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Y MEJIKOM PEMOHTE Ha JKeJIE3HOIOPOXK-
HBIX MYTSIX (3aMeHa II1aJIbl, YIJIOTHE-
Hue OajuiacTa u T. T1.) He 000MTHCH Oe3
MOBCEIHEBHOIO MEXaHM3UPOBAHHOI'O ITyTEBOTO
MHCTPYMEHTA, KOTOPHIM MOXKHO IT0JIb30BaThCI,
HE OCTaHABJIMBAsI IBMXKEHUSI TIOE3/10B.

K MexaHU3upoBaHHOMY ITyTEBOMY MHCTPY-
MEHTY OTHOCST [2]: IIMaJonoa00iiKu, peibco-
CBEPJIMIIbHbBIE U PEJIbCOLLTU(OBAIbHBIC CTAHKH,
raiiKOBEPTbI, ITMJIbI, KOCThUIE3a0MBIIMKU U T. I1.
OHH IIMPOKO MTPUMEHSIIOTCSI KaK Ha ITPUCTaH-
LIMOHHBIX TYTSIX, TJIe €CTh BO3MOXHOCTbD I1OJTy-
YaTh LICHTPATU30BAHHOE 3JIEKTPOCHAOKEHHE OT
SHEProCUCTEMbI Yepe3 CrielIMaIbHbIE TUTATEIb-
HBbIE ITYHKTBhI, TAK M TaM, TJI¢ TAKUX ITyHKTOB HET.
B nociaeaHeM ciiydae MICTOYHMKOM TOKA yallie
BCEro CTAHOBUTCSI HEOOJIbIlAsK ITePEaBIKHAST
3JIEKTPOCTAHLIMSI.

Ha ocHoBe u3yueHus1 KOMILIeKca padoT,
BBINOJTHSIEMbIX ITPY ITOMOILM ITyTEBOTO MHCTPY-
MeHTa, ObLI IPOBEICH CPAaBHUTEIbHbII aHAIN3
9KCILUTyaTalIMOHHBIX XapaKTEPUCTHK IITUPOKOTO
CIIEKTpa MeXaHM3UpOBaHHbBIX cpencTs. [1o pe-
3yJbTaTaM aHajli3a MOXHO CleJIaTh BBIBOJ
0 TOM, 4TO 3JIEKTPOILIIAJIONOA00MKA SIBJISICTCS




HauMEHee TEXHOJOTUYHBIM WHCTPYMEHTOM,
TpeOyIOIMM OT MOHTEpA MyTH 3HAYUTEIIbHBIX
(buzmueckux 3arpar.

CrienmyeT Takke OTMETHUTD, YTO OTIepaIiiy 1o
YIUIOTHEHUIO OajiacTa Mpy MIOMOIIH JIEKTPO-
IITTAIOTIONOONWKY OKAa3bIBAIOT CAMOE HEeTaTHB-
HOE BO3/EiCTBME HA OPraHU3M MOHTepa. Tak,
paboTa € MEKTPOIINATIONOAO0NKOIM BbI3bIBAET
y Hero crietiiduueckre 00e3HM, 00YCITOBICH-
HbIe cuibHOM BuOparueit [3]. Kpome toro,
B TIPOLIECCE TPY/Ia MOHTEP ITYTH MPOXOIUT 32
CMEHY MyTh 3,5—4 KM, IepeHOCS] MHCTPYMEHT
Ha pyKax, COBEpIIIaeT MHOTOKPATHbIE HAKJIOHBI
¥ pa3rubaHuisi, CO3MAeT Ha PYKOSITKAX YCUIIHE IO
300 H, mepskuT ycTpOICTBO IIepe co0oii 00en-
MU PyKaM¥ U IPUITOAHUMAET ero Ha 6—20 cM OT
5 no 10 pa3 B MUHYTY.

OueBuIHO, pabOTa, HAaMIpaBIeHHAS HA CHU-
JKEHUE MacChl MHCTPYMEHTA, TIOBBIIIIEHNE MO-
OounbHOCTH, KOMDOpTa Tpyna mpruodpeTaeT
ocoboe 3HaueHue. [Ipruem 3a 5TUM 1 BO3MOXK-
HOCTb MX OBbICTPOIi YOOPKH C ITYTU IMPU ITPOITYCKE
TI0€3/10B, 1 BO3MOKHOCTb SKCILTyaTallK B yCJIO-
BUSIX aBTOHOMHOTO TIUTAHMUSI.

PaccmoTpuM BeITycKaeMyto CepuitHO 31eK-
TPOMITIAJIONIOAOOUKY U Pa3INIHbIE BAPUAHTHI
ee MoziepHUu3almu (puc. 1).

VrpasieHre Takoi INaJIonoadoMKoii ocy-
LIECTBJISIETCS IPU TOMOLIM pyKosTH 1. YIutor-
HEeHUe OajutacTa BBITOIHAETCS MTOAOUBOYHBIM
TOJIOTHOM 4, BUOpaIyst KOTOPOTO CO3MAETCsT
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Puc. 1. CepuiiHas
anekTpownanonogoboika:

1 — pykosiTb; 2 — amopTHU3aTop;
3 — wrekep; 4 — nog6uBo4YHoE
nosioTHO; 5 — BUGparTop;

6 — anekTpoaBuUraresb.

BUOPATOPOM 5 ¢ 2JIEKTpOABUraTeieM 6, IMoJry-
YaIONIMM MUTaHWe depe3 1mrekep 3. st cHu-
XKEeHMSI BUOpalLny, TiepeaaBacMoOii MOHTEPY,
MIPeTyCMOTPEHBI AMOPTHU3AaTOPHI 2.

BrimpaBka myTtu ¢ TTOMOMBKO# Il OCy-
IIECTBIISIETCS YETHIPHMSI HJTA BOCEMBIO 3JIEKTPO-
IIITTAIONIOA00MKAMI OpUTagaMi MOHTEPOB ITyTH
B coctaBe 10 17 genoBex [5]. I1epedyeHs u 1mo-
CJIeIOBATEIGHOCTD TEXHOIOTMICCKIX OTTePALIHiA
YETHIPHMSI IITTATIOITON00MKAMU TIPEICTaBICHBI
Ha puc. 2.

IIporiecc yroTHeHMs OaacTa IIPOUCX0-
JINAT B CJICAYIOIICH ITOCIeTOBAaTeIbHOCTH. DJIeK-
TPOCTAHIIMSI YCTaHABIMBAETCS Ha 00OYMHE
3eMJISTHOTO TTOJIOTHA Ha PACCTOSIHUM HE MCHEe
2 M OT KpaifHero pejibca. MeTammyecKuii Kop-
ITyC JIEKTPOCTAHIIAN 323 MIISIETCS TTPH TTOMOIITA
3a3eMJTUTEIISI, KOTOPBIN Ha MecTe paboT 3a0M-
Baetcs B3emmo. Lllnanonondoiiku mooyepeaHo
MMOIKJTIOYAIOTCST K JIEKTpUIECcKoit cetu. Bo
BpeMsT pabOTHI MOHTEP ACPXKUT IITTAIOIIOA00 -
Ky Tiepen co0oit 00eMMI pyKaMU 32 PYKOSITh.
[1pu 5TOM OH He TOJDKEH Ype3MEPHO JaBUTh Ha
PYKOSITKM M HaBaJIMBaTbCS Ha MHCTPYMEHT
koprycoM. [TonGuBKa Kaxaoi 1mmaibl Mpor3-
BOIMTCS BCEMM IITAIONON00NKAMI OTHOBpE-
MEHHO. YIIOTHEHHE OajiacTa JOBOTUTCS IO
COCTOSTHMSI, KOTIIa TTOIOMBOYHOE TTOJIOTHO TIe-
pecTaeT 3arTyoJIsIThCS B TTOA0MBACMbIi Oa/IacT
1 OMHOBPEMEHHO YBEIMIMBACTCSI MHTCHCHUB-
HOCTb BHOpAIIMM 3JCKTPOIINAIONOI00MKN,
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Puc. 2. Ipa¢pmuk pabot no 35
BbirpasKe MyTy C AepeBsIHHbIMU
wnanamm yetsipomsi SLUIM
Opuranov na LWecTn MOHTEPOB
nyti (m. n.) [1]: 1 — gobuBka
KkocTtbineii (2m. n. N2 1un 2);

2 — OTPbIBKA LUNAasbHbIX SILNKOB

30

25

(4 M. n. N2 3-6); 3 — ycTaHoBKa 20
AOMKparoB, nogbpocka 6annacrta
B SILLMKU 1 NepeMeLleHne 15
pacnpeaennTesibHoi Kopooku
(2m. n. N2 1u 2); 4 — nonbuska 10
wnan (4 m. n. N2 3—6); 5 — puxTtoBka
nyT¥ ruBpaBaNn4ecKuMmn 5

Aomkparamu (6 m. n. N2 1-6);

6 — onpaBka 6annacTHOV NPU3Mbl
(6 M. n. N2 1-6).

Bpems,

MIH

omrymaemasi pykamu MoHTepa. [lmanorronooii-
KU TIepeMEeIIaroTCs K CIICIYIOIICH 1IITaie B pa-
6ouem coctostHuM. [1pu Tiepexome Ha OoJIbIIIe
PACCTOSTHUSI OHU OTKJTIOUYAIOTCS M YOMPaIOTCs
C TIyTU.

K HemocTaTkaM BblIMycKaeMoOl CEpUIHHO
IITTAIONTOA00KY MOXHO OTHECTH: 1) 3aBUCH-
MOCTb OT MICTOYHHMKA 3JICKTPOSHEPTUN, YTO He-
TaTUBHO CKa3bIBacTCS HA MOOMJIBHOCTH; 2) He-
00XOAMMOCTbh MHOTOKPATHOTO TTOBTOPECHUS
oIepalnii TPy TTONOMBKE TIOJIOTHA; 3) 3HAYM-
TeJIbHAsI Macca JUIsl pPyYHOTO MHCTPYMEHTA;
4) aMOpPTH3aTOPHI PACTIOIOKEHBI MEXKITY PYKOSI-
TBIO 1 BUOPATOPOM, UTO IIPUBOIUT K 3HAUNTE T~
HBIM BUOpAIsIM TIpHA paboTe; 5) BO3MOKHOCTh
TTOPaKEHMST PAOOIMX JICKTPUICCKIM TOKOM.

M3BecTHBIC BapraHTBI MOICPHM3ALIH ITITIa-
JIONOAOOMKY [6—8 1 Ip.| OTHOCATCS, B IIEPBYIO
ouYepeb, K IMTOBBIIIICHHIO TOJTOBEYHOCTH pabo-
Yero aJieMeHTa (IMoA0MBOYHOTO TIOJIOTHA) U HEe
OKa3bIBAIOT CYIICCTBEHHOTO BIMSHUS Ha 2¢-
(beKTUBHOCTH ITpolIecca yITIOTHEHMSI OaracTa.

IlepBrIit paccmMaTpuBaeMblii BApUaHT MO-
JIePHU3ALINH 3JICKTPOIITIATIOITOI00MKHY 3aKITFO-
YyaeTcs B 3aMEHE TUIOCKOTO TTOI0MBOYHOTO TI0-
JIOTHA Ha KJIMHOBOU moaboitHuk (puc. 3).
AHAJIOTOB ITPUMEHEHNST KITMHOBOTO TIOM0OHI -
Ka B OTEYCCTBEHHOM M 3apyOeKHOI TTPaKTUKe
B JaHHBIII MOMEHT He cyiiecTByeT. KoHcTpyK-
THUBHO OH IIPENICTABIISIET COOO0I BUOpaTOp HEHa-
IpaBJICHHOTO neiicTBUs. BHyTpM Kopiryca 4
pacmoyioxkeH JaebanaHc 3, Bpalllaroluiics Ha
Bajy 1. [1pu ero BparieHnM BOZHMKAET HEYpaB-
HOBEIIICHHAsI IICHTPOOEXKHAS CUjla MHEPIIM.
Bayn HaxomuTes B IBYX IMMOAIIAITHUKAX KAYSHUST
2, TIOCaXKEHHBIX C HATSTOM B KOPITyCE KITMHOBO-
ro rnoaodoitHuka. Ban nonboitHuKa 1 Ba dJ1eK-
TPOIBUTATEIISI COCMMHEHBI MEXKIy CO0OIt BTY-
JIOYHOM MY(PTOI CO IIINIIEBBIM TTOCaTOUHBIM
OTBEPCTHUEM.
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Vuacrok myTtn 10 mman

OmHUM 13 OCHOBHBIX TTapaMeTPOB IITIaIOo-
TIOIOOMKM SIBJISICTCS 3HAYCHME BEIHYKIAIOIICH
cwiel [1, 2, 5]. PacueT mo MeTomuke, M3I0XKEH-
HOI B [5], mokasai, 4To 3aMeHa IJI0CKOTro MO/~
OGMBOYHOIO I10JIOTHA HA KJIMHOBOM ITOA00IHUK
TIPUBOINT K YBEIMUCHUIO 3HAYCHUST BBIHYKIA-
foreii cvutbl ipuMepHo Ha 30%. Pacuer HanGo-
Jiee OTBETCTBEHHBIX 2JIECMEHTOB ITOA0OMHIKA
(meGanmaHca W TMOAIIMITHUKOB KAYeHUS) C MC-
nonb3oBaHreM cpebl SolidWorks 1 MmeTomuk [9,
10] BBISIBIIT HAJIMIMe MHOTOKPATHOTO 3a1maca Mx
TIPOYHOCTH 1 JOJITOBCUHOCTH.

Kpome Toro, Tipu mpemBapuTeIbHOM aHATIH-
3¢ CXeMBI pabOTHl KJIMHOBOTO ITOA0OMHMKA
HaM¥ OBbUTH BBISIBJICHBI CJICAYIOIINE IIPEUMYIIIe-
cTBa: 1) omHOBpeMeHHasI TTOIOMBKa OasuacTa
TIOJI IBE IIITIAJTBI; 2) BEPTUKATBHOE 3arTy0IeHIe
TMOIOMBOYHOTO KJIMHA; 3) HA OCHOBE OTHOBpE-
MEHHO TTOMOMBKM IBYX IIITAJT B IBa pa3a Io-
BBIIIACTCS IIPON3BOIUTETLHOCTD JIEKTPOIIITIA-
JIOTTON00#KY; 4) CKOMIICHCHUPOBAHHBIC CHIIBI
TOOOWBKY TIO3BOJISIIOT OCYIIECTBIISITH PaBHO-
MEpHYI0 TTOAOUBKY Oaiiacta; 5) nedanaHc
YCTaHOBJICH BHYTPH ITOI0OITHIKA 1 MAKCUMAJTh-
HO TIPUOJIKEH K 30HE YIUIOTHEHUS,, YTO TTOBBI-
maeT 3¢(MEKTUBHOCTH PabOTHI 1 3HAYUTEITLHO
CHIWKAET YPOBEHb BUOpALIUU.

I[IpyMeHeHNEe KIMHOBOTO ITOA0OMHNKA
TpeOyeT CYIIIeCTBEHHOTO M3MEHEHNS KOHCTPYK-
1y mnajgonondoviku. Hanprumep, Moxer mo-
TpeOOBaThCA BepTUKAIbHASI YCTAHOBKA 3JICK-
Tpompuraresist. [1omoOHbIi BapuaHT MU3MEHEHMST
KOHCTPYKIIMHU IITAJIOIOA00MKN OB TaKXkKe
popadoTaH, HO TI0 PsIy IPUINH OTBEPTHYT
¥ B JAHHOI CTaTbe HEe TIPEICTaBIICH.

Bce Bbinmyckaembie CepUifHO HITATO0NOA00M -
KU OCHAIIAIoTCS TpeX(a3HbIM 3JIEKTPOIBUTA-
TeJIeM ¢ KOPOTKO3aMKHYTBIM POTOPOM. DTO
HaKJIaabIBaeT 3HAYMTEIbHBIC OTpaHUMYCHUS Ha
CBOOOTY TIepeMEIIICHIST MOHTEPA TTYTH.
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JUTs T TaHKS IITTATONION00EK, KaK IPaBUIIO,
TIPUMEHSIETCS TU3EbHBIN MM OCH3MHOBBIN
re”epatop [1, 2], npu aToM OoJblIIOE KOJUYe-
CTBO BPEMEHM TPATUTCS Ha IIOATOTOBKY K pabo-
Te, YCTAaHOBKY TeHepaTopa W IMOIKIIIOYeHHE
Kabedeit [4]. Te e IeHACTBUST TIPUXOIUTCS BbI-
TIOJTHATH TIPU TIEPeXoe ¢ OMHOIO yJacTKa Ha
npyroii. Kpome toro, 110601 nmepeHOCHOM MH-
CTPYMEHT C 3JIEKTPONPUBOJOM JTOJIKEH 3a3EM-
JIIThCSA OTACIBHBIM IIPOBOJOM OT KOpITyca
3JIEKTPOIBUTATEIIS VI Yepe3 YeTBEPTHIN IIPO-
BOJI YETHIPEXKMUIIBHOTO KaOeJIsl.

OCHOBHBIM (PaKTOPOM, TTPEICTABIISTIOIITIM
OITACHOCTb ITPU pabOTe C 3JICKTPOILITIAIOIOI -
OoiKaMM, SIBJISIETCS HAIIPSDKEHNE UCTOYHIKA
syeKTpocHa0xeHUs. [T0CKOIBKY 31eKTpOI-
BUTATEb 3JIEKTPOLINAIONOA00NKY Tpexdaz-
HBIH, TO Ha 3JIEKTPOCTAHLINY YCTaHABINBACT-
csa HanpsokeHue 400 B, Torma Kak 6e30ImacHBIM
HaIpsDKeHUEM T YeJIOBeKa cuMTaeTcs 12—
36 B. ITosToMy npu paGoTe C 3JIEKTPOLLIIATI0-
noadoiikaMu HeoOX0AUMO COOJII0IaTh XKECT-
KM€ IpaBujia 3JIEKTPOOE30ITaCHOCTH.

J1s yeTpaHeHYs TTepedrCIICHHBIX HeIoCTaT-
KOB IIpejiaraeTcs 3aMeHUTh 3JIEKTPOIBUTATEITH
Ha OCH3MHOBBIM BHYTPEHHETO CrOpaHUs. DTO
Hen30eKHO MOBJICYET 32 COOO0M 3HAUMTEIbHbIE
W3MEHEHMS B YCTPOMCTBE IITAIONOI00MKHI
BILTOTH JIO Pa3pabOTKH aOCOTIOTHO HOBOI KOH-
CTPYKLIIH, He UMEIOIIe aHasioroB. OIHAKO IpU
BCEM TPYIOEMKOCTH U CIIOKHOCTHU CTaIUU ITPO-
EKTHUPOBAHUS y>Ke BUITHBI 3HAUNTEITEHBIC «ILUTIO-
ChI».

OIHMM U3 TJIaBHBIX TIPEUMYILIECTB OEH3U-
HOBOU INTIAJIOTIOA00MKY SIBJISIETCS BBICOKAS
MOOMITBHOCTB. Kpome Toro, 0Ha 5KOHOMIYECKH
11e71ecoo0pa3Ha mpy padoTax Mo 3aMEHE OTAE b~
HBIX II1a1. [ToMoXuTe TbHBIM CBOMCTBOM KOH-
CTPYKIIU MOXKET CIMTAThCS W HATMYNE B IBU-
rateyie LeHTpoOexXHOoU MydThl. [TpuHLMIT ee
JIEeCTBUS B TOM, UTO IIPU HU3KOM YacToTe
BpalllcHUS Bajia 3JIeKTPOIBHTATEIIS (Ha «XOJI0-
CTOM XOJIy») OHa He TepeaaeT KPYTSIIEero MO-
MeHTa. [1py yBeIMUECHUM 9acTOTHI BpaIlCHUS
BCce HA00OPOT — M 3TO IMO3BOJISET HE TIIYIINUTH
JIBUTATENIb TIPU TIEPEXOHe OT OTHOM IIITajIbI
K IpyTroii, 10O TOCTATOYHO OTITYCTUTH PYUKY
YIIpaBJICHUS APOCCETHLHOI 3aCIOHKOM, 1 IICHT-
pobexkHas MmydTa BBIKJIIOUYUTCS, BUOpaLIUs
IIMTAJIOITOA00MKY TIpeKpaTUTcs. Brimre KoM-
(opT paboThl MOHTEPA ITyTH, HUXKE HETAaTUBHOE
BJIISTHUE BUOPALIMIiA Ha opraHn3M. MomepHu3a-
VS TIO3BOJIMT CHU3UTH ¥ MAcCy IITIAJIONOI00M-
KU 3a CYET TOTO, YTO JBUTATEIIb BHYTPEHHETO
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@ @ @ @ @

4 | @@ oe
22 @@@

Puc. 3. KnuuoBovi nog6oviHuk: 1 — Ban;
2 — nogwunuuk; 3 — gebanaHc; 4 — kopnyc.

CTOpaHUSI ITPY OMMHAKOBOM MOIITHOCTH C 3JIeK-
TpOABUTATEIEM BECUT 2,5—3 KT (B 3aBUCIMOCTH
OT MapKH), a 3JIEKTPOJABUraTe]ib — OKOJIO 6 KL

B xavecTBe mBuTaTeNs IS paccMaTpuBac-
MOI1 IITAJI0NOA00MKN ObUT BBIOpAH OTHOLIM-
JIMHAPOBBIN NBYXTaKTHBIN KapOIOpaTOpHBIi
OCH3MHOBBII IBUTATE]Th BHYTPEHHETO CTOPaHNS
¢ pabounm oobeMoM LmtrHApa 35,6 cm?. To-
JTOOHBIE MOMEIN YCTaHABIMBAIOTCS Ha OCH3M-
HOBBIE€ TAalAKOBEPTHI, BBIITYCKAEMbIE CEPUITHO
OIHMM U3 3aBoJ0B B Kamnyre.

Hamu mpoaHanm3upoBaHbl pa3lIudHbIE
KOHCTPYKITUH IITAJIOTIOA00NKY ¢ TPUMEHEHH -
eM OeH3nHOoBOTro ABurarens. Hampumep, Ha
puc. 4 npeacTaBieH BapuaHT OEH3MHOBOM
IITTATOITOA00MKY C MCITOJIb30BaHKEM TUIOCKOTO
noaouBoyHoro mojiotHa 4. [To cpaBHEeHMIO
C BBINTYCKAeMOI CEpUITHO IITAJIOIOA00INKOI
M3MEHEHA CXeMa PAaCITONIOXKEHUST BUOpAIIOH-
HBIX aMOpTH3aTopoB 1. B cepuitHoi KOHCTPYK-
LIMY BUOPAIIOHHBIE aMOPTU3aTOPhI PACTIONO-
JKEHBI MEXKITy PYKOSITBIO M BUOPaTOPOM, BKITIO-
YaIOIIUM B ceOsI 3JICKTPOIBUTATEITH U TeOajIaHC,
¥ OHA TiepefaeT 3HaYMTeNIbHBIe BUOpALIMU Ha
DPYKOSITh MTHCTPYMEHTA, YTO HETAaTUBHO CKa3bI-
BaeTcs Ha KOMMOPTEe U COCTOSTHUU 3M0POBbSI
MOHTepa ITyTu. B ciyyae mpuMeHeHmst 6eH3M-
HOBOTO JBUTaTessl 2 BO3MOXHa YCTaHOBKaA
aMOPTHU3aTOPOB MEXIY PYKOSITBIO, KECTKO
CBSI3aHHOM C IBUTATEJIEM 1 BUOPATOPOM, TIPEI-
CTaBJISIOLIAM CO0O¥ TebaaHe S, HaXOISIINIACS
B KOpIIyce 1 TIepeIalolInii BUOPAIINIO HEITo-

LUy6uH A. A., Butuyk I1. B., CMonoBuk A. E. BapuaHTbl MOAEPHU3ALUM LLINANONOAG0NKN
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Puc. 4. Lnanonoa6ovika
¢ 6EeH3UHOBbIM
ABUraTesiem v n1IoCKum
noA6GUBOYHBIM MOJIOTHOM:
1 — amopTusarop;

2 — 6eH3UHOBbIV ABUraTesb;
3 — ynpyruii anemeHr;

4 — noa6MBOYHOE MOJIOTHO;
5 — gebanaHc.

Puc. 5. LUnanonog6ovika
¢ 6eH3UHOBbIM ABUraTesiem
U KJINHOBbLIM M0A460iHHNKOM:

1 — pykosiTb; 2 — 6€H3UHOBbII
Asuraresb; 3 — KIIMHOBOM
non6oviHuk; 4 — rnbkwii Ban; 5 —
amopTu3sartop.

CPEICTBEHHO Ha TTOAOMBOYHOE ITOJIOTHO. DTO
3HAYUTETHHO CHITKACT BUOPAIINIO PYKOSITKHI 32
CYeT YBEIMUCHNUS MacChI 3JIEMEHTOB, PACIIONO-
JKeHHBIX IO BUOPAIIMOHHBIX aMOPTU3aTOPOB.
ITockoapKy B mpoliecce paboThI KOPITYC
nebajiaHca coBepIliaeT KojieoaTeIbHbIC TBIKE-
HUS C JOCTATOYHO OOJIBIION aMIIIUTYIOMN
3,2—4,5 MM, TO CIeIyeT 00eCITIEIUTh PAOOTOCITO-
COOHOCTD IITTAJIONIOAOOMKN TP HECOOCHOCTH
Bayia nIBUTaTeNsd M BubpaTtopa. [IpumeHeHune
yIpyroi My ThI B TaHHOM CITyJae Helleaecoo-

® MUP TPAHCMOPTA, Tom 1

<
)

N\
XX

Ry

XA
KKK
K3
%00

o

.
2
%
%%
S0%8
<5

Ve
NN

%

X X
%
X X
%08

RS
S 9.90%%
s
s

8¢
i
9%
5

%

Opa3Ho, TaK KaK KPYTSIIMiA MOMEHT B LLIIAJIO-
nonboiike He3HaumTeseH [1]. TTosromy mpen-
JIOXKEHO MPUMEHUTh PE3MHOMETAIINYECKUIA
YIOPYTHil 3JIEMEHT 3, TIPEeICTaBIISIIOIIII co00it
PE3MHOBYIO BTYJIKY C 3aBYJIKAHU3MPOBAHHBIMU
110 00€ CTOPOHBI METAJUTMYECKIUMM BTYJIKAMU CO
numueBbiMu rtazamu o FOCT 1139-80.

Ha ocHoBe MoznepoBaHus 3HAYEHUIA BbI-
HyXnaroteii crisl B cpene LabVIEW mo meTo-
muke [5] ¢ yaerom manabix BHUMZKT [11—14]
TIOTy9EHO, UTO TSI 3(D(EKTUBHOTO YIUTOTHEHUS
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OajTacTa CKOpOCTb BpallleHMsI IBUTATEIIS TOJK -
Ha HaxomuThes BIipeaesax ot 1600 104000 muH .
To ecTb 1py OOJIBIINX CKOPOCTSIX BpallleHUs
TOoTpeOyeTCsl YCTaHOBKA TOTIOJTHUTEIIHHOM T1e-
penauu (peaykropa). BapuaHTbl MCTIOHEHMS
1LITAJIONOA00MKY ¢ ABUTATETIEM CO CKOPOCThIO
pateHns 8000 MUH' ¥ ABYMSI pa3IMIHBIMU
TUTTAMH 3yOJaThIX Iepenad (IIpsiMo3yooit 1In-
JIMHAPUYECKON M KOHUYECKOI) ObLIM TaKXKe
paccyuTaHbl (C UCMOJb30BAHUEM METOIUKU
[15]) 1 mpoaHanM3MpPOBaHBL.

B pesymnsrate ycTaHOBICHO, YTO TIPHMMEHE-
Hue OEH3MHOBOIO JBUTATEs ¢ YaCTOTOM Bpa-
meHns 10 4000 MuH' 6oJtee MPeIITOYTUTETEHO,
B 3TOM cCJIy4yae YIpoIIaeTcs] KOHCTPYKIIUS
IIITAJIONIOA00MKM (KaK CIIeACTBHE — ITOBBIIIIA-
€TCs1 HaJIeXKHOCTb), HUXKE €€ Macca U ce0ecTor-
MOCTb.

Tak kak och BpallieHusI Bajia IBUTATEJIS U OCh
BpalllcHUS Bajia aebajlaHca pacITOIOXKEHBI IO
yroM 90°, TO paLMOHAIBHBIM PELICHUEM UTSt
repeaayu KpyTSIero MOMEHTA IMPeACTaBISIETCS
ruokuii Baji. [ToMrumo mpoyero oH OyAeT KOM-
TIEHCUPOBaTh CMEIICHNE KJIMHOBOTO TTOI00M-
HUKa OTHOCUTEJTEHO IBUTATEIST, BOSHUKAIOIIEEe
BCJICICTBUE BUOpALIMU AedalaHca.

Ha puc. 5 npeacraBieH COBMEIIEHHBII U3
TPENCTaBIEHHBIX HA pUC. 3 U puc. 4 BapuaHT
OEH3MHOBOI ITAJONOA0ONKMU ¢ UCMOJb30Ba-
HUEM KJIMHOBOTO MOJ0OMHUKA 1 THOKOTO BaJia.
IMonobHast KOHCTPYKIIMSI HE UMEET aHAJIOTOB.
Ha ocHoBe nipeBapyTeTbHOTO aHAI3A €€ TTPH-
MEHEHUE JOJIKHO O0ECIeuuTh CIIenyIolre
npeumyilecTna: 1) aBTOHOMHOCTb U MOOMJIb-
HOCTB pabOThI; 2) COKpallleHUE 3aTpaT BpeMeH!
Ha TIOAOMBKY; 3) BOBMOXKHOCTb UCTIONBb30BAHUS
CMEHHBIX HAKJIANOK; 4) oBbIIIeHUe 3(D(PEeKTUB-
HOCTH YIIJIOTHEHMSI 32 CYET pa3MelleHus neda-
JIaHCa B ITOI0OMHMKE; 6) yiIydlleHHbIE BUOpa-
LIMOHHBIE ToOKa3aTe/n; 6) CHIKEHHAst Macca.

BbIBOAbl

PaccMoTpeHo HeCKOJTbKO BAPMAHTOB MOIEP-
HU3a1MH BBITYCKAEMOI CEPUITHO 3JIEKTPOILIA-
Jionondoiiku. B ciydae mpuMeHeHMsT KITMHOBOTO
noAOOMHUKA MOXKHO TOOUTHCS 3HAYUTETbHOTO
TIOBBIIICHYST TTPON3BOIUTEIBHOCTH 3TOTO BHIA
MyTeBOro MHcrTpyMeHra. I[1py Mcronb30BaHuU
B Ka4eCTBE CUJIOBOI YCTAHOBKU JIBUTATEISI BHY-
TPEHHETO CTOPaHMSI BeJIKa BEPOSITHOCTh CYIIIe-

CTBEHHOT'O TIOBBIIIIEHHSI MOOMTEHOCTH IIITIAJIO-
Moa00iKK, 6e30MacHOCTU U KOM(OpTa MOHTEpa
MyTU. DTU (paKTOPBI TAKXKE KOCBEHHO BIIMSIIOT Ha
YBEJIMYEHUE TIPOU3BOIUTETLHOCTY TPY/Ia.

B ciydae nmprMeHeHNST M KIIMHOBOTO TIOM-
0OiTHMKAa, 1 OEH3WHOBOTO JABUTATEIST MOXHO
TOBOPHTH O CO3IAHUM MPUHINITNAIBHO HOBOM
MOJIEIN IIMaa0MnoA00HKN, 00beAUHSIOLLEH
B ceOe BCe MPEUMYIIECTBA IBYX ITPEIbIIYIIIX
BapUaHTOB MOICPHMU3AIINN.
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DESIGN AND ANALYSIS OF TRACK PACKING MACHINE MODERNIZATION
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ABSTRACT

Variants of comprehensive modernization of
mass-produced electric packing machine are given
that improve vibration performance and mobility,

increase productivity and labor safety when perform-
ing repair work on tracks. As an optimal design a new
modelis proposed that combines wedge-like swage
and gasoline engine.

Keywords: railway, repair operations, electric packing machine, modernization, performance, safety,

vibration, design with a gasoline engine.

Background. Repairing railway tracks (replace-
ment of sleepers, ballast consolidation, etc.) it is
impossible to do without mechanized track instru-
ments, which can be used without stopping train
movement.

Mechanized track instruments include [2]: pack-
ing machine, rail boring and rail-grinding machines,
screwdrivers, saws, spike hammers etc. They are
widely used on near-station tracks, where which it is
possible to obtain centralized power supply from
electric power system through special in-feed points,
and where these points are absent. In the latter case,
a small mobile electric power station often becomes
a source of current.

On the basis of study of a set of works, performed
by means of track instrument, a comparative analysis
of performance of a wide range of mechanized equip-
ment was conducted. According to the analysis, we
can conclude that the least technology-savvy instru-
ment is electric packing machine, which requires
considerable physical efforts from track serviceman.

Objective. The objective of the authors is to ana-
lyze design and ways for track packing machine
modernization.

Methods. The authors use general scientific and
engineering methods, modeling, comparative analy-
sis, graph construction.

Results. /t should also be noted that operations
on ballast consolidation by means of electric packing
machine have very negative effects on track service-
men. So, work with electric packing machine leads to
specific illnesses caused by excessive vibration [3].
In addition, in the process of labor track serviceman
runs per shift a path of 3,5-4 km, carrying this instru-
ment in hand, makes repeated bending and exten-
sion, creates force on shafts up to 300 N, holds the
instrument in front of him with both hands and raises
it to 6-20 cm from 5 to 10 times per minute.

Obviously, the work aimed at reducing tool weight,
increasing mobility, comfort of work is of particular
importance. In addition, we can talk about possibility
ofa quick removal of the instrument when trains pass,
and the ability to operate in a stand-alone power sup-
ply.

Let’s consider the mass-produced electric pack-
ing machine and various options for its modernization
(Pic. 1).

Control of such packing machine is carried out
using the handle 1. Ballast consolidation is performed
with packing bed 4, vibration of which is created by
an electric vibrator 5 with electric motor 6, powered
via plug 3. To reduce vibration transmitted to track
serviceman shock absorbers are provided 2.

Track alignment with packing of sleepers is carried
out with four or eight electric packing machines by
track serviceman teams of up to 17 people [5]. The
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list and sequence of technological operations with
four packing machines are shown in Pic. 2.

The process of ballast consolidation occurs in the
following sequence. The power plant is installed on
ballast berm at a distance of not less than 2 m from
the far rail. The metal case of power plant is ground-
ed using grounder, which on site is hammered into
the ground. Packing machines are alternately con-
nected to the electric power line. During operation
track serviceman holds a packing machine in front of
him with both hands on the handle. He should not put
excessive pressure on the handle, and lean on the
tool with the whole body. Packing of each sleeper is
made with all packing machines simultaneously. Bal-
last consolidation is brought to a state where packing
bed is no longer embedded into the tamped ballast
and at the same time increases the intensity of vibra-
tion of electric packing machine felt by hands of the
serviceman. Packing machines are displaced to the
next sleeper in operation mode. When going for long
distances, they are disconnected and removed from
the track.

The disadvantages of mass-produced packing
machines are: 1) dependence on the source of elec-
tricity, which has a negative impact on mobility;
2) need for repetitive operations while packing bed;
3) significant weight of hand tool; 4) shock absorbers
are disposed between a handle and a vibrator, which
leads to considerable vibration during operation;
5) possibility of electric shock of workers.

Known modernization options of packing machine
[6-8 et al.] refer, first and foremost, to improvement
of durability of the operating element (packing bed)
and do not have any significant impact on efficiency
of ballast consolidation.

The first considered option of electric packing
machine modernization is replacement of a flat pack-
ing bed with wedge-like swage (Pic. 3). Nowadays
there are no analogues of application of wedge-like
swage in domestic and foreign practice. Structurally,
it is a non-directional vibrator. Inside the housing 4
eccentric weight 3 is located, rotating on the shaft 1.
At its rotation appears unbalanced centrifugal force
ofinertia. The shaftis in two roller bearings 2, planted
with interference in the housing of wedge-like swage.
Shaft of wedge-like swage and electric motor shaft
are connected by a box sleeve with a splined mount-
ing bore.

One of the main parameters of packing machine
is driving force value [1, 2, 5]. The calculation by the
method described in [5], showed that replacement of
the flat packing bed with a wedge-like swage in-
creases the value of driving force by approximately
30%. Calculation of the most critical elements of
wedge-like swage (eccentric weight and roller bear-
ings), using SolidWorks and techniques [9, 10] re-
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vealed the presence of multiple reserve in their
strength and durability.

In addition, when a preliminary analysis of the
operation scheme of the wedge-like swage we have
identified the following advantages: 1) simultaneous
tamping for two sleepers; 2) vertical embedding of
tamping wedge; 3) on the basis of simultaneous pack-
ing of two sleepers productivity of electric packing
machine increases twice; 4) compensated tamping
force allow for a uniform tamping of ballast; 5) ec-
centric weight is mounted inside wedge-like swage
and is maximally close to consolidation area, which
improves performance of work and significantly re-
duces the level of vibration.

The use of wedge-like swage requires significant
modification of packing machine. For example, it may
be necessary to perform vertical adjustment of elec-
tric motor. Such an option of changes in design of
packing machine has also been worked out, but for
some reason rejected and is not represented in this
article.

All mass-produced packing machines are
equipped with three-phase electric motors with
squirrel-cage rotor. This imposes significant restric-
tions on freedom of movement of track serviceman.

To supply packing machines usually diesel or
gasoline generators are used [1, 2], with a large
amount of time spent on pre-starting procedures,
mounting of generator and cabling [4]. The same
action is necessary to carry out in case of transition
from one area to another. In addition, any portable
instrument with electric drive should be grounded with
a separate wire from electric motor housing or through
the fourth wire of four-core cable.

The main factor, posing a danger when working
with electric packing machines, is voltage of the
power supply source. Since electric motor of electric
packing machine is three-phase, on the power plant
voltage of 400 V is set, while the voltage safe for hu-
mans is considered to be 12-36 V. Therefore, when
working with electric packing machines it is necessary
to observe strict rules of electrical safety.

Pic. 1. Mass-produced electric
packing machine: 1 — handle;
2 — shock absorber; 3 — plug;
4 — packing bed; 5 — vibrator;

6 — electric motor.

To eliminate these drawbacks it is proposed to
replace the electric motor with gasoline internal com-
bustion engine. This will inevitably entail significant
changes in packing machine up to development of a
completely new design, which has no analogues.
However, in spite of labor intensity and complexity at
the design stage significant «pluses» can be seen.

One of the main advantages of gasoline packing
machine is high mobility. In addition, it is economi-
cally feasible when working on replacement of indi-
vidual sleepers. A positive feature of the design can
be considered the presence of centrifugal clutch in
the motor. Its operation principle is that at low speeds
of the motor shaft (in «idle»), it does not transmit
torque. By increasing rotation speed everything is
opposite, and that makes it possible not to turn off the
engine when the transition from one sleeper to the
other, because it is enough to release controller
handle of gasoline throttle and centrifugal clutch turns
off, vibration of packing machine stops. The comfort
of work of track serviceman is higher, negative impact
of vibration on the body is lower. Modernization will
reduce weight of packing machine due to the fact that
the internal combustion engine with the same power
with an electric motor weighs 2,5-3 kg (depending
on grade), and the electric motor — about 6 kg.

As for the engine of considered packing machine
was selected single cylinder two-stroke carbureted
gasoline internal combustion engine with cylinder
capacity of 35,6 cm®. Such models are installed on
petrol screwdrivers, mass-produced at one of the
plants in Kaluga.

We analyzed different designs of packing ma-
chines with the gasoline engine. For example, Pic. 4
shows a variant of gasoline packing machine with flat
packing bed 4. As compared to mass-produced pack-
ing machine layout of vibration shock absorbers 1 was
changed. In the serial structure vibration shock ab-
sorbers are located between the handle and the vibra-
tor comprising an electric motor and eccentric weight,
and it transmits large vibrations to handle of the instru-
mentthat has a negative impact on comfort and health
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Pic. 2. The schedule of works on track 3

alignment with wooden sleepers by four
electric packing machines by teams of
six track servicemen (hereinafter — TS)

30

[1]: 1 — packing of iron spikes (2 TS N2 1 25
and 2); 2 — trenching of tie spaces (4 TS
N2 3-6); 3 — installation of jacks, filling 20
tie spaces with ballast and replac 1t
of junction box (2 TS N2 1 and 2); 15

4 — packing of sleepers (4 TS N2 3-6);

Z{ “
1;" 1 é ~

5 — track adjustment with hydraulic
jacks (6 TS N2 1-6); 6 — dressing

(6 TS N2 1-6).
Time,
min
A 2z, 7/ | V2
H//l
, = =
@ @ @ @ @
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Pic. 3. Wedge-like swage: 1 — shaft; 2 — bearing;
3 — eccentric weight; 4 — housing.

of track serviceman. In the case of a gasoline engine
2 shock absorbers can be installed between the
handle rigidly connected to the motor and vibrator,
representing eccentric weight 5, located in the hous-
ing and transmitting vibration tamping directly on the
packing bed. This greatly reduces vibration of the
handle by increasing the mass of elements arranged
to vibration shock absorbers.

Because in the process of operation the body of
eccentric weight oscillates with a sufficiently large
amplitude of 3,2-4,5 mm, it is necessary to ensure
working capacity of packing machine with misalign-
ment of the shaft of the motor and the vibrator. Ap-
plication of elastic clutch in this case is inappropriate,
since the torque in packing machine is insignificant
[1]. Therefore itis proposed to apply the rubber steel
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Track section of 10 sleepers

elastic element 3, which is a rubber bushing with
vulcanized on both sides metal bush with splined
grooves in accordance with GOST 1139-80.

Based on the simulation of driving force values in
LabVIEW environment as described in [5] based on
the data of VNIIZhT [11-14] it was found that to ef-
fectively consolidate the ballast motor rotation speed
should be in the range of 1600 to 4000 min‘'. That s,
at high rotation speeds it will be required to mount
extra transmission (gearbox). Variants of packing
machine with the motor with at a rotation speed of
8000 min-" and two different types of gears (spur and
bevel) were also calculated (using methodology [15])
and analyzed.

As a result it was found that the use of gasoline
engine with rotation speed of up to 4000 min-' is more
preferable, in this case the structure of packing ma-
chine is simplified (as a result — reliability increases),
its weight and cost are lower.

Since the axis of rotation of the motor shaft and
the axis of rotation of eccentric weight are located at
an angle of 90°, then the rational decision to transmit
torque seems to be flexible shaft. Among other things,
it will compensate for the displacement of the wedge-
like swage in relation to the motor arising as a result
of eccentric weight vibration.

Pic. 5 is combined from presented in Pic. 3 and
Pic. 4 version of gasoline packing machine with
wedge-like swage and flexible shaft. This design is
unique. Based on a preliminary analysis its application
should provide the following advantages: 1) autonomy
and mobility of work; 2) reducing the time spent on
packing; 3) use of interchangeable caps; 4) improve-
ment of efficiency of consolidation by placing of ec-
centric weight in wedge-like swage; 6) improved vi-
bration performance; 6) reduced weight.

Conclusions. Several options for modernization
of mass-produced electric packing machine were
considered. In the case of wedge-like swage it is
possible to achieve a significant increase in perfor-
mance of this type of track instrument. When used
as a power plant combustion engine there is likeli-
hood of significant increase in packing machine
mobility, safety and comfort of track serviceman.
These factors also indirectly affect the increase in
labor productivity.

In the case of use of wedge-like swage and the
gasoline engine we can talk about creating a funda-
mentally new model of packing machine that com-
bines all the advantages of two previous moderniza-
tion options.
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Pic. 4. Packing machine with a gasoline engine and flat
packing bed: 1 — shock absorber; 2 — gasoline engine;
3 — elastic element; 4 — packing bed; 5 — eccentric
weight.
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