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Improving the Efficiency of the Machine-building Enterprise on the Basis of Logistics-

Oriented

On the basis of a typical machine-building enterprise the problem of increasing the efficiency of its
operation using a logistics-oriented approach is considered.

The basic processes of production activity within the limits of the concrete machine-building enterprise
on which production, production-sales or supplier-production-sales systems are allocated are defined. The issues
of creating a logistics system at the enterprise and its logistics management in the logistics environment, taking
into account the factors of macro-, meso- and micro-environment. Based on the logistics-oriented approach, the
structure of the enterprise is built, its logistics mission at each stage of production and economic activity is
determined. Within the cybernetic approach, the link of the logistics system is presented as a certain element of
the transformation of material and information flows.

The vector equation of this transformation taking into account the set of characteristic vectors is offered.
It is shown that the set of logistics actions is implemented in the supply, production or sales areas. Criteria for
effective logistics management are defined. Their implementation is given on the example of the minimum total
logistics costs and the maximum profit from all logistics activities. The formalization of the task of effective
logistics management at a machine-building enterprise to minimize overall logistics costs is considered.
machine-building enterprise, logistic action, logistic management system, production, criterion of
efficiency of functioning, logistically-directed approach
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[TigBuieHHs €)EKTUBHOCTI KOHCTPYKIIII KOBAHOT'O
JABOPOTOro raka

3anpornoHoBaHe BJIOCKOHAJEHHs BaHTaXHUX JBoporux rakiB ['OCT 6628-73, ske TeopeTHYHO
JI03BOJISIE 3MEHIINTH Macy Ha 7% mnpu 30epe)eHH] eKcIuTyaTaliifHux BiaactuBocreil. [IpoBeneHo aHani3 BILIMBY
(hopMHu KOBaHOT'O JBOPOTOro raka Ha Horo edekTuBHicTh. [100ymoBaHa MOAEb Ui BUBYCHHS HAIPY>KECHO —
Je(OPMOBAHOTO CTaHy KPAHOBOI'O raka B yMOBaX MaKCHUMAallbHOTO HABAaHTA)KCHHS, IPUAATHA JIO YTBOPCHHS
KOH(]irypaiiii HomepiB raka. BuzHaueHi HalilMCHIII HABaHTa)KEHI CJIIEMCHTU MOJEII 3a JOIIOMOTO0 Bizyautizarlii
PO3MOIIICHUX HAMPYKEHb.
BAHTAKHUI Tak, KOHpirypamisi MoeJti, TBepIOTL/Ia MOI€e)Ib, HANIPY:KEHO — TepopMoOBaHMii CTAH

©T. . MoptroB, A.A. Tuxuii, B.B. Jlapienko, B.B. Ilykanos, 2022
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IloctanoBka mnpodaemu. ['aku, omHOpPOri Ta JABOPOTi - HAMOUIBII MOIIMpPEHI
BAaHTA)K03aXOIUTIOIOUl MPUCTPOI y KpaHax 3araibHOro mpu3HadeHHs. J[Bopori raku ['OCT
6628-73 3a  dopmoro 1  eKCIulyaTalliiHUMHM  TOKa3HUKaMH  (CITIBBiTHOIICHHS
BaHTAKOIITHOMHOCTI 1 BJIaCHOI Barw), BIAPI3HSAIOTHCSA BiJ KPAHOBUX TakiB, sKi BUKOHaHI 3a
crangapramu DIN [1 - 5]. BrtuB (hopmMu KOBaHOTO OJTHOPOTOTO T'aka Ha MOro eeKTUBHICTh
npezcrasiaeHo B poboti [10]. Teopernuni po3paxyHKH rakis, K KPHBOJIHIHHOTO Opyca He
JAI0Th MOXJIMBOCTI OTPUMAaHHSA OJHO3HAYHUX PIIIeHb 100 (GOpMU POOOUYMX IMOBEPXOHb.
CyuacHl TporpamMu MOJICTIOBaHHSI TBEPAOTUIBHUX OO0’ €KTIB JIO3BOJIAIOTH TPOBECTH aHAII3
KOHCTPYKILIIH, BUKOHAHUX 32 CXEMOIO KPUBOJIIHIHHOTO Opyca 3 TOYHICTIO OUTBIIONO, HIXK Ta,
1110 JI03BOJIEHA TEOPETHUHUM po3paxyHkom [14, 15]. Ile ma€ MOXKIUBICTh CYTTEBO MOIMIITHTH
e(eKTUBHICTh BHUKOPUCTAHHS MaTepiady Traka LIUISXOM BHUKIIOUEHHS 13 KOHCTPYKIIi
MaJOHABaHTAXEHUX JUISHOK.

AHaJ3 oCTaHHIX J0C/iIxKeHb i myOaikaniii. AKTyanbHICTh IPOOIEMHU TiABUIICHHS
e(EKTUBHOCTI KOHCTPYKI[il KOBAHOTO JBOPOrOro raka obrpyHroBana B pobotax [8, 10].

HBopori raku ['OCT 6628-73 3a ¢opmoro 1 eKcrulyaTaliiHUMU TOKa3HUKaMHU
(criiBBiHOIIIEHHST BAHTAKOITIIHOMHOCTI 1 BIACHOI Baru), BiJAPI3HAIOTHCS BiJ KPaHOBHX TaKiB,
siki BuKoHaHi 3a crangapramu DIN [1 - 5] (puc.1).

ds

.

I
Pucynox 1 — Koncrpykuist i po3mipu rakis Tuna RS, RSN, RF, REN DIN 15402

Jocepeno: [4]
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[TopiBHAHHS CBITOBMX CTaHAApTIB JBOporux TrakiB [2, 4, 5] mnokaszye cyTTeBy
BIIMIHHICTh €()EKTHBHOCTI BUTpaTH MaTepiaJly TpH OJHAKOBUX KJacax 1 Tpymnax
Kiacudikarii.

VY nmocmimkenni [6, 7, 9] oOrpyHTOBaHAa MOKJIMBICTh BIOCKOHAJICHHS KOHCTPYKIIii
OJTHOPOTOrO KpPaHOBOTO Traka 3a paxyHOK 3MiHHM (opMu mepepidy OKpEeMHUX YacCTHH.
[IpeacraBnena MeToAWKa MOCTIIKEHHS Oylia BUKOpPHUCTaHA TMPU 1HXXKCHEPHOMY aHai3i
JIBOPOTOTO TaKa.

IMocTranoBka 3aBaanHus. [IpoBe/cHHS aHaNi3y JBOPOTHX KOBAHUX KPAHOBHX TaKiB
I'OCT 6628-73 [2] 3 MmeTor0 miBUIIEHHS e()ESKTUBHOCTI X KOHCTPYKIII.

BuxJiax ocHoBHOro Martepiaiy.

Jlyis BUBUEHHS HANpPyXEHO — JAePOpPMOBAHOTO CTaHy KPAaHOBOTO Taka B yMOBax
MaKCHUMaJIbHOTO HaBaHTaXeHHs B mporpami SolidWorks mobynoBana mojenb, npuaaTHa a0
yTBOpeHHs KoH(pirypartiit Homepis raka 3a 'OCT 6628-73 (puc. 2).

_—

Moprupafiams

70 [OCT 210575 A-A
r b, r
N
7
; A
-~z
AN /
N1
47
5=h b

Pucynok 2 — Koncrpykitist i po3mipu mojedni 3arotoBku raka [OCT 6628-73
Jocepeno: [2]

Yci koHbirypaiii Mojei reoMeTpruyHo moioHi (puc. 3).

BianosigHo 10 Teopii reoMeTpUYHOT MOXIOHOCTI CITiBBigHOIICHHS 00’ eMy (Macu M )
MOJIeli 10 oro XapakTepHoro po3mipy D:

M~D?, 1)

ne D — xapakTepuuii po3mip (puc. 1);

M — maca raka.

CrymneHeBa 3aJeKHICTh JiHII TpeHmy BiamoBimae cmiBBigHomenuio (1): y = 5E-
05X?*%8 3 pemmknm crynenem gocroBiprocti R? = 0,9962.

BucHOBKM 110710 OJIHIET MOEN MapaMeTPUYHOTO Py KOH(Irypaiiil MoXyTh OyTu
PO3TMOBCIOKEH] Ha OYb SIKY MOJEIb IIbOTO PSAY.
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Pucynok 3 — 3B's130k Macu rakis 3 niamerpoM 3iBy D (M moq - Maca Mopenei;
M - Maca raxiB 3a tabnunero FOCT 6628-73)
Hoicepeno: pospobaeno asmopamu

Hanpyxxeno — nedopmMoBaHuii cTaH Mojenel BH3HAUABCS 3a JOMOMOTOIO JTOJATKY
Solidworks Simulation, «Cratuunwuii ananiz» [11, 12].

Jlns mpoBenieHHs AociKeHHs oOpaHa monenb raka Neld 'OCT 6628-73.

Maca monem M = 574,26 xr.

Marepian ngerani - "[Ipocta ByrneneBa cramb” (0iOmioreka matepianiB Solidworks
materials). Tun Momesni Matepiany: TiHIHHUMA, 130TPONHUMA, TPYKHUK.

o, = 202,6 MIla (o Mises).

Kputepiem nmnst miarpamu KoedillieHTa 3amacy MIIHOCTI BHKOPHCTAHO KpPUTEPid
MaKcHMallbHe HanpyxeHHs mo Mises [13,16].

VYci HamamrtyBaHHS TIpOrpamMu MPUKUMAIOTHCS 3a 3aMOBUYYBAHHSM, KpIM TapaMeTpiB
KIHIIEBO — €JIEMEHTHOI CITKHU.

SIK pe3ysbTaTH pO3paxyHKy pO3IJISHYTI HACTYIIHI JAlarpaMu:

- HampyeHHs VOnMises;

— mepeMilieHHs cyMapHe (pe3ynbTyroue);

- necopmallisi €KBiBaJICHTHA;

- koedimient 3amacy mirnocTi (FOS).

HamnpyxeHo—aedopmoBanuii cTtaH Mojeleld BHU3HAYaBCsA JUIs  JIBOX BapilaHTIB
HAaBaHTAKCHHSI.

1. Nel. HaBanTakeHHs Ha oOMJBa POTM raka pO3NOJUIAETbCS piBHOMipHO. Ha
KOJKeH pir mie HaBaHTaxkeHHs Bix G/2, cnpsmoBane mig KytoMm o = 45°3rigHo 3 (puc. 4).
3urauenns G obupanocs 3 Jomatky 'OCT 6628-73 mist MamvH i MEXaHi3MiB 3 MAIIHHHUM
HPUBOJIOM 3 TSHKKHM PEKUMOM pOoOOTH.

89



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part |

P-G/2 cos

Pucynok 4 — Po3paxyHkoBa cxema raka (a); 30BHIIIHE HABAHTAXKEHHS «Ha 00’ exT» Bif 3ycumis P (0) 3
3a(hikcOBaHMM KpIIUIEHHSIM XBOCTOBHKA
Jlocepeno: [T]

2. Ne2. Banrax migBimenuit Ha oauH pir (puc. 4). 3nadyenns Banraxy G/2, ne f -
KyT HaxXwuily raka, 10 BU3HAYAEThCs rpadivHo (Ha ONHIM BEpPTUKANI PO3TALIOBYIOTH ICHTP
KOJIa HAaBaHTaKEHOTO 3iBa raka i IEHTP MOBOPOTY 0001MH (TOYKa MEpPEeTHHY Ocel OJIOKIB i
xBoctoBuka). B nomarky Solidworks Simulation, «CraTu4nuii ananiz» po3paxyHKOBa cxema
3 3a(iKCOBaHMM KpIIUIEHHSIM XBOCTOBHKA 3a TOPIIl THMYAacCOBO YTBOPEHOI OOOWIIKH
npuiiMae BUTIIA, MIOKa3aHUH Ha puc. 5, 0.

a §)

Pucynok 5 — Po3paxyHkoBa cxema raka (a); 30BHIIIHE HABAHTAXKEHHS «HA 00’ €KT»
Bix 3ycwmist G/2 (6) 3 3adikcoBaHUM KPIiTUTEHHSIM OOOHIIIKHA XBOCTOBHKA

Joicepeno: [T]

Bu3HaueHHs HallMEHIII HABAHTAXKCHHUX CJIEMEHTIB MOJIEIIi BUKOHY€EThCS Bi3yasi3alliero
PO3MOIUICHUX HANIPY)KEHb 3 BAKOPUCTaHHAM iHCTpyMeHTa «Design Insight» (puc. 6).
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L

Pucynox 6 — Bizyaumizarist po3mo/IiieHHs Hallpy>KeHb eJIEMEHTIB MOIEIIi IIPH HaBaHTAKCHHI

3a cxemoro puc.4 (a); 3a cxemoro puc.5 (6)
IDicepeno: pospobaeno asmopamu

a

JlocBiz ekcruTyaTamii cTaHIapTU30BaHUX TaKiB BU3HAYHB €PrOHOMIYHICTH IOBEPXOHB

BUPOOIB, SIKI KOHTAKTYIOTh 31 CTPONMMJIBHUM OOJIaJHAHHSAM. TakuM YMHOM KOHTYpPHU TakKiB
3MIHAM HE MiUISTarTh.

I'eomeTpuuHi CITiBBITHOLICHHST PO3MIpIiB Mepepi3y TakiB, a TAKOX HAPi3HOI YAaCTHHU
MOYKHA BBa)KaTH BU3HAYCHUMH TEOPETHYHO 1 eKCIIEPUMEHTANIBHO K ONTUMAJIbHI.

OOrpyHTOBaHUM € BUAAJICHHS YACTUHHU MaTepialy cepelHbOl YACTUHM rakKa.

AGpuc  OoTBOpy BHM3HA4aBCA  EKCIEPHUMEHTAJIBHUM  IUIIXOM 3  MIpKyBaHb

hAd

TEXHOJIOTIYHOCTI BUKOHaHHS (puc.7).

/ |

— 17 b3
B

- ]

Pucynoxk 7 — [TapameTpu 0TBOpIB B MOJIEJII raka
Loicepeno: pospobaeno agmopamu

Onrtumizanii mapaMeTpiB OTBOPY BHKOHYBaJacs 3a JIONMOMOTOI «JlocimimKeHHs
npoekTyBanus» SolidWorks Simulation.

3aBmaHHAM «JlOCHiKEHHSI TPOEKTYBAHHS» € OOpaHHsS NapaMeTpiB OTBOpY, IO
3a0e3mnevye MiHIMAJIbHY METaJOEMHICTh KOHCTPYKIIIT TPH 30€PEKEHH] MIITHOCTI 1 )KOPCTKOCTI.
Kpurepiem wminHoCTI npuiiMaBcst Koe(illieHT 3amacy MinHOCTI K (32 MEXEH TEeKy4ocCTi
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matepiany). BBakanocst J0MyCTUMHUM 3HW)KEHHS 3Ha4eHHs K 3HOB po3po0JICHOT MOJeli Ha
5% Bin K mozeni raka TOCT 6628-73 npu cxemi HaBanTaxkeHHst Nel (puc.3).
[Hdopmartist mpo CITKy TBEpOTO Tijla MO MpeacTaBieHa B Tabmwuii 1.

Tabmuusg 1 — [npopmanis npo citky Mozaesi

Tum ciTku CiTka Ha TBEPAOMY Tiji
Bukopucrane po3OuTTs: CiTka Ha OCHOBI 3MIIIIAHOT KPUBU3HU
Touku SIxo0iaHa ISt CITKH BUCOKOI SIKOCTI 16
MaxkcumanbHHUi po3Mip eJeMeHTa 81,9578 mm
MiHiManbHUIA pO3MIp eeMeHTa 16,3916 mm
SIKICTB CITKH Bucoxka

BukoHaHHsS OTBOpY B MOJEJIi 3MIHIOE CIIBBIAHOILEHHS JKOPCTKOCTI i €IEMEHTIB, 110
MPU3BOJUTH JIO 3MIHM KAapTUHHU HaBaHTaXeHHs. [Ipomec oOpanHs ¢dopmu OTBOpY Mae
iTepaniiianii xapaktep. Bubipka NMoOKa3HHKIB HANpyXeHO — Oe(OPMOBAHOTO CTaHy MOJEINi
raka Neld TOCT 6628-73 3 orBOopamu mpu 000X BapiaHTaX HABAHTAKEHHS IPE/ICTaBICHO
3BEJICHUMH Jiarpamamu puc. 8 i puc. 9.

M, ur K
534

.
s HEE N

533 1,10
53
1,00
53
53 0,90
53
B0
] 53
530 0,70

265 270 265 270 265 270 EE-E 270 255 270 2-55 270

(=

20

= R R LU

s
(=}

C,ram

215 220 225 215 220 225
B, nam
150 155 d aam

Pucynox 8 — Jliarpama 3B’s13kiB koedilienTa 3anacy minHocti K'i macu mojeni M
3 mapameTpamu otBopiB (puc.7) npu cxemi HaBaHTaxkeHHs Nel (puc. 4)
Lhicepeno: pospobaeno agmopom
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M , Kr K
534
I I 1,20
534
533 1,10
533
1,00
532
532 0,90
531
0,80
531
530 ,70
265 270 253(:_" MM
215 220 225 215 220 225 220 B, MM
150 155 160 ff, MM

Pucynox 9 — Jliarpama 3B’s13kiB KoeilieHTa 3anacy minHocti K'i macu mojeni M
3 mapameTpamu oTBopiB (puc.7) npu cxemi HaBaHTakeHHs No2 (puc. 5)
Hoicepeno: pospobaero asmopom

Ha ocHOBI pe3ysbTatiB 3MiBCTaBICHHA Jaiarpam puc. 8 1 puc.9 npuitmaemo nmapamerpu
0TBOpIB (pHrc.7) 3 MPUAHATHUMH MOJIIMHU TOIYCKIB 3T1IHO JaHUX Ta0JI. 2, MM.

Ta6nuist 2 — TlapameTtpu oTBOpiB Mojei (puc.7)

d B C
Howminan ['pannune Howminan ['pannune Howminan ['pannune
BIIXWJICHHS BIIXWJICHHS BIIXWJICHHS
+0 +0 -0
155 5 225 .10 265 +5

Ha puc. 10,11 nmpeacraBneHO pO3MOALIECHHS HAIMpPYXXEHb B €JIEMEHTaX MOJEeNl MpH
PI3HHX BapiaHTaX HABaHTAXXCHH 3 MO3HAYCHHIM MIHIMAIBHOTO 3HAUYCHHS KOe(DiIli€HTy 3amacy

minHocTi K.

a

Pucynok 10 — Po3smioftisieHHs HApy>KeHb B eJIEMEHTaX MOJIEN pH cxemi HaBaHTaxkeHHs Nel (puc. 4)
a — mogens raka Nel4 TTOCT 6628-73, 6 - mogens raka Nel4 TTOCT 6628-73 3 oTBOpaMu
Loicepeno: pospobaero asmopamu
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a

0

Pucynok 11 — Po3mo/iiieHHs1 HANPY>KEHb B €JIEMEHTaX MOJEII MPH cXxeMi HaBaHTaxeHHst Ne2 (puc. 5)

a — mozenb raka Neld TOCT 6628-73, 6 - mozenb raka Neld 'OCT 6628-73 3 orBopamu

Jicepeno: pospobneno asmopamu

B Tabnuui 3 mpeacTaBieHi MOKa3HUKH HAMPYKEHO-Ae(POPMOBAHOTO CTaHy MOJenen
raka Neld T'OCT 6628-73 6e3 orBopiB i 3 orBopamu (Tabm.2) Tpu pI3HHX CXeMax

HaBaHTaXCHHA.

Ta6muis 3 — [Toka3HUKK HATIPYKEHO-1€(POPMOBAHOTO CTaHy MOJIeIeH

CxeMa HaBaHTakeHHsS Nol CxeMa HaBaHTakeHHS No?2
(puc. 3) (puc. 4)
IToka3nuk I'ak Nel4 I'ak Nel4 I'ak Nel4 T'ak Nel4
I'OCT 6628-73|I'OCT 6628-73 'OCT 6628-73[I'OCT 6628-73
3 OTBOpaMU 3 OTBOpaMU

Hamnpyxenns Von Mises, 1885 1937 1531 1896
kr/em®
Kpurepiii : Makc. Mmoaeni
Pesynbrytoue ctaTuuHe 0,72 0,76 1,29 1,49
MEPEeMIIIEeHHS, MM
Kpurepiii : Makc. moaemni
ExgiBanentna gedopmaris | 0,001 0,001 0,001 0,001
Kpwurepiii : Makc. monemi
3amnac MI{HOCTI 1,19 1,16 1,47 1,19
Kpurepiii : Min. monemni

Hoicepeno: pospobneno agmopamu

IIpu po3pod1i KOHCTPYKTOPCHKOI TOKYMEHTallii Ha JBOPOTHH rak 3 OTBOpPAMHM CIiJ
BpPaxOBYBaTH CITiBBIIHOIIIEHHS MapaMeTPiB OTBOPIB 3a TabI. 3 3 XapaKTepHUM PO3MIpOM 3iBa

raka D (puc. 1).
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BucHoBku. YTBopenus otBopiB B rakax 'OCT 6628-73 103Bosisi€ 3MEHIINTH Macy Ha

7% 0e3 3MeHIIEeHHs HOro eKCIuTyaTalliiHUX BiacTUBOCTEH. BuUKOHaHHS OTBOpY B Mojeni
3MIHIOE CHIBBIAHOIIEHHS OPCTKOCTI ii €JIEMEHTIB, IO MPHU3BOIUTH A0 3MIHU KapTHHHU
HaBaHTaxeHHs. [Ipouec oOpanHs popMu OTBOPY Mae iTepamiiHuil Xapakrep.

[IpencraBneHo po3MOALICHHS HANpY>KEHb B €JI€MEHTaX MO MPH Pi3HUX BapiaHTax

HABAaHTAXKEHb 3 MTO3HAYEHHSIM MIHIMAJIBHOTO 3HaueHHs KoedimieHTy 3anacy minHocti K. [lpu
PO3pOOIIi KOHCTPYKTOPCHKOI JOKYMEHTAIlli Ha JTBOPOTHH TaK 3 OTBOPAMH CIIiJ] BPAXOBYBATH
CHIBBIJHOIICHHS ITapaMeTpiB OTBOPIB 3 XapaKTEPHUM PO3MIpOM 3iBa Traka.
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Improving the Efficiency of the Forged Two-horned Hook Design

An improvement of standard cargo two-horned hooks is proposed, which theoretically allows to reduce
the weight by 7% while maintaining performance. The analysis of influence of the form of the forged two-
horned hook on its efficiency is carried out. The model for studying the stress - strain state of the crane hook
under conditions of maximum load, suitable for the formation of configurations of hook numbers. The modeling
of solid objects is carried out, which allows to analyze the structures made according to the scheme of the curved
beam with an accuracy greater than that allowed by the theoretical calculation. The least loaded elements of the
model are determined by visualization of distributed stresses. Comparison of world standards of two-horned
hooks shows a significant difference in material efficiency with the same classes and groups of classification.

To study the stress - strain state of the crane hook under conditions of maximum load in the program
SolidWorks built a model suitable for the formation of hook configurations. The stress-strain state of the models
was determined for two load variants. The load on both hooks of the hook is distributed evenly and the load is
suspended on one horn. Experience in the operation of standardized hooks has determined the ergonomics of the
surfaces of products in contact with the rafter equipment.

The geometric ratios of the cross-sectional dimensions of the hooks, as well as the threaded part can be
considered determined theoretically and experimentally as optimal. It is reasonable to remove part of the
material of the middle part of the hook. The strength criterion was the coefficient of safety margin. It is
acceptable to reduce the value of K of the newly developed model by 5% of the K model of the hook.
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Making a hole in the model changes the ratio of the stiffness of its elements, which leads to a change in
the load pattern. The process of choosing the shape of the hole is iterative. The stress distribution in the elements
of the model at different load variants with the indication of the minimum value of the safety factor K is
presented. When developing design documentation for a two-horned hook with holes should take into account
the ratio of the parameters of the holes with the characteristic size of the throat.
load hook, model configuration, solid model, stress - strain state
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