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B pabotata e u3BbpLIEH aHanu3 Ha AeOpMAaLIMOHHO-HANPEXEHOBOTO CbCTOSHINE HA HANPaBMABALLYM LWaibn Ha pyAHNYHN NOKEMHM ypeabu. snonasaH e MeToabT
Ha KpaitHuTe enemeHTH W NO-KOHKPETHO — HEroBOTO KOMMIOTBPHO NPUIOXEHWE. /3BbPLUIEHO € CUMYNAaLIMOHHO M3CneaBaHe Ha NpefBapuTenHo Cb3aadeH Ypes kom-
nioTbpHa rpadvka Mogen B 3-AuMeHcuoHeH dopmar. MoAXoabT UMa ronemu NpeaMMCTBa 3a Takvea ronsMorabapuTH AeTainu, KOUTO MOANexXaT U3KIKUUTENHO

TPYyOHO Ha n3cneasaHe B NPOMULLNEHN U na60paTopHV| ycnosus.

Ha 6asara Ha nony4eHuTe pesyntatu ca U34ncneHn MMHUManHu KOeULMEHTH Ha CUTYPHOCT 3a obnactute ¢ Hait-ronemm HanpexeHnsa npyu pasnuyHn pexmmn Ha
paﬁoTa. V|3B'prLIeH € aHanu3 1 ca oueHeHU Bb3MOXHOCTUTE 3a I'IO,D,OﬁpﬂBaHe Ha KOHCTPYKTUBHO-EKCNnoaTalUoHHUTE NnapaMeTp Ha HanpaBnAsallarta waiiba B

cneumdmryHUTE YCNIOBUS HA PYAHUYHATA nofemHa ypeaba
YBO[

Mpn pyaHU4HUTE nogemMHu ypeabw (PT1Y) HanpaBnsBawmTe
wanbwu (HLL) cnyxaTt 3a noemaHe Ha CWNUTE OT MOAEMHUTE
BbXETa, a UMEHHO COOCTBEHOTO UM TEFNO, KPanlHUS OKayeH
TOBap 1 BCWUYKN paboOTHM 1 aBapuitHU OMHAMUYHM HaTOBapBa-
HWS. HacouBaT BbkeTaTa Mo OcTa Ha BepTWKanHaTa Lwaxra u
TOYHUSAT UM MOHTaX OMpeAens NPaBONIMHENHOTO ABWXEHME Ha
noaemMHust cba. MoHTUpaT ce Ha creuumanHa nnowjagka Bbpxy
HaglwaxTHaTa Kyna. CbCToST Ce OT BeHel, C kaHan 3a nogem-
HOTO BbXe, fMaBWHA W CMWLWM — CTOMaHeHu npodunu unm
Apyra CBbp3BaLLa KOHCTPYKLMS - CTPAHUYHN auckoBe — ¢ur. 1.
HLU ce 3aknuHBa Ha ocC, CBOOOLHO BLPTALLA Ce Ha flarepHu
onopu. CTaHgapTHU TMMopa3Mepu Laibu ce KOHCTpyupaT C
panameTtpun oT 2 0o 5m. lNpu guameTpu, no-ronemu ot 3m Be-
HeubT Ha HLU e oT wWaHLyoBaHa CTOMaHa W ce U3roTBS Ha Hsi-
KOMKO CermeHTa. TWUMbT Ha BEHeLa onpegens KOHCTPYKumsTa
Ha HLL — 6e3 0brmyoBKa Mnu CbC CMEHsieMa TakaBa OT M3HO-
COYCTONYMBA CTOMaHa, KayuyykoBuM CMeCH, nnactmacy, MeTa-
nokepamuka u gp. Hanmuneto Ha obnuuoska sogu 4o 30-40%
no-ronsiM MaxoB MOMEHT, a paspyllaBaHe M u3nagaHe Ha
4acTu OT Hes MOXe [a Npeau3BMKa M3Nu3aHe Ha BBXKETO OT
kaHana Ha HLL u ckbcBaHeTo my.

[ocera noBeyeTo M3cneaBaHus Ha MaxaHuyHaTa ABOMKa
HanpaensBala wanba — BbXe ca npaBeHu C Lien nopobps-
BaHe ycroBusiTa Ha pabota Ha NOLEMHOTO BbXe, HamarnsBaHe
Ha M3HOCBAHETO My, N0-400BLP KOHTAKT MeXay Hero u kaHana
Ha HL, no-ronsma gbnroTpaitHocT. Llen Ha HacTosweTo us-
criefBaHe e: nmposepka Ha SKOCTHUTE M 4edOpMaLMOHHM Xa-
paktepucTuki Ha HL npu makcumanHu HaToBapBaHWs B Mo-
AEMHOTO BbXe C 1aes 3a ONTUMWU3MpaHe Ha KOHCTPyKUmMsTa 1.
OtHocuTenHuTe AedopMaumu Ha KaHamna, Kakto M WU3HOCBa-
HETO MY KOCBEHO BIWSASAT U BbPXY TE3W NapamMeTpu Ha BHXETO.

MonobpsBaitkn koHCTpyKumsTa Ha HLU ce cb3pasat no-gobpy
pabOoTHY YCMOBWS 1 32 BBXETO.

L’Z F

|

= 200 kN

1

Queypa 1

M36paHa e HLL, 3aBapeHa koHCTpykuus, 6e3 obnuuoska ¢ D
= 4m. Pasrnexpar ce 4Ba BapyaHTa 3a HanNpe4yHoTO CeveHne
Ha kaHana i — cur. 2. — 0OMKHOBEH MOMYKPBIBI C bIbI HA
obxsara 60° (dwr. 26) n NoNyKpbILN C NOAPS3aHa kaHaBka
BN Ha obxeata 90° (dwr.2a) [2]. Llerm ce pocTuraHe Ha
MWHUMAmHU HanpexXeHWsi BbpXy KaHana, CbOTBETHO BBLXETO,
KaTo Ce yBenuyaBa MioLLTa Ha KOHTaKTYBaHE MEXay TsX

PaboTHuTe HaTOBapBaHMsi ca u3unMcneHn 3a PIY c
BUCOYMHA Ha nogema H = 500m; gBa nogemHM cbaa —
ckunoBe C kpaeH okaveH ToBap 160 kN (mpu makcumanHa
MITbTHOCT Ha MONe3HoTO ukonaemo u V = 5 m? 3a pyga unu V
= 7 m® 3a Bbruwa); ABybapabaHHa nogemHa MaluMHa C
NOCTOSHEH paanyc Ha HasueaHe (D = 4m). MogeMHOTO BbXe €
KPBrO, OTBOPEHa KOHCTPYKUMS CbC  CregHWUTE  AaHHu:
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nuHeliHo Terno 76,22 N/m; puametsp d = 46 mm;
MakcumanHa paskbesawa cuna 1470 kN. MakcumarnHoTo
CTaTW4HO HaToBapBaHe Ha BbxeTo € 200 kN.

a) 6)

Queypa 2

HLW wu3cregsame npu MakcMManHM [UHAMUYHW  Ha-
TOBapBaHUs, MeT MbTU MO-ronemMn OT paboTHUTE CTaTUYHU.
Morar fie ce NOSBAT NMPW CKbCBAHE Ha BbXE, NpU 3afeicTBaHe
Ha napallyTHO YCTPOWNCTBO 3a 3aKNWHBaHE B CMUPayHU Bb-
XeTa; NMpu 13Nn3aHe Ha MbriHa KreTka OT onopute 3a CTb-
BaHe; Npu 3afencTBaHe Ha npepnasHata cnupadka u ap. Pe-
3ynTatute MoraT fa Ce pasnpocTpaHaT 3a Apyrn paboTHu
YCIOBUS, KaKTO W 3a APYTi KOHCTPYKLMK Lanbu.

CtumynaumoHHoTo MogenupaHe Ha HLU ce Hanara nopagu
ronemMuTe 1 pasmepu u maca. lpunara ce KOMMOTBPHO Moje-
npaHe Ype3 MeTofa Ha kpainHute enementu. HL ce npeac-
TaBs kaTo 06eKT, CbCTaBEH OT KpaeH Opoil yacTW, HapeyeHu
€MTeMEHTY, KOWTO Ca CBbP3aHW B XapaKTEPHM TOYKW — B3I,
BsaumogencTeneTo Ha enemeHTUTe CTaBa €OMHCTBEHO BbB
Bb3nuTe. 3a NOBEOEHMETO Ha M3creBaHaTa KOHCTPYKUMS ce
Cby NO NPEMECTBAHETO Ha onpeaeneH 6poi Bbanu. Mpoue-
CbT MOXE [a Ce NPeAcTaBn kato cuctema anrebpunyHn ypas-
HEHWs, KOUTO B 3agaunTe Ha LecopMaLMOHHO-HaNPEXEHOBMS
aHanus npeacraBnAasat ypaBHEHUA Ha CTaTUYHO paBHOBECKE.

METOOWNKA HA U3CNEOBAHE

1. KomnioTbpHO Mopenupane. Tosa e MbpBUAT eTan, npes
KOWTO ce Cb3faBa TPUAMMEHCHUOHEH KOMMIOTbPEH MOAen Ha
obekta. Cny4asT ce oTHacs [0 nokasaHata Ha ¢ur.1 Hanpas-
nsBala Wwanba cbC 3aBapeHa KOHCTPYKLUMS OT NUCTOBA CTO-
MaHa 1 pasnuyHa KOHUrypauusi Ha kaHana 3a BHXETO (cpur.
2). MogenupaHeTo e ocbLuecTBeHO B cpeaa Ha Solid Works ¢
Hal-roniaMaTa Bb3MOXHA 3a M3XOOHWUTE AaHHW (pencTBuTen-
HWs 06eKT) aeTannmaaums

2. MnaHnpaHe Ha u3cnepBaHeTo. OCHOBEH MOMEHT Ha
TO3M eTan € M3BopbT Ha Moaxoasly CoTyepeH NPOAYKT,
KOMTO e 6asupaH Ha YTOYHEHWs Beye METO4 Ha KpalHuTe
enemeHT!. Crneq W3BbPLUEH NPeABapUTENEH aHann3 Ha Bb3-
MOXHOCTUTE Ha MPWUNOXEHWe Ha KayecTBaTa Ha nmporpamuTe
Ansys, Cosmos M, Cosmos Works 1 Designer Space 6sxa
npegnoyeteHn nocnegHute age. C Tax Osixa OCbLLECTBEHM
HsKonko MpoBHM cTyauu. Kato pesynTaT OT Te3u OnUTW ce
ycTaHoBw, Ye pabotata ¢ nporpamata Designer Space e oco-

OeHo 3aTpyaHeHa Ha eTana “guckpeTnsaums Ha obekTa’, T.e.
opmupaHe Ha Mpexa OT KpalHW enemMeHTH Npu TakbB rons-
morabapuTeH [eTann CbC CNOXHA KOHQUrypaumus OT ThHKOC-
TEHHW enemeHTu. 1o Tasn NpuyMHa 3a KOMMKTbPHATa peanu-
3auMs Ha MeToda Ha KpamHute enemeHTn Gelwe u3bpaHa
nporpamata Cosmos Works 6

Tbi1 KATO  BB3MOXHOCTUTE Ha MOCTNPOLIECOPHUS MOZYN Ha
Ta3n nporpama ca LUMPOKO OOXBATHWM OTHOCHO pesynTaTuTe
(napameTpyu Ha AeGOPMALOHHO-HANPEKEHOBOTO CLCTOSHUE),
3a LenuTe Ha uacrnefpaHeTo e 6bgaT W3non3BaHn camo
HSIKOW OT TAX:

- eKBWBAJIEHTHO HanpexeHue cbrnacHo von Mises;

- KOE(MMUMEHT Ha CUrypHoCT no Teopuute Ha Mises-
Henkey u Treska;

- cTaTuyHu pecopmaumn (abConoTHW; exBuBaneH-
THY).

Cnopeg Teopusita Mises — Henky rpaHuuata Ha npoBnuyaHe
Ce Onpeens OT OTHOLLEHWETO MeX[y ronemuHaTa Ha eksusa-
NEHTHOTO HanpexeHue no von Mises v Tasn Ha JOMyCTUMOTO
HanpexeHve 0 [1]

) 20

von limit °

HanpexeHusita no von Mises moraT fa ce u3passat upes
TpUTE rMaBHW HaNPEXeHMs:

2 2 2
0 :\/(01_02) +(02_U3) +(01_03)
von 2
paHnyHaTa CTOMHOCT Ha HanpexeHueTo 0

(1)

MOXe Ada

limit
6bae u3paseHa kato PyHKUMS OT  HanpeXeHWeTo Ha npoB-

NM4aHe UNK HaNpEXEHNETO Ha paskbcBaHe Ha MaTtepuana. Ot
TYK CnefdBa, Ye KOeUUMEHTBT Ha CUIYpHOCT croped von
Mises, HapeueH FOS e;

a.. .
FOS = —mit 2)
0 yvon
6 1 - 0 von 3
noespasmMepHo - — - ,
i i FOS 0 g ¥

KpuTepusiT no MakcuManHo cpsi3Ballo HanpexeHue, NnosHat
KaTo KpuTepuin Ha Tpecka, € GasvpaH Ha TeopusiTa 3a
MaKCUMarHUTE Cpsi3BaLLy Hanpexerus. Cropep Tasu Teopus

I > q lim it
max ~ !
2
kbpeto T Moxepae Ty, unu T o5 um T 5, 1 e paBHo
CbOTBETHO Ha:

g,-0 g,-0 g,-0
Mo = — 5Ty = 23T 3= ———
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Ortyk: FOS = i (5)
2T max
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KoednumeHTsT Ha curypHocT (FOS) ce usuncnsiea aBToma-
TMYHO OT Nporpamata ¥ Bu3yanuaupa B noneto “safety result”
Ha D6asaTa Ha MaKcUMamnHUTE NOKarHW HanpPeXeHWs Ha uac-
nepBaHus 0BEKT U CTOWHOCTUTE Ha FpaHUYHUTE HanpeXeHus
Ha MaTepuana.

3. MapameTpupaHe Ha m3cnepoBatencka ctyausi. Ocob-
LecTBsBa ce B cpega Ha Cosmos Works 6 B cnegHata nocne-
[OBAaTENHOCT:

- lMpeunsHo napameTpupaHe (3agaBaHe) Ha TOYHUTE
CTOMHOCTM Ha NITbTHOCTTa Ha MaTepuana, Mogyn Ha enactuy-
HocT Ha tOHr (E), koedmumeHT Ha MoacoH (), kaTo maTepua-
NbT Ha u3cnensaHns o0bekT Tpsbea aa 6bae M30TponeH;

- OnTMManHo 3afaBaHe Ha HATOBApPBAHETO W rPaHUYHUTE
YCINOBUS HA MOfeNa, KOMTO [a 0Tpa3siBaT MakCUMariHo TOYHO
LEACTBUTENHUTE CUIM HA HATUCK W OTPaHUYEHNe Ha CTEMEHN
Ha cBoBoga B rnobanHa koopauHaTHa cuctema. [pueTo e
(byHKUMSATa Ha pasnpegenieHne Ha ToBapa da e Mo KOCUHYCOB
3aKkoH. 3agbmkuTenHo Tpsbea ga uma o6nact C Hynesu
M3BECTHN MPEMECTBAHWSA, T.e. HENoABWMXHO (huKCupaHo)
3akpenBaHe. ToBa € HeobGXOAMMO [OpW KOraTO BBHLUHMTE
TOBapW Ce CamOypaBHOBECSABAT. 3a KOHKPETHWUS Cryyail
rpaHuYHUTe yCroBus e 6baaT 3afafeHu KaTo pasnpeaeneH
TOBap BbPXY NOBbLPXHOCTTA Ha KaHana 3a NoAEMHOTO BLXeE C
Brbn Ha 06xsaT 140° 1 0bnacT ¢ HyneBu NPEMECTBaHNS, T.€.
hMKCMpaHa NoBbLPXHOCT Ha OTBOPA 3a HoceLms Ban — cur. 3

- Banuaupare Ha mogena ypes usbupaxe Ha NogxoasLum no
CBOSITA FEOMETPUS 1 METPUKA KpalHWU ENEMEHTU U TeHepupaHe
Ha Bb3MOXHO Hail-ka4eCTBeHa Mpexa. KaTo Takasa B cnyyas
Cce UMa npefBua Mpexata ¢ npasunHa opma Ha enemeHTuTe
11 TECHW FPaHUL Ha BapupaHe Ha pasmMepuTe uM.

PESYNTATA U AHAIIU3

MbpeuAT eTan oT uscneasaHeTo obxsalla onpeaensHe Ha
AedopMaLOHHO-HaNpPeXeHoBaTa KapTuHa CbrmacHo ur. 2a,
KOSTO € Bu3yanusupaHa Ha ur.3 u ¢ur.4. Ot durypa 3 ce
BUXOA MHOro fobpe aMckpeTu3aumsaTa Ha mogena c TeTpae-
AbpHa hopma Ha kpalHuTe enemeHTH u napameTpu: b = 87,5
mm, N, = 45195 6post Bb3nu u N, = 23007 6post KkpaiiHu ene-
MEHTH.

MakcumanHuTe CTOMHOCTY Ha eKBUBANEHTHUTE HanpexeHus
no Mises (0 =7, 2 MPa) ce nokanuaupat OKOfo ONeKoTsiBa-
LyuTe OTBOPU Ha LanbaTa, a 3a kaHana CTONHOCTUTE Ha Har-
PeXeHneTo He npesuwasar - o, = 15-20 MPa. Teau
CTOMHOCTM Ca 3HAYMTENHO MO-HUCKW OT rPaHMYHO LOMYCTUMM-
Te 3a MaTepuana (cTomaHa koHcTpykTuBHa Alloy steel), kouTo
ca CbOTBETHO:

- SKOCT Ha npoBnuyaHe 0, = 620 MPa

- SKOCT Ha paspyLwasaHe 0, = 724 MPa.

Kato obekTBHa OLEHKa 3a EKBMBANEHTHUTE HAMPEXEHMUS €
kapTuHaTa Ha pasnpefefieHne Ha KpUTepUst Ha CUIYpHOCT No
Mises (FOS) — ¢ur. 4. Hait-mankuTe CTOMHOCTM 3a u3cneapa-
HaTa wanba ca — FOS = 8,6 1 ca nokanuaupaHu B CbLiMTE
obnactu. Teau pesynTatu nokassat, Ye ekBMBANEHTHUTE Han-
pexeHus B kaHana ot ¢our. 2a He Hagxebpnat 30 MPa.

Ha cur.5 e npeactaBeHa kapTuHaTa Ha pasnpeaeneHune Ha
tbaktopa FOS 3a BapuaHT Ha kaHana oT ¢ur.2a 1 CTOMHOCT Ha
napameTbpa b=20 mm. Tyk ca WU3non3yBaHn Bb3MOXHOCTUTE
Ha nporpamata Cosmos Works 3a u3bupaTenHo TOYKOBO

NpeacTaBsHe Ha pesynTaTtuTe 4ype3 WHCTpymeHTa Probe re-
sults. MuHMManHaTa CTOMHOCT Ha bakTopa Ha CUrYpHOCT ce
Hamupa B obnactta Ha 1.1 (FOS;=11), kosiTO € Ha rpaHuyHaTa
NOBBPXHOCT Ha OTBOpUTE. Hai-ronsimara CTOMHOCT Ha ChLLus
napameTbp € uadncneHa 3a obnactute ot 1.2 u 1.3 (FOS,=26
n FOS;=100), kouTo ca obnacty oT kaHana Ha Lwaibara.

Ha dour.6 e nokasaHa kapTuHaTa Ha pasnpeaeneHue Ha ek-
BUBANIEHTHUTE HAMPEXEHMUS U TEXHUTE Hal-roneMm CTOMHOCTH,
M34YMCIEeHM 3a kaHana Ha Wwawnbata. Buxaa ce, e CTOMHOCTUTE
Bapupar B rpaHuuuTe Os = 6 +18 MPa.

Schaa2-11 1 Static Nodal Stress
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Queypa 3

Schaibal2-11 = Design Check Criterion : Max van Mises Stres:
Factor of safety distribution: Min FOS = £.6 -
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[Schaiba 2211 : Static Nodal Stress
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E, Schabal2z Schaibal 22-11 :; Desion Check Criterian : May von Mises Stress
E% 11 Factor of safety distribution: Min FOS =86 3
= Solids '
[ Schaba1? FOS
E-I, Load/Restrairt 1222:2212
----- ¥ Restraint-3 g
""" & oSS 771564001
""" 4 Force-4 544001
B+ Stress 19264001
..... &, Plot1 43184001
..... & Flot? FE9e+00
-] Displacement 3.907e+001
-] Strain 3.146e+001
(13 Deformation [-3343+UU1
2.7 Dacian hacl: 1.623e+001
£10e+000

Probe )
[ Schaibal22-11: Design Check Criterian ; Max von Mi

Factor of safety distribution: Min FOS

FO3

Mode |Value | Coordinates (mm)

41393 1153 20 1220 47826 )

9320 25974 10 18007 88048

7341100 2192 2014 12044 )

d | o

Queypa 5

Pesyntatute oT n3cnepgsaHeTo Ha HanpaensBalwa waiiba ¢
copmMa Ha KaHana cbrnacHo ¢ur.26 ca npeacTaBeHM Ha
¢ur.7. U Tyk ce HabntogaBa nokanuanpaHe Ha MakcumanHuTe
CTOWMHOCTM Ha EKBMBANEHTHOTO Hanpexenue (4o 72 MPa) B
obnactn fJaneye OT KaHana Ha waibaTta. 3a camus kaHan
TE3W HanpexXeH\s BapupaT B MHOMO MO-HUCKW rpaHnLm oT 6 1o
30 MPa.. Pesyntatute OT u3unucneHusiTa 3a aktopa Ha cu-
TYPHOCT He ca NPeaCTaBeHM T.K. He Ce OTNINYaBaT ChbLUECTBEHO
OT Tean Ha NpeaulHUTE KOHCTPYKTWBHM BapWaHTX Ha M3c-
nefBaHe.

[Schaibat-11 :; Static Nodal Stress
Uinits : Mimm*2 MPa)
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Queypa 7
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1. KopasuHaTa Ha mModena Moxe Aa ce u3crnedsa npu pas-
MINYHM MO FOMEMMHA W pasnpedeneHue ToBapu. AHanUTUYHO
TOBa € MHOrO TPYZAHO W HETOYHO, @ EKCMEepUMEHTarHO 3a ro-
nsmorabapuTH1 0BeKTH — NPaKTUYECKN HEBB3MOXHO.

2. 3abaBsHETO Ha NpoLeca Ha U3HOCBaHE, KaKTO Ha BLXETO,
Taka W Ha kaHarna Ha wanbata npu 3agageHa B 4OnycTUMnTE
rpaHnLy roneMuHa Ha HaTucka MeXOy KOHTaKTHUTE MOBbLpX-
HOCTU Ha BbXeTO M KaHana, 3aByCy 1 OT PaBHOMEPHOTO pa3n-
pefeneHve Ha fedopmauumTe Ha CblyaTta noBbpxHocT. Cre-
[0BaTeNHO MUHMMW3MPAHETO Ha HanpexeHusTa u aedopma-
Uu1Te € HedocTaTbyHO KaTo ycrosue 3a nogobpsiBaHe Ha
KOHCTpYKLmsTa Ha HLU npu pyaHuiHuTe nogemHm ypeabu.
Mpenopvyaxa 3a nybnukysaHe om
kamedpa “MexaHu3ayus Ha MuHume”, MEM®

3. Mpu KOHCTPYMPaHe UMK YCbBLPLLEHCTBYBAHE Ha Hanpas-
NsiBalLM MNM 33[BWKBALLM TPUELLM LWaibn 3a PyaHUYHM Mo-
AEMHU ypendu e HeobxoaumMo aa ce M3BBLPLIBA KOMMIOTHPEH
MOZEneH CTPYKTYPEH aHanu3a ¢ Len onTuMU3MpaHe pasnpese-
NEHNeTO Ha HanpexeHusTa u aedopmaumuTe.
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An analysis is made of the strain-stress state of the leading sheaves of shaft hoists. The finite element method and, in particular, its computer application is used.
Simulation investigation of a previously designed model in a 3-D format has been performed. The approach has great advantages for large-size pieces that are

extremely difficult to subject to investigation under industrial or laboratory conditions.

Minimum factors of safety are determined on the basis of the results obtained for the regions of highest stresses under different operating conditions. These have
been analyzed and the possibilities assessed for improving the design-performance parameters of a leading sheave under specific shaft hoist conditions.

INTRODUCTION

Leading sheaves in shaft hoists serve to take on the forces of
the hoist ropes, i.e. their dead weight, suspended end load and
all working and breaking dynamic loads. The sheaves direct
the ropes along the axis of the vertical shaft and their accurate
mounting determines the linear movement of the hoisting
vessel. The leading sheaves are mounted on a special
platform on the shaft frame. They consist of a ring with a
groove for the hoist rope, a hub and spokes — steel sections or
another connecting structure — side disks — Fig. 1. The leading
sheave is keyed to an axle rotating freely on bearing supports.
The standard size sheaves are designed with diameters of 2 -
5 m. In case of diameters larger than 3m the sheave ring is
made of die steel in several segments. The ring type
determines the leading sheave design — with a lining or with a
replaceable one made of wear-resisting steel, rubber mix,
plastics, metal ceramics, etc. The presence of lining produces
up to a 30-40% higher flywheel moment and failure or dropping
out of lining parts can cause the rope to come out of the
groove and break.

Until now most studies on the ‘leading sheave - rope’
mechanical pair have been carried out with the aim of
improving the operating conditions of the hoist rope,
decreasing its wear, better contact between it and the sheave
groove, higher durability. The aim of this study is to check the
strength and strain characteristics of the leading sheave under
maximum load on the hoist rope in view of optimizing its
design. The relative strains of the groove and its wear also

affect these rope parameters. By improving the design of the
leading sheave we create better operating conditions for the
rope.
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Figure 1

A leading sheave of welded design without lining, having a D =
4m is selected. Two options for the cross-section of its groove
are considered — Fig.2 - common semicircular with a wrapping
angle of 60° (Fig. 2b) and semicircular with an undercut groove
and a wrapping angle of 90° (Fig. 2a) [2]. The aim is to reach
minimum stresses on the groove and the rope, respectively, by
increasing the contact area between them.
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Figure 2

The working loads have been calculated for shaft hoists with
a lit height H = 500m; two hoisting vessels — skips with a
suspended end load of 160 kN (at maximum density of the
mineral and V = 5 m? for ore or V = 7 m? for coal); a two-drum
hoisting machine with a constant winding radius (D = 4m). The
hoist rope is round and has an open design with the following
parameters: linear weight 76.22 N/m; diameter d = 46 mm;
maximum breaking force 1470 kN. The maximum static load
on the rope is 200 kN.

The leading sheave is investigated under maximum dynamic
loads, five times greater than the working static ones. They can
occur when a rope is broken, a safety catch is actuated for
seizure in stopping ropes; when a full skip comes out of the
end stands; when the safety brake is actuated, etc. The results
can be distributed for other operating conditions as well as
other sheave designs.

The simulation modeling of the leading sheave is required
because of its large size and mass. Computer simulation is
applied by the finite element method. The leading sheave is
presented as an object composed of a finite number of parts,
called elements, which are connected at characteristic points —
nodes. The interaction of the elements occurs only in the
nodes. The behavior of the investigated design is judged by
the displacement of a certain number of nodes. The process
can be represented as a system of algebraic equations that in
the problems of strain-stress analysis are static equilibrium
equations.

INVESTIGATION METHODS

1. Computer simulation. This is the first stage during which
a three-dimensional computer model of the object is designed.
The case refers to the leading sheave shown in Fig. 1 of sheet
steel welded design and different rope groove configuration
(Fig. 2). The simulation is performed in a Solid Works
environment with the greatest possible details for the output
data (the real object).

2. Planning of the investigation. A main point at this stage
is the choice of a suitable software package based on the
already specified finite element method. After carrying out a
preliminary analysis of the possibilities to utilize the qualities of
the programs Ansys, Cosmos M, Cosmos Works and Designer
Space, the latter two were chosen. Several test studies were
performed using these programs. As a result it was found that

working with the Designer Space program is particularly
difficult at the stage of “discretization of the object’, i.e. when a
grid of finite elements is formed for such a large-size piece
having a complex configuration of thin-walled elements. This is
the reason why the program Cosmos Works 6 was chosen for
the computer realization of the finite element method.

Since the capacities of the post-processor module of this
program are widely utilized with respect to the results
(parameters of the strain-stress state), for the purposes of this
investigation only some of these will be used:

- equivalent stress according to von Mises;
- factor of safety according to the theories of Mises -
Henkey and Treska;
- static strains (absolute; equivalent).
According to Mises — Henky the yield limit is determined by the
ratio between the magnitude of Mises’ equivalent stress and
that of the allowable stress 0 [1]
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Mises’ stresses can be expressed by the three main
stresses:
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The limit value of the stress 0 };,;, can be expressed as a

function of the yield stress or material breaking stress. Hence,
the factor of safety (FOS) according to von Mises is:
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The maximum shear stress criterion, known as
Treska’s criterion, is based on the theory of maximum
shear stresses. According to this theory
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The factor of safety (FOS) is calculated automatically by the
program and visualized in the “safety result” field on the basis
of maximum local stresses in the investigated object and the
values of the limit stresses in the material.
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3. Parametrization of a test study. This is performed in a
Cosmos Works 6 environment in the following sequence:
- Precise parametrization (presetting) of the accurate values of
the material density, Young's modulus (E), Poisson’s ratio ().
The material of the investigated object should be isotropic.
- Optimal presetting of the load and boundary conditions of the
model so that they can reflect very precisely the actual
compression forces and limitation of degrees of freedom in the
global coordinate system. It is assumed that the function of
load distribution is according to the cosine law. There must be
a region of zero known displacements, i.e. static fixation. This
is required even if the external loads are self-balanced. For the
particular case the boundary conditions will be preset as a load
distributed on the surface of the hoist rope groove at a
wrapping angle of 140° and a region of zero displacements,
fixed surface of the bearing shaft hole — Fig. 3.
- Validating the model by selecting finite elements that are
appropriate in terms of their geometry and metrics and by
generating the best possible grid. In this case we have in mind
a regular-shaped grid of the elements and narrow limits of size
variation.

RESULTS AND ANALYSIS

The first investigation stage involves determination of the
strain-stress pattern according to Fig. 2a, which is visualized in
Figs. 3 and 4. Fig. 3 shows explicitly the discretization of the
tetrahedral-shaped model of finite elements and parameters: b
=87.5mm, N, =45 195 nodes and N, = 23 007 finite elements.
The maximum values of Mises’ equivalent stresses (o = 7. 2
MPa) are localized around the mass-lighting holes of the
sheave, whereas the stress values for the groove do not
exceed g, = 15-20 MPa. These values are considerably lower
than the limit values for the material (structural alloy steel),
which are:

- yield strength o, = 620 MPa

- ultimate strength 0,= 724 MPa.
Objective evaluation of the equivalent stresses can be made
by the pattern of distribution of Mises.
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Figure 3
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Factor of Safety (FOS) - Fig. 4. The lowest values for the
investigated sheave are FOS = 8.6 and are localized in the
same regions. These results show that the equivalent stresses
in the groove from Fig. 2 do not exceed 30 MPa.

Fig. 5 presents a pattern of distribution of FOS for a groove
version from Fig. 2a and parameter value b = 20 mm. Here the
possibilities of the Cosmos Works program were used for
selective point representation of the results by the Probe
results tool. The minimum FOS value is found in the region of
point 1 (FOS,=11), which is at the interface of the holes. The
highest value of the same parameter was calculated for the
regions of point 2 and point 3 (FOS,=26 and FOS;=100), which
are regions from the sheave groove.

Fig. 6 shows the pattern of distribution of the equivalent
stresses and their highest values calculated for the sheave
groove. It can be seen that the values vary within o, = 6 +18
MPa.
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Figure 7

The results of the study on a leading sheave shaped like the
groove according to Fig. 2b are presented in Fig. 7. Here we
can also observe localization of the maximum values of the
equivalent stress (up to 72 MPa) in regions remote from the
sheave groove. For the groove itself these stresses vary within
much lower limits from 6 to 30 MPa. The results of the
calculations for the factor of safety are not presented since
they are not very different from those of the previous
investigated designs.
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CONCLUSIONS
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1. The model rigidity can be investigated for loads different in
size and distribution. Analytically this is very difficult and
inaccurate and experimentally for large-size object it is
practically impossible.

2. The retardation of the wear process of both the rope and
the sheave groove for a stress value between the rope-groove
interface preset within the allowable limits, depends also on the
even distribution of the strains on that interface. Therefore, the
minimization of the strains and stresses is an insufficient
condition for improving the leading sheave design of shaft
hoists.

3. When designing or improving leading or driving friction
sheaves for shaft hoists it is necessary to perform a computer
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simulated structural analysis with the aim of optimizing the
distribution of stresses and strains.
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