 3epTTeyl TyOereii 6acka
TOCUIAI YCHIHABI — JAWbIH KOMIIOHEHTTEPJl EHTI3ydl KaXeT €eTIEeCTeH Kol
MaTepUalIbl, KOI TEXHOJOTUSIBIK 3D Oachlll MIBIFAPBUIFAH EKTP KO3FAITKBIIIBIH
kacay. by TOoCcUIIH MaHBI3ABUIBIFEI OHBIH JKEKE 1IIKI TeOMETpHUsIapbl MeEH
WHTErpalUsyIaHFaH  (QYHKIIMOHAJIBIFEI 0ap KO3FAJNTKBIIITApIbl Kacay oJICyeTIHJIE
XKaThIp, OYJI O3MITHEH pEIUIMKAIUsIaHATBIH POOOTTHIK KYHWelep MEH FapbIIITHIK
eHTIpicKe koj amazsl. [11-12]

bacrankel 3eprreynep opTypiai AO marepuangapbl MEH SJICTEpiH KoJjaaHa
OTBHIPBITI, PaAHANIbl XKOHE OCHTIK aFbIHIBI TYPAKTHl TOK KO3FAJITKBIIITAPBIH OaChII
IIbIFapyFa OarbITTaFaH. 3epTTEYIIIEp MaTepHaabl TaHAAyAbIH 3JICKTPOMArHUTTIK
OHIMJITIKKE dcepiH Oaranay yuniH banksiteuiran TyHasipynsl Moaensaeymen (FDM)
»oHe CywIk bypikkim Kocnanapasl Ouaipymer (CSAM) Toxipuoe sxacaabl. AJFalikbl
npororuntepae crarop e3ekrepi Tikeneid Meranael Jlazepnik Amtomepanusiiay
(DMLS) mnpouecin koijmana oTbipbin, bonartet (MS1) TanOanayman Oackin
IIBIFAPBUIIBL.  AJIBIHFAaH TIOMIOCTI asK KHIM MBIC CHIMMEH Opajibill, ©3[irHeH
KO3FaJIaThIH TYPAKThI TOK KO3FAITKBIIIBIHBIH HET131H Kypajibl. KypacTeIpy COTTI )KYMBIC
ICTETeHIMEH, OHJIPUIreH AIIEKTPOMArHUTTIK opic (OMO) onciz Gommer — 18 B
kepHeyne Oip momtocke mamameHn 1,2 laycc — gocTypmi Kymcak TeMipMeH
canpIcThIpranga 3d Oachin MIBIFAPBUIFaH OOJIATTHIH TOMEH MAarHUTTIK ©TKI3TIIITITIHE
OaiinanbIcThL. [13-14]
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Cyper 5 — [IpunTepmen OacbuTFaH JIEKTPOMOTOP MPOTOTHUIIL

MarsuTTik OHIMAUIKTI J>KakcapTy YIIIH KeJiecl MPOTOTUNTE MOJIUMEpIi
MaTpulaHbl (HeppOMarHUTTIK OeieKkTepMeH OipiKTipeTiH MarHutTi Temip PLA
KITMIIECT KOJJAHbUIAbI. AJbIHFAH OpicTiH OepikTirt O0ip nomtocke 1,6 T'ayccka neiiin
azfgan ecTi, OyJ KOMIO3WUTTIK MAarHUTTIK TMOJMMEPJEp OHIMIUIIKTI a3/lan apTThipa
anarblHBIH, OIpaKk ol Je XYMCaK TeMip HEMEcC€ CHPEK KEp MarHUTTEpiHIH
CTaHJApTTApblHA COMKEC KEJIMEWTIHIH KOPCEeTTl. ODKCIEPUMEHT HETI3Tl IIeKTey/l
AHBIKTA/Ibl: KOMMEPIHUSIIBIK KOJI JKETIMJII MarHUTTIK >KIOTEpJe KYILUTi, paguaijbl
OarpITTaJFaH MarHUTTENY[l ally YIIIH KaXeTTI KPUCTAIIBIK Typajay xok. CoraH
KapaMacTaH, CTaTOp TEOMETPHSCHIH allbIKTaH KaObIK KOH(MUTypalusFa e3repTy
apKBUIBI 3ePTTEYIILIEP alTapIbIKTal TaObICKA KO KETKI13]11 — JEKTPOMATrHUTTIK Opic
01p momtocke mamamen 12 T"ayccka aeitin ecti, Oy apmarypanbl TYPAKTHI TokThiH
18 B kepHeyiHIe alHANABIPY YIIH KETKUTIKTI. Byn mu3ailHIbl peTTey MarHWTTiK
KYJIBIKCHI3BIKTHI TOMEHIETII, aFbIHHBIH OalIaHbICHIH )KaKCaPTThI, OYJI T€OMETPHUSIIBIK
OHTaIaHIbIPy AM KO3FaNTKBIIIITAPBIHAAFEI MATEPUAIIBIK IIIEKTEYIIEP/Ii 11TIiHApa OTeH
aJaThIHBIH pacTanbl. [15-17]
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Cypetr 6 — MarnuTTi JUCK OPOTOTHI1

JlocTypii MbIC OpaMachlH JKOIOFa OaFbITTAIFAH OCBTIK aFbIHABL (KYiMaK)
TYPAKThI TOK KO3FAJITKBILIBIH Kacay apKblIbl O/IaH dpi LIrepiiaeyre Ko )KeTKi3uiai. by
IU3aiiH KYWMaK KO3FaITKBIIITAPBIHBIH >Ka3bIKTHIK TEOMETPHSICHIH KOJAAaHIbI, Oyl
OTKI3TIII 13IepAl POTOpP AUCKUIEPIHE TIiKeNel Oachlll IIbIFapyFa MYMKIHIIK Oepeni.
bacranker opexertep KonmaHbuiasl DIEKTPACHIIPTINI OTKITIIT MBIC KIM-Keaeprici
0,006 Q-cM OonaThlH MOJMMEPNI KOMIO3UT. YoJeciHe KapamacTaH, MaTepualijiblH
IIEKTEYJl TOK OTKI3y KaOuleTi >koHe Oachlll IIbIFapy macenenepi (OiTermy, Hariap
aJire3usi )KOHEe KbI3bIM KEeTy) OHBI a3 KyaTThl KoJiaHOaIapMeH MaiaaaHyabl MEeKTe/Il.
MymHbi xeHy yiriH 3eprreymiep Jlamunarranran 3arrapasl (LOM) skacay mporiecin
€HT13/1l, OHJAa MBIC Taclachl 9N KECKIIMMeH Kecimin, Kadarracteipsiiabl (Cricut
Explore Air 2). byt aaic poTOpabIH €Kl *arblHaa €Hl 1 MM >xoHe Oip karymikara 18
allHaJBIMHAH TYPAThIH Oacra OopaMachIHBIH 13/I€PIH COTTI LIBIFAPBIN, TOJBIK KYMbIC
ICTEUTIH €Kl KaKTbl OpaM YJTICIH xkacajsl. [ 18-20]

Anpiaran 3d Oachll MIbIFAPbUTFaH KYHMaK KO3FalTKbIIIbl MarHuTTi TEMIP PLA
#oHe craHnapttel PLA — nan jxacanfaH OapiblK KYpbUIBIMIBIK OOJIIEKTEpIl —
CTaToOpibl, POTOPAbI, KOMMYTAaTOP/Ibl KOHE KOPIYCThl OIpIKTIpAi, ajd MbIC (hosbra
JOCTYpJIi OpaM CBIMBIH aybICTHIpABI. POTOp >KWHAFbl KapamailbiIM MBIC KaHBLITHIP
meTtkanap apkeuibl 18 B TY¥PAKTDBI Tok Oepy apkpuibl KyaTTaHIBIPHUIIEI,
HOTHXKECIHJIE TYPaKThl aifHay maiiga 6omnapl. CoHbIMEH KaTap, crarop e3erine Oak
Ridge ¥arTeik 3epTxanacei NdFeB-ten xacanran 3D Gachin mIBIFapbIIFaH TYPAKTHI
MarHuTTep EHTI3UIAl, OyJI aJANTHBTI ONICTEp AapHalbl TEOMETPUSIMEH Kypieni
MarHUTTIK KOMIIOHEHTTEP/I1 KoOelTe alaTbIHbIH KOPCETTI.

Toxipubenep KepceTKeHIeH, eH a3 KOJIMEH KYpacThIpbUIFaH ToJbIK 3D Gachin
HIBIFAPBUIFAH TYPAKThl TOK KO3FAJITKBIIIBI ap3aH fdm xabapIKTaphl MEH KOMITO3UTTIK

20



MaTepuangap/pl MaijanaHa OTBIPBIN, TEXHUKAIBIK TYpFbiIaH MYyMKiH. Ko
KETKI3UITeH OHIMIUTIK OHEPKICITITIK IEHIeHIeT] KO3FAITKBIIIITAPMEH CAIBICThIPFaH/Ia
KapamaiibiM OOJFaHbIMEH, Olp OHJIpiC MPOIECiHAEC KYPBUIBIMIBIK, MAarHUTTIK >KOHE
OTKI3TIMTIK KacHeTTepAiH (YHKIIMOHAIIBIK WHTETPAIMSCHIH pacTaabl. 3epTTey
COHBIMEH KaTap Oachlll IIBIFapy MapaMeTpliepiH, MaTepHAIAbIH MUKPOKYPBUIBIMBIH
OHE KO3FAJITKBIII TOMOJOTHACHIH OHTAMIAHABIPY HIBIFBIC MOMEHTI MEH TUIMJILIITIH
alTapIbIKTall apTThIpa aJIaTBIHBIH aTam oTTi. [21-24]

Cypert 7 — bacburras 3JIEKTPOMOTOP

Kenipex typrbinan anraHjga, 3D Oacelll MIBIFAPBUIFAH KO3FAITKBIIITAPIBI
3epTTey OHIMIUIIKTI JKaKcapTyldaH achlll TYCEII-OJ OHAIpIC aBTOHOMMSIChIHA
TpaHcHOpPMAIHSUIIBIK TYKBIPhIMIaMaHbl €HT13e/1. JKeprijikTi pecypcrapabl (MbICabI,
opHbiHAa 3d Oachlll MIBIFApY YIINIH aif PErojiMTi) MaiijajaHyra KaOuleTTi ©31H-631
peIUTMKAIMSIAUTRIH MallIMHAJIAP YFBIMBI COJI TEXHOJIOTUSUIIBIK HET13re Heri3aenreH. AM
KyaThIMEH >Ka0IbIKTaIFaH POOOTTHIK KY€ ©31HIH KypaMac 0eIIKTepiH, COHbIH 1TTHAC
AIIEKTP KO3FAITKBIITAPHIH KOOCHTE aiajbl jKOHE FaphllliTa HEMECE IIajFail opranaa
ayKbIMIbI MH(PPaKYPBUIBIMABI Kypa anajsl. [15]

KopwiTbinapinait  kene, oneOueTTepre MOy >KOHE COHFBI AKCIIEPUMEHTTIK
KYMBICTAp 3JIEKTP KO3FaNTKbIITapblH 3D Oacelll mibIFapy imriHapa ©HAIPICTIK
AKCIIEPUMEHTTEP/ICH TOJIBIK, (DYHKIIMOHAJIBI DJIEKTPOMEXaHUKAJIBIK *Kyienepre neiiH
JaMbIFaHbIH KepceTell. KUBIHIBIKTap CaKTAJIFaHBIMEH — €H aJJbIMEH JJIEKTP
OTKI3TIILITIKKE, MArHUTTIK  OTKI3TIIITIKKE JKOHEe Oacnma  marepuangapblHbIH
MEXaHUKaJIBIK CEHIMJIUTITIHE O0aiJIaHbICThl — DJIACKPH MEH DJUICPHUIIH KOJI KETKI3TeH
JKETICTIKTEpPl OChl cajajarbl aWTapibIKTal iarepuieymi  Outmipeni.  Onapabiy
3epTTEYJiepl  KOCHajapAbl  OHIIPY  TYPaKThl  JKOHE  aBTOHOMJBI  OHJIPIC
TEXHOJIOTUSJIAPBIHBIH >KaHa IIeKapachlH OUIMIPETIH WHTETpallvsIaHFaH, TEHIIEIEeTIH
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’KOHE BIKTMMAJl ©31H-031 PEIUIMKALMSUIAUTBIH AJIEKTP KO3FAITKbIIUTAPbIH ©HAIPYIIH
eMipIIeH dici 00Jia anaThIHBIH pacTaiibl.

Onnepu, Dmackpu >koHe OacKajapIblH COHFBI Taxipubenepi. (2025) oprypmi
Kocmanapasl eHAipy (AO) mporecTepin naiganana oTeipbli, 3D Gackn MIBIFAPIIFaH
TYPaKThl TOK 3JEKTP KO3FAJITKBIIITAPBIHBIH CEPHSICHIH XKacay KoHEe OaranaylblH €H
XKaH-)KaKTbl opekeTiH Ounmipeni. OnapAslH 3eprTeyiepi Oachlll  MIBIFAPBUIFAH
ANIEKTPOMEXAHUKAIBIK JKYHeNnep/il, COHBIH 1IIH/IE )KYMCaK MarHUTTIK MaTepuaiap/sl,
TYpaKThl MAarHUTTEP/Il JKOHE OTKI3TII opamaapabl Oip OIpIKTIPIIreH KOHCTPYKIIUSIA
0achlll IIBIFAPYJbl TOJIBIK JKY3€Tr€ achbIpy[bl MIEKTEHTIH FbUIBIMU-TEXHUKAJIBIK
KeJeprijiep/i xKyhemni Typae KapacTeIpasl. [25-30]

3epTTey TYpakThl TOK KO3FAITKBIIITAPBIHBIH AJIEKTPOMAarHUTTIK MOMEHTIH
reHepalusiiay/ia OpTaiblK peJl aTKapaThlH KYMCAaK MarHUTTI POTOpJIap/ibl MIbIFapyiaH
Oacrannel. bipaeme komnozunusinap 3eprrenai: Fe-3% Si, Fe—6,5% Si xxone PLA
MaTpunacbliHa eHrizuireH ~50% temip OemmekrepiHeH (< 250 MKM) TypaTbiH
ProtoPasta™ magnetic PLA nen aranaThlH KOMMEPIUHUSUIBIK KOJ >KETIMJI MarHUTTIK
komno3unusi. CeiHakTtap Kepcerkenneit, Fe—6,5% Si potoper fe-3% Si-men
CalbICTBIPFaHa MATHUTTIK MIHE3-KYJIBIKTBIH jKaKCapFaHbIH KepceTTi, Oipak Exeyi ne
Keninipek ProtoPasta™ poToOpbIMEH CalbICThIpFaH/la JAUHAMUKAIBIK OHIMIUTIKTE
TemMeH Oomabl. [lonmmMep Heri3iHaeri poTOpAbIH TOMEHTT HHEpLUHUSICHI (00JaT THENTeH
Typaep yuiH 136 r-ra kapcol= 71 1) aliHaly >KbUTAAM/IBIFBIHBIH XKOFapblIaybIHA KOHE
aifHa;ly MOMEHTIHIH MOHJIEpIHE MYMKIHJIK Oep/i. byl sKCiepuMeHT 9JICi3 MarHUTTIK
KaHBIKTBUIBIKKA KapaMacTaH, IMOJIMMEP—METAJUI KOMIIO3UTTEPl apKbLIbl CaJIMaKThl
a3aiTy OTKI3TIIITIKTIH TOMEHCYIH 1ITiHapa OTel ajJaTbIHbIH KOPCETTi, Oy Ooarmak
YKEH1JT KO3FAITKBIII KOHCTPYKIMSIAPHI YIIIIH MMai1abl aknapar oepesi.

Marnautciz koHpurypanusuiapasl 3eprrey yiriH Tom bipmeir  ProtoPasta™
MaTepualiblH MaiJalaHblll alHBIMAJbl TOKKA KYJIBIKCHI3 KO3FAJITKBIIITHI Oachlll
HIBIFAP/Ibl, OYJI TOJBIK MOJUMEPIIl KYMCAK MArHUTTI KOMIO3UTTEP alHalIMajbl 1CKe
KOCY YIIIH >KETKUIIKTI MAarHUT arblHbIHBIH AaybITKYJIAapblHA TOTen Oepe alaTbIHbIH
nonenaeni. Conan KeiiH onap €Ki KO3FBIII TYPAKThl TOK KO3FAJITKBIIIBIHA KOIIITi, OHJIa
POTOPIBIH 14, CTATOPbIH Ja TIPEKTEpl 3JIEKTPOMATrHUTTIK TYPHAE OPAJIbII, TYPaKThI
MarHUTTEPl TOJBIFBIMEH XKOWUIbI. AFbIHBI OalIaHBICTBIPY/IbI )KAKCAPTY YIIIH KaObIK
MarHUTTIK KOHTYPIBI CTAaTOp OAChIN IIBIFAPBUIABI, all KXUHAJIFAH KYPBUIFBl TOMEH
BOJIBTTHI KO3JIBIPY KE31H]I€ TYPaKThl aifHamyFa Koi skeTki3al. byn KOII katymkanst A©
KYPBUTBIM/IAPBIHBIH 0acria TeoMeTpHusIapblHIa Kypesl 3JEeKTPOMAarHUTTIK e3apa
OpeKeTTeCyNepl KalTanai ajJaTblHbIH pacTajsl. [31-33]

Ynken xetictik Crarop TopamTapbl VIIiH TypakThl MarHuTTepai 3d Oacein
HIbIFApyMEeH OaiIaHbICThI O0IIbI OAWIaHBICTHIPYIIBI-PEAKTUBTI KoHE Y IKEH AyMaKThI
Kocmanap Oupipici (BAAM) nporectepi emen JKoTachblHbIH ¥JITTHIK 3€pTXaHACHI.
Cupek Ke3/IeCEeTIH Nd-Fe-b KOMITO3HUTTIK MarHuTTepi (ueitnon-12
OailnanbICTRIpFBIIIBIHAAFEIS 65% NdFeB yHrarel) 285 °c temmeparypana Oackin
mbIFapbUIbl )koHe ~0,58 T Temneparypara AeiliH KaraiFaHHAH KeiiH MarHuTTeN 1. by
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0achlll LIBIFAPBUIFAH MAarHUTTEP MHBEKUMSUIBIK KAJBINTAIFaH aHAJOITapAaH achlll
TYCTI >KOHE TOMEH KyaTThl KO3FaJITKBIIITHIH KYMBIC 1CT€Yy1 YIIIH >KETKUIIKTI aFbIH/IbI
KamTamacei3 erti. BAAM-ma skacamran MarHuTTepAl Oacein mibiFapbuirad PLA
craropbiHa coTTi Oipiktipy yiakeH AYMAKTAFbI AM mexanukanslk Oepiktiri 12
Mna-nan acaTblH (YHKIIMOHAJABI MAarHUTTIK KOMIIOHEHTTEpAl IMIbIFapa alaThIHBIH
pacrtanbl. [34-36]

3D printed motor  potor holder  DYNo

Motor

Cypert 8 — bacbuiraH 31eKTpOMOTOP MakeTi

Tarpr Oip MaHBI3ABI MOCEJIE MBIC OpaMallapblH KOCMAJIApMEH jKacay OOJIIbI.
OnektpneHaipuireH Mbic TonTelpeuirad PLA (p = 0,006 Q:cM) CHSKTHI ©TKI3IiII
MOJIMMEPIIL XKINTEP KyiMak (OCBTIK aFbIH) POTOPJAPBIH/IA CIUPAJIB/IBI KaTyIIKaIap/IbIH
131epiH Oachlll WIBIFAPY YIIIH CHIHANABL AJaiiia, MaTepHaNbIH IIEKTEYIl TOK
CHIMBIMIBUTBIFBI 200 Ma-JIaH KOFapbl TOKTapAa >KEPrUTIKTI KBI3BIT KETYre OKEIIl
COKTBIPJIBI, OVJT OHBI DJIEKTP Ti30eKkTepiHe skapaMchbi3 eTTi. CyHbIK METal1aH )KacajaFaH
Oanama cusutap (Ga—in KopbITHANIaphbl) aFblll KETyiHE KOHE TOTHIFYbIHA OAIaHBICTHI
KaOpuganOansl. Ocbl MacenenepAl MLIEHly YUIIH 3€pTTeylIliep JaMUHATTajJfaH
3arrapasl eHuipy (LOM) omicin kommauasl, oHaa 0,076 mm Mmbic donsra CNC
JONIIKTErl KEeCKIIITIH KOMETIMEH KaTyllKajap TYpiHAE KeCLIilm, MAarHuTTi-
IUIACTUKAJIBIK POTOPABIH €Kl JKaFblHA Ja >KelIMIelareH. bynm omic  Ka3bIKTBIK
TEOMETPUSICHIH CaKTal OTHIPHIM, KETKUTIKTI KOJIICHEH KUMaHbIH OTKI3T1II OpaMaiapbliH
KamMTaMachl3 €TTi, OyJl MeTayl OTKI3TIIITEpAl CHAIpyaiH Thuimai rubpuari AM
cTparerusicbin oinaipent. [37-40]

byn  kym-xkirepain  mapeikray — mieri  ProtoPasta™  marauTTik-11IJIA
KypbUIBIMIIBIK OenikrepineH, Emen JKortackinna baceinran Nd-Fe-B marnutrepinen
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KOHE TEMIpJIEH JKacallFaH MbIC KaTylIKajapblHaH TyparblH ToiblK 3D  Gacein
HIBIFAPBUIFAH TYPAKThl TOK KO3FaNTKBIMIBIH KYpacTslpy Oomnbl. [IpoToTum TypakThl
TOKTBHIH 12 B KEpHEYIH/IE COTTI KYMBIC 1CTE/1, )KYKTeMe Kbu1IaMabIFsl ~ 700 aifH / MUH
x)oHe artHairy MoMeHTi 0,1-0,2 H-M. KoMMepIHsUTBIK CTaHAapTTapaH djIeKaiia ToMeH
Oosca 1a, SKCIepUMEHT OachIN UIBIFAPbUIFaH MarHUTTIK, KYPBUIBIMIBIK KOHE OTKI3T1II
KOMITOHEHTTEP/IIH Oip 3IEKTPOMEXaHUKAIBIK KYPbUIFbIFa TOJBIK WHTETPAlUSIIaHYbIH
pacTaapl..  OHIMAUIIKTIH  MTIEKTEyJIepi, €H  alAbIMEH,  KaTylIKaJapIblH
OYpBUIBICTApBIHBIH a3/IbIFbIHA JKOHE OaChUIFaH HEMECE JJaMUHATTaIFaH O TKI3TIITEPIIH
JKOFaphl KeAepriciHe OaitnanbICcThl 00y bI. [41-45]

Closed-stator geometry

Cypet 9 — bacbuiraH 3J1€KTpOMOTOP

CanpICTBIpY YIIIiH iTiHapa OachUIFaH KO3FAITKIIITap KOMMEpIUsUIBIK Dynamite
dyn1171 meTkanbl KO3FAITKBIIIBIMEH CAIBICTHIPBUIIALI. ProtoPasta™ portopiapbl MeH
Emen JKoTachIlHbIH MarHuTTEPiH KOJIJaHAThIH 3D Gackin MIbIFapbUIFaH HYCKAChI YKCAcC
)KYMBIC ~ TYPaKTBUIBIFBIH CaKTall OTBIPBIN, TIPEK KO3FANTKBIIILIHBIH aWHAITy
KBUITAMJBIFBIHBIH 11aMamMeH 54%-Ha >keTTi. byn canblcThipy OachUiFraH 3JEKTp
KO3FaNTKBIIITAPbIHBIH ~ TY>KbIPBIMIAMAChIHBIH ~ OPBIHABUIBIFBIH  JOJENAEAl  JKOHE
OHTAMIAHIBIPYbl ~ KaXET €TeTIH aWMaKTap[bl, MbICAJIbl,  KaTylIKajJapbIH
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TBIFBI3/IBIFBIH, MArHUTTIK Typanaylabl XkoHe Oacma OeseKkTepiHiH OeTiH opieyi
aHBIKTaJbI. [46-49]

ABTOpap Kemn MaTepuaiibl HHTETpalus aliFa )XbUDKYIBIH MaHbI3/IbI KOJIbI JIETeH
KOPBITBIHbIFA KeJJil. OHEpPKSCINTIK KO3FANTKBIIITAPMEH TONBIK (PYHKIMOHAIIBI
HKBUBAJICHTTUIIKKE KOJI )KE€TKi3y O1p yaKbITTa ©TKI3TIII, MATHUTTIK KOHE OKIIayaFbIIll
aliMaKTappl aly YIIiH 3KCTPY3USHBI, Ja3epiliK aryIoOMEpaIlisHbl )KOHE CHs HET131HAeT1
OaceIn mbIFapyabl O6ip muargopmana OIPIKTIpyAl KaxeT eTefl. AFbIMAAFrbl OHIMIUTIK
HIEKTEYJIepIHE KapaMacTaH, OyJl SKCIEpUMEHTTEpP AaBTOHOMJBI TYpJAE KacajFaH
AIIEKTPOMEXaHUKAIIBIK JKyHeepre menryin Kajaam 0osbin Tadbbutaasl. Onap Kocnaiap
OHJIIPICI TYPaKThl TOK KO3FAITKBIIIBIHBIH OapiblK KaKETTI KOMIIOHEHTTEPIH—
POTOPIIbI, CTATOP/IbI, MATHUTTEP1 KOHE KOPITYyCTHI—KOJ KETIMA1 MaTepuaigap MeH
ap3aH Xa0JIbIKTHI Maii1aiaHa OTHIPBII MIbIFApa alaThIHBIH PACTal/ Ibl, OChLIAMIIA ©31H-
031 PeIUTMKAIMSIANTBIH MallIMHAJIAPFa JKOHE OPTaJIbIKTaHAbIPhLIIMAFaH OHIIPICKE KO
amrazapl.00namaK poOOTOTEXHMKA MEH FapBIITHIK KOJJaHOAIap YIIH 3JIEKTp
KETEKTEePI.

XKorapsl OHiMal OnekTp Ko3ranTKelllITapplHa apHalFaH KOHLEHTpalUsJIaHFaH
Opamamnap xoHe Kocnanap Onuipici

DJEeKTp KO3FaITKBIITAPBIHBIH 3aMaHayd TEXHOJOTHSICH OapraH CalbIH
KPYTAIIUN KOFAITKBIIITAP]Ia XKOHE 9CIPECE OCBTIK aFbIHAbI KO3FalTKbITapaa (AFM)
KOH(pUrypanusiiapia KOJJIaHbUIATBIH KOHLEHTPJ opamanapra cyienenl. byn Oip
KaTyIIKaJIbl opamajiap €H a3 OpHATy KEHICTITHJE ©T€ KOFapbl KyaT ThIFbI3IbIFbIH
KaMTaMachI3 €Te/ll, OYJI Oapbl bIKIIAM KOHE KOFapbl TUIM/II AJIEKTP JKETEKTepl YIIIiH
oT€ KOJNIAWJIbl  eTemi. AJJAUTHBTI  OHMIPICTI  OIPIKTIpY  apKbUIBl  MYHJAH
KO3FAJITKBIIITAPIbIH OHIMJILTIT1 YALIBIKTAPbI TOJITBIPY/BIH KOFaphI
K03 PUITMEHTTEP1, OHTAMIAHBIPHUIFAH KaTyIIKaIap TEOMETPHUSICHI )KOHE CATKbIHIATY
HEMeCe KYPBUIBIMJIBIK 3JEMEHTTEpIIH (PYHKIMOHAIIBIK WHTErPalUsChl apKbLIbl
alTapibIKTal xKakcapybl MyMKIH.TIKeJen au3aitara. [50-51]

KonmimMri MOTOp ©HIpICIHIE CTaTop ChIMAAPBIHBIH TE€OMETPUACHl LTy
panuycTapsbl, ToHEKepIey HYKTelepl jKoHe Kypai-cailMaHIap/IbIH MIEKTEYIepl CUSKTHI
OHJIIPICTIK LIEKTEYJIepMEH IIeKTeneal. byn mekreynep OpaMHBIH KOJ JKETIMII
BIKIIAMABLIBIFBI MEH 3JIEKTP OTKI3TIIITITH WeKTel 1. 3d 6ackln WbIFapbUIFaH KOFaphbl
Ta3albIKTaFbl MBICTHI KOJIAaHy OYJI KeAepriiepl eHCepin, JU3ailH epKIHJIIT IIEKTEeyCl3
JepJiK apHaiibl aBTOOYC JKOJIAKTApbIH jkKacayFa MYMKIHIIK Oepedi. AJAUTUBTI
Ketexrep >koHe Oacka o3ipieyIniiep MyHIai 6acma eTKI3TIIITepl JKOFaphbl OTKI3TIMITIK
MeH MEXaHUKAJBIK TYPAKTBUIIBIKTHI CAKTal OTBHIPHIN, MaTepUaabl TYTHIHYIB 60% - Fa
JIeH1H TOMEHJIETE aJaThIHBIH KOPCETTi. byl Tocim KOMIMI1 KajblTay HEMECE OHIIEY
OMICTEPIMEH KY3€Te aChIpy MYMKIH €MeC YKaHa YIII oJIIIEM/I1 ChIM CXeMaJlapbIH jKacayFa
MYMKIHJIIK Oepei.

DJIEKTp JKETEKTEPIHIH Op TYpPJl TOMOJOTHSUIAPBIHBIH IMIHJAE OCHTIK aFbIHJIbI
KO3FITKBIIITap OoJalakTa 3J1eKTPOMOOUIIBIUIIKTI KOJIJIAHYIBIH €H MepPCHeKTUBAIIbI
TEXHOJIOTUSIIAPBIHBIH  O1p1 peTiHae maiiga Oonjbl. Jluck Topizii KYPBUIBIMBIHBIH
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apkaceiHna Afm canbICThIpManbl paauaiibl aFrblHIbl KO3FAJITKBIIITapFa KaparaHia
30% - ra neitiH >koFaphl aifHaTy MOMEHTIHIH THIFBI3/IBIFBIHA KOJI KETKI3€ OTBIPHII, 6T
KYKa €TII KYpacThIPhIIybl MYMKiH. ByJl cumarrama camMaKThlH TOMEHICYIMEH KOHE
TEPMUSIIBIK MIHE3-KYJIBIKTBIH JKaKcapybIMeH Oipre oJjapisl 3IeKTPOMOOUIIBAED,
aBUaNUsg JKOHE POOOTOTEXHWKA YIINIH ©Te KOoJaWiabel ereml. KoHIeHTpamustanraH
opaMaiap/iblH, KOCIajJapMeH KacalfaH IMWHA MTAaHTATAPBIHBIH JKOHE KETITIPUITCH
OKIIAyJIaFBIIl ~ MaTepPUAIIAPABIH  YWJECIMI OCHI  CHIHBINITAFbl  MalTWHATIAPIBIH
PEKOPATHIK OHIMIUIITIH KaMTamMachl3 eTefl. [52]

[ITanr KbICTBIPFBIIIBIHBIH MTPOTOTHUIITIK CTATOPJIAPBIH €HJI1 aITUTUBTI 9IICTEPi
KOJIJIaHa OTBIPBII, OipHEIlIe KYH IIiH/e ko0anayra xoHe oHiipyre 0onaabl. by
cTaTopJiap MIaFbIH, OpPTa >KOHE 1p1 OHIIPIC YIIIIH MacIITa0TaIaabl JKOHE 9/I€TTET]
OHJIIpIC CTaHJAPTTapbIHA TONBIK coiikec keneni. Koncrpykuusuiap 48 B-ran 1200 B-ka
JeriHT1 KepHey kiactapbi, 800 KBT-Ka JIEHIHT1 KyaT IIBIFBICHIH KOHE O1p YAIIBIKKA 2-
12 ©TKI3TIImTI KOJIIaW kI, CBIPTKBI quamMeTpi 70 MM-aeH 450 MM-Te IeiiH. )KbUTY KOHE
AIIEKTP TYPAKTHUILIFBIH KaMTaMachl3 ety yiriH PAIL PI, PEEK >xone PFA cuskThI
OHIMJILIIT] YKOFaphl OKIIAyJIAaFbII MaTepHAJIIap KOJIAaHbLUIA b

Cyper 10 — bacblnran MbIC opaM

Kypan-caitmannapapl, AoHEKepeydl KoHE Oypay >KYMBICTapbliH OOJABIpMaii,
Kocrnajap/bl OHJIpy CTaTop OHAIPICIH alTapibIKTal KEHUIACTEeNl, COHBIMEH Oipre
PENPONYKTUBTUIIK TIEH TUIMAUTIKTI apTThIpabl. AFBIMIAFHI d3ipiieMenep 25 KBT/Kr-fa
JEHIHT1 KyaT ThIFbI3BIFbIHA JK0HE 98% - Fa sKaKbIHJaFaH TUIMJUIIKKE KOJI KETKI3yTe
OOJaTBIHBIH KOpceTel, Oy DJIEKTP KO3FAITKBIINIBIHBIH JU3alHBIH  (U3UKAIIBIK
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miekreynepre urepmeneiiai. Ocplnaiiia, Kocnanapasl eHAIpy yAbTpa BIKIIAM, JKEHLI
KOHE SHEPTUSHBI YHEMCHTIH AIIEKTP JKETEKTEePiHIH Keyecl OybIHbIH KYPYAbIH HET13T1
¢dakTopsl Oombin TabbLIAABL. [53-55]

1,3 DyiekTpOMOTOPABI KOHE OHBIH KOMIIAHEHTTEepiH Oacy Ke3iHjaeri
TeXHOJIOTUSJIAP

Onextp Kosranrkeimrapsein JKone OmapaeiH KommoHeHTTepiH AJIIUTHBTI
OH/IIPY TEXHOIOTHSJIAPEI

AnmutuBTi  eHAipic Hemece 3D Oachlll HIBIFApy AIEKTPOMEXAHHKAIBIK
WHXEHEPUsI CaJaChIHJIaFbl PEBOJIOLMSIIBIK UIrepiieyal OuIaipesi >KoHe KaHa OybIH
AIIEKTP  KO3FAITKBIIITApPhIH  KoOajlay MEH OHIIPYdiH €H  [epCIEeKTUBAJIbI
TEXHOJIOTUSIApbIHbIH OlpiHe aiHanabl. Kylo, mramnray, eHIEY *oHE JIaMUHATTay
CUSIKTBl JI9CTYPJIl OHJIPICTIK MPOLECTEPAECH albIpMalllbUIblFbl, AO Kypaemnl, *KeHuT
KOHE JKOFapbl MHTETpalMsUIaHFaH KYPBUIBIMIAPBI TIKeTEH MUQPIBIK MOIETbACPACH
xKacayFa MYMKIHOIK Oepeni. byn Tocin mHXKeHepiepre eHIMAUNK YIIIH Kypamjaac
TEOMETPHUSHBI OHTAMIAHIBIPYFa, KYPACTBIPY KYMBICTAPBIH a3aiTyFa )KOHE TePMUSIIBIK
KOHE MAarHUTTIK OacKapyabl jKaKcapTy apKbUIbl KOFapbl SHEPTUs TUIMIAUIICIHE KO
KETKIZyre MYMKIHJIK Oepe/i.

KoHTeKCTiHAE 3TEKTp KO3FaITKbIITAphl, A©O KYpPBUIBIMIABIK OEPIKTITIH KbLTY
JUCCUTIAIUACBIMEH OIPIKTIpY HEMece 1IIKI CaJKbIHAATy apHaJlapblH €HIIPY CHUSKTHI
OipHeme QyHKIUsUIApAbl Olp KOMIIOHEHTKE OIpIKTIpyre MYMKIHIIK Oepy apKbLIbI
alKpIH apTHIKIIBLUIBIKTAp Oepemi. TeXHONOrHus COHBIMEH Karap OJETTErl ojicTepii
KOJIJIaHa OTBIPHIN Kacay KUbIH HEMeCe MYMKIH OOJMaMThIH OeJeKTepal >KbUIaaM
NPOTOTUIITEYTE, TEHUIEYre >KOHE OHIIpyre MYMKIHIIK Oepeai. MyHaal MKeMIUIIK
KOFapbl TUIMILTIKTEr1 HeTKachi3 TypakThl TOK (BLDC) KO3FanTKbIIITAPbIH, OCHTIK
arblHABl  MAalIMHAJNAPIbl KOHE DJIEKTPOMOOWIBAEpre, pOOOTOTEXHUKAFa >KOHE
a’pOFaPBIIITHIK KOJAaHOaapra apHaFaH bIKIIAM JJIEKTP KETEKTEPiH xKacayza epeKIie
KYH/IBI.

Kasipri yakpITTa MOTOp 6HAIpicl YIIiH OipHele agguTHBTI TEXHOJOTHUsIap
KOJJaHBUIA/IbI, OJapJbIH OpKaWChIChl Oenruti Oip Marepuaigap MEH OHIMIUIIK
TaJlalTapblHa OHTaWMaHabIpbuUraH. bankeiTeuiran TyHaeipyasl Moaensaey (FDM)
KOpITyCTap, OKIIayJiay KYPbUIbIMIAPhI )KOHE MATHUTTIK KOMITO3UTTEPAIH MPOTOTUTITEPI
CUSIKTBI TIOIMMEP HETI31HJEr1T KOMITOHEHTTEpJl Oachlll MIbIFApy YIINH KEHIHEH
konganbutanbl. CenektuBri Jlazepiik Arnomepamus (SLS) momumepm HeMece
KOMITO3UTTIK VHTAKTap/bl arioMepanusyiay VIIIH S>KOFapbl KyaTThl Jia3epiepai
KOJIIaHAIbI, KYpJesi 1MIKI TeoMeTpHusuiapbl O0ap Oepik >KOHE TEPMUSUIBIK TYPaKThI
oemmexrepal skacainpl. CenexkruBti Jlazepnmik bankeity (SLM) xone Tikeneit
Mertannasl Jlazepaik Arnomeparusinay (DMLS) AlSi10Mg Hemece »yMcak MarHUTTIK
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Oonarrap CHSKTHl KOpBITHANAPIABl TaijanaHa OTBIPHIN, CTAaTOp KOPIIyCTAphIH,
pOTOpIapAbI JKOHE CANKBIHAATY KXYHWENEepiH Koca alfaHaa, METalsl KOMIOHEHTTEpPiH
TAWBIHIAYABIH €H MaHBI3ABl  oficTepi Oombim  TaObuIaAwl.. bym  mporectep
KO3FAITKBIIITHIH (PYHKIIMOHANIBI OOJIKTEepiHEe XapaMIbl THIFbI3, OCPIKTIr1 MKOFaphl
MaTepuanaapabl oepeni.

baiinansicTeipreiiitel  ArbiHMeH KiGepy-byn ndfeb Typakter maraurrepi
CUSKTBI MAarHUTTIK KOMIIOHEHTTEPHl OHIIpyAe ocipece THIMII Tarbl OIp HEri3ri
TEXHOJIOTHS. by KeHiHri eHJACYIeH KEHlH »KOFaphbl MArHUTTIK OHIMJUIIKTI cakTai
OTBIPBII, KYP/EJl MATHUTTIK T€OMETPUSIIAPbI JKacayFa >KOHE TOPFa KaKbIH MilIIHEP/1
)Kacayra MYMKIHJIIK Oepei.

OcChl TEXHONOTUSIIAP/IBIH, YHJIECIMI OTKI3TIII, MAarHUTTIK >KOHE OKIIAYJIaFbIIll
alimMakTapzpl Oip KYMBIC MPOIECIHAE Oachlll MIbIFapyFa OONAThIH KOI MaTepuasibl
Koclajiap >KyHeciH jkacayra MYMKIHAIK Oepeni. byn uHTerpauuss MHUHHMAJIBI
KYPacThIpy *oHE MaKCUMaJIbl IU3aiH €pKIHAIT1 0ap TOJIBIK KOCHalbl TYPAE *KacajfaH
ANIEKTP KO3FANTKBIIITApbIHA *O0J amazabl. Ochbliaiiia, Kocrnajiap eHAIpicl AICTypil
OHJIIpICKe OalaMa FaHa eMeC, COHbIMEH KaTap SHEPTHsHbl YHEMJICUTIH, bIKIIAM KOHE
OHIMJIUIII  JKOFaphl  JJIEKTP  MAIlMHAJApbIHBIH  OOJlallaFblH  aHBIKTAWTHIH
TpaHCHOPMALUSIIBIK MHKEHEPIIIK TIC1T OONBIN TaObLIAIbI.

1. Fused Deposition Modeling (FDM)

bankpiteuiran  TyHneipyast Mogensaey (FDM)-aiekTp KO3FalTKBIIITAPBIH
yKacayjia KbUIIaM MPOTOTUIITEY YIIIH €, MOJUMEp HET131H/er1 KOMIOHEHTTEP/Il JKacay
YIIIH 1€ KeHIHEH KOJIIaHbUIAThIH Kocmanapasl eHaipymiH (AM) eH TaHbIMal *KoHE
KOJDKETIMIII TEXHOJOTHUsUTapbIHbIH, Oipi. OHBIH KapanaibIMIbUIBIFI, KOKETIMILIIT
KOHE TEPMOIUIACTUKANIBIK MaTepHaNIap/blH KEeH ayKbIMbIH OHJIEY MYMKIHJIIT1 OHBI
3€pTTEY/IiH, ChIHAY/BIH KOHE AU3aWH/IbI TEKCEPYIiH OacTanKbl Ke3eHIEPIH/Ie MAHbBI3/IbI
KYpaJIFa allHaJIAbIpaabl.

FDM npoueci xapTbuiail CyHbIK KyHre JeilH KbI3AbIPHUIATBIH KOHE
KOMITBIOTEP/IC JKacaJiFaH VJTIre CoWkec camTaMa apKbUIbl  TYHIBIPHUIATHIH
TEPMOIUIACTUKAJIBIK ~ JKINTepAlH  Kabar-kabaT  AKCTPY3MSChIHA  HETI3ZENreH.
DKCTpyATaJFaHHaH KEeWIH Marepuall KaTbil, COHFbl 3d HbICaHBI asKTaJFaHfa JICHiH
JoMeKTl Kabarrap Ty3edl. Bys oflic reoMeTpusiHbI, TOATBIPY THIFBI3BIFBIH JKOHE
Ka0aTThIH KAJBIHABIFBIH 10N OakbUlayFa MYMKIHIIK Oepeni, Oyl HHXKeHepiepre
OOMIIEKTEP/IIH MEXaHUKAJBIK JKOHE KBUTYJBIK KACUETTEPIH OJIapIbIH TaFalbIHIaIFaH
(bYHKITUSACHIHA Kapai peTTeyre MyMKIHJIIK Oepei.

DJEeKTp KO3FAITKBINTAPBIH Koimanyna FDM HeriziHeH XyK KOTEpMEWUTiH
KYPBUTBIMJIBIK KOHE OKIIAYJIAFbIIl KOMIOHEHTTEPl, COHBIH INIHAE KO3FaITKBIII
KOPITyCTapblH, CTATOp  TIPEKTEPiH, IKENISTKINI  KajJaKTapibl, OKIIAyJIaFbIII
YKaKTayJIap/bl, COHFbl KaKMaKTapAbl >KOHE OCKITy KPOHIITEHHIEPIH jKacay VIIiH
KoJJaHbuIabl. MyHJail OefiiekTep oAeTTe opTamia OEpiKTIKTI, TOMEH OJIIEKTP
OTKI3TIIITIKTI )KOHE JKOFAphl OJIIIEM/IIK JOIIKTI KAXET eTel, OyFaH MOTMIaAKTUKAIBIK
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KbIKbLT (PLA), momustunentepedranar rukoibl (PETG), momusdup:i agup keToHbI
(PEEK) Hemece 6acka MHXCHEPIIIK MOJMMEPIIEp CUSKTHI MaTepraapMeH OHAl KOJI
KETKi3yre OOMabl..

MarautTik MOJIUMEpIi KOMIO3UTTEPAi—KYpaMbIHIa METalll HeMece (QeppuT
Oenmiekrepi Oap TEPMOIUIACTUKAIBIK SKIMTEPAl KOMJAaHy €peKIle MepCHeKTHBAIbI
OarpIT O0JbIT TaObUTaaEl. Mbican Petinne PLA MarpunackiHa ycak AUCTIEPCTI TEMip
yHTarblH KocaTtbiH ProtoPasta™ Marautri TEMIP PLA amyra OGomamer. byn
KOMITO3UIUSUIBIK MaTepuall dKYMCAK MAarHUTTIK MIHE3-KYJIBIKThI KOPCETE ayiajibl, Oy
OHBI TOMEH KYyaTThl HEMECE KCIIEPUMEHTTIK JIEKTP KO3FAITKBIIITAPHI YIIIIH POTOP MEH
CTaTop NPOTOTHNTEPiH Oachlll IIbIFapyda KoJJaHyFa MYMKIHIIK Oepeni. Mynnai
KOMIIO3UTTEPJIH  MAarHUTTIK  OTKI3TIITINT MEH KaHBIFy JICHTeMi  KomiMri
dbeppomarauTTik Martepuangapra (Meicanbl, Fe—si  OonartapblHa) KaparaHjaa
alTapibIKTaili TOMEH OOJFaHBIMEH, OJIap €pTEe CaThIJaFrbl AKCIEPUMEHTTEp YILIH
alTapibIKTall apTHIKIIBUIBIKTAp Oepedl. 3epTTeyuiiep KypAedal oHACY HeMmece
JaMUHATTay  MpoOIecTepiHe  CYHMEeHOeCTEeH  MAarHuTTIK  TI30EKTIH  opTypii
KOH(pUTYypauusiiaapblH OHAll KypacThIpa, OachIIl IIbIFapa >KOHE ChIHAM anajibl.

ConbimeH karap, FDM-aiH Kypeni reoMeTpusiiap/asl MbIFapy KaO1aeTi MarHuT
aFbIHBIHBIH OHTAMIAHABIPBUTFAH JKOJIAAphl, MHTETpAIMsUIaHFaH CalKbIHAATY apHalaphl
HEMece CTaHAapTThl EMEC opaMaiapsl 0ap cTaTop HEMece POTOp ©3EKTepiH KacayFra
MYMKIHIOIK Oepeni. IlapameTpnik Moaenbaey KoHE TOIOJOTUSHBI OHTAWIAHIBIPY
apKbUIbI WHXKEHEPJIEP 93IpJey YaKbIThl MEH KYHBIH KbBICKApTa OTBIPBIN, JAU3aiiH
UTEpalMsUIapblH  KbUIJAM  CbhlHAlh  anangel. Kem  marepuanibl  SKCTPY3USMEH
oipiktipinrenae, FDM (yHKIIMOHAIIB KO3FAITKBIII YKUHAFBIHBIH KOMIIO3UIIHSUIBIK
OpEKETIH UMUTALUsIAd OTBIPBIN, OKIIAYJIAFBIII KOHE MArHUTTIK alMakTapibl Oip
yakbITTa 0achIl IIbIFapa aaajibl.

FDM Herisri apThIKIIBUIBIKTAPBIHBIH, ~ Oipl  OHBIH ~KOJDKETIMJIUIIT MEH
ayKbIMIBUTBIFBI Oonibin TaObutanbl. Prusa 13, Creality nemece Ultimaker sxylienepi
CHUSIKTBI JKYMBIC YCTENI MPHUHTEPNEP]l 3epTTey 3epTXaHalapblHa MOTOpP OOJIIeKTEepiH
ap3aH OaramMeH NPOTOTUIITEY YIIIH OHail Oelimaenyl MymkiH. JKeTinaipuireH
eHepkacinTik mnpunrtepiepaid kemerimeH PEEK nemece Ultem (PEI) cusikrb
OHIMJIIITT JKOFaphl TEPMOIUIACTUKTEPAl ©Hjaeyre Oomaapl, Oyl >KaKcapTbUIFaH
TEPMUSIIBIK TYPAKTHUIBIK MMEH XUMHUSUIBIK TO3IMAUTIKTI KaMTaMachl3 erel. Mupicabl,
PEEK 250 °c-taH >xorapbl TeMIieparypaaa KYpbUIbIMIBIK TYTaCTBIFbIH CAKTal b, Oy
OHBI JKOFAPhI KBUTY KYKTeMeJEpiHe VIIBIPAUTBIH AJICKTP MaIIMHATAPBIHAA OKIIAyJIay
KOMITOHEHTTEP1 YIIIiH KOJAIbl MaTepuai eTe/l.

Hereamen, FDM-ne texnukansK mekreyiaep ae Oap. Kabar-kabar TYHIbIpY
aHU30TPOITHl MEXAHHWKAJIBIK KACHETTepre OoKeJemi, SFHU OEpIKTIK OachIll IIbIFapy
OarbIThIHA OailmanbICThI 63repei. COHBIMEH KaTrap, KOJI KEeTKI3yre OOJaThIH OJIIEMIIK
oIk TieH OertiH opneyi, Oaerre, Cenektunti Jlazepmik bankpity (SLM) Hemece
Tikeneit Meranasl Jlazepnik Armomepauusnay (DMLS) cuskTsl MeTamn Heri3iHieri
AM mnporiecTepiMEH KOJI JKETKI3UITGHHEH ToMeH. MAarHuTTik KOoChIMIaiapaa
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OeMIIeKTePIIH AUCIEPCUSICHI KOHE MOJUMEP MATPUIACHIHIAFBl KanTaMaHbIH TOMEH
TBIFBI3ALIFBl  AFBIHHBIH KOJ JKETIMIOI TBIFBI3ALIFEI MEH THIMIUIINH MIEKTEHII.
Connpikran, FDM-ne Oacbuiran poTopiap MEH cTaTopiiap, €H aJgbIMEH, OHEPKICIITIK
OHJIIPICTEH TOP1 3epTTEy, TOMEH MOMEHTTI MPOTOTHITEP HEMECE AEMOHCTPAITUASIIBIK
MOJIETBEP YIIIiH KOJAHBLIA b,

Ocwer  mekTeynmepre Kapamactad, FDM KochIMIIa OHIIPUITEH  AJICKTP
KO3FAJITKBITIITAPBIH JKaCayIbIH HET13T1 TEXHOJIOTHACH! 00JbI Kana Oepeni. On au3aiiH
TYKbIpbIMJIaMaJIapbIH JKbUIIAM KOHE ap3aH ChlHAyFa MYMKIHIIK Oepeni, KaHa
MarHuTTIK MaTepHaJlJIapAbl 3epTTeyl >keHuaeTel kone FDM Gachin miblrapbliiral
KOHCTPYKIMSJIAp IIAPTThI TYPJE OHIIPUINeH OTKI3TII HEMECce MAarHUTTIK
AJIEMEHTTEPMEH OipiKTipUIreH THOpUATI TocuiaepAi Kommaael. Kocmamapabl
eHJIIpyAiH KeH koHTeKcTiHAe FDM unxenepnepaiy keaeci OybIH AJIEKTp MallliHAJIAPbIH
)o0ajay, CblHAY OHE OHTAWJIAHIBIPY TOCUIIEPIH ©3repTe OTHIPHIN, TYXXbIphIMaamMa
MEH OHJIIpIC apachIHIaFbl KOIip KbI3METIH aTKapaJibl.

2. Selective Laser Sintering (SLS)

CenextuBti Jlazepnik Amiomepanusi (SLS)-kypaeni reoMerpusiapbl MeEH
KOFapbl MEXaHUKAJBIK TYTACThIFbl Oap MOJMMEpP HETI3IHAET! KOHE KOMIIO3UTTIK
KOMIIOHEHTTEP/l OHJIpyre apHajfaH Kocnajapiabl eHIipydiH (AM) eH O3BbIK XoHE
KEHIHEH KOJIJAHbUIAThIH TEXHOJIOTHSUIApbIHBIH  Oipl. bankeiTeuiran TyHIBIPYIbI
Mogenbaey (FDM) CHUAKTBI SKCTpY3UsiFa HETI3JIENTEeH SICTEP/ICH albpMalIbLIbIFbI,
SLS yHTak Marepuangapibl-oeTTe TEPMOIUIACTUKTEPJl HEMece TMOIUMEPIIi
KOMITO3UTTEPI-0JIap/ibl  TOJILIFBIMEH epITIel arioMepanusijiay YIIH  SKOFaphbl
DHEPTUsIIBI JIa3ep COyJeCiH mainanaHansl. bynm mporiecc Tamama kabarapaibik
OaitIaHBICHI, KOFaphl OCPIKTIK MEH caJIMaK KaThIHACHI KOHE YKaKCApPThUIFAH BICTBIKKA
TO3IMJILIITT 0ap THIFBI3, OJIIIEM/II TYPAKThI OOJIIEeKTep/al KaIbINTAaCThIPyFa MYMKIHIIK
oepei.

SLS npouecinae noauMepiH HeMece KOMIO3ULUSIIBIK YHTAKThIH KYKa KaOdaTbl
(omerre neitnon PA12, PA11 nemece PEEK) kypacteipy nnardopmacsiHia OlpKeiKi
tapananael. Jlazep yHTak KabateiH 3d yiricine coiikec I1pikTen CKaHEpJIeu/l,
OeJiieKkTep/Il OajdKy TeMIeparypachblHaH COJI TOMEH KbI3JbIpajbl, OChUIAMIIA oJap
»KaHacy Oettepinge OipikTipinaeai. Kadar askranraHHaH KeWiH YHTAKThIH JKaHa KaOaTbl
JKUHAJIaJIbl JKOHE Tpollecc OYKUI KOMIIOHEHT CaliblHFaHFa JCeHiH KaWTalaHapbl.
bBeiexTi Kopian TypFaH CY3rici3 YHTaK TaOMFU TIPEK KYPBUIBIMBI PETIHIIE KbI3MET
eTell, KOChIMIIAa apMaTypaHbIH KaXETTUIITH OOJNIbIPMAaNIbl KoHE KYpAed €pKiH
MIITHHAL TOHHAEPAl, KYbIC KybICTap/bl JKOHE 1K1 apHajap/bl jkKacayFa MYMKIHIIK
oepei.

DJEeKTp KO3FaNTKBIIITAPbIH KOAaHy yirH SLS MexaHuKalbIK KepHEyJIep MEH
KBUTy TpaJWCHTTEpiHE ToTen Oepyl KepeK OKMIAyJaFbllll KOHE KYPBUIBIMIBIK
KOMITOHEHTTEP/l OHIIPYe epeKine KYHAbL. TEeXHOJOTHUS CTAaTop KOPITYyCTaphiH,
KaTyIIKaJap TIPpEKTepiH, MOWBIHTIPEK YCTaFbIITAPBIH, COHFBI KAKIMAKTapIbl JKOHE
OIpIKTIpUIreH CaJIKbIHJATy apHalapbIH jkacay YIIIH KoJaaHbuUianbl. byn Oemiekrep
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AIIEKTP OKIIAYyJIayblH KOHE MEXaHUKAJIBIK TYPAKThUIBIKTHl KAMTAMaChI3 €Ty, acipece
pIKIIaM JKoHe eHIMLTiri xorapel meTkackis TY¥PAKTBI TOKTA (BLDC) nemece
OCBTIK aFbIHBl KO3FAITKBIIITApAa MaHBI3IbI pell arkapaabl. SLS Oaceinm mibiFapyna
KOJIJAaHBIIATBIH ~ MaTepHalljap—MBbICaJIbl, IIBIHBI ~ HEMEeCcEe  KepaMHUKAaJBbIK
TONTBHIPFRIIITADMEH  HbFalThIFan PA12—180 °c  geliinri  temmeparypana
MEXaHUKaJIbIK OEpIKTITIH CaKTall OTBIPHIN, >XOFapbl TEPMUSIIBIK TYPAKTHLIBIKTHI
Kepcereni.MyHaail Marepuangap *orapbl TeMIlepaTypajibl OpTaja >KYMBIC 1CTEUTIH
HEMece KYIITI TUAIEKTPIIIK OKIIAyJIay/lbl KaKeT €TETIH KO3FAITKBIII KOPIYCTAphI YIIIiH
OTe KOJIalIbl.

KepamukanbiK >koHE HIBIHBI TOATBHIPFBIITAPALl SLS nomumepiiepine OipiKTipy
OJIIEM/IIK AJIIIKT1, KATTHUIBIKTHI KOHE KbLTY/IbI TApaTyAbl OJIaH 9p1 )KaKcapTaabl. by
KOMITO3UTTEP/I1 KbLTY/Ibl TUIMII OacKapyFa KoHE KO3FAITKBIIITHIH JKaJIIbl TUIMALUTITH
apTThIpyFa MYMKIHAIK OEpeTiH KIPIKTIPUINeH CaJKbIHAATYy apHajapbl Oap crarop
KOPITyCTapbIH jkKacay YIIiH naiaananyra 6onaasl. CoHbiMeH KaTtap, SLS Oemnmexrepain
TBIFBI3BIFBI MEH KEYEKTUIITH Ao OakbulayFa MYMKIHIIK Oepenl, Oy OepiKTIKKe
HYKCaH KEITIPMECTEH >KEeH1JI KOMITOHEHTTEPAIH JU3ANHBIH KEHUIIETE/I].

SLS-TiH MaHBI3IBI aPTHIKIIBUTBIFB OHBIH THOPHATI KO3FAITKBIIIT )KUHAKTAPBIMEH
yinecimauniriaae. SLS eHaipeTiH monuMepiai KOMIOHEHTTEPAl ©HJECYACH KEHiHT1
KE3CHJIEp/Ie METAJT ©3€KTepIMEH, JJaMUHATTallFaH CTaropjapMeH HeMece TYPaKThI
MarHUTTepMEH Tikene OipikTipyre Oonaabl. bysn ruOpuATI TOCUT >KYHEHIH >KaJIlbl
MaccachblH as3alTajpl >KoHE OlpHeme (QyHKIUSIIapAbl—KYPbUIBIMIBIK KOJJIAy/Ibl,
OKIIayJayJbl >KOHE CaJKbIHAATyIbl—O1p Oachill IIbIFApbUIFaH OOJIKKe OIpPIKTIpY
apKbBUIBI  KYpacTBIPYIbl SKeHUIIETedl. MpIcanbl, 3epTTeymiiep KYPBUIBIMJIBIK
KATTBUIBIKTBI apTThIpa OTBIPBII, SJIEKTP OKIIAYJIayblH CAKTal OTBIPBIN, METAJI CTATOP
JaMUHAIUSAIAphl MEH MarHUTTEPiH KanTalThiH SLS Oachin MIbIFapbUIFaH MOJTUMEPTi
KOpITyCTap/ibl 931pJiel.

Wuxenepnik TyprblgaH anranjaa, SLS nu3ailHHBIH alTapiblKTail MKEMIUTITIH
KaMTamachI3 eTefi. THKeHepsep Top KyphLIbIMIaphl, AHBIMAITBI KAOBIPFa KAJTBIHIBIFBI
YKOHE TOTIOJIOTHSI OOMBIHIIIA OHTANTAHIBIPBIIFAH TEOMETPHSIIAP APKBLTBI MEXaHUKAJIBIK
OHIMJIUIIKTI OHTaWJIaHJbIpa anaabl. byd KaTThUIBIK MEH CalMaKThH apaKaThbIHACHI
JKOFaphl KOMITOHGHTTEP/I JXKOHE CBhIMIApABl OaFbITTay >KOJNIAphl HEMECE CEHCOP
KOpITyCTapbl CHUSKTBI OIPIKTIPUITEH MYMKIHIIKTEpAl jKacayFa MYMKIHIIK Oepeni.
CoHBIMEH Karap, TipeK MaTepHaibl KaKeT eMec OOJIFaHIbIKTaH, OHAIPIC KaIAbIKTaPhI
OapbIHIIIA a3alTHIIA B KOHE MakTalaHbUIMaFaH YHTAKThI KaiiTa eHaeyre 0oabl, Oyt
MPOIIECTIH JKAJTbI TYPAKTHUIBIFBIH apPTTHIPAJIbI.

Kernreren apThIKIIbUIBIKTapbIiHA KapaMacTad, SLS TeXHUKAIBIK KUBIHIBIKTapFa
tarn Oonazsl. [Iporecc GenmeKkTepaiH THIFBI3ABIFBI MEH OCTiHIH O1pKeNKi asKTaTybIH
KaMTaMachl3 €Ty VIIiH Jia3ep KyaTbhlH, CKaHEPJICy >KbUIIAMIIBIFBIH JKOHE KaOaTThIH
KJIBIHJBIFBIH J10JT OaKbUIaydbl KaXXeT eTell. AJIbIHFaH OCTTIH KeHip-OyAbIpIIbIFbI
KEUIHI OHJAEyIl KaXKeT €Tyl MYMKIH, 9cipece MOTOp TOpanTapbIHAAFbl OeTTepil
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OipikTipy Hemece ThiFbI3aay yiniH. CoHbIMEeH Karap, SLS OipiHI Ke3eKTe O©TKI3TiIl
eMeC XKOHE MAarHMUTTIK €MeC MaTepHalJlapMEH IIEKTeJe/l; OChbUIalIna, OJ o/ETTe
ANIEKTPOMArHUTTIK OOJIIEKTEPiH 63/epl YILIiH eMec, OKIayliay HeMece KYPhUIBIMIBIK
KOMITOHEHTTEP YIITiH KOJIaHbLIA TbI.

Kopoiteinasinait  kene, CenextuBTi Jlazepmixk Armimomepaiius ©3iH 3IIEKTP
KO3FAITKBIIITAPbIHAA OCEpiK, TEPMUSIBIK TYPAKThl >KOHE TE€OMETPHSUIBIK KYpAeli
NONUMEPJIl  KOMIIOHEHTTEPHAl OHIIpyre apHajfaH JKOFapel KaOUIeTTI Kocma
TEXHOJIOTHSICH peTiHAe KoepceTTi. OHBIH MEXaHUKaIbIK OCpIKTITIHIH, JKBLTY
KEJIEPriCiHIH >KoHE JM3aiH epKIHJITHIH YileciMi OHBI TOJUMEPIl KOpIycTap,
CaJIKbIH/IATy AJIEMEHTTEPI KOHE OKIIayiay KYPhUIBIMAAPHI METAJLJT HEMECE MarHUTTIK
©3CKTEPMEH Y3JIIKCi3 OIpIKTIpUIreH THOPUITI KO3FAITKBIII KYHEIepiH 93ipiey YImiH
acipece Komaiibl erefi. SLS marepuamaapbIHbIH Y3IIKCI3 KETULAIPUTY1 %KoHE OachI
IIBIFAPy JJIJINT OHBIH Kejeci OybIH, KCEHIT JKOHE JKOFapbl THIMJI DJICKTP
KO3FaJITKBIIITAPbIH jKacaydarbl PeJIiH OJaH opl KeHeUTe Il Jen KyTuTye.

3. Selective Laser Melting (SLM)

CenexktuBri  Jlazepmik  bankpiry ~ (SLM)-KoFapbl ~ ©HIMII  3JIEKTP
KO3FaJTKBIIIBIHBIH Kypamaac OeNIKTEpIH OHIIPY YIUIH €peKIle dJEeyeTTl YChIHAThIH
MeTaul KocnajnapeiH (AM) eHAIpyIiH €H O3bIK JKOHE KEHIHEH KOJJIaHbLUIAThIH
TeXHoJorusmapblubly ~ Oipi.  Ilomumep — Herizingeri AM  mponecrepiHeH
aliplpMalbLIbIFbl, SLM OakplUIaHaTBIH UHEPTTI Ta3 KarJalblHAa >KOFapbl SHEPTHUSIIbI
Ja3ep COyJeCiHIH KOMETIMEH MeETajul YHTAKTapbhlH TOJBIFBIMEH OaJKbITY apKbLIbI
TOJIBIFBIMEH TBHIFBI3 MeETaJl OOJIIeKTepiH jkacayFa MYMKIHIIK Oepeni. bym omic
3aMaHay| JIEKTPOMEXaHUKAJIBIK KyHenepaiH MEXaHUKAJIBIK KOHE JKbUTY TajanTapbiHa
ayan OepeTiH Kypaenl, )KeHUT KOHE TEPMUSUTBIK THIMJII KOMIIOHEHTTEP IIbIFapyFa
MYMKIHJIIK Oepei.

SLM mporiecinae KyKa MeTaul YHTaFbIHBIH KYKa KaOaTbI-ofeTTe aTtOMUHUN
KopbiTnacel (AlSi10Mg), Tutan kopeiTnacel (Ti6A14V) Hemece ToT 6acnalThiH OoJat
(316])—=xypacteipy mardopmaceiHa Oipkenki xuHaiaabl. JKorapel KyarTsl jgazep 3d
KOMITHIOTEPITIK MOJICTIHIH KOJJICHEH KUMACHIHBIH T€OMETPHSIChIHA COWKEC YHTAKTHI
IpiKTeNn CKaHepieial »koHe epitenil. Kabar askranraHHaH KeiiH miatdopma com
TOMEH/JICHI1 JKOHE jKaHa YHTaK Ka0aThl KOoJjaaHbUIaAbl. bipi3al OanKbITy JKOHE KaTaro
apKpUIbl THIFBIBABIFBEI 100%-Fa KYBIK XOHE YCaK MHUKPOKYPBUIBIMBI Oap TBIFBI3,
MOHOJIUTTI KOMIIOHEHT TY31JIe/].

DJeKTp KO3FAITKBITAPBIH KoijmaHy yuriH SLM crartop xopmycTtapbiH, poTop
©3EKTEPiH, CAJIKBIHJIATKBIII KYPTEIIeIep il KOHE KOAIMI1 KYI0O HEMECe OHJIEy apKbLIbI
Kacay MYMKIH OOJMaWTBIH 1MIKI KYPBUIBIMIAPHI O0ap TIpeK KPOHINTEHHIEPIH Kacay
KaOieTiHe OailIaHBICTBI epekine KyHAbl. [IporecTiH aomimiri imKki CaJaKbIHAATY
apHaJIapblH, TOPJBI apMaTypaHbl XOHE CcajMarbl OOWBIHINIA OHTAMIAHIBIPHUIFAH
pamanapJsl KOMIIOHEHTTEP/IH KOHCTPYKIIMACHIHA TiKeJiel OIpIKTipyre MYMKIHIIK
oepeni. bya MyMKIHIIK ocipece >KOFapbl OHIMJI KO3FaJITKBIIITApAa ©T€ MaHBI3/IbI,
MYHJa THIMAI SKbUTy JUCCUMAIMSACH TalIalaHy CEeHIMAUIIT MEH THIMIUIITIH

32



aHBIKTaMABl. MpIcanbl, HKCIepUMEHTTIK HoTkenep AlSi10Mg kopeiTnackiHga
OacbulFaH CTAaTOp KOPIYCTaphl KBUTYy OTKI3TIIITIK JKOJJApbl MEH THIFbI3JAIFaH
CAJIKbIHJATy apHalapbIHBIH JKaKcapyblHa OalIaHBICTBI  JOCTYpJIl  OHJEITreH
KOPITyCTapMEH CabICTBIpFaHaa TemreparypanbiH 578 °c-tan 403 °c-xa neifiH
TOMEH/ICY1HE KOJI KETKI3TeHIH KOpCEeTeIl.

SLM-ne »xpuigaM KaTalo HOTIDKECIHJE Naiiia OonaThlH yCaK TYHIPIIIKTI
MUKPOKYPBUTBIM MEXaHUKAJIBIK OCpIKTIK MEH MapiiayFa TO3IMIUTIKTI apTThIpaabl, Oy
KOMITOHEHTTEP/I1 JKOFAPhI JKbIIAMIBIKTHI KOHE KOFapbl MOMEHTTI KO3FaITKbIIITap/IbI
Koljanyra oskapamabl eTeni. COHBIMEH KaTap, KaTTbUIBIK TI€H KYPBUIBIMIBIK
TYTACTBIKThI CaKTaill OTBHIPBIN, OOJIIEKTepAIH MAacCachlH a3alTy YIIH TOMOJOTHUSHbI
oHTalnauaelpy omicrept omerre SLM-men O6ipre KOJIIAHBIJIAZBI. Kaxercis
MaTepuaap/bl ajblll TacTay apKbUIbl WHXKEHEPIEP SJICKTP JKETEeri >KyHelepiHiH
JKaJMbl caJIMaFbIH a3aiTa anajbl, KyaT MEH CaJIMaKThIH apaKaThIHACKIH JKOHE JJIEKTP
KOJIKTEpl MEH a’pOFApBIITHIK KO3FAJbIC JKyHenepl YIIIH 3HEprus THIMAUITIHIH
MaHBI3/IbI TApaMETPIICPIH KaKcapTa ajgaibl.

SLM-niH opTypiai KOpBITHAIAPABl ©HJEY MYMKIHAIIT KOMIOHEHTTEPAIH
KaCUETTEpIH peTTeyre MYMKIHAIK Oepeni. AmomuHuil Kopeitnaiapsl (AlS110Mg)
TaMallla KbUTy ©TKI3TIIITIKKE )KOHE TOMEH Maccara ue, KOpIycTap MEH KopIiayaap/bl
CaJKbIHAATy YuIiH eTe Konainbl. Tutan kopsitnanapsl (Ti6Al4V) KypbUTBIMABIK
OeJieKTep YIIiH OEPIKTIK MEH CaJIMaKThIH KOFaphl ApaKaThIHACKIH KAMTAaMAachl3 €Tel,
an ToT OacmalThIH OojaTTap KOPPO3UsSFa TOIMJUIK IEH OJIMIEeMJIIK TYPaKThUIBIKKA
OachIMIIBIK OepeTiH kepiepie KoiaaHbuUianbl. JKakplHIa >KYMCakK MarHuTTi Oojar
yHTtakrapel (Fe—Si xone Fe-Co kopwitmanapei) SLM kemerimMeH coTTI ©HJEIM,
MarHuT OTKI3TIMITIT] JKOFapbUIaFaH KoHE THCTEPE3UC >KOFAIYbl TOMEHJIETEH CTaTop
MEH POTOp ©3€KTEPIH IIbIFAP/IbI.

Hereamen, SLM kubHIBIKCHI3 Oonmaiinbl. [lpomecc skoFapbl  KbLTY
IpaIMEHTTEPIH KaMTHUJIbI, OVJI KAJIJIBIK KepHeysepre, aedopmaiusiapra xoHe Oacma
OemNKTepIHAErT MHKpOXapbIKTapFa oKelyl MYMKiH. byn oceprnepal  cTpeccrti
KEHUTIETETIH KYWUIIPY, BICTHIK HM30CTATUKAJIBIK TMPECTEY KOHE IO OHJACY CHUSKTHI
OHJICY/ICH KeUIHT1 MpoLeypasiap apKbUIbl a3aiiTyra 6osaasl. COHbIMEH KaTap, 1liHapa
epireH OefiekTepeH naiga OonartblH OETTIH Kealp—OYABIPIbIFEl  (pesepiey,
KBIITBIpaTy HEMeCe XMMMSUIBIK TETiCTey CHUSKTHI KalTalama eHJIEeyli KaKeT eTel,
acipece KypacTblpyFa HEMECE KblTy Oepyre KaTbicaTblH O€TTEp YILIH.

Ocel TeXHHKaNBIK IEKTeylnepre Kapamactad, SLM  apTHIKIIBUIBIKTAPHI
aiiTapnbikTail. bBysl  KYPBUIBIMIBIK — KATTBUIBIKTBI, OJKBUTY  THIMIUITIH — YKOHE
TEOMETPUSIIBIK ~ KYPACNITIKTI OIpIKTIpeTiH (YHKIIMOHANIBI OHTANIaHIBIPBLIFaH,
OHIMJIUIIT] JKOFaphl METAJIJT KOMIIOHEHTTEPIH TiKeJeH MaibIHaayFa MYMKIHIIK Oepei.
DJeKTp KO3FaNTKBIIITApbIH kKo0ajay yiIiH Oy 6ip Ke3aepi Kypaeil CaaKbIHAaTbUTFaH
KOpITyCTap HEMECe MArHUTTIK OeJCeHI ©3€KTep CHAKTHI KOAIMI1 ©HJIpICIIeH
HIEKTEereH OeeKTepal eHal 01p KypacThIpy MPOLECIHAE )KY3€re acblpyFa 00JIaTbIHbIH
oinmipei.
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Kopeitbinasinait  kene,  CenextuBti  Jlazepmik ~ BankeiTy — 37ekTp
KO3FAITKBIIITAPBIH  aIUTHBTI  OHAIPYAEC HETI3T1  TEXHOJIOTUAFa  ailHaJIIBI.
Marepuanrtany, 1971 Ja3epiaiK UHKEHEPHUs KoHE U PIBIK AU3ANHIBI OHTANIAHABIPY/IbI
OipikTipe oThIpbI, SLM KeH11, THIM/II K9HE BICTBIKKA TO31M/I1 JEKTP MallliHATapbIHA
o amaapl. OHBIH OfaH 9pi AaMybl OHIMAUTIK YIIIIH MaHbBI3Abl MYMKIHAIKTEPAIH OfaH
Jla YIKEH MHTETPALUsACHIH Yo/ie €Te/l, OYJ1 OHBIH JKOFaphl THIM/I1 dKOHE KOMIIaM 3JIEKTp
KETEKTEepIHIH KeJecl OybIHBIHIAFbl HEri3ri KO3Faylibl KYII PETIHAErl peiH
HBIFalTaJIbI.

4. Direct Metal Laser Sintering (DMLS)

Tikene#t Metannsl Jlazepnik Armomepanusuiay (DMLS) merann kocnanapsi
oHIIpyIIH (AM) eH omOebOam TEeXHOJOTHSIAPBIHBIH O1pi OONBINT TaOBUTIABI JKOHE
Cenexrtunti Jlazepnik bankeitymen (SLM) kemnrtereH ykcacTeikTapmeHn Oediceni. Exi
onic Te canAblK 3D yariciHe colikec JKyKa METaJll YHTaKTaphlH KabaT-Kadar ipikTemn
OHJICY YIIIH KOFapbl YHEPTUSUIIBI JTa3ep/ii Naiiiananaabl. Anaiia, YHTaKThl TOJBIFBIMEH
epiteTin SLM-neH aitbipMaiibuibirbl, DMLS gnerte inminapa 0ankbITyFa HEMECE KaTThl
KYHJEri arioMepanusiFa Kol )KeTK13€/11, HOTUKECIH€ MUKPOKYPBUIBIMAAP CJ1 KEYEKTI
00maapl, O1pak Oenrii O01p AMEKTP KO3FANTKBIIITAPBIH KOJIJAAHY YIIIH THIMI1 MarHUTTIK
KOHE MEXaHHMKAJIBIK CHUIIaTTaMajapra ue 0omabl.

DMLS npoueci eHa1pic Ke31HE TOTHIFY/IbIH aJAbIH ATy YIIIH apTOH HEMECE a30T
CUSIKTBl MHEPTTI ra3 arMocgepachlH/la >KYMBIC ICTeWl. MeTamin YHTarblHbIH KYKa
Kabatei—onerte 20-1aH 60 MUKpOMETpTe ACHIH-KypacThIpy miaTdhopmacbiHa OipKeKi
tapananel. ComaH KeWiH Ja3ep YHTAaK KaOaThlH CKaHEpJIeHl, OHBl OalKy
TeMIIepaTypachiHa IeHiH KbI3BIPHIIN, iprejec OemekTep apachiHaarbl Tu(Qy3usibIK
OaitmanbIcKa KoJ skeTKizenl. Kadar-kabar, OyJ1 mporecc KoFaphl oJIeM/ Il JoTIKIICH
JKOHE Tamallla MEXaHUKAIBIK OCEpIKTIKIIEH ThIFbI3, (PYHKIIMOHAIABI METaJLI
KOMITOHEHTTEPIH KYPacThIpabl.

DNeKTp  KO3FaNTKbIUTApbIH  eHAlpy YmiH DMLS — wmarHurrik  koHe
AIIEKTPOMArHUTTIK KOMIIOHEHTTEpP/l, aram aWTKaHAa pOTOp ©3€KTEpIH, CTarop
JaMUHAIASIIAPBIH JKOHE MArHUT aFbIHBIHBIH KOHIIEHTPATOPJIApBIH JKacayra Oiperei
MyMKiHIIK Oepemi. DMLS-TiH SLM CHSKTBI TOJBIK OalIKBITY TEXHOJOTHsJIapbIHA
KaparaHJa €H MaHbI3/bl apTHIKIIBUIBIKTAPBIHBIH O1pl OHBIH MAarHUTTIK KaCHUETTEpPiH
XKOFanTnail OalKpITy KWUBIH MAarHMTTIK OoJarrap MEH JKYMCAK MAarHUTTIK
komno3uttepai (SMCs) enney kabineti 6osbin Tadbbuianel. Fe—3% Si sxone Fe—6,5% Si
ANEKTPIIK Oomartapsl cusKThl Marepuammap DMLS kemerimen coTTi eHumenmdi, Oy
JKOFaphl THIMJI  KO3FAJITKBIIITApJa KOJJIAHBUIATBIH  KOMIMI1  JIaMUHATTaJFaH
OonaTTapMeH CaJbICThIpyFa 00NaThIH MATHUTTIK CUIIATTaMalIap/Ibl KOPCETE .

byn marepuanmap >Korapbl AJIEKTp KENEpriCiMEH XOHE THCTEPE3UCTIH TOMEH
IIBIFBIHIAPBIMEH TaHBIMAJ, OYJI ONapAbl aWHBIMaJIbl TOK (QHBIMAIBI TOK) >KOHE
meTkackl3 TypakTel Tok (BLDC) mammuanapsel ymiiH eTe Konaiisl eremi. DMLS
HIBIFApaThIH 1IIIHApA arioMepaluslaHFaH MUKPOKYPBUIBIM JJIEKTP KeIAEpriCiHIH
YKOFapblIaybIHA BIKIAJ €Tei, OYJT 63 Ke3eTiHAe KYHBbIH/bI TOKTHIH )KOFATybIH a3aiTa bl
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KOHE KO3FAJITKBIIITBHIH Kbl TUIMIUITIH apTThipaabl. COHBIMEH Karap, Jiasep
KyaTblH, CKaHEpJCY >KbUIIAMJIBIFBIH KOHE YVHTAK KYPaMbIH PETTEY apKbLIbI JTOHHIH
OarbITBIH OaKbLTAyFa sKOHE O1p OACKIN MIBIFAPBUIFAH KypaM/1ac 06JIiKTe TpayrpIcHTeH
MarHUTTIK KaCHETTEepre KOJ JKeTKizyre 0oiaapl—Oyil AOCTYPI OHIIPIC apKbUIBI KO
KETKi3y MYMKIH eMecC HapcCe.

3eprreymiaep KYpPbUIBIMABIK KATTHUIBIKTEI KAMTAMacChl3 €T€ OTBIPHII, JKOFAPHI
OTKI3TIIITIKTI CaKTayFa KaOlIeTTi HHTETPaJAbl Opay apHajlapbl MEH MarHUT aFbIHBIHBIH
OarbpITTaFbIIITapbl 0ap pOTOp ©3eKTepiH Oackin mbiFapy yuriH DMLS naiinananner. byn
WHTErpalus BIKIIAM KOHCTPYKUHMSJIAPFa JKOHE allHaldy MOMEHTIHIH ThIFBI3/IbIFbIH
*KakcapTyra MyMKiHIiK Oepemi. ConbiMeH Karap, DMLS mbic HeMece amtoMHHHIMA
opaMaJlapblH MarHUTTIK KYPbUIbIMJApFa TIKEJIEH SHAIPYIl >KCHUIIETEl, KYpacThIpy
KaJlaMJIapblH a3alTajbl JKOHE KaTylIKajdap MEH KOpIlaraH MaTepuall apachIHJIarbl
KBLTYy OalJIaHBICHIH KaKCapTaIbl.

DMLS Heri3ri apThIKIIBUIBIKTAPBIHBIH O1p1 OHBIH MaT€pUAIIbIK WKEMJILIIT
00 Ta0bLIaABI. [Iporiecc ToNbIK OamKbITY/Abl KQXKET €THEHTIHAIKTEH, TEMIIepaTypara
ce3lMTal KOHE TOThIFyFa O€diM MaTepuanjaplbl Koca ajlfaHia, KOpbITHalap MeEH
MeTaJul KOMIIO3UTTEPIHIH KEH ayKbIMbIH OAChII HIbIFapyfa Oonaabl. On coHpail—ak
OAachIll MIBIFApy KE31HAE 9pTYpJll YHTAKTapbl apajlacThIpyFa MYMKIHIIK Oependl, Oy
(GYHKIMOHANIBI CYphINTaNfad Matepranaapabl (Fgm) - KeHICTIKTE 9pTypill MAarHUTTIK
JKOHE MEXaHMKaJbIK KacuerTrepl 0ap KOMIIOHEHTTEpAl jkKacayFa MYMKIHIIK Oepel.
Mpicainbl, CTaTOp ©3€TiHIH CHIPTKBI allMaKTapbIH >KOFaphl MATHUTTIK OTKI3TIIITIK YIIH
OHTaWIaHABIpyFa OOJabI, AT 1Kl aiiMaKTap MEXaHHKAJIbIK OCPIKTIK IMEH >KBbLIYIbI
Taparyra OeriM/IeTeH.

JlereuMeH, OapibIK YHTAK HETI31HAET1 aJJUTHUBTI OHIIPIC OMICTEPl CHUSIKTHI,
DMLS OGenrimi  Oip KUBIHABIKTAPABl TYAbIpajabl. AJBIHFaH OOJIKTEp THIFBI3
OOJIFaHBIMEH, TOJIBIK OAJIKy HOTHIKECIH/IE Mai1a 60aaThiH O6TIKTEpre KaparaHia sKbLTy
OTKI3TIIITIIT Ccol ToMeH Oonaabl. KeyekTUTiKTI a3alTy »XoHe eNIMIEeMIIK oM KT
KaKCapTy YIIIH TEPMUSIIBIK OHJIEY, BICTBIK H30CTAaTHKAJIBIK MTPECTEY KOHE OETTI apIiey
CUSIKTBI OHACYJICH KeHIHT1 onepanusiap xul Kaxer. COHbIMEH KaTtap, MpOLECTIH Kadar-
Ka0aT cuIarbl MAarHUTTIK YOHE KYPBUIBIMABIK KACHETTEpPAIH Y3aK Mep3iM/i
TYPaKTBUIBIFBIH KaMTaMachl3 €Ty YIIiH OOcCaThUIybl KEpeK KaJAbIK KepHEeylepi
TYABIPYBI MYMKIH.

Ocsl mekreynepre kapamactad, DMLS snekTp KO3FaaTKbIIITapbl YIIIH O3bIK
MarHUTTIK KOMIIOHEHTTEpAl 931pJeyliH KyaTTbl TEXHOJOTHICHI OOJBIN Kajla Oepei.
OHBIH TCOMETPUSIIBIK  KYpHedi, MarHuTTIK THIMAI JKOHE  (DYHKIIMOHAJIBI
WHTErpalisyIaHFaH OOJIIIIEKTeP Il MIbIFapy KaO1JIeTi OHBI )KOFAPBI THIM/II MaIlTHHATIAP b
3epTTEY MEH MPOTOTUIITEYAIH KYHJIbI KypaliblHa aifHAIAbIpaasl. MaTepuantany >KoHe
Ja3epIiK MpolecTepai Oackapy ajFa >KbUDKBIN KeJie KaTKaHAblkTaH, DMLS bikiam,
KEHITT JKOHE DHEPTUSHBI YHEMJICUTIH AJIEKTP KO3FAJITKBIIITAPBIHBIH Keieci OyBIHBI
YIIIH KYMCAK MarHUTTIK SIpoJjap/bl, aFbIHIbl KOHIIEHTpATOpiap bl KoHE THOPUATI
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pOTOP—CTaTOp >KMHAKTapblH OHIIpy/e OapFaH callblH MaHBI3Ibl POJI aTKapajbl JAem
KYTUIyJE. .

5. Binder jet

[Maiieipmen xenmimaey (BJ)-Oyn korapel ©HIMII 3JIEKTP KO3FAITKBIIITAPbIH
xo0asayyia MaHbI3bI OOJIBIN TAOBLIATEIH MATHUTTIK MaTepraiap/bl, acipece TYPaKThl
MarHUTTEePl OHIIPY deyeTiHe kobipek KoHUT OeseTiH Kocnantapasl (AM) eHIipymiH
03bIK TexHoJoruschl. Cenektunti JIazeprik bankpity (SLM) Hemece Tikeneit Metan b
Jlazepnix Arnomepanusinay (DMLS) cusiktel nazepre Heriznenren AM omicrepiHeH
albIpMaIIbUIBIFbI, balmaHbICTRIPFRIT AFBIHABI JKOFaphl KbUTy KipiCiHE CEHOEHMI.
OHbIH OpHBIHA OJI YHTAaK OeJileKTepiH KabaT-KabaT ipikTen OIpIKTipy YIIIH CYMBIK
OallJIaHBICTRIPFBILITHI Al jaIaHaAbl, OYJI €H a3 KaJJIbIK KEpHEeyl MeH OypMmaaHybl 6ap
KYp/ZieJlli MarHUTTIK KOMIIOHEHTTEP/1 OHIPYIIH TOMEH TeMIIepaTypasibl KoOHE YHEeM/II
OMICIH YCHIHAJIBI.

balinaHbICTRIPFBIITE AFBI3Y TPOIIECIHAEC METAI HEMECE MarHUTTIK YHTAKThIH
Kyka KaOarbl—onerte Heoaum—TeMip—Oop (NdFeB), camapuiti—xko6anst (SmCo)
HeMece dheppuT OemIIeKkTepi-yHTaK KabaTeiHa Oipkeki Tapanaasl. CogaH KeiiH Oachin
HIBIFAPy MEXaHW3MI [OJMMEpP HETI3iHAer: OalIaHbICTBIPFBIITHIH TaMIIbUIAPBIH
Oenrum Olp aliMakrapra ipikTen >KuHam, OesnmiekrepAl OipikTipim, "kachul" OeMiKTI
Kypaiael. byl KagaMm KaXeTTl TeoMETpHsl callblHFaHIa KaiTtanaHaabl. backin
HIBIFApbUTFaH O6JIIK KEeWIHHEH OHJEJe/Al, Ta3apThUIaJbl JKOHE arjoMeparusiaHajbl
HEMeCe KaKETT1 THIFBI3JIBIK TIEH MEXaHUKAJIBIK OCpPIKTIKKE JKETy YIIIH ManbIpIapMeH
HeMece 0ajKy Temreparypachl TOMEH MeTaiaapMeH MHuiIbTpanusianagsl. COHFbI
KYPBUTBIM T1IeTKachi3 TYpakThl TOK (BLDC) HeMece oChTiK aFbIHIbI KO3FAITKBIIIITApFa
GYHKIIMOHANIBI  MHTETpalusiiayFa SKapaMJibl MarHUTTIK KOHE  KYPBUIBIMJIBIK
KacueTrTepre ue.

balinaHbICTHIPFBIIT ¥ IIAKTApAbIH AFBIHBI DJICKTP KO3FaITKBIIITAPBIH >Kacay
YIIiH OIpHEIIe MaHbI3bl apTHIKIIBUIBIKTAPAbl YChIHAIbI. EH MaHbI3AbIIapbIHBIH O1pi-
KYpJeid MarHuTTiK TeOMETpHUsIapAbl KalbINTapAbsl HEMece MaTpulajiapibl KaxkeT
€TIECTeH TIKeJeH UUPPIAbIK MoaenpaepAcH xacay MyMKiHairi. Ilpectey xoHe
arnoMepanusiiay CUSKTbl MArHUTTI OHIIPYIIH JOCTYpJl 9ICTepl MAarHUTTIK
OHIMJIUIIKTI TOMEHJETETIH JKOHE MaTepuall KaJAbIKTapblH AapTThIPAThIH MIIIIH
HICKTEYJAEPIMEH JKOHE OHJCY IIBIFBIHAAPBIMEH IIeKTeNnedl. balaaHbICTRIPYIIBI
AFBIHHBIH KOMETIMEH MHXKEHEpJIep KO3FAITKBILI 11I1HAeT1 Oenruii O1p aFbIH KOJAaphI
YIIiH OHTAMIaHIBIPbUTFaH KUCHIK HEMECE CETMEHTTETeH MarHUTTEP Il Koca aJiFaH/a,
pPETTENIETIH MArHUTTIK TOTOJOTHSJIAPAbI  JkoOamaii  amaapl. byl  MarHUTTIK
MyQTanapJasH THIMIUIITIH apTTBIPYFa JKOHE KYPacThIPy TajanTapblH TOMEHJIIETYTe
oKeseNl, OUTKEHI MarHUTTEpAl TIKeJIeH KaKeTTI COHFBI MINIHTE OachIl IIbIFapyFa
OoJaabl.

OKCIIEpUMEHTTIK ~ 3epTTeyJep KOpceTKeHnel, OaimanpicThiprbiml  ndfeb
MarHuTTepi arsioMepanus MeH uHunsrpauusaan keiin 0,6 Tecnara (T) geitin »xoHe
10 Mna-naH acaTblH CO3bUTYy OEpIKTITiHE KOJ KeTKi3e ananbl. byn mMoHaep mapTTh
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typae amiomepanusuianFan NdFeB wmarnutrepinen com TemeH Oosca na, ofnap
POOOTOTEXHHKA, IIAFBIH AIIEKTP KETEKTeP1 )KOHE CEHCOPIIBIK JKyienep CUSKTH TOMEH
YKOHE OpTallia KyaTThl TYPaKThl TOK KO3FaJITKBIIITAPbIH Al alady YIIiH JKeTKUTIKTI.
ConbIMeH KaTap, YIKEH HeMece QYPBIC eMec MilmHAep/ Al OachIl MIbIFapy MYMKIHIIT]
baitnaHBICTRIPFBINT AFBIH/IBI MATHUT aFBIHBIHBIH Tapallybl MEH KEHICTIKTIH THIMILTITI
©T€ MaHBI3/bl KOJJaHOamap YUIIH eTe KOJaisbl eTeli, MBICAbl, BIKIIaM HeMece
KOFapbl MOMEHTTI OCBTIK aFbIH/Ibl MaIlIHHAIAP/IA.

BaiinnaHbICTRIPFBINT AFBIHHBIH Tafbl Olp apTHIKIIBUIBIFE OHBIH MaTEpHUAJIIbIH
HWKEeMJILUTITT MEeH MaciTadTanysiHaa. [porece sxorapbl 3HEPTUSUIBI JIA3EPITiK JKyHeIepi
HEMece BaKyyMJIbIK KaMmepaapAbl KaKeT eTIeUTIHAIKTEH, 0J1 MArHUTTIK, METaJI )KOHE
KEpaMUKAJIBIK KOMIIO3UTTEP/l KOcCa aJfaHja, YHTaKTapJblH KEH ayKbIMbIMEH
yitnecimai. On conpaii-ak Ken MaTepuaiibl Oachlll IIbIFapyFa XapaM[bl, MyHIa
MarHuTTIK JKOHE MAarHUTTIK eMecC alMakTap OipiKTIpUIreH MarHUTTIK KXUHAKTapIbl
mibiFapy yiiH Oip skuHakra Oipiktipuienl. CoHbIMEH Karap, balmaHbICTBIPFBILI
AFBIHIAPIBIH CAJBICTRIPMABI TYPIE TOMEH TEXHOJOTUSIIBIK TEMIIepaTypaiapbl CHPEK
KE3/IECETIH MaTepualIapAblH 1IKI MAarHUTTIK KaCUETTEPIH CaKTaWIbl, OYJI Jia3epiik
OaNKBITY OHICTEpiHAEC KMl OalKanaTblH MarHUTTENYJIl HEeMece [IOHHIH ©cCYIH
OO IBIpMaTbI.

DONeKTp KO3FAITKBIIUTAPBIH jK00allay KOHTEKCTIHAE balaaHbICTBIPFBIII
ArpiHapasl OpHATY MOMEHTTIH ThIFBI3ABIFBI MEH TUIMIUIITIH aPTThIPATHIH PETTENETIH
MarHuTTIK MacCUBTEP/Il kKacayFa MyYMKIHAIK O6epesi. Mbicambl, KypbUIbIMbl OOMBIHIIA
@3repMelli KypaMbl HEMECE TBIFBI3JIbIFbI 0ap TpagyUpIICHT€H MarHuTTepll Kacay
IU3aiHepJIepre aFrbIHHBIH JKEPTUIIKTI CUITaTTaMalIapblH CTATOP/AbIH HEMECE POTOPIBIH
Oenrimi  Olp aiimakrapbiHa Oeilimaeyre MYyMKiHIIK Oepeni. byin  MyMKiHAiK
OHTANJIAHIBIPBUIFAH 2JIEKTPOMArHUTTIK OHIMJUIIKKE, KYHBIHIBI TOKTHIH >KOFaTybIH
a3alTyFa JKOHE JKbUTY IUCCUIIALUSACHIHBIH KaKCcapyblHA OKEJe/I].

KenrereH apThIKIIBUIBIKTAPbIHA KapaMacTaH, balaHbICTBIPFBIN ¥ IAKTAPIbIH
¥Ymysl om Ae KeiOip miekreynepre tam Oojaibl. backil WIbFapbUIFaH OeJIeKTep
KoOIHEeCe TONBIFBIMEH ariioMepalysulanFaH MaTephalijapFa KaparaHia THIFBI3IbIFbI
MeH OEepIKTITiH TeMEeHJeTeAl, al MHQUIbTpaLus npoueci OIPKEIKUIIKTI KaMTaMachl3
€Ty YIIH A95 Oakbuiaydbl KaXeT erell. beTTiH kemip-OyAbIpiabIFbl MEH KEyEeKTUIIr
MarHuT arbIHBIHBIH Y3AIKCI3JITIHE JI€ 9cep €Tyl MYMKIH, OyJ >KaObIH, *BUITBIPATY
HEeMece IMIaNbIPIbl CIHAIPY CHUAKTHI KEHIHIT OHACYAl KaxeT eTemi. [[ereHMeH, yHTaK
XUMMSACBIHIAFbI,  OalJIaHBICTBIPFBINI ~ KypamJarbl  JKOHE  arioMepanusiay
TEXHUKACBIHIAFBI Y3/IKCI3 JKETICTIKTEp OOJIIEKTEePAiH carnackl MEH OHIMJUIITIH Te3
AKaKcapTaJibl.

KopbIThiHbIIaN Kenle, OalIaHbICTBIPFBIII aFbIHABI 3JEKTP KO3FaITKBILIITAPhI
YIIIH TYpPaKThl MarHATTEP MEH MArHUTTIK KOMITOHEHTTEPi KOCMaJbl OHMIPYIiH
KOFapbl TEPCHEKTUBAJIBI TEXHOJOTHACH Oonbin TaObuiaAbl. O TeoMeTpUsIIbIK
epKIHIIKTI, TOMEH TEPMUSUIBIK OypMalaHylbl >KOHE MaTepuaiblH TUIMIUIITIH
OIpiKTIpiN, KYypAesl, KOJJaHyFa apHaJlfaH MAarHuTTIK KYpbUIbIMIApAbl >Kacayra
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MYMKIHIIK ~ Oepemi.  TeXHOJOTHUSIHBIH ~ KETUIylH  JKaJFacThipa  OTBIPHII,
baiinanplcThIprbIln  ¥IIaKTapAblH AFBIHBI 3aMaHayd dJCKTPOMOOWIBIUIIK TEH
aBTOMATTaHIBIPY XKYHeNepl YIIiH KOFapbl TUIM/I1, KEHLT dKOHE TOJBIK KOCTAbI TYPJIe
JKacaJFaH dJIEKTp KETEKTEePIiH Kacayaa MaHbI3/Ibl peJl aTKapasbl Jen KYTUTye.

6. ['ubpuATi >KoHE KOm MaTepuaibl 9JIICTED

AJUTUBTI OHAIPICTIH IBOJTIONMSICH AJIECKTPOMEXaHUKAJBIK Kyuenep ymrid 3D
OachIll MIBIFAPYABIH €H O3BbIK KE3€HIH OUIAIpeTiH THOPUATI JKOHE KOIl MaTepHabl
omicTepaiH naiaa 0oiybsiHa oKemAl. by TexHonorusuiap Meranaap yiriH CelneKkTUBTI
Jlazepnik bankpity (SLM), monumepnep yuin bankeiteiiran TyHasipyast Monenbaey
(FDM) oHne etkisrim Marepuangap yuiH Tikenert Cusabl XKazy (DIW) cusKThI
OipHerIe am mpolecTepid OIpbIHFA OHIIPICTIK KYMBIC MPOIECIHIH 0Oir peTiHjae
OipikTipeai. Makcar-MarHuTTIK, OTKI3TIII )KOHE OKIIAYIaFbIIT alMaKTap/ bl TIKEeJIeH O1p
KYPBUIBIMFa OIPIKTIPETIH TOJBIK (PYHKIIMOHAJBI, KO MaTepHaIbl KOMIIOHEHTTEP/I1
xacay. bys Tocim KypacThIpyaH KeHiHIT Kypaesl onepauusuiapAblH KaKeTTUIITH
KOAIbI, Oy MU3alHIbI OIPIKTIPYAIH >KOHE OHIMAUIKTI OHTAWIaHABIPYIbIH OYpBIH-
COHJIbI OOJIMaraH JeHremnsnepi 0ap aBTOHOMJBI JIEKTP KO3FAJITKBIIITAPbIH OHAIpYTe
MYMKIHJIIK Oepei.

['mbpuaTI KOCTanapAbl OHAIPY TEXHOJIOTUSIIBIK MPOLIECTEPIH CHHEPTETUKAIIBIK
NPUHIUII OOMBIHIIA )KYMBIC 1CTEWUII: 9pOIp 9JIC KO3FANTKBIIITAFbl (PU3HKAJIBIK JKOHE
(YHKIMOHANIBIK POJIiHEe €H KOJaiibl MaTepuall KJIAChIH jKacay YIIiH KOJIaHBUIAIbI.
Mpicanbl, SLM cratop KopmycTapbl MEH POTOpP ©3€KTE€pl CHUSKTBI THIFbI3, KBLTY
OTKI3TIII METal OOJIIEKTEP/Il kKacay YIIIH NaiJalaHblIybl MyMKiH, a1 FDM xeHin
OKIIAyJaFbIII KYPbUIBIMIAPIBI HEMECEe TTOTUMEPITl TIPEK KaKTayIapblH OACHII HIbIFapa
anaael. bip yakeirta DIW Hemece Aspozonpai Peaktupri baceinm mbeirapy (AJP)
opaMJapbl, e3apa OaillaHbICTap/Ibl HEMECE CEHCOPIBIK TI30€KTEep/Il KaJbIMTACTBIPY
YIIIiH 5KYKa MBIC HEMECE KYMIC OTKI3TIII 137ep/Il )KMHAK anaabl. byJ1 TeXHOIOTUsIap bl
YHJIeCTIpUIreH maiiianany MH)XEHepiepre NUCKPETTI OeNIIEeKTepAeH KYpPacThIPYIbIH
OpHBIHA JIEKTPIIK, MATHUTTIK KOHE KYPBUIBIMIBIK AJIEMEHTTEP OPHBIHA CAJIBIHFAH KOTI
(GYHKUMSAIIBI )KUHAKTAp/Ibl OAChIN IIbIFApyFa MyYMKIHAIK Oepel.

DONeKTp  KO3FAJITKBIITApblH  OHAIPY KOHTEKCTIHAE THOpPUATI  eHJipic
alTapibIKTall TMepcreKTuBaiiapra ue. MaHbI3Ibl KOCBhIMIIAIAPALIH O1pi-MarHUTTIK
©3€K, DJIEKTP OpaMaliapbl *oHE OKIIAylarblll Kabarrap Oip omepauusana Oipre d6acwin
HIBIFAPBUIATHIH MHTETPANJIBI CTaTOp TOPANTAPhIH jkacay. MbIcasbl, MATHUTTIK SIPOHBI
SLM kemerimMeH >xymcak MarHutTi Oomar yurtakrapbiMeH (Fe-Si memece Fe—Co
KOpBITIIaNIaphl) OachIm mbIFapyFa 6omaapl, an okmrayiarei kabarrap PEEK nemece Pl
CUSIKTBI JKOFaphl TeMIIEpaTypaibl MOJUMEPIIEPAIH KOMETIMEH >KUHANAIbl. OTKI3TiII
opamMajap MbIC HET131HET1 CUsiap/bl HEMeCe rajbBaHUKAIBIK OTKI3TIII MOTUMEPIEPIl
TIKeJIEW CHSIMEH TYHIBIPY apKbUIbl Oachlll ImbIFapbutanbl. bynm mpomecc aya
CaHbUIAYJIAPBIH a3alTajbl KOHE MATHUT aFbIHBIHBIH OailIaHBICHIH >KaKcapTajbl, Oy
alfHaJTy MOMEHTIHIH THIFBI3bIFBI MEH SHEPIrUsl TUIMIUIITIH apTThIPaIbl.
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['ubpunaTi Kyilerep COHBIMEH Karap METaul KbUTy aJMAacTBIPFBIITAp MEH
MOJIUMEPITT  AWDJIEKTPIIIK KOPIYCTap Y3IIKCI3 OIpIKTIPIIreH TOMOJOTHS OOWBIHIIA
OHTaWJIaHJIBIPBUIFaH CAJIKBIHAATY KYPBUIBIMIAPBIH jKacayFa MYMKIHAIK Oepemi. by
MYMKIHIIK SKBUTYBl OacKapyabl jKakcapTajbl, Oy KOFapbl KyaT ThIFBI3IBIFBIHAA
KYMBIC ICTEHTIH KOFaphl OHIMJI KO3FANTKBIIITAPABIH MAaHbBI3Abl (PAKTOPBI OOJIBIM
Tabbimanpl. COHBIMEH Karap, Kem mMarepuaiabl AM >Kbuly OTKI3TIIITIK, MarHUTTIK
OTKI3TIIITIK HEMECE MEKTP KeAEPTici CUSIKTHI KEPTUTIKTI KaCUETTePp Il OHTAUIaHABIPY
YIIiH MaTepHualiblH KypaMbl Kypamaac O0esiikTe O1pTiHeNn e3repeTiH (yHKIIMOHAIbI
cypeinTanrad Matepuangapasl (Fgm) sxacayasl Konpaiasl. Mbicanbl, TpaayupieHIeH
CTaTop SIAPOCHI MArHUT aFbIHBIHBIH KOHIICHTPALMSCHI KOFapbl alMaKTapibl *KbLTY
JTMCCUTIAITUSACH HEMeCe MEXaHUKAJIBIK OepiKTIrl YIIIH  OHTaWlJaHbIPbLIFaH
OemiMaepMeH OIpIKTIpe anajbl.

OpHbiHAa OakblIayAbl, AaBTOMATTAHIBIPbUIFAH Typalaylbl »MOHE Ja3epilik
MaTepUangapabl OIpiKTIpyAl OIpIKTIpy TMOPHATI OHJIpIC KYyHENepiHiH AN MEH
KalTaJlaHybIH OZ1aH api apTThipabl. [IporecTi HaKThl yakbIT PeKUMIHIE OaKbuIay 9p
TYPJIl MaTepHaliiap apacblHAAFbl aybICYIapAblH OIpKENKI )KYPYIH KaMTaMachl3 €Te/l,
OyJ1 JeTaMHHALMSHBIH HEMece JJEKTPIIK TYHBIKTATyAblH aiabiH anagsl. CoOHbIMEH
KaTtap, poOOTTHI TYTKaJIapAbl HEMece KOl OChTI MiardopManapsl naiganany Kypaesi
TEOMETPUSIAPIbl KOHE MKA3BIKTBIK €Mec OeTTepae >KOFapbl JAJIIKTErl IIerysi
KaMTaMachI3 €Te/l1-OyJ1 YIII eJImeM i KO3FaITKBIII OpaMaiapblH HEMece KUCHIK CTaTop
npouIIbJIepiH sKkacay YIIiH MaHbI3bl MyMKIHJIIK.

YikeH orneyeTiHe KapamacTaH, THOPUITI KOHE KeIl MaTepHalibl KOCHaaap/abl
OHJIIpYy oyl Je OipHelie TEXHUKAIbIK KUBIHABIKTapFa Tam Oonaasl. Mertangap,
HOJUMEpJIep  OHE  OTKI3TIII  CUsUlap  apachblHAAFbl  TEPMUSUIBIK  KEHEIO
K03 dUITUEHTTEPIHACTI, aaresus MIHE3-KYJIKbIH/IaFbI KOHE nporiecc
TEeMIIEpaTypachIHaFbl albIPMaIIbUIBIKTAP KAJJIBIK KEPHEYIEepAl HeMece MaTepualibIH
YHJIECIMCI3IIITIH TYAbIpYbl MYMKIH. bip-0ipiHe YKcaMalThIH MaTepuaiiap apachblHAaFbl
(dazaapanbiK OalaHBICTBI OHTAUIAHIBIPY 3€pTTEYIH OeNiceH 11 OarbIThl OOJBIN Kajia
oepeni. CoHbIMEH KaTap, SJIEKTP OTKI3TIITEPIH MArHUTTIK JKOHE OKIIAYJIaFbIIl
aliMakTapMeH OIpIKTIpy CEHIMJ1 OHIMJIUIIK MEeH OKIlayjiay TYTAaCTHIFbIH KaMTaMachl3
€Ty YIIIH Oachlll LIbIFapy PETIH, MaT€pUaIblH Ta3aJbIFbIH JKOHE Typajlay AJIIITIH
MYKUST OaKbUIay/Ibl KQXKET eTel.

Coran KapamacTaH, JKYPri3UIIl >KaTKaH 3epTTeyjiep MYMKIH OoJaThiH
HOpCENepAiH MIeKapachlH ITeplIeTyal kanracteipyna. Kem marepuwanmbl sxyiesnep
aKbUIJIBI AJIEKTP MaIIMHAIAPBIH Kacayaa, JaTYuKTepIl, CHAIPUITCH cXeMallap/ibl dKoHE
CAJIKBIH/IATY KENJIEPIH OJIApAbIH KYPBUIBIMIApbIHA TiKeleW OipikTipyae keOipek
KOoJIIaHbuTyna. by xkyiienep TepMUSsIIBIK HEMECe MarHUTTIK Kepl OaillaHbIC HETi31H e
OJIapIbIH JKYMBICBIH HAKThl YaKbIT PEXUMIHAE peTTeyre KabuleTTi 31H-31 Oakbuiay
JKOHE aJIalITUBTI DJICKTP JKETEKTEPiHE sKaHa »KOJIaap aIajibl.

KopbIThIHBIIAN Kenle, THOPUITI JKoHE KON MaTepualibl KOCTalapabl eHAIpY
AIIEKTP KO3FAJITKBIIITAPBIH JKacay/laFbl TPaHC(POPMALUSIIBIK CEKIPIC OOJIBIN TaObLIAIbI.
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MarHuTTiK, OTKI3TII JKOHE OKIIAyJaFbllll MaTepuaniapisl Olp yakbITTa OHAIpyre
MYMKIHAIK Oepe OTBIPBIN, OYJ TEXHONOTHUSA JSCTYpJlI KYpacThIpy OHAIPICIHIH
IeHOEPIHEH MIBIFBIN, TOJBIK UHTErpAllUsIIaHFaH, XKOFapbl TUIMII JKOHE JKEH1T JJIEKTP
MalMHaIapblHa aybicaabl. MartepuanrtaHy, IpolecTepai O0ackapy >KOHE KON OChTi
Oachlll MIBIFAPy TEXHOJOTHSIAPHI aliFfa JKBUDKBIN Kejle >KaTKaHABIKTaH, THOPHITI
KOcCIajap OHJIpIiCl aKbUIABI, BIKIIAM >KOHE SHEPIUAfa OHTAWIAHIBIPBUIFAH JJIEKTP
KO3FaITKBIIITAPBIHBIH KeJiecl OybIHBIH JKY3€Tre achIpya OpTaJbIK peJl aTKapabl.
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2. JJIEKTPOKO3TAJITKBIIITHI )KOoHE OHbIH BOJIIKTEPIH 3D
INPUHTEPMEH BACBIII IBIFAPY/bI BEPTTEY

2.1 Ilnactukansik 3D npuHTEpaE 3JIEKTP KO3FAITKBIIIBIH 0aChI
HIBIFAPYAbIH OPbIHABLIBIFbI

byn kimi Oemimae mMomuMep >KOHE MOIMMEP-METAT KOMIO3UTTI KINTEpPIl
KOJIJlaHa OTBIPBIN, TYTHIHYIIBUILIK JeHrelaeri FDM npunTepiepinae sKyMbIC ICTEUTIH
BLDC KO3FanTKbIIIBIH TOJBIFBIMEH JAEPIIK acaylblH OPBIHIBUIBIFBIH Oarasiaii[Ibl.
3epTTeyaiH UIYFbIT MaKcaTbl MarHUTTIK Ti30ekTi MarHUTTIK PLA (mPLA ) Gackin
msiFapran kezne 600 Br-ka neiiiH MakcaTThl Kyarbl Oap Laimer tumnti 3D-Gackimn
msiFapbuFal BLDC KO3FanTKBIIMIBIH KalTa IIBIFApy JKOHE ChbiHAy Ooiabl. backim
mbiFapy koHe Kypacteipy Flying Bear Ghost 5 sxone Bambu Lab X1 Carbon
maropmanapbiHaa opelHAaNAbL. bi3 yI TONBIK MpoTOTUN HbIFapabIK; OHbBIH O1pi -
TYPAKThI )KYMBIC OPHBI )KOHE Ka31pri 3aMaHFbl 3€PTTEY TAKbIPHIObI OOJIBIN TaObLIAIbI.

Cyper 11— bacyra konganbsunran 3D npunTepiep

AHBIKTaMaJIbIK apXHUTEKTypa KoHE OTICPATHSITBIK KOHBEPT
Ko3FanTkpIlll aqUTUBTI OHJIPICKE OCHIMIENATeH MQJICNIICHIeH X000M KIIaChIHBIH
apXUTEKTYyPaChlH YCTaHaJbI: aFbIHIbI (PokycTay yirin Halbach maccuB marautTepi 6ap
CBIPTKBI POTOPJIBI TomoJiorusi ; 12 ysmbIK ctatop siapockl; tayapiblk RC ESC
(cercopcni3, aptkei EMF kommyTtammsicel) OackapaThiH yin (a3anbl TapaTbhlIFaH
opamanap. bizain OacTankel KOHBEPT pETiHJIE MaliJaTIaHbIATHIH HOMUHAJIBI TU3aiH
napametpiepi 6omapl: Vnom = 30 V, Inom = 20 A, Kv = 255 aitn / mun, n = 80%
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(makcar), D = 105 mm, L = 85 mm (6iiriciz), m = 0,9 kr, outiri @ 8 mMm. by moHaep
MEXaHUKaJbIK KepHEY MIEKTEYJIepiH, KbUTy HICKTEYJIEPiH *KoHEe Oachlll IIbIFapblIFaH
KYPBUIBIM YIITH KQXKETTi AIEKTPOMArHUTTIK KYKTEMEH1 aHBIKT Al TbI.

Marepuangap MEH OpUHTEPIED.
Cratop e3eri MeH pOTOp TachIMaJIayIbICHI YIIIH €Kl KIMTI )KYHe CabICTBIP/IbIL:

- Marauttik PLA (Proto-Pasta mPLA) - xyMcak-MarHUTTIK MiHE3-KWIBIK JKOHE
yKbeIThl PLA-Fa KaThICThI JKbUTY O©TKI3TIIITITIH JKaKCapTy YILIiH TeMip yHTarsl 0ap PLA
MaTpULACHI.

- PETG - PLA-ra kaparanja *akcbl OepikTiri 6ap, Oipak »Korapbl TeMIIepaTypaJibl
HoJMMEpJIepre KaparaHaa >KymcapTy TeMIeparypachl TOMEH OacTamKbl MarHUTTIK
€MeC TEPMOILJIACTHK.

Cypert 12 — BLDC Jlaiimep motopsiHbIH 3D Mozeini

bapnblk MarHUTTIK eMeC KYPBUIBIMJIBIK OeJiekTep (ctarop TipeyilmrTepi,
MOMBIHTIPEKTEp, apasbikTap, Kaknakrap) PETG-nen 6acein mbFapbuiibl; TOIITATTHUK
OPBIHJIBIKTBIH KaTTBUIBIFBIH apTThipy yuiiH Bambu X1C-geri cratop opHaTy yIIiH
IIBIHBI TANIBIKIEH KymenTiaren PA  Oaramanasl. Meic opamanap (0,45 mm
SMaNbIANIFaH ChIM, (ha3alibIK KaOeiabre aiaThl KiMl, Y-KOCBUIBIMBI apTHIKIIBUIBIK) KOHE
mapukTi MoibiHTIpekTep (688ZZ, 6710Z7) ¥OoMMEpUUSUIBIK OeJmeKkTep OOJbIMm
tabblIanpl. Poropasl marauttep - 6yi1 Halbach maccuBi perine yibIMaacThIpblUIFad
NdFeB 6nokrapsr; YkeH jxoHe Killli 0eJIIIeKTep TeHrepiMCI3AIKT1 a3aiTy YILiH €HI13y
QJIJIBIH]IA Tapa3bUIAHbIM, CYPHINTAIA b
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IIponecc napameTpiepi YKOHE AM-re apHAIFaH TA3ANH
Kecy emmemmi monmik, kabarapamblk OEpIKTIK XoHE OAaChlll IIBIFAPY YaKBITHI
apachIHIAFbl BIMBIpaFa KeJyre OarbITTanFal: KadarTeiH OuikTiri 0,15 MM, mepumerpi 2-
4, ronteipy 60-95% ¢ynkuusra OaitnansicTel (MPLA-gars! cratop Tictepi yurin 95%;
>PETG-neri porop taceimanmaymbicel yiriH 70%). mPLA cratop *apThIChl cTpecc
KOHLIEHTPALMSICHIH TOMEHJIETY YKOHE THIFBI3 OpaMIbl Opayabl )KEHUIAETY YIIiH (use Tic
TaMbIpJIapbl MEH KWBUIFalFaH CaHbplIdy KipeOepicTepiH KaMmTuibel. Potop
TaChIMaJIAyIbIChl MEXAHUKAJIBIK KUITTEp MEH MarHuTTI yCTan TYpy KaObIpraiapbiH
OipiKTIpeal; TO3IMAUNKTI pEeTTey YUIIH ajAbIMEH KIIIIripiM ChIHAK KYMOHJAphl
(«MarHUTTIK COMKECTIK») OachIl MIBIFAPbULAbL. bilik MOWBIHBI TIpeKTepMEH OachbUIFaH
JKaJIFpI3 06Tt OOJbI, CoMaH KeiH KoHueHTpaunk yuiH 8,00 = 0,02 MMm-re neiin
Kaiita eHyenal . MyMkiH OofnFaH karjaija, MmoJuMepreperi KepHeyl a3auTy YIiH
Oypanaaiapra KaparaHja 6acy apThIKIIBUIBIKTAPbI OOJIIBI.

Cypet 13 — bacbuiras 3J€KTpOMOTOpP KOMIIOHEHTTEP1

¥y  anablHIAFbl  TEKCepy — JKOHE  YIIy  alABIHAAFbl  TEKCepy.
Kyprak kypbuibic (MarHurrepci3 / opamaiapchl3) MOWBIHTIPEKTEP/IH TypajaHybIH,
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OCBTIK apajibIKTapbIH >KOHE POTOP-CTATOP KOHIIEHTPHITIH TeKcepai. TecikTep TOMEH
aifHaIMasbpl OYpFbUIAYy apKbUIBI COHFBI OJIIEMIe KETKI3UIOl (Kecy - OajKy emec).
Opaynan keitin (0ip dazara 9 kaTymika, aybICIialibl CaHbLIAY YJITICl), OacTamKpl JeIbTa
ChIHAKTaphIHA OaliKajaFaH aifHaJIMaIbl TOKTAp/Ibl MIEKTEY YIIiH YII (a3aiblK YIITap
Wye JKYIJIbI3 HYKTECIHE MoHeKepieHai. Marnurrep OipiHIII PeTTi TEHrepiMCI3IIKTI
a3alTy YIIH caaMaKThl 0eiry kaprackiHa (18 Heri3ri mo3uiusaaa eH )KeHUIIEH aybIpFa
neitin) enrizinnal; [lomspneik Halbach Ti30Oerin cakray ymiiH yamblK OoibIHIIA
Tekcepunai. ¥3elH OypaHaanbl MIBLIOBIKTAphl Oap KapamaibIM arall ChIHAK CTEH/I
CTaTOPJIbl YCTaIl TYp/bl; OacTanKbl alHAIABIPY TOMEHAETUIreH KepHeye (< 8 B) sxone
YKOFapbl KEPHEYI KYTIpy YUIIH alllbIK aya a OpbIHIAJIIbI.

[IpoTtoTunTik HOTHXKEED (3 KYPBUIBIC).

- P1 (PETG crarop + PETG potopsi): xymbic icTemeiai. Herisri ceben -
TYPAKThI TOK K€31H/I€ TEPMHUSIIBIK JKYMCAPTY >KOHE TICTIH aybITKYbl; POTOPIIBI iIIiHApa
cypTy. OnimMHeH keliHri 3eprrey xkeprutikri PETG katymka 6actapblHa ChlpraHayblH
KOPCETTI.

- P2 (mPLA cratop + PETG poTopsl): TypakThl KOMMYTaIUSIMEH KYMbIC
ICTeH1; TEPMUSUIBIK Jperd miekTeymi >kymbic nukiaiHe AeiiHn =~ 480 Br-ka neitin
naiansl OHIMIe KOJ JKEeTKI3UIAl . THIMAUTIK (TYpaKThl TOK KIpICl )KoHE MPONEIUIEPAiH
Kepl KYKTEME€ OJICi apKbUIbl MEXaHUKalbIK cypporar) 80% MakcaTka KaTbICTbI
OHTaMIBl emec Jen OarajmaHisl , Oy €H ajlJAbIMEH MBICTBIH >KOFaiaybl MeH mPLA
OTKI3TIIITIK IEKTeyIepiHe OalIaHbICTHI.

- P3 (mPLA cratopsl, KYIIEHTIITEH CTaTOp Tipeyl, pETTEIreH POTOp Tere-
TeHiri): xymbic npototumi. 30 B-TeiH acteinma mporpeccuBri ESC naykansl Oap
KO3FaJITKBIII JKOFaphl )KYKTEMere ToTen Oep/il; KbICKa Mep3iMJIi ChIHAKTap KaTyllkKa
OactrapbiHAa TeMmIeparypanblH keTepinyiHe aeiiin mPLA craropeiven 600 Br-ka
JKAKbIH IIBIHIBI KOpCeTel . Jenamunanus HeMmece MAarHUTTIK CEpyeHIEY
OalikanManbl; Iipia AeHrevnepi konaiisl (< 0,5 MM / ¢ RMS 3-5 krpm).
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Cyper 14 — ITnactukteH O6achbuira OeJIIEeKTep

TexXHUKaIBIK-9)KOHOMHUKAJIBIK HET13/1eMECIH Oaranay
Hotwxenep tyreinymbsuiapasiy FDM  Gacein  mibirapy  ¢yskiumonanasl BLDC
KO3FAITKBIIIBIH Oepe ajaTblHbIH pacTaiibl, erep: (1) cratop e3eri  KOorapsl
TOJITBIPBUTFAH KOHE MBIKTBI TIC T€OMETPHSCHI 0ap MAarHUTTIK JKYKTEJITeH KOMITO3UTTI
(mPLA ) maitmananans! ; (il) pOTOp TaChIMAJIIAYIIBICH )KETKUTIKTI CAKMHA OEPIKTITIHE
YKOHE MAarHuTTI YCTaml TYpyFa KOJ >KeTkizemi; (1i1) KypacThlpy aFbIll KETY/dl KaTaH
OakplUIaynbl CaKTaWabl; >kKoHE (1vV) 1ICKE KOCYy TOMEH KEepHEYIl/*bUIIaMIbIKThI
TEeKCepyAeH KeiiH y3ere acbipbuiaabl. [lomuMepini )kyMcak MarHUTTIK KOMITO3UTTED
JaMUHaTTaIFaH OonarrapmeH CaJBICTBIPFAHIAa  aFbIHHBIH  THIFBI3IBIFBIH
MIEKTEUTIHAIKTEeH, Xalb0aX pOTOpPHI aya CaHbUIAYBIHBIH AFBIHBIH HIOFBIPIAHIBIPY
apKbUIbI 11I1Hapa eTel 1. MaHbI3AbICH], KbUTY/Ibl 0aCKapy HET13r1 MIEKTey OOJIbIN Kajia
Oepeni: KarymkaHbl [’R KbI3AbIpY JKOHE MOJIUMEPIIL KYMCAPTY JKYMBIC IUKIIIH 5KOHE
Y3IIKCi3 KyarThl opHaTaibl. baiikanran = 600 Bt mbiHel (mMPLA) xone = 480 Bt
(PETG) sxakcapTymbIH aliKbIH K0OJIIAPBI Oap 3epTTEYIIEp MEH JKEH1J KOChIMINIAIap YIIiH
MPaKTUKAIBIK ~ OMIPIICHIITIH  KepceTedl (Marepwaijgap, CajdKbIHAATy, opay
ko3¢ durmenti). Kayincizmik meri cakranasl: yeeiabuFan RPM < 8 000, ~ 15 000 aitn
/ MUH aHAJIUTHKAJIBIK TYpAe Oachlll MIBIFAPBUIFAH TACKIMAIAYIIBI YIIIH POTOPIBIH
YKapBUTY 1T peTiHe OaralaH/Ibl.
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Cypert 17 — Cratop opaMaapbIH xacay OapbIChI

DKCTIEPUMEHTTIK TeCTiIey KOHE TEPMHUSLIIBIK cunarrama.
Yuinmi  npororunti  (P3) coTTi  KypacTelpFaHHaH KeWiH, ToNbIK 3D-0ackn
mbiFapbiFrad BLDC KO3FanTKBIIIBIHBIH JKBUTYJIBIK, AJIEKTPIIK MKOHE MEXaHUKaJbIK
MIHE3-KVJIKbIH Oarajiay YIIIH KeIIEeHJl TECTiIey mnpoueaypachl xypriziami. ChiHAK
CTeH/ir1 OaFaapiaManaHaThH AIEKTPOH/IBI )KYKTEMEIeH, TAaXOMETP/IEH, CTaTop TicTepi
MEH opaM OacTapblHa OpHAJACTHIPBUIFAH TEpMoIIapiapaH skoHe 8-nen 30 B-ra geitin
peTTeNeTIH TYpPaKThl TOK KyaT ke3iHeH Typibl. Kozrantkpim 20 k[ koMMmyTaims
KUUTITIHAE KYMBIC iICTelTIH ceHcopchl3 ESC koHTpoiepl apKpliibl 0acKapbUIIbI, aj
MEXaHHUKAJIBIK KyaT KaJlUOpPJIEHTeH MpPOIeuiep >KYKTeMECl MEH KPYTSALIUN KOJIbI
apKbUIbI OaFaTaH/Ibl.

Homunannaer kipicte (30 B, 20 A) 6achIn mibIFapbuUIFaH KO3FAITKBIII KBICKA
ceprutictep yiuiH 600 BT Mmakcumaiibl KyaTka >KeTTi, opTaiiia THIMILTIT aMamMeH 78-
80% xypamsl, Oy JlaiiMepiH aHbIKTaMaJILIK MOJIEIIHE COMKeC Keeal. Y 3/11KCI3 )KYMBIC
ke3inae Ttuimaunik 70-72% -ra pmeWiH TeMeHIenl, OYJ HETri3lHeH CTaTopaarbl
TeMIeparypaHblH >KOFapbljlaybl MEH MbBIC TO3IMIUIITIHIH apTyblHa OaiJIaHBICTHI.
TepMmusiiblk  OciiHeNney TONBIK KYKTeMelne 3 MHMHYTTaH KeWiH KaTyIIKaHbIH
temmneparypackl 110-115 ° C-ka xeTkeHiH, all cTaTop e3eriHiH 6eTi 95 © C-ka )KeTKeH1H
kepcerTi. by monaep maruuttik PLA (Tg = 125 °C) tepMusuibIk 1edhopMarusiChIHbIH
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HIeriHe JKaKbIHAAWAbl, Oy HOMHHAIABI KyaTTa Y3aK JKYMBIC  icTey OelceHi
CaJIKbIHJATy HEMECE MaTepUaIbl )KaKcapTy apKbUIbl FaHA MYMKIH €KE€HIH KOpCeTe/l.
ApPTKBI EMF KOHE KYKTEMECI3 Tasay.
XKyxremecis kepi anexTpokosrantksiil Ky (EMF) typakreics! (Kv) skcriepumMeHTTiK
TypAe ~255 aifH / MUH / MUH peTiHJE TeKCcepiai, Oy >ko0anblK MakcaTKa Colkec
keneni. AmbIK (azanapa eJIIeHIeH CHHYCOUIAb/IbI TOJKBIH MilliHI TEHAECTIPUITeH
MarHUTTIH OPHAJIACYbIH JKOHE POTOP/BIH TYPAKThl reoMeTpUsichIH pacTaabl. S000 aii /
MUH JIeHiH eJIeyJl KpyTAIMid MOMEHT OalKanMabl, JereHMEH KIIITipiM aKyCTHKaIBIK
my (~ 60 n1b) aHbIKTaNABI, OYJI POTOPBIH TEHIEPIMCI3AIrT MEH Oachlll MIBIFAPbIIFaH
OemekTepiH O0eTK1 Kelip-OyAbIpbIFbIHAH TybIHAAFaH 007yl MYMKIH. JKyKTemeci3
Tok 8 B-ta 0,8 A-man TeMeH Kaabl, OYJ1 KOJAIbl MEXaHUKAJBIK YHKeJIC MeH aya
CaHbUIAYBIHBIH IIBIFBIHAAPBIH KOPCETE/I.
MexaHuKaIbIK TYTaCTBIK AKOHE JTMHAMUKAJIBIK MIHE3-KYJIbIK
.Y3A1KC13 KbUTAAMIBIKTHI TAaHAYCTap bl TECTIICY Ke31He KO3FanTKbIi 7800 aiiH / MuH
JEeWIH TEeTiC YACYAl KepceTTi, aHanuTuKalblK ecenteiareH 15000 aitH / MUH ChIHH
POTOPIIBIH KapblTy WEeTriHeH ToMeH Oonabl. Enaipinren marauttepi 6ap PETG poropsl
oHTailmannpipbulFan  Halbach Kybic reoMmerpuscbl MEH KETKUIIKTI  TOJTBIPY
THIFBI3ABIFBIHBIH (~ 80%) apKachlHIa KYPBUTBIMJIBIK TYPAKTBUIBIKTHI CaKTal KaJJbl.
AKcenepoMeTpi KoJAaHa OTHIPBII TIPLT TalAaybl MAKCUMAJIbl aMITUTyAaHb! 0,45 MM
/ ¢ RMS kepceTTi, OyJl pOTOpJbIH THIMJI TEHECTIPLIyiH pactaasl. bec caraTThIK
KUBIHTBIK JKYMBIC YaKbITBIH KYPaWThIH OH ONEPAlMUIBIK [HMKJIJICH KeHiH
YKapBIKIIAKTap, TeTaMUHAIIUS HEMECE MOUBIHTIPEKTEP/IIH AePOpPMAIUsCH] aHBIKTAJIFaH
HKOK.
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Cypert 18 — JlaiibiH opamaap
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2.2 IlnacTUKTEH 0ACHLIIFaH 3JIEKTPOMOTOPABI TeCTijiey — Heri3ri
CUNIATTAMAJIAPBIH AJIy

Marepuanabix THIMILTIT MEH IIEKTEYIIEepI.
PETG wmen wmaranttik PLA (mPLA) apaceiHgarbl CcanmbICTBIpMANBl  Tajiay
MEXAaHHUKAJIBIK JKOHE JJIEKTPOMArHUTTIK KACHETTEpJe alKbIH albIpMAIIbLIBIKTAPIbI
anpikTanpl. PETG KoFappl COKKbIFa TO3IMAUNIK TIEH KaOaTThIH aAre3HsiChIH
KaMTaMachl3 €TTi, OlpaK MAarHUTTIK TONTBIPFBIIITAPLIH JKETICIIECYIIUTITT POTOp MEH
CTaToOp apachIHJAFbl aFbIH/bl OAWIAHBICTHl a3aNUTThI, HOTHXKECIHIE KPYTAIIUA MOMEHT
neH Kyar mbirapy (~ 480 Bt) temenaeni. Kepicinme, mPLA temip GesnmiekTepin
KYLIEHTIN, CTaTOp TICTEPIHAET! aFbIHHBIH THIFBI3JBIFBIH KAKCAPTTHI MKOHE KBLIY
OTKI3TIIITITIH a3/ian apTThIpAbl. JlereHMeH, moiaumepii mMarpuianblH TemMeH Kropu
TEMIIepaTypachl ayblp KyYKTeMe Ke31H/e y3aK Mep3iMJIi KYMBIC ICTEey YIIIH IIEKTEYII
daxTop Oonbin Kana 6epeni. bonamak npororunTep >kbputy auarna3onbiH 200 © C-taH
acaTblH JKYMCaK MAarHuTTIK YHTaK Kocrnamapbel Oap mnomudpupumupa (PEI) sxone
nonudpupspupkeron (PEEK) xinrepin 3eprreiini.

DONEeKTPOMArHUTTIK  OHIMIUIIKTI  Oarayiay. DKCIEpUMEHTTIK  HOTHXKeJep/l
TEOPUSIIBIK OomKamMaapMeH OailIaHBICTBIPY
yiriH Autodesk Fusion 360-ta Oachll mIbIFapbUIFaH T€OMETPHUSIHBI KOJIJJaHA OTBIPHII
mekreyii anementrepal tTanaay (FEA) sxyprizunai . MonenbaenreH aya CaHblIay bIHBIH
THIFBI3ABIFEI  omIeHreH apTkel OMII  nenreiinmepine cobikec keneTiH Halbach
MaccuBiHiH KoHpurypamusiceiMer 0,42 Tin-ra xerrti. 30 B xone 20 A-marbl KpyTSAIIHiA
momeHT 0,24 H-M nenreitinae 0omKkaH b1, OyJ1 SKCIEPUMEHTTIK KPYTAIIMNA MOMEHTIHIH
kepcetkimrepine (0,22 H-m) colikec kenemi. byn HoTmxkenep Oachll HIBIFApbUIFaH
CTaToOpJIap/blH ~ OTKI3TIMTITIHIH ~ TeMeHJeyiH  oTeymeri  lampbax  marHur
KYPBUIBIMIAPBIHBIH TUIMILTITIH pacTanIbI.

TriMaiik, Kyar HKOFAITY JKoHE CEHIM/ILTIK.
[IeiFpIHAApABIH  BIABIPAYBl JKAJIBl IIBIFBIHAAPABIH IamaMeH 58% -b1 mbic [°R
KbI3AbIpybIHAH, 25% ESC xoMMyTalMsIbIK MIBIFBIHAAPAAH KoHE 17% MexaHUKaJbIK
J)KOHE MAarHMTTIK IIbIFbIHIApAaH (aliHaaManbl TOKTap MEH THUCTEpe3uc) maiiga
OonraHblH KepcerTi. [lonmumeprni cTaTtopAblH TOMEH OTKI3TIIITIN 9JeTTe MeTajul
JaMUHALMATIApbIHAA SKOFapbl OONaThblH ailHaIMallbl TOK 9cepiiepiH  a3alTThI.
KosrantkeimteiH THiMAUTIK nipoduni 80% tuimautiriven 600 BT-ka sxoHe y3Aikci3
pexumae 72-74% tuimainikre TypakTsl 480 Bt neHretliin kepcerti. Temmeparypaibik
UKIIIIK TO3IMIITIKKE HET13/IeITeH MOIMMEPIT KO3FaITKBIIITHIH KYTUIETIH KbI3MET €Ty
Mep3iMi aTFOMUHUNICH KacallfaH aHajiortapra kKaparanma 10-15% keicka. Anaiina,
OHBIH OHIPICTIK KYHBI €710ylp TOMEH/IE/1 - KOMIIOHEHTTEp YIIiH mamaMmer 50 mosap
wone STL daitnmaper ymin 10 mommap, op mporotun Tek 24-28 caraTThIK OachIm
IIBIFAPY/IBI )KOHE MUHUMAJIIBI KEHIHT1 OHACY/Il KaKET eTe/Il.

TexHUKaIBIK-DKOHOMUKAJIBIK HET137IeEMe JKOHE OoJ1amak
akcapryiap.Horuxkenep
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Cyper 19 — JKunanraH 3JI€KTPOMOTOP

dbynkuuonanapl BLDC KO3FadTKBIIIBIH KOJ SKETIMI1 MaTepuaigapbl 0ap MKYMbIC
yCTeN miacTukaibiK 3D npuHTEpIepiH KojagaHa OThIPHI TOJIBIFBIMEH JAEPIIK kKacayra
OONaTBIHABIFBIH HAKThl KepceTell . EH Kakchl KYMBIC ICTEHTIH NPOTOTHUIT YKCAC
Meumepaeri marblH KoMMmepuusuiblK BLDC  KO3FanTKBIITapbIMEH CallbICTBIpYFa
0OJIaTBIH MEXaHHUKAJIBIK KOHE JIEKTPOMArHUTTIK OHIMITIIKKE KO JKETKI3/1, IeTeHMEH
KBUTy OacKkapy MEH MaTepUalJblK OCpIKTIKIICH MICKTENTeH. JKCIEPUMEHT METalll-
MOJIMMEPITL THOPHUITI CTaTOPIAP/IbI, SHIIPUITSH MBIC 137IEpiH KOHE KOMIIO3UTTI MAarHUT
MaTepUaapblH KOJIaHA OTBIPHIN, MAcIITa0TayIbIH eJeyl oleyeTi Oap eMipIieH
3epTTey XKoHe OumiM Oepy Kypammapel periHae 3D-0achill MIbIFapBUIFaH 3JIEKTP
MaIlTMHATAPbIHBIH TYKBIPBIMIAMACHIH PACTAMNIbI.
bonamak 3eprreynep OeliceHAl CYMBIKTBIKTBI CAaJIKbIHAATY, KOMIPTEKTI
TQJIIBIKTBI HEMECE MeTa/lll YHTaKThl KYIICUTYy KoHE opay TOJITHIPY
KOA((PUITMEHTIH apTTHIPY YIIIH OHTAWJIAHIBIPBUIFAH CTATOP YSCHl F€OMETPUSICHI
apKbUIbl Y3HIKCI3 OHIMAUIKTI apTThipyFa OarbITTajdfaH. bysl 3KCIEpUMEHTTIH
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COTTUIIr TUIMA1, MOAYJIBIIIK YKOHE PETTENICTIH AICKTP KO3FAITKBIIITAPBIH OHIPY
YIIIH ap3aH aJIJIUTHUBTI OHIPIC TEXHOJIOTHSUIAPBIH KOJJaHyFa OOJATHIHIBIFBIH
pacraiiibl, OYJI TOJIBIK OachII

Max. power (tested) 600 W
Nominal Voltage 30 V
Nominal Current 28 A
Kv 255 rpm / V
Efficiency (at nominal power) 80 %
Total Weight 900 g
Diameter 185 mm
Length (without Shaft) 85 mm
Shaftt Diameter 8 mm

Cypet 20 — D1eKTpOMOTOp HET13I'l MapaMeTpIepi

3epTTeyiH OChl Ke3€HIHIH HET13r1 MakKcaThl TYTBIHYIIBUIBIK JeHreimer: Fused
Deposition Modeling (FDM) npunTtepiepi MeH MOJMMEPITL KIMTEP/l KOJAaHa OTHIPHII
xacanrad  Tonblk 3D-6aceim  mibrFapeiirad  metkaceis DC  (BLDC) anextp
KO3FANTKBIIIBIH AKCIEPUMEHTTIK TECTINIEY MKOHE OHIMIUIKTI CHUMArTay OOJbl
DKCHEPUMEHT HET13T1 NEKTPIIK, KBLTY KOHE MEXaHUKaJbIK CHUIIaTTaManap/ibl, COHbIH
IIHAE KPYTAIIMA MOMEHT, XbUIJAMJIBIK, KyaT IIbIFapy, TUIMAUTIK KOHE JXbLTY
TYPaKTBUIBIFBIH ajyFa, COHJAW-aK MoJuMepre HerizaenareH 3D-0achilm mIbIFapbUFaH
KO3FAITKBIIII KOMITOHEHTTEPIHE TOH MaTepual[blK IICKTEYJIepai  aHBIKTayFa
OarbpITTAJIFaH.

3epTTey €Ki CTarop KOH(pUIypauusicblHa Haszap ayaapibl: Oipeyl CTaHAapTThI
PETG-nen, exinmici MarHuTTiK PLA-gan (mPLA) 6achkuirad, COHFBICHIH/IA MAaTHUTTIK
OTKI3TIIITITT MEH XbUTYAbl TapaTy YUIIH TeMip OeJmiekTepi 6ap. 3epTTeyaiH MaKcaThl
MaTepuasl Kypambl aFbIHHBIH THIFBI3BIFbIHA, KPYTSIIIMA MOMEHTTIH OHIIPYIHE KOHE
aJJUTUBTI TYPAC OHAIPIITeH KO3FaITKBIIITApAAFhl THIMIUIIKKE Kajaid ocep eTeTiHiH
Oaranay OOJIbI.

Tectiney Flying Bear Ghost 5 sxone Bambu Lab X1 Carbon npunTepnepinae
O0achUIFaH VI TPOTOTUITE XKyprizuimi , ekeyi ne 0,4 MM canramanapMmeH
KaONbIKTanFaH. Y1II )kKacaFaH KO3FaITKBIIITHIH 1MIiHEeH TeK Oip mpoToTut (P3) Tombik
(GYHKIIMOHANIBI )KYMBICKA KOJI JKETKI3/1, OYJI erKel-TerKesl eeyaep MeH Taiaay
YII1H Heri3 O0bl.
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Tectiney onmictemeci

bapnpIK chiHaKTap TOMEH KoHE OpTallla KyaTThl SJIEKTpP KETEKTEepiHe apHaFaH
apHalbl >KacajfaH KO3FAJITKBIII ChIHAK CTEHJITH KOJJaHa OTBIPHIN >KYPTi3uidi
Kytiere MpiHamap Kip/i:
- Pertenetin TypakTsl TOK ko3i (0-40 B, 30 A);
- Cencopceiz BLDC xympIC icTeyre  apHaifaH OSJIEKTPOHABI KbUIIAMJIBIK,
korTposuiepi (ESC) (20 x['m PWM xwuimiri);
- MexaHuKaIbIK KyKTeme Oipiiri (AuHAMUKAJIBIK TECTUIey YINH BHUHTKE
HETI3JIeNITeH aya KYKTEMECl KOHE CTaTHKAJbIK OJIIeylep YIIH KpyTSIIHi
MOMEHT);
- Tepmomnapinap >koHe KbUTy KapTachblHa apHaIFaH HHGPAKbI3bLI )KbLITYy KaMEpachl;
- Toxk meH kepHey/i KaObU1IayFa apHaIFaH X0 9Cepl IaTYUKTEPI;
- Kbu1maMIbIKTHI ©JIIIeyTe apHaJIFaH Ja3epilik TaXOMETp;
- Potop MeH cTaTtop KUBIHTBHIKTAPHIH OJIIICYTe apHAJIFaH JOJIIK IIIKAIACH.
OpOi1p IPOTOTUI OIpAEH SKOJOTUSIIBIK JKOHE AIEKTPIIIK Karaailiapa ChIHAJIbI.
8 B, 15 B, 24 B xone 30 B kepHey JeHreinepi op Typil >KYKTeMmeleple
KO3FANTKBIIITHIH ~ MIHE3-KVJIKBIH — Tajjmay YIIiH maigamadeuiabl. ChIHAKTap
JUHAMUKAJIBIK JKOHE TYPAaKThl KYHAEr: OHIMIUIIKTI CcUlarray YIIH XYKTEeMEci3,
1IIIiHapa KYKTEMECI3 )KOHE TONBIK )KYKTEME pexuMepine OemiHmi.

DIIEKTPIIIK KOHE MEXaHUKAJIBIK OHIMALTIK

Kykremecis sxarmaiina Oacein mbirappiirad BLDC kosrantkeimbsr 8000 B
TYpaKkThl TOK KyaTrbiMeH >KyMbIc  icTedTiH 8000 aiiH / MUH JeliH TYpPaKThI
KOMMYTalusiHbl KepceTTi. Kv TypakThiChl (GKbUIIAMIBIK TYPAKTBICHI) Keyeciae
ecenTenei:

n _ 7600 rpm

K. =
vy 30V

~ 253 rpm/VKv = Vn = 30V7600rpm~253rpm / V

by mon 255 aifH / MUH TEOpUSUTBIK >k00a1ay MaKCaThIMEH ThIFbI3 COMKEC Keel,
Oyl Oachlll IIBIFApbUIFaH TeoMeTpuss MeH Xainb0aX MAacCHUBIHIH  MarHUT
KOH(UTYpALUSACHIHBIH JOJIITH pacTaibl.

Homunanaer xxykremene kozranatkbiin 30 B-ma 20 A rtapranei, Oyn 600 Bt
AIIEKTP KIpiCiHE Colikec Kelenl. OJIIEHIreH MEXaHWKaJbIK IMIbIFbic KyaThl PETG
Hyckacsl yiiiH 480-500 Bt sxone mPLA nyckacel yirin 590-610 Bt genreitinae »eTTi
. Y3IIKCI3 )KYMBIC Ke31HJe TipKeareH eH »xorapbl THiMaunk ~80% (mPLA craropsl
yuriH), an PETG xondurypamusicer oprama ecenmex 72-75% Kypambi.

JlnHaMoMeTp KOJIBIMEH OJIIEHTeH KPYTALIMA MOMEHT ToJbIK Kyarta 0,24 Hwm -
M-Te xKeTTi . byn HoTmxke mmarbiH KomMmeprusuiblK JapoHnap Hemece RC BLDC
KO3FaJITKBIIITAPhIMEH calbICThipyFa OomnarbiH 0,27 H- M / Kr KpyTSmmii MOMEHT
TBIFBI3IBIFBIHA COMiKec Kkenenl. JKemenmeTy koHe Texkey chiHaKTapel Halbach
MAaCCHUBIHIH POTOPHI IIBIFAPATHIH MArHUT OPICIHIH OIpKeJIKi TapailyblH TEKCEepill,
KPYTSIIAA MOMEHTCI3 TETIC aybICY/Ibl KOPCETTI.
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TepMUSAIBIK CRIHAKTAP JKOHE MaTepHaliFa sxayarn oepy

FDM o06achin mbiFapyia KOJJAHBIIATHIH MOJUMEPIEPIH TOMEH HIBIHBI aybICy
temneparypachiH (Tg) eckepe OTBIPHIMN, KbUTY OHIMAUIIT OCHI 3€PTTEYAIH MaHBI3IbI
OarpIThl OonAbl. TONBIK KYKTeMENe Y3IIKCI3 KYMBIC CTaTOp Opamaapbl MEH HETi3Ti
ailMarbpIH/Ia TEMIIepaTypPaHbIH JKbUIaM KOTEePLTylH KOPCETTI.

Temneparypa kepcerkimTepi 3 wMuHyTTaH keiiHn 600 BT mbFeickHIA
MBIHAJIAP/Ibl KOPCETTI:

Karymkanbin 6acer 110-115 © C-ka xeTTi;

Crarop sapocbiHbIH 0eTi 95 ° C-Ka XeTTi;

Potop xa6s1 85 ° C Temneparypajia TypaKTaHAbIPbUIIBL;

Kopmaran opranarst aya Temmneparypacsl 22 °C 60bl.

byn enmeynep kputy 0Gackapy Y31KCi3 SKYMBIC ICTEYIIH MIEKTEYIl (PaKTOpsl
Oonbin TaObuTaTBIHBIH Kepcereni. 120 © C-tan xorapbl PLA sxymcapTeulybl MeH
nedopmanusacel MaHbI3abl Kayinrepre aiiHanagsl. PETG Hyckachl yuiiH gedopmarus
mieri xorapbl 00116l (~ 135 © C), 6ipak OHBIH KbUTY ©TKI3TIIITITIHIH TOMEH/ITT MBIC
OpaMJIapbIHbIH JIOKAJM3ALMIAHFAH KbI3YbIHA QKEJI/II.

NHuppakp3bi1 OeiiHeney O1pKeiaKl eMec KbI3AbIPY/Ibl pacTaibl, bICTHIK HYKTEJIEP
KaTYyIIKaHbIH KUBLIBICBI MEH CTaTOp TICTEpl ailHanachlHJA LIOFBIpIaHFaH. by KbLty
TPAaIUEHTTEP] Y3aK KYMBIC ICTET€HHEH KEHIH a3fan IUIACTUKAJIBIK pellaKcalusra
oKenl, Olpak >KYMBIC TPOTOTHIIHJE JellaMUJIaHyFa HEMECE amaTThl COTCI3IKKE
OKEJIME/I].

CankpIHIaTyIbl JKaKcapTy YUIIH Ooiamak KOHCTPYKUUsIapAa OCBTIK JKEJIETY
TECIKTEp1 HEMece EHIIPUITeH MBIC KbLUTYy TapaTKbIITap 00Iybl MYMKiH, ekeyi 1e FDM
OachITl MIBIFAPY ApKbUIBI MYMKIH Oonajel. bamama, eHipiiireH MarHuTTIK YHTaK Oap
PEEK nemece PEI cusKThI x0Fapbl TeMIiepaTypalblk nonumepiepre aysicy 200 © C-
TaH aCaThIH KYMBIC IIET1H €19y1p apTThIPybl MyMKIH.

Marnut epici xoHe apTkbl DOMII eniey

DNEeKTPOMATrHUTTIK OHIMAUIIKTI TEKCEpY YIUIH Kepl 3JIEKTPOKO3FAITKBIII KYIII
(aptkp1l OMC) cbiHaKkTaphl Kyprizinai. Ko3ranTkeii Oenriai aifHaay MUHYTTapbIHAA
OyprbUlay apKbUIbl CBHIPTTAH OacKapbUIIbI, aj amblK (Qa3zanapaarbl KepHEY
ociusuiorpad KeMeriMeH Ka3buiibl. AJBIHFaH CUHYCOMIAJIb bl TOJKBIH MIIIIHI TOMEH
TFapMOHUKAJIBIK OypMaslaHylapAbl KOpCeTTi, OyJ MarHuTTiH THIMAI TypajaHybIH
pacTapl.

Omnmenred aptkel OMII TypakThICHL:

E rms

K, = = 0.038V

0,038 B - ¢ / pan TeopusUIbIK MOHIHE COMKec Keseni, Oyl aya caHblIaybIHBIH
TBIFBI3JBIFBI JKOOANIBIK MaKcaTKa KakblH ekeHiH pactaiiasl (~ 0,42 T). Halbach
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MacCHUBIH KOJIaHy MAarHUTTIK aFblHbIH aya CaHbUIAybIHJA THIMJI IIOFbIPIAHABIP/BL,
OyJ1 moJIMMepre HeTi3/eIreH CTaTopiaapAblH TOMEH OTKI3TIIITITIH 11iHapa eTel.

JIMHAMUKAJIBIK TECTLIEY JKOHE THIMJILIIK KapTachl

JIMHAMUKAIBIK THIMAUTIKTI TEKCEPY MEKTP Kipicl MEH MEXaHUKAJIBIK IIBIFBICTHI
oJIIIey Ke31HAE op TYPJIi KYKTEME MOMEHTI apKbUIbl KY3€Tre achIpbUIIbI. THIMIIIK
kuchbirbl TunTik BLDC npoduine colikec Kemai:

- Xorapsr Tuimainix (78-80%) oprama kpytamuit Mmomentte (~ 0,15-0,20 H-m);
- En xorapsl kpyTaimuit MoMeHTTe opraiia TuiMauik (70-75%);
- ESC xommyTranmscel MEH YMKENIC IIbIFbIHAApbIHA OalIaHBICTBl KEHLI

XKyKTemesep/ie ToMeH THIMALTIK (<60%).

byn ynri  3D-0achill  mIBIFapbUIFAaH  KO3FANTKBIITHIH — komimri  BLDC
KOHCTPYKLMsUIapblHA YKCAac OpEKeT €TETIHIH pacTaiijbl, JETEHMEH COJ JKOFapbl
PE3UCTUBTI XOHE TEePMMSUIBIK HibIFbIHAapMeH. JKykremeci3 Tok 0,8 A-maH TeMeH
00J/1bl, all MEXAaHUKAJBIK YWKENIC IIBIFBIHAAPbl MUHUMAJAbl OOJIJIbI, OYJ >KaKChI
TypajlaHFaH MOWBIHTIPEKTEP MEH POTOP/BIH J9J1 TENEe-TEHAITH KOpCeTeIl.

CeHIMIUTIK TIEH COTCI3AIKTEPl Talaay

Te31MAUTIKTI TECTUICY *aJlbl Oec caraTTaH acaTblH OH OMNEPAIUSIIBIK ITUKJIII
KaMTubl. bys chiHakTap OapbIChIHAA €Meylli MEeXaHUKaJbIK aKayJIbIKTap OpPBIH ajFaH
XKOK. Anaiia, y3aK yakbIT KbI3bIpFaHHAH Kel1H OYpbIIbIC aiiMaKTapbIHbIH KaHbIHIAFbI
cTatop TicTepiHie Mukpoaepopmamusiiap Oaiikanasl. byn nedopmanusuiap aya
CaHbUIAyBIHBIH OIPKETKUTITIH a3/1an e3repTTi, Olpak ChIHAJIFaH KyaT JuaIrla30HbIH/IaFbI
OHIMIITIKKE alTapibIKTall ocep eTIe/Il.

OHIMIUTIKTIH TOMEHICY1HIH HET13T1 ce0enTepl aHbIKTaJIFaH:

1. KarymkaHblH yIITapblH/Ia KbUTY )KUHAKTATybl KAPChUIBIKTBIH apTybIHA JKeJeIl

(~ 10-12%);

2. Xorapel TOK THIFBI3ABIFbIHAA MPLA MarHuTTIK KaHBIKTBUIBIFBI, €H >KOFaphbl

KYKTEMeIe KPYTALIMI MOMEHTTI a3aiTy;

3. MarsuTTiH TE€H eMec cajJMarbl MEH TO3IMIUIIK aybITKyJlapblHAH TybIHJaFraH

KILIITIPIM TEHIePIMCI3IIK.

CplHaKTaH KeWIHI1 BH3yal[bl TEKcepy Oachlll IIbIFApbUIFAH KabarTap
apachlHIaFrbl aAre3usiHbIH OYJIIHOEreHIH KOHE POTOP-CTAaTOp KIMPEHCl MKETKUIIKTI
MEXAHUKAJIbIK KATThUIBIKTBl PpAaCTalThIH OaillaHbIC OENruIepiH KOpCETIEUTIHIH
pacTapl.

Kecte 1 — Heri3ri cunarramanapablH KbICKaIla Ma3MYHBI

MoHi Onmenren Onem Eckeprynep
MOH Oipuiri
Homunanaer kepuey 30 \Y Typaxrsl TOKIICH
KaOJIbIKTay
Homunamnasl Tok 20 A ESC 6akpuiaHaTeIH
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MoHi Onmenren Onem Eckeprynep
MOH Oipairi
MakcuMaapl MBIFbIC Kyatel | 600 \\ KpIcKa cepriictep
Ys3maikci3 Kyat 480 \ PETG crarop
Tuimainik (1IbIH) 80 % mPLA crarop
KpyTsinuii MOMeHT (Makc.) 0.24 N 'm 0,27H - m/xr
Kv TypaxkTeIChI 253 Atin / muH / | CollKeCTIK TEOPUSICHI
B
Back-EMF Const. 0.038 V-s/rad Texcepinmi
Karymka Temmneparypacsl | 115 °C 3 mun 600 BT
(Makc)
[y nenreiii 60 J16 5000 aWig / w™MuH
Ke31H1e

OMip CYpy y3aKkThiFsl | 200 h 70% TOMEH KYKTeMe
(A.BaliTypChIHOB).

Speed [rpm] Speed [rpm]

@ Torque [N ndlir

..
A ‘. 2
o
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oo
. o © 6@

Cypet 21 — D7eKTpOoMOTOP KbUIIAM/IBIK IEH MOMEHT TOYEJILTIT1
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Input & Output Power [W] over

Speed [rpm] Speed [rpm]
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CypeT 22 — D7IeKTpOMOTOP >KbIIIAM/IBIK TIEH MOMEHT TOYEI LTI

Tecriney mnactukanblk 3D-0ackin MIbIFapbUIFaH AIEKTP KO3FAJITKBIIITAPbIHBIH
MOJIUMEPJTI  MaTepuafapiblH TEPMUSUIBIK JKOHE MATrHHUTTIK  IIEKTEylIepiMEeH
IIEKTEITeHIMEH, TEXHUKAJIBIK TYPFbIIAaH MYMKIH €KEHIH pacTajibl. DKCIEPUMEHT
TosbiFbiIMeH FDM 6Gacein mibirapy apkbuibl sxkacanrad 600 Br BLDC ko3ranTKbIIIBIH
coTT1 KepceTTi, Oy 80% eH korapbl THIMIUTIKKE dKOHE HAKThI JKaFJaiaapaa TYPaKThI
KYMBIC ICTE€YTE KOJI KETKI3/I1.

MexaHuKanbIK OJAIK MEeH Tene-TeHAIK KbICKa Mep3iMAl JKYTipylnep YIIiH
KETKUTIKTI OOJIFaHBIMEH, Y3AIKCI3 OHIMIUIK >KbUIy MWHAKTay MEH MOJMMEpAIH
KYMCApPTHUTYbIMEH IeKTeneni. JlereHMen, Oyl HOTIKENep OIIeKTPOMEXaHUKAIBIK
nu3aiiHaarel OuTliM Oepy, 3€pTTey >KOHE NPOTOTUITIK KOCBHIMILANAp YIUIH ap3aH
aJIUTUBTI OHMIPICTIH dJeyeTiH KepceTeni . bomamak >xymbeic  TonbIK 3D-0ackim
msiFapsiFrad BLDC MammHanapbIiHbIH KyaT [Uana3oHbl MEH ONIEPAIHsUTBIK OCPIKTITIH
KCHEUTy VIIH THOPUATI METAUI-IOJMMEpP KYPBUIBIMIAPBIH, KaKCapThUIFaH
CAJIKbIHIATy  TEOMETPHUSCBIH  JKOHE  JKOFaphl  TeMIlepaTypajblK  MarHUTTIK
KOMITO3UTTEP/I1 €HT13yTe OaFbITTaFaH.

56



2.3 MertaJjiaH 3J1eKTPOMOTOPABLI 6acy MYMKIHIITIH 3epTTey

3eprreyaid Oyl Ke3eHi alABIHFbl KaTapibl aJJIMTUBTI OHIIPIC TEXHOJOTHUSIAPHIH
KOJJaHa OTBIPBIN, METAJUI MarepuajjapliaH IeTkachl3 TypakTel Tok (BLDC)
KO3FAITKBIII KOMIIOHEHTTEpPIH OHIIPY MYMKIHJIITIH 3epTTeyre OarbITTajfaH
[TonmmMepre HeT13AITeH TPOTOTUIITEPMEH CATTBICTRIPFaH 1a, MeTaJlT 3D GackIn mbIFapy
YKOFaPhI J)KBUTY OTKI3TIIITITIH, MEXaHUKAIBIK KaTThUTBIKTHI KOHE MAarHUTTIK OHIMIUTIKTI
YChIHAABI, OYJ OHBI JKOFApbl KyaTThl, >KOFapbl THUIMAUTII >kofapbl 3D-0ackln
HIBIFAPBUIFAH JIEKTP MalllMHAJIAPbIHA MAaHBI3IbI KaJaM €Te/Il.

byn 3epTTeymiH HeEri3ri MakcaThl JApPOHJAP MEH IIAFbIH AJIEKTP KOJIKTEpiHIE KHi
koiaanbeuiateid 5010 kmactel BLDC ko3ranTkpIiibeH (quaMeTpi S0 MM, cTatop OUIKTITI
10 mm) xobanay, Oachlll MIBIFApy *OHE ChbiHAY Oousybl. KO3FanTKBIII CENeKTUBTI
nazepmik 0ankpiTy (SLM) koHe Tikened meraimn jaszepiik ariomepanusichl (DMLS)
TEXHOJOTHSJIAPBIH KOJJAaHa OTBIPBIT JKAcalbl, HETI3IHEH  KOpITyC II€H POTOp
TacbiMaiaaymbickl yiniH AlSi10Mg kopbITackIMEH koHE cTaTop e3eri ymiH Fe-Si
MarHUTTIK 0O0JIaT YHTaFbIMEH Kacaibl . TanmayasiH 0acThl MakcaThl OAChII LIBIFApY
MPOLIECIHE, KYPBUIBIMBIK CUIIaTTaMajlapblHa, MarHUTTIK OHIMAUIIIHE KOHE MEeTasll
Oacbim  mbiFapbuiFad  BLDC  KO3FadTKBIILTAPBIHBIH ~ JKBUTY — MIHE3-KYJIKbIHA
OarbITTAJIFaH, OJIap TUICTI )KOOAJIBIK €CENTEYIEPMEH KOJJay KOpCeTUIe].

5010 BLDC KO3FanTKbIIIBIHBIH AU3AMHBIHA IOTY

5010 BLDC ko3FaiTKbIIIbl - Oy TYpaKThl MAarHUTTEP/IlI TaChIMAJIIAUTBIH CHIPTKBI
pOTOpPBl MEH  >KapajJlaHFaH KarylIKajapbl Oap OEKITIITeH cTarop Oap BIKIIAM
koHpuryparus. Kosrantkeim Autodesk Fusion 360-ta ynriieHreH, Mmarepuan KeJieMiH
a3aiTy >KOHE CaJKbIHAATy apHajapbiH OIPIKTIPY apKbUIbl AJIUTUBTI OHAIPIC YIIIiH
OHTaNIaHABIPbUIFaH. /[[M3aliHHBIH HET13T1 mapaMeTpiiepi OOJIIbI:

Kecte 2 — DnekTpoMoTOp mapaMmeTpeli

[Tapametpaep CumBon | Canbl | MoHi
PotopbIiH chIpTKbI 1uamerpi | D 50 MM
Cratop OHiKTIT] h 10 MM
ITonmrocTepiH caHbl p 14 —

¥ SIIBIKTap CaHbI Hc 12 —
Homunanael kepHey Vn 24 \
Homunanael Tok I nom 18 A
Makcumaiabsl TOK I max 25 A
HomuHanae! >KbU1IaMIbIK n 4500 | A" / MuH
[IIbIFpIC KyaThl Wout [800 |W
Tuimainik (Makcar) n 85 %
binikTiH 1uameTpi d 6 MM
MarauT KaabIHJIbIFbI T 3 MM
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‘ Aya caHplIaybl ‘ ) ‘ 0.4 ‘ MM ‘
Halbach maccuBiHiH KOHGUTYpalUACHl aFbIHHBIH KOHIICHTPAIUSCBIH apTTHIPY
XKOHE apTKbl TEMIpAiH KaJbIHJBIFBIH a3alTy YIIiH poTOp YIIH cakrangsl. Cratop
TICTEPl MArHUTTIK KAHBIKTBUIBIK MEH KEPHEY KOHLEHTPALMACHIH a3alTy YIIH (uie
TaMbIP T€OMETPUSICHIMEH OHTANTAH IBIPBIIIIBI.
Baceln mibiFapy mporeci koHe MaTepualiiaphbl
1. CraTop e3eriH 0achI HIbIFaApy
Cratop e3eri Fe-6,5% Si »xymcak MarHuTTIK 0oJlaT YHTarbIHAH TIKeJIeH MeTasul
nazepiik arsoMepanusicbiH (DMLS) kongana oteipbin Oackin mbiFapbuiasl . DMLS
IpoIieci imiHapa OaIKBITYIbl KAMTHIbI, HOTHKECIHIE )KOFapbl MArHUTTIK ©TKI3TIIITITI
MEH OpTallla AIEKTP KEJAEPTiCiH CAaKTaUThIH THIFbI3, O1paK CAJl KEYEKTI MUKPOKYPBLIBIM
naiija Oomnbl.
- Kaobar kaneIHABIFR: 40 MKM
- Jlazep kyarsr: 195 Bt
- Ckanepney xpurgamasiFbl: 900 MM / ¢
- Kypbuibic OaFbIThI: TiK (TICTEp KOFAPBIFA KapanIbl)
- TonteIpy THIFBI3ABIFBL: 99,3%
- OnzeyneH keiiiH: a3ot armocdepaceinaa 750 © C remneparypana 2
carar OOMbBI CTPECCTI )KEHUIIETY
bacein mibIFapbliFal CTaTop CajibICThIPMalbl THIFBI3ABIFBL 7,3 T / cM® (=93%
COFBUIFaH 00JaT), MAarHUTTIK OTKI3rimTIri pr =~ 1800 sxone MaxOypiey kymi He = 120
A / m. Oprama keneprimk 10 kI’ XyMbIC Ke3iHJAE JaMUHATTalfaH OoJaTneH
CaJIBICTBIPFaH/Ia aifHaIMaJIbl TOK IIBIFBIHAAPBIH ~ 25% -Fa a3ailTThI.
2. Potop xopmychiH O6achIIl HIBIFAPY
Potop kaObirb1 MeH xa0bl Al1S110Mg KOpbITIIACHIH KOJIIaHA OTBIPBII, CEIEKTUBTI
nazepiik 6ankbITy (SLM) apKblibl 0achI HIBIFAPBUIALI, ©UTKEHI OHBIH TOMEH Maccachl
(p=2,67 r/ cm?), xputy etkizrimriri (170 Bt / m - K) %oHe MexaHUKalbIK OEpiKTIri
(oy = 230 MIla TepMUSIIBIK OHJICYEH KEMiH).
- Kabar kaneHABIFRL: 30 MKM
- Jlazep kyarsr: 200 Bt
- JIrok apansiFer: 0,12 mm
- Kypbuibic mutacsiabliH Temneparypacsl: 200 °C
- Ckaneprey yJrici: maxmar TakTachl (op Kabarka 67 © OypbuIFaH)
CanmMakThl a3aiiTy KoHE aya arblHBIH OaphlHIIA apTTRIPY YIIH  1MIKi
CAJIKBIHIATKBIIT KAaHATTAp MEH TOPJBI Tipey KypbUIbIMIaphl Oipiktipinmi. Keiinri
eruey T6 tepmusuiblk eHmeym (530 °© C / 4 car + 160 °© C / 6 car) xoHe
moiteiaTipekTepal CNC kaiita enHneymi Kamtuiabl . COHFBI KOMIIOHEHT ©HJICITCH
aJTIOMUHUM aHAJIOThIHA KapaFaHaa MaccaHbiH 27% TeMeHIey1H KOPCETTI.
Keitinnen enueyneH keiin NdFeB marautrepi (N42, 3x10x25 mwm) portop
CaHplIayJapblHA €HT13UIIM, JKOFapbl TEMIEPATypaJIbIK SMOKCUANEH OCKITIITeH >KOHE
[Nanpbax xkoHpuUrypamusacsiHAa opHAIACTHIPHULABL. Ctarop 0,5 MM 3ManbianFaH MbBIC
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CBIMMEH, 9p Ticke 9 OypBUIBICTICH >XoHE Y-KYIABI3Ab KOCBUIBIMMEH OpajFaH.
Koprrycka exi 681077 MoubIHTIpeKTepi Oachuibim, O6omar Oimiri (6 MM) OpHATBUIIBI.
TobIK OaChIN MIBIFAPBUTFAH KO3FAITKBIIITEIH CaMarbl 265 T O0IbI.

DJIEKTPOMArHUTTIK KOHE KBLTYJIBIK €CENTEeYIIep

1. Maenum azwvinwsl scone apmyor IMC

Aya caHpUIayBIHIaFbI MATHUTTIK aFbIHHBIH THIFBI3IBIFEI TOMCHIETIACH TYpae
aHBIKTAJIA]IbI:

Brtm
B, = — MBg=tm+uOur8Br-tm
™" uo

B, = 1.2TBr=1,2T (NdFeB arbIHBIHBIH KaJIJIbIK THIFbI3IBIFbI),
t,, = 3mmtm =3 mm, pur = 1800, 6 = 0,4 mm.u, = 18006 = 0.4 mm

1.2x3%x1073
Bg o _3,1800x0.4x10~3 0.72TBg=3x10-3 +
3x10~3 42 202X0D ~
471TX10

4nx10-71800x%0,4x10-31,2x3x10-3=0,72T

Y ¢azaner BLDC ymiin tuimai aptkel EMF typakteicel (Ke) mbinagai: K,
K, = 202 NPy o pBg.le-D-Nt-p
le=10 mm, D =50 mm, Nt=9, p=7.l, = 10mmD = 50 mmN, = 9p = 7
K, = =200 = 0.0113V - s/radKe = 20,72x0,01x0,05x9x7=0,0113V"s /

2

pan

Rpm / V typnenaipy:
1

v = Kex2m/60  0.0113X0.1047 ~ 850rpm/VKv = Kex2n / 601 =

0,0113x0,10471=850rpm / V

Ochbunaitima, 24 B HOMUHAIIBI )KETKI3Y YIITIH KYTIIETIH )KYKTEMEC13 KU TaMIBIK
mamamen 20,400 aitH / muH Kypahael. JKykreme Ke3iHe, 1Kl IIBIFBIHIAPFa
0alIaHBICTBI, OMEPAUSIIBIK JKBIIIAMIIBIK MaKCaTThl oHIMAUTIKKE coiikec 4500-5000
aliH / MMH IIaMacChIH/Ia TYPaKTaHAIbI.

2. Auinany momenmi dcane Kyammol 6a2aniay

OnekrpoMarHuTTiK  KpyTsaumid  MomeHT (Te) Temenpmerimeit  typae
aHbIKTanaasl: T,

Tp =221 [, Te=232Py1Q
myHaarsl P = 14 nomoc, y=Ke = 0,0113VP = 14y = K, = 0.0113V - s/rad-s / pan,
I, = 18 Alq = 18A.
T,=15%x7x0.0113 X 18 = 2.13 N\cdm =
0.213 N\cdmTe=1.5x7x0.0113x18=2.13N\cdm=0.213N\cdm
4500 aita / muH (471 pan / ¢), WIBIFBIC KyaThl:
Py =T, X w=0.213 X471 = 100.2 WPout = Texw = 0,213x471 =100,2 Bt
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bys koHCcepBaTUBTI Y311KC13 peUTHHTTI OuTaipesni. EH skorapsl skargaiinapaa (25
A, Te = 0,295N \ cdm), Ppeak = 139W. DkcnepumeHTTIK ChIHaKTap eH T, =
0.295 N\cdmP,.q = 139 Wikorapbl MEXaHUKAJIBIK KyaTThl =150 BT-ThI pacTasl, Oy
ecenreyiepai £8% KaTeNik MeriHae pacTabl.
3. llvizvinoap men muimoinikmi 6azanay
KO3FanTKbIIITHIH  KaMbl IIBIFBIHAAPE  MBICTBIH SKOFaIybIHaH, TEMIPAIH
YKOFaITybIHAH KOHE MEXAHUKAJIBIK IIBIFBIHIAPAAH TYPAJIbI:
Pioss = Py + Pre + By Ploss=PcutPfe+Pm
MBIC IIBIFBIHEL:
- P, =3I?R=3x18%2x0.07 = 68 WPcu=3I2R =3x182x0,07 = 68W
- Temipnin xxoramysl (DMLS Fe-Si-nen):
- Pre =15W/cm? x 5cm® = 7.5 WPfe= 1,5 Br/ cM3x5 cm3 = 7,5 Bt
- MexaHUKaIbIK )KOFaJITY:
- P,=05%x103Xxn=05x10"3x4500 =2.25WPm = 0,5x10-3xn =
0,5%x10—-3%4500=2,25W
Kanmnel msirbiagap: <~77.8 WE4500 aiin / MUH Ke31H7€ IIBIFRIHAAP:

Pour  — 199 _ 562 = 56%n = Pout + PlossPout = 177,8100 = 0,562 = 56%

Pout+Ploss  177.8
Anaiina, eH skorapbl >kymbIc Ke3iHae (150 BT mexanumkanbik, 25 A) TEpMHSUIBIK
TYpaKTaHABIPY KEJIEPTUIIK MeH opic 0alIaHbICHIH JKaKCApThII, OJIIICHIeH THIMIUTIKTI
~72-75% -ra neiiiH apTTHIP/bIL.

Kbty MiHE3-KYJIKBI )KOHE CaJTKBIHAATY

AlSi10Mg kopmychl OYpbIH KOJJAHBUIFAH TMOJUMEPIl  KOPIyCTapMEH
CalBICTBIPFAaHIa JKBUIYABIH KEpEeMET TapaldyblH KaMTaMachl3 €TTi. TepMUSITBIK
moznenpaey (ANSYS Fluent) 150 Bt kyatsinga 10 MUHYTTBIK )KYMBIC ICTETEHHEH KEW1H
TemrneparypaHbiq Tek 52 © C-ka keTepuryiH 6omxaiasl , an PETG Ko3raiTKeImTapsl
yurid >100 °C. Onuenres TypakTbl Kyhaeri 6eTki temneparypa 58 © C 6onabl, Oy
MOJICJIBICY/IIH JQJIIITIH pacTanIbl.

Tuimal kpUTy Oackapy >KOFapbl TOK THIFBI3IBIFBIHIA Y3MIKCI3 KYMBIC 1CTEyTE
MYMKIHIIK Oepai, Oy MeTalsIMeH OachbUIFaH KO3FAITKBIII TOJUMEpIl Oanamara
KaparaHjia 3% yKOFaphl Y3I1KC13 KyaT ThIFBI3BIFBIH CaKTal ajlajbl Iem OOKaIbl.

DKCIEPUMEHTTIK HOTIKEIEP

Kypacteiprannan ketiitn DMLS / SLM 5010 K03FanTKbIIIBI TOTMMEPIIi HyCKalap
YIIIH KOJIJAaHBUIATBIH OipAe KOHABIPFBIMEH CHIHAABI. OJIIIEHTeH HOTIKEIep
TOMEH/IE€ KEeJITIPUITeH:

Kecte 3 — JIpoH 371€KTpOMOTOp CUMATTAMAChI

ATaybl Onuenres | MoHi Tycinikreme
Homunanger kepuey 24 \Y TypakTsl TOKIIEH
JKaOIbIKTay
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XKyxremeci3 KblIIaMIbIK 8300 Ann /| 23,6 B kipici
MUH

Maxkcumansl xykrey | 4500 Ann /|18 A

KBUTTAMIBIFBI MUH

EH xorapsl Kyar 150 w Tekcepinai

Tuimainik (opraiia) 70-75 % Y3IUKCI3

EH >XoFapbl THIMILITIK 78 % Kpicka Mep3imM/ii

Crarop Temneparypachl 58 °C 10 MUH XKYTipy

KpyTsimuii MOMeHT (opTaiia) 0.213 N 'm 18 A

Canmarbl 265 g Ka3 Pyc Eng

OMIp CYpY Y3aKThIFbI 500 h Kocnapnanran

3eprTey MeTal aJIUTUBTI OHJIPICI TOJUMEpPNl KOHCTPYKIMsUIapAaH eadyip
achlll TYCETIH TONBIK (QyHKIMOHANAA BLDC KO3FalTKBIITAPBIH COTTI IIbIFapa
anatblHBIH Kepceteni. baceim mbirapeurran Fe-Si crarop eszeri 0,72 T-fa KybIK
aFbIHHBIH THIFBI3BIFBIHA KOJ JKeTKI3Ml, all AlSi10Mg poTop KOPIyChI KOFaphl KbLTY
OHIMJIIITT MEH KYPBUIBIM/IBIK CEHIMIUIIKKE MYMKIHJIIK Oepi.

PETG / mPLA xoszranTkeiurapeiMeH cansicTbipranga (600 Bt / 480 Br
meiHAapbl), 5010 Metat Gachin MIBIFAPUIFAH KO3FAJITKBIII KIIIITIPIM T€OMETPUSIFa,
OlpaK THIMAUII MEH JKbUIYy TYPAKTbUIbIFbIHA OalIaHBICTBI TOMEH >KaJIbl IIBIFBIC
KyaTbIH KepceTTi. HoTmkenep crarop Maccachl MEH OpaMaHBIH THIFBI3ABIFBIH apPTTHIPY
KPYTSIIMA MOMEHT MEH THUIMIUIKTI MNPONOPLUHUOHAIABl TYPAE apTThIPATHIHBIH
KopceTeni, Oyl  TEXHOJOTHSHBIH  JKOFapbl  PEUTHHITI  MalllMHAjlap  YIIiH
MacIITa0TaTybIH KOJJANIbI.

Heri3ri KubIHABIKTapFa MarHUTTIK OHIMIUIIKKE ocep €TETiH Ja3epMEH
arnomeparusianran Fe-Si simponapblHIarbl KEYeKTUTIK, KaJIJBIK KEpHEYJIep >KOHE
KeyeKTUTIK Kipemi . Omapasl Jaszepiik mapameTpiepil OHTaWIaHABIPY, BICTHIK
n3zocrarukanbik 6acynsl (HIP) Konmany Hemece MarHUTTIK €pIKCI3AIKTI a3aiTy YIIiH
cTarop OeTTepiH eHJEYIEeH KeHIHT1 MaijanaHy apKbUIbl a3aiTyFra 00sabl.

5010 BLDC k03FanTKbIIIbIH 3€pTTEYAIH HOTHKENIepl MeTaill 3D Gachln mibiFapy
texnosorusiapel  (SLM  xone DMLS) wuHTEerpanusuiaHFaH CajKbIHIATy >KOHE
OHTAMJIAHJBIPBUIFAH  TEOMETPHUSChl  0ap  JKOFaphl  OHIMIUIIL  0ap  3JEKTp
KO3FITKBIIITAPBIH IIBIFAPYALIH OMIPIIEH oHE THUIM/II KOJbIH KAMTaMachl3 €TETIHIH
pacraiiipl. bachin miblFapbuIFal KO3FalTKbI 78% -Fa neiin tuimaitikke, 0,295 H-m
€H, JKOFapbl KPYTAIINN MOMEHTKE )KoHEe MHUHUMAaILI AipiameH 8000 aiiH / MuH JeiiH
TYPAKTBI )KYMBIC 1CTE€yTE KOJ JKETKI3/i.

byn okcnepumenT wmetanmnm  Marepuangapaan  gysknuonHanasl  BLDC
KO3FAJTKBIIITAPBIH TIKeJIeH Oachill IMIBIFAPYIABIH OPBIHIBUIBIFBIH PACTANIbI, 3EPTTEY
JEHTeHIH/IeT1 MPOTOTUIITEP MEH OHEPKICINTIK OMIPIIIECH aIIMTUBTI OHIIPIC MIETMIEPI
apachIHIAFbl AIIIAKTHIKTHI KOskl bomarmak »yMbIC MbIHATAPAbl KAMTHIBL:

- 1-2 kBt kyars! ymiin ynked 5045 xone 5055 HycKamapblH OachIIl MIBIFAPY;

61



- MarHuTTiK KaHBIKTBUIBIKTHI JKaKCApTy YIIIH TMOPHUATI METaJlI-KepaMUKAJIbIK
KOMITO3UTTEP/I NaiiaIany;
- Tikeneli cus xa3y apKbLIbl EHAIPUITEH MBIC OTKI3TIIITEPAl O1pIKTIpY;
- AiliHanManbel TOK IIBIFBIHAAPBIH a3alTy YIIH (QYHKIMOHAIIABl JEHTeH
MarHUTTIK ©3EKTep/l 3epTTEYy.
[Tporiecc mapametpriepi MEH MaTepuanTaHyAbl Y3dIKCi3 OHTAMIAHABIPY apKbUIBL,
aJTUTUBTI TYpPJIE ’KacallFaH METaJlI KO3FAJITKBIIITAp KO y3aMail JoCTYpili OHAIpIIreH
MalllMHAJIAPbIH OHIMIUIITIHE KOJI JKETKi3e ajlaJibl HeMece OJaH achIll TYCYl MYMKIH,
OWI SKeHIJ, THIMJII JKOHE TOJIBIFBIMEH PETTENETIH DJIEeKTp KETEKTEPIHIH >KaHa
napajurMachiH KypaJibl.

2.4 MeTan0KepaMHKAJIBIK YHTAKTAH 5KACAJIbIHFAH JIEKTPOMOTOP
epeKuIeiKTepi

bazansik reomerpus perinae 5010 BLDC apThIKIIBUIBIFBIH Maii1aiaHa OTBIPHIIT
(ceIpTKBI poTOp, SO MM OD, 10 MM OCBTIK CTEK), 013 aTIOMUHUN POTOPHIHBIH ©3€TiH /
xa0bIH MeTalI-KepaMUKaNbIK (amtoMuHuid, Al2O3) e3eriMeH aybICThIPY/IbIH KbUTYJIbIK-
MEXaHUKaIbIK ocepiH Oarananblk . Fusion 360-ta 613 KypacTel KaWTanam, TEK
aitHanMaitbl siApoHbIH MatepuanbiH AlSi10Mg-nen (SLM) teiFb13 AlOs-re e3repTTik
XKoHe Olpjel HeKapajblK JKaFjaiaapaa TYpaKThl / ©TIENl TePMUSIIBIK JKaFaaiaap/sl
memTik. TeMeHze 013 MOJeNb/Iey MapaMeTpiHe ColiKec KEeJNeTiH >KoHe c13 OalKaraH
ypAicTepAl TYCIHIPETIH alFalIKbl IPUHIMIITEPIIH €CENTEYJIEPIH YChIHAMBI3.

baranay yuiH naiiianaHbplIaTbiH TEOMETPUSI MEH KYKTEMEIEp

Portop e3eri 6etke opnateiiran NdFeB mMarHUTTEpiH KOJMIAaHTBIH KBICKA KYBIC
HWIMHIP PETIHIE MOJIEIbAEITEH:

- CeIpTKBI paguyc 121, = 25 mm = 25 mmM, imki paguyc r; = 20 mmrl = 20 mm
— KaObIpFacel t = SMM.t = 5 mm

- Ocp1ik y3biHAIFR L =10 MM.L = 10 mm

- ChIpTKbl KOHBEKTHBTI OpPTaHbIH ©31H-631 XeJJeTy apKbUIbl Maiia OonaTbiH
CBIPTKbI KOHBEKTHUBTI OpTa.

- Potop xarblHOarbl penpe3eHTaTuBTI Kbuly anbliHaThiH QrQ, = 10 W = 10W
(poTOp alHBIFBIHBIH KOCBIHJBICHI + MarHUT IIBIFBIHBI + JKOFapbl KYKTEMeE
KYMBICBIHJIA aya CaHbLIaybl apKbUIbI paIualUsUIbIK KaObuinay). bys kepceTkimn
500 TeHre KeJIeMiHIE aWBINMYJ CaJbIHAILI JKOHE OHBI CaJBICTHIPY VIIH
KOJITaHBLIA/IbI.

Kecrte 4 — Marepuanaapibl CAIbICTBIPY:

ATtaysl AlSi10Mg (tepmusinbik oH1eY) | Al2Os (ThIFBI3)
Keury etkizrimTiri k | 150 Br-m'- K™ 30 Br '- K™
TBIFBI3IBIFBI P 2700 kr-m? 3900 xr - M3
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ATaybl AlSi10Mg (tepmusibik oH11eY) | Al2Os (TBIFBI3)
Hakrsl KbLTy C)) 900 Ix-kr!'- K 750 Ix-xkr'- K™
SAur monymi E ~ 70 I'Tla ~300ITla
DJIEKTp OTKI3rim Okiaynay

(Erep cizain «MerammokepaMukanbiz» MOHOJIUTTI Al:Os emec, kKoMmo3uTTi Ooiica,
TUIMJIII KacCHUETTEp OChl OaraHmap apacbiHaa Oo0iaabl; CaJbICTBIPMANBI YPIICTED
Kapamabl OOJIBIT Kalaibl.)

1) Potop cakuHachkl apKbLIbI pagraiibl O TKI3TIIITIK

KybIc IUIWHIP YIIIH paJdaliIbl ©TKI3TIITIK KeASPTLIIK

In{>}(72
Roond = 2nf;l)Rcond=2nLkln(r1r2)

2 /rl =25/20 = 1,25 xone In (1,25) = 0,2231, L = 0,01 m:rp /1y = 25/20 =
1.25In(1.25) = 0.2231L = 0.01m

AlSi10Mg
L 0.2231
Reondat = 970 = 2001150 0237 WA
ALOs
L 0.2231
Reona 05 = 500 = 90,0130 MBS KW

Qr =10 Bt yuria cakuna O0UbIHIIIA TEMIIEpaTypaHbIH TOMEHIEYI:

ATy = 0.24°CATAI=0,240C

ATrpo3 = 1.19°CATAI203=1.19-C
Nurtepnperanus. ATIOMUHUN aTIOMUHUNTE KaparaHja ~ 5X Hamap eTkizell, Oipak
KYKa 5 MM KaObIpFaMeH pajuajiibl TPaAUCHT oIl JIe KilkeHTail. PoTopabiH kKenemai
TeMIIepaTypachl OCHI TPaJueHTIICH OpHAThIIMaMIbI; OJ1 pOTOP/IBIH ayaFa KbLITy1aH Oac
TapTy KablJieTIMEeH OeriyieHe/I].
2) ChIpTKbI KOHBEKITUS (JOMUHAHTTHI KaPCHUIBIK)
CoipTkbl Oyiipiik 6eri A=2nr2L = 2w (0,025) (0,01) = 1,57x10-3 M2.A = 2nryL =
2m(0.025)(0.01) = 1.57 X 1073 m?
O31IrHEeH KeACTKIIITEP 9JIETTE KbUIaMIBIKKA XKoHE KaObIHFa OailyianbIcThl h = 40-
100 Br'm?2- K' penreitine xeremi. h = 40-100Bt-Mm—2- K1 h =50 h=50
naijianany:
Qr = 10W yurin kouBekTuBTI KoTepiny: ATconv=1270C.Q, = 10 WAT,,, = 127°C
JleMek, KOHBEKILHUsS >KbUTy OMJDKETIHAEC TOPTINIEH YCTeMIIK eTesi;MaTepuanibl
TaHJay HeriziHeH Oenriai Oip h sxoHe Qr yIIIH TYNKUTIIKTI TYPakTbhl TeMIepaTypara
eMec, JKEePTUTIKTI TETiCTeyTe )KOHE OTIEN MiHE3-KYJIBIKKA acep eTemi.hQ,
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Huzaitn tyTKacel: H-mi exi ecenenaipy (kKakchl »KEIACTKIIITEP, KIIIKEHTAM
XKENAETKI epekmemkTepi) Rconv-mi skapTeickiHa Oeliefll KOHE POTOp
TeMIIepaTypachiH Oipaeit kykremene ~ 60-70 © C-xka TemeHmeTenl - Tek k-ni
e3repTyTe KaparaHja dnjeKaina ocepm.hR . k

3) Aya caHpUIaybl apKbLIbI paguanus (€Ki, O1paK manans)

~ 80 ° C poropna xoHe 25 ° C craropia TUIMII pagualUsUIbIK SKbUTy Oepy

ko3 dunmrenTi, amuccuscel £€<0,8:¢ = 0.8

hrad~4e6Tm3

Tm~2Ts+T=2353+298=326 K
hrad=4(0.8)(5.67x10-8)(326)3=5.0 Br-Mm2-K"!

byn 613110 6omkamapl KoOHBEeKTHBIMI3IIH ~ 10% -b1 FaHa; byn kemekteceni, 6ipak
KOHBEKIIUSHBIH YCTEMIITIH ©3repTheii.h
4) Ornen peakuus (audPy3ust )K9HE yaKbIT TYPAKTHICHI)

Koty muddysusacer o=k / (pcp):a = k/ (pcp)
Al qy = —2 = 6.17 x 1075 m? /sa.Al = 2700-900150 = 6,17x10-5 M2 / ¢

2700-900 20
ALOs: Aat203 = 550—= = 1.03 X 107>m?i, )/
saAl203=3900-75030=1,03%10—5m2/c

Al )puTyaBI ~ 6X KBUITAMBIPAK TapaTajbl, KbUIIAM JKYKTeMe KaJgamaapbl Ke3iHie

BICTBIK HYKTEHIH Taia 00ybIiH Oacajbl.

bipiktipinren ty#in ymiiH (Bi < 0.1 Gonranma skapaMibl, TOMEH/IE KapaHbI3) YaKbIT

TYPaKTBICHI OOJIBIT TaOBLIA bl

_ PV
T=—"1 hApcpV

Cakuna kememi V = 1 (122-r12) L = & (0,0252-0,022) 0,01 = 7,07x10-6 M3.V =
n(r2 — rA)L = 7(0.0252 — 0.022) - 0.01 = 7.07 X 1076 m®

Al
m = pV =0.0191 kr
C=pc,V=172J-K*
_C 17.2 219
WA T 50157 x103 <70
ALO;

m = 0.0276 kg
C =pc,V=207J-K*
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C 20.7

TALOs T A T B0 157 x 103~ 204

- Typaktel Temneparypa.Rconv>R ., > R..nqRcond 6onranapikran, eki potop
na Oipaedt aya arbiHbl yiniH ~QrRconvQ,-R.,,, KOpIIaraH opTajaH >KOFapbl
oteipanbl. Qr = 10W xone h = 50 xarmaiipraga oy ~Q, = 10 Wh = 50 127 °C,
HeriziHeH Marepuanra Toyencid. Cizmin Fusion TypakThl KOpITyCTapbIHBI3
CaKMHaJarbl KilIKeHTal adbipMambuibiKTapabl (< 2 © C), 6ipak MarHUTTIK
OPBIHJBIKTAp/A / CIUIITEPAC YIKEH KEePrUTIKTI albIpMaIlIbUIBIKTapAbl KOPCETY1
KEpex.

- ©Ortnent )xoHe bICTBIK HYKTeNep; Al2Os-n11H ToMeH TudPy3usichl OTKIp KEPrUTIKTI
BICTBIK HYKTEJIEPJIl KOHE TeNe-TeHAIKTI y3apTyFa MYMKIHIIK Oepeni, Oy ci3
OailikaraH Oasty TEpMUSUIBIK PEAKIIUSIFA COUKEC Keel.

- PoTopapiH xkanmsl xorainysl. Erep ci3 amtoMUHUN MOJI€/IIHE TaChIMasAayIbIHbIH
OypbUIBICTapbIH KoccaHbl3, Al:Os koprycel Oipaeil aya aFbIHbI YILIIH YKaJIlbl
CAJIKBIHJIATKBII >KYMBIC 1CTEW1, OWTKeH1 Qr coil OypbUIbIC BaTTTapblHAH
TOMEH. (),

Tannaynan anbIHFaH NMPAKTUKAJIBIK jK00anay HYCKAYyJIbIFbI

1. Angeimen h -gi kertepiHiz.h KimikeHTail OChTIK KaHATTap HEMECE COHFbI
KaKIaKTaFbl Tasi3 UMIIEJUIEp CaraTThl €Ki ecereh apTThipa anaasl (~ 100 Bt M2
neuin) K™'), kecy potop temmeparypachiiblH ~ 50% -ra kereputyi. byn
MaTepHaNJIbIK dcepiep Al TOMEHIETE]I.

2. Maruutrepre apHanraH xbuty kemipiepi. Al:O s TackiMangaymbIChIHIa MarHUT
KaJiTa HETI3/IEPIHEH CHIPTKbI OETiHE OKIIayJianraH >xorapbl K kemipiepink
(xorapbl T »snokcuaiMeH OailnaHbICThIpbUIFaH kiHilIKe Al nHemece Cu
KIpiCTipyJiepl) KOCBIHBI3; OYpBUIBICTApABl  OOJABIpMAY YIIIH  DJIEKTPIIIK
OKIIIayJIaHBI3.

3. TinTi  BICTBIK  HYKTEJIEpJeE. AMHanManbl  JKOJIIapJbl  JKacamaii-ak
TachIMAJIJIAFBIIIKA JKBITYAbI TApaTy YIIIH MarHUTTEpAiH acTeiHmarbl BN / AIN
KepaMUKAJIBIK CaHbLIAY KACTHIKIIATIAPBIH MMl /1aaHbIHbI3.

4. KepaMukaHbl KapbIKTaHIBIPHIHBI3. KATTHUIBIKTEI CaKTail OTBHIPHIT, MHEPIMUSHBI
KalTapy YIIiH TOPJIbI OWBIKTAP apKBLIbI aFBIH/IBI €MEC MAaCCaHBI aJIBIT TACTAHBI3
(Al20s xorapsl E-re e, cCOHABIKTAaH MaTepuaiabl KapamaibiM ajiblll TacTayra
pykcat etinemi).E

5. CHIHFBIITHIKTH TEKCEPIHI3. AJTIOMUHUNA TOMEHT1 OEpIKTITIMEH OapibIK KaiTa
OypsimTapsH (r > 0,5 MM), OTKIp CIIUITEPACH ayJiaK OOJIBIHBI3 JKOHE YKaPBLIBIC
KBUTTAMIBIFBIH TeKCEPiHi3; JKYMBIC KbUIIaMABIFBIH O0JDKaHFAH KAPbUTHICTHIH
Oacrany merinig 60% < ycTaHBI3.

Kopsiteiaast (5010 BLDC ymris cangapsi)
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- Porop ezerin AlSilOMg — AlOs-geH aybICTBIpY TachbIMallaylIbIHbIH,
OYPBUTBICTAPBIH JKOSABI JKOHE YJIKEH JKbUTY KEHICTITIH KaMTaMachl3 — €Tell
(xy3mereH © C-ka JEHiH )KYMCAPTY KOK).

- Typaktel TemmepaTypa aya afblHBIMEH IIEKTENTreH, OTKI3TIITIKICH
HIeKTenMeinI1; kK-Hbl e3repTy Tek kxkeprinikti rpagueHTrepai (10 Br-ta cakuna
ootibiHmIa ~ 1 © C) aybICTBIpabI.

- Kbumyael Tapary mapanapbl KOCbUIMAaca, ©THeNl Ke3eHaep 0asy jKOHE BICTBIK
HYKTeJIep KOFapbl 001aIbl.

- HWuepuus ~ 44% -ra xetepineni, Oy KbuljaM AMHAMUKAIIBIK PEAKLUSAFA 9cep
eTel.

- XakcapTbulFaH JKeJIeTy MEH MaKCaTThl )KbUTYy KemipiepiHiH kemeriMeH AlOs
POTOpPBI POTOP JKAFBIHAAFBl KBI3YABl a3alTajbl JKOHE THIFBI3JAIFAaH HEMece
YKOFaphl JKUUTIKTET1 KYMBICTa CEHIMIUIIKTI / MAarHUTTIH KbI3MET €Ty MEp3IMiH
xakcapra anajael - oyn 5010 mimrH-(pakTopblHa HETI3JENreH KOFapbl TUIM/II,
TepMuUsUIIBIK 1ekTeysii BLDC yiuiH TapThIMIbl HYCKA.

2.5 IlnacTuk, MeTaJl, METAJTOKEPAMHUKAJBIK 0AChLJIFaH 00JIIIeKTepiH
TEPMAJIIBIK AHAJIM3IiH ecenTey

KaTKaH OJEMIIK CYpaHbIC aJABIHFBI Karapibl MaTepHaijiap MEH OHJIPICTIK
oMICTEepl 3epTTeyl Kenenaerti. by 3eprrey koswiekropeb3 TypakTel Tok (BLDC)
MOTOpJiapblH cally kesigge 3D-0acma MeTaul-KepaMHKaldblK  KOMIO3UTTEPAl
naiamanyablH OPBIHIBUIBIFEI MEH apPTHIKIIBUTBIKTAPBIH 3€PTTCH/II.

Y 500 W MoTtop koH(pUTypaIuschl TaaHbII, CaTbICTBIPbUIIbL:

1, Ilnactukansixk 3D-6acna motopsl (PETG, ABS xone PEEK),

2. Al:Os HeriziHAeri kepaMuKalblK MOUBIHTIpEKTEP1 0ap MeTail-KepaMHKaIbIK
KOPBITIA/IaH kacaliFaH MOTOD,

3, ATIOMUHUIIEH XKaCAJIFaH CTaAHIAPTThI MOTOP.

Mognenbney Autodesk Fusion 360-ma ypri3iiji, OHBIH 1IITHIE KBUTYJBIK TaJ/aY,
MOJIIITMITHUKTIK YHUKENICTI MOJENb/Iey, MarHUT opiciH Oaramay Oap. [laiimamany
KaraanapeiH Outaipy ymriH 12 Meic opama Ooiibiaina 240 W Kyar eHri3zy Oipkenki
TapaTbUIbl. AJIBIHFAH HOTHXKENICp  IUJIACTHUKAJIBIK MOTOP/A ChIHU KBI3BIT KETYyl
aHBIKTabI, Temrmeparypa 285,7 °C-ka »xeTefi, Kayilci3 IIEKTeH oJeKaija achir
kerezi. MeTami-kepaMuka MOTOPBI €H Y3/1K KbLTYy MIHE3-KYJIKBIH KOPCETTI, ITBIHBI O0ap
oonransl 89,9 °C, amomunuii HyckackiH 117,5 °C-ta GachIm 03/1bl.

AJIBIHFaH HOTIDKENEp MeTall-kepaMuKaibiK 3D-6acma MoTopiapsl KYIIEHTIITeH
KBUTy OTKI3TIIITIKT], KYPBUIBIMIBIK TYTACTBIKTBI, KOHCTPYKIUSUIBIK MKEMJILUTIKTI
YCBhIHATBIHBIH pacTaiasl. SLS, DMLS sxone SLM cusiKTbl TeXHOJOTUANAD Kypaedl,
WHTETpalVsIIaHFaH CalKBIHAATy JKYHeNepiH >KOHE CaJMaKThl OHTaMIaHABIPBUIFAH

66



reoOMeTpUsIIap/bl ICKE KOCYFa, MOTOPJABIH THIMJIUIIN MEH OHIMAUIIIH apTThIpyFa
MYMKIHAIK Oeperi.

MatepuanaplK MBIFBIHAAPIBIH KOFAPBUIBIFRI KOHE OHJACY/ICH KEHiHT1 TajanTap
CUSIKTBI ~ CBIH-TETEypIHIEpre KapamacTaH, 3epTTey KOpCeTKEHAEH, MeTall-
KepaMHUKaJIbIK KOCTajap OHIIpici JHeprus THIMAUITLIH Je, UH)KEHEPITIK
TYPaKTBUIBIKTBl J]a 1UITepLJIeTe OTBIPHIN, aBTOMOOMIIb, a’pOFapbIlll, OHEPKICIMTIK
KOChIMILIAJIap  CalachblHAAFbl JkaHa OybIH 3JEKTp  KO3FAJITKBIITAphl  YIIiH
NEPCIEKTUBAIBIK OAFBIT OOJBIT TAOBLIAIbI.

COHFBI OHXBUIJBIKTA AJIEKTP KOJIITIHIH, aBTOMATTaHIBIPBUIFAH XKYilerep MeH
AIIEKTP CTAHIMSUIAPBIHBIH KeIe JaMybl JIEKTP KO3FAITKBIIITAPBIHBIH THIMLIITT MEH
CEHIMJIUIITIH €19ylp apTThIpyasl Tanan erTi. COHbIMEH Oipre MeTal JIEeMEHTTEepIHE
HETI3ZIereH  JOCTYpJll  KOHCTPYKIMsutap — OipTe-0ipTe  ONapAblH  OHIMILIIK
cUNaTTaMalapblHBIH IIE€TIHEe JKeTell. byn mpoOneMaHblH MICHIMAEpiHIH  Oipi
KOHCTPYKLUHUSHBIH CaJIMaFblH a3aiiTa OTBIPBIN, JKbUIyFa TO3IMIUIIKTI, TO3yFa
TO3IMIUTIKTI JKOHE MEXaHUKAJIBIK OCpPIKTIKTI KaMTaMachl3 €Tyre KaOijneTi Oap »KaHa
KOMIO3UTTIK MaTepuasgap/ibl €Hri3y 00Jybl MYMKIH.

MyHpiail matepuangapAblH €H IEepPCHEKTUBANIBl KIIACTAPBIHBIH Oipl MeTal
KepaMHKaChl - METAJZI MEH KepaMUKAJBIK (azanapbl OIpIKTIPETIH KOMIIO3UIIUSIIAP
Oonbin TaObmanbl. KypbUIBIMABIK CHHEprHsl cajJapblHaH METaljap IUJIACTHKa MEH
KbUTY OTKI3TIIITIKTI, aJl KEPaMHUKaHbl — KATTBUIBIK, KbUIYJIBIK >XOHE XUMUSIIBIK
acepiepre TO3IMIUIIK KamTaMachkl3 eteni. bynm mertamn kepaMukaHbl —ocipece
MOJIITUITHUKTEP, CTATOp O3€KIIeNepi, POTOpiap KOHE KbUIY KaJIKAHIApbl CHUSIKTHI
AIIEKTP KO3FAITKBIIITAPBIHBIH THEJITEH arperarrapbiHaa KOJJAaHy VIIH TapThIMIbI
eTeql.

AJITMTUBTIK OHAIPICTIH Ka31pri 3aMaHFbl TEXHOJOTHUSIIAPHI, dCipece CEIECKTUBTI
nazepiik cuntepuHr (SLS) Hemece Tikenei nazep:iik 6ankpity (DMLS) kemerimen 3D-
MIPUHTHUHT, JOJIIT1 dKOFaphl KoHE MaTePUAIIJIbIH €H a3 IILIFbIHBI 0ap Kypeil Topi3aec
MeTajul-KepaMuKa  OeJIIeKTepiH  OeHIIpyre MYMKIHIIK  Oepemi.  JKeprumkri
TOMOJIOTUSAIMEH >K00anay, OaFbITThl HBIFANTY, CaJKbIHAATy apHajapblH OIPIKTIpY
MYMKIHJIT aHa OyBIHHBIH >KOFapbl THIMJ1 3JEKTP KO3FAITKBIILITAPBIH JaMBITy/a
eIy apTHIKIIBUTBIKTAp/Ibl KAMTaMAaChI3 €TE/Il.

Anaiija MeTajl-KkepaMUKaHbl 3JIEKTP MalllMHAIAPBIHAA KOJIAAHY KETKIIIKCI3
aymMaK Oompim Kamyna. [IpakTukaga KOMITO3WIIMSIHBI TaHAAyFa, MaTepUaIbIK
YHIECIMIUTIKKE, OKbUIy OKaFJaijlapblHa, CEPUSIIBIK OHAIpICTe JalbIHAATyFa
OailyaHbICTRI OipKaTap Mocelnenep TYBIHAaWIbl. by 3epTrey MeTrania-KepaMUKaHbIH
KYPBUTBIMIBIK-(DYHKIIMOHAJIBIK KACUETTEPIH TaIMalIbl, op TYpil MaTepuaijgap MEH
OHJIIPICTIK TEXHOJOTHSJIAPIbI TMaianaHa OTeIpbIn kacamran 500 Bt anektp
KO3FAITKBIIITAPBIH IaiijlalaHa OTBIPBIN, JHEPIHS IIBIFBIHBI MEH THIMIUIITIH
Oarajaibl.

Kby, 2MeKTp KoHE MEXaHUKAIBIK BICBIpANTApABIH CAaHABIK OaralapblH axyFa
MyMKiHaIK  OeperiH Fusion 360 opracblHAarbl MOTOpPJAPAbIH MIHE3-KYJIKbIH
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MOJICJIBJIEYTE€ €peKille Hazap ayaapbuiagbl. byl THIMALIITT JKOFapbl  AJIEKTP
KO3FAITKBIIITAPhIH JkoOanayga MeTasll-kepamMHuKa KOMIIOHEHTTEpIH NaijanaHy
MEPCIIEKTUBANIAPHI TYPAJIBI 1prefii TYKBIPBIMIAP JKacayFa MyMKIHJIIK yKacaiiibl.
DNeKTp KO3FaNTKBIIITAPbIH/IA KOJIJaHyFa apHAIFaH METaJLI KepaMUKa KypaMbl

Mertann kepaMHKachl - METaUl J>KoHE Kbl (pasamapapl  OipiKTipeTiH
KOMITO3UIUSUIBIK MaTepuajaap Kiachl, OJ METalJapJblH KOFapbl MEXaHHKAJIbIK
OepiKTIriT MeH IUIACTUKACHIH JKbUTyFa TO3IMIIUTIKIICH, KATTBUIBIKIICH JKOHE KBITITHIH
XUMUSJIBIK MHEPUUSICBIMEH OIpIKTIpyre MYMKIHAIK Oepenl. MyHmall matepuaniap
AJIEKTP OHEPKOCIOIHe, aTan alTKaH/aa, >KOFapbl TO3YFa TO3IMILIIKTI YKOHE JKbLTY
JKYKTEMEJIEpIHE TO3IMJIUTIKTI Tajan eTeTIH JJIEKTP KO3FAITKBIII arperarrapbiHia
KeHiHeH Koaanbuiansl (Punens, 2008).

JKanmel KYpBUIBIMBI dKOHE KYpambl

TunTik MeTaul KepaMUKAIbIK KYpbUIbIMBbIHA MBIHAJIAp JKaTajel: Merai
MaTpHIachl (HET131): TaChIMAIAyIIbl OpPTa PETIHJIE OPEKET eTe/l, IIACTH(PUKATOPIIBIK
JKOHE KbUIy OTKI3TIIITIKTI Kamtamachkli3 etedl. Kepamukaneik aucnepcti ¢asza:
KATTBUIBIKKA, TO3yFa JKOHE JKbUIy OCEpiHE TO3IMAUIIKKE skayanm Oeperl.
KoMmnoHeHTTepaiH apakaTbiHachl (PyHKIMOHAIABIK MaKCaThlHA OalIaHBICTHI ©3repyl
MyMKiH: 40-90% metamn ¢azaceiHan 10-60% kepamukansik (azara neiin (BaiiBaHr,
2022).

DJEeKTp KO3FaITKBIIITapblHA apHAIFaH METalI-KepaMUKaJIbIK KypamaapablH
yJrinepi

a) Komimri molbIHTIpeKTep MeH yikenic arperartapbl. Kypamer: 70% Hukenb
(N1) + 30% kpemuwnii kapousi (Sic)

Kacuerrepi: To3yFa Te31MILIIT KOFaphI, KbI3BIN KETYTe )KOHE arpecCUBTI OpTara
TO3IMILTIT]

Konnmany: porop O6UTIKTEPI, JKOFAPHI KBUIAAMIABIKTAFbI TIPEK JIEMEHTTEPI.

0) poTopap >KOHE KbUTY OTKI3E€TIH JIEMEHTTED

Kypambr: 60% wmbic (Cu) + 30% amtomunauii ToTeIFbl (Al203) + 10% nuproHumii
TOTBIFBI (Z102)

Kacuerrepi: Kakcbl SJEKTpP OTKI3TIIITIK, XbUIYJIBIK BEJIOCIOPT KE31HIET1
TYPAKTBUIBIK

APTBIKIIBUIBIKTAPbI: OEPIKTITTH CaKTail OTHIPBII, CAJIMAKThIH a3atobl.

B) CTaTOp ©3EKILIENepl dKOHE MArHUTTIK Ti30€eKTep

Kypawmsi: 80% temip (Fe) + 10% 6op mutpuai (BN) + 10% kpemuunii kapOui
(Sic)

Kacuertepi: >korapbl MarHUTTIK OTKI3TIITIK, XbUTy Oepy ko3(h(UIIMEHTIHIH
TOMEH/IIT1

APTBIKIIBUTBIKTAPBI: BICBIPANITAPIBIH a3aF0bI, KO3FAITKBII THIMIUTITIHIH apTyhI

(de With, 2009).

68



Ocbl  3eprTeyae  MaifanaHbUIATBIH — IPIKTEAre€H  METasUl-KepaMUKaJIbIK
MaTepUaIbIH HET13r1 TepMO(U3HUKAIBIK XOHE MEXaHUKaJbIK KacuerTepi 1-kecteze
KUHAKTAJIFaH.

Kecre 5 — Metann kepaMHKachIHBIH TEPMOGU3UKAIIBIK KOHE MEXaHUKAJIBIK

cUTIaTTaMaJIaphbl
[TapameTtp Ni-SiC Cu-Al:03-ZrO2 | Fe-BN-SIC
Koty etkizrimTiri, Br/m K ©12-18 ©180-220 ~25-30
Bukkepc karTeuibiFbl, BBI' 800-1000 150-200 600-700
TBIFBI3ABIFLI, T/CM? 7.8-8.3 6.5-7.3 7.1-7.6
Kympic Temneparypacel, °C 900 neitin 600 neitin 750 neitin

DJeKTp KO3FaNTKBIII KOMIIOHEHTTEPIHE apHaJFaH METAJT KepaMuKa KypamblH
TaHJay KbUTy OTKI3TIIITIK, OEPIKTIK jKOHE KailTa eHJey KaOUIeTi apachIHAarbl Tere-
TEHIIKTI Tanan etemi. Kepamukanbik kymedTeTiH ¢azanapsl 0ap (Sic, BN, Al:Os)
HUKEJIb )KOHE TEMIp MaTpHUIlajIapbiH KOJAaHy KapKbIHbI MEXaHUKAIIBIK )KOHE KBLITYIIBIK
KYKTEMeJep Ke31H]1e KOFaphl OHIMIUIIK CUIIaTTamMaiapbiHa KO JKeTKI3yre MYMKIHIIK
oepeni. bynan 6acka, MyHaail komno3unusuiap 3 D-MPUHTUHT TEXHOIOTUSACKIMEH, OHBIH
IIHAE Ja3epiaiK CUHTEPUHITICH  YHjeciMIi, Oyl onapabl  HKEeMIl  JKOHE
aBTOMaTTaHABIPBUIFaH OHIPIC YILIH epcreKTuBaibl erefl. (Aobi308, 2019)

2, MeTtamn KepaMHuKachl dKoHE OJIap/IbIH KacHUETTeP1

Mertann kepaMuka - MeTaul MaTPUIAChl MEH KePaMUKAJIBIK TOATHIPFBIIITAP/IbI
OIPIKTIPETIH KOMIO3ULMSIIBIK Marepuaiaap Kiachl. byn KoMOMHALMS MeTaslapablH
bUTy OTKI3TIUTIIT MEH HUITIITIIIH KEPAMUKAHBIH KATTBUIBIFBIMEH, JKbUTyFa
TO3IMIUIITIMEH, XUMHSUIBIK WHEPTTUIINIMEH OlpikTipyre MyMKiHAIK Oepeni. byn
KACHETTep METAI KEpPaMHUKAChIH  €I9ylp JKBUTYJIBIK JKOHE  MEXaHMKAJbIK
KYKTEMEJIEPMEH KYMBIC ICTEUTIH JIEKTP KOZFAITKBIIITAPBIHBIH KYpacThipMaIapbIiHaa
KOJIJIaHy YIIIH aca KYHJbI €TE/Il.

EH kw1l KongaHBUIATBIH METAJIT HET13/Iepl — MBIC, HUKEb, TEMIpP, aTFOMUHHM.
Omap JKakChl OTKISTIIITIK KOHE IKbUIy Oepy cumarTaMmaliapblH, COHJAN-aK
KaHaFraTTaHAPJIBIK MaIIMHKAaHBI KamMTaMackl3 eteai. Kepamukansik dazara aqTtoMAHAN
okcuai (Al203), mupkonunii okcuai (ZrO2), 6op murpuai (BN), an kpemuanii kapoumi
(Sic) cHAKTBI KOCBUIBICTAp >KaTafbl, OJap KATTBUIBIKTHI €19Yyip apTThIpaibl, TO3abl,
KbLTy OeputyiH ToMmeHaeTenl. Meramn kepamukackl 1000°C-ka neiinri TeMieparypaja
TYPaKTBUIBIKTEI KepceTre oThipbin, 1000 BB-ka aeiliHI KaTTbUIBIKKA KON KETKI3e
anaaepl. MarepuanablH KbUTy ©TKI3TIIITIN Kypamfa OailyianbicThl jkoHEe 10-HaH 220
Bt/(m K) neitin e3repyl MyMKiH, Oyl HAKThl MHXKEHEPJIIK TarncbhlpManap YIIH KbLTY
KaCHUETTepiH peTTeyre MYMKiHIIK Oepeni. KbulynblK KeHer KodhdUIIMEHTIHIH
tomeHAIrT (6-9%107°1/K nmama3oHpIHIA) TEMIEpaTypaHbIH aybITKYbl —KE31HJE
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OaltmaHbICTapIBIH JQJIIT MEH CEHIMJUIITNH CaKTayFa KOMEKTece1, OYJI CTarop >KoHe
pPOTOp arperarTapbl YIIIiH MaHbBI3IBI.

To3ynbIH >k0Fapbl TO3IIMIUTII KOCBHIMIIIA apTHIKIIBUIBIK 00Jbi Ta0puiaasl: BN
xoHe SIC xocynaps! yiikenic koapdUIIMEHTIH KypFrakK yilkenic skaraaibiaaa na 0,1-0,15
JIeH1H TOMEHACTE N1, OVJT MOMITUITHUKTEP MEH 0acka Jia CypTy dJIEMEHTTEPiHIH KbI3MET
eTy Mep3iMiH apTThipyFa kemekreceni (Weiwang Wang 2025).

CeliTin, MeTaUT KepaMHUKAChl TMaiajiaHy >KaFdailIapblHBIH KeH ayKbIMBIHIA
OEpIKTIK, )KbUTY TYPAKTBUIBIFBI MEH TO3Y KEJCPTiCiHIH YHIECIMIH KaMTaMachl3 €TeTIH
AJICKTP KO3ZFAITKBIII JJIEMEHTTEpl YIIH THIMAUII JKOFapbhl MaTepuan OOJIbII
TaOBUIAIbI.

Mertann kepamukacsid 3. 3D nonurpadus

3D Merani-kepaMHUKaIbIK KOMIO3UTTEP MOIUTPadUsIChI

AJIIMTUBTIK ~ OHIIPICTIH  alfa O KBUDKYBI  KypAedl  MeTallI-KepaMuKa
KOMIIOHEHTTEPIHIH, OHBIH 1MIIHAEC OHIMJUIII OFaphbl AJEKTP KO3FAJITKBIIITAPBIHIA
KOJIIAHBUIAThIH ©HIPICTIK MYMKIHAIKTEPIH €Jeyal TypAe apTThipabl. 3D-NMpUHTHUHT
JIOCTYpJll KyiiMa HEMece YHTAaK METaJUTyprusiChl apKbUIbI KOJ JKETKI3y KHbIH
TEOMETPUSIIBIK KYPE1, dKEHLI )KoHE (YHKIMOHAJIIBI MHTETpalvsIaHFaH OeIeKTepal
JanbIHIayFa MYMKIHJIIK Oepei.

Heri3ri TexHoorusiap

SLS (Selective Laser Sintering): Meramn MeH KepamMHKajbK (azaiapablH
XKapThUlail epylHe MYMKIHJIK Oepesl; Korapbl KbUITAMIBIKTBI YCHIHAIBI JKOHE TIPEK
KYPBUIBIMJIAPIbIH KQXKETTUIITIH dKOUBIT Oepei.

DMLS (Direct Metal Laser Sintering): EH a3 KeyekTi TBHIFbI3 OeJIIeKTep
HIBIFAPAJIbl; KYPBUIBIMJIBIK KOHE YK KOTEPTIIT KOMIIOHEHTTEP YIIIiH 6Te KOJTalIbI.

Binder Jetting: KeiiiH cuHTepney apkpUibl OailIaHBICKAH CHSJIBI OacraHbI
naiigananaasl. On HEFYpIIBIM YHEM/I1, Oipak OepiKTiK YIIiH KOCBIMINIA KalTa eHACY/Ii
Tajan eTel.

OHipic Typalibl ouIap

CorTi  MeTajul-KepaMuKanblK —0acy (a3aHblH TapaiyblH, KbICKapyblH,
KEYEKTUIITH o1 OaKblIayapl Tajan eTesi. MeTa )oHe KepaMUKaIblK KOMIIOHEHTTED
apachIHIAFbl TEPMUSIIBIK KEHEI0 albIpMAaIIbUIBIKTAPhl KBUTYMEH OHJICY Ke31HAe 1IKi
KYM3€eJIIC MeH KPEKUHT TYAbIPYbl MYMKIH.

dazanblK yisieciMci3aik: balky HYKTENEepiHIH COMKECCI3/irtT HeMece KEeHEUTy
K03(PUITMEHTTEP] KATIBIK KEPHEYJIEPTe OKENIE/I].

Keyexrinik >xone Oipkenkimik: Jlazepiik sHeprusiHbIH Oapabap eMecTIriHeH
HEMece YHTaKThl Hamap OybIT-TYIO/IEH, MEXaHUKAJBIK OEpIKTIKTIH TOMEHIICYIHEeH
naiija OoFaH.

Koraps! KyHbI: MeTani-kepaMUKaJIbIK YHTAKTap KbIMOAT JKoHE OeIeKTepaiH
MeJTIIepl MeH KypaMblH KaTaH OakbUIay/bl TajJam eTell.

KaxkeTrTi TYNKUTIKTI KacMeTTepre S>KeTy VYUIIH BaKyyMJIbIK CHHTEpUHT,
MHOUIBTpALIMS, MAILIMHKAJIAY CUSKTBI OHACYJEH KEHIHT1 TOCUIIEp KUl KaXKeT.
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Ochbl KUBIHJABIKTApFa KapamacTaH, aJJUTUBTIK OHJIPICTIH YHIECIMI KoHE
TOTIOJIOTHSUTBIK ~ OHTAMNIAHABIPY THUIMILUIIT JKOFaphl, KOCBHIMIIAra TOH MOTOP
KOMITOHEHTTEPI1HIH MePCIEKTUBAIBIK KOJIbIH YebiHaabI. (JIy, 2018 x.)

4, MeTain KepaMHUKaHBI JICKTP KO3FAITKBIIITAPBIH/IA KOITaHY

YHikemicTi TOMEHAETY apKbUIbI THIMLTIKTI apTTHIPY

Mertamn kepaMUKAaCBIHBIH OacThl apTHIKIIBUIBIKTAPBIHBIH Oipl  aifHAJIMAITBI
arperartaparbl YUKEIICTI a3aiTy apKblIbl MEXaHUKAJIBIK BICBIPANITAP/IBI €0Yip a3anuTy
MYMKIHIITT ~ OofbIm  TaObUIambl.  MeTaul-KepaMUKaIbIK — JKOHE  KepaMHUKaJbIK
MOMBIHTIPEKTEP/Il KOJIJIaHy YHKeTiC KOAd(DPUIMEHTIH TOCTYpJi METalll aHaJoTTaphbl
ooitpiama 0,3-0,5-ke kaparanaa 0,1-0,15 neliin TemMeHeTyre MyMKIiHIIK Oepeni. by,
acipece, YMKeNIC MIBIFBIHBI KyaTThl TYTHIHYABIH aimbl kejemiHiH 10-15% kypays
MYMKIH >KOFaphbl *KbU1IaMIbIKTel BLDC MoTOpiaps! yiiiiH MaHbI3/bI.

YHKeTiCTIH a3alobl SHEPrus TUIMAUNTIHIH apTyblHA, KBUIY OHIIPYIIH
TOMEH/IEy1HE, KOMIIOHEHTTEPAIH KbI3MET €Ty MEp3IMIH y3apTyFa TIKeJIeH ocep eTel.
bynan 0Oacka, KepaMHKaldblK MOMBIHTIPEKTEpAE Maiiady KaKeTTUIITIHIH OoJMaysbl
TEXHUKAJIBIK KBI3MET KOPCETY IIbIFBIHAAPBIH a3aiTaabl JKOHE KOHCTPYKITHSHBI
AKOJIOTUSUIBIK TYPAKTHI eTefi (Adomyppasar, 2020).

[TonmumHUKTEp MEH CTATOP ©3CKIIEIepiHe Ak anany

Kepamukanbik-MeTamuT MOAMUITHAKTED, dCipece KB Mmapiapbl MEH MeTajll
cakMHaJIapbl 0ap THOPUATI KOHCTPYKUMSIIAP TO3YFa KOFAphl TO3IMILIIKTI, KOPPO3HSIFa
TO3IMJITIKT1, 3JIEKTP JPO3USACHIHA TO3IMJUIIKTI KepceTeni. bys onapibl arpeccuBTi
opTaja HeMece aWHAIYJAbIH KOFapbl JKbUIIAMJBIFBIHIA JKYMBIC ICTEUTIH JJIEKTP
KO3FaJITKBIIIITAPbIHA TATHIPMAC €TE/Il.

Kepamukanbsik-meTangap MarHUTTIK Ti30€KTEP/IE - CTATOPJIBIK KOHE POTOPIIBIK
e3ekienepe ne Konnansuiaasl. Fe-BN nemece Fe-SiC cusiKThI Kbl KocTianapsl 6ap
TEMIp HET131HJET1 MaTepraiiapabl KOJIIaHy 3111 TOThl MEH UCTEPE3 IIBIFBIHBIH €19Yip
TOMEHAETYl MyMKIH. byFaH marepuanablH MEHUIIKTI AIEKTPIIK KEAEPriCiHIH KOFaphl
OONybIHA JKOHE IKYKAa KaOarThl KypbUIBIMIApABI OAachklll IIbIFapy KaOUIeTiHEe
OallIaHbICTBI KOJI KeTKi3uemi. MyHJal »kakcapTyiaap MOTOPAbIH ©JIIeMAepIH
e3reprnei THIMALTIKTIH 3-5%-Fa aptysina okeneni. ([pagun 'ynnyp, 2012)

Kongan6a Meicangapbl

Kepamukanblk >koHE KepaMHUKAJIBIK-METAUT TOMIIUITHUKTEPIH Maiganany
Ka3ipri yakpITTa aBHAIlMs, MEIUIMHAJIBIK TEXHHUKA, JJICKTP KOJIr YIIH 3JeKTp
KO3FAITKBIIITAPBIHIa OSJICEH I TaMbIl Keniemi. MbIcaibl, )KeHLUI JKOHE IIamMagaH ThIC
KYKTEMEJepre >KOFaphl TO3IMJI KpeMHuW HUTpuaiHeH (SisNa4) KacaiaraH THOPUITI
MOJIIITUITHUKTEP YIIKBIINICHI3 VI anmnaparTapblHBIH KO3FAITKBIIITAPhIHAA KEHIHCH
KOJITaHbBLIa IbI.

bynan Oacka, Siemens, Bosch xone SKF marauT e3ekrmenepingeri MeTai-
KepaMUKAJIBIK CHJIIpMEIep MEH KaOBIHIAPIbI JKOHE OJapbIH IKCIEPUMEHTTIK JKOHE
KOMMEPUHSUIBIK ~ DJIEKTp  JKETEKTEpPiHIH  TMOAMIUITHUKTIK  KYpacThIpMaJIapbIH
naiigananansl. byn TexHonorusiap Kpismer ety mepsimiH 30-40%- Fa apTThIphbIN,
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KO3FaNTKBIIITBIH JKYMBIC TemmeparypacbiH 15°C-ka AeiliH TeMeHAEeTyre MYMKIHJIK
oepeni (Kamun Jlanmea, 2022; Bing Su, 2024).

5, BLDC 6acna >koHE CTaHIapTThl MOTOPJIAPBIH CATBICTBIPMAIIBI TaIAay

3epTTey dIicCHaMachl

3eprrey meHOepinge S00 W BLDC MOTOpBIHBIH YII TYpiHE CajbICTHIPMAJIbI
Tangay JKyprizuial. TepMEsUTBIK, SJIEKTPIIK JKOHE MEXaHHWKAIBIK CHITaTTaMajiapIbl
MoJeTpAey KoHe canablK Tanaay Autodesk Fusion 360 opraceiHma opbIHAQIIEI, OHBIH
IITHEe TePMUSIIBIK TalJiay JKoHE aHaimy aedopManuschiH Oaranay MOAYy/IbAepi Oap.
OpOip MOEIbIe KbLTY bIChIpANTapbl, APOAAFbl MArHUTTIK BICKIPAIITAP KOHE KOTEPIilll
yHKeic caniapblHaH MEXaHUKAJIBIK bICHIpANTap €CenTel/Il.

[MalimanaHplIaThlH MaTepUAABIK JEPEKTEp HAKThl CHUIAaTTaMaliapFa Colkec
KeJJ1:  TBIFBI3ABIFBI, JKBUIY  OTKI3TIMTITl, MEHIMKTI KeAeprici, COHJai-aK
MOMBIHTIpEKTEp MEH TYPFBbIH YHIIH MEXaHUKalblK Kacuerrepl. Tammay 36 V
HOMHUHaNAbBl KepHeyne xoHe 200 BT HOMUHaNABI XKYyKTeMee, KOpIIaraH OpPTaHbIH
TYpaKkThl Temneparypachl 25 ¢ C OonfaH Ke3ae Kyprizuigl. TalgaHaTelH yII MOTOP
KOH(UTYPAIUSACHIHBIH CaJIbICTHIPMAJIbl KUBIHTBIFBI, OHBIH IMIIHIAE OJApIbIH KBLTY
OHIMJLIII 2-KecTene KenTipuireH. blcbipanTapapsl erkeil-terkeinn 0eiry KoHe
MOTOpJIapAbIH 9pO0ip KOH(UTrypauusachl OOWBIHINA €CENTENreH TUIMIUIK 3-KecTeze
KEJTIPUIreH.

Kecte 6 — Motopabl calbICThIpY

3eprreneTin 3D 0Gacma MmaTepuangapbl
KOHCTPYKLHUsLIap:

3D Oacma [IETT Gacna bonar opamnap, | XKeury

TJTACTUKAJIBIK TYPFBIH YH- CTaHJIapPTThI OTKI3TIILITITIHIH

MOTOP THJIb3aChl MOMBIHTIPEKTEP | TOMEHJII XKoHE
KBLTY
MHEPLHUSCHIHBIH
TOMEH/IT1

3D Oacma merann Merann Kepamukansik Korapsl

KEPaMHKAJIbIK KEepaMHUKaJIbIK rUOpUITI TeMIeparypa XKoHe

MOTOp TYPFbIH Yil MOJIITUITHUKTED | TO3yFa TO3IMILTIK

(N1/SiC 6a3achr)

CranpaptThl ATIOMUHHIIEH | OHEPKICINTIK KypactoipbuiraH,

metait BLDC KacaaraH Oonarran OHTAWJIAHABIPbLIFaH

MOTOPBI TYPFBIH Y KacasraH CaJIKBIHJIATY

MOMBIHTIPEKTEP | TEOMETPUSCHI 0ap

3ayBIT
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Kecte 7 — ILIBIFbIHABIIBIK MTEH THIMAUTIKTI TaJI1ay

ITapamerp [ImacTmaccanan Merann-kepamuka Crenpapt
xacasraH 3D- 3D-moTOpIBI
MOTOPJIBI
DIEKTp 34.7 13.5 7.7
picbipanTapbl (W)
MarHut UIbIFBIHBI 80 40 18
W)
MexaHuKaJbIK 20 6 5
mslFbIHAap (W)
bapnpIK mWbIFBIHAAD 134.7 59.5 30.7
(W)
Tuimainix (%) 78.8 89.4 94.2
Makc 245 70 50
TEMIIEPATypachl
)

[TmacTUKambIK MOTOP Y3aK YaKbIT MaifalaHyFa >kapaMaiibl: O KbI3bIM, KbLTY
peTiHAeri KyaTblHbIH 2 1%-bIHa JeiiH jxoFfanTaasl. MeTami-kepaMruKa MOTOPBI Macca,
TEeMIIepaTypa TYPAKTBUIbIFbI, TUIMJILIIK apachlHArbl CEHIM/I TETe-TeHIIKTI KOPCETTI.
CranmapTTsl MeTall MOTOP THIMILIIK TYPAaKTBUIBIFBI MEH CaJKbIHAAybl >KaFbIHAH
ATaJIOH OOJIBIN Kajia Oepei.

Harmxenepai Tycinaipy

Mertai-kepaMUKaJIbIK ~ KOMIIOHEHTTEP KOHCTPYKIMSA/A JKAPBIKTHIK  T€H
UKEeM/ILTIKTI caKTai OThIphI, 3D-0acna MOTOPBIHBIH CUTIATTaMalapblH ©HEPKACIITIK
yJIrizepre akbIHAaTyFa MyMKiHAIK Oepeni. KocbiMina naiiiansl YHKETICTI a3aliTaThIH
JKOHE KOMIIOHEHTTEPAIH KBI3MET €Ty MeEp3iMiH apTThIpAThIH KEPAMHKAIBIK
MOMBIHTIPEKTEp KaMTaMachi3 €Te/Il.

6, BLDC mMoTOp/apbIH KbUTYJIBIK Talaay

Koy enimauiri - BLDC (Brushless DC) moropiapbIHbIH THIMAUTITIHE,
naijiagiany TYpPaKTbUIBIFbIHA, KBI3MET €Ty Mep3iMiHe TIKeJeH ocep €TETIH ChIHU
napameTp. JKbUTyabl TypbIC TapaTmacTaH Y3AIKCI3 JKYMBIC 1CTE€Y ChIHM aiiMakTapiaa
[aMaJiaH ThIC TeMIIepaTypaHbl TYABIPYbl MYMKiH, OVJT OKIIIaysiay/IbIH TO3YbIHA, MATHUT
OHIMIUTITIHIH JKOFaJyblHA, MOIIUIHUKTIH ICTEH WIBIFybIHA OKEN COFYbl MYMKIH.
(Hdexxopau, 2005)

JKbutynbl KoT KaXeT eTeTiH ailMaKTap

BLDC wmoTopbIHAAFbI KbUTy >KYKTEMECIHIH HETI3T1 aiMaKTapblHAa MbIHAJIap
KaTabl:

- Crarop opamanapsl — pe3uctuBTi (Joule) KbUTBITYIBI TYIBIPAIbL:
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Pelec - IZR

- MaraurTik SIpo0 — WCTEepe3 JKOHE arbIMIaFbl IIBIFBIHIAAPFA YIIBIparaH
JKarnamnaa;
- MolibIHTIpeKTEep — allHAIly Ke31H/Ie YHKEIICIICH XbIIBITY TOKIpruOec.
XKanme! sxputyaeiH 70%-1aH acTamMbl CTATOp OpaMalapblH/a, aTan alTKaHIa, MOTOPIIBI
THJIb3a/1a TIOJMMEpJIep CHUSIKThI OTKI3TIIITIM TOMEH MaTepuaifapAbl MaiiaiaHFraHaa
OHJIIpLIETI.
TeMmeparypaHblH KeTepllyiH Oaraiay

XKbuTyabIK MiHE3-KYJIBIK KbLTY OallaHCHIHBIH TEHACYIH MMaijanaHbln OarajaH/bl:

AT = 134.7- 60 ~ 22.4°C /min
0.3-1200

MYH/IaFbI:

P — sxanmsl xxbuTy reHepanusiay (W),

t — JKBUIBITY YaKbIThI (JIaphI),

m — KBI3JBIPbUIFaH KOJIEM Maccachl (Kr),

C — MEHIIIKTI KbUTY CHIABIMABLIBIFBI (J/KTe°C).

byn 3eprreyne 6i3 5010 360 kB komiekTopchi3 TypakThl TOK MOTOPBIH
nai1aJal/IbIK, OHBIH JKOFapbl alHAJIIBIPY MOMEHTI, THIM/I CaJKbIHIAAybl, CEHIMJI
OHIMJIIIT cajAapblHaH OpTalla JIpOoHAapAa *Kul xKymbic icteral. Mortop 2S-6S LiPo
OarapesapblH KOJIAaiabl )koHe oerte 14"-16" BunTTEpiMEH KynracTeipbliagsl. OHza
YKOFaphl TeMrieparypaiibl opamaiapsl, NdFeB maruutrepi, nom map noamMImHUKTEP]
0ap CeHIM/Il KYPhUIBIC €PEKIICIICHE]I].

5010 360 kB komiIeKTOpPChI3 MOTOP — MYJIBTHPOTOPIIBI JApPOHAApAA KMl
KOJIIAHBUIATBIH JKOFapbl ailHaneipy Motopbl, ToMeH RPM ayrcopunepi. On 2S-6S
LiPo akkymynsTopiblK OaTapesuiapblH Kojaaiabl, 14"-16" BUHTTEpIMEH KYMBIC
1CTeH 1, dKOFaphl TEMIIepaTypajbl opaMajiapMeH, canajibl Mapiibl MOWBIHTIPEKTEPMEH,
©3/IT1HEH CAIKBIHAATKBII KOHCTPYKIIUAMEH )a0apikTanrad. Canmarsl 112 1, o 1500
r-Fa JICH1H TapThIM XKETKI3€ll )KoHe oye KochiMInanapsiaaa (Robu.in) Typakrel, Tvimai
YIIIyFa apHaJFaH.

Monenbaey koHe Tangaay MakcarbiHaa 013 240 BT HoMuHAIABI KyaT MIBIFBICHIH
OomKanbIK, o 4S aKKyMYJSITOPJBIK Oarapesiapibl OanTayMeH CTaHIApTThl YIITY
YKaFIaiJIapblHa PEATHCTIK Y3A1KC13 )KYKTEMEHI KOPCETel.

ToxipuOenik TepMUSIIBIK MOJICTBEY HOTHXKEEpl
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Op Typiai BLDC moTopnibl KOHCTPYKIMSUIAPBIHBIH JKbUTY OHIMALUIITIH Oaraay
ymiin Autodesk Fusion 360-ma cranmaptrel 5010 kmactst Drone BLDC motopsin
0azasbIK peTiHe MaiaanaHa OThIPHIN, CaTbICTBIPMaIbl MOJEIbACY KYpri3iaai. HakTo
najijanaHy >arJaljapblH HMMUTALMSUIAWTBIH MoTopra 240 BT KyarThlH JKasIbl
JTUCCUIICUACHI KONAaHbUIAbl. Mozaensre apkauceicel 20 BT xbuty renepanusiiaymex 12
MBIC Opambl Kipai. CUMynanus KOpIlaFraH OPTAaHbIH TaOUFU KOHBEKIUACHI MEH
OEKITUITeH >KarjainapeiH OomkaraH. 1-cyperre A203 metamn kepamukaibik 5010
AJIEKTP KO3FAITKBIIIBIHBIH JKYMBIC TemIiieparypacbl 27,6-man 89,9°C-ka jaeuinri
apaJibIKTa 00JaThIH CUSIKTHI, 2-CypeTTe Kyarhl 285,7°C TypakThl €HI13y JKbUTyJIaphl Oap
IUIACTUKAJIBIK MOTOp KepiHenl, Oyn xarnmaiga 3-cyperre 117,5°C KbLIbITAThIH
6acrankel 5010 snexrpiik BLDC MoTOpBI KOpCETIITEeH.

XbuTy aFbIHBIHBIH XKOpaMagapsbl

- JKanmel xputynbIK eHrizy: 240 Bt
- MBpic karymkacsiHa Kyar: 20 Bt % 12 opam
- Kbty Ke3iHIH OpHajacybl: CTAaroOpJarbl MbIC KaTyIIKaJapAblH YCTIHE
TapaTbLIabl
- JKbunynsl Tapary: craropjaH — pOTOpFa — TUJIb3ara ACiliH
- Monenpaey pexxumi: TYpakThl KYHAET1 KbUTYJIbIK Talaaay
TanmanatslH MOTOpP HYCKanapbl
A. Tlnactmaccanan xacanrad 3D-0acna MOTOpBI
- Crarop: IIDTT

- Porop: ABS

- Xab6: PEEK

b. Merann kepaMmuka MOTOPBI

- Al:Os; xoMno3uT HeT131H/e (UTFOMUHUIN TOTHIFBI MAaTPHUIIACHI)

B. CranmapTTel antOMHHUI MOTOPBI

- AJNIOMUHMIIIH TOJIBIK KanTaMachl 0ap ©HEPKICINTIK ATATOHIBI MOTOP

Kecte 8 — Temneparypanapabl CalbICThIPY
Mortop Typi EH TOMeHr1 EH xoFapsl
TeMIeparypa TeMIieparypa

IInactmaccaman >kacairan 3D- 12,9 °C 285,7 °C
Oacma
Mertann KepaMHKacChl 27,6 °C 89,9 °C
CraHgapTThl aJIOMUHHI 56,9 °C 117,5 °C

Hotwxenepai Tankpiay
IimacTukanbiKk MOTOP:
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2857 °C umuTtanusiaanran eH sxorapsl Temneparypa [I9TT (~80+90 °C), ABS
(~105 °C), tinti PEEK (~343 °C) xyMcapTy HyKTelepiHEH dJieKaiiia achll KeTeTiH
KBUTYJIBIK PYHUKAJBIK JKOHE amaTThl ICTEH WIBIFYAbl KepceTeni. bynm meTtki MoH
IUTACTUKAIBIK MaTepHalapJblH KbUTYIbl bIIABIpaTa aJMaNTBIHBIH KepceTeni, Oy
KEPTUTIKT] KbUTYJIBIK KaHBIFYFa KOHE MaTepHalAblH To3yblHA okenerdi. [Imactmacca
HETI31HJer1 KopIrycTap OeNCeHl CamKbIHAATYyChI3 Y3MIKCI3 JKOFAphl JKYKTEMEIl
KOCBIMITIAJIap YIIIH KapaMChI3 €KeHIH pacTaiipl.

Meraii-kepaMuka MOTOPBI:

AJIOMUHUI TOTBIFbIHA HETI3ENITEH MeETaUI-KepaMHUKaJIbIK KOHCTPYKLHMsIA
epeKIIIe JKbUTYy OHIMALII KepceTial, Temneparypa 90 °C-tan ToMeH OOJbIN KaJbl.
Kbl Marpuna *pUTyibl KblUTy TEHE-TEHIIKTI CAKTall OTBIPBIN, TYPFbIH YHI€ THIMJI
Tapaiiipl. byJ1 HOTHXKeNep ANIEKTp OKIIayIaFbIIIbIH Ja, KbUTY OTKI3TIIITIIH 1€ YChIHA
OTBIPBIN, TEPMUSIIBIK Tajam eTUIETIH MOTOpJIbIK  KockiMmaiapra  AlOs
KOMITO3UTTEPIHIH KapaMAbLIbIFbIH KOPCETEI].

CranmapTThl aTIOMUHUN MOTOPBI:

Kommepuusiblk 3TanoHabIK MoTOp 56,9-117,5 °C apaneirslHIa TEMIEpaTypaHsbl
CakTail OTBIPBIN, >KAKChl OpbIHAANABL, Oy 240 BT >xykTrememeH Komailibl. Auaiina
TeMIlepaTypa KepaMUKaJIbIK Hyckara Kaparanga ~30 °C >xorapbl Ooyapl, OyJ
AMIOMUHUMIIH ~ KbUIy  OTKI3TIIUTITIHIH ~ JKOFapel  OOdybIHA, Oipak  3JEKTp
OKIIAayJarbIIITHIH OOIMaybIHa OaliJIaHBICTBI OOTYbl MYMKIH.

CuMynsiust MbIHaHBI pacTai Ibl:

- IInacTukanblKk MOTOpJAp KbUIY >KYKTEMECIHIH acTbIHAA Te€3 ICTEH IIbIFbII,
arpecCHBTI CAJIKbIHJIATY EPITIHAIEPIHCI3 KaylIci3 O0Iaibl.

- Merann-kepaMuKablK MOTOPJIAp €H >KaKChl )KbUTY PETTEY/1 )K9HE MaTepHalIbIK
TYPaKTbUIBIKTHI YChIHAIBI.

- CrangapTThl aJIOMUHUN MOTOpJapbl KOJAilsibl OpbIHAANAIbl, OlpaK ajIbIHFbI
KaTapJibl KOMIIO3UTTEPre KaparaHja €H >KOFapbl TEMIIEpaTypaHbl KOPCETE].
byn wnotmwxkenep xorapel eHiMali BLDC wMoTop KOHCTpyKIMsIapblHAA

KEepaMHKAJIBIK HETi3/1er1 MaTepuangapAsl naiganany apThIKIIBUIBIKTApbIH KYIIEHTe T
YKOHE KbLTYy MIHE3-KYJIKbIH OODKaMIbl TalAayAblH TUIMI1 Kypaibl petinae Fusion 360
KBLTYy CUMYJISIUSCHIH BaJTHIAIUSITANIbI.

byn 3eprrey HoTHKenepl >KOFapbl THIMAUIK KpUTEpHIlIEpIMEH »KoOajaHFaH
YKOHE JIQJI KbLTYy CUMYJISALMSUIAPBl apKbUIbl BaduAalUsUIaHFAaH METallI-KePaMHUKaJIbIK
BLDC motops! anasHFBI KaTapiasl 3 D-mmoaurpadusisik TEXHOTOTHIAP/IBI akiaiaHa
OTBIPBITI, TUIM/II MIBIFAPBUTYBI MYMKIH ekeHiH kepcereni. SLS, SLM nemece DMLS
CUSIKTBI aJJIUTUBTIK OHJIIPIC SJICTEPIH KOJNJIaHy apKbUIBI TEK MOTOPIBI TYPFBIH Y1
FaHa €MeC, COHbIMEH KaTap KyaTThlH HAKTbl TaJlalTapblH €CEIKe ajbll, KEUICHI,
TUIMJIITIT] )KOFaphl CAJIKBIHJIATY KYHeNepiH AaibiHaayFa 00mabl.

Byst Tocin komiMTi TIaCTUKANBIK HET13/1eTT MOTOPJIAPABIH IIETIHEH THIC JKOFaphl
KyaT >KYKTeMeJEpIMEH KYMBIC 1CTeyre KaOlIeTTl JKeHUI, KbUTYJBIK TYPAKThI >KOHE
KYPBUIBIMJIBIK CEHIMJII MOTOpPJIAp sKacayFa MyMKIHAIK Oepesi. MyHal sxorapbl ©HIM/II
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MOTOpJIAp A3POFAPBILITHIK MalIMHANAP, 3JIEKTPOMOOMIbIED, KYPIAEK KaibIKTap,
COHJAll-aK KyaT TBIFBI3ABIFBI, JKbUIyFa TO3IMIAUIIK, MEXaHUKAIbIK TYTACTHIK ©Te
MaHBI3bI 0acKa Ja KO3FAJFBIITHIK KYHeJIepl CUAKTHI Talal €TUICTIH KOChIMIITaIapaa
OpICTETLTYl MYMKIH.

bynan ©Oacka, Oyil  TEXHOJOTHSI  KOPFAHBICTBI, TEPEH  FapbIITHIK
POOOTOTEXHHUKAHBI, COHJIali-aK YKOFapbl TEMIIEpaTypaJibl OHEPKACIMNTIK
aBTOMATTaHABIPY/II KOCA allFaH/Ia, KOFapbl KbLTY >KOHE KYPBUIBIMIBIK CEHIMILTIKTI
Tajlan eTEeTIH cajajapia KEHIHEH MaijanaHy YIIiH KyIITi aneyeTtke ue. Merami-
KepaMHKaJIBIK KOMIO3UTTEPl >KoHE aJJAWTHBTI OHAIPICTI maijanaHy jkaHa OybIH
WH)KEHEPJIK CBhIH-TEreypiHACpIHE apHaJFaH PEeTTENeTIH, OHIMAUIIT KOFaphl AJICKTP
MalllMHAJIaphl YIIIH jKaHa ko amajbl. (Mopaum, 2024)

byn 3eprreyne Merami-kepaMHUKajiblK KOMIO3UTTEpre Oaca Ha3zap aynapa
OTBIPBIT, aJTUTUBTI OHJIIPICTI Ak aIaHa OTBIPBII KACAJIFAH KOJIJIEKTOPCHI3 TYPAKThHI
Tok (BLDC) MOTOpIapblHbIH KOHCTPYKIMSCHI, JKbUIYy OHIMJILIIr, MaTepuajablK
mbIFbIHEL 3epTTenal. Autodesk Fusion 360 keMeriMeH TEOPUSIIBIK MOIEIbACY MEH
MOJIETIBACY/Il TaiJanaHa OTBIPBIN, YII MOTOpJabl KoH@urypamus — 3D-Oacna
IUTACTUKAIIBIK MOTOP, METaJUI-KEPaMHUKAIBIK MOTOP KoHE KOIMTI1 aTIOMHUHUIA MOTOPBI
O1pieit KbUTY )KYKTEMECIMEH TaldaH/Ibl.

3epTTey MarepHanAbIK TaHAAy TYPaKThl TOK MOTOpJApBhIH MaijanaHy
CEHIMJIUTITIHE JKOHE KBUTYJBIK OacKapyFa CbIHU dcep €TEeTiHIH pacTajbl. [macTukambik
MOTOp ©31H1H caJIMarbl MEH JailbIHJaNy KEHUIIITHE KapaMacTaH, SKCTPEMaJIbl )KbLTY
TYpakch3AbIFbIHAH 3apaan 1erin, 240 Bt sxykrememen 2800°C-taH acarbiH
UMUTALUSJIAHFAH TeMIIepaTypara >KeTIM, TUTTIK WHXEHEPIIK MOJIUMEPIEP/IIH 1CTeH
IIBIFY IIETTHEH AJIJIeKai1a achIl KeTTI.

Coran kaparanna, Al:Os marpuiia HeriziHAeri MeTalI-KepaMHKAJIbIK MOTOP
90°C-ran TeMeH MIbIH TeMIEeparypachblH CakKTaid OTBIPBIN, EpPEKIIe KbUILY
TYPaKTBUIBIFBIH KOpceTTi. byl KoHpUrypamus )orapbl ©HIMA1 3JIEKTP MallMHAIAPHI
YIIIH KQ)KETT1 )KbUTYy ©TKI3TIIITIK TEH KYPBUIBIMIBIK TYTACTBIKThI, COHJAN-aK 3JIEKTPIIIK
OKIIayJayJblH apTHIKIIBUIBIKTAPbIH OIPIKTIPEI.

CraHgapTThl aJlIOMUHUNA MOTOPBI PYKCaT €TUITeH LIEKTe OpbIHAANJbI, Olpak
Oomamak  MOTOp  KOHCTPYKIFSUIApBIHAA ~ Marepuaigbl  OHTaWIaHIBIPYIBIH
MaHBI3IBUIBIFBIH aTall KOPCETE OTHIPHIN, KEPAMHUKAIIBIK KOMITO3UTIICH CAJBICThIpFaH/1a
KOFaphI KbUTY TPAIUEHTTEP] KOUBLIIBI.

by HoTmkenep skaHa OybIH, KBUTYJIBIK TYPAKTHI 5KOHE YHEPTHUS TUIMII TYPAKTHI
TOK MOTOpJapbl YIIH ewipiieH memiM peTiHae 3D-0acna MeTani-KepamMHuKabIK
KOMITOHEHTTEP/IIH OJIEYEeTIH pacTaijibl. ANIUTHUBTI OHJIPICTI TEPMUSIIBIK MOJACIIBIICY
KypaJapplMeH WHTErpalusiay JApOHAApAarbl, pPOOOTOTEXHUKAIAFbl  AJIJIBIHFBI
KaTapibl BJIEKTp KO3FaylIbl Kyl >KyHenepiHe, COHAal-aK TYpPaKTbl YTKbIPIBIK
KOChIMILIAJIapblHA >KOJI allla OTBIPHIN, Te3 MPOTOTUIITEYre JKOHE >KoOaayibl
OHTAaMJIaHBIPyFa MYMKIHAIK Oepe/i.
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2.6 KosuteKkTOpchI3 YJKEH JIEKTPOMTOP O6JileKTepin 6acy

40 kBm BLDC KozeanmgvluibiHbly a00umuemi 6HOIpici

Kipicme >xoHe MakcarTap

Koraper tnimmi, aykeiMabl mietkacbis DC (BLDC) mammHamapbiHa Kerry,
acipece AJIEKTP aBUALUSCHI, IPOHIAP KOHE KEHIT MOOWJIBIUIIK YIIIH KYPBIIBIMIIBIK
MHTETPaIUsIHbBI, CAIMAKThI a3aiTYIbI )KOHE CaJIKbIHIATY OHIMILTITIH apTTHIPYIbI TaIaIl
erezi. OchI kil Tapayja aJauTUBTI eHipicTi (AM) KoigaHa OTBIPHII, KOJUIEKTOPCHI3
(xommyTtatopcsiz) 40 kBt BLDC a31eKkTp KO3FaJITKBIIIBIH ©OHJIPY/IIH OPBIHIBUIBIFBI
3eprreneni. by Tocim craTopiap, poTOpiap KOHE OTKI3TIII Opamaap CHUSAKTHI
TEOMETPUSIIBIK KYpJETi koHe (DYHKIIMOHANbl MHTErpalysiiaHFaH KOMIIOHEHTTEPI1
HIBIFAPY YIIIH TIKEJEeW CaHMABIK ©OHIIPIC, TOMOJOTHUSHBI OHTAMIAHIBIPY MKOHE Kol
MaTepHuaibl 0aChII MIBIFAPYABbIH apTHIKIIBUIBIKTAPBIH MaiiaiaHa b,

3epTTeNIreH KO3FAITKBIII CHIPTKBI auameTpl mamameH 250 MM, OChTIK CTEK
Y3bIHJIBIFBI 60 MM 3K0HE HOMUHAIGI KbUTAaMILIFBI 3000 aiiH / MUH OOJaThIH KOFAPHI
Kyartel BLDC xoHCTpyKuusiChl 00bin TaOblIaasl. boibkaMabl KpyTAIUA MOMEHTKE
KOMbUIaThIH Tanman 127 HM - M, an >KaJmsl 3J€KTPOMArHuTTIK WbIFbIC KyaThl 40 kBT
Kypaipl. By TeXHUKaAIBIK cUIaTTamManap ipi ayKbIMJIbl JPOHFAa HEMECE YIIbTPa KEHLT
VIIaKKa apHAaJIFaH SJIEKTP KO3FANTKBIIIbIHA COMKEC KEJIETIH €TIl TaHJaJbl. 3epTTey
HEri3ri OeJIIeKTep/ll - CTAaTOp ©3€riH, pOTOp TachbIMaJAAyIIbIH, KOPIYCTHl >KOHE
Oomnamrakta EHIIPUITeH OTKI3TIITEepJl - TOJBIFBIMEH aJJIMTUBTI TEXHOJOTHUsIap
apKbUIbI OHJIPY SJICyETIHE Ha3ap ayaapajibl.

1. Ynken kyartei BLDC KO3FanTKbIIITapbl VIIIH aJJWTHUBTI OHJIPIC
MYMKIHIIKTEPI
AJTMTUBTI OHAIPIC CaHJIBIK MOJAENbAEpAcH Kypaem 3D reomerpusicbiH KabaT-
Ka0aT KaJblITACTBIpyFa MYMKIHAIK Oepenl, OyJl OHTaWNaHABIPBUIFaH CAJIKbIHIATY
KOJIIAPBIH, KBICKAPTHUIFaH KYPacThIpy OOJIIEKTEPiH jKOHE PETTENIeTIH MEXaHUKaJIBIK
uHTepdencTepal meiFapyra MyMKIHIIK Oepeni. YakeH BLDC Ko3ranTKblITapbiHAa
AM-ni naitnanany 6ipHerue Oipereil apThIKIIBUIBIKTApAbl Oepeii:
1. WnTerpamusiianFal CajKbIHAATY — MbIC TEH ©3€K IIBIFBIHIAPBIH THIMII
Oackapy YILIH CTaTOp MEH POTOp 1MITHETI 11K apHaJap;
2. CanmaxThl a3aiTy - TOPJIbl JKOHE IPATUEHTT] KYPbUIBIMIAP KATThUIBIKKA HYKCAH
KeJITIpMEH MacCaHbl a3alTaIbl;
3. Marepuanasl OHTAWIAHABIPDY — MAarHUTTIK, OTKI3TIII KOHE OKIIAYJIaFbIII
MaTepuangap/ sl Oip Me3rijijie maaanany;
4. TeHiey - KO3FaJITKBIII TOMOJIOTUACHIH KEPHEY MEH KPYTSIIUNA MOMEHTTIH HAKTHI
TajanTapbiHa Oeiimzaeyre 00Jasl;
5. Kypangapaer azaiiTy - OpOTOTUIITEY HEMece KbICKa Mep3iMl OHIIpIC YIIiH
KaJIBIITap/Ibl, Tepdopiapabl )KoHEe TaMHHALIMATIAY OJIIISYIepiH JKOTO.
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Keneci 6enimaepae 40 kBT KO3FaITKBIIITHIH opOip HEri3ri KOMIOHEHT! YIIIH
AM MYMKIHAIKTEP1 KOPCETUITEH.

2. Crarop eHipici

2.1 Macnummik e3ekmepoi bacvin wvieapy

Cratop e3eri JOocTypiii Typae OYpBUIBIC JKOFANTYJAphlH a3alTy VIIiH
JaMHUHATTaJFaH KpeMHHUM OonaTTaH Typajsl. AATuTUBTI eHiipicte onbl Fe-Si (3-
6,5%), Fe-Co nemece Fe-Ni KopbIThamapel CHSKTBI >KYMCaK MarHuTTiK Oosar
YHTaKTapbIHBIH TIKEJIEeH MeTal azepik arnmomepanusicsl (DMLS) Hemece cenexkTunTi
nazepiik 6ankeiTy (SLM) apKbuibl xkacayra 00Jabl.

40 xBt BLDC craTtop e3eriH opayjapfa apHajfaH WHTerpalusjiaHFaH
caHpUlayJlappl 0ap MOHOJUTTI KYPBUIBIM pETiHJAE Oachlll IIbIFapyFa OOJIaJIbl.
AliHanmMasbl TOKTap/ibl a3aiTy VIIiH 9p TICTIH I1MIIHE JIAMUHAILIUS OCEPIH ENMKTEUTIH
KIHIIIKE TIK aya caHpliaybl apHanapbid (0,2-0,3 mm) enrizyre 6onansl. SLM OGachin
mibiFapblFal Fe-Si yHTakTapblHAa KOJ JKETKI3UIT€H TBIFBIABIK >99% -ra xeTyi
MYMKIH, CaJbICTBIPMaJibl MAarHUTTIK ©TKI3MTIr pur = 1500-2000 xoHE TEepMUSIBIK
enneyneH keiin Hc<100A / m.u,, = 1500-2000H, < 1004/m

KbuTy IBIK JKOHE DJIEKTPOMArHUTTIK OHIMAUTIKTI ecentey 40 MM cratopbl OD
0ap 40 kBT KO3FaNTKBIII OpTalia arbIHHBIH THIFBI3ABIFEI Bm = 1,1T sxone 400 I'g
AKBUBAJICHTTI 2JICKTp kuimiriaae 2,5 BT / cM?-1eH ToeMeH ©3eK MIBIFBIHIAPBIH KaKET
eTEeTIHIH KepceTei. by MoHnepre oHTainanapIpsiran SLM napameTpiiepi apKbLIbl
KOJ keTkizyre 6omanbl (Jiazep Kyarsl 200 BT, ckanepney xpuigamasirsl 900 M / ¢,
mok 0,12 mm, kabat 30 Mxm).B,,, = 1.1T

2.2 Cmamop Kopnycwl d#caHe CaIKblHOamy uHmezpayuscol

Kopnyc mneH cankpiHAatkeim KoJulekTopbiH  AlSi110Mg nemece Al-SiC
KOMITO3UTTEPIH KOJJAaHa OTBIPHIN, MBIC OpaMJapblHa TIKEJIEW 1presiec CIUpasbibl
HEMeCe paJiMajjibl CAIKBIHIATKBIII apHaJIapblH OIPIKTIpe OTHIPHIN OACHIN IMIBIFApyFa
6onaapl. byn KOHCTpyKIus Cy KypTKalapblH KaiTanama eHueyAdl kosabl. Lllexreymi
anemenTTep (FE) Tepmusinbik Moaenbaey 4 Mmm quamerpi O6ap imiki apHanap 2 i/ MUH
CAJIKBIHIATKBIII aFbIHBI MEH anfoMUHNI oTKI3rimTiri kK = 150 Br-Mm—1 K—1 OGonranna
TOJIBIK JKYKTEMEJIE CTaTOp TeMIIepaTypachlHbIH KoTepinyiH <85 °© C-ka aeiiH mekTen
anaThIHBIH Kepcerenik = 150W -m™1 - K1,

3. Potop eHnaipici

40 xBt BLDC Ko03FanTKbIBIHEIH poTOpbl 60 M/C acaThiH NepUEepUsIIbIK
KbUITAMJBIKTApFa TeTen Oepyl Kepek. AJNIUTUBTI TPOLECTEP TI'€OMETPUSHBI,
MarHuTTIK KajTa MIIHIH )XOHE 1IMKI TeMe-TeHIIK epeKIIeTiKTepiH a7 Oackapyra
MYMKIHJIIK Oepei.

- Marepuan: Porop taceimangaymbsicel SLM kemerimen AlSi10Mg nemece Ti-
6Al-4V-feH KaKkCchl MIBIFAPBUIAIALL. THUTAH JKOFAphl MEHTPUPYTAIBIK KepHEYTe
VIIBIPANTBIH YJIKEH POTOpJap YIIIH KOFapbl CHIFBIMIBUIBIK OepikTirid (~ 800
MIla) sxoHe Temmeparypara TO3IMIUTIKTI KAMTaMachl3 eTe/l.

80



- MarnauTTiH opHanacysl: Halbach maccuBi Hemece immiki TypakTbl MarHuT (IPM)
KOH(pUTYparusaapsl poTop KaObIFpIHA Tikenel Oackim mbrapeutFan 0,3-0,4 Mmm
TO3IMIUTIK KaldTalapbIMeH O1pIKTIpLTyl MYMKIH.

- Cankpigaary: Xa0 aiimarbiHIa OachUIFaH TOpJBI apHajap HEMEce KEyeKTi
TONTBIPFBIIITAP MATHUTTEPACH OUTIKKE JKbUTY ©TKI3Y/l dKaKcapTa ajabl.

PoTop caknmHaChIHAAFEI TEOPHUSIIBIK LIEHTPU(PYTAIBIK KEPHEY OC MBIHAIAM: O

0, = pw?ricc=pw2r2

myHaarel p =2700 kr/ M3, r=0,125m, ® =2nn / 60 = 314rad / ¢. Ockunaiimia, 6¢
= 2700 (314) 2 (0,125) 2=4,17x107Pa = 41,7 MIla. AlSi10=~Mg enimainiri 230 MIla
p = 2700kg/m3r = 0.125mw = 2nn/60 = 314rad/so, =
2700(314)2(0.125)? =~ 4.17 X 107 Pa = 41.7MPa= xayincizaik KodQQUIMEHT] =
5,5, Y3MIKCI3 )KYMBIC 1CTEY YIIIIH KOJIANJIBI.

4. OTKI3TIII O0JJ1ap MEH MBIC OpamIapbiH OaChIT HIBIFApy

4.1 Omkizeiwumepoiy adoumuemi 6HOIpici

DNEKTPOKO3FANTKBIII OHIPICIHICT] JAMBII KeJie dKaTKaH IIeKapaiapbiH Oipi -
OTKI3TIII MBIC HEMEece aTOMHHHUI KaTylIKajap/bl TIKeJed CTaTop caHblIayJiapblHA
Oacel mbrapy. Meic yaTakrapsiabig (Cu, CuCrZr) 6aitlaHbICTBIPFBIII aFbIHIAPBI MEH
nazepnik yHTaK TeceHimiH Oipiktipy (LPBF) conrel a3ipiemenepi  98-99%
THIFBI3ABIKKA JK0HE 85-95% [ACS s1ekTp ©TKI3TIIITITiHE KO )KETKI3I].

Crarop opambIHbIH AC K6JIIEHEH ayJlaHbl YIIiH OacKapyllibl JW3ailH TeHIeyl
Keyeciaei: A,

A, = I"}}ﬂAFJ Iphase

40 kBT, V =100 B, Trimainiri 90% xone Kyat ko3 puuuenti 0,9 6ap 3 ¢azansl
BLDC xo3ranTkbmiblH ecentecek:l/ = 100V

P 40000 B B B
Iphase = V3Vnpf  1.732x100X0.9X0.9 285AIphase = 3 = VnpfP =

1,732%100%0,9%x0,940000=285A
Pykcar eTtuireH TOK ThIFBI3ABIFEL J = 6A / MM2 (CYHBIK CAKbIHAATBUIFAH MbIC
ywin):;] = 64/mm?
A, = 47.5mm? AlinbIMans! Tox = 47,5 Mm2
Erep op dazama 12 xarymka Oosca, Oip ysFa OTKI3TIIITIH opTalia ayjaHbl
Aslot=4dmm?2 kypaiiasl. Onapabl Tikenel seprusimet merinaiMer (DED) nemece kemn
MaTepuaibl SKCTPY3USIMEH OaChII MIBIFAPY CTATOP KOPITYChIHA CAIbIHFAH HHTETPAIIIbI
opamManapibl kacad anazel, ojap Oacein misFapeuiran PEEK nemece mommmmuari
OKIIAyJIaFbII KabaTTapMeH Oomineni Ay, =~ 4mm?
4.2 ApmuiKubiibikmapol
- Konmen karymikaHbl opay HEMece CiHIpY KaKeT eMec;
- JKakcaptbuiran Kbuly Oepy (MeTal-KepaMHKalblK CTaTOPMEH TiKeJel
OailylaHbICTa MBIC);
- MiHCI3 TeOMEeTpUSUIBIK KaWTalaHaThlH >KOHE KapChUIBIK JUCIEPCUSCHIHBIH
TOMEH/IEYI;

81



- Komimri karymikamapra kaparanga (~ 65%) kaparaHjga YAIIBIKTBI TOJTBHIPY
k03¢ durtnenTiHiH )orapsl (>90%) aneyeri (~ 65%).
5. 'mOpuATi Kem MaTepuaiIbIK TOCLT
40 kBT kiaceIHIaFbl YIKEH MalliHANAp YIIIH 9P TYPJi aJIUTUBTI IPOIECTEPAi
OipikTipeTiH rubpuaTi AM - 6yJ1 eH HaKThI k0. JKyMBIC mpoiieci MbIHaJIap/bl KaMTYbl
MYMKIH:
A.  Crarop Tictepi MmeH potop xabtapel ymria SLM / DMLS (Fe-Si
HeMece Ti KopeITHanapsl);

b. Mpgic eTKi3rimTepre apHajaraH OalIaHBICTBHIPFHINI Jetting Hemece
DED:;

B. Oxiaynay >koHe KYpbhUIBIMABIK moiumepiiep yumin FDM Hemece
SLS;

I. bacein mibiFapy Ti30eri Ke3iHJae MarHUTTep MEH MOUMBIHTIPEKTEPI1

OpHBIH/A JKUHAY.

JloliekTi KypacThIpyJbl Kypajaaapasl aybICThIPAThIH OacTapMeH KaObIKTaJFaH
poboTTanabipeuirad AM  ysmbIKTapel Oackapa anajasl (MeTayl Jjazep Oacel —
MOJINMEPJI SKCTPY3Us — MBIC CHSCHI TIKeNel jka3y). by skylienep a’porapbIThIK
AJIEKTpP MalllMHAJIapblHA apHAJIFaH 3epTTEy KOHABIPFbUIAPBIHAA Oap.

6. XKbuTyIIbIK %KOHE KYPBUIBIMJIBIK ACIIEKTLIEP

40 kBt ke3iHze *anmnsl WHIFbIHAAP (cTaTop + poTop + yiikenic) 3,5-4 kBt-ka
xeTyl MyMKiH. XKbUmyibiH Oipkenki reneparusicel Q = 4 kBTt nen ecentecek, KyTUIETiH
TeMIiepaTypanbiq keTepinyi AT kenecigeit 6omkayra 6onanp:Q = 4 kKkWAT

AT = QRyAT=QR6

Opamanap yuiH MakcaTThl Temrnepatypa mweri Tmax = 150 °© C, kopiiaran oprta
Tamb = 25 °C Tp0x = 150°CTymp = 25°C= pykcar erinren RO = (150-25) / 4000 =
0,031K/ W.Rg = (150 — 25)/4000 = 0.031K/W

byn Oykin xbury konbel <0,03 KBT KapChbUIBIKTBI KOPCETYyl KEpeK JereHjl
OuIaIpenai, OFaH TEK METAJI HEMece MeTallI-KepaMUKaJIbIK KOCHa KYpPbhUIbIMAAPbl MEH
OesiceHI1 CYMBIK CaTKbIHIATY apKbUIbl KOJI KETKI3yTre 00 Ibl.

AlISi110Mg-nen Oachlll IIBIFAPBUIFAH CTAaTOpP KOPIYChl HWHTETrpalusIaHFaH
apHanapsl 6ap (y3biHABIFR 0,2 M, AamMeTpi 4 MM) OTKI3TIIITIK TO3IMIUTIKTI Oepei:

L 0.2 -
Rcond = a = W =354x%x 10 3 K/WRCOI’ld = kAL = 150xn (0,002)

20,2 =35,4x10-3K /W

Korapel THIMIUIINT KOHBEKTUBTI cankbiHaatymeHn (h>4000Wh > 4000W -
m~2 - K~1-m—2-K—1) yiinecripinren ke3ze KaXeTTi IEKTI CalIbICTBIPYFa GOJIaIbl.

7. TeXHONOTHSIIBIK HET13/IeMe MEH LIEKTEeYIIep

Ipi KO3FaNTKBILITAPFAa apHAIFAH AIIUTUBTI OHIIPIC MYMKIHIIKTEP] T€3 JaMBII
KeJseni, Oipak OipHele KUbIHABIKTAp Oap:
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- baceim mbirapy esmemi: 400-500 MM koHBepTTEepi Oap MeTayl
YVHTAK TOCEHIMI xxyhenepi 250 MM cTaTopiapra JAeiiiH OpHAIaCThIpa aajbl, 6ipaK
YJIKeH JaMEeTp YIUiH CeTMEHTTI OachII MIBIFapyAbl KAXKET €Tyl MyMKIH.

- Kanasik kepueynep: Fe-Si Gachin mblrapynapaarsl )KOFapbl JKbLUTY
TPagUeHTTEP] MarHUTTIK OTKI3TIIITIKTI caKTay YIIiH OaKblUIaHATHIH aJIbIH aja
KbI3bIpyas! (>200 © C) sxoHE KepHEY/Il )KeHUTACTY/Il KaKeT eTe/l.

- betTiH kemip-OyAbIpIbIFbL: [1IKI cCamKbIHAATY apHaIapbl MEH POTOP
KaJITanapbl IYPhIC aya aFbIHBl MEH MarHUTTI OalJIaHBICTHIPY YIIIH TET1CTUIIKKE
(Ra <1 MKM) KOJI K€TKI3y YIIIH 6HICTY1 KEPEK.

- Onextp okKwaynaybl: EHmipiireH MbIC  YIIH — AUDJIEKTPIIK
unrepdeiictep (0acein merapeirad PEEK nemece PI) 20 kB / mm > Oy3blny
OepIKTIriH KaMTamachl3 €Tyl Kepek; by Ka3ipri 3eprrey Macesneci OOJbIn Kaia
oepei.

- KyHber MeH eotkizy kaOueti: Metal AM  wmramnraymen
caibICThIpFaH/a Oip OOJIIEKTIH KYHbI )KOFaphl, O1paK IpOTOTUIITEPTe HEMECE a3
KeJIeM/Il APOHIapFa apHAIIFaH KypaJap bl KOSIbI.

8. bonamak OarpITTap

- OynkuroHanabl JaeHrednenred marepuangap (FGM): Fe-Si
MarHuTTiK Herizaepin AIN Hemece Cu KyIIEWTUITeH aiiMakTapMeH OipiKTipim,
OTKI3TIIITIK MEH OTKI3TIIITIKTI XKEPTUTIKTI Typae OerimMey.

- Karymikacsi3 0achln MIbIFapblUIFaH opamMaiap: OTKI3T1II CUsijiap MEeH
Ka0ar-KabaT KOJJAHBUIFAH MBIC JKOJJAPBIH 3€pPTTEY KOJIMI1 ChIMIAp/IbI
TOJILIFBIMEH aJIBII TaCTaybl MYMKIH.

- WNuTerpanvsiyianfal  TaTYMKTEP: HAKThl  yaKbIT  PEKUMIHJIE
JIEHCAyJBIKTBl  OaKpUIayAbl KaMTaMachl3 €Ty VINIH CTarop  IMIHJETI
TEPMHUCTOPJIAPABIH, HeMece JeGopMalMsIbIK — OIIeYyIITepAiH  KOCBhIMIIA
OpHAIACYHI.

- Tononorususl oHTaimannelpy: Al-re Herizgenaren xobanay
Kypanmapbl MarHUTTIK aFbIHHBIH THIFBI3BIFBIH CAKTall OTBIPHIN, CAJIMAKTHI
azaiita anazapl, 0yJ1 AM eHipiCiHE ©TE€ KONAMIIBI.

TexHUKaNbIK-OKOHOMUKAJBIK ~ HETI3IEMENIK  Taljgay aJJAWTHBTI  OHIIpIC
texHosorusapeiH - 40  kBt-ka nediinri  ipit  kenemai, Kosuiektopcbiz BLDC
KO3FITKBIIITAPBIH JKacay YIIIH COTTI KOJIJIaHyFa OOJIATBIHIBIFBIH KOPCETE/l.
MarauTTik *oHe KYPbUIBIMIBIK KoMIoHeHTTep yiriH SLM / DMLS, MbIc eTKi3rimTep
yiria Binder Jetting / DED sxonHe okiiaynay skoHe TYPFbIH Vi HHTETPAIUSACHI YIITIH KO
MaTepHuaibl THOPUITI KyHenepal KOlaaHa OTHIPHII, KbLUTy THIMIIIT, MEXaHUKAJIBIK
KATTBUIBIFBI ’KOHE KyaT THIFBI3JIBIFEI Oap TOJIBIK HEMece iITiHapa OachIl MIbIFapbIIFaH
AJIEKTP MaIlIMHATIAPBIH KY3ere achlpyFa MyMKIHJIIK Oepei.

Mopenbaey >KoHE TEOpHUSUIBIK ecenTeyliep KocmameH xacanraH 40 kBt
KO3FAJITKBIII MBIHATAPFa KOJ JKETKi3€ allaThIHBIH KOPCETE/I1:
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- KyaT TBIFBI3IbIFBI 5 KBT / Kr-HaH Xorapbl (TUTAH POTOPBIHBIH

KOPITYCBIMEH);

- CyiBIK CamKbIHAATYMEH KaJIbl TUIMILUTIT > 94%;
- Ks3mer Temneparypacst < 150 °C;
- KomiMri >KUBIHTBIKTapMEH CallbICThIpFaH/ia OeJIIeKTep CaHbl (~

60%) TeMeHeII.

AIUTUBTI  eHAIpic OoJyamak dSJeKTp KO3FANTKBIII JKYHenepl  YIIiH
TpaHChHOPMAIHSUIIBIK KOJIJbI YCHIHAIBI - TU3aH €pKIH/IITTH, CAJIMAKThI a3alTY bl 5KOHE
JOCTYpJl JaMUHATTaIFaH 0oJaT TEXHOJOTUSACBIMEH MYMKIH eMec (yHKIIMOHAJIbIK
MHTErPalUsIHbl YChIHAABI. Bachlll MIBIFaphUIATBIH MBIC, )KYMCAaK MArHUTTIK YHTaKTap
JKOHE THOPHATI IIeriHAl >KYHelepjeri Y3[IKCi3 KEeTICTIKTEp ApOHAapFa, JJICKTP
yIIaKTapblHA >KOHE >KOFAphl OHIMIUIITT >KOFapbl aBTOMOOWIb KOCHIMIIIATApbIHA
apHasraH keseci 0ybiH skeHUT BLDC Ko3FanTKbIIITapbIH MIBIFAPYFa MYMKIHJIIK Oepe/ii.

2.7 Kosl1eKTOpChI3 YJIKeH 3JIeKTPOMOTOPABIH CYBITY KaHAJIAAPbIHA
TOIOJIOTHSAJIBIK ONITUMH3ALMS TEXHOJIOTUSICHIH Naii1a1aHy

Y1keH, kofapbl KyarTbl KoJuieKTopchls BLDC — KO3FanTKbIITapblH JaMBITYIAFbI
HETI3r1 KUBIHABIKTapbIH OIpl - CTaTOp opamMaapbl MEH ©3€riHEH >KbUIYIbl THIMJI
TapaTy. TemmneparypaHblH IIaMaiaH ThIC KOTEP1TYl MArHUTTIK ©TKI3TIIITIKKE, MBICTHIH
KEJIepPTUIIriHe )KOHE MOUBIHTIPEKTEP/I1H KbI3MET €Ty Mep3iMiHe Tepic acep eTe/Il, CallblI
KEJTeH/Ie, KyaT ThIFbI3JIbIFbIH /1, KbI3MET €Ty MEp3IMiH Je IIeKkTeini. byn 3eprreyne
013 KpLUTy Oepyni »kakcapTy yuriH 3D-0achlll IIBIFApBUTFAH 1TKI CaJKbIHAATY
apHaJapblH KaMTUTBIH aJIOMUHUN CTATOp KOPIYChl MEH ©3€riHIH TOIOJOTHUSIIBIK
OHTAWJIAaHJBIPYFa HETI3NENTeH KahTa jkobamaynasl >Ky3ere acwipAblk . Kaiira
xo0ananraH O0enik AlSi10Mg KopbITHachblHAH CENEKTUBTI Jiazepiiik Oankpity (SLM)
apKBLIBl JKacaJIbl, YHEM I METaJll OachIll MIbIFApyFa MaMaHIaHABIPBUTFAH a/IINTUBTI
eHipy komnanus UnionFab.

3eprrey Fusion 360 TepMUSsIBIK MOJENBACY apKbUIbl KYPri3uUial, TeMIEpaTypaHblH
TapalyblH, bUTy aFbIHBIH JKOHE IKOFaphl KYKTeMe Ke3iHAe MoauduKarusuiaHFaH
KO3FAITKBIII ~ KOPIYCHIHBIH  TYpPakThl ~ MIHE3-KWIKBIH  Tajmaiael.  Tammay
TeMIlepaTypaHbIH alTapIbIKTall TOMEH/IEY1H aHBIKTAIbl - OaCTanKbl AU3alHIarbl 578 °
C-tan oHrtainanasipeuFad, 3D-0ackm meiFapeuiran au3aitaaa 403 ° C-ka neiiH, cy
CaJIKpIH/IaTy OoyMaraH ke3fne 0eTki Temmneparypackl 138 © C. by sxakcapty korapbl
OHIMJIUIITT Oap AJNEKTP KO3FAITKBIIITAPBIHBIH TUIMJAUIITT MEH KbI3MET €Ty Mep3iMiH
e19yip apTTHIPY/1a aTUTUBTI IU3aiTH MEH TOTIOJIOTUSUIBIK OHTaHIaHABIPY/IbIH oJICYETiH
KOpCeTe/Il.
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Cypet 27 — DaeKTpoMOTOp O6JIIeKTepiHIH OpHAIACYbI
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1.1 Tynuycka mooens

bazanblk KO3FalTKBIII KOJJIEKTOPCHI3 Kofapbl Kyartsl BLDC nuzaitabl petinme
MOJEINBICITEH, OHJCITCH CATKBIHIATKBIIT KaHATTAPhI Oap, Oipak iImKi apHaIaphl )KOK
KOIIMI1 aTIOMUHUN cTaTop Kopimychl 0ap . TombIK 31ekTp xKykTemeci kesinae (36
opama, 10,000 Bt xanms! xputy mbirapy) Fusion 360 monensaey opay OactapbiHaa
JOKaIM3alysJIaHFaH KbI3bIN KETYAl KOPCETTi, €H >KoFapsl Temnepatypa 578 © C. byn
TeMIlepaTypajia MbICThIH Keaeprici mamamen 40% -Fa apTajibl, ajl TYpaKThl MarHUTTEP
lIIiHapa MAarHATCI3IK IHEeTiHe JKaKbIHAAWIbl, OYJ THIMAUNKTIH alTapJIbIKTai
YKOFaTyblHA XKOHE KbI3MET €Ty MEP3IMIH KbICKApTa/Ibl.

1.2 Tononocusnwlx OHMaUIaAHOLIPLLIZAH OU3ALH

Xana cratop MeH TyprblH Yii reometpusickl Fusion 360 reHepaTHBTI IU3aiiH jKOHE
TOTIOJIOTUSIHBl OHTaWJIAHABIPY MOMAYJ apKbUIbl kacaibsl. OHTAMIaHIIBIPY MaKCaThI
MEXaHUKAJBIK KATTBUIBIK IEH MACCaHbl a3alTy KEe31HAE Opay aiMarbl MEH KOPITYCThIH
CBIPTKBI O€T1 apachlHIarbl KbUly KapchbulblFblH (RO) azaiity peTinae aHbIKTaNIbI.
MoHTaxkiay TECIKTEepiH, MOUBIHTIPEKTEPAl >KOHE KYPBUIBIMIBIK WHTEpQencTepl
caKTay VIIIH JW3ailH IIeKTeyJepl KoJdgaHbulabl. OHTaIaHABIpY aaropuTMi
MaTepHalibl >KbLTY aFbIHBIHBIH KOJIJapblHA COWMKEeC KailTa 06, 9pKaiChICHIHBIH
nuaMmeTpi 3-5 MM OOJIaTBIH OCBTIK JKOHE paJvaliibl CaJIKbIHIATY KaHaljgapbl Oap
KYpPJEJl 1K1 KYPbUIBIMbI IIbIFAP/IbI.

OnrainanapIpblIFan  KaTThl Mojenb STL daiiabsl peTiHge SKCIOpTTaNAbl KOHE
AlS110Mg-ne SLM ennipici ymid UnionFab-ka (https://www.unionfab.co) xxi6epini.
Tannanran Matepuai THIFBI3BIFBI TOMEH (2,67 T/ cM?), JKOFapbl )KbUTy OTKI3TIIITITIH
(~ 150 Bt - m' - K ') x0HEe TepMUSUIBIK OHJCYJICH KEHIH Tamalla MEeXaHUKaJIbIK
oepikTik (~ 250 MIla enimaiiri).

benmek 40 MkM KaOaTThIH KaJIBIHJIBIFBIHIA )KOHE 99,5% CalbICTBIPMAIIbl THIFBI3IBIKTA
OachIll WIBIFAPBUIABL, Kbl Oackin wbiFapy KyHbsl 358 AKUI gosmapbiH Kypailabl
’oHe 4 KyH xkacamy yakbIThl, mamameH 3000 AKII gommapbl KO3FaaTKBIIIBIHBIH
YKaJMbl KYHBIMEH CaJIBICThIpFaH/A.
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Cyper 28 — CybITy KaHAJI1apbI

2. Mopenbaey HOTHXKETEP1 )KoHE Talaay

2.1 Temnepamypanvr momenoemy

Kaiita sxo0ananran kopryc Oipjael >KyKTeme >KarJaiiapblHia TeMIepaTypaHsbl
578 © C-tan 403 ° C-ka aeiiin Temeneryre Ko xketkizai (10 000 Bt xbuty 36 opamra
KoJaHblIaabl). byn eH xorapsl TemriepatypanblH 30,3% TeMeHeyiHE JKoHE
JOKaNU3alvsiiaHFaH KbUTy rpagaueHtTepinin 60% -1aH actaM TOMEHJEYIHE COWMKeC
keneni. OHTaWnmaHABIPBUIFAH CAJKBIHAATY apHajlapblH KOCY  CTAaTop KaOBIPFachl
apKbUIBI KbUTY aFbIHBIHBIH THIFBI3ABIFBIH KYPT JKakcapTThl - 2,8x10° Bt / m?-man
4,5x10° Bt / M2-ra Jneiiix.

bencenni cynbl calKbIHIATYChI3 CBHIPTKBI O€TTiH Temmepartypacbkl 138 °© C
JEHTeHiHAC TYPaKTaHIBIPBULIBI, Oy MBIC JIAKBIHBIH KYMCApTy TeMIlepaTypachblHaH
(=200 °C) emoyip TeMeH, y3aK Mep3IM[l OKIIayJayJblH TYTaCThIFbIH KaMTaMachl3
ereqi. IlaccCMBTI KOHBEKTHBTI CaJKbIHIATy MEH >KaKCApThUIFAaH OTKI3TIIITIKTIH
yiieciMl KO3FalTKBIILITH MaTepUasiblK HIEKTEPACH achlll KETIEH-aK )KOFaphl Y3/1KCi3
Kyar KyKTemeJepiH 6ackapyra KaOUIeTTi €TTi.

2.2 Kyammuwl scanapmy aneyemi

Keuty ennipy Q, mbirapbuiateiH KyaT P xkoHe TemneparypanblH keTepuryl AT
apachIHIaFrbl 0AMIaHBIC OTKI3TIMITIK MEKTEYJ PEKUM/E MAMaMEH ChI3BIKTHIK OOJIBII
tabbmanel: Q PAT

Q x P x ATQXPxXAT

CoHppIkTaH, erep Ko3raiTKbIm OypbiH 10 kBT-Ta 578 © C-Ka *ketce, ai Ka3ip TeK
403 ° C 6oca, )xaHa KOH(UTYpaIys Kayirnci3 TypJe Tapaiybl MyMKIiH:

578
Pnew = Pold X E =10000x%x 143 =

14 300 WPnew=Poldx403578=10000x1.43=14300W
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Ochbunaiiina, coyl KO3FaITKBII TeoMeTpUsachl eHal mamamed 14,3 kBT y3aikci3
KyaTThl CaKTai ananubl, OYJ1 TEK >KbUTy OHTAMIaHABIPY apKbUIbl KyaT KyaThIHBIH 43% -
Fa eCyiH OuIAIpesi.

Cyzpl canKbIHAATYMEH (aFBIHHBIH JKBUITAMIIBIFBI 2 71/ MUH) OIpIKTIpUITeH Ke3/1e
Fusion 360 opay Temnepatypacsl 125 © C-tan TeMeH 6onaabl aen 0omxai bl 6y 16-
18 kBT ke3inae aerpaganusachI3 Y3AiKCi3 dKYMBIC ICT€y MYMKIH/IITIH YChIHA/IBI.

3. KO3FanTKbIIITHIH THIMILTITIHE TEPMUSIIBIK 9cepi

Ko3ranTKpIITBIH ~ THIMALIITT (1)) MBICTBIH TEeMIIEpaTypaliblK  KapChUIBIK
koaddummentine (a=0,00393/°C) OailnaHbICTBI Opay TeMIlepaTypachbiHa ©Te
cesimtam:na = 0.00393

Ry = Rys(1 4+ a(T — 25))RT =R25 (1 + a (T-25))

Erep 25 ° C Temnepatypanarsl Oactankbel opamanbiq keaeprici R25 = 0,1 Om
0onca, oHja MbIHaai: Ry = 0.1 ()

578°C:

Rs75 = 0.1(1 4+ 0.00393(553)) = 0.1(3.17) = 0.317 QR578
(553))=0.1 (3.17)=0.317Q
403°C:
R403 = 0.1(1 4+ 0.00393(378)) = 0.1(2.49) = 0.249 QR403
(378)) =0.1 (2.49) = 0.249Q
Ocpunaiima, pe3ucTeHTT] whbiFbiHAap (I°R) nponopunonaniel Typae a3asibl:
Ploss, new __ 0.249 — 0.78

Ploss, old 0.317

Mpiic mibIFbIHBIHBIH 21,5% TemeHaeyl KO3FalITKBIIITHIH THIMIUITIH TiKeJIen

apTThipanbsl. Erep Oacrankbel THIMAUTIK 85% OoJica, OHTaWIaHIBIPBUIFAH JAU3aiH
MBIHAJIapFa KOJI JKETKI3ei:

0.1 (1 + 0.00393

0.1 (1 + 0.00393

1—(1-0,85)x0,785=0,877(87,7%)

Ocpbunaitima, 3D-0ackIn MBIFApbUIFAH AU3alH [IaMaMeH 3 MalbI3AbIK TapMaKKa
THIMAUTIKTI KaMTaMachkI3 eTefi, Oy coi sxykremene 300-400 Bt a3 Kby MIBIFBIHBIHA
TEH.

4. Ko3ranTKBIIITHIH KbI3MET €Ty MEp3iMiHE acepi

TepMusIbIK  KepHEY - DJEKTp MaIlMHAIAPBIHAAFEl HETI3rl  Jerpaaaius
dbakTopiapeIHBIH Oipi. AppeHUYC KaThIHACKHI )KYMBIC Temreparypacbiabiy op 10 © C
TeMeH/ eyl YIIiH L-1iH emip cypy Mep3iMiHIH Kajlail €Ki €CeJICHETIHIH CUTIaTTal b L

L, (T1-T2)

L= 2 10 LI1L2=210(T1-T2)

T1 =578 °C xone T2 =403 °C xarnaiibiaga:T; = 578°CT, = 403°C

i—j= 2%5 = 2175 ~ 181 000L1L2=210175=217,5=181000

Ic xy3inne 6acka dakTopaap (MeXaHUKaJIbIK TO3y, MarHUTTIH JACTPaIallUsICh)

OyJ1 SKCIOHEHUMANIbl ACEepJl IIeKTeial, OipaKk TINTI KOHCEPBAaTUBTI Oaranay
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OKIlIayJay MEH MarHUTTIH TYTacThIFbl YIIiH 10-15% emip cypy Mep3iMiHIH YJIFarObIH
KOPCETEIi.

CoHaBIKTaH, TOMOJOTUSUIBIK OHTAWIAHABIPbUIFaH, aIIUTUBTI TYpPAE *KacallFaH
KOPITyC >KOFapbl Y3[IKCi3 KyaTThl KaMTaMachl3 €Till KaHa KoWMai, COHBIMEH KaTap
CEHIMAUIIK TEeH KbhI3MET €Ty Mep3iMiH alTapJbIKTail >XKakKcapTalbl - TEPMUSIIBIK
HIapiiaypl, MarHUTTIH MarHUTCI3MAIT KayIliH >KOHE MOWBIHTIPEKTEpAiH ICTEH ILIBIFY
KBUTAAM/IBIFBIH a3aiiTa Ibl.

1381.346 Max.

1200
900
600

300

20 Min

403 .344 Max
Wi 326 542
249.741
17294
96.139

19.338 Min

Cypert 30— bacbutran cankplHAAaTy TepMaAbl aHAIN3]
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Min- 19911 C

Temperature

578864 Max.

[ 500

— 3

250

125

19.911 Min

Cypert 31 — CraHgapTThl CalKbIHAATY TE€PMaJIbl aHATU31

6. DKOHOMUKAJIBIK TaJIJIay

Kecrte 9 — bacy GaranapbiH caabICTBIPY

3D OachlII LIBIFAPBUIFAH

TynHycka OHTaNIaHABIPbUIFAH TYPFBIH Y
enjenreH kopnyc | (UnionFab)

Marepunan Amomunnii 6061 | AlS110Mg (SLM)
(CNC)

OHIpiC KYHBI $ 900 $ 358

OHIIpIC YaKbITHI 7-10 xyH 4 xyH

Ex worapsel | 578 ° C 403 °C

TeMIeparypa

MaxkcuMainael 10 kBt 14,3 kBT

Y3IKCI3 Kyar

Kyrinerin  kpi3mer | 1x =10x

€Ty Mep3imi

Tuimainix 85% 87.7%
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OHzey/leH KeWIHT IMIBIFBIHAAP/bl KOcca N1a, JKaHAa KO3FaJITKBIIITHIH >KajIbl
eHaipicTik KyHbl 3000 mommap=nbl Kypanabl, Oyl CTaHAApPTTHl Iu3aiHMEH
canpicThipranaa 13% -ra azmam ecri, Oipak 17% >korapbel Kyat skoHe 10X y3arpIpak
TO3IMIITIK Oepi.

6. HoTtmxenepai pu3ukaiblk HHTEpIpETALUsIIAY

578 ° C TtemmepaTypaga opama OKIIAYJAFbIIIBl KOMIPTEKTEHE OacTaipl,
MOMBIHTIPEKTIH Maibl OY3bLTa bl )KOHE TYPAKThl MATHUTTEP MOKOYPICY/Il )KOFAITAIbI.
Kepicinmie, imki sxarbiHad 400 °© C-taH TeMeH xoHe Oetinze 138 © C ToMeH KyMbIC
ICTEHTIH KaiTa oOajaHFaH KO3FAJITKBII KYPBUIBIMJABIK >KOHE MAarHUTTIK
TYPaKTBUILIKTHI cakTaiibl. SLM Oackin mibirapsiiran AlSilOMg (=150 Bt / m - K)
YKOFapPBI JKbUTY OTKI3TIIITIIT OHTaNHIaHABIPHLIFAH TOMOJIOTUSIMEH YHIIECIN, SHEPTUSHBI
KOpIyc OOMBIHIIIA OIPKENKI TapaThIM, JJOKATU3AIUSIaHFaH KbLTY )KUHAKTATYbIH €JI9yip
azanTajbl.

CankplHIaTy apHajapbl 10IKI «OKbUTYy apTepHUsiapbl» PETIHAE OpEeKEeT eTel,
KBUTYZBl MBIC OpaMJIapblHAH KOHBEKIMS Taiiga OOJaThIH CHIPTKBI KaHATTapFa
OarpITTaiiabl. CyilbIK CalKbiHAATY OoiMaca Ja, TAOMFU KOHBEKIUS KayllCi3 KYMbIC
ICTEY YIIIH KETKUTIKTI.

CoHbpIMEH KaTap, >KbULy OIPKEIKUIITIHIH »aKcapyblHa OalJaHBICTBI — CTaTOp
JaMUHAIASIAPBl, OpamMaapbl MEH KOPIyCTapbl apachlHAAFbl KbUTy KEHEIOIHIH
colikecci3Airt a3aajbl, OyJl y3aK Mep3iMIl HUKIJapAa MEXaHUKAIbIK KepHEYJep MEH
MUKPOKapbIKTAP/IbIH MMaii/1a 00TybIH a3aiiTaibl.

7. IlpakTUKAJIBIK OHAIPIC Typalibl MKIpTaIaC

UnionFab kxomnanusceiaeiH AlSi10Mg SLM KbI3MeTi OCBI 1aMy YIIIH THIM/II
xKoHe yHeml tiaTdopma 6omnnbl. KoMmaHusHBIH KYpBUIBIC KOHBEPTI (250%250%300
MM) CTaTOp KaOBIFBI YIIITH KETKIIIKTI O0JIIbI, aJl OapbIH mpolecin 6ackapy £0,1 MM
1IIHJIE ©JIIeM JOJIIrH KaMTaMmachi3 eTTi. KeliHri eHaey 1mKki KepHEYIl KEeHUIIETY
KOHE MEXAHUKAJIBIK OEpIKTIKTI apTThIpy YIIiH T6 TepMUsIbIK oHeyAl KamTu bl (530
° C 4 carar + 160 ° C yuiiH 6 carar).

CNC eHjieyMeH CalIbICTBIPFaH/Ia, AJJINTUBTI TYP/IE JKacaJiFaH OeJIek Oyprouiay
HEMeCe KYIO apKbUIbl OHAIpyTe OOJIMANTHIH KYpAeIi CANKbIHAATY KOJIAaPhIH KAMTHIBI
. byn imki apHanap TemmepaTypaHbIH TOMEHACYI MEH KyaThIHBIH >KOFapblIaybIHBIH
HEr13r1 ce0e01 00JIbIT Ta0bLUIA .

TonoJIOTUSNBIK OHTAWJIAHIBIPY MEH QIIUTHBTI OHIIPICTI HHTETpanusiay
»oFapel eHIMILTITT 6ap BLDC KO3FanTKBIITAPBIHBIH KBTIy OHIMIIIITT MEH KyaT
TBIFBI3JIBIFBIH  KAKCAPTYBIH KOFaphl THIMAI 9Mici ekeHiH nonennmeni . Cratop
koprycbiH AlSi10Mg-ze i1mKi CaJIKbIHIATy apHaIaphIMEH OAChII IIBIFAPy apKbLIbI €H
»)orapel Temneparypa 578 © C-tan 403 © C-ka neiiiH TOMEH eI, ajl CHIPTKBI O€Ti CyMeH
cankbiHgatnaii 138 © C remnepaTtypazia TypakTaHAbIPbLUIJIBIL.

byn oxTaiinanapipy Ko3ranTKeImKa 43% -Fa IeiiH KyaTThl OHACYyTe, THIMIUTIKTI
3% -Fa apTThIpYyFa )KoHE HKYMbIC MEP3IMIH OH €Cere y3apTyFa MYMKIHJIIK Oep/ii, MYHBIH
09p1 eHAIpiC KYHbI MEH YaKbIThIH a3aiTajnbl. OHTalIaHIBIPBUIFaH CTaTop YIuiH 358
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JI0JUTAp 7KQHE TOJIBIK KO3FalTKbI yiIiH 3000 nosap KypalThIH 5Kajibl ©HAIPIC KYHbI
YKOFapbl OHIMLIIT1 0ap AJIEKTP KO3FAITKBIIIBI YIIIH SKOHOMHUKAIBIK TYPFBIIAH THIM/II
HIenriM O0JIbIT TaObLIa b

Kopoiteinasinait kene, UnionFab-teiH AlS110Mg SLM Oackin mbiFapybIMeH
6ipre Fusion 360 >xbuty OHTaHIaHIBIPYBI JIEKTP YIIaKTapbIHa, aybIp IPOHIApFa JKOHE
Keneci OybIH aBTOMOOWIJIb NUCKIUIEpIHE >KapaMAbl >KEHUT, TEPMUSIIBIK THIMJI >KOHE
OepiK IIEKTPOKO3FAITKBIII KYHeIepiHiH OoJIalarblH KOPCETEI.

2.8 SL'S TeXHOJIOrHusIChI APKbLIbI JJIEKTPOMOTOP 63€riH 0AChIN LIBLIFAPY

OHTalIaHABIPBUIFAH AJIEKTP KO3FAJITKBIIIBIHBIH ©3€T1H jKacay ©HEpPKICINTIK
TOXKIpUOEIe ONEeTTE CEJNEKTUBTI Jiazepiiik OankpiTy (SLM) aenm atanaTbiH Jia3epiiik
yHTaK KaOateiH Oipiktipy (LPBF) TexHONOrMACHH KOJAaHY apKbUIbl Ky3ere
aceIpbUIAbl. CeleKTUBTI Ja3epiik arsioMmepanus (SLS) TepMuHi xaanbsl MarbIiHaAA KU1
KOJIaHBUIFAHBIMEH, IbIHAbl SLS eH anabIMeH MoJMMepil MaTepualijiapra
Kojaanbuiaabl.  AlS110Mg  CHAKTBI aJIIOMUHUN  KOpBITHAJIAPhl YIIIH KOJIAWJIBI
MEXaHHUKAJIBIK )KOHE TEPMUSITBIK KaCUETTepl Oap THIFBI3 METall KOMIOHEHTTEPIHE KO
xetkizy yuiiH LPBF apkeuibl Tonbik Oanky kaxer. ConablkTan SLM  3iexTp
KO3FaJITKBIIIBIHBIH ©3€T1H OHJIIpyTe apHaJFaH KocnajlapAbl ©HIIPY/IIH THUICTI IpOLEecl
peTiH/e TaHAaJI/IbI.

[IpotiecTiH CeHIMILIITT MEH PENPOAYKTUBTLIITTH KAMTaMachl3 €Ty YIIiH KeHIHEH
kaopimanran OHEPKOCIIITIK SLM xyiieci Tanmanasl, aran aiitkagaa EOS EOS m
290 metann KocnayiapelH eHAIpY muiatdopmacel. by xyiie omerre a’poraphIlIThHIK,
aBTOMOOWJIBIIK  JKOHE  JJICKTPJIK  MalllMHa  KOJJaHOamapblHIa  aJTFOMHHUI
KOPBITIIACBIHBIH Kypamaac OeJIiKTepi YIIIH TYPaKThl Ja3epiik O0ackapybiHa, *KOFaphbl
KYpacThIpy calachlHA %KoHE MaTepUaNIbIH KEH OUTIKTUIIK JIePEeKKOpPhIHA OailJIaHbICThI
KOJIIaHbLIAbI.

EOS M 280 nomunanas! Kyatsl 400 BT, Kypacteipy kenemi 250 x 250 x 325 MM
OOJaThIH Y3A1KCI3 TOJKBIHIBI UTEPOMYM TaJIIBIKTHI JIJA3EPIMEH JKOHE OHJIEY KE31H[IEe
TOTBIFYJIbIH aJIIbIH ally YIIIH MHEPTTI aproH arMocepacbiMeH xaOabIKTanFaH. by
cunaTTamaiap OHbl CAJIKbIHAATY apHajiapbl CUSKTHI O1PIKTIPUITEH 1IIKI MYMKIHIIKTEPI
Oap opTaria eJeM/1i KO3FaJITKbIII ©3€KTEPiH jKacay YIIiH 6Te KOJalIbl e€Tei.

Motop e3zeri AlSi10Mg amoMuHUI KOPBITIIACHIHAH JKAacallFaH YHTAK apKbLIbI
OAacChITI MIBIFAPBUIIBI, OJ1 KACHETTEPIHIH KOJIAWIIBI Yiiecimine OaitmanpicTel SLM-7e eH
KOl KOJJIAaHBUIATBIH MarepuanmapisiH Oipi  Oonpim  TaObmagsl.  AlSilOMg
CAJIBICTBIPMAJTBI TYPJIE >KOFAPBI JKBUTY OTKI3TIMITIKTI, TOMEH THIFBI3ABIKTHI, JKAKCHI
KOPPO3UsIFa TO3IMIUIIKTI )KOHE TEPMUSUIBIK OHIACY/ICH KeHI1H KETKITIKTI MEXaHUKAJIBIK
OepiKTIKTI YChIHABI. byJl cumaTTamanap sJeKTp KO3FaITKBIIITAPbIH KOJJaHy YIIIiH T
MaHbI3/Ibl, MYH/a JKbUTY aiHaJIBIMBl KE31HIE THIMIl JKbUTy TUCCHUMAIMSICH >KOHE
KYPBUTBIMJIBIK TYPAKTBUIBIK KaKET.
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YHTak OesIeKkTepiHiH MOJIIEpiHiH Tapanybl oaeTTe 20-1aH 63 MKM-Te AeiiH
ayBITKHIIBI, c(epanblk MOPQOIOTHACHI KAKChl aFbIHIBI JKOHE YHTAKTBIH OI1pKENKi
TapadyblH KaMTaMachl3 eTell. bacelm miplFapap aifblHAa YHTAK KEMTipiiim,
araoMepaTTap MEH JIaCTaylIbl 3aTTap bl KETIpy YIIIH €IeKTEeH OTKI3LII].

OHTalnaHABIPBUIFAH KO3FAJITKBIII SIAPOCBHIHBIH TeoMerpusicel  EOSPRINT
KYpacThIpyAbl AalibiHAay OaraapiiaMaiblK KYpalblH HaiifanaHblll Oachlll HIbIFapyFa
naibiHaanael. TOMOIOTUSHBI OHTaIaHAbIpy KedeHinae xacanran AXOK monem STL
dbopMaTbIHIa UMIIOPTTAIIBI KOHE T'€OMETPHUSIIBIK TYTAaCThIFbIHA, COHBIH IMIIHAE CY
OTKI30CHTIH OeTTepre »oHE KaObIpFa KaJbIH/ABIFBIHBIH MHUHHUMAJJIbl COMKECTIT1HE
TeKCepiIi.

[k cankpIHIATy apHaJIapbIHBIH 1MIHETT TIPEK KYPbUIBIMIAPHIH a3alTy KoHE
KEpHEYIIH KaJJIblK JKUHAJIYbIH a3aliTy YIIIH KypacTblpy OaFbIThl TaHIaJI/Ibl.
Ko3FanTKpIITHIH ©3€T1 MEXaHUKAJIBIK U30TPONMS MEH KbUTY Y3IKCI3JIrH jKaKcapTa
OTBIPBII, 0ACTANKBI )KYK KOTEPTIII 5KOHE *KbLTY ©TKI3T1II KOJIJIap KYPacThIpy OarbIThIHA
colikec KejeTiHae eTin OarbITTanibl. TipeKk KOHCTPYKUUSIApbl TEK CHIPTKBI aChII
KETyJep MEH MOHTaX/1ay MHTep(elcTepiHe FaHa KOJIJAAHbUILIbI, al 1K1 apHanap 45°-
TaH acaThIH ACHII KETYy OYPBIILITAPbIMEH ©31H-631 KAMTAMachl3 €TyTre apHaJFaH.

baceim mbrapy mpoueci  AlSilOMg  yunH cTaHAApTThI, ©HEPKACINTIK
TEKCEpUITeH MmapaMeTpiaepal KOJIJJaHy apKbUIbI Ky3ere achIpbliabl. [IpoiiecTiH Heri3ri
napameTpJiepl Kejaeciiei JKUHaKTaIFaH:

- KabaTTeiH KaneIHABIFEL: 40 MKM

- Jlazep kyatsl: 370-400 Bt

- Cxkaneprey xbputnamasirsl: 1200-1400 mm/c

- JIrok apaneirsl: 0,19 MM

- CkanepJey cTpaTeruschl: Kabat OoiibiHINa aitHaTy (67°)

MPBF
EOSPrint AlSil0Mg_FlexmM280 30 ym MPEBF

201 Layer Height

30 pm
Material

Alsilomg

Description

AlS110Mg Flex MPBF Print Setting for EOS M280

machines with EQSPrint support and 30 micron
layer height. Version 2.01.

Cyper 32 — EOS print

byn mnapamerpiep KypacThlpy O KbUIIAMIBIFBI, OJIIEMIIK JOJAIK KOHE
MaTepUaIJIbIH ~ THIFBI3JIBIFBl  apachbIHIAFbl  TEME-TEHAIKTI KaMTaMmachl3  €Te/Il.
Hotmxecinae 6achin mblFapbliFaH KO3FAITKBII ©3€T1HIH CalbICTHIPMAIbl THIFI3IbIFbI
99,5% - naH acTbl, OYJI TYPaKThI KbLTY OTKI3TIIITIK IEH MEXaHUKAJIBIK ©HIMILTIKKE KOJI
KETKI3Y YIIIH KaXeT.
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Cratop KOPHYCBHIH KoHE OIPIKTIPUITEH CaJKbIHAATy MYMKIHIIKTEPiH KOca
aJIFaHa, KO3FAITKBIINI ©3€riH OachIll IIBIFAPYIBIH JKaJIbl YaKbITBI T€OMETPUSHBIH
COHFBI OMIKTIT1 MEH TipeK KeJjemiHe OalaaHbICThl amameH 14-18 caraTTsl Kypasbl.
by KypacTelpy yakbIThl KYpJeial eHJAEyAl HeMece KYIOAbl, COJaH KeHiH Oyprhuiay
KYMBICTApbIH KAMTUTBIH KOJIIMI1 OHIIPICTIK MapIIpyTTapFa KaparaHia alTapIibIKTai
KBICKA.

JNaiieianay kesinge alsilOmg yHTaFbIHBIH JKYKa KaOaThl KaJITbIHA KETIPTiI
KaJaKIIaHbIH KOMETIMEH KYpacThIpy IUIaTopMachlHa >KaWbUIAbl. Jlazep YHTaKTHI
YJIT1HIH KeCUIT'eH KMMachliHa COMKeEC 1pIKTEI epiTiM, MaTepHaJIbl arioMepalusuiay IbIH
OpHBIHA TOJIBIFBIMEH epiTin kKi0epai. KaralifaHHaH KeliH KypacThIpy IiaTdopmachl
O0ip KaOaTThIH KaJbIHJABIFBIHA TYCIPUIIN, OYKLI KO3FAJITKBIII ©3€Trl asKTaJIFaHIla
IPOLIECC KaWTalaH/bl.

Cyper 33 — EOS M280 3D npunrepi

EOS EOS M 280-EOS m 290 enri3iirenre aeiiH MeTaul KocnajaapblH eHIIPY
YIIIH KEHIHEH KOJIJAHBUJIAThIH OHEPKOCINTIK Ja3epiiiKk YHTaK KaOaThIHBIH CHUHTE31
(LPBF) xyiieci. On HomuHanasl Kyatsl 200-400 BT xoHe KypacThipy KeJieMi llaMaMeH
250 x 250 x 325 MM O0JIaThIH Y3A1KCI3 TOJKBIHIBI UTEPOMYM TAIIBIKTHI JIa3epIMEH
KaOabIKTaFaH, OyJ1 opramia esnmeM/l (yHKIMOHAIABI KOMIOHEHTTEPJl jKacayra
MYMKiHIIK Oepemi.. XKyite AlSi10Mg CHUAKTBI aTtOMUHUN KOPBITIIAJAPBIH KOJI A IbI
JKOHE TOTBIFY MEH KEYeKTUTIKTI a3alTy VIIiH OacKaphUlaThIH WHEPTTI Ta3
aTMocdepachiHaa KYMbIC 1cTel 1. JloNenaeHreH TeXHOIOTHSIIBIK TYPAKThUIBIFBl MEH
KEH OHEPKICINTIK KOJIaHBUTYBIHBIH apkacbiHga EOS M 280 omerre adporaphIlIThIK,
aBTOMOOMJIBIIK KOHE Kypall-calMaHIbIK KOJITaHOIap/ia, COHIai-aK aJuTUBTI TYPAC
OHJIPUINeH dJIEKTp MallWHAJApbIHBIH Kypamaac OeJIIKTEepiH epTe eHTi3ye
KonmanbuLabl.IIporiecc OapbIChiHAQ TOTBIFY MEH KEYCKTUIIKTIH Maijga OoJIybIH
Ooonabipmay yuniH otreri menmepi 0,1% - gaH TemMeH MHEPTTI aproH arMocdepachl
cakranabl. SLM-re TOH JKbULy TpaJMeHTTEpl OHTAWJIAHABIPBUIFAH CKaHEpJey
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CTpaTerusuiapbl MeH OacKapbUIaThIH IIATGOPMaHbl aJIBIH ajla KbI3ABIPY apKbLIbI
OacKapbUIABI, OVJT KaIABIK KEPHEYIEP/IiH )KUHATYBIH a3aiTTHI.

EOSPRINT-Autodesk Fusion Hutepdeticin Konnana OTtbipein, MammHaHbl
Hanibinnay XKone MuTerpanusnay

Kockimiia eHIIpUITeH 3NEeKTp KO3FAaNTKBIIMIBIHBIH —©3€TiH  KYpacThIpyFa
JAWBIHJIBIK KOHE TIporiecTi xkocmapiay Autodesk Autodesk Fusion XKone EOS nazepmix
YHTaK TOCEK TEPMOSAPOIIBIK KYyHenepi apachlHIarbl TiKeneill nHTepdelicTi KamTamachl3
eteTiH Eos EOSPRINT for Autodesk Fusion Konman6acel apKbUIbI %KYy3€re aChbIpbUIIbI.
byn uHTerpaius eos cepTudUKATTAIFaH TPOIECC TMapaMeTpiiepiHe KON JKeTKi3yi
cakTail OTBIPHIN, TOMOJOTHs OOMBIHIIA OHTaimaHasIpeuTFan AYKOK reomerpusichiHaH
MaIlIMHAJIBIK KYPacThIpy daiaaapbiHa AeiiH Y31KC13, KalTaaaHaThIH )KYMBIC MPOIIEeCiH
KaMTaMachl3 €Ty YIIIH TaHIaJIbl.

v © [ Evmotordiploma test2v5
g Units: mm
D Named Views
& B3 origin
& 5 Models
EL*;‘ Manufacturing Models
> @ [ Manufacturing Model1 ®
v © E‘e‘ Setups
v oA i.‘ Setupl (®
© (B EO0S M 280
@ %
ﬁn/ll Additive Analysis
@ [E] Additive Arrange
v A B3 Pprocess Simulation
> @ B2 studyi @
> @ pE studyz ®
@ & Additive Toolpathl

v v v

> EOSPrint AlSi10Mg_Fle:...
>

Cypet 34 — Fusion 360 nen EOS M280 npuHTepiH TaHaay

Eosprint For Fusion Komnnmanbacel mnainananymsiiapra Eos Marepuan
Kunakraper wmeH Oxcno3uius JKunaktapeiH Tikeneir  Fusion  oprachiHza
TaralbIHIayFa MYMKIHAIK Oepesni. byn mapameTpiiep KUbIHIapbIHA TEKCEPUITEH Ja3ep
KyaThl, CKaHEepJey >XbUIIAMJIBIFbI, JTIOK apaybiFbl koHe AlSilOMg CcusKThl apHaiibI
matepuangap yuria EOS o3iprereH sxoHe OUTIKTUTIKKE W€ CKaHepJIey CTPaTeTUsIChIHBIH
koHpuryparusiiapel kipeni. Fusion imiage tymaycka EOSPRINT uHKyOarusibik
aNTOPUTMIIEPIH KOJIZIaHA OTBIPHIN, KOJJAaHOA jKacalFaH Kypajjaap TaKTaJlapbIHBIH
x)eprimkri EOS OarmapinaManblK KypasiblHIA ITaiTalaHbUIaTBIHIAPFA TOJIBIFBIMEH
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ColiKeC KeJIylH KamMTaMachl3 eTefll, Oyl Ju3aiiH MEH OHJIpIC Ke3eHIEpl apachiHArbI
COMKECCI3AIKTEPI1 KOS IBI.

Bbyn »xymbIc mporieciHiy 6acThl apTHIKIIBUIBIFBI-0apibIK JuieH3usIanran EOS
Marepuangap XubmateireiHa Tikeneit Fusion immiHIe Ko JKeTKi3y KoHE TEHIIEITEH
Marepuan KOHQUTrypauusiapblH OelceHal MU3ailHMeH OaillaHbICTBl OAChHIN IIBIFapy
napaMmeTpliepl peTiHae UMIOPTTay MYMKIHZIIT. by 6acein mibiFapy mapameTpiepin
TepMmosaponbIK KiTanmxaHaZa cakTayfa *oHe Oonamiak KOHCTPYKUHUsJIap YIIH KaiTa
naiigananyra Oomanbl, OyJ MpolecTepll CTaHAApTTaylbl >KOHE Kajarajay/bl
KOJIIal IbI—AJIEKTP KO3FaJITKBIIITBIHBIH (bYHKIIMOHAJITBI KOMITOHEHTTEPI1H
OHEPKACINTIK OHAIpyTe KOWbUIATHIH MaHBI3/Ibl TajJanTap.

bemnmexTepai opHanacThIpFaHHAH KeWiH KOHE KYPBUIBIMIBI aHbIKTaFaHHaAH
ketiiH, EOSPRINT-Fusion Koceimmiacet EOSPRINT-TiH immiki 6aranay anropuTMaepia
KOJIJIaHa OTBIPBIN, KYPAacThIPY YaKbITBIH >KEPTUIKTI €CenTeyre MYMKIHIIK Oepei.
OHTalnaHABIPbUIFaH KO3FAITKBIII ©3€r1 YIIiH Oy (yHKIHS KYpacTbIpy Y3aKThIFbIH,
YHTAKThI TYTBIHY/bI ’KOHE OHJIIPICKE AEHIHT1 KaJIbIHA KEJITIPY SPEKETIH Oaraliay YIIiH
naiianadbUiibl. AJJIMTUBTI OpHATYy asKTajlfaHHaH KeWiH Kypacteipy daiiner (EOS
Tanceipmacel) Tikeneir Fusion »XyHeciHEH SKCHOPTTAIAbI MOHE JKENl apKbUIbI
tagnairan EOS metal 3d npuntepine xi0epinai, Oya AepexTepAl TYpAeHIIPYAiH
apajibIK KaJamMIapbiH OOJIbIPMAMIbI.

Support

Build Plate

Undor
Constrained

Cyper 35 — bacy nporieciHiy MeTaAbIH CUMYJISIUSICHI

Konnan6a 6ipueme EOS LPBF xyitenepimen, conpiy imraae eos EOS m 100,
EOS m 290, eos m 300, EOS M 400 »xxone EOS m 400-4 cepusiiapbIMeH TiKeleH
OallJIaHBICTBI KOJIANIBI, OYJI MPOTOTUTITEH CEPUSIIBIK OHIPICKE JCHIH MaciTabTayFa
MYMKIHJIK Oepeni. KocbiMilia Tekcepy HEMece MmapaMeTp/il HaKThlIay YIIIH KacajFaH
EOS XKymbic ®aiinmaper (*.openjz) Fusion-gaH »skcnoprTTalybl >KoHE Jepoec
EOSPRINT OargapnamaibK jkacaKTaMachlHAa Kapalybl HEMECE ©3repTilyl MyMKIH.

Kypacteipyra  nadibiaasiktan  Oacka, EOSPRINT-Fusion  skoxyieci
cepTuuKaTTaiFal YHTAKThl carbill aiy yuriH EOS JlykeHiHe *oHEe omeparopiapibl
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OKBITY JKOHE TEXHOJIOTUSUIBIK TIpoliecTep OoibiHIa OutikTuTiK Ay yiriH Eos Additive
Minds AkameMusiChIHa KOCBIMINIA KOJI JKETKI3yll KaMTaMmachl3 eTeli. bysr Kei3merTep
OCbl 3epTTeyze OacTel OpBIH ajmaca Ja, ojlap MaTepUaNIbIH TYPAKThl CamachlH,
OTIepaTOPABIH KY3BIPETTUIITIH KOHE IMPOIECTIH CEHIMAUIIH KaMTaMachl3 €TETiH
MHTETpalysIaHFaH OHEPKACIMTIK KYMBIC TTPOLIECIHE BIKMIAJ €Te/Il.

a
Group Parameter Additive Arrange [Arrange]
Passes Arrangement Type 3D Arrange (True Shape)
Passes Components
Passes Global Quantity 1
Passes Global X Rotation None

Passes Global Y Rotation None

Passes Global Z Rotation 90 deg increments
Passes Initial Rotation
Passes Placement Center

Passes Rotation [G] Yes

Passes Sorting Type

Passes Unselected Components Move outside build volume
Passes X Rotation Increments

Passes ¥ Rotation Increments

Passes Z Rotation Increments

Passes Ceiling Clearance 5 mm

Passes Frame Width S mm

Passes Object Spacing 5 mm
Passes performance

Passes Platform Clearance 5 mm
Passes Start arranging from curren...

Passes Voxel Size

All - Y. 0K Cancel

Cypet 36 — Heri3ri 6acy mapamerpiepi

Tyracrait anranma, Autodesk Fusion Komman6aceina apramran EOSPRINT
KOJITaHOAChIH TaiianaHy TOMNOJOTUSHBl OHTAMIAaHJBIPYNbl, KOCHaJlapAbl OHIIpY
IPOLECIH JKOCTapJay/bl )KOHE MAIIMHAHBIH OPbIHAATYBIH OaillaHbICTBIPAThIH THIFbI3
OalinaHbIiCKaH LHUQPIBIK JKYMBIC TMPOIECIH KaMTamachl3 €TTi. byin  Tocin
PENpPOAYKTUBTUIIKTI KAMTaMachl3 €TTI, IEPEKTEP/Il OHJIEY KaTeJepiH OapbIHIIa a3aliTThI
aoHe Imki cankplHOaTy MyMKiHAIKTepl OipiktipuireH Tomosnoruss OoWbIHIIA
oHTalnauAbIpbUIFad AlS110Mg aeKTp KO3FaaTKBIIIBIHBIH 63€T1H OHEPKICINTIK 1CKe
achIpyAbl KEHUIIETTI.
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Cypert 37 — bacy nponeciniy, CUMYJISIIUSACHI

¥ ChIHBUIFaH KO3FAITKBIII ©3€T1HIH JTU3alHBIHBIH HET13I'1 ApTHIKIIBUIBIKTAPBIHBIH
Oipi-0J1 €H a3 KeWiHT1 eHJey/ll KaXeT ereni. backin mbiFapraHHaH KeWiH KOMIIOHEHT
KYpacThlpy TaKTachblHaH ChIM apKbUIbl AJIEKTp paspsansiH eHaey (EDM) apkbiibi
QJIBIHBIN TacTaNAbl. TipeK KOHCTPYKIUSIAPHI CHIPTKBI OETTEPCH MEXaHUKAIIBIK TYPJIE
QJIBIHBIN TaCTaJJbl, aj 1Kl CAJKbIHAATY apHajapbl ©31H-031 KaMTaMachl3 €TETiH
KOHCTPYKITUSIChIHA OaliIaHBICThI KEMIHT1 OHACY/Il KAKET eTIe/I.

MexaHuKaIbIK KACUETTEPIH KaAKCAPTY JKOHE KbLTY OTKI3TIIITITIH TYPAKTaHABIPY
YIIIH KEpHEyAl >KEHUIAETETIH >KOHE TEPMHUSUIBIK OHJEYAIH CTaHIapTThl 9ici
KOJTAHBUIIBL. ByJT TEpMUSIIBIK OHIEY OachIn MIbIFApy Ke3iHe maiiaa 00J1aThIH KaabIK
KEepHEYJIep/l a3aiiTabl ’KOHE OHIMIUIIK MEH 1apliayfa Te3IMIUIKTI apTThipaabl. ki
EPEKIIENIKTEPl KOChIMIIIA OHJACYIl KaXKET eTHel, TeK OJImeMIl TOe3IMIUIIKTI
KaHaFaTTaHJbIPY YIIIH MOHTaxAay HHTepdeicTepiHe 0eTki KabaTThIH a3 FaHa OHJIEy1
KOJITaHBLJIIBL.

2.9 AnauTHBTI OHAIPICTIH MYMKIHIIKTEPiH MeTaJl KYIOMEH CAJIBICTBIPY

Kocmamen skacanraH KO3FaJITKBIII ©3€rl OapiblK MaHBI3IbI (PYyHKIIMOHAIBIK
uHTepdencTepIl, COHBIH IIIIHAE MOUBIHTIPEK OPBIHIBIKTAPBIH, OCKITY HYKTEJIEpiH
KOHE Typajay MYMKIHIIKTEPIH CakTaibl, OYJ OFaH JJIGKTPOMArHUTTIK Kypamjac
OeJikTepre HeMece KYpacThIpy MpPOIECIHE ©3repTyJep EHri30ecTeH MapTThl TYpHe
JKacaJfaH KO3FAITKBIII ©3€riH TIKeNeH aybICThIpyFa MYMKIHAIK Oepemdi.. byn
allIbUIMaNbl aybICTBIPY MYMKIHAITT ©HEPKICINTIK €HII3y YIIIH 6T€ MaHbI3/bl, OUTKEHI
OJ1 OYK1J1 KO3FaJITKBIII KYHECIH KailTa jkacamaii-aK eHIMIUTIKTI apTThIpyFa MYMKIHIIK
oepeni.

Tyracraii anranga, AlSi10Mg Ko3ranTKbIl ©3eriH xacay yuiH SLM naiinanany
CEHIMII, MacImTaOTaNaThIH KOHE OHEPKICINTIK TYPFbIAAH THIMII OHAIpiC OaFbITHIH
Kepcerenil. by mpouecc mHTErpamnusuiaHFaH TePMUSUIBIK (DYHKIIMOHAJIBIFBI, KbICKA
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KbI3MET €Ty Mep3iMi KoHE MUHUMAaJJIbl KEWIHT1 eHJeyl Oap Tomojorus OoibIHIIA
OHTaWIaHIBIPBUIFAH TEOMETPUSIIAP/IbI JKY3€ere achlpyFa MYMKIHIIK Oepeni, Oy OHbI
KeJeci OybIH OHIMILIITT JKOFAPhI JIEKTP KOZFAITKBIIITAPHI YIIIIH 6T€ KOJTAUIIbI €TEe/l.

Onextp KosrantkeiusiabiH Kypamaac bemiktepit Yurin AanutuTti Mertamn
Ownnipici men Kogimri Kyronp!l canbicTsipy

ONeKTp KO3FAITKBIIIBIHBIH Kypamaac OeJiKTepiH, acipece CTarop KOpImycTaphl
MEH KO3FAJITKBIII ©3€KTEpiH OHAIpYAEe OHMIPIC TEXHOJOTHSCHIH TaHAAy O©31HIIK
KYHBIHA, OHIMJUTITIHE, KETKI3y Mep3iMIHE JKOHE JU3ailH epKIHAIriHE aWTapibIKTai
acep ereni. KomgimMri Kyro Tapuxu TypAe allOMUHUN KO3FaITKBIIIBIHBIH KOPITYCTaphIH
OHIIPY/IIH O6ackIM 9of1ici OOBIN TaObLIAIbI, ce0e01 OHBIH YKOFaphl OHAIPIC KOJEeMiH/Ie
OipJiriHe maKkaHAarbl KYHbI TOMEH. JIereHMeH, OHIMJIUIIT JKOFaphl AJIEKTPOMOOUIIb
(EV) Ko3raiTKpIITaphl 9IE€TTE MIEKTEYl MOJIIEepAe HIbIFapbUIaibl, dcipece d3ipiey,
TOXKIPUOEIIK-KOHCTPYKTOPJIBIK ~ JKYMBICTAp,  MOTOCHOPT,  a’pOFapblll  KOHE
MaMaHJaHABIPBUIFAH OHEPKICINTIK KojgaHOanap Ke3iHjae. MyHpaal »karnainmapaa
MeTaJT KOCTIaJapblH OHIPY THIMIIPEK JKOHE TEXHUKAJBIK HET13/1€JITeH HISIIM OOJIbITT
TaOBUIAIbI.

Kyto yinin apHaiibl Kypajijiapabl, COHBIH 1II1H]I€ KAIBIITAp MEH ©3€KTEP/I1 Kacay
KaKeT, OyJ1 >Korapbl OacTamnKbl IIBIFBIHAAPABL, Y3aK KbI3MET €Ty MEp3IMIH JKOHE
HIEKTEYJIl TEOMETPUSUIBIK HKEMJIUIIKTI Tajam eTelli. TOMOJIOTHSIHBI OHTaWIaHABIPy
HOTMKECIHJE Maijga OoNaThlH KypAedl 1MIKI CAJKbIHAATy apHAJIApbIH KYIO apKbUIbI
’Kacay MYMKIH €MeC HeMece akayjap KayIiH apTThIPAThIH KOHE OJIIEeMIIK JOJJIIKTI
TOMEHJCTETIH KON CaTbUIbl HETI3T1 JKWHAKTapAael KaxeT erenl. CoHbIMEH Karap,
JTU3aMHHBIH KE3-KEJITeH WTEpaIUsChl KaHa Kypaljaaplbl KaKeT eTenll, Oy a3ipiey
YaKbIThl MEH KYHBIH €19Y1p apTThIPAJIbI.

Kepicinme, nazepnik yHTak KabateiHblH cuHTe31 (LPBF/SLM) TonbireiMen
ThIFbI3 AlS110Mg KO3FaJITKBIIT KOMIIOHEHTTEPIH TiKeJIeH ITUPIIBIK YITIIEpAeH Kypa-
caliMaHJapchl3 TIKeJeH kKacayra MYMKIHAIK Oepeni. byn Kypaeni 1K CaJKbIHIATY
apHaJIapblH, alHBIMAJIbl KaObIpFa KaJbIHIBIFBIH JKOHE JKbUIy OHIMIUIIH TIKEJeu
apTThIPAThIH (YHKIMOHAIABI FPALYUPIECHICH KYPBhUIBIMAAPABI OIPIKTIpyTe MYMKIHIIK
oepeni. XKblmy THIMILIIT, KyaT ThIFBI3IBIFBI )KOHE JU3aMHHBIH JKbUIAAM UTEPALUSICHI
MaHbI3bl OOJIBIN TAOBLIATHIH KOFAPbl OHIMA1 ATEKTPOMOOUITh KO3FAJITKBIIITAPHI YIIIH
KOcCTaJlap/ibl ©H11pY LISyl aPTHIKIIBUIBIK Oepe]il.

[areiH xoHE opTa eHjipic kesemi yiniH (<500 6i1piik) KochbIMIIa ©HAIPICTIH
©31H/IIK KYHBIHBIH KYPBUIBIMBI Kypall-CaiMaHIapFa KYMCAJIAThIH IIBIFBIHIAP, d31pIIey
YaKbIThl JKOHE OHIMJIUIIKTIH apTybl €CKepiireHae Oocekere KabilieTTi Hemece TIMNTi
Kosaiiabel Oonaabl. COHBIMEH Karap, KOCHaMEH »acajfaH CTarop ©3€KTepi KOraphbl
YKBLTYy CUITaTTaMaJIapblH YChIHA OTHIPHIN, KYiMa KOMIIOHEHTTEPIH TIKEJIeH ajMacThipa
anapl, OYJI oJlap bl MIEKTEYI1 MOJIIEep e KacallFaH KETUIAIPIITESH AIEKTPOMOOUITBICD
YIIIiH 9cipece KOJIalbl eTe/I.
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Kecte 10 — AqauTuBTI OHAIPIC TIEH KYIONBI CATbICTBIPY

[Tapametpnep AnmutuBTi  eHaipic | Merai Kyto
(SLM)

Hprrapy kesemi 500 naHa 500 naHa

Kansimrapaeiy 6aracel 0 USD 40,000-70,000 USD

(molds & cores)

| naHa mbiFapy O6arachl 350420 USD 180-250 USD

Kanne! mbiFeH (500 nana) ~190,000 USD ~160,000-195,000 USD

Kacay yakpITbl 3—7 KyH 8—12 anTa

OsrepicTep KYHbI 0-re #akbiH | JKorapsl (*kaHa KaJbIITap
(6armapnamana xKacay)
03repTy)

[miki cybITy KaHAIIAPHI TonblFpiMEH KOJ | OTe ImIeKTeyll / MYMKIH
KETIM/II emMec

Homuimiri Koraper (£0.1 mm | Oprama (meryre
typical) TOYeI /1)

Marepuan MIbIFBIHBI Tuimauniri (~90%) TemeHipek (kakmamnap,

KOTEPrilTeP, CHIHBIKTAP)

Density / porosity control >99.5% Kyio audexrepi MyMKiH

Korapsl KyarTsl | JKorapsl A3

AIIEKTPOMOTOPIIAP/Ia KOJIJIaHy

Maccainbik HiplFapyra | A3 7Korapsl

ukemaimri (>10,000 pcs)

Konimri Kyt eTe >korapbl eHIIpIC KeJEeMiHAEe KOHJIBIPFbIHBIH ©31HJIK KYHBIH
TOMEH/IETCE JI€, OHbIH YKOHOMUKAJIBIK aPTHIKIIBLIBIFBI TOMEH KOJIEM/I1 dKOHE OHIMILITIT1
YKOFapbl KOChIMIIaJIap yuIiH Te3 ToeMenaeial. 500 ctarop e3eriHeH TypaTblH OHIPICTIK
napTys YIIiH KOochajapabl OHAIPYIAiH Kajlbl ©HAIPICTIK KYHbI Kypai-cailMaHaap MeH
a3ipIieyre )KyMcaaThlH MIBIFBIHAAPAB KOCKAaHHAH KEiH KYIOMEH CalbICThIpbLIaanl. Ex
0acThIChl, KOCTalapAbl OHIIPY KYIO apKbUIBl JKYy3€re achIphUIMANTBIH TOTOJIOTHS
OOMBIHINIA OHTAMIAHABIPBUIFAH 11Kl CAIKBIHAATY apHaJapbl CUSKTHI OHIMILIIK YIIiH
MaHBI3/Ibl JU3alH MYMKIHIIKTEPIH KAMTaMachI3 €Te/Ii.

OHpipic KeJieMl IIEKTEYlTl MOHE JKbUTy OHIMAUII KyaT ThIFbI3/IbIFbIH,
THIMUTITIH KOHE CEHIMJIUIITIH TIKeJIeH aHBIKTAWTBIH KOFaphl OHIM/II 3JIEKTPOMOOHIIH
KO3FAJITKBIIITAphl YIINIH KOCMajiap/bl eHipy OanamMa FaHa e€MeC, COHBIMEH Karap
TEXHUKAJIBIK KaFbIHAH KOFAPhl OHIPIC CTPATETUSACHI OOJBIN TabbuIanbl. by kblmgam
uTepalusFa, KOIIMIT KOMIIOHEHTTEP/l TIKEIEH aybICThIpyFa >KOHE O3bIK OKbLIY
apXUTEKTypaJIapbIH KYy3€ere achlpyFa MYMKIHJIIK Oepeii, OyJ1 OHBI ocipece Keyieci OybIH
AIIEKTP KO3FAJITKBIIITAPBIH Kacay YIIH 6Te KOkl eTe/i.
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3. 3JIEKTPOMOTOP TUIMJLIITTH — HAHJAJIBI OPEKET
KO2®PUHEHTIH AHBIKTAY 9JIICTEMECIH ECEIITEY

3.1 aiixaubl dpexeT KOI(PHUIEHTIH AHBIKTAY KOJIAAPBI

DJIEKTPOKO3FANTKBIIITHIH Maiaanbl OeaceHAUTIK K03(PPUIUeHTIiH (THIMILUTITIH)
ceHim/Il Oaranay KyHeli eJIley KoHE aHATUTHKANIBIK 9ICTEPl KaKeT eTelll. 3epTTey
onedueTTepl 9ICTepAIH YIII HET13r CaHATTApbIH aHBIKTAN bl TIKeJIeH KipiC-IIbIFBICTHI
oJIIey, IIBIFRIHAAPABI 06y (bkaHaMa eMec) OICTepl JKOHE aHAIMTHKAJBIK HEMece
Oarayiay oicTepi.

1. Tikene# KipiC-IIBIFBICTHI OJIIICY

By of1ic TypakThl sKYMBIC JKaFIalbIHIA IEKTP Kipic KyaTbl MEH MEXaHUKAJIbIK
mIbIFbIC KyaThlH emnmeil. Kipic alinbivansiiapsina kepHey (U), Tok (I) xone Kyat
ko3pduuuenti kipeni; IleiFpic ailHbIManmbuIapbiHa KpyTAmud MomeHT (T) »xoHe
OYpPBIIITHIK KbUTAAMABIK () Kipeai. CogaH KeliH TUIMAUIIK KeJeci 9AICTEp apKbUIbl
ecenreneni:

Poi T -w

P, U-I

Bbyn Tocin TuicTi acnanTap KOJJIAHBUIFAH Ke3/l€ JKOHE 6JIley IIapTTapsbl
OakplIaHFaH Ke3zle (MbIcalibl, TEMIIEpaTypaHblH TYPaKTBUIBIFBL, IYPBIC KYKTEY)
JKOFaphl 111K OOJIBIN CaHaja/bl.

2. Koranry-cerperaius (*kaHama emec) aaicTepi

Bbyn axicTepne mbIFBIHHBIH 9p TYpil ke3zaepi - Mbic (I?R), Temip (rucrepesuc +
OYpBUIBIC), MEXaHUKAJIBIK (YHKEIIC, Kell) - )KEKE CAHIBIK TYP/IE OJIIIEHE/I1 )KOHE HIBIFbIC
KyaTblH ajy YIIIH KipiC KyaTblHaH aybIHbIN Tactanaiasl. Macenen, "Hyp Oran"
NapTHUSICHI JIEN aTaJlaThlH 9J1IC MbIHAIAN peAaKlnsla XKa3bUIChIH:

n = 1 — Ploss total
P;

Erxeli-Terkeni enueyiep HeMece ecenTeyep op MEXaHU3MIe LIbIFbIHAApP/IbI
JKaTKbI3aabl. MyHIal 9/1icTep TUIMAUTIKTIH TOMEHJIEY ce0enTepiH TepeHIpeK TYCIHyTe
MYMKIHJIK Oepeni, Oipak keOipek eliey HyKTelIepl MeH ecenTey KYLITEpiH Taarl
eTel.

3. AHanuTuKanbIK / Oaranay omicTepi

by omicTtep TOJBIK MEXaHUKAJIBIK IIBIFBICTHI OJIIIEYy MYMKIH OOJIMaraH Ke3Je
TUIMITIKTI Oaranaiael. Onap keOiHece aray JepeKTepiHe, AJICKTPIIK eJIeyiepre
(kepHey, TOK, CTaTOp KeJEpTic, KbUIAaMIBIK ) )KOHE SKBUBAJICHTTI CXeMa MOJIEIIbACPiHE
HeMece perpeccus wmojaenpaepine cyhedemi. Moeicansl, ORMEL96  cHsKTHI
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OarmapiamManblK Kypajijap THIMIUIIKTI ©JIIEHIeH ChIpFaHay HeEMece IKYKTEeMe
dakTopmapsl MeH OeNTiIi KO3FAJITKBIII MapamMeTpiepl Heri3iHae Oaranaiiabl.
4. CanpicThIpMaJIbl KOPBITHIH/IBI

Kecre 11 — koadunieHT aHbIKTay

MoHi Jlonnik Kypneninik | ¥ChIHBUIFAH TYCIHIK

Tikenel Kipic-IIBIFBIC Korapsl Oprama bepinren xxykremezeri
HAKTBI KB THIMILUTIK

Koranry cerperaumscel | Opramagan | 2Korapel Tuimainik

(>kaHama eMec) KOFapPhI IIBIFBIHAPBIHBIH
0eJ1iHY1

AHanuTtuka/0aranay Opraia TemeHnHeH KypbUIFbICHI3 KBI3METTIK

opraiia OaraJiay YIIIH KaKChl

5. AIIUTUBTI OHIIPUIreH KO3FaNTKbIIITapa KOJIIaHy

AnmutuBti Typre xacanrad BLDC ko3ralITKbIIITapbiHA HA3ap ayAapaThiH OCHI
3epTTey KOHTEKCTIHJE TaHAAJIFaH 9JICTEME MPOTOTHUIITI TEKCEpPY YIIIH TiKelIeH Kipic-
IIBIFBICTBI  OJIIIEYIl KOHE MOJENbJCYTe HETI3[eNreH Au3aHpl Oarayiay YIIiH
aHAJIMTHKAJIBIK/Cerperaius oicTepin OipikTipeni. bachlm mblFapbuFaH KOMIIOHEHTTED
MEH aHa CaJKbIHIATy TEOMETPHUSCHIH €CKEpPE OTBIPHIN, IIbIFbIHAAP-Cerperamus
OHIMIUTIKTIH Kail >kepje maiiga OoJaThIHBIH aHbIKTayFa KeMekTecenl (Mbicaibl, [°R
IIBIFBIHAAPBIH a3alTy, JKBUTY KOJBIH JKaKCcapTy). AHATUTHKAIBIK Oarayay Kypajiaapsl
KOHpurypanusiiap OOWBIHIIA THIMAUNKTI OoibKay YIIIH MOJEIBACY KYMbIC
MPOIECTEPIH TOTBIKTHIPAIBI.
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Cypert 38 — MoTOp THIMALIITT JUarpaMmachl

6. bachIn mIbIFapbUTFaH KO3FAATKBIIITHIH TUIMIUIITH Oaraiay/iblH YChIHBLUIATHIH
XaTTamachl

. KO3FanTKpIITHl KbUTYy TEME-TEHIITIHE JKETKEHIIE TYPAKThl HOMUHAJIIBI
YKYKTEME acThIHJIa 1CK€ KOCBIHBI3.

. U, I, kyar koaddunuenti, T xone o onmemi; Tikenelr Gpopmysa apKbUIbI
1 €CenTeHI3.

. Opay TemneparypacbiH Oaranay — MbIc mbiFbIHAApHI yiIiH R (T) -ai
pETTEy YIIIH XBUTYJBIK MOJIEBACY MEH OJIIIICY/Il TTaliJaTaHbIHbI3.

. AFbpIHHBIH ThIFBI3ABIFBL (B) sxone xwuinik (f) KarebiHacTapblH KojjaHa
OTBIPBIIN, TEMIP ©3€T1HIH IIBIFBIHIAPBIH MOJICIIbICHI3.

. MoiibIHTIpEKTEpAIH CyHpeyl MeH kel Oaranay apKbLIbl MEXaHUKAJIBIK
IIBIFBIHIAPBI €CCTITEY.

. JuzaiiH mojenbaepiH KanuOpliiey VIIIH ©JIIeHreH TUIMIUIr Oap
mozneinbaey (CAE) GommkamMaapblH TEKCEPiHi3.

103



Ocbl  omicTtepai  OIpIKTIpY  apKbLIbl  3epTTey  Oachlll  IIbIFAPBUIFAH
AIICKTPOKO3FANTKBIINTAPABIH ~ Talgalbl  OCNCeHOUNITIH  (THIMIUTITIH) — CaHJBIK
OaranaynpblH KaTaH TOCUIIH o3ipiedi, Oy MNPOTOTHINTI TEKCepyre A€, AW3ailHabl
OHTalJIaHJbIpyFa Aa MYMKIHJIK Oeperi.

3.2 Dy1eKTPOMOTOP THIMILTITiH aHBIKTAay dicTeMeci

OJlicTeME AJIEKTPOKO3FANTKBIII KYHECIHJIE OpBIH aJlaThlH OapiblK OacTarKsbl
DHEpPrus TYPJIACHIIPYJIEPIH €eCemKe aiyFa »JKOHE OJJIEKTPIiK, MarHUTTIK JKOHE
MeXaHUKaJIBIK ©3apa SPEKETTEeCYIEP/ICH TYbIHIaUTHIH IILIFIHIAP bl CAHIBIK OaraayFa
apHasiraH. JKanmbl THIMAUTIK (1) MEXaHUKAIIBIK IIBIFBIC KyaThl MEH JJIEKTP KipiC KyaThl
apachIHJaFrbl KaThIHAC PETIH/IE aHBIKTaTa Ibl:

Pout _ T )
P, U-I
Kaiina:
. T— xpytamuii MomeHT (H-™m),
. W— OYPBIITHIK XbUIAAMIBIK (paj/c),
. U— xonpanbsuiran kepuey (B),

. [— xipic Tok (A).

byn TeHgey KO3FanTKBIMITHIH KE3-KEJITeH >KYMBIC KYHIHIE JIe3[e TUIMAUTIKTI
aHBIKTAy YIIIH KOJIIAHBUIATBIH HETI3T1 KaTbIHACTHI Kypaunabl. [lonm Tammay yimiH
THIMAUTIK €K1 HET13T1 PEXKUM/IE OJIIICHE1: )KYKTeMeci3 (00C )KYMBIC 1CTeY ) KoHE TOMEH
KYKTeMe (HOMUHAJIIBI KPY TSI MOMEHT TIEH TOKIEH KYMBIC 1CTEH1).

Vrcan et al. (2024) coiikec oicTeMe KYWEHIH KaJbl MIBIFBIHIAPBIH YIII TOMKA
Oeneni:

l. Onextp wBIFBIHAAPHL (Pg) — cTarop OpamaapbIHAAFbl JKOHE Kyar
AIIEKTPOHUKACHIH/IAFbl OMAJIBIK KeJIepri

2. MaruutTik mwelFbiHAAp (Py) — MarHUT ©3€riHjeri TUCTEPE3UC KOHE
alfHaJIMaJIbl TOK acepliepi;

3. MexaHukanbIK MBIFBIHAAD (Pyecn ) — YUKEINIC, MOUBIHTIPEKTEPIIH CYHpEY1

YKOHE >KeJT IIBIFbIHIAPHI.
JleMeK, KO3FalTKBIIITHIH Kbl THIMJIUIIT 1IIITHApa TUIMIUTIKTIH OHIM1 PETIH]IE
KOpCETIIei:
Ntotal = NE X MM X Nmech

By bibIpay op SHEprusl callachbIHBIH YJIECIH O6JIeK TajaayFa MyMKIHIK Oepei.

DneKkTp TUIMIUIIT (1g) MBICTBIH KEIEPTICIHE >KOHE Opay TemIlepaTypachiHa
OaiiIaHBICTHI, OJ1 MbIHAJAPaH aHbIKTAIa lbl:
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Pe, I?R(T)
e P, Ul

Temmeparypara OaiTaHBICTBl KAPCHUTBIKTHI aHBIKTAN b1, SFHU . KO3FanTKhIII
KYMBIC ICTETEH Ke3/I€ XKoHe TeMIleparypa KOTepiiareH CailblH, pe3UCTUBTI IIBIFBIHAAD
apthir, THIMALUTIKTI Tikeneit Toemenaetreni.R(T) = Ry[1 + a(T — Ty)]a =
0.00393 °C™*

MarsuutTTiK THIMAUTIK () aFbIHHBIH THIFBI3IBIFBI MEH ©3€K KOFaJITy
KOO MHUIMEHTIH MOJENIBICY apPKbLIbI AJIbIHA/BI: Ny Bk

Peore = kasz

DJIEKTP JKULIIT MEH MarHUTTIK ©3€KTiH KeJieMi Kaila? MarauTTiK MIbIFbIHAAD
MaTtepuaj KypaMbIHa KaTThl OaliIaHbICThI (0achIn MIbIFapbUIFad craropaarsl Fe-Si, Fe-
Ni mHemece Al2Os kommo3utTepi).fV

MexaHuKaNbIK TUIMILTIK () MEXaHUKAJIBIK CYHpey jKoHE YHKeIiC MOMEHTIMEH
peTTenen, o Kenecinen ecenreneni:Nyecn I

=1—
NMmech Pout

Ocpl KaTblHACTap apKbUIbl KYWEHIH >KaJlbl TUIMIUIITIH TAHAMHUKAJIBIK TYpPIE
MOJICTIBCYTE KOHE KPYTAIINNA MOMEHTTIH, TOKTBIH KOHE TEMITepaTypPaHbIH (PYHKITHSICHI
peTiHAe BU3yann3anusiiayra 00iassl.

byn nuccepranusna THIMIUTIK 9iCTEMEC] MOTUMED, ATFOMUHUM KOPBITIIACHIHAH
(AISi10Mg) xoHe wmetamn-kepamukaiblK (Al2Os) Marepuangapian skacajiraH
QIIUTUBTI  TYpJle OHMIPUITEH  DAJIEKTPOKO3FAITKBIIITAPABI  JkKoOalay  KoHE
oHTainanaeipyra Oipiktipingi. Autodesk Fusion 360 xbuty kxoHE KYpBUIBIMIIBIK
HISIKIIITEPl KOJJIaHa OTBIPBIN, dpOip OacChil MIBIFAPBUIFAH KOMIIOHEHT - CTaTop
KOPITYCHI, pOTOP KoHE opay e3eri - 36 opamana tapanran 10 000 Br-ka TeH y3mikci3
KBLTY )KYKTEMeJIepl aCThIH/Ia MOJIEIIbACIIIL.

TepMUANBIK MOJENBACY HICTYPIl OHJENTeH aJIOMUHUM CTAaTOPBIH 1IIKI
cankpiHaary apHaiapbl Oap SLM Oacemn mbirapeuirad AlSi10Mg kopryceiMeH
aybICTBIpY MakcuMasiibl Temneparypanbl 578 ° C-tan 403 ° C-ka p#eilin
TeMeHAeTeTIHIH aHbIKTabl. ChipTKbl OeTi 138 © C TeMriepaTypana TypaKTaHIbIPbLUIIbI,
Oy OHTaWJIaHABIPBUIFAH AJJUTHUBTI TEOMETPHS JKBUIYABIH TapallyblH eaoyip
YKaKCapTaThIHBIH KOHE HOTHXKECIH/IE JEKTP TUIMJUIITH CAKTaUTHIHBIH PACTalIbl.

TuiMAUTIKKE HEri3feNreH 93IpJIeHreH  KYpPbUIBIMIBI  KOJJaHa  OTBIPHII,
KETUIIIPUITeH KO3FAITKBIII JU3aiHBIHA KOJI KETKI31JIII:

. Y3naikei3 Kyat KyaTslHbIH 43% ecyi;
. TAIMITITIH 3% apTTRIPY JKOHE
. 10-15% KpI3MET €Ty MEP3IMiH JKaKCcapTy.
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Ecenteyimr Tanmay TemmeparypaHbiH 175 C-ka TemeHJeyl MBbIC
IBIFRIHAAPBIHBIH 21,5% -Fa TeMeH/eyiHe OKEJICTIHIH aHBIKTaAbl, OYJI THIMIUTIKTIH
85% -nman 88% -ra nmeiiiH Ta3a ecyiHe colikec keneni. byi notmwkenep Vrcan et al. (2024)
YCBHIHBUIFaH aHAJIMTUKAJIBIK )KOHE SKCIIEPUMEHTTIK HOTH)KETIEPMEH CoMKec Kellel, OHa
IIAFBIH OJICKTP KOJIKTEPIH/IE KO3FAITKBIIITAH TPAHCMHUCCHUSFA COUKECTEHIIPYyIl
OHTAIIAHIBIPY apKBUTBI THIMIUTIKTIH YKCAC 6CyiHe KO KETKI31IIi.

XKyxreme ke3iHae TUIMIAUTIKTIH TOMEHICYIH CaHbIK Oaranay yiIiH opOip 6achin
IIBIFAPBUIFAH TIPOTOTUI VIIIH KyaTThl TOMEHJAETY KHCHIKTaphl >kacaiibl. KyaTThiH
temeHzeyl (AP) KyMyiasSTUBTI HIBIFBIHAAPFa OalIaHBICTBI KOJ JKETIM/II MEXaHUKAJIBIK
KyaTTbIH TOMEH/ICY1H aHBIKTANIbI:

AP = P, — Pyy;
TuiMaimkTiH ToMeHey1 (An) Kenecineld KopceTiiemi:

_ Nno-toad — Nioad

An

X 100%

Nno-load

£ e

EKi caTbi/bl LUbIHXXbIP PeayKTop [aviblH eki 6epinicTti peaykTop

Cypert 39 — Pexykropnapabiy cyJioanapsl

Mogenbaey  aepekrepl  TONBIK — JKYKTeMeAe  HOJUMepre  Heri3leireH
KosranTkeimrap 15-20% An kepcetkeHiH kepceTTi, ain AlSi10Mg kopmycTapbl XKoFapsl
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XKbUTy Oepy MEH KaTThUIbIKKA OailIaHBICTBHI THIMIUTIK >KOfanyblH 10% -gaH TeMeH
HIEKTETEHIH KoepceTTi. MeTami-kepaMuKaiblK KoMmo3uTTi cratop (AlOs) xbury
TPaUCHTTEPIH ONlaH opl TeMeHAeTIN, 7% TOMEHIeTyre KOJ JKETKi3[i, OYJI OHBIH
KOFapbl KyaTThl SJIEKTP JKETEKTEP1 YIIIH TUIMIUTITIH A9NEIEA].

Tekcepy ymiH o3ipaeHreH omictemMe Vrcan et al. (2024) KoMIaHUSCHIHBIH
OCKITIJITeH MEXaHUKAJIBIK CBIHAKTAPBIMEH CAJIBICTBIPBUIILI, OJIAP AJICKTP TPAKTOPIIAPHI
MeH kBaapouukiaepae KonnansateiH 60 B BLDC ko3rantkeimrapsid (1-1,5 kBT)
tanaanel.  OnapAblH  AKCIEPUMEHTTIK  TUIMAUIIK  MOHJAEPI  TPAHCMHMCCHUSHBIH
KOH(pUTypanusicbiHa OailIaHbICThI )KYKTeMe Ke3iHae 67-77% xone xykremeci3 91-93%
apaJIbIFbIHA OOJIBI.

Monenbaey HOTHKENIEpl OChl  JUCCEpTAUsSHBIH HoTwkenepi -  90-92%
KYKTEMEC13 JKOHE aJIMTUBTI OHTAWIAHBIPBUIFAaH KO3FAITKBIIITAP YIIIH HOMUHAJIIBI
xykremene 88-89% - sMIUPUKAIBIK JEPEKTEPMEH Tamallia YHISCIMIUTIKTI KopceTel.
AWBIPMAIIBUTBIK, ~ TOTIOJIOTHSFA  OHTAWJIAHIBIPBUIFAH  Oachlll  MIBIFAPBUIFAH
KOpPIyCTapMEH KOJI KETKI3UIN€H JKaKCapThbUIFAaH CaJKbIHAATy MEH PE3UCTUBTI
IIBIFBIHHBIH TOMEH/IEY1HE OAIJIaHBICTHI.

By colikecTik MOzIeNIbIeyTe HET13/1€JITEH 9IICTEMENIEP AINEKTPOKO3FAITKBIIITHIH
OHIMJIUIITIH aJJblH-ana Oaranay YIIiH (U3UKAIBIK TECTUICYAl CEHIMII TYpAe
anMacTblpa ajaTbIHBIH pacTaiipl, acipece (PU3UKAIBIK MPOTOTHNTEY KbIMOAT >KoHE
YaKbITTbl K&KET €TETIH aJIUTUBTI OHAIPICTIK 3€PTTEYIEPAE.

OHIMIUTIKTIH >KYKT€ME MEH >KbUIIAMJIbIKKA TOYEJJIUIITH BHU3yalU3alusiiay
YIIIH THIMJIUTIKTI KapTanay *y3ere achblpbulibl. THIMIUTIK KapTachl (1) )KoHE KPYTALIUN
MOMEHT >KOHE () YII HETri3rl allMakThl KOpPCETETIH MOJENbACY JEPEKTEepPIH KOJIaHa
OTBIPBITI KaCaJJIbI:

100% 100%
90% 90%

80% 80%

70% \ 70% g

500 60%
60%

Tuimainik - n

50%

Tuimainik - n

40%

20% 100 120 140 160 180 200
1 2 Kenik maccacsbl (Kr)
s 3K1(1500 BT) - KywrTik 6epinic 1 s 3K 1(15008T) - Kywrik 6epinic 1
s 3K 1(1500 BT) - KywrTik 6epinic 2 s 3K 1(15008r) - Kywrik 6epinic 2
3K2(1000 BT) - KywTik 6epinic 3 - orapbl 6epinic 3K2(1000Br) - Kywrik 6epinic 3 - orapbl 6epinic
s 3K 2(1000 BT) - Kywik 6epinic 3 - TemeHri 6epinic s 3K 2(1000BT) - Kywrik 6epinic 3 - TemeHri 6epinic

w

Cypet 40— 351eKTpOMOTOpIapAbIH KYIII aCThIH/A KYMBIC 1CTEY KE€31HJIET1 Mai1aJIbl
OpeKeT KOA(UIIEHTIHIH KYPT TYCY1
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1. XKorapsl TuiMaiiri 6ap ycript (n = 90%) oprama KpyTAuid MOMEHT
YKOHE HOMHHAJIIBI KbUTIAM/IBIK;

2. Mpic mBIFBIHAAPET 0ackiM OOJATHIH JKOHE THIMAUIIK TOMEHJIEHTIH
TEPMUSIIBIK KAHBIKTHUIBIK aliMaFbl,
3. backapy MeH MarHMTTIK IIBIFBIHAAP TUIMIUTIKTI IIEKTEWTIH TOMEH

KBUTTAMIBIKTBI aliMaK.

Bbyn xapTa oHTAIIBI ®KYMBIC HYKTEJIEPIH aHBIKTAY JKOHE aJTUTUBTI TU3AMH/IaFbI
TOMOJIOTUSJIBIK JKOHE MAaTepHabIK HapaMmeTpiepll perTey YIIIH MaiaanaHbUIIb.
Mpeicanbl, 40 kBT aykpiMabl KO3FalTKBIII MPOTOTHUIIHAE CTATOp KOPIIYChl MEH
CAJIKBIHAATKBII KYyPTKAChIHJIA TOPJbl KYPBUIBIMIAPIbI €HT13y THIMIUIIT >KOFaphI
aitmaktbel 18% -Fa apTThIpabl, OyJ MUHUMAIIbl TEPMUSUIBIK JerpagalusiMeH
HOMMHAJIJIBI KyaTTa y3aK >KYMBIC 1CTeyre MyMKIHIIK Oep/Ii.

O3IpJICHTEeH 9/IICTEME FBUIBIMHU KOHE MPAKTUKAJIBIK KYHIBUIBIKKA He. FouibiMu
TYPFBIIAaH aiFaHfga, oy 3D-0ackll  MIBIFAPBUTFAH  AJNEKTPOKO3FAITKBIIITAPIBIH
TUIMJIITIH Oaranay >KOHE apTThIpy YIIIH pacTajiFaH, (U3HKara HEri3felireH TOCLIal
VCBIHAMBI.  TEXHONOTHWSUIBIK  TYPFBIMAH O  (DU3UKAIBIK  SKCIEPUMEHTTEPCI3
WHTETpalWsJIaHFaH CaJKBIHIATYMEH, MAacCachlH TOMEHJCTETIH XOHE KBI3MET €Ty
MEp3iMiH Y3apTKaH KO3FaITKBIIITAPAbI K00amay MEH OHTalIaHABIPYIbI KON IbI.

By Tocim 3MEeKTPOKO3FANTKBIIITEI JaMBITYABIH Op KE3CHIH - MaTepHaIJIbI
TaHAayJdaH XKoHE JU3aiH/bI OHTalIaHABIpydaH OacTar SHeprus 0alaHChl MEH OMIPIIIK
UKIII TaljayFa JeiiH - OlpbIHFall ecenrtey IeHOepiHe OpbIHAAIYBIH KaMTaMachl3
eTeql.

TwiMaimikTi  Tajamayasl  auadTHBTI  OHJIpICTIEH  OIpIKTIpY  JOCTypii
ABTOUH)KEHEPHUSHBI JIEPEKTEepPre HETI3ENTeH, MOJCNbJEYre HETi3JeNreH MpoIecKe
alfHanapIpanbl, Oy DJEKTp KOJNIKTepiHe, JpOHJapFa KOHE ©OHEPKOCINTIK
pOOOTOTEXHHUKAFa apHAJFaH KOFapbl OHIMJIUTIKTI KO3FAJITKBIII KYHETEpiH TaMbITYIbl
JKeneaneTenl.

Ochl  nuccepranusifia  YCHIHBUIFAH — TUIMJIUIIKTI  aHBIKTAy  oficTeMeci
aHAMTHKAIBIK ~ MONCTBACYMi,  CaHABIK  MOICIBACYIAlI  JKOHE  MaTephalibl
OHTAMJIaHJBIPYAbl ATAUTUBTI Typrae kacanraH BLDC KO3FanTKbIIITapblH koOanay
dKoHE OaranaylblH KEIIeHIl KypajblHa OIpiKTipeai. OJICTeME >KbUIYJbIK MIHE3-
KYJIBIKTBI, TOK TBIFBI3JIBIFBIH JKOHE MArHUTTIK IIBIFBIHAAPALI Oakplaay apKbLIbl 93
naipI3ra JAckiH, 6 KBT / Kr-maH jkorapbl KyaT THIFBI3IBIFBIHA JKOHE OJIETTETI
KO3FaNTKbINTapFa Kaparanga 10-15 ece y3arbipak eMip CYypy Y3aKThIFbIHA KOJ
KETKi3yre OONaThIH/IBIFbIH PaCTa IbI.

byn KyppUTbIM 3JEKTPOMOOMIIBAUTIK, POOOTOTEXHHMKA >KOHE O3BIK OHJIPIC
cajachIH/a TYPAKThl HHHOBAIIUSJIApFa MYMKIHIIK OepeTiH SHEpTrus THIMII, TOJBIK 3D-
OAaChIT MIBIFAPBUIFAH AIEKTP )KETEKTEPiHIH KeJieci OybIHBI YIIIiH oMOe0ar KoHe FEUIBIMU
HETI3e]IrNeH HET13/1 KaMTaMachl3 €TEl.
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4 3D IPUHTEPMEH BACBIJITAH QJIEKTPOMOTOPITAPABIH
EPEKIIEJIIKTEPI

4.1 3D-0achinl MBIFAPBLIFAH JJIEKTPOKO3FAJITKBIIITHIH OMIpPJiK IUKJIIH
ecenrey

ONeKTp KO3FANTKBIMIBIHBIH ~ OMIpIiK [uKiIi OipHeme e3apa Toyenl

dbakTopIIapMeH aHBIKTaJIa bl

OK11aysarblIiil XKoHE MOJIUMEpITl OOMIIEeKTEeP/IiH KbUTYIIBIK TO3IM/ILIIT;
A¥iHanmMalbl KOMIOHEHTTEP1H MEXaHUKAJIBIK [apIaybl;

MarauTTik >KoHE AJIEKTPJIK Aerpafaiusi (MarHUTCI3ICHIIPY, TOTHIFY HEMece
OKIIayJayJbIH OY3bUTYHI);

Maiinay >koHe MOUBIHTIPEKTEP/IIH TO3YHI;

KyMmbic TemniepaTypachIiHbIH HUKIIIAPHI dKOHE KOPILIaFaH OpTa sKarJaniapsbl.
3D-0ackIn MmbIFApbUTFaH JIEKTPOKO3FAITKBIIITAp/1a aIUTUBTI TYP/IE *KacalraH

AlSi110Mg xopmycTapblH, KOMIO3UTTI HEMECE METaJI-KEePAMHUKAJIBIK CTaTOpJapabl
YKOHE OHTAMIaHIBIPBUIFAH CaJKbIHAATY KYPBUIBIMAAPBIH KOJJIaHy TeMIlepaTypaHbIH
OeJiHy1HE JKoHE, IEMEK, OMIP CYPY Y3aKThIFbIHA AUTAPIIBIKTAN ocep eTel.

Y3nikei3 kyat: 40 kBt

Keurmamaersr: 6000 aitn/MuH

Hpemni bicThIK HYKTE: 118 °C

Oxmaynay kiacel: H kmacer (180 °C)

Marnutrep: N42SH

CankpiHgaty: cyibIK (aHTU(pU3 + paguaTop + COprbl)

MoiibiaTipekrep: NSK 69017/690177, xepamukamnsik mapiap (ruOpuari
KepaMHKa)

40 kBt xone 6000 aiin/MHUH-/Ie alfHATTy MOMEHTI:

P(kW) 40
=9.5488 - —— ~ 63.7 H/™

T =9.5488
n(rpm) 6000

(Ocwt MomeHT KaTbiHachkl MOTOp PDF-Te e kepcerinren.)
50kw-MOTOR

2) OxaynayabIH KbLUTYJIBIK KbI3MET €Ty Mep3imi

KeH Tapasiran eHepKaCINTIK KbICKapTY:

Tyer=T
L(T) - L(Tref) 2 10

KoHcepBaTuBTI HET13/11 alalbIK;

T..r = 180°C(H xnachIHbIH 111€T1)
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o L(T.f) = 20,000 h(koHCEpBATHBTI «OHEPKACITITIK» CLITEME)
Copan keiin :T = 118°C
180-118

factor =2~ 10 = 202735
L.~ 20,000 x 73.5 ~ 1.47 x 10 h

3) Honmunuuk Kei3meT ety Mep3imi (ISO 281) — Oyi1, MyMKiH, IIEKTEYII OOTybI
MYMKIH
TepeH OUBIKTHI MAPUKTI MOMBIHTIPEKTEP YIIIH CTAaHAAPTTHI Oaraiay Mep3imi:
10° /C\®
Lion = 553 (7)

NSK 690177 yuuin xapusiiaHFaH KaTajaor MOHAEP1 MbIHAJIAP,Ibl KAMTHUIbI:

« Heri3ri nunamukaneik xykreme petunri: €, = 3200 N

« Heri3ri crarukaneik xxykreme pedtunri: Cp, = 1460 N

o Maiinay xpurnamabirsl meri: 30,000 aitn/ MuH
Mortopaa 6000 aits/MuH-A€ TYPChI3, OYJI )KBUTIAMIBIK YIIIH KeTKUTIKTI. benricizmik —
HKBUBAJICHTTI MOUBIHTIpeK Pxykremeci (N). "350 kr, Oepiric kopadsl 3:1" Tikeneit
MOMBIHTIPpEK  KYKTeMeCl emec, erep Oepuric KOpaOBIHBIH  KYIIl  MOTOP
MOMBIHTIpEKTepiHe OepinMece, (koOiHece Oepulic KOpaObIHBIH 63 MOWBIHTIPEKTEpI
001a/1b1 K9HE MOTOP TEK My TaJIbl )KYKTEMEIep/ Il KaObUIIalIbI).

OMip cypy ce3IMTaIbIFbI (HAKTHI CaHap)
Kongany xxone :n = 6000 rpmC = 3200 N

o« Erep:P=100N Lion = 91,000 h
o« Erep:P =200N Lion = 11,400 h
e Erep:P =300N Lion = 3,370 h

o« Erep:P=500N Lion = 728 h

[areH 6901 MOUBIHTIPEKIIEH OMIp CYPY MEP3IMI HAKTHI PaJAHAIIIbl/OCBTIK KYKTEMEH13
100 N memece 300 N ma, coran OaiiyiaHBICTBI OipHEIIIE PETKE o3Trepe/i.
MaremaTukagaH MPaKTUKAIBIK KOPBITBIHIBI
Erep ci3niH TpaHcMHCCHSIHBI3 Oepulic KOpPaOBIHBIH KYKTEMECIH MOTOp
MYPTIpEKTEPIMEH KOTEPMEHTIHAEH OpHajIacThipbUiFaH Oojca (MydraHblH +
Oeputic KopaObl 63 KoJiiaybl 6ap), onna mbiHaiiel PTypae 50—150 N mamaceiaaa
00JTybl MYMKIH, oHE OipHeIIe KUK KbI3MET MEP31MiI MYMKIH.
Erep Oepimic Topbl / Oenmik KepHEyl / IyphIC TypMay KYIITEPI MOTOP
My#HTIpekTepine xkykTence, 6901 enmeMi MoIIEpIIH MOJIIEPI alKbIH OMIPITIK
HIEKTEYII OO0JaIbI.
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['mbpuaTi KepaMHKaJIbIK IIapiap JKOFapbl O KbUIJAMIBIKTAFbl  MIHE3-KYJIBIKTHI
YKaKcapTyFa )KoHE a3 Maiiyiay Ke3iHae To3yabl azaiTa ananbl, 0ipak [SO 281 xykremere
CE3IMTaJIBIFBI 911 J1e OaChIM.

4) Maruutrep: N42SH ci3nig TemneparypaHbi3aa
N42SH — xorapsl Temneparypaisl NdFeB nopexeci; opay bicThIK HykTeci 118 °C
JKOHE CYHWBIK CaJIKBIHIATYy apKbUIBl POTOP MATrHUTIHIH TEMIIeparypachl ofeTTe
KPUTHUKAJIBIK JEMarHUTTEHY KayIliHEeH dJieKai1a TOMEH yCTana bl (erep poTop Hamiap
CaJIKbIHJaThIMaca). Ic ’Ky31H1e, MAarHUTTEP MYH/Ia HET13T1 eMip Cypy LIeKTeyIiici 6o1a
aJIMananl .
Haktel Oenriiai eMec OoaFaHABIKTaH, IILIH MOHIH/IEC MHKEHEPIIK KayaObl IICKTEITeH
ayKbIM: P

- Erep ci3ain Oanamaiibl MyWBIHTHIK XYkTeMeH13 mamamed 100 N 6onca: Lo, =

90,000 car

- Erep o 200 N-re >xakbin 6omca: Ly, = 11,000 car
CoHIBIKTaH CI3[IH IIbIHAWBI Y3MIKCI3 KbI3MET MEP3IMIHI3 €H JOJIEJICHTEH:
10,000 nen 90,000 carar (MOAIIMITHUKTIH KYKTeMeciHe OaiTaHbICTHI)

Kecrte 12 — DnexkrpomoTop e3repictepi

3D-06ackin HIBIFAPBUIFaH

Konimri KO3FaJITKBILI Kakcapry
MoHi KO3FQJITKBIII (oHTaWIaHABIPHUIFaH) (%)
Tuimmainix 85-90 % 8893 % +4.0 %
Kyar 4,5 kBt / kxr 6,2 kBt / xr +37.8 %
TBHIFBI3/IBIFBI
Temmneparypa 578 °C 403 °C —30,3 %
(10 xBT)
OmMip cypy | 10 000 car 11400 car +14 %
Y3aKThIFbI
OHipic KYHBI $ 3000 $ 3358 + 6.6 %

AJTUTUBTI OHAIPIC MEH ecenTey AU3alHBIHBIH OIpIryi >KOFapbl ©HIMALIII 0ap
AJIEKTP KETEKTEpiHiH AamyblH e3repreai. Kommepnusuiblk BLDC K03FaaTKBIIITaphI
OHJICY IIEKTEYJIEPIMEH IICKTEITeH OCKITUITeH TOMoJIoTHsIapFa cyheHreHiMeH, 3D
OachIM MIbIFApy €pPKiH MIIIHAl TeOMETPUsIFa, SHIIPUITEH CaIKbIHAATyFa )KoHE OacKara
KaiTanayra 00JIMalThIH MaTEPUAIIBIK TPAAUCHT KYPBUIBIMIApbiHA MYMKIHJIIK Oepei.

ConbiMeH Katap, OHTainmaHasipburFad 3D-6acein misFapeurad AlSil10Mg
KOPIYCTAPBIHBIH JKbUTY apTHIKIIBUIBIFBI TIKEJIEH KOFapbl CEHIMAUTIK IMeH OHIMIUTIKKE
okenei. OpaMaHbIH TOMEH TEMIIEPATyPAChl MBIC IIBIFBIHIAPBIH a3aUTa b, THIMIITIKTI
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apTThIpaJbl )KOHE KOMIIOHEHTTEPAIH KbI3MET €Ty Mep3iMiH y3apTaabl. PeTTenren opam
apHaJapblH, CEHCOPJBIK TIPEKTEP/l >KOHE MOHTaXAAy KYpbUIBIMAApPBIH Oip Oachin
HIbIFapy Ke3iHae O1piKTipy MYMKIHJIITT KYpacThIPYAbl OJaH 9p1 )KEHITAETE 1 KOHE aiaM
KATEeJIITH a3aiTaIbl.

Anaiina, KeH ayKbIMIbI OHJIpPIC ol 1€ KUBIHIBIKTapFa Tal 0oJaabl, COHBIH
imriHae OeTTi apIiey, MAarHUTTIK MaTEpUaIbIH KYHBI KoHE KalTalaHybl YIIIH OachIm
IIBIFapy MmapaMeTpiepin cranmaptray. Ocbl Keaeprijepre KapamacTaH, aJIuTHBTI
TEXHOJIOTUSIHBIH >KaJFachlll KAaTKaH 3BOJIOUUACH koHe SLM mnpunrtepriepinig
HIBIFBIHIAPBIH TOMEHIeTy 3D-0achlll MIBIFAPBUIFAaH 3JIEKTPOKO3FAITKBIIITAD YKaKbIH
apajla KOMMEPIUSUIIBIK YIIKBIIICHI3 YIIy anmaparTtapbl, 3JIEKTP MOTOLMKIIEPT MEH
poboTOTEeXHHUKA YIIIiH 0ocekere KabiieTTi 00abl J1en O0IKaIb.

CanbicThIpManbl Tangay 3D-6ackin LIbIFAPbUIFaH BLDC
AIEKTPOKO3FAITKBIIITAPE OoceKkere KaOUIeTTI OHIPICTIK IIBIFBIHAAPBI  CaKTai
OTBIPBITI, THIMIUIIK, CaJIMaFbl, KyaT TBIFBI3JBIFEI, TEMIEPATYPaHBIH TYPAKTHUIBIFBI
KOHE OMIPIIK LUKl OOMBIHINA JACTYPJl KOHCTPYKLUMSUIApAAH Aachlll TYCETIHIH
pactaiinel. OHrainmangsippuirad  AlSi10Mg  cankplHZATy KYpBUIBIMBI  HETI3T1
temriepaTypanbl 30% -Fa TOMEHIETEI1, KbI3MET €Ty MEP3IMIH alThl €CEre apTThIPaIbI
XoHe y3a1kci3 KyaTTsl 40% -Fa qeiliH apTThIpaibl.

ANIMTUBTI OHIIPIC KOJI KETIMII Ooyia OacTtaraH CalbIH, TOIOJIOTHSIIBIK
OHTAWJIAaHJBIPBUIFaH, TUIMIUIITT KOFapbl KO3FaITKBIIITAPABIH OHIIPICI IPOHIAP MEH
AJIEKTP VINAaKTapblHAH OacTam >KOFapbl OHIMIUII Oap KeNiK Kypajjapbl MeH
OHEPKACINTIK aBTOMATTaHBIPYFa JIEHIH canaapAarbl JJIEKTP KO3FAJITKBIII KyHeIepiH
KaliTa aHBIKTANIbL.

CaHapIK nu3aiiH, MOJEINbJIEYTe€ HETI3JCNreH OHTAWIaHABIPY >KOHE TIKelen
MeTasul 0achIll MIBIFAPY/IBIH YHIIECIMI JIEKTPOMOTOP MHXKEHEPHUSICHIHBIH OOJallarbiH
OuIIIpenai - TYPAKThI, KEHIT )KOHE MAKCUMAJIIbI THIMUTIK MeH OEPIKTIK YIIiH apHailbl
OeliMaenrex.

4.2 Hapsikrarsl BLDC 3j1eKTp KO3FAJTKBIIITAPBIMEH CAJIBICTBIPY

10-50 kBt pmamazonbiHmarbl koMmmepuusuiblk BLDC  KO3FaITKBIIITApBIHIA
(npongap, SAEKTPOMOOHUIBIAED >KOHE OHEPKACINTIK poOoToTexHMKa YimiH) Emrax,
Turnigy, MGM Compro xone T-Motor cuskTel eHaipymisiep OacbiM. by
Ko3rauITKpiTap CNC eHjeNreH ajatOMUHUN KOPHYCTap/ibl, JaMUHATTaJIFaH CTaTop
©3EKTEPIH )KOHE KOJIMEH MBIC OpaMaHbl KOJIJJaHA OTHIPBIN LILIFApbLIaAbl, OYJI IEKTEY T
JM3aiiH UKEMIUTITIHE KoHe 0asty CaIKbIHIATy THIMJIUIITIHE OKee/l.

bi3ain 3D-6ackin miblFapbUIFaH 3JIEKTPOKO3FANTKBIITHIH nmpoToTuntepi (1 kBT
miacTukaiblk Hycka, 10-15 kBt AlSi10Mg nyckacel xoHe 40 KBT TOMOIOTHSIIBIK
OHTAWJIAHJBIPBUIFAH HYCKA) OJIAPJBIH KBUTYy >KOHE MEXaHWKAJBIK OHIMIUIITIH OCHI
JOCTYPII1 KOHABIPFBIIIAPMEH CATTBICTBIPY YIIIH 931pJICH/II.

112



Kecte 13 — Heri3ri canbicThIpy apameTpiepi

Komimri BLDC
(Emrax / T-Motor | 3D-6acsIm IIBIFAPBUTFaH

Epexkmeniri KJIAChI) oHTannanaeipburad BLDC

Oupipic nporect CNC eHJIey, | AlauTuBTl  eHaipic (SLM  /
KYpacTeIpy, DMLS, TOIIOJIOTUSI
JaMUHaIUsIIAY OHTAaMJIaHIBIPHLIFaH )

Typroin yit matepuansl | Amomunud 6061 /| AlSi10Mg CaQJIKBIH/IATy
KYWBUTFaH KOPBITIIA apHaJIapbIMEH OacebIn

IBIFAPBIIFaH

Crarop e3eri Jlamunatranran Fe-Si | bacein  mbiFapsiran Fe—Si

napaxKTapbl HEMECe  MEeTaJUI-KepaMHUKAaIbIK
KOMITO3UT

Cankpingaty xxyiieci | CeipTkbl KaHaTTap /| [miki WHTErpallusyIaHFaH
CYMBIK KypTKa CAJIKBIH/IATY apHaJIaphl

Kyar aykpIMbI 5-40 kBt 5-45 kBTt (MacmTabTanaThiH)

Tuimainix 85-90 % 8893 %

Kyart ThIFbI3bIFbI 4.5 kBt / kr 6,2 kBt / xr

Exn xorapsl | 550-600 °C 403 °C

temriepatypa (10 kBt

KYKTEME)

Kemer ety wmepsimi | 8,000-12,000 car 10 000-20 000 car

(KpI3MET KOpCETY

caraTTapsl)

3D-0ackin mbiFapbuFad qu3zaidH 30-35% xofapbl KyaT ThIFbI3IBIFbIHA, 3-5%
YKOFapbl THIMJIUTIKKE *KoHE 6-8% y3aK KbI3MET €Ty Mep3iMiHe KOJ KEeTKi3€/l1, COHbIMEH
KaTap KYpacThlpy KaJlaMJapbIHbIH KbICKAPYBIHA JKOHE KypajdaplblH OoJMaybIHA
OaillaHbICThI Oacekere KaOlIeTTl MIBIFbIHAAP KYPbUIBIMBIH CaKTal/Ibl.

3. TuimOinix nen wvleblHOapobl CANbICMbIPY

Tuimauniri (n) Keaeciaei cunarTanybl MyMKIH:7)

n =
PouttPioss . .
MYH/Ia KaJIbl MIBIFBIHIAPFA MBIC, TEMIp, YHKENIC XoHE alHaaMajbl TOKTap
kipeni. 3D-06aceim mIBIFApPBIIFAaH KO3FANTKBIIITAp/a 1Kl CAJIKBIHIATY >KOHE KBICKA
MarHutTik xkojaap Ploss-ti azaiitagel. 10 kBT Ko3FanTKeImI yImiH: Py, ¢
- Konmimri ko3rantkem: Ploss = 1,5 kBt — n = 10/11,5 = 87P;,s = 1.5 kWn =
10/11.5 = 87

Pout

n=Pout+PlossPout
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- 3D-0acein mbirapeiiFal Ko3ranTkeil: Ploss = 1,1 kBt — n = 10/11,1 =

90,1P,,cc = 1.1 kWn =10/11.1 = 90.1

AnnutuBTi nu3aiH ~3,1% sxorapbl THIMIUTIKTI KaMTaMachk3 erei, oy 310 Bt
a3 )KbUTY IIBIFApPYyFa TCH, OYJ1 )KOFapbl OHIMAUTIKKE HEMECEe CaIKbIHIATyFa CYPaHbICThIH
TOMEH/ICY1HE MYMKIHJIIK Oepei.

CayiMarbl ME€H KyaT THIFbI3/IbIFbI

TomonornusHb OHTAMIAHIBIPY JKYMBIC ICTEMENTIH MaTEPHAIIIBI JKOSIbI, TYPFHIH
y# canmarbiH 25-30% -fa azaiitanbl. Erep Gactankbl Ko3ranaTKbil Maccackl 10 kBT
(1,43 kBt / kr) ymrin 7 kr 6osca, 3D-6achimn mibiFapeuirad Hycka 10 kBt / 5,8 kxr=1,72
kBT / xr x&erenl. YikeH KoHCTpykiusiap yiriH (40 kBT, 6,4 Kr) KyaT ThIFBI3IBIFBI 6,2
kBT / kr-ra geiin aptaasl, 0y Emrax 208 stanonsinad (5,4 kBT / xr) acein Tycei.

DKOHOMUKAJBIK CaJIBICTBIPY

MamaHaHIbIpBUTFaH aIIUTUBTI 5Ka0IbIKTHI KAKET eTeTiHIHEe KapamacTtad, 3D-
Oaceinn mbiFapbutrad AlSi10Mg crtaTtop KopiychlH Oackin mibiFapy HeOopi 358
JOJIIApIbl  Kypalabl, ajd KO3FaNTKBIIITBIH JKaJIbl KYHbI MBIC, MarHUTTEp MEH
MOMBIHTIpEKTep/I1 Koca anranaa ~ 3000 nomnapra xeteai. ¥Kcac cumarramaiapsl 0ap
KOMMEPIUSIIBIK Ko3ranTkeImTap (40 kBt, 6 kBt / kr) 4500 nonnapaan 7000 nonnapra
nein carplianbpl. Ochulaiina, ajJuTUBTI TOCILT OHMIPICTIK IIBIFbIHAApAbl 40% -Fa
JIeWIH YHEMJICH/I1 KOHE KETKI3y YaKbIThIH alTapJIbIKTaill KbICKapTaIbl.

6. DKOJOTHSIIBIK JKOHE TEXHUKAJIBIK KbI3MET KOPCETY/IIH apTHIKIIBUIBIKTaPbhI

-  Marepuanablk KanaaplKTapabl azaty: AM mponeciHig TaiMainri > 95%; CNC
oHJey KalabIKTapsl ~ 40-60% 3aroToBka MaTepHrallbl.
- Kaiita enzmey: SLM-ae yHTaKkThl KaiTa mMaiganaHy XbuiaaMabirbl ~ 80%:;

Corci3aikke ylIbIparaH KyKaTTap/ibl KaJblHa KeJITIpyre Oonaibl.

- Kenpney kabineri: 3akpIMaaIFaH OeJIIEKTEpAl KaidTa 0achll LIbIFapyFa HEMecCe

TaHJIaMaJIbl TYp/e KalTa mbIFapyFa 00JaIbl.

- Temen kewmipreri 13i: OuaipicTik CO: MBFAPBIHABIIAPHI JICTYPIl KYIO MEH

OHJICYMEH cayibICThIpFania ~ 25-30% -ra ToMeHie/l.

AJTUTUBTI OHAIPIC MEH €CenTey AU3AWHBIHBIH OIpIryi >KOFapbl ©HIMALII 6ap
NIEKTP KETEKTepiHiH AamybiH e3repreni. Kommepuusuibik BLDC Ko3FanTKbIITaphl
OHJICY IIEKTCYJIEPIMECH IICKTEITreH OCKITUITEH TOMOJIOTHsIapFa cyheHreHiMeH, 3D
OAachII HMIBIFAPY €PKiH MIMIIHAI TEOMETPUSIFA, CHAIPUINEH CAJIKbIHATYyFa xKoHe OacKala
KaiTanayra 00JIMalThIH MaTEPUAIIIBIK TPAAUCHT KYPBUIBIMIApbIHA MYMKIHJIIK Oepeti.

ConbiMeH Katap, OHTainmaHasipburFad 3D-0acein mibFapeurad AlSil10Mg
KOPIYCTAPBIHBIH JKbUTY apTHIKIIBUIBIFBI TIKEJIEH KOFaphl CEHIMAUTIK IMeH OHIMIUTIKKE
okenei. OpaMaHbIH TOMEH TEMIIEPaTyPaChl MbIC IIBIFBIHIAPBIH a3alTa b, THIMIITIKTI
apTTHIPAJIBI )KOHE KOMIIOHEHTTEPIH KbI3MET €Ty MEep3iMiH y3apTajasl. PeTrenren opam
apHaJIapblH, CEHCOPJIBIK TIPEKTEpHl >KOHE MOHTaXJay KypbUIbIMIApBIH Oip Oachin
HIbIFapy Ke31Hae O1pIKTIpY MYMKIHIITT KYpacThIpyIbl OJaH opi KEHIIAETE Il )KOHE aaM
KaTeJIriH a3aiTabl.
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Anaiia, KeH ayKbIMIbl OHJIPIC M1 J€ KUBIHJABIKTapra Tam 0ojajibl, COHBIH
imriHae OeTTi apIiey, MAarHUTTIK MaTEpUaIbIH KYHBI KoHE KalTalaHybl YIIiH OachIm
IIBIFapy MmapaMeTpiepin cranmaptray. OcCbl Keaeprijepre KapamacTaH, aJIuTHBTI
TEXHOJIOTUSIHBIH JKaJFaChIll KATKaH 3BOJIONUACH koHe SLM mnpuHTEpiepiHiH
IIBIFBIHIAPEIH TOMEHIeTy 3D-0achIll MIBIFAPBUTFaH AJICKTPOKO3FAITKBIIITAP JKAKBIH
apaia KOMMEPITUSIIBIK VIITKBIIICHI3 YIITY amnmapaTrTapbl, 3JEKTP MOTOIMKIACPI MEH
poOOTOTEXHUKA YIIIiH O9ceKere KaOIeTTi 00JIa bl et OOIKANIbI.

CanpicThIpManbl Tanjaay 3D-6ackin LIBIFAPbLIFaH BLDC
AIEKTPOKO3FAITKBIIITAPE OoceKere KaOUIeTTI OHJIPICTIK IIBIFBIHAAPBI CaKTai
OTBIPBIT, TUIMIUIIK, CAJMaFbl, KyaT TBIFbI3/bIFbI, TEMIEPATYPAHbIH TYPaKThUIBIFbI
JKOHE OMIPIIK MUKl OOWBIHIIA JOCTYPJIl KOHCTPYKIUSJIapAaH achlll TYCETIHIH
pactaiapl. OHraimangsipeuirad  AISi10Mg  cankelHAAaTy KYPBUIBIMBI  HETI3Ti
temriepatypanbl 30% -Fa TOMEHIETE/ll, KbI3MET €Ty MEP3IMIH ajlThl €Cere apTThIPaIbl
XKoHE y31iKci3 KyaTTbl 40% -Fa JIeiiH apTThIpaIbl.

ANIMTUBTI OHIIPIC KOJI KETIMII Ooyia OacTtaraH CalbIH, TOIOJIOTHSIIBIK
OHTAWJIAHJBIPBUIFaH, TUIMIUIITT KOFapbl KO3FaITKBIITAPIABIH OHIIPICI IPOHAAP MEH
ANIEKTP YIIAaKTapblHAH OacTam JKOFapbl OHIMAUIIT Oap KeNiK Kypajjapbl MeEH
OHEPKACINTIK aBTOMATTaHABIPYFa JEHIH canajlapAarbl JJIEKTP KO3FAJITKbBILI KyHeIepiH
KalTa aHBIKTANbI.

CanaplK Ju3aiiH, MOJEJNbJICYre HET13[eITeH OHTAWIaHIbIPYy JKOHE TiKelen
MeTasul 0achIll MIBIFAPY/IBIH YHIIECIMI AJIEKTPOMOTOP MHXKEHEPHUSICHIHBIH OOJalliarbiH
Olnmipeii - TYPaKThI, )KEHUT KoHE MaKCUMAaJIbl THIMIUTIK TIEH OEpiKTIK YIIIH apHabI
Oeitimaenrex.

4.3 bacbLIFaH 3JIEKTPOMOTOPJIAPABIH KOJIAHBLILY asiChl

3D Oachlll IIBIFapbUIFaH AJIEKTPOMOTOPIApAbl KOJIJAHY asichl 3€pTXaHaJbIK
TOXKIpUOENepieH anaeKaiiia aceinn Tycenl. byrinri tanma agautuBTi eHiipic (AM)
aKaJEMUSIIBIK YKOHE OHEPKOCINTIK AJIEKTP MOOWIBIUIIT CEKTOpiapbIHAa kobaay,
ChIHAY KOHE OHJIIPY MapajurMajapblH OeJICeH[l TypAe KaiTa aHbiKTayga. AM-HBIH
KEHUT KYPBUIBIMAAPAbI, OHTAWIAHJBIPHUIFAH JKbULYy OHIMIUIILIH JKOHE TEHIIENreH
reoMeTpusIapabl O1piKTipyaeri Oipereil KaOIeTi OHbI MPOTOTUITEPl 31pIIEy, KAPbIC
KOJIKTEp1 )KOHE SHEPIHsl TUIMAUIITIH 3epTTey YIIIH MaHbI3/Ibl KypaliFa allHaJIIbIpaJIbl.

Cor0OaeB YHHMBEPCHUTETIH/AE >KOHE CEpPIKTEC 3epTXaHanapia SKCIEPUMEHTTIK
kejikrepae 3d Oacelll mIbIFappUlFraH OipHelle (QYHKIHOHAIABI 3JIEKTPOMOTOPIIBIK
NPOTOTUNTEP O3IPJICHII KOHE CHIHAIIBI-3EPTTEY YIIKBIIICHI3 YIIy anmnapaTTapbiHa
apnaniran ki  BLDC  xy#enepinen bactan @®opmyna CryaeHTTIK Kapbic
aBTOMOOWJIBJIEPIHIH KO3FANITKBIII Monyibaepine skoHe Shell Dxo — mapadoHBIHBIH
yABTpa TUIMJI KONIKTepiHe nediH. byn »xobamap HaKThl oJeMJeri KOChIMIIaiapaa
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0acna KO3FaJTKBIIITAPBIHBIH HAKTHI ayKbIMbl MEH NIalbIHIBIK AeHreiin (TRL 6-8)
KOpCETETi.

1. Oxy XKone 3eprrey [IpotoTuntepi

bacmna s1ekTpoMOTOpIapbIHbIH OIpIHII KOHE TiKeJIeH KOJAAHBUTYBl OKY YKOHE
skcnepuMeHTTIK nporotuntepae. Komxerimai FDM, SLS xone SLM npuntepnepin
naiijianaHa OTBIPBIN, CTYAEHTTEp MEH 3epTTeylIiiep OipHele KyH IHOIHAE SJIEKTp
KO3FAITKBIIITAPbIH >k00anan, MoAeIben, (U3UKaIbIK ChIHAKTAH OTKi3e anaabl. by
KYMBIC TPOIEC] IMIBIFBIHAAPIbI, OPBIHAAY YaKbITBIH KOHE JU3alHIIbI KaiTanay
HUKIJApbIH  alTapiblKTall  KbICKapTaabl, OyJ UWHXEHEepJiik OarjgapiiaManapra
TEOPUSUIBIK OKBITY/IaH NpaKkTUKaIbIK 3eprreyiiep Men Osipinemenepre Kermryre
Mywmkinaik bepeni.

CorbaeB VYHuBepcuTeTiHAe Oacra AIEKTPOMOTOpPIApbl Kelecl FhUIBIMU
xobanapa KoJJaHbUIIbL:

500 Bt mmactukansik BLDC npororumi: BAMBU Lab X1C kypbuiFbicbIHAA
PETG xone marautrtik PLA kemerimen Tosbik FDM Oackin mislFapbuUiFrat; ap3aH 011im
Oepy kobanapbliH 3epTTey YIIIH Nali1agaHbUIaibl.

3-5 kBT AlS110Mg 6acna craropel MmeH kopmychkl: UnionFab SLM KpI3meTi
Apxkbuibl JKacanraH; yHUBEPCUTETTIH DHEprusinbl YHemaenTiH Kenik 3eprxanaceinaa
ChIHAJIFaH.

40 KBT QJIIOMUHHN KOHE METAII-KEPAMHUKAJBIK IPOTOTHIL: a3POJIHUHAMUKAIIBIK
JKapbICTapra >KOHE aybIp IpOHAapAbl KO3Fay KylesaepiHe OarbITTallFaH TONOJOTUSIIBIK
OHTAaMJIaHIBIPBUTFAH CaJKbIHAATY apHanapsl 0ap Fusion 360 kemerimen XKacanraH.

Byn xarmaiinblK 3epTTeysiep KOChIMIIA ©HJIIPUITeH 3JIEKTP KO3FaITKBILITAPhI
FBUIBIMH  3€pTTEyJIepre HerizaenreH OuriM  Oepy miaaTdopMachlH KOHE O3bIK
MPOTOTUNITEPAl KAaMTaMachl3 €T€ OTBIPHIT, KOAIMI1 KyHlenepal oHalpy KYHBIHBIH Oip
oemirine 80-90% THIMIITIKKE KO KETKI3€ alaThIHBIH PacTaIbl.

2. ®opmyna CTYICHTTE KOJIJAHbICHI

dopmyna CryneHTTepiHiH OalikaybI-2JIEKTP KO3FaJITKbIIITAPbIH
WHHOBALMSJIAyblH €H Tajlall eTUIeTIH apeHanapblHblH Oipl. CTyAeHTTIK XapbIC
aBTOMOOMJIBJIEP] BIKLIAM, XKEH1 5KOHE TUIMILIITT )KOFapbl KyaT KOHIBIPFbIIAPbIH KaXKeT
eTel, oMap KYMBIC ICTeN TYpPFaH »OHE MOJIYJbJi 0oJjia OTHIPHIN, IIaMajJaH ThIC
KYKTEMeJepre ToTern Oepe anapl.

CorbaeB YuuepcuteTiHiH koMmangachl (SU Racing Team) Formula Student
Kazakhstan xone Formula Student UK «kemikrepine 3D Oachbim misrapbiiraf
KOMITOHEHTTEep/1 eHri3/l. Onapra MbIHAJIAP JKATaJIbI:

3d GachIm MIBIFAPBUIFaH CAJKBIHATY KOPITYyCTaphl )KOHE HHBEPTOP OCKITKIIITEPI;

Fusion 360 TOmoOMOTHsIBIK Taimaybl apKbUIbI OHTaIaHIbIpbUTFaH JKeHin
AlS110Mg KO3FaNTKbIII KOPITyCTaphl;

JKorappl BOJBTTHI KayilCI3MIKTI KaMTamachl3 €Ty VIIIH CTAaTOPJBIH COHFBI
KaKIMaKTapbl MeH Kabemb/1 0ackapy IeMEHTTEpl KOChIMIIIA TYP/IE JKacalFaH.
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A©O OGeuekTepiHiH MHTErPALMACH KO3FAITKBIII KypacTblpy caaMarbiHbIH 12%-
Fa TOMEHJIEYiHEe, KyaT NE€H CaJMaKThIH apaKaThIHACHIHBIH apTybIHA JKOHE TO3IMJLIIK
OKHFaJapbl Ke31H/€ KbUTY/IbI OacKapyablH jkakcapybiHa okeni. 3d 6achIn MIbIFapy/Isl
naijanana OTeIpbIN, WHXeHepnep Popmyna CTyneHTIHIH TOPT MOHFAIAKTBI DJICKTP
mwiarpopmaceiMer  yimecimai  20-25  kBT-Ka  ecenrenreH  apHaitel  BLDC
KO3FAJITKBITIITAPBIHBIH JKbUIJIaM MTPOTOTHIITEPIH YKacall ajiabl.

Kynpr mamamen 358 AKII mommapsiH KypalThIH OCHI jk00a YIIIIH 931pJeHIeH
SLM bacem msirapsuiran AlS110Mg cankpiHgaTkpiin kopiycbl 900  momapiiblk
OHJICTITEH KOMIIOHEHTT1 aybICThIpIbI koHe fusion 360 TepMHSUIBIK MOAEINbICYIH/IE
KOpCeTUIreHiel cTatop Temriieparypacbid 578 °c-tan 403 °c—ka JieliiH TOMEHETTI.
Byn1 y3aK sKyMbIC LIMKJIIApbIHA, KOFAPBI Y3/IKC13 TOK ChIMBIMJIBUIBIFBIHA KOHE KBLTY
HIEeT1HE )KeTKeHTe JIehiH skaimbl 20-25% y3arbIpak >KYMbIC YaKbIThIHA MYMKIHJIK O€pi.

Mynpmait ozipiemenep 3d Oackin  mibFapyabl OHIMAUIK HWHXKEHEPHUSICHIH
TYPaKTBUIBIK TI€H KOJDKETIMIUIIKIEeH OipikripeTiH @Popmyna CTyaeHTTEpiHIH
AIIEKTPOMOOUIT> MHHOBALUSIAPBIHBIH HET131 PETIHJIE OPHAIACTHIPAIBI.

3. Shell Oxo-mapadonst Kone Ynbrpa Tuimai Kenikrep

JlyHue Ky3lHAErl CTYIEHTTIK KOMaHJajapAbl DSHEPrusiHbl YHEMJCUTIH
KeJiKkTepal xacayra makbiparbiH Shell Oko-mapadon Oarmapnamacel 3d Oacein
IIBIFAPBIIFAH  AJICKTPOMOTOPIIBIK TEXHOJOTHSIAp YIIIH Tamalla ChIHAK ajaHbIHA
alHaJIbL.

CorbaeB YuuBepcuterinae o3ipieHreH TOQ mpoOTOTUIIHIAE MIKKI KyaT YIIIH
eMec, MaKCUMaJJIbl THIMJIUNK YIIiH OHTaigaHapipbluiradn 3D Oacellm mIBIFapbLIFaH
keHUT BLDC Ko3ranTKpIIbl akaanadnbuiabl. Ko3FaaTKBIITEIH HET13T1 HOTHIKEIEpiHe
MBIHAJIAp KaTaJbl:

100 kM-re 1,5 KBT / caF-TaH TOMEH PHEPTHs TYTHIHY;

Kenik KypanmapblHbIH KAlIBIKTHIFBI KBT/caF yiniH 200 kM-1eH acaabl (COHFBI
utepausaa 260 km / kBT / car).;

baceiiFaH monmuMep JKOHE  aMIOMHUHUN  KOHCTPYKIUSIAPBl  apKBLIBI  KOJ
JKETKI3UITEeH KO3FITKBIN canMarbiH 30% - Fa a3zaifty;

ALOs xipictipynepi Oap OIPIKTIpUITE€H KOMIO3UTTIK KOPIYC, KaTThUIBIKTHI
YKaKCcapTaJIbl )KOHE KbITY )KUHATYBIH a3aiTaIbl.

TomONMOTHSANIBIK OHTAMIAHIBIPY JKOHE 1IMTKI CATKBIHAATYABI K0oO0ajgay apKblIbI
KOMaHJa KO3FaNTKBIITHIH TUiMaulriH 70% - gan 85% - ra jAeliH KakKcapTThl,
IIBIFBIHIAP/ABI A3aUTTHI )KOHE ©3 CAHATHIHIAAFbI SHEPTHUSHBI TYPJICHIIPYAIH €H >KOFaphl
ko3 duImeHTTepiHiH OipiHe KO KeTKi3Al. bacma Ko3raaTKBIITaphl 1a KOJ JKEeTiMIl
JKOHE ayBICTHIPBUIATHIH OOJIBI, OVJI KOMaHara Olp »KapbiC MayChIMBIHIA OlpHEIe
UTEPAIUSHBI ChIHAYFa MYMKIHIIK Oep/Ii.

TOQ cepusicbiHaa KonmaHbutaTeiH 3D 0ackilm MIBIFAPBUTFAH AJIEKTPOMOTOP
MOMBIHTIPEKTEPAIH YHKENICl, opamMaiapAblH JKOFAlybl >KOHE IMOJIMMEpP—MeTalll
uHTEepdencTepl Typaiabl KYHAbI JEpPEKTEpll KaMTaMmachl3 eTTi, Oyji Oojamak 3Ko-
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KOJIIKTEP/IIH KyaT OJOKTapbIHBIH AU3aiHBI Typalibl TiKesel xabapaap eTTi kone Shell
Xanbikapanblk Jko-mMapadonbiHaa KazakcTaHHBIH OKUIIITIHE YI€C KOCTHI.

4. ©uepxacin XKone Kommeprusiisik [lepcnextuBanap

binim Oepy MeH xapbicTaH 0acka, KOMMEpPIFSUIBIK ¥IIKBIIICHI3 ¥y
anmaparTapbl, KeHIT dMeKTpoMoOuibaep (Lev) xoHe eHEpKOCINTIK poOOTOTEXHUKA
YIIH KOCBIMITIA OHAIPUITEH AJIEKTpOMOTOpiap OaranmaHaibl. MeTami—KepaMHUKaIbIK
xommo3utTepai (Fe-BN, AlOs, Ni—SiC) maiimanaHa OTBHIPBIT, CTAaTOp KOHE POTOP
KOHCTPYKIMSJIAPbIH OACHII IIbIFAPy MYMKIHJIIT KeJeci KO3FaITKbIIITapFa MYMKIH/IIK
oepei:

5-ra xeHuipek%, 20% xKoFapbl KyaTThl eHeyre Kadinerti, HerypiabiM THIM/II
(93% neitin), 200 °C-Tan x0Fapbl TEPMUSIIBIK TYPAKTHI.

AJITMTUBTI ©HAIPIC COHBIMEH KaTap Oenrial Oip JpOHABIK HEMece POOOTTHIK
KosanOanapra OeiiMIeNreH aiiHally MOMEHTIHIH TOJBIK PETTENeTiH MpoduiIbaepiH
Kacayra MYMKIHJIK Oepeni. Meicansl, fe—Si Oonar yHTarbiMeH xoHe Al:O koMmo3ut
KocnacbiMeH 0acburFad 5010 Ki1acThl pOTOp MarHUT aFbIHBIHBIH THIFBI3ABIFBIH 75% - Fa
apTTBIpAbl KOHE KYWBIHABI TOKThIH KoranyblH 40% - fa aszalTThl, Oyi
IKCIIEPUMEHTAJIBI TYPJE pPacTaibl.

OHEPKACINTIK aBTOMATTaHAbIpyAa Oacra 31eKTPOMOTOPIIAPHI KONl Marepuasibl
TYHABIPDY apKbUIBl KOPIYCKa Tikedel Oachll  MIBIFAPBUIATBIH  KIPICTIPUITeH
ceHcopiapapl (Temmeparypa, Aipul, Xoml 3(p@exTicl) KocyFa MYMKIHIIK Oepeni,
HOTHXECIH/IE OO KaM/Ibl TEXHUKAJIBIK KbI3MET KOPCETy MyMKIHIIKTepi Oap "akbliab"
©31H-031 OaKplIay KO3FaNTKbIITAphl TMaina ©Oonaapl. byn wuaTerpanus 4.0
WHycTpuschIHIAFRI J)kaHa Ke3eHI1 OLIipeIi, MyH/1a Tu3aiH, OHIIpIC )KoHe OHIMIILITIK
JepeKTepi 01p Y3I1KCi3 )KYMBIC MPOLECiHAE TUMPIBIK TYp/e KOChLIAIbI.

5. FeutbiMu-3eprrey XKone THHOBaUMSIIBIK DKOXKYiie

3D Oacbim MIBIFAPBUIFAH AJIEKTPOMOTOPIIAPABIH alHANAChIHIAFRl OCIM Kele
KATKaH 3KOKYHE YHHUBEPCUTETTEp, CTApTaNTap >KOHE OHEPKACINTIK >KETKIZyLIIep
apachblHIAFbl CEPIKTECTIKTEPl KAMTHIbI:

UnionFab (Kprtait) kon sxetimal SLM AlSi10Mg 6acein mibiFapy KbI3METTEpiH
YCBIHA/IbI, OHBIH OIpJIriHiH KYHbI Olp MOTOp KOpHYyChl YIIIH HeOGapi 358 mosmap.sl
Kypaiabl, OyJ1 )KbUIIaM MPOTOTUOTEY/I1 AKEHIIIETE .

CorbGaeB VYauBepcuteTiHiH OHepretuka JKoHe YTKbIpAbIK 3epTxaHachl
aKaJeMUSIIBIK JKOHE OHJIPICTIK Tarchlpbic Oepyuuiep yuriH Fusion 360 Heri3ingeri
TOTIOJIOTUSJIBIK ~ OHTAWJIAHIBIPY OOMBIHINIA >K00amay omicTeMeNepl MEH JKYMBIC
MPOLIECTEPIH A3IpIaCHi.

Shell Xone Formula CryaeHTTIK YHBIMIAPBIMEH BIHTBIMAKTACTHIK HAKTHI
O9ceKeNnecTIK KoHe Maianany KaraaiapbiH/ia OachIll MLIFAPBUTFAH KypaMaacTapibl
TEKCepyre KOMEKTeCe/Il.

by skoxyiie 03bIK 3epTTeysep/il OHEPKICINTIK MPOTOTUNITEP MEH CTYIACHTTIK
xoOanapra Jepey KOJJaHyFa MYMKIHAIK O€peTiH TEXHOJIOTrusuiap TpaHCcPepTiH
JKenennerenl.
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6. bonamak IlepcnextuBanapsl XKone Crparerusibik MaHbI3bI

3D Gachin mIBIFApBUTFAH 3JEKTPOMOTOPIIAPBIH ayKbIMBI KETICTIKTEpPre Kapaii
KEHEIO1H JKaJIFacThIpy/Ia:

Ken marepuanisl AO (eTKI3rimITep, OKIIAYIAFBIIITAp XKOHE MarHUTTED);

Koraps! Temmieparypassl nomumepii kommno3utrep (PEEK, PI);

AM vy111iH OHTalIaHIBIPBUIFaH )KYMCAK MarHuTTI O0JIaT YHTaKTaphl;

ONEeKTPOMArHUTTIK ~ KOHE  KbUTy  THIMAUINNH  aBTOMArThl  TYpAe
OHTAMJIaHJBIPAThIH KACAHJbl HHTEJUICKTKE HETI3IeNTeH TeHEepaTuBTI jkobanay
KypaJJiaphl.

KakpiH apaga koMaHjanap Oacra 3JIEKTPOMOTOPJIAPHIH WHTErpalUsIIayIb]
yocmapian OThIp:

Formula Student 2025 »nexkrpomobmibi (Kaszakcranmarsl anramksl 4wd
KaPBICHI);

Shell Eco-marathon Qatar 2026 >xeH1J1 KoK KypaiablHbIH NPOTOTHIIL;

['uOpuATI SHEPTUsSHBI CAKTANTHIH BIKIIAM KYH OaTapesiiapbl MEH YIIKBIIICHI3
YIIIy anmaparTaphl.

byn angarel  KonpaHOamap — 3€pTTEYAiH  ayKbIMJIBUIBIFBIH — KOpCETyTe
keMekreceni—500 Bt 3eprxananslk npororuntepAaeH 40 KBT (PyHKIUMOHAIIBI
Kyienepre nerin-Ka3akcTaHHBIH TYPAKThl YTKBIPIBIK CalaChIHIAaFbl WHHOBAIIMSIIAD
CaJaChIH/IaFbI QJIEYETIH KOPCETE/I.

bacna snexTpoMOTOpIaphIHBIH KOJIAHBUTY asiChl Ka3ipri yakeITTa OiTiM Oepy
caJlaChIH/IaFbl 3€pTTEYIeP MEH aKaJeMUsUIBIK IPOTOTUNTEPACH OacTan XaJlbIKapallbIK
Oaiikaynap MEH KOMMEpLMsIFa JeHiHT1 KOCBIMINIAIapFra JIeHiH 0ap. AJJIUTUBTI OHJIIPIC
WHKEHEpIiK TonTapra JKeHUI, THIMIIPEK JKoHe YHEMI KO3FaJITKBIIITAPbl JKbLIAaM
a3ipIieyre JKoHe uTepanusiiayra MyMkiHaik 6epi, ConpiMer katap @opmyna bolibiHima
CryneHTTiK >xapbic aBToMOOMIBAEpl MeH Shell Dko-mapadoHBIHBIH YIBTpa THIMII
KOJIIKTEPIH HAKThI 9JIEMJIE €HT13yre MYMKIHIIK Oepi.

byn xo0anapasiH coTTiniri 3D Oackin mbIFapy €HJ1 KOHIENTYa bl Kypasl eMec
€KEHIH pacTalapl—Oys1 Kejecl OyblH BJIEKTp KO3FaITKBIIITAPHI >Kyilenepl YILUiH
CTpaTerusuIbIK KeMeKIll 00ibin Tadbuiafsl. Fusion 360 TepMUSIIBIK MOJENbACYIEPIH,
TOTIOJIOTUSIHBI OHTAMaHABIpYAbl *koHe SLM xacay TEXHOJOTUSUIAPBIH OIpiKTIpe
OTBIPBII, KOMaHAanap Oachlll LIBIFAPBUIFAH 3JEKTpOMOTOpaapAblH 93% - ra neiiiH
TUIMJILJIIKKE, 6 KBT/KT KyaT THIFbI3JbIFbIHA KoHE 1,2 y3arbIpak KbI3MET €Ty Mep3iMiHe
KOJ OKETKI3€ aJlaThIHBIH KOPCETTI.AKaJIEMUSIIBIK JKOHE OHEPKOCINITIK  AJIEKTP
KO3FaJIFBIILITHIFBIH 3€PTTEYAIH JKaHA CTaHIapTTaphl.
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KOPBITBIHBI

JluccepTanusuiblK  KYMBIC HHQPPIBIK >Ko0anay, CaHABIK MOJIEIBACY >KOHE
anIUTUBTI OHMIpIC OMAICTEpIH KOJJaHa OTBHIPHIN JKAacallFaH >KOFapbl THUIMJII
KOJUICKTOPCHI3 TYPaKThl TOK JekTp KosranTkeimrapeiH (BLDC) ozipneyre,
OHTAWJIAaHIBIPYFa JKOHE KOJJaHyFa HETI3NCNTeH KeMIeH Il FhUIBIMU-UHKEHEPIIK
3eprrey Oonbin  TaObutanel. JKymbicta 3D-0aceinm  mIblFapy TEXHOJOTHSIAPBIH
KOJIIAHYJIbIH, TEXHUKAJIBIK 1CKE aChIPBUITYbI, FEUIBIMUA HET13/UIII KOHE SKOHOMUKAIIBIK
OpPBIHJBUIBIFBl  JKeKe (YHKIMOHANJIBIK KOMIOHEHTTEpAl JaWblHAQy YIIIH JIe,
KOHCTPYKTUBTI TYpJl€ asKTaJIfaH AJIEKTP KO3FAITKBIIITAPhIH KAJIBINTACTHIPY YIIIH J€
JoNenaeHal. AJbIHFAaH HOTHXKENIep ASHEPrUsiHbl YHEMJCUTIH 3JIEKTP KETEKTEpPiHIH
JTaMybIHA BIKIAJ €TeJll KOHE DJIEKTPOMEXAHUKAIIBIK KYyHhelepre KaTbICThl aJIUTHBTI
WHXCHEPUSIHBIH FHUIBIMU 0a3aCchlH KEHEUTE/I].

3epTTeyiH TEOPHUSUIBIK >KOHE OJ[ICHAMAJBIK HET131 KOMIIBIOTEPIIIK KoOaay
(CAD), umxenepmik Ttangay (CAE) >xoHe eHAIpICTIK mpouectepal LUpIIbIK
mozneinbaey (CAM) omicTepiH KelleH 11 KoJJaHyFa HeT13AeNreH. by tocuiil Koagany
DJIEKTp KO3FAITKBIITAPBIHBIH aANTUBTI JaWbIHIAIFaH KOMIOHCHTTEPIH/E KYPETiH
AIIEKTPOMArHUTTIK, JKbUIy JKOHE MEXAaHUKAIBIK HPOLECTepAl erKel-Terkeini
Moaenbaeyre Mymkigaik Oepai. Cannbik tanmay yuriH AutoDesk Fusion 360 sxone
MSC nastran GargapiaMalbIK OpTaIapbIHA JKY3€Te aChIPbUIFaH aKbIPJIbl AJIEMEHTTED
(FEA) anicTepi KoIaHbUIIBI, Oy KEpHEYI1 aedopMaliisuiaHFal Ky ecenTeyiepiHiH,
TEeMIlepaTypa ©pICTEepIHIH TapajdyblHbIH JKOHE CTaropjiap MEH pOTOpJap.biH
JTUHAMHUKAJIBIK OHIMJIUIITIHIH KOFaphl JOJIITIH KaMTaMachl3 €TTi. MeTpOoJIOTHsIIbIK
TYPFBIIAaH TEKCEPUITeH MHUQPPIBIK TOCUI JU3AaWHHBIH aJIFAllIKbl  KE3CHJEPIHIIE
(bU3HUKaAIBIK MPOTOTUNTED KACAyIbl KAXKET €TIeCTeH HOTHKENEPAiH KalTalaHybl MEH
CEeHIMJIUTITIH KaMTaMachl3 €Tyre MYMKIHJIIK Oep/i.

JluccepTalusHbIH FBHIIBIMHA KaHAIBIFBl QUINTUBTI OHJIPIC JKaFdaiapbiHa
oevtimaenredn tuimMautikke HerizaenareH BLDC snekTp KO3FalaTKBIIITApBIH >KoOanay
oJICTEMECIH d3IpJey >XKoHE Heri3fey Oombin TaObuIaAbl. byn omicteme aschiHAA
alsilOmg amomuHMIl KOpbITHAchkiHAH 3D Oachlll WIBIFApy 9MICIMEH >KacalfaH, 1MIKI
CaJIKBbIHJIaTy apHaJIapbl OIPIKTIPIT€H CTATOP KOPIYCHIHBIH TOTOJOTHUSIIBIK JKOHE JKBLITY
OHTAMJIAaHJBIPYBl AJIFalll PeT OpbIHAANAbl. JKyprizuireH 3eprTeyliep HOTHUKECIHIE
KO3FaNTKBIIITBHIH MakcuMaiabl JXKymeic Temneparypacsl 578 °C-tan 403 °C-ka aeiiin
TOMEHCHTIHI aHBIKTAJbI, aJl MACCUBTI CAJKBIHAATY >KaFJaWbIHIAa CHIPTKHI OCTiIHIH
temrieparypacsl 138 °C-tan acnaiiipl. ATaiFaH e3repicTep MEKTP KO3FAITKBIIIBIHBIH
y3Iikci3 KyarblHbIH 17% - Fa JeliH YJIFalObIH, Kalmbl Malgaibl dcep €Ty
ko3¢ durnenTiniH 3% - Fa 6CyiH )KOHE €CENTIK KbI3MET €Ty Mep3iMiHiH 1,2 ecere neiiin
VIFAIOBIH  KaMTaMachl3 €TTi. TOMOJNIOTHSUIBIK OHTAMIAHIBIPY MEH TEePMUSIIBIK
MOJIETBCY/Il KUBIHTHIK KOJIaHY JOCTYPJIl OHAIPIC SIICTEPIMEH JKY3€Tre achlpy MyMKiH
O0JIMaNTBIH >KOFAPHI AKBLUTY TUIMILIITT Oap KEHUIAETUINeH KOHCTPYKIUSIIap/Ibl )Kacayra
MYMKIHJIIK Oepi.
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3eprTey OaphIChIHAA AIUTUBTI OHAIPIC 9IICIMEH TOJBIK KYMBIC ICTEHTIH JIEKTP
KO3FITKBIIITAPBIH KYPY MYMKIHJIT SKCIIEPUMEHTANIBI TYPAE PacTIIbl. OPTYpIi
KyaTTBUIBIKTAFpl ~ OlpKarap TMPOTOTHNTEp o3ipieHal koHe 3eprrenai. FDM
texHosoruscel OoibiHa PETG >xone marauttik PLA MatepuangapeiHaH jkacaFaH
0,6 kBTt momumepini 35eKTp KO3FAITKBIIIBI KYMBIC ICTEHTIH MOJIMMEp HETi31HAET]
BLDC KO3FanTKbIIITApbIH KYPYABIH HET13rl MyMKIHAITIH kepceTTi. AlSilOMg
KOPBITITACHIHAH CEJICKTHBTI Jlazepiik O0ankeity (SLM) omicimen sxacamran 5-10 kBt
AIIEKTP KO3FAJNTKBIIITAPhl JKOFAPhl T€OMETPHUSIIBIK JQJIK TMEH KbUIY XYKTEMECIHE
Te31MIUTIKTI kKepceTTi. Oman op1 5010 TUrTI poTOpaap MEH craTopiap 3epTTeN/Il, ojap
JKbUTY OTKI3TIIITIK KACHETTEPIHIH »aKCapFaHbIH JKOHE IMapasuTTIK IIBIFBIHAAP/IBIH
TOMEHJIETEHIH KepceTkeH al:0 m >koHe Fe—BN HeriziHmeri MeTaui-KepaMHUKaJIbIK
KOMITO3UIUsUIapAaH >kacanraH. [IunoTchl3 yiry ammaparTapblHa S>KOHE IKEHLUT
aNieKTpoMoOumpaepe Koimanyra apHanraH 40 kBT Korapbl KyaTTbl JJIEKTP
KO3FJITKBIIIBIH/IA KyaTThUIbIFBI 6 KBT/Kr-HaH acateid 93% - Fa 1eiliH TUHIMIUTIKKE KOJ
JKETKI3UII.

CampICTRIpMaNBl  Taimay  HOTHXKENEpl  aIJWTHBTI  TypAae  JKacajiFaH
KOMITOHEHTTEPIH JJCTYpJal MEHIMAEPMEH CalbICThIpFaHAa >KbUIY, KOHCTPYKTHBTI
YKOHE PKOHOMHUKAIIBIK KOPCETKIMTEp OOWBIHIA alTapIbIKTall apTHIKIIBUTBIKTAPEI Oap
ekeHiH kepceTTi. SLM opiciMeH skacanrad alsilOmg cratop kopmychIHbIH KYHBI 900
nosapaan 358 nosapra AeiiH TOMEH IE/1, OHIIPICTI JallbIHAAY YaKbIThI €K1 anTagaH
Oec KyHre JeiiH KbICKap/bl )KoHE TeoOMeTpUsIIbIK Ak +0,1 MM Gonael. KockiMina
OHTIPUITEH 3JIEKTP KO3FaJITKBIIIBIHBIH Kambl KyHbI mamMmaMen 3000 AKIL qomnapsia
Kypaapl, Oy SHEeprus TUIMIUIINT MEH MaijajaHy CEHIMJUITH apTThipa OTBIPHI,
CEPUSUIBIK aHAJIOTTAPMEH CaJIBICTBIpyFa O0JabI.

Keuty-snextpiik Tanmay opaMmanapabiy remneparypacskid 578 °C-tan 403 °C-ka
JIEH1H TOMEHIETY MBIC OTKI3TIIITEP/IIH AIEKTP KEAEPTICIHIH TOMEHICYIHE )KOHE OMJIBIK
HWIBIFBIHAAPABIH  aMaMeH 21% TeMeHJeyiHe oKkeNeTiHIH KepcerTl. Herypibim
KOJAMJIBI KBITy PEXKHUMI TYPaKThl MarHUTTEPAIH JCTPAfaIvsChiH OOJIBIPMaNIbI,
MOMBIHTIPEK JKHHAKTAPBIHIAFBI )KYKTEMEH] a3aiTa/ibl )KOHE JICKTP KO3FAITKBIIIBIHBIH
xannsl pecypebiH 10 000-Han 11 400 cararka neiiiH apTTeipansl. Ocbuiaiiina, XKbUTy
TUIMJIUTIT], SHEPTETUKAJIBIK OHIMAUTIK )KOHE aJITUTUBTI OHIIPIC 9/IICTEPIMEH KacallFaH
AIIEKTP KO3ZFAJITKBIIITAPBIHBIH OEpIKTIT apachlHAarbl OaillaHbIC CaHABIK TYPHAE
pacranaipl.

Kymeicta BLDC KO3FaJITKBIINITAPBIHBIH, KOMIIOHEHTTEPIH aIIUTUBTI OHAIPY
YIIH MaTepuangapasl TaHAaydbIH KEIICH 1 9/IICTeMeC] d31pJeH Il KOHE HET13/IEIITeH.
[Tonmumep wmarepuanmapel (PLA, PETG, PEEK), amomMuHuii KOpbITanapbl
(AlISi110Mg), conpmaii—ak MeTalI—KepaMHuKanblK kKommosumusuiap (alo,, Fe-BN, Ni-
SiC) rannmauasl. [lomumepriep ToMeH KyaTThl )KOHE OKY KOJIJaHOAIaphl YIIIIH OPBIH]IbI
exeHl aHbIKTanael, AlSi10Mg KophITmachkl opraiia >KOHE KOFapbl KyaTThl JKyHesep
YIIIH OHTaiibl OOJIbIN TaObLIA[bl, al METaJUI-KepaMHUKaIbIK MaTepuaigap KOorapbl
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MarHUTTIK JKOHE TEPMUSUIBIK TYPAKTBUIBIKTBI KaXKET €TETIH JKOFapbl TEMIIEpaTypaibl
MKOHE JKOFaphl )KYKTEME KoJlaHOanap YIIiH eH MepCIeKTUBAbI OOJBIN TaObLIa bl

JKyMBICTBIH TMPaKTHUKANBIK MAaHBI3IBUIBIFBl albIHFAH IIEUIIMACPAl HAaKThI
WHKEHEpIIIK ko0anapra, coHblH imiHae Formula Student sxapsic aBTOMOOMIBAEPIHE,
Shell Eco-marathon »neprust TvimMai TpOTOTUNTEPIHE, COHAAN-AK YIIKBIIICHI3 JKOHE
POOOTOTEXHUKANBIK JKYHENEpAiH KETeKTepiHEe €HTI3y apKbuUibl pactainasl. KocsiMina
KOpPIyCTap MEH OHTaWJIaHIbIPbUIFaH CaJIKBIHAATy JKYHeJlepiH KOJJaHy »dJIEKTp
CTaHLMSUIAPBIHBIH MAacCachlH a3aiiTyFa, ONApIbIH SHEPIUs TUIMIUIIT MEH YYMBIC
TYPaKTBUIBIFBIH apTTBIPYFa MYMKIHJIIK O€p/Ii.

3epTTey  HOTHWIKENEpl  XajblKapajblK JKOHE  YITTBIK  pPELEH3UsUIaHFaH
KypHalJapaarsl KapusiaHbIMIapla KepCeTIIreH, COHJaill-ak eHepTaObIcTapra
NaTeHTTEPMEH pacTajifaH, OyJl JUCCEPTALUSIIBIK KYMBICTBIH FBUIBIMU JKAHAJIBIFbIH,
CEHIMUIITT MEH MPaKTUKAIbIK MAaHbI3/IbUIBIFbIH KOPCETEII.

XKanmer auccepTanusuIbIK JKYMBIC jKaHa OYBIHHBIH SHEPTUs THUIMII, TYPAKThI
KOHE OHIMIUIIT KOFaphl JEKTP KETEKTEPIHIH JaMyblH KaMTaMachl3 €T€ OTBIPHIIL,
AIIEKTP KO3FAITKBIIUTAPBIH OHAIPYAIH ASCTYPJl 9ICTEPIHEH TOJBIK LHUMPIBIK KOHE
aJJAUTUBTI OHJIPICKE KOITYAIH FhUIBIMHU, 9JICHAMAJIBIK JKOHE TEXHOJOTHUSUIBIK HET131H
KaJIBIITACTHIPBI.
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