PE®EPAT

Bremycknas kBammdukanuOonnas paoora 119 c., 63 pwmc., 36 Taodm., 18
HMCTOYHMKOB, | MPHIOKEHUE.

Kiroueseie C0Ba: DIEeKTPONPHUBOI, ACUHXPOHHBIM JIBUTATEb,
npeoopasoBarenbp 4aCTOThl, ECTECTBEHHBIE XapPaKTEPUCTHUKH, HCKYCCTBEHHBIE
XaPAKTEPUCTUKH, CKATISAPHOE YIPABIEHHE.

OO0BexTOM nCCnenoBanus aBiIseTCs cucrema IT4 - AJI.

[lens padoter — uccnenoBanue cucremsl [1Y - AJl CO CkaIsiPHBIM YIIPABIEHUEM,
HCCJIE0BAHNE BIMSHUA BXOIHOM 4aCTOTHI HA MTEPEX0aHBIE MPOIECCH Cuctemsl I1Y -
AJl, pazpadboTka umutarmOHHOM moaenu IT4 - AJl moneneii.

B mpomecce wuccnenoBanus ObLINM IMOJYYEHBI TEPEXOJHBIE XaPaAKTEPUCTUKH
cucremsl [TH — AJ] CO CKaIsIPHBIM YIIPABIEHUEM.

B pesynbTare BeIMOIHEHUST MArMCTEPCKOM auCCepTaruu Oblia OCYIIeCTBIEHA
paspadoTrka cuctemsl [14 — AJ] CO CKaIspHBIM YHPaBI€HHUEM, COOTBETCTBYIOIIAS
YCI0BUSM TEXHUYECKOTO 3aaHMUS.

JIoCTUTrHYTHIE TEXHUKO-2KCILTyaTallMOHHbBIE MOKAa3aTENH: BBICOKHE
NIOKA3aTENIN NEPEXOAHBIX IPOLECCOB (IEPEPerynpoOBaHue, GLICTPOAEHCTBHE.

Breimycknas kBanudukammonHas paboTa BBIOJHEHA B TEKCTOBOM PEAAKTOPE
Microsoft Office Word 2010 na mucrax Oenoii Oymaru ¢gopmara A4 ¢ MOMOIIBIO

nporpammHbIx cpea Matlab, MathCAD.



BBEJIEHME

Ha ceromusmuuii 7€Hh HA OONBIIMHCTBE OO0OTATUTENHHBIX (HAOPUK IS
o0ecrnieyeHus: TEXHOJIOTMYECKUX TMPOIECCOB HEOOXOAMMO TEPEMENIATh OOJIBIIHE
NOTOKM Pa3au4HbBIX mYyJaell. [Ipy TPOEKTHPOBaHMM OOOTaTUTENBHBIX (PAOPUK
CTPEMSITCS 1Jisi TIEPEMEIIEHHs MY HUCMOIL30BATh B TMOJHONW MEPE CaMOTEYHBIN
TPAHCIIOPT, 4TO AOCTUTAETCS PACHOJ0KEHHEM (PAOPUK HA HAKIOHHBIX TUIOMIATKAX.
Opmnako pasHooOpazue UCI0Ib3YEMBIX IMPOIECCOB OOOrameHus, HANPaBIEHHBIX HA
MOBBINIEHUE W3BJIEUYEHHS METALIOB U3 PYnbl, TPEOYET mepeMemars OOIbITyio 4acTh
nynbpn CHU3Y BBEPX. Ilepemernnaembie MOTOKH ITYJIbIIBI 00J181a0T OYEHDb BHICOKHMMU
abpa3uBHBIMU CBOWCTBAMH, COMEPXKAT KPYMHBIE YACTHUIBI W3MEITbYEHHOH PYIIbI,
UMEIOT 0YEHB Pa3HOOOPA3HBIN TUarna30H TPEOYEMOr0O HAMOPA U MYIbIONOAYH.

Hcnonp3yempie  HACOCHI Il TEPEMEIIEHUs MYIbI HA 000raTUuTEIbHBIX
dhabpukax WMEIOT CYMIECTBEHHBIE HEMOCTAaTku. MET O04YeHbh Maiblii Pecypc
BpEMEHU O€3aBapuitHOM PadOThl, BBUAY OBICTPOrO W3HOCA TMPEXKAE BCErO
BPALIAIONMXCS Y3710B. YacTO HE YnaeTCs momooparh HACOC, MapaMeTpsl KOTOPOro
COOTBETCTBOBAIM OBl TPEOYEMOMY HAMOPYy u MOja4ye, B PE3YIbTATE HACOC
sKCrTyaTupyeTcss Ha  HEdhdEekTuBHBIX pexxumaX. Heoo6XomgumMO  mpoBECTH
MCCienOBaHus  CHUCTEMBI  “TIPeodOpasoBaTeinb  4aCTOTBI -  ACHMHXPOHHBIM
3JIEKTPONPHUBOA”’, PACCYMTATh NAPAMETPBI HACOCA, CMOJEIMPOBATE CTPYKTYPHYIO M

(GYHKITMOHATBHYIO CXEMBI CUCTEMBI YNPABIEHMS HACOCA.



1 TexHosorn4yeckuii mpouecc MPoOM3BOACTBA KOHIIEHTPATOB HA
o0orarureabHo Gadpuke
PaccMOTPrM mPONECC MPOU3BOACTBA KOHIIEHTPATOB HA 000raTHTEIHHON

dhaopuke.

JloObITas pyna moCTynaer Ha Y4aCTOK APOOJIEHHs, KOTOPBIA PACHOJIONKEH B
rnaBHOM  kopmyce  Nel  oOOrarutenbHOM  Gadpuku, TA€  NPOUCXOIUT
MOATOTOBUTENIPHOE I JIbHEHINEH mepepadoTku npoosieHue. JlaHHBIM TPOIECC
TIIATENPHO  KOHTPOMUPYETCs. VICXOmHbI MPOAYKT JOJDKEH — YIOBIETBOPSITH
HEO0OXOIMMBIM TPEOOBAHUSIM.

[locne nOArOTOBUTENHLHOTO JPOOJIEHUS pPyna nOCTYnaeT B OYHKEPHI,
pacmoOyIOKEHHBIE B TJIaBHOM KOpmyce Ne2 oOOratutensHON (adpuku, Tae U
NPOUCXOAUT TPONECC MONMYYEHUs] KOHUEHTPATOB IMHKA, CBUHIIA, MEAW U JPYruX.
PaccMOTPHM 3TOT POIECC NOAPOOHEE.

N3 OyHkepa m3menpueHHas Pyaa MOCTYmaeT Ha MOAO0YHKEPHBIN TPaHCIOPTEP
(3), mpu stom 80% mOCTYNuUBIIEH PYIbl NOHKHO COOTBETCTBOBATH TPEOOBAHUSM
TEXHOJIOTHYECKOr0 mponecca (ObITh B auaMeTpPe HE Oonee 16 mm); 3artem C
nO0YHKEPHOT0 TPAHCIOPTEPA PY1a MOCTYNAET HA MUTArOIIHIA TPaHcnopTep (3.1).

Ha nwraromem TpanCcnopTepe pacmoyiOkeHbl KOHBEHEepPHbIE BECHI (16),
NPEIHA3HAYEHHBIE 11 U3MEPEHUsT MOrOHHOM MAaCChl MPOAYKTA HA TPaHCHOPTEPE,
CKOPOCTH JBUKEHUS JIEHTHI M MPOU3BOAUTENHLHOCTH TPaHCnopTepa. B ciyyae, ecnu
nokaszarenb BeCOB (16) OTKIOHAETCS OT HOPMBI, TO PETYIUPYeTCsi CKOPOCTH MOAaYn
pyzasl u3 OyHKEPA HA MOAOYHKEPHBIA TPAHCIOPTEP, & TAKXKE CKOPOCTH BPAILEHHS
n0x0yHKepHOro tpauncmoprepa (3).

C nutaroniero TpaHcnoprepa pyaa nocrynaer B MenbHUly (2), rae npoOuCXOauT
U3MEBYEHUE PYAbl 10 pasmepa B 16 MUKPOH (10 TakuX Pa3MepOB M3MENIbUAETCs
npumMePHO 72-78% pyner OT OOMIEr0 KOMM4YeCTBa). Mi3MenpueHHas B MEJIBHULE Pyaa
nocTynaer B kiacCudukarop (4), rae mpoucXomut rpyo0e pasaesieHre TOHKOrO
ciuBa OT meCkOB. IleCku OTHPABIAIOTCA HA IOMAIBIBAHME B MENbHULIY (2) 1O
MaruCTpassiM, a cnuB OTnpasisercs B 3YMIID (5), rne npokaunBaeTcs: yepes HacoC
(6) B THAPOHMKIOHBI (1) TOx OMPEneNeHHbIM MAABIEHHUEM, T/AE€ MPOUCXOIUT
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BTOPHYHOE (OKOHYATENHLHOR) Pa3jeneHue mpomykTa Ha MmeCku u CiuB. Jlamee mo
TPYOO0rpoBoay(9) CimB, COOTBETCTBYIOIINI ONMPENIEIEHHBIM TapaMeTpam, YXOIUT Ha
dbaoTanuo 11 TaIbHENIIero 0060ramenus, a uepes Tpyoonporoa (10) HexoCTarOyHO
W3MEJILYEHHBIE MIECKH YXOAT Ha JOMOTHUTEIBHYIO ITEPEPAOOTKY B MENbHHITY (2).

B 3YMIIde (5) umeercs patuuk (8), KOTOPBIA KOHTPOIUPYET YPOBEHD
npoaykra. B Ciayuyae OTKIOHEHMs MOKa3aHuil OT 38JaHHOTO mapameTpPa JaTYUK JAeT
CUTHAJI Ha 9aCTOTHBINA TIPE0OPA30BATENH, KOTOPKIN PEerymupyeT nogady TEXHHIECKOH
BOJIBI TIPX TOMOIIM HAcoca (6).

Jlaruyuk paBiaeHus W TWIOTHOCTH (7), PACHOJOXEHHBIM B TUIPOIUKIOHAX,
KOHTPOIMPYET TIOTHOCTH MPOaYKTa. B Ciyuae OTkIIOHEHHs 5TOr0 mapaMeTpa JaTIuK
naBneHuss U ioTtHOCTH (7) perynupyer noaaudy BOnbl B 3YMIID (5) ¢ mOmOmIbo
3aCI0HKH (14).

Jlns 6e3aBapuitHOii PaboTel HAcOCa (6), mpu ero OCTaHOBKE U 3amyCke, yepe3
3aCcnoHKY (11) mpoMbIBaeTCs Maructpanisb, Beaymas B 3YMIID (5), a yuepes 3aCnoHKY
(12) mnpomsbiBaerCs HacoCc (6) u TPyd6a HarHeranus (15), noaxoasmas K
ruapormkinonam (1). Ilpu ocranOBiaeHHOM HAcoce (6) mmbepHas 3acnonka (13)
sakpeiTa.  IIpum  3amycke Hacoca (6) cucCréema paboTaeTr B Cleayromei
1OCJIeI0BATETHLHOCTH:

1. OTKPbIBAETCs 3acnonka (11), mPOMBIBAETCS MaruCTpasb,
Benym@as B 3YMIID (5), 3arem 3acnouka (11) 3axpriBaeTCs;

2. OTKPBIBAETCS 3acioHKa (12), yepe3 kOTOPYr NOCTYmaeT
BOJA@ B HACOC (6), mpu 3TOM OCBOOOXIas €ro OT MEeCKOB W W4,
npomeiBas TPYOY Harueranus (15), 3arem 3acnouka (12) 3aKkprIBaeTCs.

3. OTKPBHIBAETCS mmOepHas 3acinonka (13) m 3amyckaercs
Hacoc (6).

JlanHas CuCreMa mpPOMBIBAHUS HEOOXOaMMa i MPEAOTBPANIEHUS 3AMTUBAHUS
W 3anecouymBaHus Hacoca (6) u wmarucrpaneit, BenymmuxX B 3YMIID (5) u

ruAPOUUKIOHSI (1) [1].
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2.Bb160p 060pynOBaHMs

2.1 Bp100pP 3J1EKTPOABUTATEIIS

VIcXons, n3 NCXOMHBIX TaHHBIX, BHIOEPEM 3JIEKTPOIBUTATET.
BriOupaem aCUHXPOHHBIN NBUTATENL C 3aMKHYTHIM POTOPOM Tuna AMP315S2
CO CieaYrolMMHU MaCHOPTHBEIMU TaHHBIMU [4].

Ta6muna 2.1 — Ilacrioptasie nanHbie apuraresnss ANP315S2

J
P, Ny KIII, ’
’ I[ COSO IHOM IH/IHOM MH/MHOM

T U, B
i ’ kBt | 00/MuH % K

ANMP315S2 | 380 | 160 2945 94.6 092 | 282 | 278546 | 7.1 1.8

2.2 Pacuer eCTeCTBEHHBIX MEXAHUYECKOH M JIEKTPOMEXAHHYECKHUX

XapakTepPucCTuK

[Ipu CO3maHMK 3NEKTPONPUBOAOB C ABUTATEIISIMA TNMEPEMEHHOrO TOKA 4YaCTO
CTIKUBAIOTCS C MPOOJIEMON OmpeneneHus: nmapaMeTrpoB aCUHXPOHHOTO JBUTATEINS,
KOTOPBIE HEOOXOAUMBI JUIsi TIPOEKTUPOBAHUS W HACTPOWKH CUCTEMBI YIMPABICHUS
DJIEKTPONIPUBOAOM, a TAKXKE UII MOAEIUPOBAHMUA IEPEXOMHBIX IIPOIECCOB B
aCHUHXPOHHOM 31ekTponpusBoae ¢ IT4.

OpmauM w3 BApPWAHTOB Omnpenenenus mnapameTpoB AJl sBIsSETCS METOA
MCNOJIb30BAHNS KOHCTPYKTMBHBIX MAPAMETPOB 3JIEKTPUUECKOM MAIIWHBI, HO OH
00sanaeT CYnieCTBEHHBIM HEAOCTATKOM, KOTOPBIM 3aKIH0YaeTCS B TOM, 4YTO
pa3padboTurkaM 3JIEKTPONPUBOAA ATU NAPAMETPhI HE BCErna AOCTYMHBI, M, KPOME
TOr0, HEOOX0IMMO PACIIOIAraTh COOTBETCTBYIOIUMH METOIUKAMHU Pacuéra.

Jmsg  pacuera BIEKTPOMEXAHMYECKMX M MEXAHUYECKUX  XAPAKTEPUCTHUK
ACMHXPOHHOTO JBUTATENST HEOOXOIMMO BOCHOJB30BATHCS Er0 MareMaTH4eCKOn
MOJIENIbI0, KOTOpPass B OOmEM Ciaydae TPEACTABISIETCS Pa3IMYHBIMU CXEMaMU
3amemenus. HauOonee mpocToii u  YAOOHOM Jii  WHXKEHEPHBIX PACUYETOB

ACHHXPOHHOTO ABUTATENS SABISIETCs T-00pasHas cxema 3amemenus (PucyHox 4).



Pucynok 2.1 - Cxema 3amenienus aCHHXPOHHOTO JBHIaTelIs.

IIo IMaCrOPTHBIM OTAaHHBIM PACCUYUTBIBAEM IAPAMETPBI ABUTIATEIIA

i =278.5464

 3*U, *cosp*7,

H
-HOMUHAJIBHBIA TOK CTaTOpA ,

Ri=C"R, *£=0.015 o\ axrusroe CONPOTUBIIEHUE CTATOPA OOMOTKU
F)Ie C1:1+(|O/2*K|*IH)=1.014

R, = /i‘i =0.015
(B + ?) *C
K

OM —aKTUBHOE CONMPOTHBIEHHE POTOPA, IPUBEAEHHOE K

00MOTKE CTaropa

HaﬁI[EM 3HAYEHUE I/IH):[yKTI/IBHOFO COHpOTI/IBJ'IeHI/I}I KOpOTKOFO 3dMBIKAHH A
X, =C*R,*y=0184 5

Haiinem 3HAa4eHWE WHIYKTUBHOTO COTMPOTUBIEHUS POTOPHON OOMOTKH,

NPUBEAEHHON K CTATOPHOU

X, _0.58% 281 _0 105
G Om

Haiinem 3naueHue MHAYKTUBHOTO COMPOTHUBIIEHUS! CTATOPHOM OOMOTKH
X,,=042*X,,, =0.077 O

ITo HaﬁI[eHHBIM 3HAYEHUS ONPEneInM KPUTHYECKOE CKOJIbXKEHUE



S _ Cl* RZI
k1 —
w/Rl2 + X

Haigem HMHAYKTUBHOE CONNPOTHUBIIEHNE HAMATHUYHMBAHUS

X 5 =3.839

HUH
0 Om, r1me E=208.445B - DOJIC BerBM HAMarHW4YMBAHUA,

=0.083

HABEJEHHYI0 IOTOKOM BO3AYIIHOrO 3a30pa B OOMOTKE CTaTOpa B HOMHHAILHOM
PEXKUME.

Caenem mapaMeTPsl CXEMBI 3aMEMTEHUS JIEKTPOABUTATENS B TAOIUITY 2.2.

Tabnuna 2.2 — I1apameTpsr CXeMbI 3aMEEHHUS

R1,Om | R;,0Mm | X;;,0 | X%,0 | Ly, I'H L% | X Te | LIH | Xk, OM

M M I'n

0.015 | 0.015 | 0.077 | 0.105 | 3.346* | 2.456* | 3.839 | 0.012 | 0.184

10* 10*

OnpenensieM CUHXPOHHYIO CKOPOCTH

Np = 60- fy, _ 60;30 = 300006/MuH ,

P

rae f,, — yacrora cetu, p — yMCIO NOJIOCOB.

PacCuutaem u mOCTPOMM ECTECTBEHHYIO MEXAHUUYECKYIO XAPAKTePUCTHKY B

JABUT'ATEJIbHOM PEKUME.

3-U,,°*R,
M(w) = — 2




PacCuutaem KOHTPOJBLHBIE TOUKA MEXAHUYECKON XaPaKTEPUCTUKH 10
MACIIOPTHBIM JAHHBIM:

400

M(w)

Pucynok 2.2 - ECTeCTBEHHAs MEXAHUYECKAS XaPaKTEPUCTHKA

Taomuma 2.3
o, pan/c 0 50 100 200 300
M, Hm 201.35 238.21 291.35 519.51 989.81

HomunanbHas CKOPOCTH:
®, =0, (1-S,)=314-(1-0.0083) =311.39pao/ c;

HomuHaiIsHBIN MOMEHT JABUTATENS

M., P _ 160000
o, 3114

=513.81 H-m.

MuHUMaIbHBI MOMEHT JIBUTATEISA

M =k -M =0,9-513.81=462.43 H-m.

MUH MUH
MaxkCUMaJIbHBI MOMEHT JIBUTATEIA

M_.=k,.-M =22-513.81=1130.38 H-m.

Mmakc Mmakc

ITyCkOBOV MOMEHT JBUTATEINS



M =k -M =1.8-513.81=924.86 H-u.

OTk10HEHUE O MYCKOBOMY MOMEHTY MEXAY PACUETHRIMU U KATaJI0KHBIMU

JTAHHBIMA MEHEE 5 %. Takum 00pa30M, PACCUMTAHHBIE 3HAUEHUS TAPAMETPOB CXEMBI

3aMEmEHNA 10CTAaTOYHO TOYHO COOTBETCTBYIOT JIEICTBUTEILHBIM napamMerpam

3JIEKTPOABUTATEII.

PacCunThIBAEM ECTECTBEHHBIE AIEKTPOMEXAHIUECKHE Xapakrepuctuku: |, =f(S)

u 1,=F(S)

XIH + X'QH

R : .
Rl =+ O + (XIH +X EH)
w0

Pesynbrarsl pacuéra JaHHBIX XapakTePUCTUK MPENCTaBUM B BUE rpaduka;

Li(w) = |2 + I'y(w)? + 2IgT'y(w)-sin

500 panrc
400 ' f
w 300 !"ﬁlf_ =S
2000 |
| |
10017 !
|
I:] |I0 ||H |,A
3 3
0 500 1:10 1.5x10
[1(w).Ip
PucCyHnox 2.3 - DnekTpoOMeXaHn4YeCkas XapakTEPUCTUKA ABUTATENS
Tadomnuia 2.4
o, pan/c 0 50 100 200 300
I, A 1237.5 1233.1 1228.7 1197.2 583.4
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3. Pacuer craruueCckux u ANHAMHUYECKHX XAPAKTEPUCTUK NI

Pa30MKHYTOI CHCTEMBI PETYJIHPYEMOrO 3JIEKTPONPUBOAA.

3.1 Pacuér u nOCTPOEHNE MEXAHHUYECKUX U HIEKTPOMEXAHUYECKHUX
xapakrepucruk Al 15 3aK0HA PEryaupPOBaHNS

Pacuer XapakTepuCTuk nmpou3BoauM aast yactot f,=50; 25; 15; 10 I'u.

Uy, 220

I1pu 3aK0HE PeryIupoBanus Z, = e =1,76-10",
1

Haitnem OTHOCUTENBHEIE 3HAYEHHUS YaCTOT MUTAKOIIETO HaIPsDKEHUS

upu ;=50 I'n fix1 = % = i—g =1
npu T ,,=35T1 fisx2 = % = % =0.7
upu ;=251 fixz = % = % = 0.5
npu f=15T1 fisa = % = % =0.3

Haiinem ¢aznoe HanpsixkeHrne 00MOTKH CTaTOPa aCUHXPOHHOTO JBUTATEIA:
U1 = Zp " fiy1 = 1.76 - 107° - 50° = 220 B;
Utnz = Zp " [z = 1.76 -107° - 35° = 75.46 B;
Urnz = Zp " fys = 1.76 - 107° - 25° = 27.5B;

Uina = Zp " f{qa = 1.76-107° - 15° = 5.94 B.

B coorserCTBHHM C IPEACTABIEHHBIMU YACTOTAMU MUATAOLIETO HANPSKEHUS
IPOU3BEAEM PACUET 3HAYEHUM CKOPOCTH MIEAIBHOI0 X010CTOr0 X01a:

_ 2Mfigy _ 2:3.14°50

= 314.159 paxn/c;

2 figy _ 2:3.14°35

> -1 - 21991 pan/c;

0, = 27r'£1ﬂ3 _ 2'3-114'25 = 157.08 paa/c;




2 figa _ 2:3.14°15

= 94.248pan/c.

Onpenenum TOKK XOI0CTOrO X018 MPHU AAHHBIX 4aCTOTAX PErYIUPOBAHUS:

_ Uim1 _ 220

Xun 3839
loz = Xy fia 383907 28.08 4;
[y = —2u2 = 275 _ 1433 4;

Xy fies  3.839:0.5

Upna 594
Xunfiea  3.839:0.3

= 5.16 A.

oy =

CTpouM 31€KTPOMEXAHUYECKHE XAPAKTEPUCTHKH | »(®) 171st BHIOPAHHBIX 4aCTOT

(1) () ’
\/(R1+R%j +xéH'f1’%(f)+[s-Xi.-F:i(f)]
rae o(s, f)=w,(f)-L-s).

400

11O BBIPAKEHUAM:

w,pagl/c

=50 'y

300

LA

0 500 1x10° 15%10°

PucyHnok 3.1— MICKYyCCTBEHHBIE 3JIEKTPOMEXAHUYECKHUE XaPAKTEPUCTUKH

. U
I"5(®) 1ust 3aK0HA perynnpoBaHmf—§ = const
1

12



Tadomuma 3.1

ol, pag/c | 314 282.7 219.9 94.3 0

11,A 1.5 888.1 1128.7 11744 1182.1
w2, pag/c | 207.2 141.4 94.3 31.4 0

12,A 254.7 536.2 558.2 568.7 571.2
o3, pag/c | 152.3 96.8 52.5 24.4 0

13,A 128.4 240.3 252.5 257.1 268.7
o4, panr/c | 91.4 68.3 38.8 16.2 0

14,A 15.2 89.9 103.8 112.1 117.3

Tarxoke CTPOUM JIEKTPOMEXAHUYECKHE XapPakTePUCTUkH |1(®) 171st BHIOPAHHBIX
4aCTOT 1O BBIPQKEHUAM

e sing, (s, f)= —
\/[m?} +X2, - T2(1)

(s ) =16 (1)) +(15(s, F)) +2-1(£)-15(s, F)-sing, (s, ),
(s, ) =my(f )1-s),

X £ (1)

13



3dBUCHUMOCTH OT 4aCTOTHI.

— TOK X0J0CTOTO XO0Za aCHHXPOHHOTO ABUTATEIISI B

400 5 amTs

300

100

LA

500

1x10°

1.5%10°

Pucynok 3.21— VICKYCCTBEHHEIE >JIEKTPOMEXAHUYECKUE XAPAKTEPUCTUKH C

1

U
IR-kOMneHCanue 1 3ak0Ha PErynupOBaHuUs f—é = const

Tabmuma 3.2

ol, pag/c | 305 282.7 219.9 94.3 0

11,A 73.2 927.7 1175.7 1223.4 1230.2
2, par/c | 205.3 141.372 94.248 31.416 0

12,A 254.7 536.2 558.2 568.7 571.2
o3, pag/c | 152.3 96.8 52.5 24.4 0

13,A 128.4 237.3 255.5 259.1 268.7
o4, par/c | 68.3 38.3 16.3 11.6 0

14,A 93.2 103.5 112.3 115.1 117.3

MexannyeCkne XapakTepPuCTuku aCHHXPOHHOr0 npurarens M(w) (PuCyHok 3.3)
PaCcCUHUTHIBAEM ISl BEIOPAHHBIX 110 BEIPKEHUSIM
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3-(Uy(f))'-R;
wo(f)-solxé -(fl*(f))z{Ri*F?):(s-X?E(f)J }

(s, ) =w,(f )1-s).

KpI/ITI/I‘{eCKI/Ie MOMEHT M CKOJIB)XEHHE MOXXHO OIIPEAEIUTH 110 BBIPAKEHUAM

M, (f)= PO 2 |
Z-wo(f){Rl +\/(R12 + X2 ~(f1*(f))2)-[1+ Ny, '(F\:cl*(f))zﬂ
R?

X2 (1))
RZ + X2, - (fu(T)F

o (f)=afs(f) ).

5.(f)=R; -

400 w,pag/c

f=50 Iy

300

]liflliflII

M,Hm

0 500 1x10°
Pucynok 3.3— MICKYCCTBEHHBIE MEXaHUYECKHUE XapakTepuctuku M(m)

U
¢ IR-komnencanuei s 3ak0Ha PerynupOBaAHUs f—é = const
1



Tadomuma 3.3

ol, pag/c | 314 282.7 219.9 943 0
M1, Hm |30.6 1137.2 611.5 284.7 201.4
o2, pag/c |187.1 141.4 94.3 31.4 0
M2, Hm |260.9 164.5 116.2 775 67.2
o3, pag/c | 140.2 93.7 47.7 12.6 0
M3, Hm | 625 48.5 32.2 25.4 23.3
o4, pag/c | 87.2 68.3 38.9 16.2 0
M4, Hu 4.8 7.7 6.1 4.9 4.3

DNEKTPOMEXAHUYECKHUE XaPAKTEPUCTUKHU:

[Ipu ymeHbIIEHNE YACTOTHI MPOUCXOAUT YMEHBIIEHME CUHXPOHHON CKOPOCTH,

T.K.:
1 60- f

@, =——= f — 1PK YMEHBIIEHUH YaCTOTHI CAHXPOHHAs CKOPOCTH CHIIKAETCS.
2.1, = Y, ~ U, ~ f - TOK KOPOTKOTrO 3aMbIKaHUsI 0OPATHO

HpOHODHI/IOHaﬂeH KBa,Z[paTHOMy KOpHIO 13 4aCTOTEI.
MeXaHn4eCKHe XapaKTePUCTHKY:
60- f

1.0y =——= f — npu yMEHBIEHNH YACTOTHI CHHXPOHHAsA CKOPOCTH CHUKAETCH.

~

2.5 = Ré 1 : 3'Ulz

SR T R R

KputnueCkre MOMEHT U CKOJIBKEHHE 00PATHO MPOMOPIIMOHAIBHBI YaCTOTE.

N
N

fe

U’
f

3. M, =2-M,_-s = f - nyckoBOii MOMEHT 0OPATHO MPONOPIIMOHAIEH KBAAPATY

9aCTOTBI.
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3.2 Pacuer nmepexoaubIX NPOMECCOB CKOPOCTH M MOMEHTA JJIsl PEKUMA
nmyCka U HA0POCa HArPY3KU HA BAJTY IBUTATEIS

Mopenupoanue aCHHXPOHHOTO ABUTATENSE OCYIIECTBUM C MOMOIIBIO

nporpammel MATLAB Simulink. [Jist CO3nanus iMUTAIMOHHONW MOJIETTN HAWIEM

CIIEYIONINE TAPaMETPBI ABUTATEISL.
NHykTuBHOCTH (pazbel 0OMOTKHM CTATOPA!
Xig 0.709

- - = 0.0002456 T's.
21 fy, 2750 &

Lla

NunyxTuBHOCTH (ha3sl 0OMOTKH POTOpA:
Xou 0925

L= = = 0.0003346 I'n.
20" fin 2-m-50 &
I/IHIIyKTI/IBHOCTB uerm HAMATrHU4YUBAHUA
X 30.83
= = 0.012TH.

L, = =
b 2-m-fiy, 2-m-50

NmutanuOHHas MOAENb n300pakeHa Ha pucysnke 12.

_sbe o 4’|§|

AdyRERronous Machine
v am

Sl Units
Scope3

XY Graph

Pucynok 3.4 - MMutaurOHHAs MO/EIb MPSAMOT0 MYCKa aCUHXPOHHOTO ABUTATENIS

Hwxe npeacTraBneHbl MEPEXOTHBIE XaPaKTEPUCTUKN CKOPOCTH U MOMEHTA MPH
npssMoM mmycke AJl 6e3 Harpysku, npu HaOPOCE 1 COPOCe HATPY3KHU.

17
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Pucynok 3.5 - I'padguk nepexoausiX mponeccoB Ckopoctu poropa A/l npu npsmMom

nycke
1500
M,Hm
500 : —
0 ; i
. |
. |
: |
. |
. |
500 (H iz .
: |
|
: : !
: : H . |
. | | | | | \ L\ \ te
05 1 15 o 2 25 3 35! 4 15
1

Pucynox 3.6 - I'paduk nepexoHbiX npoecCoB 3IEKTPOMArHUTHOTO MOMEHTa A/l
MPU IPSIMOM ITYCKE

Anann3 rpadukOB MOKA3bIBAET, YTO MPU OTPAOOTKE MEPEXOIHBIX MPOIIECCOB 0€3

HArpy3ku (PeXHUM HMIEATLHOrO XO0JIOCTOrO XOma) AJl pasorHaincs A0 CHHXPOHHOM

CKOPOCTU ®, =314159 P 33 3.1 ¢, ero ANEKTPOMArHUTHBI MOMEHT YCTaHOBHJICA
c

paBHbIM 0.
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Pucynok 3.7— ['padux nepexoansixX nponeccoB Ckopoctu poropa A/l nmpu HadbpOCe u

COpPOCE HOMUHAITBHON HATPY3KHU

700

600

500

400

300

200

100

0

-100

-200

________________________________________________________________________________________

________________________________________________________________________________________

4
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Pucynok 3.8 - ['paduk nepexogHsiX mporeCcCoB IeKTPOMArHuTHOrO0 MOMEHTA A/l
npu HAOPOCe u COPOCE HOMUHATBHOM HATPY3KHU




w,pag/c
400

XY Mol

WycT=314 pag/c

MycTt=0 Hm b

Y Ans
g

150

100

A000 500 0 500 1000
X Aods M,Hm

Pucynok 3.9 - I'padux nuHaMu4eCckoi MexanuueCkon Xapakrepucruku AJl npu
TPSIMOM TTYCKE

B mMOMeHT BpeMeHu t=4.5C Ha BaJIY ABUraresis MPOU3BEIEH HAOPOC HATPY3KH,
PaBHBII HOMHHAILHOMY MOMEHTY paBurarens M, =513.81H-m. [lpu oTpadoTke
BO3MYINAOMIETO0 BO3JEHCTBHS YCTAHOBHMBIIAACS YaCTOTA BPAIIEHUs POTOpa

7 pan
C

YMEHBIIUIACH, 10 HOMHUHAJIBHONW CKOPOCTH o, = 309. , DJIEKTPOMArHUTHBIN

MOMEHT B YCTaHOBUBIIEMCs PEXHUME CTal PaB€H CTATHYECKOMY MOMEHTY Ha Baly

asurarens M, =513.81H M.
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4. Bb10Op 3/1eKTP000OPY10BAHUSA
4.1 Be160p Hacoca
[0 pe3ympTaram pacuera MOMHOCTH U UCXOTHBIM JaHHBIM, BBHIOWPAEM TILTAMOBBIN
Hacoc H 5570 xommnanuu Flygt , mapamerpsr kOTOPOro npeacrasiensl B Tadamue 4.1.

Tabmwmma 4.1 — Texanueckue napameTpsr Hacoca H 5570

Mapxka [Tonaua, Hamop,m | MOnHOCTS, Yacrora, B3peiBozamnmTa
HACOCA M/ kBT 06/MuH
H 5570 J10 1260 J10 96 70-215 3000 eCTh

Pucynok 4.1 — [lInamoserit Hacoc H 5570

['mppaBarueCkas 4acTe JAHHOrO HACOCA, & TAakKEe BCE W3HOCHBIE ETAJIH,
M3TOTOBJIEHBI U3 YIPOYHEHHOTO BHICOKOXPOMUCTOTO 4YryHa, KOTOPHIN 00ECIIEYnBAET
NOJIHY1O 3aiuTy OT U3HOCA. Pabouee x0J1eco u3 BBICOKOXPOMHUCTOTO MaTt€pPuraia C €ro
00J1€€ «IIOTHOM» KOHCTPYKIIMEN, C OTOrHYTBIMH HA3a JOMACTAMH, OOECIEYUBAET
00s1€e OMHOPOIHBIN IMOTOK MEXAY JIOMACTSIMHU, YTO CHIDKAET M3HOC M TEM CaMbIM
CBOIUT K MUHUMYMY CHIKE€HUE ThapaBindeCckoro K.IT.JI.

[IpuBOx m THApPaBIMYECKAs 4YaCTh JIETKO Pa3OouparoTCs, 4r0 OOECHEYUBAET
OBICTPBIN MOCTYN K W3HOCHBIM JeTaisiM. Her HeoOXOmuMOCTH B 3aMEHE BCEi
rUAPaBINYECKON 4aCTH, MOCKOJIbKY COCTaBHAS KOHCTPYKIIMS KOPmYyca 00eCreuynBaeT

JIeTKuid TOCTYN K OOJIMIIOBKE YIIUTKH U €€ 3aMeny [2].
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http://www.aquanvk.ru/catalog/seriya-h-5500-flygt/h-5570.html
http://www.aquanvk.ru/catalog/seriya-h-5500-flygt/h-5570.html
http://www.aquanvk.ru/catalog/seriya-h-5500-flygt/h-5570.html
http://www.aquanvk.ru/catalog/seriya-h-5500-flygt/h-5570.html

4.2 Bp100p npeodpazoBareasi 4aCToThl
Jns  snexrponpuBoga AMP315S2  BeiOupaem mnpeoopasoBaresib 4aCTOTHI

¢upmer Danfoss VLT Aqua Drive FC-202.

[Ipeoopazosareny FC-202 oo6ecneunBaer d>(PpGEKTUBHOE U HAAEKHOE
PerynupoBaHue HACOCOB, BEHTUIATOPOB, KOMIIPECCOPOB IPH MEPEKAYKE PA3IMYHBIX
JKUJIKOCTEN U Ta30B.

OO6mme TEXHUYECKHE XapPakTEPHCTUKH IPEe00pazOBaTeNs MPeaCTaBiIeHbl Ha

pucynke 4.2.
MNpecbpasceaTens YacToThl P200
TunoBaA MoOWHOCTE Ha Bamy, kBT 200
TWnoBaA MOLWHOCTE Ha Bamy, n.c. 300
HanpaAmeHwe nuTaHuA 3o 380 — 480 B+10%
BrixogHo# ToK
HomunaneHen (3 x 380 — 440 B), A 395
Makcumansreit (3 x 380 — 440 B), A 435
BrixogHaA MOWHOCTE
Homunanenan (~400 B), kBA 274
Bxoguon Tok
HomuHansHem (3 = 380 — 440 B), A 381
Makc. BHellHHe EXOOHLIE NPeNoXpaHUTENH 500
Pac4eTHble NoTepu npy HOMMHaNLHOW Harpyzke ~400 B, Br 4812
PacyeTHble NoTepH NPW HOMUHaNEBEHOW Harpyzke ~460 B, Br 4535
Kng 0,93
Brixognan yacTtoTa 0 - 800

Pucynok 4.2 — Texunueckue Xapakrepuctuku Danfoss VLT Aqua Drive FC-202

Pucynok 4.3 —IIpeoopasosarens yactotel VLT Aqua Drive FC-202

22



Hwxe npuBeneHa CxXema mnOACOENMHEHMS CHJIOBBIX LENEHM W UENeu

praBHEHI/IH. B pe)KI/IMe MECTHOTO praBJ'IeHI/Iﬂ BO3MOXKHO praBHeHI/Ie
BHeKTPOIIBI/IraTEJIEM CpaBy ocCie noaCoOeJnHEeHUs CUJIOBEIX IIEIIEH.
TB3
i?mmﬁz R1  &ntkoonde mation heater optional
230 VR TESContacior Bptoml
50,60 Hz —
- oy e, ' v ’-
iaw +t;-|h.1r.J Lo —L T
arh I - IVE= AR b 5]
as= EFIIF ] 1 [w) 97 ) = |
B AEEIE ] =g ] T i) 3 1 ll_|'|:_:'
input :._.n- T F I — 'H;. -IK| -|[' - {3 D .
'\53 L _}J’:ﬁ_’ Moo
Load Share =T BB : .
IR | i:—ﬁ{mtﬂ ) :|"h=
skl
+10vDC g 2 LHIOVOUT) | IR-1B1
£33 1 B207) |
OVDE - 10 V0 A3 A N =
04 20 ma [ - = | on-omma : = — )
AH ”'“53:';? OF F=0+ 10V [ - MOVAC, 28
e LERF N N ——=
OVDE - 10V0C =
0/4- 20 mi [ ! o2 :|——4|:-:-'.'Ai:.1n
B ETT 1) ! o1 -
— S | Rk 2
, ; g 12 24 VOLT) | m
Iy L | - MOVRE, 20
I .1 13p24vour)
| \ , \ F 300 | a P
[ r. ] MW NFH) | p—
I T I L TR — 0w PHP) : o
\ | -
T T | Ty Dﬂ""%?:ﬂi? I FOME DT 5 "-'_TI 1 .glrr:l;?::tput
t — B ST ! | o B OUT) 42 et
1 1 . . ' . | 1 Tenm.
ik 5 RIS ] vallpr::?r;[- CFEON
I ! I =r MV P ’ | ON-Temimid
| I | I ‘f | OFf=tpen E BrakeTemp
| ! | S -ow | v 24 INC)
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| Ll ' __.’ I 5‘““7—; "
| |
! P! | -0t I |mas3 |P RE-481) 68 . RE-423
4 1 o —— MV HPH) Interface ) A F
. " [ 3201 — 0V PHF) : M RsAg3 e | o
1 i
| | — 7]
P T . ?\I\'I'P':‘FPT | 0K RS4ET 81
| [FHP) = Source
____________ [MPH) = Sink

7 IDIM)-aptbn

=

I

Pucynok 4.4- Cxema noacoenunenus npeoopasosarens VLT Aqua Drive FC-202

Crnenyromuii PUCYHOK OMHUCHIBAET (QYHKIIMH KIEMM YIPABIEHHUS.

23



Cern nuranm=a (L1, 12, 1L3)

1$ unn 3¢ 200 - 240 B £10%
1¢ nnn 3¢ 380 - 480 Bx10%
3x525 - 600 B£10%
3x525 - 600 B£10%

Hanpaxetune nutasmna

Yacrora nutaruns 50/60 Iy
KoadduuymenTt mougHocT! =09
OTKNIYEHME Ha CTOPOHE NUTaHWUA

1,12,13 1-2 pasa B MUHYTY

Boixognbie gannnie (U, V, W)

BuixogHoe HanpsxeHne 0-100% HanpaKeHUA NUTaHKA
OTknuYeHne Ha CTOpoHE Boixoga  HeorpanuueHHo
Bpems pasronxa (ocTaHosa) 1-3600 ¢
BuixogHas yactota 0-1321y
VLT® AQUA Drive smoxem obecnesums 1 10%-HbU MOK 6 Meverue 1 MuKymb.
bonswue nepezpyzxu Gocmuzaiomcs yeenudeHueM Munopazsepa npusoda.

Undpossie sxoge: (DI)
Mporpammupyemsie undpossie 6*

BXxoAsl
Jloruka NPN, PNP
YpoBeHb HanpaxeHua 0-24B
Bxopg Tepmucropa 1

*2 DI mozym cryxums KaK YuGpoesie 6bIX036

Ananorossie sxogsi (Al)

Obwee yucno 2

Pexum Tok unu Hanpsxexue
YposeHs Hanpaxersna 0- 10 B (macwrabup.)
YposeHs Toka 0/4 - 20 MA (macwTabup.)

Vlmnynbcuue sxoanl

Obuwee yucno 2
YposeHs HanpaxeHne 0 - 24 B (PNP no3utusHas noruka)
ToyHocTb 0,1-110kly

Wcnonb3yoTcs HekoTophie 13
uvppoBLIX BXOQOB

Ananorossin sbixog (AO)

Obuiee uucno 1
[uanasoH seixonHOro curHana 0/4 - 20 mA
Makc. Harpyska (npu =24 B) 130 mA

Peneiminie soixoge: (DO)

Yucno penenssix ssixonos (~240

B,2 A ~4008,2 A) -

Coemmemoe ClUMHaMK OaHHDbIX

: OnyuoHansHo:
CTPOEHHBIE NPOTOKONbI: PROFIBUS
FC Protocol DeviceNet
mggt;us s;U EtherNet/IP
s Modbus TCP IP
PROFINET
Temnepatypa oxpyaiouien Jlo +55°C
cpepbi

Pucynok 4.5 — Knemmsl yrnpasienus npeoopasosarens VLT Aqua Drive FC-202
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4.3 Cucrema npeodpa3oBareb 4aCTOThl — ACHHXPOHHBII IBUIATEb

OYHKIIMOHAIBHAS CXEMA AJIEKTPONPUBO 1A PEACTABIEHA HA PUCYHKE 4.6.

- _3-;5,_-'. =
sEM[ e HE T4
| A
Falfor
¥, T agenT !

Pucynok 4.6 — YnpomeHnHas pyHKIHOHAIbLHAS CXeMa 3JIEKTPONPUBOIa

Oyukuuu  ynpasieHus [IY BeImOMHIET MUKPOKOHTPOJUIEP, MO CBOUM
napameTpam u apXuTexType naeHTudHb ¢ 8XC196MH.

Beixonsr moaynsatopos MM  mukpOnpouneCcCopHOi CHUCTEMBI 4e€pes
MUKPOCXembI npaiBepoB |IGBT nmogkmtouaroTCs K CUIIOBBIM KJIHOYaM WHBEPTOPA.
JlpaitBeps! BHITTOMHAIOT (DYHKIIMU COTJIACOBaHMS Mexny tpansucropamu IGBT u
YOPaBIAIOIMMHA LEMSIMUA MHUKPONPOLECCOPHON CuCTEMBbI. KpPOME TOro, AaHHBIE
YCTPOKCTBA PEATU3YIOT 3aUIUTHBIE PYHKIMU, CHUMAS YNPABIAIOMINE UMIYJIBCHI C
CUJIOBBIX KJIIOUEH MPU MPONaJaHuu MUTAOIIEr0 HANPSKEHUS U MEePerpyskax mo
TOKY.

Cunosoii kanan IIY coOpan 1m0 CXemM€ C TPOMEXYTOYHBIM 3BEHOM
NOCTOSSHHOTO  TOKA& u  TPEX(PasHbIM  HUHBEPTOPOM  HampPsokeHus.  Ha
(Pucynok 4.7) mpeacrasieHa COOTBETCTBYroIIas (YHKIHOHATbHAS cxema.
[lepemennoe wHanpspkenue Tpexdazuou ceru, pazer A, B, C mnocrymaer Ha
MOCTOBOI1 HEYNPaBISIEMBIN BRIIPIMUTENB, Au0asl VD1 — VD6. Brimpsmiaennoe
HAMPSHKEHUE CrIaKUBAETCS AJIEKTPUUECKUM KOHAEHCATOPOM 00sbi0i éMkOCTH C u

noctynaet Ha Tpexdazubiit uHBePTOP VT 1 - VT 6, kirouamu KOTOPOTO YIpPaBsieT
25



MUKPOTPOIIECCOPHAs CuCtema. Hampspkenue Ha BHIXOAE mHBEPTOPA HOPMUpPYeTCs

10 3ak0nYy [IIMM-moOnynsamuu u mOCTYmaeT Kk CrarOpasiM 00MOTKaM AJl, dhaser U,
V, W.

T T — i }
VR VD 3V S o013 | f LN o VD 3 o o
Wl - - -
i PN - VT Tk VTS, I
| L b, ' ol WD 1
A c | i b
8 = : : u
:— ._J * cRN
—Tr p—
. W 100 W
WD 2 VD 4D e i l ] 1
§ i ?‘.’7 T7 |8 VD8 ol ol
B i VT 2|k, VT dlk, A8 VT8, 27
. e — = oz
| R !
| i —

Pucynok 4.7 — Cxema cunoBOoro kanana I[14

B kauecTBe CHJIOBBIX KJIHOYEM WHBEPTOPA wuCnomasizytorCs [GBT
TPaH3UCTOPBHI C BHICOKOM HArPY304HON CIOCOOHOCTHIO. {11 UCKIIFOYEHUS TOKOB
OJIC camOuHayKIMM B MOMEHTHl KOMMYTAaMU W YCTPAHEHUs OOPaTHBIX
HAMNPSIKEHUM, napasieibHO IGBT TPaH3uCTOPaM BKJIFOYAIOTCS
osicTponeicTByronme quoasl VD 7 - VD 13. [lllynt Rm Bkito4€H B CHIIOBYIO
LENb JJ1 KOHTPOJIS 38 BEIUYMHON MPOTEKAOMIETO TOKA U BBIMOIHSIET DYHKIIUU
samuTel. KpOmMe TOro, B mpomnecce paboTsl NPeo6pazOBaTens MPOMCXOJUT
MOCTOSIHHBIN KOHTPOJIb 38 BEJIUYMHOM BBIIPSMIEHHOTO HANIPSKEHUS.

KOHCTPYKTHUBHO BCE »JEMEHTHI NPEOOPAa3OBATENs Pa3MENIEHBI HA JIBYX
riataX, YCTAHOBJIEHHBIX JAPYr Haa APYroM B IUIACTMKOBOM koOpmyce. Ha
BEPXHEN KPBIKE PACHOJ0XKEH >XUIAKOKPUCTAIINYECKUN WHAMKATOP U MYJbT
ynpasnenusa. HenoCpeaCTBeHHO nOj KPBIIIKONW HAXOAMTCA OCHOBHAS ILIATA
ynpasnenusa. Ha HeW pacnonararoTCsi KOMMOOHEHTHI MUKPONPOLECCOPHOU
CUCTEMBI M PA3bEMBI ISl TOTIOJHUTEIBHBIX U BHEIIHUX YCTPOUCTB.

Ha cunoBoit mnare pasmemén CmiOBOW mOnyns C IGBT tpansucropamw,
NPaWBEPBI, MaTYMKU TOKA, KOHIEHCATOPHI (GUIbTPA IENU BHINPSIMIEHHOTO

HaPsDKEHUA, OJI0K MUTAHUS.
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MOI[yJ'H) BKJIIOUAET B Ceos AUOOBbI BBINIPSIMUTEI,

Pucynok 4.8 — @yHKIMOHAIbHAS CXEMA TPE0OPaA30BATENS HACTOTHI

|
TACTH
: VD 1|vD 3fvD & wia| ™ DE' .jm:-gq |
| ) i QO N ) R A wigh Kl & :
g + T ] T
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| i V7 i Wéh.. &|ma. el s | -
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| AEH er—— IMerepdeiic BEOm-FREOTA
|
| J
| KHOMOYHAA CTAHIIHA CHcrenma
| YIIp aBIeHM 5L
|
- Y Y Y Y

IGBT Tpau3uCTops

WHBEPTOPA, MMYHT, TEMNOEPATYPHBIA OATYUK WU JONOJHUTEIBbHBIA KIHOY s

«CiauBa»

SHEPruM B TOPMO3HBIX pPexumax. JlaHHpld MOAYNb COEAUHEH C

TEMIOOTBOAAILMM PaguarOPOM M HAaXOAUTCs HaA HIDKHEHN CTOPOHE mjIaThl CHUIIOBBIX
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aneMeHTOB. Ha 5>TOM € pamguarope pasMmemeHsl pPe3suCTop TOPMOKEHUS U

TEMITEPATYPHBIN TATYUK JJIs1 KOHTPOJIS 38 TEMJIOBBIM PEKIMOM.
4.4 IloakawouyeHue nepudepuinHoro 060py10BaHUS
[ToakroueHue nepudepuitnoro 000pYynOBaHUs K 4aCTOTHBIM

npeoopasosareinsm Danfoss VLT Aqua Drive FC-202 mommuocteio 200 kBt

HeO6XOI[I/IMO BBIIOJHATE B COOTBETCTBUU C HpHBeHeHHOﬁ HIDKE CXEMOH

NOJIKIFOYEHU:
Hororrrm: ié
III TEEIA 13
AET OMETHIE CEH
BRI TET EITE B,
T T emosopEH 19T 210 |::| I::l |:] 5 w10 .
FDPILVFC
r""-"—-—"—"—-"~—"—"~—"—"—=-"—/—"=——= =7 -"-"7T--""T---"—-—"—"-">"""=""=""="="=""=""="=-"=""=— |
Il
BxzopHoH(CceT eB0H)
OO CCENE LTSI
I & I EH HOT O T O0FR
1J2

AP0 CCeNE 1T eI
IIOCT OAHHOD O T 0FA

Brzopgaoi deimeT
EEICORKONSACT OTHEDE
TIOIEID

BHeIIFE e T 0pIo SHOR
I S EIEAT EITEIT
T O I0SHOE PEsIcT Op

- Lo | WL W] AL

BrEmoomeoi (0T OpHELE )
JPOCCENE ITEITE

IIEp ERMEHHOT 0T OFR

Broomaof dreTp
EEICOROSACT OTHEDD
TIONIEDD

ZUIEET [ OJET aT eIk

Pucynok 4.9 — Cxema noaxitoueHust nepudepuiiHbIX YCTPOHCTB
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4.5 UCnoib30BaHuE CETEBOrO APOCCENS HENH NEPEMEHHOIO TOKA

CereBOii APOCCENH 1ENMU NMEPEMEHHOr0 TOKA MPUMEHSETCS sl MOJaBJIEHHUS
rapMOHUK (raPMOHMYECKUX COCTABISIOMIMX TOKOB W HANPSHKEHWI) CO CTOPOHBI
MUTAIOMENR CETH, CBOOUT K MHUHUMYMY JOTNOJHUTENHHBIE TETJIOBBIIEICHMUS,
BO3HMKAIOIIME TIPU Pad0Te mnpeoodpasoBarelsis, W BEPOSTHOCTb BO3HUKHOBEHMSI
BCEBO3MOKHBIX COOEB B [Pab0TE 000PYMOBAHUS, BBI3LIBAEMBIX HECTAOMIBHOCTHIO
NUTAIOMIEN CETU. PEKOMEHTYETCSl YCTAHABIMBATD, ECJIM MOIIIHOCTh MUTAOIIENH CETH B
JECATKH Pa3 MPEBBIIIAET MOIHOCTH YACTOTHOTO MPE0OPA30BATENIS WU NMPU HATUYUH
B IIUTAIOMIEN CETH MOMEX OT 00yIee MOMHBIX YCTPOMCTB. MICOnMp30BaHNE CETEBOIO
JPOCCENst NENMU MEPEMEHHOT0 TOKA CYMIECTBEHHO BIUSET HA (HOPMY MOTPEOIIEMOTrO
npeoopasoBarenemM TOKA W 3HAYUTENBHO TPHOIMKAET €r0 K CHHYCOWIAILHOM,
CYIIECTBEHHO OCna0JsIeT OPOCKM HAMNPsKEHUsT B CETH TMPU  BKJIIOYEHUHM WM
BBIKJTIOUEHUU KPYHHBIX TOTPEOUTENEH, TPOIIIEBAETCS CPOK CIY>kObl KOHIEHCATOPOB
IPOMEXYTOYHOr0 KOHTYPA, HANEKHOCTL MPE0OPA30BATENS YBEIMYMBAETCS B 5 - 7
pas.

I[Ipu wuCnOsBb30BaHWMM CETEBOr0  APOCCENsT NEnu NEPEMEHHOTO  TOKA
OrpaHuyYMBAETCS CKOPOCTh HAPACTAHUS TOKA, ECIIM MPE0OPa30BATEIb IO KAKUM JINO0
NPUYMHAM BBIMIET W3 CTPOs, TPH 3TOM YCHEBAET CPad0TaTh BXOMHOIN aBTOMAT
OTKJIFOYEHHUS TIMTAHWS, W TIOBPEXKAEHHS OKA3bIBAIOTCS MHHUMAIBHBIMH, M, KAaK
CieaCTBUE, O0JIEE AEIIEBBIN PEMOHT.

Jlnis Hamei CuCTeMbl BIOMPAEM CeTeBoit huibTp dupmsr « Block» [6]:

Pucynok 4.10—Ceresoii ¢punstp pupmsr Block
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Tabnuna 4.2 — TexauueCkue JaHHbIE BXOIHOTO CETEBOT0 (PriibTPa

Mommnocts 14, Toxk [A] NuayKTUBHOCTH
KOTOPOMY [MI'H]
OCYIIECTBIISIETCS
JAaHHOE
NOJKJIFOUEHHE,
kBT

200 300 0,098

4.6 Ucnoib30BaHuE BXOAHOTO (GUIbTPA BHICOKOYACTOTHBIX MOMEX

BXongHOii (uiabTP BBICOKOYACTOTHBIX TOMEX TIPUMEHSETCS i CHUXKEHUS
ypoBHst BU-351€KTPOMArHUTHBIX TIOMEX, U3J1Yy4aeMBbIX B CETh TIPHU PAO0TE 4aCTOTHOTO
npeoopazosarens.  PekOMEHaYyeTCs  WCIOJab30BaTh, ECIAH  DJIEKTPOMUTAHUE
npeoopazoBaresst 4aCTOThl OCYMIECTBISIETCS. OT OHOrO BBOJA COBMECTHO C JPYTHUMHU
YCTPONCTBAMH, YYBCTBUTEIHLHBIMU K JJIEKTPOMArHUTHBIM MOMEXaMm (KOHTPOJLIEPHI,
pPann0060py10BaHNE, KOMIIBIOTEPHI U T.I1.).

Jlns Hamei cucremsl BOupaem ¢puinptp BU-momex ®OMC- LC-185-200 [7]:

Pucynok 4.11— ®unstp BU-nomex ®OMC- LC-185-200
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Tabnuna 4.3 — Texanueckue qaHHbIe BXOHOTO punstpa BU-nmomex

MOmHOCTS 4aCTOTHOTO

Tun BX01HOTO puitspa Peo6Pa30BaTeNs, K KOTOPOMY

Tok, A
BY-mioMmex OCYIIECTBJISIETCS JAHHOE
MOJKJII0ueHue, kBt
OOMC- LC-185-200 200 400.0

4.7 UCnob30BaHUE MOTOPHOIO APOCCEsl HEMU MEPEMEHHOIO TOKA

MOTOpPHBIN APOCCENTH LENMU MEPEMEHHOrO TOKA MPUMEHSAETCS JJi1 4aCTUYHOTO
MOTaBJIEHHS] TAPMOHUK (TAPMOHUYECKHUX COCTABJISIOMNX TOKOB) BBICIIUX MOPSIKOB
CO CTOPOHBI ABUTATENS (HA BBIXOJE Y4aCTOTHOrO mpeoopasosaress). PekOMeHyercs
UCIONb30BATh JJIsi TOBBIMIEHUA KOdhdummenTa >GPEexTuBHOCTH NOTPEOIEHHUS
MOIIHOCTH npe06pa3013aTeneM Ha CTOPOHE MHTAIOLIEN CETH, CHHXKEHHSI CKOPOCTH
HAPACTaHUS ABAPUHHBIX TOKOB, KOMMEHCAIMM EMKOCTHBIX TOKOB JJIMHHBIX
MOTOPHBIX KaO€NeH, CHMKEHHST BEIOPOCOB HAMPSKEHUSI HA 0OMOTKAX JIBUTATES.

PexomeHnayeTCs uCNOnb30BaTh ClEAYrOMME MOTOPHBIE APOCCENH  IEMH
NePEMEHHOTO TOKA.

Jns wamen cucremsl BOupaem cereBoil ¢unbtp dupmsr « ELHAND
TRANSFORMATORY»[8]:

Pucynok 4.12— CereBoii punastp ED3S - 0,036/450
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Tabmuna 4.4— TexanueCkue NaHHBIE BEIXOAHOTO CeTeBoro ¢unstpa ED3S -

0,036/450
Momnocts IT4, k Toxk [A] NHnykTHBHOCTH
KOTOpPOMY [MIH]
OCYmE€CTBIIIETCS
JaHHOE

MOAKII0OYEHHNE, KBT

200 450 0,036

4.8 Ucnoab30BaHUE BHIXOAHOTO (prJabTPA BHICOKOYACTOTHBIX MOMEX

Brixonno# ¢GunabTP BBHICOKOYACTOTHBIX MOMEX MPUMEHSETCS JJig OCIa0IeHus
ypOoBHs BY-31€KTPOMArHUTHBIX IIOMEX, TEHEPUPYEMBIX B BBIXOAHOM LENH
pabdoTraromero mpeoodpaszoBaTeas 4aCcTOThl. PexOMEHAYeTCs HCIOJb30BaTh, €CIIM B
HEMOCPEICTBEHHON OJMM30CTU C MPE0OpazOBaTeneéM 4YaCTOThl HAXOIATCS JPYrue
YCTPOICTBA, YYBCTBUTEJBHBIE K HJIEKTPOMATHUTHBIM TOMEXaM (KOHTPOJIIEPHI,
panuo000pyn0BaHME, KOMIBIOTEPHI W T.M.), @ TaKXke €eClu JJIMHA Kaoes,

COEIUHSIONIETr0 BBIX0 1 4aCTOTHOTO MPE0OPA30BATEIIS U IBUTATEND, IMPEBBIIIAET 20 M.

ex ®OMC- LC-185-200 [7]:

o
|

-

Pucynok 4.13 —®wietp BU-nomex ®OMC- LC-185-200
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Tabnuna 4.5 — Texauueckue TaHHbIE BBIXOAHOTO0 (uibTpa BU-momex

MO1mHOCTS 4aCTOTHOTO
Tun BeIXOAHOTO dunsTpa BU- npeoodpazosaresi, kK KOTOpoMy Tox. A
oMex OCYLIECTBIISIETCS JAHHOE ’
NnoaKIoueHue, kBr
OOMM- LC-185-200 200 400.0

4.9 Mepsbl 10 nPea0TBPAMEHNI0 HHAYKIMOHHBIX MOMEX

Kak ynoMuHanOCh BbIIIE, il CHUXKEHHS YPOBHsS BYU-mOMEX Ha BBIXOAE
4aCTOTHOTO MPE0OPa30BaTENs, MOKHO MCHOJIB30BATH PUILTP MOAABIEHUS TOMEX. B
Ka4yeCTBE JOMOJHEHHS CIeaYeT OTMETUTh, YTO MOHTAX CHJIOBBIX KaOEeu Ciemyer
BBINIOJIHATG B CHEUUAIM3UPOBAHHBIX 333EMJIEHHBIX METAUIMYECKUX  JIOTKAX.
Pacmon0oxeHne AaHHBIX JOTKOB HA PACCTOSHUHU, MO MEHbIEH mepe, B 30 CM OT
CUTHAIBHBIX JIMHUHM W IENEH YIPaBIeHus MPe0opa30BaTENIEM 3HAYNTEILHO OCIA0UT
JIENCTBME MHAYKIMOHHBIX TOMEX. Takxe PEKOMEHAYETCS MOHTHPOBATH YaCTOTHBIN
npeoopasoBarens (M BCE OTHOCAMIEECS K HEMY mepedepuitHoe 000pYynOBaHUE) B

CHEeNUaIM3MPOBAHHBIX HKPAHUPYOMUX MIKaAdaX.

4.10 Ucnosab30BaHME APOCCENA HEMM MOCTOSTHHOTO TOKA

Kak Y€ OTMeuanoCh BbIIIE, MPUMEHEHHE JPOCCENIEH, BKIIOUYAEMBIX B ILIEMH
NOCTOSIHHOrO M NEPEMEHHOr0 TOKA, MO3BOJISAET MOAABUTH TAPMOHMKHU, YTO CHHXKAET
pe3kne u3MEHEHUs (CKa4uky) TOKOB. JIPOCCEnM nenu rnmoCTOSIHHOrO TOKA MOAABISIOT
rapMOHUKM BBICIIETO NOPsaka >pQexTuBHEE, YEM IPOCCENU UENEH MEPEMEHHOrO
TOka. COBMECTHOE TPUMEHEHHE JIPOCCENeH Ieneil u mOCTOSHHOIO, ¥ IMePEMEHHOI0
TOKA ABJIIETCS HAOO0Ee 3(PPEKTUBHBIM C TOUKH 3PEHUS NOIABIEHUS TAPMOHUK.

D¢ pexTHBHOCT, MOAKIIOYEHHMS] APOCCENEH B IENM MNOCTOSHHOTO |

NEPEMEHHOTO0 TOKA MPEACTaBIEHA B TAOMIIE 4.6:
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Tabmuma 4.6 — 3 PexTuBHOCTH MOAKITIOYEHUS APOCCETEH

Meton
OOIaBJIEHUS

rapMOHUK

OTHOCHUTENIBEHOE COMEPKAHUE TAPMOHUK %o

rapmo
HHKA

7-as

rapmo
HUKA

11-as
rapmo

HUKa

13-aa
rapmo

HUKa

17-as
rapmo

HUKaA

19-ag
rapmo

HHUKa

23-bd
rapmMo

HUKA

25-as
rapmo

HUKA

bes gpocceneit

65

41

8.5

7.7

4.3

3.1

2.6

1.8

Jlpoccens B
eI
MMOCTOAHHOrO
TOKA

38

14.5

7.4

3.4

3.2

1.9

1.7

1.3

Jlpoccens B
1Enu
IEPEMEHHOI0
TOKaA

30

13

8.4

4.7

3.2

3.0

2.2

Jlpoccenu B
1Enu
MOCTOSIHHOTO U
IEPEMEHHOrO
TOKaA

28

9.1

1.2

4.1

3.2

2.4

1.6

1.4

BriOupaem npoccenu nenu noCTOsHHOrO TOka Mapku DI1T-142-3 [7]:

Taonuna 4.7/-Texauyeckue nanusie apoccens OIIT-142-3.

Tun gpoccens MO1HOCTS 4aCTOTHOTO
uenu npeoodpazosaresi, kK KOTOpoMy Tox. A NHayKTUBHOCTD,
K’
IIOCTOSTHHOTO OCYILIECTBIISIETCSA 1AHHOE MI'H
TOKA MOAKIHOYEHHNE, KBT
OI1T-142-3 200 494.0 0.142

34



4.11 Bp160p aBTOMATHYECKOTO BHIKJIIOYATEIS

ABTOMATUYECKHE BBIKIIOUATETN HCHOIB3YIOTCA AJIA HKCILTyaTaluu B IEMAX
NEPEMEHHOT0 W TMOCTOSTHHOrO TOKA, TNPEAHA3HAYEHBI JJisi MPOBENEHUS B
HOMUHAITHHOM PEXKHUME, NIl aBTOMATUYECKOTO OTKIIFOYEHHs TOKA MPU aBAPUUHBIX
cutyauusX, i MYCKa, 3aIIMThl U OTKIIOYEHHUS JJIEKTPUUYECKUX aurarenei. Kak
NPaBUII0, aBTOMATHYECKHUE BBIKITFOYATENIN PA00TAIOT B MPOI0DKUTEILHOM PEXUME H
BBINTYCKAIOTCSI B UCMOJIHEHUSIX C PA3HON CTEMEHBIO 3aIIUTHI OT MPUKOCHOBEHHM U
BHemrHuX BO3aencTuit (IP00, IP20, IP30, IP54).

BrI100p aBTOMATHYECKOrO BBHIKIIOYATEIS a1 ABurarens nacoca (AMP315S2,
l,, =278.55A)

1. Onpenensem myCKOBOM TOK
Iyek =9 1y =5-278.55=1392.75A (3.1)
2. Onpenensem KPAaTKOBPEMEHHBIN TOK:
lip =125 Iy =1,25-1392.75=1740.94 A (3.2)
3. TOKk AIEKTPOMArHUTHOTO PACIHENUTENS JOJDKEH ObITH OOJIBIIE KPATKOBPEMEHHOTO

TOKa.
Iyv 2 Tkp- (3.3)
[Io BpPeMs-TOKOBON XAPakTEPUCTUKE OTKJIOUEHHS BHIOMPAEM YCTABKY

ANEKTPOMArHUTHOrO PACLENUTENS PABHYIO &, T.€.

Iy =8 Ijag =8-300=2400A (3.4)
rie lyag =300A - HOMUHAIBHBIN TOK ABTOMATUYECKOrO BBIKIHOYATEIIS.
2400A>1740.94A .

1. Tok TEmjIOBOr0 pPacuenuTesss AOKEH ObITh OOJBIIE HOMUHAJIBHOTO TOKA

JJIEKTPOIIPHUEMHHUKA:

I[J'Iﬂ 3dIUTHl ABUTATENST HACOCA BBI6I/IpaeM ABTOMATUYECKUM BBIKJIIOUYATEII

EATON LZMC2-A300-1 [9].
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Pucynok 4.14 - Asromarnueckuii Beikirouareas EATON LZMC2-A300-I

4.12 Bp100P MArHUTHBIX MYCKATEIEH

DONEKTPOMArHUTHBIM MYCKATENh — KOMMYTAUMOHHBIN 3JIEKTPUYECKHUI anmapar,
NPEIHA3HAYEHHBIN Uil MYCKA, OCTAHOBKU U 3aIIUTHI TPEX(DA3HBIX ACHHXPOHHBIX
ANEKTPOABUrATENENH C  KOPOTKO3aMKHYTHIM  POTOPOM  HENOCPEICTBEHHBIM
NOAKIIOUEHMEM OOMOTOK CTaTtOpa K CETd u Pa3pelBOM TOKA B HUX 0€3
MPEIBAPUTENHHOr0 BBOAA B LIENH JOMOJHUTEIBHBIX CONPOTUBIIEHUH.

Kak k o»nemeHTty CUCTEM aBTOMATHYECKOrO YNpPaBIEHUS K NYCKATEIIM
NPEABSABIAIOTCS  BBICOKME  TPEOOBAaHMsT 1O  W3HOCOCTOMKOCTHU.  IlyCkarenu

BBITTYCKAIOTCS B TPEX KIACCAX KOMMYTaMOHHON M3HOCOCTOMKOCTH (A, b 1 B).

Jlns mycka JBUrarelss Hacoca HEO0O0XOJUMO MCHOJIb30BaTh JBa
HEPEBEPCUBHBIX MArHUTHBIX Myckarenas. OauH HeoO0XoauMm s
BKJIIOUEHHUSI ~ JBUTATelsl  4Yepe3  mpeoOpa3oBaresib  4acToThl.  Ero
UCIIOJIb30BaHUE  HEO00s3aTelIbHO, HO 3TO OOECHEUHUT TaJlbBAHUYECKYIO
pa3BA3KYy MEXKIy JBUTaTelIeM M IpeoOpa3oBaTeleM 4YacTOThl. BTopoi
MarHUTHBI ~ MOyCKaTelb  SIBIAETCS  OalMacHbIM  MEPEKII0YaTEIIEM.

Boibupaem wmarnutHele nyckatenu  Schneider Electric  EasyPact
TVS(TeSys E) LC1E300F5 [10].

Pucynok 4.15 - Marautssiit nyckarens cepun LC1E300F5
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[lyckaremn >TOM

dBTOMATU3ALNH.

OcCHOBHEBIE TEXHUYECKUE

Cépunm  HUCHOJB3YIOTCI B

IPEeACTABIEHEI B TAOIHUIIE 4.8:

XapPaKTEPUCTUKHU

pa3In4HbIX cucremax

MArHuTHOTO myCKaTes

Tabmuna 4.8 - TlapameTpsl MarHUTHOTO MMYCKATEIsI

Twuno HomuHasHEBI Howm. Hcrmonmaenne no
MArHUTHOTO TOK HA3HAY. U
HaMNPsKEHNUE
HATMYHIO PEJIE
mYyCKaTeNs
LC1E300F5 320 380 B HEPEBEPCHUBHBIMH,
C pese neperpysku
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S UMUTANHOHHASA MOJEJIb YJIEKTPOIPUBOAA CO CKAJIAPHBIM
ylpaBJjeHUEeM

Jimst uccnenoBanusi MPOIECCOB MPW 4YaCTOTHOM PEryaupOBaHMKM B CamMOM
5JEKTPOJBUIATENE M JANe€ B CHUCTEME PEryaupyeMoro »IeKTPONPHMBOAA HACOCA
MYJBIIBI UCIIOJIB3YEM METO]T UMUTALIMOHHOTO MOAETMPOBAHMS.

CxemMbr HAOOpPA WMHUTAIMOHHBIX MONENEH (GYHKIMOHATHHBIX AJIEMEHTOB
AJIEKTPOINPUBOIa COCTABIEHBI HA OCHOBAHUU CTPYKTYPHBIX CXEM C MOMOIIBIO MAKETA
Simulink cucremsr Matlab.

Nmutanmumonsas Moaens Ol CO CkanspHbIM YHPaBIE€HHEM W 00PATHOI CBS3bIO

10 TOKY B KQHAIE PETYIMPOBAHMS HANPSHKEHMS MPENCTABIEHA HA PUCYHKE 5.1.
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Pucynok 5.1 — IMutannOHHAs MOAEIH 3JIEKTPONPUBOA CO CKAISIPHBIM YIIPaBIEHUEM
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BBoa mapamerpoB CXembl 3amemenuss AJ[ mpousBeaeH yepe3 auanoroBoe

OkHO (PuCYHOK 5.2), KOTOPOE BBI3BIBAETCS TBOWHBIM MIETYKOM IO H300PaKEHUIO

JABUTATEJIA.

ﬂ Block Parameters: Asynchronous Machine SI Units1 ==
Asgynchronous Machine (mask) (link}) o

Implements a three-phase asynchronous machine (wound rotor, squirrel
cage or double squirrel cage) modeled in a selectable dq reference frame
(rotor, stator, or synchronous). Stator and rotor windings are connected in
wye to an internal neutral point.

Configuration Parameters Advanced
Nominal power, voltage (line-line), and frequency [ Pn{vA),vn{vrms),fn(Hz) ]
[160000 470 50] |
Stator resistance and inductancel Rs(ohm) Lls{H) 1:

[0.015 0.0002456]

Rotor resistance and inductance [ Rr'(ohm) LIr'(H) 1:

[0.015 0.0003346]

Mutual inductance Lm (H):

0.012

Inertia, friction factor, pole pairs [ J(kg.m"2) F(N.m.s)} p{) I:

[2.8201]

Initial conditions

rin nnn nnnl
] T »

l OK ]| Cancel || Help | Apply

Pucynok 5.2 - OkHO BBOJ1a TAPAMETPOB CXEMBI 3aMEIEHUS

dCUHXPOHHOIO ABUIATEIIA

Pucynok 5.3 - ['padux nepexoaHsixX mporeccoB ckopoctu poropa AJl nmpu yacrore
=50 I'n, k03¢ punment kommnencaruu momenrta K,,,=0.1

OCHOBHBIE IMOKA3ATEIN KAYECTBA I XaPAKTEPUCTHKN CKOPOCTH:
rnepeperyiauposanue — o = 0%,
Bpems perynuposanus - t, =10.6 C,

YCTaHOBMBLIEECS 3HAYEHHE CKOPOCTH - @, =311.38 pan/Cex.
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Pucynox 5.4 - I'paduk nepexoHbiX nporecCoB 31EKTPOMArHUTHOTO MOMEHTa A/l

npu yactore f=50 ', ko3 Purnment komnencanun momenTa K,=0.1

OCHOBHBIE ITOKA3aTeNH KAYECTBA JIJIs XaPaKTEPUCTHKHA CKOPOCTH:

Bpems perynuposanus - t, =10.6 C,

YCTaHOBHMBIIEECs 3HAYEHHE CKOPOCTH - M, =493.1 Hm.

w,pag/c XY Plet
W0y ot ommee T —
WycT=311.38 pag/c : -
2501 : e -
! -
] -

200 P 7

.i"-... '

- - :
< 5l - 1 4

s

. |

.- ]
100} p 1 A

/ |

/ ]

50 ’ |

/ 1 Mycr=493.1 Hwm

/ l

u'-\I--J'r 1 1 B 1] !I 1 L L 1 1 ]
0 00 200 300 400 500 600 700 800 SO0 100D 1100

M,Hm

Pucynok 25 — I'paduk quHAMUYIECKON MEXAHUYECKOM XapPaKTEPUCTUKU TTPU

gacrore =50 I't, ko punment komnencanun momenta K,=0.1
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Pucynok 5.6 - ['padux nepexoaHsixX nporeccoB ckopoctu poropa A/l nmpu yacrore
=34 I'u, k03 dunuent kommencaruun momenta K,,,=0.1

OCHOBHBIE TOKA3ATETN KAYECTBA I XaPAKTEPUCTUKU CKOPOCTHU:
nepeperyiauposanue — o =0%,
Bpems perynupoBanus - t, =12.3 C,

YCTAHOBUBLIEECS 3HAYEHUE CKOPOCTH - o,

=212.38 pan/Cex.

250
M,Hm
RSSO S 00O USROS OO PRSPPI RSSO O o S— .
: : : : : 5
150_ ......................................................... leeeeoeeccmeccece-cccoceccoleceoceceoccoceccecceccmeccodecoe o dmeececcmeccoceccecceee oo oo —
- ... ini I .
S S —— S S— 1 —— .
0 L === S O S _
- | | | | [ Lo tc
0 25 5 75 10 125 15

Pucynox 5.7 - I'paduk nepexoaHbiX mpoIecCoB 3JIEKTPOMArHUTHOTO MOMeHnTa A/l
npu yacrore f=34 I'u, ko3ppurment komnencanun momenta K,,,=0.1

OCHOBHBIE TIOKA3ATENIN KAUECTBA [UIsl XAPAKTEPHCTUKH CKOPOCTH:

BpEMs PerynupoBanwms - t, =12.55 C,

YCTaHOBHUBIIIEECS 3HAYEHUE CKOPOCTH - M |, =148.4 HMm.
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Pucynok 38 — I'paduk quHAMUYIECKON MEXAHNYECKOW XaPaKTEPUCTUKH TTPH
gacrore f=34 I'n, ko punmrent komnencanuu momenTta K,=0.1
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Pucynok 5.9 - I'padux nepexoansixX npoueccoB ckopoctu poropa AJl nmpu yacrore
=20 I'n, k03¢ punment kommnencaruu momenrta K,,,=0.1

OCHOBHBIE OKA3ATETN KAYECTBA AJI XaPAKTEPUCTUKN CKOPOCTHU:
nepeperyauposanue — o = 0%,
BPEMs PerynupoBanus - t, =22.3 C,

YCTaHOBMBLIEECS 3HAYEHME CKOPOCTH - o, =113.2 pan/Cex.
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Pucynok 5.10 - I'paduk mepexogHsiX mpPOIeCcCoB IEKTPOMArHUTHOTO MOMEHTA
AJl npu yacrore =20 I'u, k03 pument kommnencanun momenrta K,,,=0.1

OcCHOBHBIE TTOKA3ATEIN KAYeCTBA JJIs1 XaPaKTEPUCTUKU CKOPOCTH:

BpEMs PerynupoBanus - t, =24.1 C,

YCTaHOBMBIIEECs 3HAYEHUE CKOPOCTH - M, =27.2 Hm.

¥ i
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" o W o B a 5
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Pucynok 411 — I'paduk nuHAMUYECKON MEXaHUUYECKOW XaPaKTEPUCTUKHU TIPH
gyacrore =20 I'n, ko3¢ punment kommnencanuu momenrta K,,,=0.1

44



Pucynok 5.12 - I'paduk nepexoaHbiX mpomneccos Ckopoctu poropa A/l npu
gacrote f=10 I't, ko punment komnencanun momenTa K,=0.1

OCHOBHBIE NTOKA3ATETN KAYECTBA I XaPAKTEPUCTUKN CKOPOCTHU:
nepeperyiuposanue — o =0%,

BPEMs perynupoBanus - t, =84.6 C,

YCTaHOBMBILIEECS 3HAYEHHME CKOPOCTH - @, =50.9 pan/Cex.

Pucynox 5.13 - I'paduk mepexoqHsiX mpoeCcCoB 3IEKTPOMArHUTHOrO MOMEHTA
AJl npu yacrore =10 I'u, k03 punment komnencanun momenrta K,,=0.1

OCHOBHBIE TI0KA3ATEIM KAYECTBA I XaPAKTEPUCTUKH CKOPOCTH:
BPEMs PerynupoBanus - t, =92 C,

YCTAaHOBUBIIEECS 3HAYEHME CKOPOCTH - M, =3.7 HwMm.

yem

45



w,paal/c LY Plet
100, - : : -

ﬂ 1
W 5
1]}
18 4
s Wycr=50.9 pap/c_ _
> |
0k : | .
= MyCT:3.7 HM: f
|
a0 : ,-'f
/
100 .:
|
1] . il L i' L il L ] L ]
< ] ] z 3 ] 5 [ 7 ] 3 10
K Aoy

M,Hm

Pucynoxk 514 — I'padguk tuHaMHUYIECKOM MEXaHNYECKON XaPaKTEPUCTHKHU MPU
gacrore f=10 I'n, ko3 punmrent komnencanun momenTa K,=0.1
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Pucynox 5.15 - I'paduk mepexogHsiX mponeccoB Ckopoctu poropa AJl nmpu
yacrote f=50 I'u, k0a3dPunment komnencanun momenta K,,,=0.25

OCHOBHBIE IMOKA3ATEIN KAYECTBA I XaPAKTEPUCTHKN CKOPOCTH:
nepeperynauposanue — o = 0%,

BpEMs PerynupoBanus - t, =10.6 C,

YCTaHOBMBLIEECS 3HAYEHHE CKOPOCTH - @, =311.38 pan/Cex.
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Pucynok 5.16 - I'padux nepexoaHsiX nponecCoB IEKTPOMArHUTHOrO MOMEHTA
AJl npu wacrore =50 I't, kOappurment kommnencarmu momenTa K,=0.25

OCHOBHBIE TOKA3ATETN KAYECTBA I XaPAKTEPUCTUKU CKOPOCTHU:
BpEMs perynupoBanus - t, =11 C,

YCTaHOBMBIIEECs 3HAYEHHE CKOPOCTH - M, =493.1 Hm.
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Pucynok 617 — I'paduk nuHAMUYECKON MEXaHUUYECKOW XaPaKTEPUCTUKH TIPH
yacrore =50 I'u, k03¢ punmuent kommnencanuu momenta K,,,=0.25
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Pucynok 5.18 - I'paduk nmepexoaHbiX mpomeccos Ckopoctu poropa A/l npu
gyacrore f=10 I'u, k03 Punment komnencaunun momenta K,,,=0.25

OCHOBHBIE IMOKA3ATETN KAYECTBA I XaPAKTEPUCTHKN CKOPOCTH:
nepeperyiauposanue — o =0%,
BPeMms perynupoBanus - t, =73.6 C,

YCTaHOBMBLIEECS 3HAYEHME CKOPOCTH - @, =50.9 paz/Cex.

Pucynok 5.19 - I'paduk nepexoaHbiX nporeccoB 3MEKTPOMArHUTHOTO MOMEHTA
AJl npu yacrore f=10 I't, kO3 purment komnencauu MmomenTa K, =0.25

OCHOBHBIE MOKA3ATETN KAYECTBA AJI XaPAKTEPUCTUKN CKOPOCTHU:
Bpems perynuposanus - t, =80.3 C,

YCTQHOBHUBIIEECS 3HAUEHME CKOPOCTH - M, =3.7 HM.

yem
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Pucynoxk 720 — I'padguk tuHaMHUYIECKOM MEXaHMYECKON XaPaKTEPUCTHKHU MPU
gacrore f=10 I'n, k03 punment komnencanun momenTa K,=0.25

N3 npencraBiaeHHBIX rPadUKOB ClIeAYeT OTMETUTh, YTO MPH YMEHBIIEHUU
9aCTOTHI HA BXO/1€ 4aCTOTa Bpamenus Poropa A/l u >IEeKTPOMArHUTHBI MOMEHT B
YCTAHOBUBIIIEMCST PEXKUME YMEHBIIAIOTCA, a BPEMS NEPEXOJHOr0 mporecca
yBennuuBaeTCs. Ilpu w3menenun k03dpdurnmenta K, ¢ 0,1 na 0,25 Bpems
MEePeXOaHOr0 TPOmecca mnPM HU3KONM 4YaCTOTE YMEHBIIAeTCs, KOJIeO0aHUs
JTUHAMUYECKON XAPaKTEPUCTUKU YBEITUYUBAIOTCS, JJEKTPOMArHUTHBIA MOMEHT H
JaCTOTa BPANIEHNUS HE M3MEHWUIUCh. Ha OCHOBAaHMM 3TOr0 MOKHO CIIENIATH BHIBOI,
4yTO CHPOEKTUPOBAHHAS MOJEH AJIEKTPONPUBOAA CO CKAISPHBIM YHPABIEHUEM
MOJHOCThEO CHPaBisieTCs C NOCTABJAEHHOM 3a1a4€ld W OTBEYAET YCIOBHUIO

TEXHUYECKOTO 3a1aHUA.
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3akiaoueHne
B nmanHO# MaruCTepCkOoi mmccepramuu Obuta PaspadoraHa, pacCumTaHa U

cnpoektupoBana cucrema IIY - AJl. TIpousBenen pacyer u BLIOOP AJIEMEHTOB
CUJIOBOM 4aCTH M IIJ1aMOBOr0 HACOCA.

B wmopemupyromei cpexe Matlab Owsuta paspadoTrana u  uCCiemOBaHA
UMUTAIIMOHHAA MOJIENL PadoTel cucremsl [1Y - AJl Ha paznmuunyro ygacrory. U3
MOJYYEHHBIX NEPEXOAHBIX XaPAKTEPUCTUK BUAHO, 4TO MPU YMEHBIIEHUU YACTOTHI
HA BXOnEe uacrora Bpamenus pPotopa AJl U 31eKTPOMAarHUTHBIE MOMEHT B
YCTAHOBUBIIEMCSI PEXKUME YMEHBIIAIOTCS, & BPEMS MEPEeXOaHOro mpouecca
yBenuuuBaeTCsA. IIpu uzmenenun ko3pduumenta K, ¢ 0,1 ©a 0,25 Bpems
NEPeXoaHOr0 mpomecca mnpPu HU3KOM YaCTOTE YMEHBINAETCS, KOJIEOAHUs
JTAHAMHAYECKONU XaPaKTEPUCTUKHU YBEIWYMBAIOTCA, SJIEKTPOMArHUTHBII MOMEHT U
4aCTOTa BPALIEHUS HE M3MEHMIUCh. Ha OCHOBAHMK 3TOr0 MOKHO CIIENATH BHIBOI,
YTO CHPOEKTHPOBAHHAS MOJENbL AIEKTPONPUBOAA CO CKAISAPHBIM YHPABIEHUEM
MOJHOCTHIO CHPABIAETCA C TIOCTABIEHHOW 3a/1a4€ii W OTBEYAET YCIIOBUIO
TEXHUYECKOTO 3a1aHUSI.

B mecroit wactu padOTel ObUIM pPacCuuTaHbl 3aTParbl Ha MOKYMNKY
000pYynOBaHus, 3apPIUiaTy WHXKEHEPHOMY MEePCOHANY, TPYAOEMKOCTh BHITTOJHEHUS
paooT.

B 3akntounTenpHON TriaBe PAaCCMOTPEHBI BOMPOCHI, KACAEMBIE COLMAILHON
OTBETCTBEHHOCTH, @ WMEHHO. OmNAaCHBIE ¥ BPEAHBIE (PAKTOPBI, 3aAMKUTA
OKPY>KaroLIEl CPeabI PACYET CUCTEMBI 3a3EMIIEHUS.

B  wurore, moOCne 3aBepmeHuss  Pa3padOTKH, MPOEKTUPOBAHUSA U
MOJEeIuPOBanus, Obuia moiaydena cucrema ITY - AJ, xoropas 06ecneduBaer
pemieHre BCEX NOCTABIEHHBIX 337a4, M COOTBETCTBYET BCEM TPEOOBAHMSIM,

NPEACTABIEHHBIM B TEXHUYECKOM 3a1aHUHU.
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Introduction

Nowadays, it is necessary to move big streams of various pulps for the
majority of concentrating factories for ensuring technological processes. At the
design of concentrating factories seek to use for movement of pulps fully self-
flowing transport that is reached by an arrangement of factories on inclined
platforms. However a variety of the used processes of enrichment directed to
increase of extraction of metals from ore demands to move the most part of pulps
from below up. The moved streams of a pulp possess very high abrasive properties,
contain large particles of the crushed ore, have the very different range of the

required pressure and giving of a pulp.

The used pumps for movement of pulps at concentrating factories have
essential shortcomings and very small resource of time of trouble-free operation, in
view of fast wear first of all of the rotating knots. It isn't possible to pick up the
pump which parameters would correspond to the required pressure and giving, as a
result the pump is operated on the inefficient models. It is necessary to
conduct research of the system “the frequency converter - the asynchronous
electric drive", to calculate pump parameters, to simulate structural and functional

schemes of a control system of the pump.
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1. Technological process of production of concentrates at concentrating

factory

We will consider process of production of concentrated at concentrating

factory.

The extracted ore arrives on a crushing site which is located in the main case
No. 1 of concentrating factory where there is a crushing, preparation for further
processing. This process is carefully controlled. The initial product has to meet

necessary requirements.

After the preparatory crushing ore comes to the bunkers located in the main
case No. 2 of concentrating factory where there is a process of receiving
concentrates of zinc, lead, copper and others. We will consider this process in more
detail. From the bunker the crushed ore arrives on the subbunker conveyor (3), at
the same time, 80% of the arrived ore have to conform to requirements of
technological process (to be in the diameter no more than 16 mm); then from

the subbunker conveyor ore arrives on the feeding conveyor (3.1).

On the feeding conveyor the conveyor scales (16) intended for measurement
of running mass of a product on the conveyor, the speed of the movement of a tape
and productivity of the conveyor is located. In case the indicator of scales (16)
deviates norm, then the speed of supply of ore from the bunker on
the subbunker conveyor, and also the speed of rotation of the subbunker conveyor
(3) is regulated.

From the feeding conveyor ore comes to a mill (2) where there is a crushing
of ore to the size of 16 microns (to such sizes about 72-78% of ore of total are
crushed). The ore crushed in a mill comes to the qualifier (4) where there is a
rough division of thin discharge from sand. Sand go to a subdivision to a mill (2)
on highways, and the discharge goes to the SUMP (5) where it is pumped over via
the pump (6) in hydroclones (1) under a certain pressure where there is a secondary
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(final) division of a product into sand and discharge. Further, in the pipeline (9)
plums, corresponding to certain parameters, leaves on flotation for further
enrichment, and via the pipeline (10) insufficiently crushed sand go for additional

processing to a mill (2).

In the SUMP (5) there is a sensor (8) which controls product level. In case of
a rejection of indications from the set parameter the sensor gives a signal on the
frequency converter which regulates the supply of technical water by means of the
pump (6). The sensor of pressure and density (7) located in hydroclones controls
product density. In case of a deviation of this parameter the sensor of pressure and

density (7) regulates water supply in the SUMP (5) by means of the gate (14).

For trouble-free operation of the pump (6), at his stop and start, via the gate
(11) the highway conducting in the SUMP (5) is washed out, and via the gate (12)
the pump (6) and the pipe of forcing (15) suitable to hydroclones is washed out (1).
At the stopped pump (6) the shiberny gate (13) is closed. At the start of the pump

(6) the system works in the following sequence:

1. The gate (11) opens, the highway conducting in the SUMP (5) is washed
out, then the gate (11) is closed;

2. The gate (12) via which water comes to the pump (6) opens, at the same
time exempting it from sand and silt, washing out a pipe of forcing (15), then the

gate (12) is closed.

3. The shiberny gate (13) opens and the pump (6) is started. This system of
washing is necessary for the prevention of a silting and a blockage of the pump (6)
and highways conducting in the SUMP (5) and hydroclones (1) [1].

The scheme of process of classification of ores is submitted in the figure
A.l.
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Figure A.1 - Scheme of process of classification of ores




By results of calculation of power and to basic data, we choose the slurry

pump H 5570 of the Flygt company which parameters are presented in table A.1.

2. Choice of electric equipment

2.1 Choice of the pump

Table A.1 — Technical parameters of the pump H 5570

Brand of Delivery, Head, m Power, kW Frequency,
the pump m*h t/min
H 5570 JTo 1260 JTo 96 70-215 3000
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http://www.aquanvk.ru/catalog/seriya-h-5500-flygt/h-5570.html

Figure A.1 — Slurry pump H 5570

The hydraulic part of this pump, and also all wearing out details, are made of
the strengthened high-chromium cast iron which provides full protection against
wear. The driving wheel from high-chromium material with his more "dense"
design, with the blades unbent back, provides a more uniform stream between the

blades that reduces wear and by that minimizes hydraulic K.P.D'S decrease.

The drive and hydraulic part easily understand that provides fast access
to wearing out details. There is no need for replacement of all hydraulic parts as

the compound design of the case provides easy access to facing of a snail and her

replacement [2].

2.2 Choice of the converter of frequency
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For the AIR315S2 electric drive, we choose the converter of frequency of
Danfoss VLT Aqua Drive FC-202 firm. The FC-202 converter provides effective
and reliable regulation of pumps, fans, compressors when pumping various liquids
and gases. The general technical characteristics of the converter are presented in

figure 3.2 in the main part of the master thesis.

Figure A.2 — Converter of Frequency VLT Aqua Drive FC-202
The scheme of connection of power chains and chains of management is

given below. In the mode of local management the control of the electric motor

right after connection of power chains is possible.
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Figure A.3 Scheme of connection of the VLT Aqua Drive FC-202
2.3 System the frequency converter — the asynchronous engine

The function chart of the electric drive is submitted in figure A.6.

SBEM —
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=
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Figure A.4 — The simplified function chart of the electric drive

Functions of management of pitch are carried out by the microcontroller, in
the parameters and architecture identical with 8khs196mn.

Exits of ShIM modulators of microprocessor system through the chips of
IGBT drivers are connected to power keys of the inverter. Drivers carry out

functions of coordination between IGBT transistors and the operating chains
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of microprocessor systems. Besides, these devices realize protective functions,
removing the operating impulses from power keys at the loss of the feeding tension
and overloads on current.

The CoF power channel is brought together according to the scheme with an
intermediate link of a direct current and the three-phase inverter of tension. On
(Figure A.5) the corresponding function chart is submitted. The alternating voltage
of a three-phase network, a phase A, B, C arrives on the bridge uncontrollable
rectifier, VD1 diodes — VD6. The straightened tension smoothes out the high-
capacity electric condenser With and arrives on the three-phase VT 1 inverter - VT
6 which keys the microprocessor system operates. The straightened tension
smoothes out the high-capacity electric condenser With and arrives on the three-
phase VT 1 inverter - VT 6 which keys the microprocessor system operates.
Tension at the exit of the inverter is formed under the law of ShIM-modulation and

HELL, the phases U, V, W arrive tostation windings.
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Figure A.5 — Scheme of the CoF power channel

As power keys of the inverter IGBT transistors with high load ability are
used. For an exception of currents of EMF of a self-inducing the moments of
switching and elimination of the return tension, parallel to IGBT transistors turn on
high-speed VD 7 diodes - VD 13. The Rm shunt is switched on in a power chain

for control of the size of the proceeding current and carries out protection
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functions. Besides, in the course of operation of the converter there is a constant
control behind the size of the straightened tension.

Structurally all elements of the converter are placed on two payments
installed one above another in the plastic case. On the top cover the liquid crystal
indicator and the control panel are located. Directly under a cover there is the main
payment of management. On her components of microprocessor system and
sockets for additional and external devices settle down.

On a power payment the power module with IGBT transistors, drivers,
current sensors, condensers of the filter of a chain of the straightened tension, the

power supply unit is placed.
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Figure A.6 — Function chart of the converter of frequency
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The module includes rectifier diodes, inverter IGBT transistors, the shunt, the
temperature sensor and an additional key for "discharge” of energy in the brake
modes. This module is connected to a heat-removing radiator and is on the
lower part of a payment of power elements. On the same radiator the resistor of

braking and the temperature sensor for control of the thermal mode are placed.

2.4 Use of a network throttle of a chain of alternating current

The network throttle of a chain of alternating current is applied to the
suppression of harmonicas (harmonious components of currents and tension) from
a power line, minimizes the additional thermal emissions arising during the
operation of the converter and probability of emergence of the various failures
in the work of the equipment caused by the instability of a power line. It is
recommended to establish if the power of a power line in tens of times exceeds the
power of the frequency converter or in the presence in a power line of hindrances
from more powerful devices. Use of a network throttle of a chain of alternating
current significantly influences a form of the current consumed by the converter
and considerably brings closer him to sinusoidal, significantly weakens the
tension throws in a network at inclusion or switching off of large consumers, the
service life of condensers of an intermediate contour lasts, reliability of the
converter increases by 5 - 7 times.

When using a network throttle of a chain of alternating current the speed of
increase of current is limited if the converter for any reasons has failed, at the same
time the entrance automatic machine of power off manages to work, and damages
are minimized, and, as a result, cheaper repair.

For our system we choose the surge protector of Block firm [3]:
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Figure A.7-Surge protector of Block firm

Table A.2 — Specifications of the entrance surge protector

Power of CoF to | Current [A] Inductance
which this [mH]
connection is
carried out, kW

200 300 0,098

2.5 Use of the entrance filter of high-frequency hindrances

The entrance filter of high-frequency hindrances is used to decrease in the
high-frequency hindrances of the hindrances radiated in a network during the
operation of the frequency converter. It is recommended to use if power supply of
the converter of frequency is carried out from one input together with other devices
sensitive to electromagnetic hindrances (controllers, radio equipment, computers,
etc.).

For our system we incorporate the filter of high-frequency hindrances
®AMC- LC-185-200 [4]:
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Figure A.8 - Filter of high-frequency hindrances

Table A.3 — Specifications of the entrance filter of high-frequency hindrances

Type filter of high-frequency Power of CoF to which this Current,
hindrances connection is carried out, KW A
OOMC- LC-185-200 200 400.0

2.6 Use of a motor throttle of a chain of alternating current

The motor throttle of a chain of alternating current is applied to partial

suppression of harmonicas (harmonious components of currents) of the highest

orders from the engine (at the exit of the frequency converter). It is

recommended to use for increase of effectiveness ratio of consumption of power

the converter on the party of a power line, reduction in the rate of increase of

emergency currents, compensation of capacitor currents of long motor cables,

decrease in emissions of tension on engine windings.
the surge protector of ELHAND

For our system we choose

TRANSFORMATORY firm [5]:
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Figure A.9 - The surge protector ED3S - 0,036/450

Table A.4-Specifications of the output surge protector ED3S - 0,036/450

Power of CoF to | Current [A] Inductance
which this [mH]
connection is
carried out, KW

200 450 0,036

2.7 Use of the output filter of high-frequency hindrances

The output filter of high-frequency hindrances is used for weakening of the
high-frequency hindrances of the hindrances generated in an output chain of the
working frequency converter. It is recommended to use it in close proximity with
the converter of frequency there are other devices sensitive to electromagnetic
hindrances (controllers, radio equipment, computers, etc.) and also if the length of
the cable connecting an exit of the frequency converter and the engine exceeds 20

m.
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For our system we incorporate the filter of high-frequency hindrances

®DOMC- LC-185-200 [4]:

Figure A.10 - Filter of high-frequency hindrances
Table A.5 — Specifications of the entrance filter of high-frequency hindrances

Type filter of high-frequency Power of CoF to which this Current,
hindrances connection is carried out, kW A
dOMC- LC-185-200 200 400.0

2.8 Measures for prevention of induction hindrances

As it was mentioned above, for decrease in level of high-frequency

hindrances at the exit of the frequency converter, it is possible to use the filter of

suppression of hindrances. As addition it should be noted that installation of power

cables should be carried out in the specialized grounded metal trays. The

arrangement of these trays at distance, at least, in 30 cm from alarm lines and

chains of control of the converter considerably will weaken action of induction
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hindrances. Also it is recommended to mount the frequency converter (and all

peripheral equipment relating to it) in the specialized shielding cases.
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Conclusion

In this master thesis the PCh system - HELL has been developed,
calculated and designed. Calculation and the choice of elements of power part
and the slurry pump is made.

In the modeling Matlab environment the imitating model of work of the
PCh system - HELL on various frequency has been developed and investigated.
It is visible from the received transitional characteristics that at reduction of
frequency on an entrance the frequency of rotation of a rotor HELL and the
electromagnetic moment in the set mode decrease, and time of transition process
increases. At change of coefficient Kkm with 0,1 with a low frequency
decreases by 0,25 time of transition process, fluctuations of a dynamic
characteristics increase, the electromagnetic moment and frequency of rotation
haven't changed. On the basis of it it is possible to draw a conclusion that the
designed electric drive model with scalar management completely copes with an
objective and answers a specification condition have been calculated.

In the sixth part of work costs of purchase of the equipment, a salary to
engineering personnel, labor input of performance of work are considered.

In the final chapter the questions regarding social responsibility are
considered, namely: dangerous and harmful factors, environment protection
calculation of system of grounding.

As a result, after completion of development, design and modeling, the PCh
system - HELL which provides the solution of all objectives has been received,

and conforms to all requirements presented in the specification.
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