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FTEOMETPHUYECKOE MOAEJIMPOBAHME
NMPOLLECCA BbINOJIHEHMA PABOT

NOo KOMAHUIO NPUSAMKOB TPAHLUEU
NMPAU PEMOHTE TPYBOINPOBO/A

Mpu BbINONHEHMM PabOT MO PeMOHTY TPY6oNnpPoBOJa OCHOBHOM MALUMHOM, Npef-
Ha3HAYEHHOM [N KOMaHWsl NPMSMKOB TPaHLIEM, SBNSIETCS OJHOKOBLLUOBbIA 3KCKa-
BaTOp. B HacToslLlee BpeMs NpM BbINONHEHMM KOMaHMSI MPUSIMKOB MCMOMb3yeTcs
ABa 3KCKABaTOpPa, KOTOpPble ABMIKYTCS BAonb Tpybonpoeofa no napannenbHbIM
HanpaeneHusiM. B Lensax noebiweHns 3¢p(PeKTMBHOCTH KONaHMsl NMPUSIMKOB Heo6xo-
AMMO NPOBEPMTb, BO3MOMHO M OCYLLECTBASATh KOMaHWe MPUSIMKOB NMPU MOMOLUM
nMWBb ORHOrO 3KCKABATOPA, PACMONIOXEHHOrO No cepeamHe Tpybonpososa, a Tak-
YKe OCYLLeCTBASTh OTCbINaHMe FPYHTa B OTBaJ, PACMONOMEHHbIH ¢ 06enx CTOpoH
OT NMHMM ABMXKEHMSI IKCKaBaTOpa. PacCMOTpEeHbI Clly4Yau, KOrfa KonaHMe NpMsSIMKOB
BbINOMHSIETCS HE MOAEPHU3IMPOBAHHLIM OfJHOKOBLLOBbIM 3KCKAaBaTOPOM, IKCKaBa-
TOPOM C BO3MOMHOCTBIO MOBOPOTa CEKLMM CTPENbI M IKCKAaBaTOPOM C BO3MOKHO-
CTbIO NOBOPOTA KOBLWA. TaKKe PacCMOTPEH MOMHbIM LMK NPOLecca OTKaNbIBaHMS
NpMsIMKa C OTChbIMaHMEM FPYHTa B OTBaJN. Ha OCHOBe NpoBefeHHbIX MCCnegoBaHMi
paspaboTaH anropuMTM aBTOMATM3MPOBAHHOTO YMNPABMEHMS [BMMKEHMEM KOBLUA
3KCKaBaTOpa NPM KONaHMM NPUSIMKOB TpaHweu. MpueefeHbl pe3ynbTaThl KOMMbIO-
TEPHOrO MOAENMPOBaHUS ABMXKEHMSI MAHMNYNSATOPA dKCKABaTOPa NPM BbINOAHEHNM
KOMaHMSi NPMSIMKOB TPAHLUEM.

KniouyeBble CNoOBa: CMHTE3 [BMXKEHMS, MEXAHM3M MAaHUNYNATOPA 3KCKaBaTopa, reo-
MeTpMyecKoe MmoaenMpoBaHne, PeMOHT pr6onposo,qa, KOMMNbIOTEPHOE Mopenu-

poBaHMe ABH)KeHHﬁ, BbIXOHO€ 3BE€HO.

BBepeHue. KonaHue NpUsSMKOB TPaHIIEN 5KCKaBa-
TOPOM SIBASIETCSI OAHUM U3 3TAIIOB BHIIOAHEHUS PaboT
IO PEeMOHTy TPYOOIPOBOAOB. OKCKABaTOpP ITO3BOAS-
eT BBIIOAHUTHL BBIEMKY TPyHTa Ha), BepxXHeN YacCTbio
TPyOOIIPOBOAQ U C O0euX CTOPOH, 00pasys IPUAMKU
TpaHlled. TeXHOAOrHYecKas CxXeMa peMOHTa TpyOo-
NIPOBOAOB TaK’kKe NPeAyCMaTpUBaeT IPUMeHeHHe ABYX
TIOAOJKEHUY MAaUIUHBL AASL KOIIaHUS NPUAMKOB [1—7].
OCOOEeHHOCTh WX PACIOAOKEHUsI B TOM, UYTO IIeH-
TpaAbHAs YacTh Ka’KAOTO JKCKaBaTOpa PacloAOKeHa
HapA, COOTBETCTBYIOUIMM IIPUSIMKOM CAEBa, AMOO CIIpa-
Ba OT TpyOomnpoBoaa. IIpu 3TOM IpyHT, U3BAEKAeMBbINU
U3 IPUAMKE, yAaAsdeTcs B OAMDKAMIINN K 5KCKaBaTo-
py OTBaA B IpeApeAax PeMOHTHOM moaockl. Hepocrat-
KOM TaKoro crocoba SBASIeTCS CO3AaHUe Harpys3Ku
Ha PEMOHTHPYEMBIM y4acCTOK TPYOOIIPOBOAA B CBA3U
co crenuuKoM pacHoAOKeHUs dKCKaBaTopa. B paH-
HOM cIIocoOe OApHA U3 I'yCeHHI] 3KCKaBaToOpa paclo-
AaraeTcss HEIIOCPEACTBEHHO Hap TPYOOIIPOBOAOM, 4TO
MOJKeT CIIPOBOLIMPOBATH €ro Aepopmariuio.

B cBs31 C BBILLIEU3AOKEHHBIM, aKTYaABHOM SIBASIETCS
3ajava MOAEPHM3alluU IIpollecca peMOHTa TPyOOIIpo-
Bopa. ['mmoTe3a COCTOUT B TOM, UTO AASI BBITIOAHEHWUS
onepanu¥ 1Mo KONaHWIO GOKOBBIX IPUSIMKOB TPaHIIEN
MO>KHO UCIIOAB30BaTh TOABKO OAHO IIOAOJKeHUe 3KCKa-
BaTopa, O0eCIeuYeHHOI'0 aBTOMATU3WPOBAHHOU CUCTe-
MOU yIPaBACHUA U HAaAWYHEM AOIIOAHUTEABHOU CTelle-
HHU HOABMKHOCTH MexaHm3Ma [8, 9]. DKckaBaTop mIpu

9TOM pacIoAaraeTcs II0 cepeprHe TPYOOIPOBOAG, C Iie-
ABIO IIPEAOTBPAIEHUS CUAOBOTO BO3AENUCTBUSA HA TPY-
0onpoBOA. AAS pearrn3anyyi AQHHOTO IIOAXOAQ PEMOHTA
TpyOOoNpoBOAa HeoOXoAMMa pa3paboTKa aBTOMaTU3H-
pOBAHHOM CUCTeMBI yIIpaBAe€HHUs ABHWJKeHHeM KOBIIa
5KCKaBaTopa IO 3apaHHBIM 0e30MacHBIM TPaeKTOPUSIM
U HaAWdHe ST CTelleHelM IMOABM)KHOCTU MeXaHU3Ma.
I[TocranoBKa 3apauu HMCCAepOBaHHUA. Paccmorpum
BHaYaAe TEXHOAOTHYECKYIO CXeMy PeMOHTa TPyOOIIpo-
BOAQ, B YaCTHOCTH IIPOIleCcC KOMaHUs OOKOBBIX IIPUSIM-
KOB TpaHIIeN NP MOMOIIU ABYX PAa3AMYHBIX ITOAOXKe-
HUM JKCKaBaropa (puc. la). Kak BUAHO U3 PHUCYHKQ,
OAHA M3 T'yCeHMI] Ka’KAOTO 3KCKaBaToOpa PacIloAO’KeHa
Hap TpyOOmpOBOAOM. HUTOOBI He CO3paBaTh HArpy3Ky
Ha TPyOOIIPOBOA U UCIIOAB30BATh AMIIL OAHO ITOAOXKE-
HHe 3KCKaBaTopa AASI KOIIaHUS 000MX NPUAMKOB, He00-
XOAMMO PACIIOAOKUTH €ro IO cepeArHe TPyOOIIPOBOAA
(puc. 106). Ilpu sTOM HampaBAeHUE ABUXKEHHS KCKa-
BaToOpa OyAeT MPOXOAUTH IO AMHUU 3areraHusl TpyoOo-
IpOBOAA. AASI IIPDOBEPKU BBIABUHYTOU HAMU I'HMIIOTE3BI
HeOOXOAUMO IIPOBEPUTH, BO3MOJKHO AU BBIIIOAHEHHE
KOIIaHUSA NPHUSAMKOB TPAHIIEN C COOAIOAeHUeM Tpebo-
BaHMN K UX reoMeTpUYeCKUM IapaMeTpam. AAsL 3TOTO
HeOOXOAUMO BBIIOAHUTH TeOMeTpUYecKoe KOMIIBIO-
TepHOe MOAEAMPOBaHUe IIpoljecca KOMaHUs NPUSIMKOB
TPAHIIEW HA OCHOBE MCIIOAB30BAHUA ABTOMATU3UPO-
BAHHOM CHCTeMBl ynpaBAeHusd. [Ipu 3ToM MopeAupo-
BaHHMe ABWJ)KEHHs KOBIIa HeOOXOAMMO OCYIIEeCTBAATH
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Puc. 1. IToroKeHHe 3KCKaBaTopa OTHOCUTEABHO TPyOGONpoBoAa
a) mpyu KOMaHUM C UCIIOAB30BaHMEM ABYX IOAOYKEHHIT; 6) MIPU KOMaHUU C MCIIOAB30BAHUEM OAHOIO MOAOKEHHS

IO IPOCTPAHCTBEHHBLIM TPAEKTOPUSIM, OOeCIIeunBalo-
UM 3aA@HHOE yAaAeHUe OT IIOBEPXHOCTU TPYyOOIIpo-
BOAA C UCIIOAB30BaHUEM yKa3aHHOU aBTOMATU3MPOBaH-
HOM CHUCTeMB! yIIPaBA€HUS.

Teopus. @opma HpusAMKa TpaHIIEW OIpeAeAeHa
C HUCIOAB30BaHWEM HOPMATUBHBIX AOKYMEHTOB IIO pe-
MOHTY TpyOomposoaoB [10]. PaccrossHme OT BepxHeln
oOpasyrollel TOYKU A0 IIOBEPXHOCTU PEMOHTUPYEMOU
TpyOBl, HA KOTOPOM yCTAaHOBAEH 3KCKaBaTOp, COCTaB-
asetr 800 MM (puc. 16). CaeBa u cipaBa OT TPyOOIPO-
BOA@ HAXOAUTCS 3AlLIUTHBIM CAOM TI'PYHTA TOAIIWAHOU
200 mM. PaccrogHue OT HUXKHEN TOYKU TPyOOIIPOBO-
Aa AO HIDKHEHW CTeHKH NIPUSIMKa TPAHIIEeH COCTaBASET
600 mMm. [HlupmnHa mpusMKa TpaHIed paBHA IIUPUHE
KOBIIIa 9KcKaBaTopa — 1000 MM. AAg IpeAOTBpalleHUs
oOpyllleHNs TPyHTa OOKOBbIe CTEHKHU TPAHIIEN AOATK-
HBI UMEeTh OIPEAEAeHHBIN yroa HakAoHa. OH 3aBHUCHUT
OT XapaKTepUCTUK IpyHTa. OAHUM U3 CaMBIX PacCIIpo-
CTpPaHEHHBIX THUIIOB I'DYHTA SIBASIETCS CYIECh, IIPU KO-
TOPOU KPYTHU3HA OTKOCOB cocTaBasieT 1:0,25. B pe3yab-
TaTe IOAYYMM, UYTO BEPXHsSISI 4aCThb OTKOCA HAXOAWUTCS
Ha 530 MM Aaablile oT TpyOomposoaa. CyMMapHas LIN-
pyHa TpaHIIeW II0 BepxXHeM €€ YaCTh COCTaBAIET
4180 MM, a rayomHa — 2120 MM.

AAST TIDOBEAEHMST HMCCAEAOBAHHMM Ileaecoo0pas3HOo
HUCIIOAB30BaTh reOMeTpUYecKoe KOMIIBIOTEPHOE MOAe-
aupoBanue [11, 12]. B paboTe AaHHOe MOAEAUPOBa-
HHe BBIIIOAHEHO Ha OCHOBE UCIIOAB30BaHUS IIPOTPaMM,
onmmcaHHBIX Ha a3bike AutoLISP B cucreme CATIP
NanoCAD, 4YTO HO3BOAHMAO OCYILIECTBUTH BU3YyaAH3a-
IO IIpOTiecca KOMaHusI O0KOBLIX IIPUSMKOB TPAHIIIEH.
YToOBl AOKazaThb BO3MOJKHOCTb KOII@HMUS IIPUSIMKa
33AQHHOU (POPMEI, COOAIOAQIOTCS CAEAYIOIIHE YCAO-
Bug. MexaHu3M MaHUIOYASITOpa 3KCKaBaTopa HMeeT
He dYeTblpe CTelleHU IMOABUKHOCTH, KaK y OOABIINH-
CTBA CEPUMHO BBIIIYyCKAEMBIX MAlllMH, & I4Tb. Bapuan-
Thl MEXaHU3MOB 3KCKaBaTOpa OIIKMCAHBI B paboTax [8,
9]. I'lpu BBIIOAHEHUU MOAEAUPOBAHUSA II€HTP 3KCKa-
BaTOpa PAacIOAOKeH Hap OChblO TpybompoBopa. OTBaa
IPyHTa HaXOAUTCS CAeBa U CIIpaBa OT TPyOOIPOBOAA
Ha paccrossamu 4000 mMM. 3ameTmM, uTo hopMa IIpU-
SIMKOB CHMMETPUYHa OTHOCHUTEABHO BepPTUKAABHON
ocu TpPyOOIIpOBOAQ, IOATOMY IIPH MOAEAMPOBAHUU
ABIDKEHUS AOCTATOYHO IIPOBECTH BU3YaAU3allUIO KOIla-
HUS IPUSMKa AAS OAHOM M3 CTOpPOH. [Ipu paszpaboTke
aBTOMATHU3UPOBAHHOM CHCTEeMBl yIIpaBAe€HUsS He0O0Xo-
AAMO pelllaTh 3aAady COKpAIlleHUs BpeMeHH, HeoOXO-
AAMOTO AASI KOTIQHWS IPUSIMKOB TPAHIIEH. YKa3aHHOe
BpeMsI B 3HQUUTEALHOM CTEIeHHW 3aBHUCHUT OT CyMMap-
HOro o0ObeMa ABUJ)KEHHS B KUHeMaTHYeCKHX Ilapax
u rupponuambppax [11, 13]. C meabio coOKpallleHUus
o0beMa ABWJKEHUs CYIIeCTByeT HeOOXOAUMOCTH 3aja-
BaTh KOHEYHYIO TOUKY TPaeKTOPUM ABUIKEHUsI KOBIIA
TIPY OTCHIIIAHUHU TPYHTA B OTBaA Ha Pa3AMYHBIX BBICO-

TaxX. YKa3aHHasl BLICOTa OyAET 3aBHUCETH OT KOAMYECTBa
OTCBHITIAHHBIX KOBIIIEHN C TpyHTOM. OIpepeArM CBsI3aH-
HBIM C 3TUM rpaduK (QyHKIUU:
h, = f(k), (1)
rae h) — ompeaeasieT BBICOTY OTBaAa (puc. 16), k — Ko-
AMYECTBO KOBIIEH CO CPEAHUM 3aAAHHBIM 00beMoM V,
rpyHTa. 3HaYeHHe IapaMeTpa V|, olpepeAsieTcs Ha oc-
HOBe IIPOBEAEHHBIX HATYPaAbHBIX UCIBITAHUUA. B cBs-
3W C TeM, 9YTO B IpoIllecce KOMaHUs TPUSMKa TpaHIlen
HEeoO0XoAuMO (POPMHUPOBATHL OOKOBBLIE OTKOCHI, 3Haye-
Hue TapameTrpa V, OYAeT PaBHO IIOAOBHHE PAaCYeTHOTO
oOGbeMa KCIIOAB3YEeMOro KOBIIA. YBeAWYeHHe BBICOTHI
OTBana AASI CAydYas, KOTAa OTBaA mMmeeT (hopMy KOHycCa
BpAIIEeHUs, OIIPEAEASETCS IO 3aBUCUMOCTHU:

1 1
3 R h, =V, + 3 TR} hy (2)

rae R, R, h, h, — papuyChl ¥ BBICOTHI KOHYCOB OT-
BaAOB AAST HQAUAABHOTO MOMEHTa BPeMeHU IIPU OTCHITIa-
HUU OAHOTI'O KOBIIIA M IIOCA€ OTCHIIIaHMSI BTOPOT'O KOB-
ma (puc. 16).

OTcropa MOAYYMM HOBYIO BBEICOTY KOHYCa IIPU OT-
ChIlIaHUU K KOBIIIEH:

_ mR’h, +3kV,
nR?

h, 3)

CooTHollleHue paanyca KOHYyCa K ero BeICOTe B pac-
CMaTpuUBaeMOM CAyYae umeeT CAeAyIOH.[I/II;I BHA:

R = h/0,779. (4)

Y4yutbiBasi cooTHoIIeHue (4), 3aBUCUMOCTb (3) Tpu-
HUMaeT BUA:

R’h, +0,955kV,
165 '

©)

Ha ocHOBe IIpOBEAEHHBIX pAacyeTOB IIOAYYeHBI aHa-
AMTHYECKHE 3aBUCHUMOCTH I1apamMeTpos h, u h, u rpadu-
ku h, = f (k) u h, = f,(k), npepCcTaBA€HHBIe Ha puc. 2a,0.

h, = — 0,04(k-V))? + 0,361(k-V,)+0,449,  (6)
h, = — 0,021(k'V))2 + 0,264(k'V,)+0,529, (7
raAe h3 — BBICOTA HACBHIIIY, HOAY‘—IQHHaH C Y‘IeTOM 1o~

AOJKEHMs COCEAHEero KoHyca (puc. 3). 3aBUCUMOCTS (7)
YCTaHOBAEHA Ha OCHOBE OIIPEAEAEHUsI 00beMa, IIOAY-
YEeHHOI'O [lepeceuyeHreM ABYX KOHYCOB (puc. 3).
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Puc. 2. T'paduku 3aBHCHMOCTEIL: a) h,= fl(k]; 0) h, = fz(k)
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Puc. 4. IToro)keHue cuUCTEM KOOPAUHAT, CBSI3aHHBIX
CO 3BEHBSIMHU IIECTU3BEHHOI0 MeXaHu3Ma 3KCKaBaTropa
M12-3-2-8-12-1-3-3-12

3apapuM TIOAOJKEHHE CHUCTeM KOODAMHAT, CBS3aH-
HBIX C MOABUJKHBIMU 3BE€HBAMU MeXaHHW3Ma MaHUIY-
ATOpa JKCKaBaTopa U OCHOBHBIX TIeOMETPUYEeCKUX
TapaMeTpOB, ONPEAEASIONINX 3TOT IIeCTU3BEHHBIN Me-
XaHW3M. 3aMeTHUM, YTO C HEKOTOPBIMHU ITOABUIKHBLIMU
3BEHBSIMU MOTYT OBITH 3aAAHBI ABE WAW TPU CUCTEMEI
KOOpPAMHAT. MaHHUIyAdTOP 3KCKaBaTOpa IPEeACTaBUM
B BUAE IIECTU3BEHHOTO NMPOCTPAHCTBEHHOI'O MeXaHU3-
Ma C AOIOAHUTEABHOUW KMHEMaTHU4YeCKOU Iapou (puc.
4) [9]. Taxke HCCAepAyeM MeXaHU3M MaHUIIYASTOpPa
9KCKaBaTOpa C MATHI0O KWHEMATWYEeCKUMH IapaMu C
obecrneyeHneM nosopoTa kosma [8]. Ha puc. 4 Toukn
O° O, ... u O° ompepeAsTIOT HadaAa CUCTEM KOOPAWHAT
U OIOpHBIE TOYKM 3BeHbeB MexaHH3Ma. [Ipoeknun
MAQHHBIX TOUEK Ha PHUC. 5 0003HAUEeHBI CAEAYIOIIUM 00-
pazom: O° — OW,0%; O' — O",0? u t.. [TapameTpsl
1, L, ... u I, 3apat0T pa3Mepsbl 3BEHbEB MEXaHU3Ma; (,,
qy u g, — OGOOLIEHHBIE KOOPAMHATHI. YAAACHUE
5KCKaBaToOpa AO TOYKU IIeHTpa OTBaaa TIpyHTa 000-
3HavueHO IapaMeTpoM S (puc. 3). BricoTy omyckaHus
pabouero 0GOPyAOBaHMsI OOO3HAYMM IapameTpoM h_
(puc. 16). PaccTosgHmne OT TOYKU KpemaeHUs pabodero
OopraHa (KOBIIIa 3KCKaBaTOpa) A0 CePeAUHBI TPYyOOIIPO-

-~ (g
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Puc. 5. KnnemaTnyeckasi cxema MexaHM3Ma
MaHUNyAsSITOpa 3KCcKaBaTopa M12-3-2-8-12-1-3-3-12

Puc. 6. Cxema AATOPHUTMA ABTOMATU3UPOBAHHOIO YIIPABA€HUS
ABHJ)XKE€HHEM KOBIIAd 3KCKaBadTOpa IIPU KOIIAHUU NPUSIMKOB
TpaHIIen

BOAA OTpeAeAsieTcst mapamerpom I (puc. 16). Ha puc.
5 mpepcTaBAeHa KHMHEMaTHYeCcKas CXeMa IIeCTU3BEeH-
HOTO MeXaHM3Ma MaHUIIyASTOpa dKCKaBaTopa. Moaean
KMHEMaTUYeCKOU Ilenu OOBIYHOTO dKCKaBaTopa M12-
3-2-2-2-11 1 3KCKaBaTOPOB, OOeCIeYeHHBIX IATOU KU-
HeMaThudyeckoM mapon M12-3-2-8-12-1-3-3-12 (puc. )
u M12-3-2-2-2-3-11, 3apaHBl reoMeTpUUYECKUMU I1apa-
MeTpaMy, IPeACTaBAeHHBIMH B TaOA. 1 —3. Ecan KoBII
pacIoAaraeTcsi C A€BOM CTOPOHBI OT TPYOOIIPOBOAQ, TO
paccTosiHue OT KOBIIIa AO TPYOOIIPOBOAA OIIPEAEASIETCS
norokenueM Touku O° (puc. 5, 76). [Toaromy apaHHas
TOYKa IIPUHUMAETCS 3a IJeHTP BBIXOAHOTO 3BeHa, ABU-
JKeHHe KOTOPOM MOAEAMPYETCS C IIOMOIIBIO CHUHTe3a
ABWJKEHUU IO BeKTOpPy cKopocTtel [11]. O6o3HaueHme
MeXaHU3MOB IIPUHSTO B COOTBETCTBUH C METOAMKOM,
peAcTaBAeHHOM B pabote [11]. B Tabauile mapameTpsl
L, L, ... u I, 3apQ10T COOTBETCTBEHHO AAMHBI OTPE3KOB
00", O'0? ... u O°0° I, — cMellleHHs] BAOAL Ocei
KOOPAVMHAT MAM YTABI IIOBOPOTA IIPU 3HAYEHUSIX Iapa-
mMerpa n, , = 7 .. 9 uAu no, = 10 ... 12; n, , — KOABI
KMHeMaTH4ecKux mnpeobpas3oBaTereit [11 — 14].
Pe3yabTaTrel 3KcrnepuMeHTOB. Cxema aATOpUTMa
aBTOMATHM3WPOBAHHOTO YIIPaBAEHUS ABVIKEHHEM KOB-




Ta6auna 1

3ajpaHNe MOAEAW KMHEeMaTU4YeCKOH 1enu MmexaHm3dma M12-3-2-2-2-11

Cucrema koopaunat | O O? e o' o o°
q; 0 g, 9, q; q, 0
1, (cn) 0 L,=281 [1,=600 [1,=281 |L=161 |0
1. (cm) 1,=185 [0 0 0 0 I,= 50
n,, 12 3 2 2 2 11

TabAuna 2
3apaHue MOAEAU KMHeMaTU4eCcKou 1enu mexaHudma M12-3-2-8-12-1-3-3-12
Cucrema KoopauHat | O! 0? (o o* 0° o° o’ (o4 o°
g, 0 q, q, 0 0 g, q, q; 0
1, (cm) 0 1, =81|1,= 246 | 0 0 I, =318 |1 =281 |1, = 1610
I (cm) 1,=185 |0 0 a=51° |1, =97 |0 0 0 1,=50
n. 12 3 2 8 12 1 3 3 12
Tab6auna 3
3apaHne MOAeAM KMHeMaTU4eCKOo# Ienu Mmexannsma M12-3-2-2-2-3-11

Cucrema kooppusar | O! O? o? o o o° o’

qi 0 q1 qz q3 q4 qS O

1, (cm) 0 1, =81 |[1,=246 |1, =281 | =161 [, =0 |O

1 () 1,=185 |0 0 0 0 0 1,=50

n_, 12 3 2 2 2 3 11

111a IpeACTaBAeHa Ha puc. 6. Ha puc. 6 IpuHATEL CAeAy-
[ome obo3HaueHuss: 1 — 3apaHue nepeMeHHBIX kK = 0,
k . (k. — MaKCHMarbHOE KOAWYECTBO KOBLIEH
M (pOpMUPOBAHUA OAHOTO KOHYyCAa OTBAAQ), kﬂp=0,

1 (kup MaKCUMaAbHOE KOAMYECTBO T'OPU30HTAADL-
HBIX TIPOXOAOB KOBINA BAOAb TpaHIIeW), K "=
=h./h_, (h,, — BBICOTa CPe3aHUs CAOSI TPYHTA KOBIIOM
3a OAUH IIPOX0A); 2 — CHUHTEe3 MaAbIX ABMKeHul (CMA)
[11] Ao KoHeuno# Toukm A'*'® Tpaekropum (KTT) f,
(puc. 7a); 3 — KTT f, A™'° pocturnyta; 4 —pacuer Aq,
q, = q, + Agq; 5 — CMA ao KTT £, A"** (ABr>Kenue Ha
nopnweM Kosia) (puc. 7r); 6 — KTT £, A"** pocTurnyTa;
7 — Boruncaenne KTT £, A% (5,7) (puc. 71); 8 — CMA,
Ao KTT £, A% (ABM>KeHMe KOBIIa B HallpaBACHUHU Bep-
HINHBI KOHyca oTBana); 9 — KTT f3 At + 4 AOCTHUTHYTa;
10 — CMA, po KTT £, A7 (puc. 7r); 11 — KTT £, A7
Aocturayta; 12 — sorancaenne KTT £, A%, h = h +
+h_'k; 13 — CMA po KTT £, A™*® (puc. 7r); 14 — KTT
f; A% pocrurayra; 15 — k= k"

Pe3yAbTaTbl IIPOCTPAHCTBEHHOTO MOAEAMPOBAHUS
ABVDKEHUsI pabouero opraHa 5KCKABaTOPOB, 3aAaH-
HBIX B TaOA. 1, 2 m 3 peaCTaBAEHHI Ha puc. 7a, 0, B, T.
Ha puc. 7a obosnavyenbl mapamerpswl [, L' TpaHiien
u Tpaekropusi f', 3apaHHas orpeskom A'AT0 apuke-
HUSI T[eHTPa BBIXOAHOTO 3BeHa Touku (O° paGouero op-
raHa OOBIYHOTO JKCKaBaTOpa IMPHU KOIMAHWU IIPUSMKA.
Ha puc. 760 mpeaCTaBAEHO MOAEAMPOBaHUE ABM>KEHUS
9KCKaBaTopa, M300pa’keHHOro Ha puc. 4. MoaeampoBa-
HHEe ABMJKEHMsI 5KCKaBaTOpa, OCHAIEHHOIO II0BOPOT-
HBIM KOBIIIOM, IIPEACTaBA€HO Ha puc. 7B. CUHTE3 ABUIKe-
HHSI MeXaHHW3Ma HKCKaBaTopa IPY OTCHIIAaHWUU TPYHTa B
OTBaA IpeACTaBAeH Ha puc. 7. CHHTe3 ABMIKEHHS (pHUC
70, B, T) oOecneunBaeT COOAIOAE€HME YCTaHOBAEHHBIX

reOMeTPUYEeCKUX I1apaMeTpPOB, OIPEAEAdIonux Qopmy
IpusMKa. AHAAM3 CHHTe3a ABMJKEHHUI KOBIIA Ha PUC.
7a TOKa3bIBAET, YTO PEXKyIllasi KPOMKA B OTOM CAydae
pacrioaaraeTcsi He IEePIeHAUKYASPHO HaIPaBACHHIO
ABWKeHUs1. CAepOBaTEAbHO, OOBIUHBIM JKCKABaTOpP IIPHU
€ro IIOAOJKEHUU II0 CepeprHe TPYOOIPOBOAA HE MOJKET
BBIIIOAHSTh PAbOTy 10 KOIAHUIO IIPUSIMKOB TPAHIIEH.
MaHUITyAATOPEI 9KCKaBaTOPa, UMEIOIIYe IATh CTelleHen
ITOABMKHOCTEH, HAIIPOTUB, ITO3BOASIIOT BBHIIIOAHUTH YKa-
3aHHYIO BEIIIE paboTy (puc. 76, B). Pe3yAbTaThl KOMIIBIO-
TEPHOI'O MOAEAMPOBAHUA IIOKa3aAu pabOTOCIOCOOHOCTH
BBIABUHYTOU THIIOTE3BI BO3MOKHOCTH KOIIAHUS ITPHSIM-
KOB TpPaHIIIeH, KOTAQ 9KCKaBaTop IlepeMelniaeTcs 1o ce-
peArHEe AMHUK 3aAeraHus TPYyOOIpOBOAA U oOeclieyeH
ITOABMIKHOCTBIO KUHEMATUYECKOM IIeIH, PABHOM IISITH.

OcHOBHBIE pe3yAbTaThl U BBIBOABL. [IpoBepeHHEBIE
HUCCAEAOBAHUSI MOIYT OBITh HCIOAB30BaHBI IIPH pas-
paboTke MHMOPMAIMOHHO-YIIPABASIOIINX KOMIIAEKCOB
IIOABMJKHBIX OO'BEKTOB, B 4aCTHOCTHU IIPU Pa3padoTKe
aBTOMATU3UPOBAHHOW CHUCTEMBI YIIPaBAEHUS ABUKEHU-
eM paboyero o60pyAOBaHUS IKCKABATOPA.
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Puc. 7. Pe3yAbTaThl IPOCTPAHCTBEHHOTO MOAEANPOBaHUS
ABHJKEHHsI paGouyero opraHa 3KcKaBaTopa:
a) He MOAEPHU3MPOBAHHBIN
3KCKaBaTtop M12-3-2-2-2-11;
0) BKCKABaTOP C BO3MOXKHOCTHIO IIOBOPOTA
ceKiui crpeAabsl M12-3-2-8-12-1-3-3-12;
B) SKCKABaToOp C BO3MOKHOCThIO ITIOBOPOTA
KoBma M12-3-2-2-2-3-11;
I) IpU OTCHINKE IPYHTA
B OTBaA 3KCKaBatopoMm M12-3-2-8-12-1-3-3-12
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GEOMETRIC MODELING
OF THE PROCESS OF DIGGING TRENCH
PITS DURING PIPELINE REPAIR

When performing work on the repair of the pipeline, the main machine designed
for digging trench pits is a single-bucket excavator. Pit digging currently uses two
excavators moving along the pipeline in parallel directions. In order to increase
the efficiency of digging pits, it is necessary to check whether it is possible to dig
pits with only one excavator located in the middle of the pipeline, as well as to
dump soil info a dump located on both sides of the excavator's line of motion.
Cases are considered when pit digging is performed by a non-modernized single-
bucket excavator, an excavator with the ability to rotate the boom section and
an excavator with the ability to rotate the bucket. The full cycle of the process of
digging a pit with dumping of soil into a dump is also considered. On the basis
of the research carried out, an algorithm for automated control of the movement
of the excavator bucket when digging trench pits is developed. The results of
computer simulation of the movement of the excavator manipulator when digging
trench pits are presented.

Keywords: movement synthesis, excavator arm mechanism, geometric modeling,

pipeline repair, computer simulation of movements, output link.
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