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Meta poOoTu nosisArae y BU3HauCHHI OINIOPHUX Ta 3rMHAJILHUX MOMEHTIB, HABAHTaXXEHb Ha ONOPH, a TAKOX
HOPMAaJIBHUX HalpY)XeHb KOPIycy O0OEpPTOBOTO arperary HemepepBHOI ii, SKWH 3a3HAa€ CKIQAHUX MEXaHIYHHX 1
TEIJIOBUX HaBaHTaXeHb. AKTYaJbHicTh. Kopmyc 06epToBoi medi, stk 000JI0HKH 00epTaHHS, IMiJI Ti€l0 HaBaHTaKEHb
TIPOTHUHAETHCS K Y MPOJIHOTAX MiXK OTIOPAMH, TaK i Ha CAaMHX OTIOPaX, a TAKOX Ae(POPMYETHCS B TIONIEPEUHUX TIepepi3ax.
1li nedopMartii CTBOPIOIOTH TTO3IOBKHEO i IOTIEPETHO HATIPABIICH] 3THHANBHI MOMEHTH. 1X 301IBIICHHS Y1 3MEHIIICHHS
BiZIOYBA€THCS BHACIIIOK MEPEPO3MOIiITY THCKY Ha OMOPH, BUKJIMKAHOTO, B CBOIO UePTy, BUKPUBIECHHSIM OCi 00epTaHHS
1 TEOMETPUYHOI OCi KOPIyCy, HEpPiBHOMIPHHMM 3HOIIYBAaHHSM pOJIMKIB, OaHAaXiB, MI0aHTKHUX MPOKIAIOK 1
BKJIQJIMIIIB MiJIIUITHUKIB. ToMy po3paxyHOK Ha MIIHICTh KOPITyCiB 00EpTOBUX arperariB JO3BOJHUTH 3a0€3MEUNTH iX
HaJliiHy poOOTy Ta NMPOJOBXUTH TepMiH iX ekcruryartanii. Meroauka. Koprmyc o0epToBoro arperaty po3risigaiy siK
6araTonpoJiTHy HEpO3pi3Hy OaNKy TpyOUacToro nepepisy, A IKOi BU3HAYAIN OIIOPHI MOMEHTH 1 peakIii ornop, a npu
BHU3HAYCHHI HaNpyXeHb KOPIYC BBAXKaIM OaraTONpPOJIITHOIO IMJIIHJIPUYHOIO 00osoHKOI0. PesyabTarm. 3ampo-
TIOHOBaHI MaTeMaTH4HI 3aJIeXHOCTI J03BOJISIIOTH BHM3HAUYWUTH ONOPHI MOMEHTH, HAaBAaHTAXXEHHS Ha ONOpH Ta
HanpyXeHHs1 y Kopmyci obeproBoro arperary. HaykoBa HoBu3Ha. Po3po0iieHO MareMaTH4HI 3aJ€XKHOCTI s
PO3paxyHKy OIOPHHMX MOMEHTIB, HAaBaHTAXXEHHsS Ha OIOPHM Ta HANPYXKEHHs y KOpIyci 00OEpTOBOro arperary.
IIpakTHyHa 3HaYyWicTh. Pe3yapTaTi po3paxyHKiB JO3BOJISATH IPOTHO3YBAaTH POOOTY KOPITYCiB OOEPTOBHX arperaTiB
Ta MPOJOBKUTH TEPMiH IX eKCIUTyaTaIii.

KirouoBi cioBa: 00epToBi arperaty, arperatu HeTepepBHOI JIil, 000JIOHKH 00epTaHHs, ONIOPHI Ta 3THHANBHI
MOMCHTH, MEXaHI4HI HAIPY>XCHHS, 0araTonpoyiTHa Oanka.

Bcmyn

Koprmryc o6epToBoi medi sk 000JIOHKH OOEPTaHHS 3a3HAE CKJIAJHUX MEXaHIYHUX Ta TEIUIOBUX Iii.
TexHomoriyHUI pexuM poOOTH BHUMAarae HOTO HEMEPEPBHOTO OOCPTaHHS, a TEMIlepaTypa TpHU BHIIAJI
Marepiany mocsrae 1600...2300° C. barato mocimikeHb aHaTi3yI0Th (haKTOPH 3HOITYBaHHS KOMITOHCHTIB
00epTOBUX TeUeH, iX eKCIUTyaTalliiiHi rmapaMeTpHu Ta BIUIMB ITMX MHapaMeTpiB HAa CTaH Iedi, MpaKTHYHI
pEeKOMEHAAIIT 10JI0 BUKOPUCTAHHS BEJIMKOTa0apuTHHUX arperatiB [1— 4], a TAKOX TeIuioBe HaBaHTaXKCHHS
Ta HaNpy)KCHHS, 10 BUHHUKAIOTHh y eneMeHTax nedi [5]. Kopmyc cnpuiimMae 1 nepenae Ha onmopu HaBaH-
Ta)KeHHS BiJ] BUNAIIOBAIBLHOTO MaTepiany, pyTepiBKH, HaMa3Ku, TEIII000MIHHAX NpUCTPOiB. Kpim mporo,
KOpITyC TIPOTHHAETHCA SIK B MPOJBOTaX MK ONOpPaMH, Tak 1 Ha caMux omopax. B meit ke wac kopmyc
nedopMyeThes 1 B monepevyHux nepepizax. Lli aegopmarii cTBOPIOIOTH MO3A0BKHBO 1 MOMEPEYHO HAPAB-
JIeHi 3rMHaJIbHI MOMEHTH. BapTo 3a3HaunTH, 110 3MiHHI MOMEHTH, SIKi AiIOTh y MiA0aHJaKHUX, @ TAKOXK Y
NPONLOTHUX OOMYAiKaX, He 3aIUIIAlOThCA CTATMMH. IX 30iMbIIEHHS UM 3MEHIIEHHS BinOyBaeThCs
BHACIIIOK NIEPEpO3IOALTY TUCKY Ha OIOPH, CHPUYNHEHOT0, B CBOIO Yepry, BUKPUBJICHHSIM OCi 00epTaHHS 1
TEOMETPUYHOI 0Ci KOPIYCY, HEPIBHOMIPHUM 3HOIIYBAHHSM POJIHMKIB, OaHIAXiB, i 10aHIaKHUX MPOKIIAT0K
1 BKJIQJMIIIB I AIIAITHAKIB.
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Ananiz nimepamypnux oxycepe

Koprryc 06epToBHX TIeUeit sk 000JIOHKH 00epTaHHS PO3TIIAIAI0TH K HEPO3PI3HY 0Ky TpyOdacToro
mepepizy, OMOpHI MOMEHTH SIKOT MOYKHA BH3HAYWUTH, BUKOPUCTOBYIOUH METOIHU TOCIIIOBHUX HAOIMKCHB,
rpadidHi piBHIHHS TPYKHOI JIiHIT OaNKy Ta piBHIHHS TPHOX MOMEHTIB. BpaxoByro4m Te, IO KOPCTKICTh
OTIOPHUX BY3JIIB HaOaraTo MEpPEeBHINYE XOPCTKICTh MPH 3THHI KOPIYCIB OOEPTOBHUX arperartiB, B ITbOMY
BHITAJIKy HAHOUIBIIT BIATTMM € OCTaHHIN METOI.

Kopmryc arperary HemepepBHOI nii BIZHOCHTBCS O BUAY 3aMKHYTHX IFUTIHIPUYHUX OOOJOHOK
BEITUKOI MPOTSHKHOCTI. 3T1THO 3 OAJIKOBOIO TEOPIi€ro, M0 TOOYA0BaHAa Ha TiIoTe31 HeehOpMYBaHHS TUTOCKHIX
nepepisiB, KOpIyc OOEpTOBOrO arperary MOMKHA pO3MIAAaTd SIK OaraTONpoOJIiTHY HEpO3pi3Hy Oanky
TpyOuacToro nepepisy [6—8], 1is K01 BU3HAYAIOTH ONIOPHI MOMEHTH 1 peakuii orop.

Mema

BusHauuTi oOmopHi Ta 3rHHAaNBHI MOMEHTH, HABaHTAXCHHS HAa OINOPH, a TaKOX HOPMAaJbHI
HANPY>KCHHSI KOPITyCy OOEpPTOBOTO arperaTy HeEMepepBHOI i, SKWH 3a3HAE CKIQJHUX MEXaHIYHUX Ta
TETUIOBUX HABaHTAXKCHb.

Memoouka nposedenus 00cnioxicens

Cknafaloyn po3paxyHKOBI CXeMH 1 BUXOISYM 3 KOHKPETHHX KOHCTPYKTUBHHX OCOOJIMBOCTEH
KO>KHOTO THIIOPO3Mipy OOEpPTOBOIO arperary, NpUHMaioTh, IO Bara MeTaleBoi OOOJIOHKH KOpIycy,
(yTepiBKHM, BUIATIOBAILHOIO Marepialy OOMa3Kd 1 JIaHIIOTOBOI 3aBicH 300pa)KyeTbCs PO3MOIiNEHUM
HABAaHTAXKCHHSAM Ha TCBHUX JUISIHKaX, a Bara OaHJaXiB BIHIEBOTO KoJieca 1 TEIUIOOOMIHHUKIB —
30CepeIKeHIM HaBaHTaXCHHM (puc. 1).
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Puc. 1. Cxema naganmaosicens xopnycy obepmoeozo azpezama
Fig. 1. Load diagram of the rotary unit housing

Y BepTHUKAIBHIN TUTOIMIMHI IJIs BU3HAUCHHS OTIOPHUX MOMEHTIB B HEPO3Pi3HiK OaiIli 3 KOHCOISIMU,
sIKa CIIUPAETHCSA Ha N O1op, HeOOXITHO CKIIACTH Ny, -2 PIBHSHB!
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e A =1; §—° — IpuBesieHa AOBXKKHA  -Toro mponsoty (i =1, 2 ...N); J, — IoBinbHHUIA MOMEHT iHepIii (s
L

3pYYHOCTI JOUIIBHO MPUAHATH Jo=/;); J; — MOMEHT iHepIIil TIepepi3y B i - My IPOIBOTI; W;, W;yq — ILIOMI
BAaHTXHHUX EMIOp 3TMHAJBHUX MOMEHTIB Y BIAMOBITHHX MPOJIBOTAX; @;, b; — BiICTaHi BiA LIEHTpa Baru
BAaHTaXXHOI €MIOPH JI0 JiBO1 1 MpaBoi onop, BiANOBiAHO; A; — 3MilLlIeHHs i-1 OTIOpH Bix NpsAMoOiHiiHOCTI; Ei—
MOJYJb MPYKHOCTI MaTepiany B IpOJb0TaX NpH BiAMOBIAHIN TemMmepaTypi.
Ji = 5 Do Sois )

ne DoiTa 8,; — BIAMIOBIAHO, cepeHil AiaMeTp 1 TOBIIMHA KiJIbLIS.

3a HasBHOCTI KOHCOJICHi MOMEHTH B KpaiiHiX OlOpax BU3HAYalOTh OKPEMO BiIOMHMH MeToaaMu. B
TOPHU30HTAJILHIN IIIOKHI yci Barosi pakropu Pi, Qi, i topiBHIOIOTE Hymt0. ToMy 17151 BA3HAYSHHS OTIOPHUX
MOMEHTIB PiBHSHHS TPHOX MOMEHTIB Ha0yBa€ TaKOTO BUTIISIY:

AMI_y + 2QA; + Aiay) - MI + Aigy - Miyy + 6EJo - (525 4 250) = 3)

li—1 L

[Ipr BU3HAuUEHHI HAaBaHTA)XEHb Ha OMOPH Yy BEPTHKAJIBHIM IUIOIIMHI KOXKEH NPOJIT 00epTOBOTO
arperaty po3JIIJAIOTh SK OKPEMY MABOXONOPHY Oaiky, IO 3HAXOAMTHCS TMIiJ [i€I0 30BHIIIHBOTO
HaBaHTa)XEHHS 1 OMOpHUX MOMEHTIB. HaBaHTa)KeHHS Ha JIiBY 1 paBy OMOPHU i-T'O MPOJBOTY BU3HAUYAIOTDH 3
PiBHSHB:
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[Ipu oMy cymMapHe HaBaHTaXKEHHS Ha i -Ty ONOPY CTAHOBUTHUME!
Qi = Q-1+ Qiis1- (6)

[Ipu 3HaX0MKEHHI TOPU30HTAIBHUX CKIIQJIOBUX HaBaHTa)KEHb Ha omopy Bupasu (4) i (5) HabynyTsb
TaKOIo BUTJISAY:
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li li1
Bigxunenns oci o0epTaHHs y BEPTHKAIBHIHN IUTOMIMHI TPU3BOIATE JI0 TIEPEPO3IO Ty HABAaHTAKEHb
MIX OKpemMumu onopamu. llpu ipomy

ne G — 3arajpHa Bara 00epTOBOTO arperary.
Bukpusiaenas oci oOepTaHHS B TOPU3OHTAIBHIM IUIONIMHI CIPUYHHSIOTE TIEPEPO3ITOILT
HaBaHTAXEHb MK POJIMKaMK OKpeMHX orop. Tak Bix Ail cuiiu Qi Ha OIMOPHUX POJIMKAX BUHUKAIOTh PEAKIIil

(puc. 2):

_ _p _ _Qi

Pm' — fopi — Pi - 2cosa;’ (10)
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Hpu npomy, skwo Py = 0; Py = 0, To

’ ©_ Qi

Pai + Pt = (13)

OTxe, BUKpHUBIEHHS OCi 00epTaHHA y BEPTHUKAJbHIM 1 TOPU3OHTAIBHIN MJIOMIKMHAX TPU3BOIUTH
TIBKH J0 TIEPEPO3NOAiITY HABAHTAXKEHD MK OKPEMHMH OIIOPAMH 1 CAMUMH POJTUKAMH OKPEMHX OTOP.
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Puc. 2. Cxema 3ycunv 6 onopromy 8y3ni
Fig. 2. Free body diagram of the support node

Kopmyc obepToBoro arperaty MoKHa BITHECTH J0 BHAY 3aMKHCHHX MIJIIHIPHYHUX 0OOJIOHOK
CepeIHbOI JOBKHWHHY, OCKITBKH HOTO KOHCTPYKIIiS BiIOBIa€ TAKUM YMOBaM:

5 <D0 8D>1>D
=60’ 0

ne 8y, Dy i | — BigmosigHO, TOBIMHA, CEPEHIl TiaMeTp i JOBKHHA OOOIOHKH.
Jedopmyrouucs y momnepevHoMy mepepisi mig yac poOOTH sSK 0araToONOpHA HEepo3pi3Ha Oalika,
KiJIbIIEBa 00OJIOHKA OTPUMYE TPH HAIpyxkeHHs (puc. 3).

Puc. 3. Cxema mexaniynux nanpysiceHv 6 KOpnyci
Fig. 3. Stress diagram inside the housing
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Buxopsiuu 3 OTpUMaHUX HANPYKeHb, BU3HAYAIOTh PUBEJICHE HAIPY>KEHHSI 3T1JTHO 3 EHEPTeTUIHOIO
TEOPIEI0 MIITHOCTI:

Onp = \/(O'ZS + 09)% + 62 — (025 + 09)0s. 17)

V HaBeneHux (opmynax BUKOPHCTAHO TaKi MO3HAYEHHS. Ozg — HOPMAJbHE OCHOBE HANPYKECHHS
B3JI0BK TBIpHOI IMJIIHIPA; Og — HOpMaJIbHE KibLIEBE HANPY>KEHHS BiJ TONEPEYHOr0 3STHHATIBLHOTO MOMEHTY;
0y — HOpMaJbHE OAJIKOBE HANpPY)KEHHS; (] — MOrOHHE HaBaHTaKeHHs; | 1 I — BIANOBINHO, pO3paxyHKOBa
JOBXHHA 1 chepuuHuil pagiyc 000m0HKH; My, — MAKCUMAaJIbHUAHN 3THHATIBHUNA MOMEHT; Z 1 § — BiIOBiTHO,
JiHiifHA 1 KyTOBa KOOpAMHATH.

Pezynomamu 0ocnidricens ma ix 062060peHHsn
Ha mpuxiani cemMuonopHoi medi jgiaMeTpoM 5 M Ta JOBXKUHOK 185 M, cXxema HaBaHTaXKCHb SKOi
300pakeHa Ha pHc. 4, @, Ta IHIIMX HAWOUIBII THMOBHX OOEPTOBHX arperariB, PO3MIITHEMO PO3MOILT
HABaHTa)XCHb HA OMOPU Ta HANpPYXEHb B KOPIYCi MpU MPSIMOJIIHIHHOMY IOJIOKEHHI Oci oOepTaHHSA i
HAWOUTBII HECTIPUATIMBUX BUKPUBJICHHSAX OCTAHHBOI B MEXKaX PEKOMEH/I0BAHOTO JIONYCKY (puc. 4).
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Puc. 4. Cxema nasanmasicenb ma MOXNCIUBL GUKPUBTEHHS OCI 00EPMAHHS
6 medicax 0onycKy 6 obepmosii neui oiamempom 5 m i 006acunor 185 m
Fig. 4. Load diagram and possible rotation axis deflections within tolerance
in a rotary kiln with a diameter of 5 m and a length of 185 m

Bucnosku
Amnanizytoun Bupasu (14)... (16), MOxxHa CTBEpKYBaTH, 1[0 MAaKCUMaJbHI 3HaYCHHS OKPEMHX
HalpyXeHb 3HAaXOAATHCS B TOYKax mepepisi, ne S = 0° [Ipuyomy cami mepepisu 3 MakCHUMalbHHUMU
3HAUCHHSMH HAIPYKEHb PO3MIIEHI TOCePEIMHI POIbOTIB, e Z = |/2. 3HaueHHs 1UX HaNpyXeHb OyAyTh
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B TOYKax 3 KoopauHaTtamu £ = 0° ab0 po3TamoBaHWX TOCEpPEAMHI MPOJLOTIB, ad0 B Tepepizax 3
MaKCUMAaJIbHAM 3THHATLHAM MOMEHTOM.

AHaji3 po3paxyHKIiB HaIlpy>Ke€Hb B KOPIIYCl MPH MPSMOJIHIHHOMY ITOJIOKEHHI oci oOepTaHHS i
HaWOIIBIII HECTIPUATIMBUX BHUKPHBICHHSIX OCTAHHBOI 3aCBiAUyeE, MO MAKCHMalbHI 3HAYCHHS OKPEMHX
HaIpy>KeHb Ta X KOOPAWHATH HEOOXiTHO 000B’I3KOBO BPaXOBYBATH IIPH IMPOEKTYBAaHHI Ta pO3paxyHKy Ha
MIITHICTh 00EPTOBUX arperariB HETIEPEPBHOI ii.
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Thor Kuzio, Yuriy Sholovii, Nadiia Maherus
Lviv Polytechnic National University

STRENGTH ESTIMATION OF ROTARY UNIT HOUSINGS

Goal of the article is to determine the support and bending moments, loads on the supports, as well as the normal
stresses in the continuous rotary unit housing, which is subjected to complex mechanical and thermal loads.
Significance. The rotary kiln housing, as a rotating shell, bends under the load both in the spans between the supports
and at the supports themselves, and also deforms in the cross-section. These deformations create longitudinal and
transverse bending moments. Their increase or decrease occurs due to the redistribution of pressure on the supports,
caused in turn by the deflection of the axis of rotation and the geometric axis of the housing, uneven wear of the rollers,
bandages, sub-bandage shims, and bearing liners. Therefore, strength estimation of the rotary unit housings will ensure
their reliable operation and extend their operating life. Methodology. The rotary unit housing was considered as a
multi-span continuous beam with tubular cross-section, for which the support moments and support reactions were
determined. When determining stresses, the housing was regarded as a multi-span cylindrical shell. Results. The
proposed mathematical relationships allow the determination of support moments, loads on the supports, and stresses
in the rotary unit housing. Scientific novelty. Mathematical dependencies have been developed for calculating the
support moments, loads on the supports, and stresses in the rotary unit housing. Practical significance. The results of
the estimation will allow predicting the performance of rotary unit housings and extending their operating life.

Keywords: rotary units, continuous units, rotating shells, support and bending moments, mechanical stresses,
multi-span beam.
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