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OPTIMIZATION OF CRANE WHEELS OPERATION

Abstract. Based on the metallographic studies of the undercarriage wheels, which are operated within
different periods of time and have different types and degrees of wear, it can be concluded that steel with the
chemical composition close to the eutectoid one, with the equilibrium crystal lattice, should be used for
manufacturing. The microstructure of the working surfaces of the wheels should be fine pearlite, ideally
sorbitol (fine type of pearlite).

These requirements are met by steel billets made of structural alloy steel 65G. This steel is the
preferred material for the manufacture of running wheels of overhead cranes. These materials have stable
mechanical characteristics and wear resistance, allow getting a stable and predictable result during heat
treatment. In other words, the carried out tests showed that the wheels made of steel forgings, stamping or
hot-rolled wheels made of steel grade 65G in their performance, wear resistance and durability are many
times superior to the wheels made of cast billets. Given that forged or stamped billets provide higher
reliability of the wheel structure (less prone to cracking and sudden destruction during production and
operation), and more than twice reduce the wear of the material of the crane runway (rail).
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Introduction. Crane wheels of overhead traveling cranes are among the least durable
elements. If the metal structures of cranes can be operated within 20-50 years, the service life of
traveling crane wheels as a result of wear in some cases can be less than six months, and the
average service life is several years. Due to the high loads during construction work, crane
equipment, or rather, some of its parts often wear out and become unusable. These elements include
crane wheels, which wear is caused by high mechanical stress. The costs associated with wheel
replacement are in most cases decisive in the repair of crane wheels. A short average service life
leads to a very significant consumption of high quality metal used for wheel replacement. In this
regard, the problem of increasing the durability of crane wheels is urgent.

Typically, crane wheels of overhead cranes are made of 65G steel die blanks, 45, 50, 75 and
65G steel forgings, 75 and 65G rolled steel and 55 and 35GL steel castings.

The article presents the results of studying the microstructure and mechanical properties of
65G steel of which the crane wheel of an overhead crane is made in the conditions of the Maker
Karaganda Foundry - Machine Building Plant LLP.

Methods. The main operation in the machining of crane wheels is vertical turning. In
manufacturing a crane wheel (Figure 1), the following operations are performed: preliminary
machining of the bores and ends of the hub, ends of the rim, flanges and rolling surfaces in two
installations on a turning-boring lathe, heat treatment (sorbitization), finishing of wheels along the
rolling circle and flanges , flange edge machining, final boring of the hub bore.
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Pic. 1. Crane running wheel

Heat treatment technology. 65G steel is relatively cheap, which leads to its wide and
effective use. The main components are: C (within 0.62...70 %), Mn (within 0.9...1.2 %), Cr and Ni
(up to 0.25...0.30 %). All the other components: Cu, P, S, etc. refer to impurities and are allowed by
their chemical composition in quantities limited by the state standard.

Normalization was used as the preliminary heat treatment, and quenching followed by
tempering was used as the final heat treatment.

The heat treatment modes of steel were selected according to the operating conditions of the
crane wheel and the initial steel structure.

Steel belongs to the hypo-eutectoid type therefore, its composition at temperatures above the
lowest point of austenitic transformation, - 723 °C - at 30-50 °C contains austenite in the form of a
solid mechanical mixture with a small amount of ferrite. Since austenite is a harder structural
component than ferrite, the quenching temperature range for 65G steel is significantly lower than
for structural steels with a lower percentage of carbon. Thus, the temperature range of hardening of
this grade steel should be within no more than 800 - 830 °C.

Pretreated wheels made of 65G steel were heated in the furnace to the temperature of 700 -
820 °C and kept within 2 hours. After rolling out the car from the furnace, two wheels were
mounted with the help of tongs grips on a special device for intermittent hardening.

Table 1. Heat treatment modes (hardening in an electric furnace)

Sample size, mm Heating time, min Holding time, min
Before 100 50 120
Before 200 88 240

When the quenched wheel rotated, the rim sections were submerged periodically in water, and
the intermittent quenching process proceeded. The structure of the metal and the depth of the
hardened layer depend on the hardening mode, i.e., on the number of wheel revolutions, the total
duration of hardening and the tempering mode. For wheels with the diameter of 500...700 mm, the
best hardening results were obtained when the wheel was rotated with the speed of 23...25 rpm, the
quenching duration of 2.5-5 minutes and tempering at the temperature of 490...500 °C.

The analysis using an electron microscope shows that on the rolling surface the structure is
characterized by the predominance of uniformly distributed globular (round-shaped) carbides and a
smaller number of plate-shaped carbides. Round-shaped carbides have higher hardness compared to
plate-shaped carbides. As the distance from the rolling surface of the wheel increases, the content of
plate-shaped carbides in the metal structure increases, which causes smooth decreasing the metal
hardness.
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Pic.2. Microstructure of the sample after heat treatment
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Pic. 3. Surface topography

65G steel hardening modes. To achieve the maximum degree of heating uniformity, steel
was first heated in the preliminary chambers of thermal furnaces to temperatures slightly lower than
that of quenching furnaces: from 550 to 700 °C, and only then the part was sent directly to the
quenching furnace.

Based on the hardening temperature, for 65G steel at 800...820 °C the limiting value of the
decarburized layer should not exceed 50...60 microns.

The microhardness of the metal was determined using an ISOSCAN OD microhardness tester
according to the Vickers method in accordance with ISO 6507. The load was 0.5 N
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Table 2. Measurement of microhardness from the edge of the sample to the center

Ne 1 sample 2 sample
1 298,2 332,3
2 229,1 332,3
3 215,4 306,2
4 304,2 300,1
5 310,2 303,5

65G steel is not afraid of overheating, however, upon quenching at the upper value of the
temperature range the impact toughness of the material begins to decrease, which is accompanied
by the growth of grains in the microstructure.

Pic. 4. Sample microhardness

The exposure within the period of the product quenching in the given temperature range lasts
until the complete transformation of pearlite occurs.

The following tempering technology. To obtain the structure of sorbitol, the products were
subjected only to high-temperature tempering at the temperature of 550...600 °C, with cooling in
the still air.

Pic. 5. Smooth transition of the structure from the center to the surface after sorbitization
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Conclusions. The results of observing the wear of the wheels of the undercarriage in the
operating conditions, comparing plaster prints taken from the working parts of the rims in different
periods of the wheels operation, as well as the results of laboratory studying the worn wheels and
their wear resistance allow concluding that the main cause of wear for the vast majority of the
undercarriage wheels is abrasion accompanied by plastic deformations of the surface layers of the
working parts of the wheel rims.

Based on the metallographic studies of the undercarriage wheels, which are operated within
different periods of time and have different types and degrees of wear, it can be concluded that steel
with the chemical composition close to the eutectoid one, with the equilibrium crystal lattice, should
be used for manufacturing. The microstructure of the working surfaces of the wheels should be fine
pearlite, ideally sorbitol (fine type of pearlite).

It is advisable to increase the working part hardness of the rim by heat treatment (hardening)
up to 300...360 HB for the rolling surface of the running wheels and up to 350...400 HB for the
flanges. Further increasing hardness is permissible only if the crane rail heads hardness is increased.
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KPAH JOHI'EJEKTEPIHIH, )K¥YMBICHIH OHTAMJIAHJIBIPY

AHpaaTtna. Op TYpHi YakbIT Ke3€HIHJE XYMBIC 1CTEHTIH >KoHE op TYpJli TO3y Iopexeci O0ap XKyripy
JOHICIIEKTEPIHIH MeTauIorpadusuiblK 3e€pTTEyJICPiHIH HETi3iHAe XUMHSUIBIK KypaMbl 3BTEKTOUJIKE >KaKbIH
JKOHE Telle - TeH KPHUCTAIJIbI TOphl Oap OonaT Jien KOPBITHIHIBI KacayFa 0oiaisl. JleHreneKTepaiH KyMbIC
OeTTepiHiH MHKPOKYPBUIBIMBI JKYKa JWCIEPCTi MEPIHT, €H AYPHICH COPOMTON (KYKa MEpIUT Typi) OOmysI
kepek. Ochl Tamanrapra OonaT mgaieiHmaManmap Oipl  KOHCTPYKIMSUIBIK JIETHpJeHTeH Oomar 6510
KaHaraTTaHAbIpansl. byn Gomar acmamel KpaHaap AOHFalaKTapblH AaiibIHOAY YINIH KOJNAMIBI MaTepHal
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60T TaOBLTAABI. by MaTeprangap TYpakThl MEXaHUKAJBIK CHITaTTaMallapra jKOHE TO3yFa TO3IMALTIKKE e,
TEPMIUTBIK OHJIEY KEe31HE TYPaKTHI jKoHe 00InKaMIIbl HOTHKE allyFa MYMKIHAIK Oepeni. backama aiiTkanzaa,
KYpriziired ceiHakrap 6507 Mapkaiibl OonarTaH jKacajfaH, IITAMITAIFAaH HEMECE BICTHIKTall WIIEKTEIreH
JNOHFaJaKTapAblH  CHUIAaTTaManapbl, TO3yFa TO3IMAUII >koHe OepikTiri OoibIHIIA  KYWBUIFaH
TMadbIHIaMaIapablH JOHTeICKTepIHeH OipHemre ece achil TyceTiHiH kKepceTTi. COHBIMEH Karap, >KaJiFaH
HEMECe IMITaMIITAFaH JalbIlHIaMaNap JOHFAAK KYPBUIBICBIHBIH JKOFApPhl CEHIMIUIITH KaMTaMachl3 eTell
(eHmipic TeH Maianany Ke3iHJe KPEKHHIKE OHE KCHETTeH Oy3bUIyFa a3 ce3iMTall) )KOHE KpaH >KOJIBIHBIH
(penbc) MaTepHaNTbIHBIH TO3YBIH €Ki ece a3alTabl.

Herisri ce3aep: Oomar, KacWerTepi, MHUKPOKYPBUIBIMBL, TEPMHSIBIK ©HICY, KAaTTBUIBIFHI,
TEMIIEPATYPAChL.
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ONITUMM3ALINA PABOTBI KPAHOBBIX KOJIEC

AnHoramusa. Ha ocHoBaHWM MerautorpaUUecKux HCCIENOBAaHUM KOJeC XOJIOBOW YacTH,
JKCIUIyaTUPYEMBIX B pa3Hble IEPUOJbl BPEMEHM U HUMEIOLIMX PAa3HBIA TUIl U CTENEHb W3HOCA, MOYKHO
clenath BBIBOA 00 WCIIONB30BAHUHM CTAIH C XMMHUYECKAM COCTaBOM, OJHM3KHM K OBTEKTOHUJHOMY H C
PaBHOBECHOH KPHUCTAILITMYECKOHN pemeTKoi. MUKpOCTPYKTypa pabodnx MOBEPXHOCTEH KOJlec AODKHA OBITh
MEJIKOIUCIIEPCHBIM MIEPIUTOM, B HJeajie COPOUTOM (MENKHIA BU TIEPIINTA).

OTUM TpeOOBaHUSIM yIIOBIETBOPSIOT CTAJIbHbBIE 3arOTOBKH U3 KOHCTPYKIIMOHHOM JIETUPOBAHHOM CTaN
65I". Ota cranp sBIsSETCS MPEANOYTUTEIBHBIM MaTEPHAIOM U M3TOTOBJICHUS XOAOBBIX KOJIEC MOCTOBBIX
KpaHOB. OTW  Marepuayil  00najgaroT  CTaOMJIBHBIMM  MEXaHHYECKHMM  XapaKTePUCTHKaMH U
W3HOCOCTOMKOCTBIO, TTO3BOJISIFOT MOJTy4YaTh CTAOWMIIBHBIN U TIpeICKa3yeMblil pe3ybTaT IpHu TepMooOpadoTKe.
WHbIMH cOBaMHM, IPOBEACHHBIE UCIBITAHUS MOKA3aJIM, YTO KOJIECA U3 CTAIBHBIX MMOKOBOK, IITAMIIOBOYHBIE
WM TOpsiYeKaTaHble U3 CTAIM Mapku 651" o cBOMM XapakTepHCTHKaM, H3HOCOCTOMKOCTH M JI0JITOBEYHOCTH
MHOTI'OKPATHO IMMPEBOCXOAAT KOJIECAa U3 JIMTBIX 3arOTOBOK. HpI/I 9TOM KOBAHBIC WJIM HITAMIIOBAHHBIC 3aI'OTOBKU
o0ecreunBaroT 0osiee BHICOKYIO HaIeKHOCTh KOHCTPYKIIMH KoJieca (MEHBIIE ITOIBEPKEHBI PACTPECKUBAHUIO
W BHE3AIIHOMY DPa3pYyLICHUIO NPHU MPOU3BOJCTBE M SKCIUIyaTaluy) U Oojiee 4eM BABOE CHHIKAIOT HM3HOC
MaTepHuaia MoAKPaHOBOTO MyTH (peibca).

KiroueBbie ciioBa: craib, CBOWCTBA, MHKPOCTPYKTYpa, TepMHUuYeckas o00pa0dOTKa, TBEpAOCTb,
TemIeparypa.
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