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THOOPMAIIMHA MIATPUMKA BUKOHAHHS KYPCOBHUX POBIT 3
TH)KEHEPHOI TPA®IKH

I[Mpuctpom B.M., Manumxko O.0.,Komucaposa E.H.(kag.epagpixu JJouHTY, m Joneywk,
Ykpaina)

JepxaBHUil cTaHmapT BUILOI OCBITHM YKpaiHM B PO3AUII OCBITHBO - TIpodeciiiHoi
miAroToBKM OakanaBpiB BCiX creniaiabHOCTEH mnependadae yMiHHS CTBOPIOBATH BCi BUAU
KOHCTPYKTOPCBKOT ~ JOKYMEHTalil, BUKOPHUCTOBYBAaTH HAYKOBO-TEXHIUYHY JITepaTypy,
BUKOHYBaTH KOHTPOJIb 1 MEPEBIPKY KOHCTPYKTOPCHKUX JIOKYMEHTIB. BaximuBy poip y
BUPILICHHI IUX 3aBJaHb BiIirpae MiAroTOBKa CTYEHTIB y Kypci IHKEHEpHOT i KOMI'IOTepHO1
rpagiku.

VY KOHCTPYKIISAX jAeTaneil € 6araTo OAHOTHITHUX €JEMEHTIB, (OPMHU i pO3MipH SKUX
nepeBipeHi 0araTopiuHOI0 KOHCTPYKTOPCHKO-TEXHOJIOTIYHOIO MPAKTUKOIO W PO3paxyHKaMH
neraneid Ha MinHicTh. PopMa i po3Mipu WX E€IEeMEHTIB, Ha3BEMO iX KOHCTPYKTOPCHKO-
TEXHOJIOTIYHUMH, SIK PABUJIO, CTAHAAPTH30BAHI.

KoHcTpyKkTOpChKa TpAaKTHKA, TEXHOJIOTi BUTOTOBICHHS I CKJIQJaHHS BHUPOOIB
BUSBWJIM THIIOBI BHIIQJKH EJIEMEHTIB JeTajeid 1 3'¢qHaHb, sKi BUNpaBgam cebe y
BUPOOHUIITBI W eKcruTyaTarii. BimoMocTi Takoro xapakrepy OOOB'SI3KOBI /Il 3aCTOCYBaHHS
NpY BHUKOHaHHI BHUPOOHMYMX KpecjleHb BUPOOIB. 3a paxyHOK 3aCTOCYBAaHHS THUIIOBUX
KOHCTPYKTOPCBKHX  DPIIEHh  CKOPOYYIOTbCS  CTPOKH  TPOCKTyBaHHSA, 3MEHIIYETHCS
HOMEHKJIaTypa CHeMiallbHUX pPDKYYHX 1 MIpsUIBHOTO IHCTPYMEHTIB, TPUCTOCYBAaHb,
MIIBUIIIYETHCS SIKICTh BUPOOIB.

HaBuanbHi KpecieHHS 1O iHKeHepHid rpadimi, sSKi BUKOHAaHI CTyJACHTaMH, BapTO
OI[IHIOBATH CTYIIEHEM IXHHOTO HAOJIMIKEHHS MO 3MICTy W O(OPMIICHHIO IO KpPECIeHb, IO
BUITYCKAIOTHCS MEPEJOBUMH KOHCTPYKTOPCHKAMH H MPOEKTHUMHM opranizanisMu. Ha »xains,
BOHH III¢ HE MAIOTh 3HaHb y PI3HHUX Taly3sIX HAYKH i TEXHIKH, IPIMO a00 MOOIYHO MOB'SA3aHUX
3 BUKOHAHHSM 1 YUTAaHHAM KPECICHb, @ y BEJIMKINA CIeHialibHIi 1 JOBIIKOBIH siTeparypi im
Ba)XXKO po3iOpaTHcs, TOMy IO BOHa Hamucana uia ¢axiBuis. Tomy 3'sBuiacss HEOOXIIHICTD y
CICIIaIbHOMY BHJIaHHI JUI CTyACHTIB. Takoro pobotoro € *[lepenik craHmapTiB HaHOUIbIIE
B)KMBAHUX CTaHJIAPTU30BAHUX e€JEMEHTIB jaerancit *. (OO'€KTOM HOCHIIHKEHHS CTYJCHTIB
3'BHJIMCSL KPECJICHHS 3arajJbHUX BUJIB, MPU3HAYEHUX JJIsI BUKOHAHHS KYPCOBUX TIPOEKTIB i
pobit 3 Temm *JleramoBanHs*. Mera poOoTH- 30ip iH(pOpMaIlii TPO CTaHAAPTH30BaHI
€JIEMEHTH JeTajieid 1 BHABICHHS HAWOUIBII THX, IO YacTO 3YCTPIYAIOThCS TPU YHTAHHI
rpadiuHUX CTYACHTCHKHMX 3aBlaHb. Y Hid HaBeACHI HOPMATHBHO-KOHCTPYKTOPCHKI,
TEXHOJIOTIYH1 M 1HIIl BIZOMOCTI, Kl IMOB'SI3aHI 13 TPaMOTHUM BHKOHAHHAM 1 YHUTaHHAM
Kkpecienb. OHOYACHO BpaxOBaHWW piBEHb MIATOTOBKH CTyHeHTiB. OOcsr migidopanwui,
BUXOJYM 3 IHAMBIIyalIbHUX 3aBIaHb 1 KypCOBUX POOIT 3 IH)Ke€HepHOi rpadiku. PesyiabraTom
pobotu € Tabmmusg 1, y sKiii TpeACTaBi€H] Ha3Ba CTAHIAPTU30BAHOTO €JIEMEHTAa JIeTall,
HOPMAaTHBHO-TEXHIYHUI JTOKyMEHT, (opMa CTaHIapTU30BAaHOTO EJIEMEHTa i BuOIp
napameTpiB. Y cTaTTi HaBeAeHHH (pparMeHT Tadumii 1.

CryneHtd, BHUKOHYyIOUM rIpadidHl 3aBJaHHsS, MNpaLOIOTh Yy pydyHOMYy U
ABTOMAaTHU30BaHOMY PEXHMaX, BUKOPHCTOBYIOUH KPECISPCHKO-KOHCTPYKTOPCHKHN PENAKTOP
KOMITAC-TPA®IK. Ilincucrema KOMIIAC-TPA®IK mnpusHadeHna s aBTOMaTH3aIlii
KOHCTPYKTOPCBKMX pOOIT y PpI3HUX Traly3sx JisiiabHocTi. Bona wmae  0i0nioTeky
*MamuHoOyJyBaHHA®, y sAKili HaBeleHi CTaHJAAPTU30BaHI eJEMEHTH jeTaneil. IxHs
HOMEHKJIaTypa JOCTaTHS JJii CTBOPEHHS KOHCTPYKTOPCHKOI JOKyMeHTalli Ha BUpIO, aje
YCBIIOMIICHOMY 3BEpTaHHIO JI0 HEl CIpusi€ 1aHa poOoTa.



NHXEHEP, Ne 10, 2009 r.

155

Tabmm 1. [lepenik cTaHgapTiB HAWO LTBIIE BXKUBAHUX CTaHAAPTH30BAHUXEJIEMEHTIB JleTaleit
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[Tponowxenns Tabdm. 1
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Cnucok gireparypu: 1. I'xupos P.U. KpaTtkuii cnpaBouHuk koHCTpykTopa. — JL.:
Mammnoctpoenue, 1983. — 464 c.
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BbIBOP JETAJIN OBPA3ILA JIUIA HCCIEJOBAHUA 'TEOMETPUYECKHUX
IHAPAMETPOB BCIIOMAT'ATEJIBHOI'O THCTPYMEHTA

Pamynkuna E.A., T'opoden WA. (kagh. TM, [JonHTY, 2./[oneyx, Yrpauna)

[TpuOBUTEHOCTH, POU3BOIUTEILHOCTh U BBICOKAs THOKOCTh MPOM3BOACTBA 0e3 yiiepoa
Ka4eCTBY M CEOECTOMMOCTH TOTOBBIX M3JEIMH MAIIMHOCTPOEHHS CTAHOBSTCS TJIABHBIMU
NOKa3aTeIsIMH IPH  OpPraHu3ald padOThl MPOMBINUICHHBIX NPEANPHUIATHH B yCIOBHIX
PBIHOYHOM  DKOHOMHMKH. DTO  JOCTUTAETCs  IyTeM  BHEAPEHHS  COBPEMEHHOTO
TEXHOJIOTUIECKOTO 000PYIOBaHUS, K KOTOPOMY OTHOCSITCSI CTAaHKH THIIA «00pabaThIBAIOIIHIA
ueHTp» (nanee OLY).

C umenpl0  UCCIENOBAHUS  TEOMETPUYECKUX  [ApaMETPOB  BCIIOMOTATENILHOTO
uHcTpyMeHTa OLl HeoO0XoauMo oOCyIIeCTBUTH BBIOOp neTanu-oOpasma. s storo Obum
NPOBEJIEHBI FKCIIEpUMEHTaNbHbIE HcciienoBanns Ha OAO PytuenkoBckuii 3aBoj «l opmai.

Homenknarypa mnpou3BoAMMONW MNpOOyKIMH U OKaszbiBaeMblx yciayr Ha OAO
PyTtuenkoBckmii 3aBox «lopmam» BechMa pa3zHOoOpasHbl. IlpoBereHHe KamuTalbHBIX
PEMOHTOB OYHCTHBIX M MPOXOTYECKHX KOMOAWHOB, MEXaHU3UPOBAHHBIX KpeTeH, peayKTOpoB
KOHBEHEpOB, PEKOHCTPYKIHUS U 3aMEHA KOMPOB, MOJHEMHBIX MAIllWH, BEHTWISATOPOB — ATOT
JTAJIEKO HE TOJIHBIM TepedeHb MO3BOJSIET CYAWTh O TEXHHYECKOM IMOTEHIMAle 3aBoja M
OTpakaeT KOMIUIEKCHBIN MOAXO0/ K YIOBJIETBOPEHHIO MIMPOKON raMMBI 3aIIPOCOB 3aKa3UHKOB.
[lepeyeHb M3roTaBIMBAEMOTO M PEMOHTHPYEMOro TopHomaxTHoro obopynoBanus (I'LIO)
npuBeieH B Ta0auel.

Tabmuua 1. [lepedens nzrorasiuBaemoro u pemonrupyemoro 'O

Ne HawnmenoBanune O06o03HaueHue
Ilepeyensn HU3rO0TOBJISIEMOIO TOPHOILIAXTHOT' 0
000py10BaHUA
1 | Ilpecc KOHCOJBHBIIM IIK — 250
2 | BakyyM — Hacoc KUAKOCTHO — BOJJOKOJIBIIEBOM
3 | Hacoc xoHCOJIBHBIIH K45/55
4 | I'py3onoabeMHBIE COCYIbI
5 | BeHtunsatop MecTHbIN LIEHTPOOEKHBIN BMII -6
6 | Bentunstop BPII -6
7 | BynakaHu3aTop ruipaBINdeCKuil IaxXTHBIN BI'Ul - 1A
8 | Hacoc nopiiHeBo# 3KCIEHTPUKOBBIN H-403 M
Ilepeyensn PEMOHTHPYEMOr0 FOPHOIIAXTHOT' O
000py10BaHUA
9 | PenykTopa IeHTOUHBIX KOHBEHEPOB KIIH100/, KIIH100M,
PJIKVY250H, PJIKY250M
10 | IlpuBon xoHBelepa CII 202
11 | KomOaliHbl OYHCTHEIE 1x-101Y, I1T'I68, 2I'TI1685,
K103M, KA80
12 | PenykTopa ckpeOKOBBIX KOHBEIEpOB CII202Bl1, CII11162, CI1202
13 | KombaitHbl mpoxoaueckue IITIKC, 4III12M, 111110,
KCII32
14 | Kpens nocaounast 2CIIT™M
15 | Kpenb MexaHu3npoBaHHas 12)M87YM, K80, IMT
(2MT)
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CornacHo maHHBIM TpoBeleHHbIX HccienoBanuii Ha OAQO PynueHKOBCKMI 3aBOJ
«opmam», MOXHO TPHUBECTH CIEAYIOMIYI0 CTaTHCTHKY KOMIUICKTallMW  JeTanei
NPOXOAYECKUX KOMOaitHOB, puc. 1.

a)

01| Bam 01| Bamt 3
m 2 | Banei-mectepan 3 W 2| Baner-mecteprm
03| 3youarsie Koneca i My§TEI 03| 3ybuartele Koneca M MydTEI
04| Koprycusle petam1 04| KoprycHsie netam
B) r)

O 1| Baner 3 01| Banzr

B ?|Banmer-mectepHu B 2| Baner-mectepau

O 3| 3ybuatele Komeca H MydITEL O 3| 3ybuateie koneca 1 MydIs!
O 4| Kopriyeuete netamu 0 4| Koprycrsie getamt

Puc.1. Jluarpammsl pactipenenenus BuioB aetaneil B uzaenusx ['1O:
a - kombaiin npoxoaeckuii KCIT — 32,
0 - koM0aitn npoxoaueckuii 111110,
B - KoM0aiiH ropronpoxoueckuii 1T'TIKC,
T - KoMOaitH npoxogueckuit 41 111-2M.

[ToaBOMs UTOT TIO KOMIUICKTAIIMM BCEX KOMOAWHOB MOYKHO TIPEICTABUTH CYMMAapHYIO
auarpammy, puc.2.

01| Bam:
B 2 | Baner-mecTepan
0 3| 3ybuartsie komeca i MydTB

04 | Koprrycrpie netamm
Puc.2. CBonnas nuarpamma koMIuiekTyromux maemmi IO
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I[To nmamubIM wuccrnemnoBanuii (Tabn.2) , TOJMYYEHHBIM HA MPEANPHUSTHU, TPOBEIEM
CTaTHUCTUYECKU I aHAJIN3 3KCIIEPUMEHTAJIbHBIX TaHHbIX.
Tabmmma2 — [poaomkuTenbHOCTh 00paboTKK KoMIIeKTyonmx m3aenuit 'O

Ne HanmenoBanue b Hep, HanmenoBanue b Hep, HanmvenoBanue b Hep,
MHUH | H.Y. MHH | H.Y. MHH H.Y.
1 P79.01.013 7,24 | 25,47 1K101.01.322 2,55 | 11,39 | 1I'll168.23.00.040CE | 584 31,9
2 P79.06.003 7,1 | 19,59 P96M.00.00.021 7,1 | 22,99 1I'1168.60.00.007 133,7 | 17,9
3 K101.01.272 4,32 | 14,21 K103.01.02.081 3,5 | 20,26 41111-2.22.26.001 554,7 | 11,09
4 P79.11.001 6,92 | 26,62 K103.01.01.161 2,8 6,75 41111-2.22.30.001 399,5 | 20,8
5 P79.00.193 2,98 | 7,78 K103.01.01.171 2,7 6,4 411I1-2M.23.04.001 842 36
6 P96M00.02.004 2,98 | 14,2 K103.01.01.015 2,2 4,73 4T1I1-2M.65.18.000 134 12,96
411I1-
7 P96M00.03.001 2,8 15 2I'11168.03.00.091 54 | 24,31 IML65.18.002/003 547,4 22
8 P96M00.04.002 7,4 | 20,16 CHT.01.091 8,5 22,8 P96H01.01.001 102 | 8,014
9 K103.01.05.004 6,8 | 23,33 CHT.01.003 0,45 | 7,05 4T1I1-2M.65.18.001 | 696,8 | 27,8
10 1T'11168.60.00.03 1 10,5 | 21,09 CHT.01.004 3 8,45 4T1M1-2M.06.61.002 | 392,4 | 21,6
11 2I'11168.01.00.121 3,1 12,5 CHT.01.117 5 11,05 | 4II1-2M.68.01.110 | 665,3 | 33,2
12 2I'11168.01.00.571 2,8 | 10,59 PKJTY.250M.021 6,46 | 10,99 | 4III1-2M.68.03.100 146 12,2
13 CHT.01.292 9 17,95 CI1202.01.050CBh 1,5 6,08 4T1I1-2M.68.12.000 | 394,5 24
14 PKJI9.250M019P 2,67 | 10,84 250H-01.001,002 2,84 | 7,96 4T1T1-2M.85.04.100 | 692,5 | 38,6
15 KIIH100M.008 1,96 | 6,79 KIIH100-0202b 6,57 | 12,67 41111 2.01.03.005 763,9 | 30,2
16 | CII63M.15.1.0012A | 1,95 | 11,38 | CII63M.15.1.0011 | 7,08 | 17,08 P96H 01.01.001 521,6 21
17 | CII63M.15.1.0006 1,7 | 9,337 CII63M.15.1.009 5,79 | 15,34 CII63M.15.1.000 469,4 | 23,08
18 | CII63M.19.1.0003K | 3,2 13,5 | CII63M.15.1.0027A | 5,2 | 15,76 | 4III1-2M.68.03.200 620 13

OnpenemuM B psiAy HaOMIOJMEHUH MHWHAMAIbHOE W MAaKCUMAalTbHOE 3HAYCHUE
MEPEMEHHON — Xpmin U Xmax, Pa3Max Bapualuuu NepeMEeHHOW paBeH R= Xpin — Xmax JIHHY
uHTepBana mo gopmyse Crepmkeca [1]

X, —X

T 1+3221gn
20e n — obvem Habodenuil (8b1OOPKU)
VYcranaBimmBaeM TrpaHdIbl MHTEPBATOB Xi= Xmin , Xo=Xith....Xg=Xg+ h u

OCYILIECTBUM I'PYIIUPOBKY PE3YJIbTATOB.
3aMEHUM MHTEPBAJbHBIM DS IUCKPETHBIM, JJIsI YE€ro BCE 3HAUEHHUS IMpU3HAKa B

*
npejienax MHTEpBana MNPUPABHUBAEM €ro CPEIMHHOMY 3HAaueHMIO X, M CYUTaeM, YTO

4acTOTa OTHOCUTCS K cepeauHe uHTepBaia [ 1]
X* — Xi + Xi+1
! 2
Bbruncimum cpensioro apudmernueckyto Hy, 1o popmyie [1]

o XX
X=5"
2/

U pe3yJbTaThl pacyeToB cBeJleM B Tabn.3 — 5

Tabmuua 3. Pe3ynpTaThl CTAaTUCTUYECKUX UCCIIEOBAaHUI 00pabOTKH BajIoB

WurepBaner, | Yactotel | Hakormwact. | X*, | Cpenn.apudm.,
No H.Y. fi fii H.Y. H.Y.
1 2 3 4 5 6
1 6,79 | 10,72 4 4 5,69 15.54
2 | 10,72 | 14,65 6 10 6,75
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[Tponomkenne Tadbmip 3

1 2 3 4 5 6
3 14,65 | 18,54 2 12 38,315

4 | 18,54 | 22,51 3 15 8,975

5 | 22,51 26,7 3 18 7,5

Tabmmna 4. Pe3yapraTsl CTAaTUCTHYECKHUX MCCIIET0BaHUN 00pabOTKHU 3y0UuaThIX KOJIeC U My (T

HuTepnansl, Hakomnmyacr. | X*, | Cpenn.apudm.,
i H.4. YacroTs! f fis H.4. H.Y.
1| 473 | 86l 7 7 5,695
2 | 861 |12,49 3 10 5,525
3 | 12,49 | 16,37 3 13 5,495 12.73
4 | 16,37 | 20,25 1 14 16,715
512025 | 24,31 4 18 6,335

Tabmmma 5. Pe3ynapraTsl CTAaTUCTHYECKHUX HCCIIET0BaHUN 00pabOTKU KOPIyCHBIX AeTaei

YacroTel | Hakommuacr. | X*, | Cpenn.apudm.,
i | MHTepBaisl, H.4. fi fii H.4. H.Y.
1| 8,014 | 14,074 5 5 10,4
2 | 14,074 | 20,14 1 6 10,8
3 (20,14 | 26,2 6 12 11 22.52
4| 262 | 3227 3 15 11,54
51 32,27 | 38,6 3 18 10,5

Takum 00pa3oM, Ha OCHOBAHWHM MPHUBEICHHBIX SKCICPUMEHTAIBHBIX W PACYETHBIX
JAHHBIX, MOJKHO CJEJIaTh BBIBOJ O TOM, YTO B KauyecCTBE JeTany oOpa3ma it (pe3epHOi
00paboTki Ha oOpabaThIBaIOIIEM IIEHTpE Mejecoo0pa3Hee BCEro BHIOpATh KOPIYCHYIO
netaib. O6paboTka 3a OMH YCTAaHOB UMEET CYIIECTBEHHbIE MPEUMYILECTBA [0 CPABHEHUIO C
TPaJAULIMOHHBIM CIOCOOOM — pa3AesibHOW 00pabOTKONM Ha YHHMBEpCAIbHBIX CTAaHKax. 3a CUeT
UCKITIOYCHHSI TIEPEMEIICHHsI 3arOTOBKH OT OJHOTO CTaHKa K JPYroMy SKOHOMHTCS O0Iee
BpeMsi Ha O0Opa0OTKy ¥ TOBBIMIACTCS TOYHOCTH €€ O00pabOTKH, HET HEOOXOIUMOCTH
UCTIOJIb30BaTh HECKOJIBKO MPHUCIOCOOJNCHUN Ui YCTAHOBKM W 3aKPEIUICHHs 3arOTOBKH B
pasIMYHBIX cTaHKax. llpenmymiecTBOM TakoW OOpaOOTKM SBISAETCS TaKKe H TO, YTO
TUTAHUPOBAHUE U KOHTPOJIb 00paOOTKH MPOIIIE BECTH HA OJHOM CTAaHKE.

Cnucoxk jurtepatypni: 1. Meroguueckue peKOMEHIAIMK 1O  JHUCIHILIMHE
«QxoHoMeTpusi». CoctaButens EnakueB B.JI. — [lonenk: UOK, 1997 — 47c.
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COBEPHIEHCTBOBAHUME CUCTEMBI OYUCTKH OTXOAAIIUX I'A30B
KAPBUJHOI'O NIPOU3BOJACTBA CE «10HBACCOHEPTI'OCIHIEIIPEMOHT»

Cappsanu C.M., YepnsikoBa A.W., (kagedpa «IIpomviuiiennas meniosnepeemuxay,
Jloneykuil HAYUOHALHBIL MEXHUYeCKUU YHU8epcumem, Ykpauna)

[peanpusitue CE «/lonbacconeprocnenpeMoHT» MPOU3BOIUT pabOTHI M0 0OMYpPOBKE,
PEMOHTY U TEIUIOM3OJISIIUN SHEPTOOOOPYAOBAHMS HAa BCEX JJIEKTPOCTAHIIUSAX, BXOMSAIIUX B
coctaB 3Heprocuctemnl «JloHOacconepro». Takke TpeanpHUSTHE BBITYCKAST NLIAKOOJIOK
MyCTOTHBIN, TAIICHYIO U3BECTh U KapOW| KaIbIIHs.

Koneunass menp mnpomsBojacTBa KapOuaa Kamblss — TMOJYYECHHE alleTHIICHA,
HEOOXOUMOTO JIJIsi 00ECTICUSHUs CBApOYHBIX PadoT.

TexHuvecknii KapOWJ KalbIUs IMOIy4alOT B PYIHOTCPMHYCCKHX SJICKTPOIYTOBBIX
revax MyTeM CIUIABJICHUS M3BECTH C YTJICPOJUCTHIMU MaTepHaiaMu (aHTPAIUTOM, KOKCOM).
[Tpu 5TOM IPOUCXOIUT CIIEAYIOLIAs PEAKIIHS:

CaO + 3C = CaC, + CO
W3BECTh YIIIEpOJ KapOWI  OKHKCh
KalbLUs  yryiepoja

Peakuus nporekaer npu Temmeparype 1900 + 2000°C.

[IpousBoncTtBo kapOuna KaablMsg — MPOLECC LUKIMYHBIA M MOJpasfensiercs Io
BPEMEHM Ha 3arpy3Ky I[€4M, HEMOCPEACTBEHHO IUIAaBKy W CJIMB TOTOBOW MPOAYKIHH.
KonnuecTBo 1iaBok omnpenensercs Ha OCHOBAaHMM 9KOHOMUYECKUX ITOKa3aTesei, COCTOSHUSA
PBIHKOB cOBITA U Jp. aKTOPOB M MOXeT jgocturath 8-9 B cytku. Jlo 2002 r. daxTudecku
KOJIMYECTBO IJIABOK KOJICOAIOCH B mpejenax 6-8.

[lo xauecTBY, cocTaBy M BpPEIHOCTH BBIOPOCOB IMPOM3BOJCTBO KapOuaa Kallblus
OTHOCHUTCSI K IPYIIE HCTOYHUKOB, BEIOPOCHI KOTOPBIX COJEPKAT KaHLIEPOTE€HHbIE, TOKCUYHBIE
BELIECTBA, KOTOPbIE MOTYT NPUBECTH K BO3HUKHOBEHMIO TSIKENbIX 3a00J€BaHUN y JIHOJEH
(OpoHxuanpHasi acTMa, OpPOHXUT, TIOCTOSHHBIC TOJIOBHBIE O0O0JH, CHWXKEHHE (DyHKIIHIA
IIUTOBUIHOM KeJe3bl, U T.1I. ).

OCHOBHBIM MECTOM TBUIEBBIICICHUS M 00pa30BaHUS TOKCHYHBIX BEIIECTB,
BbIOpAchIBaeMbIX B aTMocdepy, SIBISETCS HENOCPEACTBEHHO CTaaus MOJy4yeHHs KapOuia
KaJblUs, TO €CTh 30HA CIUIABJIICHUS YTJIEpOJa C M3BECThIO B KapOumHO# meun. B mpomecce
paboThl KapOMIHOW IMEeYM NPOUCXOJUT BBIIEIECHHWE B BUJAE JABIMOBBIX T'a30B CIEAYIOLINX
BpPEIIHBIX BEIIECTB: KajblUs KapOun (TbLIb), OKCUI YTJIEpOJa, AHOKCHI CEpbl (CEpPHUCTHIN
AHTHUIIPU] ), OKUCIIBI a30Ta.

[Ipu npousBojcTBEe KapOua KajabliMsl BBIIEISETCS 3HAYUTEIbHOE KOJIUYECTBO IBLIH,
KOTOpasi 0TCACHIBAETCS] BMECTE € Ta30M. B Kak10M KyOoMeTpe OTXOAAIIUX Ia30B COAEPIKUTCS
30-40 r mpun. KosmuecTBO BbIAENSIEMONW MBUIM M €€ COCTaB 3aBHCAT OT KauyecTBa
NPHUMEHSIEMOI0 B MPOU3BOJCTBE ChIpbS U OT yCTAHOBUBILIETOCS peXuma padoThl. InaBHOM
COCTaBHOM 4YacTbi0 BBIOpAchIBa€MOM MbUIM SBISETCS KalblUH B BHJE KapOOHaTa U OKUCH
KaJbIHsl, B CYMME OHHM COCTAaBJISIIOT MOYTH 75% BEIIECTB, COAEPKAIMXCS B MBbUTH. Takxke B
COCTaB IbUIN BXOJST: OKUCh QTIOMUHHUS U Kelle3a, OKUCh KPEMHHUSI, CyJIb(aT Kalablys, OKUChH
MarHus, yriepoJ, Biara.

[Te1e kapOuma KajablMsg OTHOCUTCS K BemectBam [V kiacca omacHOCTH, OKa3bIBAaeT
pasapaxaroliee IeUCTBUE Ha KOXY, JIbIXaTeJbHbIE IyTH U IJ1a3a.

KomnuectBo  BbIOpocoB  mbuiM  KapOujga kamblug Ha  npeanpusatun  CE
«lonbaccaneprocnenpeMoHT» MpUBEICHO B Tabmie 1.



162 Opranusanus 1 ynpapjieHle MaIIMHOCTPOU TeJILHBIM IPOM3BOACTBOM

Tabmuna 1. Beropock! mbum kapOuia KaabIus

HaumenoBanue Konnentpans %IFP’BH;I Fotmero MormHoCTh BRIOpOCa
BEIIECTBA, MI/M
3arpsA3HAIONIET0
BeleCTBa MaKCHUMaJIbHAS CpeIHss r/c T/TON
CII II CII 11 CII II CII I1
Kapbun 94,7 | 21,3 758 | 17,0 | 0,71 | 0,14 | 15,08 | 2,974
KaJIb1usl (IIbLIIb)

CII — hakTHueckoe 3HaUCHUE
[T — npeaenbHO-I0ITy CTUMOE 3HAYCHUE

C momeHTa mycka kapOuaHoro y4yactka B 1946r. no 1990r. neus He Obl1a OCHaIEHA
MBIICYJIABIUBAIOIIIM 0o0opyaoBaHueM. B 1990r. mis CHWXKEHHS KOJIMYECTBA BBIOPOCOB
KapOumHas mneuyb Obuia oOopynmoBaHa IwkioHamu [[H-15. Tlpoekt ocHamieHus kapOUmTHOUN
NeYr Ta300YHCTHBIM 000pYAOBaHHEM C yCTaHOBKOHW IMKIOHOB IIH-15 Obin paspaboran s
npennpusatiss  KueBckuM — HanagoyHbIM — y4acTKOM  «FOX3HEproMOHTa)KBEHTWIIALINS».
B npouecce paGoTel ycTaHOBKH €€ 3((EeKTHBHOCTH ObUIa MPU3HAHA HEYIOBJIETBOPUTEIHHOM.
B 1991 r. mpenmpusitue mepeoOOpPyI0BaJi0O CHCTEMY OYHCTKH BBHIOPOCOB KapOWIHOW TedH,
YCTaHOBMB allllapaThl MOKPOTo MblieyaaBiuBanus MIIP-20.

3ano)KeHHbIe B TPUHIMI €e paboThl KOHCTPYKTHUBHBIE M TEXHUYECKHE PELICHUs Ha
JJAHHOM JTale He SIBJISIOTCS ONTHUMAJIbHBIMM, B PE€3yJIbTaTe YEro YCTAaHOBKA IBIJICOYUCTKU
(GYHKIMOHUpPYET HenocTaTouHo 3 dekTuBHO. Tak, HampuMep, U3-3a TOro, YTO B OTXOASIINX
ra3ax cOoJep>KaTcsi COEIMHEHNs KalbLus, IPU UX mpoxoxaeHuu MIIP-20, onu noasepratorcs
B3aMMOJICUCTBHIO C BOJOH, YTO TPHUBOIUT K TPOIECCY aacopOUuHM W, Kak CIEACTBHE,
NPOUCXOAUT ObICTpOe 3a0uBaHme GUIBTPA.

Taxke BCJEICTBUE KOHCTPYKLUMM I€YM M PACIOJIOKEHUS BBITSKHOTO KOopoOa He
obecrieunBaeTcsi HE00XoAMMas CTENEHb YJIABIAMBAHUSI MbIIM W BPEAHBIX BEILECTB.
3HAYNTENIbHOE KOJIUYECTBO MbUIM U BPEIHBIX BEILIECTB MPU IJIABJICHUM KapOuaa KaJblus He
YXOIUT K (QUIbTpaM, a BbIOpackiBaeTcs B pabodee MPOCTPAHCTBO Iiexa. B CBS3W C ATHUM
BO3HMKJIa HEOOXOUMOCTb MOIEPHHU3ALMU CYIIECTBYIOLIUX CPEACTB ra300YUCTKHU.

B cBs3u ¢ HeyIOBIETBOPHUTEIHLHON pabOTON CHCTEMBbl MbUICYIABIMBAHUA  OBLIO
NPEJIOKEHO HaJ OTKPBITHIM HPOCTPAHCTBOM I€YM YCTAHOBUTH 30HT OTCOCA OTXOJSALIUX
ra3oB. KoHCTpyKus 30HTa OTCOCa MPEICTABIEHA HA PUCYHKE 1.

¥s

o

Puc.1. 30HT 0TCOCa OTXOIIIMX TA30B KApOUIHOM Meun
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Cxema yCTaHOBKH 30HTa 0TCOCA HaJ KapOMIHOMU MeUbio MpHUBEIeHA Ha PUCYHKE 2.

G i b M

11 1 1 7 1 1

Puc. 2. Cxema yCTaHOBKH 30HTa OTCOCA OTXOASIIUX Ta30B KapOUIHOM Neun

JlaHHast KOHCTPYKIWS MO3BOJISIET HAaHOOJIee TOJTHO YJIABIMBATh OTXOMIAIINE Ta3bl MPH
IUIaBKE KapOuJa KaJbLUsl M HANpaBlsATh UX HA OYMCTKY. B pesyipTare ycTaHOBKM 30HTa
0TCOCa OTXOJIIINX Ta30B BEIOPOCHI KapOWAHOM MBLIM 3HAYUTEIHHO CHU3UIIHCH.

Taxxe Oblma NMpoU3BENEHA 3aMEHa MOKPOM OUMCTKM OTXOJSLIMX Ta30B Ha CyXYIO
(3epHUCTBI QUIBTP). 3HAYEHHUS] BBHIOPOCOB TIOCIEC PEKOHCTPYKIMH CHCTEMBI OYHCTKH
OTXO/ISIIIIMX Ta30B MIPUBE/ICHBI B Ta0IMLE 2.

Tabmmma 2. BeiOpocsl mpum KapOuWga KanbLUsl IOCIE YCTAaHOBKH 30HTa OTCOCA
OTXOaAIIUX Ia30B

HanmenoBanue Bennunna Bennuuna Hopmarus S¢ddexTuBHOCTH
3arps3HAIONIETO |  BBIOPOCOB 0 BBIOPOCOB MIpeEIbHO BBITIOJIHEHUS

BEILECTBA PEKOHCTPYKIIUHY, nocie JOTIyCTUMOTO | PEKOHCTPYKIIUH,

r/c PEKOHCTPYKIMH, | BBIOpOCA, I/C T/TOXT
r/c

Kap6un
KaJIbIUs 0,71 0,14 0,14 12,106
(TBLIB)

[MapannensHO € XOAOM paboOT MO PEKOHCTPYKIMH KapOWIHOTO MPOU3BOICTBA,
NpEeINpHUsITHE COBEPIICHCTBYET TEXHOJOTHUECKUN MPOLECC C LENbI0 COKpAIIEHUS BPEMEHU
IUIaBKH, MOBBIIIEHHS KauecTBa KOHEUHOTO npoaykra. C 2002 r. KOJMYECTBO IJIABOK B CyTKHU
COKpaTUJIOCh B JIBa pa3a, COOTBETCTBEHHO B JIBA pa3a YMEHBIIUJICS OOIIMI 00beM BEIOPOCOB,
3arpsI3HAIOIIMX BEIIECTB B aTMOC(epy, 4TO B KOHEUHOM UTOTe OJIaronpusiTHO CKa3bIBAETCS Ha
9KOJIOTHH T. 3yTrpaca.

Cnucoxk gutepatypni: 1. KysuenoB A.A. IlpowsBojacTBo kapOujga KambIusl. —
M.:T'ocxummsgar, 1954r., 267c. 2. Kamenes I1.H. «OTomienue ¥ BEHTHIALMUA», YaCTh 2 —
Bentumauus. Crpoituznar. M.:1992, 480 c.
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METOIUKA OIIPEJAEJEHUA TAPMOHHUYE CKOI'O COCTABA CUT'HAJIOB
IIPU AHAJIN3E MTAPAMETPOB IIPOLECCA PE3AHUA

Tpyouna M.C., CmupuoBa M.A., UBuenko T.I'. (kag. OC, [JonHTY, 2. /loneyk, Yxpauna)

CoBepIIeHCTBOBAHME METOJOB YIPABICHHUS SBISETCI CYIIECTBEHHBIM PE3EPBOM
NOBBIIIEHUS Y(PPEKTUBHOCTH (PYHKIMOHUPOBAHUS JEKTPOMEXAHUYECKUX CUCTEM. B cBsi3u ¢
3TMM BECbMa AaKTyalbHBl 3aJa4dl CO3JaHHS COBPEMEHHBIX METOJMK HCCIEIOBAHUS
AIIEKTPOMEXAHNYECKUX CUCTEM M aHAJIN3a UX MapaMeTPOB.

B Hactosmee BpeMs JOCTaTOYHO IIMPOKOE PACHPOCTPAHEHHE TMOJYUMIA METOIbI
MaTeMaTHYECKOTO  MOJICIIMPOBAHUS  TEPEXOAHBIX W YCTAHOBUBIIMXCS  IPOILIECCOB
(YHKIMOHUPOBAHHS 3JIEKTPOMEXAHUYECKHX CHCTEM, IMO3BOJIIONIME PACUETHBIM IyTEM
OTIpEIETSITh HEOOXOIUMBIE TIApAMETPBI UX HKCIUTYaTaIuH.

3HaHMEe COCTaBa  BBICIIMX  TAapMOHMYECKMX B  TOKax W HaNpsDKEHHAX
DJIEKTPOIHEPTETUUECKUX  CHCTEM  MO3BOJISIET  OLECHUTh  CTENEHb  HECHMMETpPHH,
HECHHYCOHMJAIBHOCTH, ONPEICIUTh COOTBETCTBHE KadecTBa HAIMpPsDKEHUS TpeOOBaHHUAM
I['OCT 13109-67, a Taxxe oueHuTh 3PPEKTUBHOCTh MPUMEHEHHST (DUIBTPOBBIX 3AIIMTHBIX
YCTPOMCTB.

B cucremax MexaHo0OpaObOTKH MALTHHOCTPOUTENBHBIX MPEANPUSATHI I 00ecieueH s
¢ dekTuBHON paboThl MeTao00padaThIBAIONMIET0 O0OPYAOBAaHUS C TEPEMEHHBIMH
CIly4aliHBIMH HAarpy3KaMH B YCTAHOBHBIIUXCS M TIEPEXOJHBIX peXHUMax HE0O0XOIUMO
COBEpIICHCTBOBAHME METOJIOB YIpaBICHUS TpolieccoM pe3aHus. Vcmonp3oBaHue B
COBPEMEHHBIX CHCTEMaX MEXaHOOOpaOOTKH HM3MEPHUTEIBHBIX KOMIUIEKCOB C aHAJIOTOBO-
ppoBEIMU  TIPEOOPA30BATEISIMH, UMEIOIIMMH 3HAUYUTENbHBIE TPEHUMYIIECTBA MO CIOCO0Y
XpaHeHHss u 00paboTkM uWH(POpPMALWK, CKOPOCTH TMEpeladyd JaHHBIX, CYLIECTBEHHO
pacumMpsieT BO3MOXXHOCTH UCCIIEIOBAHMI MMapaMeTpoB Ipoliecca pe3anus [1, 2, 3].

Lemnpto paboThl ABISIETCS COBEPIICHCTBOBAHWE METOJHMKH OICHKA TapMOHHYECKOTO
COCTaBa TOKOB M HANpPSKEHUH Il UCCIIEAOBAHUS M MAaTEMAaTUYECKOTO OTHMCAHMS CHUTHAJIOB,
MOJYYSHHBIX C TIOMOIIBIO0 HATYPHBIX OCHMIUIOTPAMM IIPU M3MEPEHHH TapaMeTpoB Mpolecca
pe3aHus B pa3InYHbIX YCIOBHIX MEXAaHOOOPaOOTKU.

OcHOBHOe cofep:KkaHue U Pe3yJIbTATHI Pad0ThI

OcHOBHOM TmapaMeTp TMpoliecca pe3aHus, ucciaeayemeii B padore — 3IJIC,
npecTaBisieMas B BUAE OCIIJUIOTPaMM, MOJTyYEHHBIX MPH H3MEPEHUSIX Ha TOKAPHOM CTaHKE
¢ UITY 16K20d3 ¢ momomipio aHamoroBo-iuppoBoro npeodpazosatens moaemu ADC-16 (
PicoLog Ltd. Company), TeH3omeTpudeckoro ycwmureast TA-5, TEH30METPHUUECKHX
JATYNKOB.

OcummiorpaMMbl, HCTOJB3YyEeMble B Ka4eCTBE HMCXOMHBIX ITAHHBIX JUIS HCCIIETOBAHHS
TapMOHUYECKOTO COCTaBa CUTHAJIOB, HA KOTOPBIX 3apETUCTPUPOBAHBI MTHOBEHHBIE 3HAYCHHUS
HanpsKEeHUH, Bo3HUKaromux npu uzmepenuu DJIC pesanus [1], npeacrasiens! Ha puc. 1.

OciorpaMMbl TIOTYYEHBI JIUIS CISAYIOIMNX YCIOBUH 00paboTKH: 00pabaThIiBacMBbIi
MaTepuai - crtanb 45; nuHcTpyMeHTanbHbld Matepuan TSK10; quamerp oOpabotku d = 45MM;
pexuMbl 00paboTKH: IiTyOuHa pe3anus ¢ = 1mm; nojnaya s = 0.4MM/00; CKOPOCTh pe3aHus v =
80M/mMuH, gactora BpameHus n = 200¢” mpu M3HOCE MO 3a[HEH MOBEPXHOCTH JE3BUS / =
0,05MMm.
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Ha stom xe puc. 1

E, | | NpEJCTaBIeHbl  rpaduku
mi Enecp} T pesyisrupyromein  DJIC
45 3 n ' 4 Eeop, TIOIly4EHHOH 11O
J ( /r‘ [ e3yJbTaTaM PpPa3jioKEHUs

I 1 77 fﬂu \ 14 = 4’0[3 I];) yp;l;[ d)ypl))Le myTeM

4 ' z } = =L CYMMMPOBaHUA
}T H} MTHOBEHHBIX  3HAUYC€HUU

I M N HaIPSKECHUMN.

25 FA) [IpencraBneHHbie
0 1 2 3 4 > Le 9KCIICpHUMCHTaIbHbIC u
Puc.1. Ucxonusie ocummiorpamMmbl DC - E,xen TEOpEeTUYECKUEe TrpaduKu

Y MX TAPMOHUYECKHI COCTAB M0 PE3YJITATAM Pa3JI0KEHUS O/JIC cBUAETENBCTBYIOT O
B psall Dypbe — Ejeqp JUI PA3IMYHBIX BAPUAHTOB 00paOOTKH JOCTATOYHO XOpPOIIEM HX
COBITAJICHUU

(morpemHocTh He npeBbimacT 10%).

B pabote BBINOIHEHO pa3lokKeHHUE HaNpsKEHWH, BOZHUKAOMUX Npu uzMepenun DJ1C
pe3aHus, Ha TapMOHHMYECKHE COCTaBJSIONIME, a TaKKe OIpenesieHsl KO3 HUIIHEHTHI
HECHHYCOMJATBHOCTH, MO3BOJISIOIINX OLEHUTh CTENIEHb BIUSAHUS OTAEIbHBIX TAPMOHUYECKUX
Ha pe3yJIbTUPYIOINN CUTHAL

W3BecTHO, 4YTO HecWHycoWjaajbHas Tepuoauueckas (QyHKIMA MOXeT OBITh
Mpe/ACTaBlI€Ha B BHJE cOCTaBisipommx psjga Pypee [1]. AHanu3 ocuuuiorpamm  Cui,
BO3HMKAIOIIMX B MIPOIIECCE PE3aHUsI METAIIIOB, O3BOJISIET BBIIBUTH NEPUOAMUECKUN XapaKTep
M3MEHEHMsI 3TUX CUJI U IPUMEHUTHh METOIUKY [1].

Ha BbpiOpaHHOM uHTEpBajie BPEMEHM WCXOJIHAs BeIMYMHA (TOK, HAalpsKEHUE)
npeJcTaBisieTcs B Buae psaa Oypee:

o0 o0 0
i(t)=Ao+ X1, cos(kot - )= Ao+ 3 By sinkot + 3. Cy coskot, (1)
k=1 k=1 k=1

rac Ao - mocTosHHas coCTaBAOlas, omnpeacrieMas Kak CpeaHeC 3HAYCHUC 71 JUCKPCTHO
BBIJICJICHHBIX BCJIMYMWH Ha MHTCPBAJIC:

1 T/2 1 n
do=— [ i(t)dt~=~ Yiy(t); )
T _7/2 ns=

Lk, ) - AMIUINTYAHOE 3HAYEHHE M HavabHas (a3za TOKa (HanpsKeHUs ) k- TapMOHUKH;

T/2
By, =£ [i(t)sin( kot )dt zgi(sz)sin(ksz); (3)
T _7/,y n n n
T/2
Cy _2 [i(t)cos(kot )dt zgi(sz)cos(ksz).
T _7/5 n n n

3necy mepuon 7T NENUTCST Ha 1N PaBHBIX WHTEPBAJIOB U B KAXKIOW TOYKE JIEIICHUS
BBIYUCISIIOTCS opauHatel i(sT/ns), monaras s=1,2,3..n. 3uas B, u Cj, MOXKeM HailTu

aMIUIUTY 1y ¥ Ha4aJIbHY10 (ha3y k-if TapMOHUKHU:
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Teneps TpencTaBIsIETCS] BO3MOXKHBIM C(HOPMHUPOBATH BBIPAKEHUS I MTHOBEHHBIX
KOMIUICKCHBIX 3HAYEHUU MEPUOJAUUECKUX COCTABJIAIONIMX TOKOB (HAMPSXKEHUM) IJISI KaXKIOH
TapMOHHKHU:

imgnay = Imay (cos(koty - gay )+ j sin(koty —gay )); (%)
Tenepb MOXHO HaiiTh 3HaUeHUE KO3 duImenTa HecunyconganbHocTu Kyc [4]:

K1 =1001% /Ton ; (6)

i ()2 /n:

r1e I yoy - AEUCTBYIOIIEE 3HAUYCHHUE TOKa (HanpskeHus): 1 goys = i
s=1

1o ’
Iy - nelicTByIOIME 3HAUEHUE TOKA (HANpPsIKEHUs ) k-l rapMOHMKH: [} = ,[— > (Rengnk )) .
ng=1 §

AJNIEKBaTHOCTh TPEUIOKEHHOTO METOJa OLEHMBAETCS 10 CTENEHH COBIAJCHUS
UCXOJHOW KpPHMBOW CHrHaJla C pE3yJbTUPYIOIIEH KPHUBOW, IIOJy4YEHHOM IO CyMMe
rapMOHHYECKHUX COCTaBJISIIOLIMX.

[lo npennoxeHHoMy alropuTMmy paspaboTaHa MporpaMmma, MO3BOJISIONIAs Pa3IoKUTh
MCXOJIHYI0 KPUBYIO TOKa (HampsikeHus) B pag Oypbe ¢ pa3IudHbIM KOJMYECTBOM FAPMOHUK U
paccuuTarh K03 (GUIMEHT HECHHY COMTAITBHOCTH.

B pesynbrare BBINOJHEHHBIX HCCIIEAOBaHUN 00OCHOBaHA BO3MOYKHOCTH NMPUMEHEHHS
METOJIMKH ONPEJEICHUs] TaPMOHHYECKOIO COCTaBa TOKOB M HAaNpPsDKEHUH MU aHaiau3a |
MaTEMaTHYECKOI'0 OMMUCAHUSI CUTHAJIOB, MOJYUYEHHBIX C IOMOIIBIO HATYPHBIX OCLMIUIOTPaMM
npu mmepennn JJIC pesanuss. B pesynbrate pacueToB ¢ MOMOIIBIO KO3 dHIMEeHTa
HECHHYCOMJJIbHOCTU YCTAHABJIMBAETCS BKJIAJ KAaXKAOW TapMOHUKHM B PE3YJbTHPYIOLIUMA
CUTHAJI, OMpEIENSIOTCS 3HAYCHHS IOCTOSHHON COCTAaBISIOMIEH W KOI(PPHUIMEHTOB psiaa
@ypbe, 4TO MO3BOJIAET JJaTh aHATMTUYECKOE ONHCAHUE UCCIIETYyEMbIX CUTHAJIOB C 3a/laHHOU
TOYHOCTBIO.

Hcnonp3oBaHHass METOJAWMKAa MOXKET HaWTH IIUPOKOE TMPUMEHEHHe s Oojee
KayeCTBEHHOI'O aHAJIM3 3aKOHOMEpHOCTeH (OopMUpOBaHMs MapaMETPOB Mpoliecca pe3aHUs
P MOJEJIMPOBAHNUY U YIIPABIECHUU MPOLIECCAMU MEXaHOOOPaOOTKHU.

Cnucok autepatypsl: . 1. MarBuenko A.B., ®enuk JI.H. K Bonpocy o Bmusauu 3/1C
pe3aHus Ha MIEPOXOBATOCTh 00paboTaHHOU MoBepXHOCTH // [IporpeccBHBIE TEXHOJIOTHU U
CUCTEMbl MAIIMHOCTPOEHUS. MeXIyHapoaHbII COOPHUK HAay4yHBIX TpynoB. - JloHeuk:
HouHTY, 2006. - Beim. 32. - C.74-77. 2. CmupuoBa M.A. OrmpezesieHne rapMOHUYECKOTO
COCTaBa TOKOB M HaNpsKEHUN NPU U3MEPEHUM CUJ pe3aHusi B MexaHooOpabotke // Haykosi
npaii J{oHenbKoro HallloHAJILHOTO TEXHIUHOTO YHIBepcurery. Cepis: MamnHoOy1yBaHHS 1
MaimHo3HaBcTBO. Bumyck 4 (124) - loneusk, JJonHTY, 2007.- C.49-55. 3. CmupnoBa M.A.,
MartBuenko A.B., Upuenko T.I'. IlpumeHenne METOAUKU OMNpPEICICHUS TapMOHUYECKOTO
COCTaBa CUTHAJIOB IPU aHAJIM3€ NapaMeTpoB mnpolecca pezanus // HaniHICTh IHCTpyMEHTY Ta
ONTHUMI3allid TEXHOJIOTIYHUX CHCTeM. 30IpHHMK HaykoBuX mpaip. Bum.21. — KpamaTopchbk:
JJIMA, 2007.- C.312-318.
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COMPUTER AIDED HIGH SPEED PRECISION MACHINING

Marta Harni¢arova, Jana Jedinakova (Faculty of Manufacturing Technologies, Technical
University of KoSice)

The main purpose of many manufacturing companies is to produce intricate
components by using minimum of manufacturing operation, the best by using only one
machine. The quality software simualtion can help designers and developers in way of better
understanding the manufacturing process and workpiece behaviour. Nowadays are available
on the market strong software tools called as CAD/CAM, that are integrated into the
manufacturing and developing process. Preferred are those, that offer high performance, are
easy to learn ( easy to use), and allow streamlined data exchange.

Definition of HSPM is used in respect to parts tolerances, which are moving between
0.013 and 0.005 mm. Tolerances better than /-0.0002' get us into the area of ultrahigh
precision machining. HSPM for most means — high spindle speeds, high feed rates and small
depths of cut, on a wide range of materials, spindle speeds ranging from 10 000 — 40 000 revs
per min, feed rates up to 40 000 mm/min good surface finish and last but not least high
accurancy and quality of machined parts. This high precision machining is scalable, that
means, it depens on the size of part, machine tool and material being machined. Precision
machining requires high performance in few disciplines:

1) machine geometry and construction,

2) motion control,

3) thermal growth and environmental control,

4) spindle technology,

5) tooling selection and application,

6) machining strategy, and

7) real-time performance monitoring and correction.

The cumulative effect of errors in these seven must not exceed /-0.0005' over the
workpiece volume. The main difference between the high speed and the conventional
machining is in the mechanism of chip formation. The detachment of chip is depending on
the physical properties of working material and on the condition of plastic deformation.

Nickel -Base Alloys —[_—
Titanium I _
Steel [ J—
™ HSP Range
CastIron I _ [ Transition Range
Normal Range
Bronze, Brass [ _ = g
Aluminium I | —
Fiber Reinforced | i —
Plastics - ~
10 100 1000 10000

Cutting Speed [ m/min ]

HSPM zone for selected materials
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Typical benefits of High-Speed Machining process:

* Reduced machining time

* Reduced mechanical stresses

* Reduced heating of the part

* Improved surface finish

* Ability to use smaller tools (Micro-mechanical machining)

* Reduced assembly and storage costs

* Improved dynamic stability

* Capability of combination HSM with the machining without cooling

Many manufacturing companies would like to produce intricate components by using
minimum of manufacturing operation, the best by using only one machine.It faces to cutting
time needed for intermediate operations, fixturing, and casues the higher productivity. The
usage of machine — tool (mostly 4 or 5 axis), that are able to perform for example both milling
and turning together, can result in the case of collision to the higher costs. This is just because
the cost for machine and workpiece reparation are mostly such as expensive and
unfortunatelly ends in the manufacturing process interuption. Nowadays is frequenlty talked
about 5 axis precision machining.

5Axis precision machining

5 Axis Precision Machining allows machining of all 5 sides in one Set up. While this can
certainly be a cost saving factor, 5 Axis machining is used more often for complex contour
work, which may need simultaneous movement of all 5 Axes. Current generation 5 Axis
machines offer excellent tolerances - as close as 3 microns. Therefore is needed to find out the
most effective way to programme those machine tools and we can not forget about such as
important thing as is the simulation of manufacturing operations, to prevent the risk of
collision.. The CAD/CAM, are software tools and there are integrated into the manufacturing
process. The important criterion of CAD/ CAM system availabilty and quality is not only
manufacturing performance, but also the performance of designing and modelling functions
with the respect to the work with 3D models. Unless are those functions as well integrated
into the one system environment ( unit platform), it approaches to the ideal performance
condition. System integration is actually more effectively software solution. Optimizing the
tooling and factory equipment design process requires companies to change the way they
work on a day — to — day basis. Just as important, companies need to ensure everyone across
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the organization understands and adopts the new processes and technology. Typical benefits
from improving the tooling anf factory equipment design process include:

Improved production productivity

Faster reaction to engineering changes
Higher tooling designer productivity
Better tooling quality

More collaborative tooling design process
Increases tooling design reuse

Easier to outsource tooling design

More predictable tooling design projects

The basic philosophy of CAD/CAM softwares is easy to use, simplicity and high
efficiency by creation of unlimited variety of programs for CNC machines. That is the goal of
many CAD/CAM softwares. The strenght of CAD/CAM sw is capability to meet all
production machining needs for a complete solution, from design (3D modeling) through NC
code generation; NC program creation, process documentation, post- processing, and toolpath
verification and simulation. By automating many programming tasks and leveraging 3D
models to create atoolpath is apparent the important role of a fully integrated CAD/CAM
environment, especially the complete asscociativity across aplications. That means any
change made to the design is automatically reflected in all down — stream deliverables —
without any translation of model information between applicationns. So you can avoid the
possibility of translation errors in design.

A CAD/CAM system can consist of separate or integrated CAD and CAM software.
For a system using separate CAD and CAM packages, transfer of drawing geometry using
either direct or indirect translation is required. In this case, part geometry is first created on
the CAD system and then transferred to the corresponding CAM system. After the geometry
has been recreated in the CAM system, the programmer specifies the tools that will be used.
Detail information for each tool, such as material, diameter, number of flutes, and length, will
be specified. Next the order of the machining process will be established. And finally a tool
path with proper feed rate information is provided. Most CAM systems provide interactive
graphic http://www.jjjtrain.com/vms/Media/cnc_cad-
cam/CADCAM_procedure.wmvanimations to verify the NC part program. An integrated
CAD/CAM system is a dedicated system that will allow the user to create product geometry
and generate CNC programs all in one package. Data transfer from CAD to CAM is not
required, and there is no data compatibility problem. This feature is important since it ensures
the accuracy and reliability of the data.

If we want to talk about the HSPM (high speed precision machining) we have to start with
the machine base. That suppost to be from cast iron (rigidity of the machine design) because
of:

e Maximum stability
e Minimizing vibration
e Better surface finish
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The task of digital drives and direct measuring systems is to guarantee highest
precision and repeatability, to assure accurate components and good surface finish and speed
of motion control. Next component of HSPM are machine control systems and their function
is as follow:

Fast processor speeds

NC data running from memory or disk
Large block ahead to maintain feed rates
Controlled acceleration and deceleration

Relating to holders and cutting tool technology it appears the problem with the
vibration ( just because of high speed), that causes bad surface finish. Only balanced tooling
gives good surface finish. There are used shrink fit holders here. They are by design well
balanced and provide minimal air friction when rotating. It is suggested shorter tool lenght.
Avoiding vibartion not only applies to tool holders, it also applies to work holding methods.
Nowadays is often used so call 3R Macro — Style chuck with viscoelastic layer, that damps
vibration, increases tool life and provides better surface finish.

Considering all of this specification, most of companies are trying to find out the
answer to the question, what will HSPM software do for them. The answer must be found in
follow —

e Must to suit requirement and application

e Generate an efficient manufacturing process ( new CNC machines take advantage of
new technologies )

e Reduce machining time across all material types ( graphite, copper, aluminium,
stainless steel)

e Calculate toolpaths very fast ( reducing lead & preparation times, specific software
algorithms for each machining oparetaion, safe and smooth interconnecting linking of
toolpath rapids, support multiple processors for multiple toolpath processing, support
multi- threading for continuation of work flow)

e Provide intelligent default settings ( automated HSPM parameters based on the cutting
tool selected, smooth toolpaths — from roughing to finishing, spiral helix, profile ramp
or arc entry and exit of material, no sharp corner changes of direction)

e Full gouge protection of cutter and holder (roughing and finishing)- all types of cutter
and any shape of holder)

e Easy ofuse (infrequent users, reducing time from design to part)

e Automation ( process capture and reuse, macro)

e Standalone software HSPM CAM on the shop floor, CAD independent, data
interfaces — acception of customer data — Pro/ENGINEER, IGES, VDA, STL,
Parasolid, CATIA V4, CATIA VS5, Solidworks), and toolpath asociativity

References: 1. Kocman, K. (2004). Specialni technologie - Obrabéni, pp. 122 — 133.
VUT Brno, Brno. 2. Pasko, R., Przybylski, L. And Slodki, B. (2002). High speed machining
(HSM) — the effective way of modern cutting. In: : International Workshop CA Systems And
Technologies 2002, pp. 72 — 79. 3. 1zol, P., Fabian, M. (2006). CAD/CAM systémy Vv
technologickom procese obrabania, TU KosSice, KosSice.
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GENERAL SOLVING OF THE DIRECT AND THE INVERSE KINEMATIC PROBLEM
OF PARALLEL STRUT-KINEMATICS

Sven Rost (xagp TM, /JonHTY, 2 Jouneyx, Vkpauna)

Abstract: In this paper we describe a general manner of solving the direct kinematic
problem (DKP) and the inverse kinematic problem (IKP) of parallel strut-kinematics with
variable strut-lengths. The IKP is solved under use of the homogeneous coordinate-
transformation, and builds the fundament for solving the DKP. The DKP is in general not
analytical solvable. For this problem we used 5 different numerical iteration methods. We test
and compare the methods on an Hexapod-configuration under static and dynamic conditions.
We show that its possible to solve the DKP and IKP with relative easy mathematical methods
under low computional expenses and with high accuracy.

INTRODUCTION

The special sign of parallel kinematics in the field of robotic is, that the manipulator of
the robot is connected to the base with more then one kinematic chain. They build, in opposite
to their conventional serial counterparts, a closed control loop.

The first use of parallel kinematics was already done in the year 1949 with the
commissioning of a tire test bay by V. Gough. The concept of the Hexapod, a parallel
kinematic with 6 degrees of freedom, was presented by D. Stewart in the year 1965. Parallel
kinematics wins increasing interest for industrial usage. Advantages are, in compare to the
serial kinematics, the higher stifness (robust mechanical structure), the higher dynamic (less
moved mass), the higher precision and in the economical production, because of a high degree
of equal assemblys. A disadvantage is e.g. the complex control expense. Because of this, we
try to find in this work a general manner of solving the two fundamental problems (DKP,
IKP) under usage of simple mathematical methods.

INVERSE KINEMATIC PROBLEM (IKP)

The task of the inverse kinematic is to calculate the strut-lengths belonging to a
defined TCP'-POSE®. For the further description the following definitions are valid: A
parallel kinematic consists of a Base which is fixed in space, and of a mobile Platform on
which the TCP is mounted. In every of these 3 components we define a body-fixed coordinate
system (CS), shown in Figure 1.

A
Figure 1. Definition of the coordinate systems

! Tool Center Point
2 Position + Orientation
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In the Base-CS 0 we define the space-fixed joints a,, and in the Platform-CS 1 the
joints b, which are fixed on the platform. With the equations (1) and (2) we summarize this

facts of the case in matrix notation with homogeneous coordinates. The upper left index
indicate the CS in which the coordinates are defined.

Oalx 08‘2){ . Oam
o o 0
0 _ al}-‘ a2§_.-' ras an}r
A= 0a 0a 0a @Y)
lz 2z nz
1 1 1
"o, ‘b, - b
1 1 1
b, b, - b
1]_3) = ly 2y ny (2)
', 'b, - ‘b
1 1 1

To calculate the strut-lenghts L., which is equal to the euclidian distance between the
joint-pairs a, and b,, we must describe all joints in one coordinate system. Practical we use

the space-fixed Base-CS 0. With equation (3) it is possible to transform
points *'p from the CS k+1 into CS k.
“p=aD - 7p 3)
kR : 1—[
With the following transformation relation: , 5D = [6 _ _‘EE‘:_)?_ 5 1 _k:i_—_}
|

Where R stands for the Rotation Matrix calculated from 3 rotation angles. For
example we can use the Z-Y-X Euler represantation, with:
k—ki B(G: B, F) = R(EH ,T) 'R(?k—lv B) 'R(ﬁm ,0)
c, —s. 0 c, 0 s 1 0 0

E

R=[s, ¢, 0] 0 1 0[]0 ¢ -—sg
0 0 1)l-s, 0 ¢ J{0 s, ¢,
k—lflz[tx t'\ tz]T
And the following definitions: c...cos, s...sin /6,B,T ... -
Euler angles / T Vector from the origin of CS k to the ! oy
origin of CS k+1. !
0

In fact that the joints b, are defined in the Platform-CS
we must calculate the Platform-POSE which depends on
the known TCP-POSE )D. The Platform-POSE D

relative to the basis can be calculated with the relations
in Figure 2 and the resulting rules in equation

).

Figure 2: Transformation relations
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)D={D}D
\D={DD’ @
,D=D"ID
The matrix ,D stands for the the fix transformation relation between the Platform and
the TCP. With equation (5) we can now transform the joints b, in the CS 0.
‘B=D,,D"'=|D-'B (5)
Now we can solve with equation (6) the euclidian distance between the
joint-pairs a, and b,, which is equal to the strut-lengths L, .
L = \/(Obix _Oaix )2 + (Obiy _Oaiy + (Obiz_oaiz)z (6)

DIRECT KINEMATIC PROBLEM (DKP)

On the basis of the Inverse . . : o }_
Kinematics we presentate 5 possible methods (Inverse kmemams) mverse Jacobian

for solving the DKP, Figure 3. Four of this
methods use an optimization function. We get
this function from the general form for the
calculation of the strut-lengths, equation (7),

; ; . . 0. Order - -
and with quadratical summation, equation Genetic Algorithm I—
(8). The minimum of the function F , is i l_

equal to a possible solution to the DKP of the 1. Order :
parallel kinematic. Quasi Newton }—

2. Order
—>| Newton-Raphson ’—
L. =f(x,y,2,6,8,1) (7)

) v
Fopt = (fi (X,y,2,0,B,T) - L, ) )] Qolving direct kinematicD

i=1

Y
;Optimization functiong

Figure 3: Methods for solving the DKP

Example: Solving with Genetic Algorithm

Genetic algorithm belonging to the group of stochastic optimization methods. The
optimization process works only with the function values. Derivatives, like in Jacobian or
Newton-Raphson method, are not necessary.

The principle of Genetic algorithms, is to combine solving suggestions, such called
Individuals, until they fit the problem requirements. The algorithm use methods of the
evolutionary biology development to create new Individuals. Essentially these are the 3
genetic operations: Selection, Recombination and Mutation.
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Algorithm: Btart
1 Randomly creation of Individuals / Co /Ll-| Start Population | 1 ‘

arround C, =[X,,Yy,Zy,00,B¢>To]"
Calculate the function values of the

Individuals with F,, and scale them to

a Fitness-value (low function value
correspond to high Fitness-value)
Coding/Decoding of the Individual-
parameters between decimal and binary
representation, use Graycode as binary
representation to get faster convergence
(Hamming distance 1)

Randomly Selection of Individuals.
Probability proportional to the Fitness
of the Individual. (methods: Roulette
Wheel-, Tournament-, Tresholding
Selection)

Recombination with Crossover of the
Individual- parameters with probability
Prc- (methoda: 1-point-, 2-point-,
Uniform- Crossover)

Mutation of Genom (Bits) of all
Individuals with probability of p_ . .

(methods: Flip-, Swap- Mutation)

Definitions:

L .
g ...

. desired-strut-lengths

Error tolerance of the strut-lengths

X,Y,Z,0,B,T ... Parameter of the TCP-POSE

F=6.

!

ine sz ‘2‘

/ Fo CalculatiFi
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2]

all

4

Gizneraficy i

‘ velection |4|

v

/ Prec H Recombinition |5|

:
/ Pz H Iutation |6|

)

Ceneration k+1

‘ Decoding EI

v

thess |?|

/ Fa ¥ CaalculatiaFi

| cateutate L, with sittest Indiwiaual |

helel

Fes

Stop

COMPARISION OF THE SOLVING-METHODS FOR DIRECT KINEMATICS

The algorithms were implemented in Matlab (Version 7) m-files. The testing-platform
was an PC with Intel Pentium processor with 1.5 GHZ.
For comparision of the solving method for Direct Kinematics we use an parallel
kinematic configuration called Hexapod. A Hexapod consist of a movable Platform which is
connected to the Base with 6 struts and 12 spherical joints. The struts have an mechanism
which can change the strut-lenght independently. The degree of freedom of the Platform is

We used the trajectory shown in figure 4 and equation (9) to test and compare the
dynamical behaviour of the algorithms.
Table 1 shows the quantitive comparation of the five used methods for solving the
direct kinematic problem.
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e X(t): Os(pﬂ-t)

: : C
S N y(t)=125-sin(p/2 1)
o : T : )

- Vi | 2(t)=2+0.25-sin(2-p-t) ©)
[ v 6(t)=10-cos(p/2-t)
15- FAL B(t)=10-sin(p/2-t)
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Figure 4: Used Trajectory Lampie = S
Table 1. quantitative comparation
O cycle O error: O error: @ iterations
Algorithm time position orientation
5] 10° [m] [°]
Jacobian 0.011 0.0153 0.004 2
Newton-Raphson 0.288 0.7123 0.035 4
Quasi-Newton 0.186 1.8 0.148 10
Nelder-Mead 0.171 1.9 0.214 80
Genetic 0.266 2.2 0.226 25
algorithm
COMPREHENSION

In this paper we described a possible solution of the IKP and DKP problem for
parallel kinematics with variable strut-lengths. The IKP can be solved without errors, because
of the closed analytical solution. Based on this we presented 5 methods of solving the DKP.
The function of the solving process was tested on many trajectories, one of these we presented
in this paper. Therefore the algorithms had to track a trajectory outgoing from a start-POSE
only with the knowledge of strut-length over the time. We have recognized that in some
situations we received not the expected but an theoretic possible trajectory. The reason for
this is, that for one set of strut-length the Hexapode can have up to 40 real solution in his
working space [2]. So the algorithms can jump to another possible solution. To avoid this, it is
important that the sample time is set as low as possible.

We obtain the best results for the DKP with the Jacobian matrix, but the singularity in
some situations is a big disadvantage. In the group of solving the DKP with the optimization
function we presented beneath the conventional methods (Newton-Raphson, Quasi-Newton,
Nelder-Mead Simplex) the Genetic algorithm (GA). Only with the essential operations of the
canonian GA (Recombination, Selection and Mutation) we already received good results. The
GA has, because of the sensitive process parameters and developable (methods like:
simulated annealing) a high development potential for the DKP problem.

Literature: 1. Whitley D., A Genetic Algorithm Tutorial, Computer Science Department,
Colorado State Univ. 2. Dietmaier, P. (1998) The Stewart-Gough Platform of General
Geometry can have 40 real Postures. Advances in Robot Kinematics: Analysis and Control. 3.
Sciavicco, L., Siciliano B. (Springer, 2000), Modelling and Control of Robot Manipulators.



