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JTOCJIJI)KEHHA BILIMBY YMOB EKCILUIYATAIIL HA TEXHIYHUI CTAH
IrrIapPOOUJIIHAPIB BUJIOYHOTI'O HABAHTAXKYBAYA

Y po6omi HasedeHo docaidicenHss enaugy ymos ekcnayamayii Ha mexHiyHUll cmaH 2i0poyuaiHdpie 8u/s04HO20
Hasaumascysaya.  06’ekmu docaidxceHb SUKOpUCMOBYHMb 051 NEepesaHmadxceHb 8aHMAXCi8 Yy MOPCbKOMY Nnopmy.
Bcmanosaeno eudu degpekmie demaaeli 2idpoyunindpie, kompi euHukarome y npoyeci ekchayamayii. AHaniz ompumanux
daHux nokasas, Wo YwifbHeHHs € HAUbiAbW CA1a6K0I0 AAHKOI 2i0poyuiiHdpis, y npoyeci po6omu 3HOWYIOMbCS He MIiAbKU
yWinvHeHb, a U WMoOKU ma 2iab3u, wo npuzeodums 00 36i1bUeHHS] 8UMOKI8 po6o4oi piduHu, 3HUJMCeHHs KoediyieHmy
KopucHoi dii, empamu npayezdamuocmi.

Karouosi caoea: eunouHuli HagaHmaoicysay, 2iopoyutindp, 8iomoea, ywinbHeHHS, 3HOC.
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RESERCH OF THE IMPACT OF OPERATING CONDITIONS ON THE TECHNICAL CONDITION OF
HYDRAULIC CYLINDERS OF A FORKLIFT TRUCK

Forklifts are widely used for lifting and transporting various loads in warehouses of sea and river ports [1-7]. In particular, due to
its characteristic properties: versatility, economy, high mobility and maneuverability (moving cargo in different directions in a limited
space). The performance of Port lines depends on their reliable and continuous operation.

The introduction of hydraulic drives can significantly improve the performance of forklifts. The wide use of which is due to a
number of advantages: relatively small dimensions and weight, smooth running, the ability of the working fluid to compensate for shock
loads, etc.

However, severe operating conditions and cyclic loading modes negatively affect the efficiency of loaders due to the reduced
durability of the hydraulic drive. In addition, the durability of the hydraulic drive of the machine is determined by the service life of its
components. As practical experience shows, the most frequent failures are the result of gross violations of the operating conditions and
maintenance requirements specified by the manufacturer [1,5-7].

To ensure the reliability and durability of hydraulic drives, a comprehensive and complex solution is needed, which provides for
qualitative and quantitative analysis of the causes of malfunctions, analysis of the impact of operating factors on performance during
Operation.

The aim of the work is to study the impact of operating conditions on the technical condition of hydraulic cylinders of a forklift
truck.

The objects of research were selected 18 forklifts with a load capacity of 5 tons, which are widely used in sea and river ports. The
volume of overloaded cargo and operating conditions differed slightly during the year.

The inspection of loaders was carried out once a year for 3 years, during the technical inspection period. Visual inspection
(control) and inspection of hydraulic systems, brakes was carried out by the loader driver before and after the end of work.

The analysis of the obtained data showed that the seal is the weakest link of hydraulic cylinders, during operation not only the
SEALs wear out, but also the rods and sleeves, which leads to an increase in fluid leaks, a decrease in efficiency, and loss of performance.

Keywords: forklift, hydraulic cylinder, failure, seals, wear..

IHocranoBka npodaemu

BunkoBi HaBaHTaXyBaui MIMPOKO BUKOPHCTOBYIOTBCS JUIS MiAHOMY Ta TPAHCIIOPTYBAaHHS Pi3HOMaHITHHX
BaHTaXXIB Ha CKJIaJIaX MOPCHKUX Ta PiYKOBHUX MOpPTiB [1-7]. 30kpema, 3aBIsKH CBOIM XapaKTEpPHHUM BIACTHBOCTSIM:
YHIBEpCAILHOCTI, €KOHOMIYHOCTI, BHCOKiii MOOUIBHOCTI Ta MaHEBPEHOCTi (IIEPEMINICHHIO BaHTaXIB B Pi3HHUX
HarpsMKax Ha oOMexeHoMy mpocrtopi). Bim ix HaxiiiHoi i Oe3nepepBHOiI poOOTH 3aleXHUTh MPOIYKTUBHICTDH
MTOPTOBUX JTiHIH.

BnpoBamkeHHs TiIponpHBOIiB 103BOJISE 3HAYHO MOJIIIIIATH eKCIUTyaTalliifiHi XapaKTepUCTUKN BIJIOYHHUX
HaBaHTaxyBauiB. lIIMpoke BHKOpHUCTaHHSA SKMX 3yMOBJCHO pSAIOM II€peBar: BiTHOCHO MaJMMH TabapuTaMu i
Baroo, IMIABHICTIO XOAY, 3JaTHICTIO poO0Y0i piIMHU KOMIIEHCYBATH yIapHi HaBaHTaxeHHs Ta iH [1,3-7].

[IpoTe BakKi YMOBH €KCIUTyaTamii Ta PeXHMH LHMKIIYHOTO HABAaHTA)XEHHS HETaTUBHO BIUIMBAIOTH HA
e(eKTHBHOCTI  BHKOPHCTaHHS HaBaHTaXyBadiB dYepe3 3HIKEHHS IOBrOBIYHOCTI TimpompuBoxy. Kpim Toro,
JIOBrOBIUHICTH TiAPONPUBOAY MAIINHH 3yMOBIIIOETHCSI TEPMIHOM CITy>KOM HOTO CKIaJ0BUX. SIK 1MOKa3ye MpakTHYHUN
JIOCBiJl, HAHOIBII YaCTHMH BiMOB € HACJIJKOM rpyOMX TOpYIIEHb YMOB €KCIUTyaTallis Ta BHMOT TEXHIYHOTO
00CITyTOBYBaHHS 3a3HaYCHUX BUPOOHUKOM [1,5-7].

Jns 3abe3nedeHHst HaMilfHOCTI Ta JOBTOBIYHOCTI TiJIPaBIiYHMX IPHUBOJIB HEOOXiJHE KOMIUICKCHE Ta
CKJIaJIHE pillICHHS, sIKe nependavae sIKiCHUH Ta KUTbKICHNH aHalli3 IPUYUH HECTIpaBHOCTEH, aHalli3 BILIMBY (aKTOpiB
eKCIUTyaTallii Ha NpOXyKTHBHICTG IIiJT 9ac eKCILTyaTaIlii.

AHaJti3 ocTaHHIX TKepeJ
Amnaniz pobir [1,3,5-8] mokazaB 110, HE3Ba)KAIOYM HA TIOCTiIHHE BIOCKOHAJIEHHS KOHCTPYKIIiH
TiAPOTPUBOAY HA CHOTOIHINIHINA IeHb HAIHHICTh HOTO CKIIAJOBHUX EJIEMEHTIB 3aJIUIIAEThCS JOCUTh HU3bKOI0. Kpim
TOro, KOXKEH BY30JI BUMAara€ OKpeMOro JOCIIKCHHS Yepe3 Te, [0 Ha WOTO Mpame3JaTHICTh BIUIMBAIOTh YMOBHU
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eKcIUTyarallii, reoMmeTpudHi, Gi3ndHi Ta MeXaHiuHiI mapaMeTpiB ckiragosux [1,3,5-8].
MeTo10 podOTH € JOCH/DKEHHS BIUIMBY YMOB eKCIUIyaralii Ha TEXHIYHHH CTaH TiIpOLMITiHAPIB
BUJIOYHOTO HaBaHTa)KyBaya.
Buxsan ocHOBHOT0 MaTepiaay

O0’extamMu  JOCHIDKEHb OyJ0 00paHOo 16 BHJIKOBHX HABaHTaXyBadiB, BaHTAXKOMITHOMHICTIO 5T,
BupoOHMKIB  «Toyota», KOTpi IMIMPOKO BHKOPHUCTOBYIOTBCS Yy MOPCBKMX Ta pidukoBHX mnoprax. OO0’em
MepeBaHTAKCHUX BAaHTAXKIB Ta YMOBH EKCIUTyaTallil MPOTATOM POKY BiIpPi3HHUBCS HE3HATHO.

OO0cTeXeHHSI HaBaHTAXKYBaUiB MPOBOIWIOCH OJMH Pa3 y PIiK MPOTATOM 3-X POKiB, y CTPOKH IMpPOBEIEHHSI
TEeXHIYHOTO OTJAAy. BisyambHuil ormsam (KOHTPONb) 1 MEepeBipKy TiIpoCHCTeM, TajibM 3IiHCHIOBaB BOIIN
HaBaHTaXXyBadiB Tepelx MOYaTKOM Ta Micis 3aKkiHdeHHA poOotu. BusmieHi nedexrtu 3ammcyBaiyl y BiImOBigHI
XKypHaJIN BUIOYHUX HABAHTAKyBadiB.

Haii0inpia KimbKicTh 1edekTiB OyIo 3adhiKCoOBaHO y TipOIMITIHAPaX HAXWITy MOTH ( AuB.puc.l).

Awnani3 nedekrTiB Mokasas, II0 y Tpoleci poOOTH BiOYBA€ThCS 3HOLICHHS HE TUIBKM YLIUIbHEHb, a i
LITOKIB 1 T'JIb3, 110 IPU3BOAMTH JI0 30UIBIICHHST BUTOKIB POOOYOI piAMHM, 3HW)KEHHS KoedilieHTa KOpUCHOT Aii. Ta
MOX€E CIIPHYMHUTH BTPATy Mpare31aTHOCTI.

BcTaHOBINIEHO, 110 BIIACHUKY HE 3aBXKIM JOTPUMYBAIKCA TrpadikKiB TEXHIYHOTO 00CIyrOByBaHHS 3a3HaveHI
BUPOOHHUKOM.

B 4-x HaBaHTaXyBauiB Ha MOBEPXHAX IITOKIB Ta Ha MOBEPXHAX TIAPOUWTIHAPIB OyIH BHSBIICHI
HEYHCENbHI Ta HETNIMOOKI TOBEPXHEBI KOPO3iiHI BUPA3KH.

Y m’aTM HaBaHTaXyBadiB YIIIJIbHEHHS IEPEIUacHO BHHINIM 3 JaIy 4epe3 BUKOPHCTaHHS HESKICHUX
3aIM9acTUH Ta MOPYIICHHS TEXHOJIOTI] IX BUTOTOBJICHHS.

B nBox rigpoumiiHapiB OyIDIO MTiarHOCTOBAHO BUTIKAHHS MAacTHIIA 3 TUTB3M Kpi3h YTBOPEHHI TPIMIMHU, IO
€ HACJIiIKOM TOPYIICHHS YMOB eKCIUTyaTarii (TlepeBaHTakeHH) a00 TEXHOJIOTiT peMOHTY TiIpOIIIiH/ApA.

PyiiHyBaHHS pyKaBiB BHCOKOTO THCKY MOXKHa MOSCHHTH JWHAMIYHUM 3THHOM NpU CyMICHiM 1il 3
MYJIbCYIOYMM HaBaHTQ)KEHHSM, YTBOPEHHSIM Ha iX MOBEPXHAX MIKPOTPILIMH, 3HOC IOBEPXHEBHX LIAPIB Ta iH..

B) )
Puc. 1. JledpexTn rizponmitinapis: 3H0¢ yIliibHeHb (2), IOIIKOIKEHHsI NOBEPXHi WTOKIB (0) Ta rife3 (B), pyliHyBaHHS pyKaBiB
BHCOKOTO THCKY (T)

BHyTpimHSA KOpo3is TUIB3U TiAPONMIIHAPIB, KOTpa Oyna BHUsBICHA y 3-X HaBaHTa)XyBadax, CBIAYUTH PO
3a0pyAHEHHS MAacTWi, a TaKOX NPH 3aJuBaHHI B MamuHy piamH. [licng 3aminm mactuna Ta QiIbTpiB BKazaHe
SIBHIIIE HE CIIOCTEPIraiocs.

[NepeBaxkHa OIIBIIICTH BUSIBIICHHUX JIEEKTIB Ta BiZIMOB € PE3yJIbTaTOM HOPYIIEHb YMOB €KCILTyaTalii, Tak
SK  BJaCHMKM ISl OTPHMAaHHA MAaKCHMaJbHOTO NPUOYTKYy 3MEHIUWJIM  BHTpaTH Ha eKCIUTyaTallilo Ta
oOciyroByBaHHs Ta 30inpIIMIM dYac Oe3mepepBHOI eKCIUTyaTalii HaBaHTaxyBadiB. Kpim Toro, Bomiit
HaBaHTa)KyBadiB TAKOXX HE 3aBXK/M CYMJIIHHO CTaBMJIMCS J0 BUKOHAHHS CBOIX 00OB’SI3KiB.

Posnonin BigMoB (ocepeaHeHi 3HAYEHHS) TiAPOLMIIHAPIB (ocepenHeHi 3HaveHHs ), micas 7000 roauH
po0oTH, HaBeIeHO Ha puC.2.

Sx BHAHO 3 puC.2. BiIMOBH TOB’s3aHI 3 YIIUIHHIOIOUYUMH €JIEMEHTaMH (TIOPYIICHHSIM T'€PMETHYHOCTI)
CTaHOBJIATH MaiKe MOJIOBUHY YCiX BiJMOB.

3aragbHO BiIOMO, IO OCHOBHMMHU (haKTOpaMH, IO BH3HAUYaIOTh HAMIMHICTh TiAPOIIIHIPA, €
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TeMIlepaTypa, HaBaHTAXCHHs, MIBUIKICT, pPOOOYOTO €JIEMEHTa, a TaKOXK HasBHICTH BiOpaliii, 3HOIIEHHS 1
pyHHYBaHHS KOHTAaKTHUX HOBEPXHEBHX LIapiB [5-8].

VY pe3yibTaTi AOCHIIPKEHb BCTAHOBJICHO, IO YIIUTBHCHHS € HaHOUIbII CITa0KOI0 JTAHKOIO TiAPOIMIIHAPIB,
OCKIJIBKM 3HIDKCHHS TpAIe3aTHOCTI TiIpOUWIIHAPIB BigOyJIocs 4epe3 MOPYIISHHS TE€PMETHYHOCTI BHACIIIOK
3HOIIYBaHHS YIIIILHCHB Ta IITOKIB.
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BinmoBHn BinMorH BHacninok Panropi BinMoBH  BimMoBH pyKaiB
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TEPMETHYHOCTI

Puc. 2. Po3noain BiAMoB (ocepeHeHi 3HAaYeHHs) TiIponMJIiHApiB

Crnixg BiAMITHTH, MO Yy ACKUTPKOX TiAPONMITIHAPIB OylI0 BCTAaHOBJCHO pAaITOBI BiAMOBH y BHUTJISAMI
pYHHYBaHHS YLIUIbHEHHS, KOTPI MOXXHA IOSICHUTH HEMOJKIIMBO CHPOTHO3YBaTH, TaK SK CIIPOIHO3YBAaTH BCIO
MOCJTITIOBHICTh IPUYUHHO-IIF0UUX (aKTOPIB HEMOMKIIUBO.

IHTEeHCUBHMI 3HOC YIIUIBHEHb MOJYKHA MOSCHHTH THUM, IIO IIJ 4Yac y MOPTY TBEPHAi YAaCTHHKH, SKi
3HAXOJATHCSl Y HAJAMIPHO 3alMJICHOMY Ta BOJIOTOMY MOPCBHKOMY IOBITpi, IIPHJIHMIIAIOTH O MOBEPXOHb IITOKIB
YTBOPIOIOYi a0Opa3MBHE CEPEAOBHINE, MO IIJIKOM Y3TOJKYETbCS 3 BIIOMHMHU Y3TO/DKYETHCS 3 BiJOMUMH
JOCTIKeHHAME [5-8].

3HOC yIIUTbHEHb MITOKY Ta MOIPSIAHY TLTB3H TiOPONMIIHAPIB MOKHA MMOSICHUTH TBEPINMH YaCTKaMH SKi
MOTPAIMIIA Y MACTHJIO TPH poOOTI BY3IiB TepTs TimpompuBoxy. s MpoaoOBKeHHA OE3MeYHOl eKCILTyaTallii
TLAPOMITIHAPIB OYII0 pEKOMEHIOBAHO 3aMiHUTH MacCTHIIO Ta KOHTPOIIOBATH BMICT TBEPAUX YAaCTHHOK Y MAaCTHII Ta
CTaH ITOBEPXOHb HOTO CKJIaJIOBHX.

3abpyaHeHHs po0OYMX PiAMH MPU3BOIATH 10 IIBHIKOTO 3HOLIYBAHHS PO3IOIUIBHUX IPHUCTPOIB Hacoca,
10 MPHU3BOAUTSH 10 3HMkeHHS KK/I.

BucHoBku

AmHani3z pe3ynbTaTiB JOCHIDKEHHS  TEXHIYHOTO CTaHy TiIPOLMIIHAPIB  BHJIOYHOTO HaBaHTa)XKyBaya
MOKa3aB, 110:

1) Ha TeXHIYHHWIl CTaH TiIPOUMIIHAPIB BIUIMBAIOTh YMOBH eKCIUTyaTaulii (HaJMipHO 3aIliiieHe Ta BOJIOTe
MOpCBKE TOBITPi);

2) yIIiTbHEHHS € HalOUThII cIa0KOI0 JIAHKOIO TiAPOIMIIIHIPIB, BHXIA 3 Ay SKOI MOXKE HMPU3BECTH 10
aBapiif;

3) B mporeci poOOTH BiIOYBa€eThCS 3HONIYBAaHHS HE TIMBKM YIIUIPHEHb, a U MITOKIB, IO MPH3BOIUTH IO
30UTBIICHHST BUTOKIB pO0OO0YOi PINMHU, 3HIKCHHSA KOeilieHTa KOpPHCHOI [ii. Ta MOXKE CIPHUYUHHUTH BTPATy
Mpane3 aTHOCTI, IO Y3TOKYETHCS 3 BITOMUMHE JOCIHIIKEHHSIMH;

4) y AeKiabKOX TiApOIMIIiHAPIB OyJI0 BCTAHOBIICHO PANTOBI BIIMOBH Y BUIUISAAI PyHHYBaHHS YIIiJIbHEHHS,
0 y3TODKYETHCS 3 BIIOMUMU AOCHIIDKEHHIMHU;

5) BHYTpIIIHS KOpPO3if TiMTB3M TiAPOIUIIHAPIB 3-X HaBaHTaXKyBadiB Oyja IMOB’A3aHa i3 3a0pyIHEHHAM
MacTHII.
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