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BU3HAUYEHHSI JUHAMIUYHHUX CKJIAJOBHUX PEAKIII
B MIAIUAIHUKAX JUCKOBOI'O BATY POTOPHUX ITN.JT
(MOBLJIOMJIEHHS 1)

s cyuacrnozo npokamuoz2o GUPOOHUYMEA AKMYATbHUM € RUMAHHS MIYHOCMI ma HAOili-
HOCMI KOHCIMPYKYIl pOMOPHUX NUJL, AKI NpUsHadeHi 0Jis pizanus memanonpoxamy. Memoio
0aHOi pobomu € GUSHAYEHHS YMOYHEHUX 3HAYEHb CUL PeaKyili ONOPHUX NIOWUNHUKIE OUC-
K08020 8any. Ak idomo, npu mpusanitl excniyamayii 00’exmy micye 05t ROCAOKU Pidcy-
4020 OUCKY HA NAAHWATIOL 3HOWYEMBCA, THKOIU BUHUKAE NOXUOKA 8 OMEOPI NPU US0TOG-
JlenHi Hoeo20 oucky. Tomy mae micye ekcyeHmpucumem yeHmpy eazu oucky. Hasenicmo
Yb020 eKCYeHmMpUCUMeny 6paxo8yemucs 8 pobomi npu U3HAYEHHI WYKAHUX CUI 3 OONO-
Mmoeoio npunyuny /[ ’Anambepa ymosnozo spienogadicenns cun. Yepez me, wo npoyec pi-
3aHHA OUCKOBOIO NUNOIO OYHCEe KOPOMKOUACHUM, CUNY DI3AHHA B8AMCAEMO CUNOIO YOapy.
Benuuunu cun peaxyiii 6 niOWUnNHUKAax U3HAYAOMbCs N0 YAC PI3AHHA 3 GUKOPUCIAHHAM
meopem OUHAMIKU npu yOapi: meopemu iMnyavCie ma npo 3MiHy KiHemuuH020 MOMEHmY.
Cnpoeyitogaguiu eKMOpHi poOpMYIU NPUHYUNY MA MeOpeM HA OCi KOOPOUHAM, OMPUMAHT
cucmemu aneedpaiyHux pieHaHb, 3 AKUX GU3HAUAIOMbCS 20PUOHMANILHI MA 6EPIMUKANbHI
CKa008i cUll pearkyiil 8 NIOWUNHUKAX SIK NPU XOIOCHOMY pedcumi, max i npu pizanni. Ye-
pe3 me, Wo 8eKmop 8ioyeHmpogoi Jlarambeposoi cunu inepyii OUCKY 3MIHIOE C8illi HaNpsM,
OmpumMani opmynu cun peaxyii npu pisHUx ROJONHCEHHAX YeHMpPY eazu OUcKy. 3a pesyo-
mamamu YuceibHo20 ananizy 3a0ayi, AKUL NAAHYEMbCA, MOJICHA hoOYOyeamu epagiku 3a-
JiedcHocmeti 20pU30HMANLHUX A GEPIMUKANLHUX CKAA008UX CUN MUCKY HA NIOWUNHUKY
8i0: BENUNUHU eKCYEHMPUCUMENY, GEPMUKANLHOI Ma 20PU3OHMANLHOI CKAIA008UX CUN Di-
3aHHA, KYMOGOI WEUOKOCMI MA NOAOICEHHS OUCKY.

Knwuogi cnosa: peaxyii niowunnuxis, excyenmpucumem, YOApPHUtl iMIYIbC, PIdCyyull
OUCK.

A.O. Ishchenko, T.M. Karpenko, S.V. Kapustin. Determination of dynamic component
reactions in support bearings of rotor saws for cutting hot rolled (message 1). A distinc-
tive feature of rotary saws is the process of cutting the workpiece, which takes a very short
time. For example, a workpiece with a diameter of 200 mm is cut in 0.2 seconds, while
traditional designs of sliding and pendulum saws perform this operation in 10-20 seconds
or more. This effect is achieved due to the high speeds of feeding the disc to the cut,
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exceeding traditional modes by 20 or more times. However, due to the specific cutting con-
ditions, weak links were identified in these designs that require further improvement. One
of the factors that reduces the reliability of the saw is the insufficient durability of the bear-
ings of the high-speed disk shaft, which perceives the cutting force. Until now, the reliabil-
ity issues of rotary saw structures remained unresolved. One of the factors that reduces the
reliability of the saw is the insufficient durability of the bearings of the high-speed disk
shaft, which perceives the cutting forces. Practice shows that the applied methods of cal-
culating the strength of support bearings do not allow taking into account all possible fac-
tors that affect the reliability of bearings in the cutting process. First of all, as it turned
out, during operation, the saw blade has radial runout, possibly due to an error when cut-
ting the teeth of the blade and the eccentric landing of the blade on the seat when replacing
it. For modern rolling mill production, the issue of strength and reliability of rotary saw
designs, which are intended for cutting rolled metal, is relevant. The purpose of this work
is to determine the precise values of the reaction forces of the support bearings of the disc
shaft. As you know, during long-term operation of the object, the place for landing the
cutting disc on the faceplate wears out, sometimes there is an error in the hole when making
a new disc. Therefore, there is an eccentricity of the center of gravity of the disk. The pres-
ence of this eccentricity is taken into account in the work when determining the required
forces using D'Alembert's principle of conditional balancing of forces. Due to the fact that
the process of cutting with a circular saw is very short-term, the cutting force is considered
the impact force. The magnitudes of the reaction forces in the bearings are determined
during cutting using the impact dynamics theorems: the momentum theorem and the kinetic
momentum change theorem. By projecting the vector formulas of the principle and theo-
rems on the coordinate axis, the systems of algebraic equations are obtained, from which
the horizontal and vertical components of the reaction forces in the bearings are deter-
mined both in idle mode and during cutting. Due to the fact that the vector of the centrifugal
Dalembert force of inertia of the disk changes its direction, the formulas of the reaction
forces at different positions of the center of gravity of the disk were obtained. According to
the results of the planned numerical analysis of the problem, graphs of the dependences of
the horizontal and vertical components of the pressure forces on the bearings can be drawn
from: the eccentricity value, the vertical and horizontal components of the cutting forces,
the angular velocity and the position of the disk.

Key words: reactions of bearings, eccentricity, impact impulse, cutting disc.

IHocTanoBka npodJjemu. [lo TenepinrHOro Yyacy 3alHAMIaNNC HEBUPIMIEHUMH TUTAHHS HaIii-
HOCTI KOHCTPYKIiH poTopHuX mui. OgHuM 3 GaKkTopiB, SKUH 3HUKYE HAJAIMHICTh MUJIH, € HEJOCTATHS
JIOBTOBIYHICTH MiAIIUITHUKIB BUCOKOIIBHIKICHOTO IUCKOBOTO Bajy, IO CIIPHUIMAE 3yCHUIUISA Pi3aHHS.

AmHaJji3 ocTaHHiX qocaimkens i myoaikauiil. TpaauiiiiHo po3paxyHOK MIITHOCTI MiAMIUITHUKIB
JIUCKOBOT'O BaJly POTOPHUX IMHJIOK MPOBOJIUBCS METOJaMK CTATHKH, BPAaXOBYIOUHM Bary IIKiBa peMiHHOT
niepeayi, MaxoBHKa MUIAHIIAKWO 3 PIXKYYUM JUCKOM 1 3ycmiuis pizanHs [1-4]. Takox 3ycwist pizaHHs
JIMCKOBUMH THJIAMH, 3a3BHYaii, BU3HAYAIUCH 3@ JOIIOMOTOK0 TUTOMOI po6oTH pizanus [1, 3-4]. OxHak,
B 00J1acTi peXXUMIB pi3aHHS POTOPHUMH MHJIaMH, TOOTO TpH TOBIIHMHI 3pisy 0,05...2 MM, 3aCTOCyBaHHA
1i€T METOJMKYU NOTPeOYy€E MPOBEACHHS KOMILIEKCY JOCIITHUIIBKUX POOIT 3 METOI PO3IIUpPEHHs chepu
ii 3acrocyBanns [5, 7-8].

Merta nocaifkeHHs — BU3HAYCHHS pPEaKIlii MiAINITHUKOBHAX BY3JIiB 3 BpaXyBaHHSIM €KCIICHTPH-
CHUTETY PIXKY4OTro JTUCKa:

- IIPH XOJIOCTOMY XOJ1Y;

- TIpY BiIOMi¥i cruti pizaHHS.

Bukaan ocHoBHoro matepiany. [IpakTuka mokasye, o 3aCTOCOBaHI METOIW PO3paxyHKy Ha
MIIHICTh OMOPHUX MiAIMIMITHHUKIB HE TO3BOJSIOTH BPAXOBYBAaTH BCi MOKINBI (DakTOpH, SKi BILTUBAIOTH
Ha HaJiHHICTh MiAIIMITHUKIB B Tiporieci pizaHHs. [lep 3a Bce, Ik BUABHIIOCS, i1 Yac pOOOTH MUIHHUMA
JIMCK Ma€ pajiaabHe OUTTS, MOKIIUBO, Yepe3 TOXUOKY TIPH HapizaHHI 3y0iB AWCKA Ta EKCIICHTPUIHOIO
MOCAJIKOI0 IMCKA Ha TIOCaJKOBE Miclle Ipu Horo 3amiHi. [{e Moske OyTH MOB’s13aHO 3 BUPOOKOIO MOCAI-
KOBOT'O MICIISl T/ IMCK Ha TUIAHIIAK01, Ha IKOMY BiH BCTAHOBIIFOETHCS, 800 MOKIHBOIO TOXUOKOIO MPH
MIPOTOYII BHYTPIITHEOTO OTBOPY TSI TTOCAAKH JUCKY. B 3B'SI3Ky 3 HassBHICTIO TaKOT'O pajiaIbHOTO OUTTS
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HEOoOXiIHO BpaxyBaTH HOTO BIUIMB Ha MILHICTh MiJIIMIHUKIB. KpiM TOro, Mae Miciie KopoTKa TpuBa-
JICTh caMoro mpoliecy pizaHHs. Sk BiZoMO, OCOOIMBICTIO POTOPHUX MU € MIPOLIEC Pi3aHHS 3aTOTOBKH,
SAKUH 3aiiMae mayke KopoTkuii yac. Hanpuknan, 3arotoBka miamerpom 200 MM pospizaerbes 3a 0,2 ce-
KyH[IY, B TOH 4ac sIK TpaIuLiiiHi KOHCTPYKILii cala3kOBUX Ta MasTHUKOBUX IHJI BUKOHYIOThH L0 OIlepa-
mito 3a 10-20 ta Ginbmre cekyHm. el edekT mocsraeTbes 3a paxXyHOK BUCOKHX IIBHAKOCTEH momadi
JIMCKa Ha i3, K1 NepeBUILYIOTh TpaAuLiiiHi pexumu B 20 Ta Oinblie pasis.

Ha puc. 1 300pakeHa cxema aKTUBHUX CHUI, SIKi JifOTh HA 00’ €KT, 1 CKJIaIOBI PEaKITiii i AIIHITHN-
KiB A Ta B ripu xomoctoMy Xo1y. BUXigHIMY JaHUMHY IS BUSHAYEHHS PEaKIii iAIIUITHIKOBUX BY3JIiB
3 BpaXyBaHHSM €KCLICHTPHCHTETY p1>1<yq0ro TIACKa € HaCTyHHl BEJINYHMHU:

61 — Bara piky4oro AHCKa, Gz Bara IiaHmaiou, G3 Bara IIKiBa, G4 Bara MaxoBHKa;

L1, Lo, L3 L4, Ls— po3mipu ninstHOK Baimy, D — niameTp pixkydoro nucka;

OC; = e — BeIMYMHA €KCIIECHTPUCUTETY IIEHTPY Baru JIUCKa;

GD? . . ..
Ic1zz—4 rh MOMEHT 1HEPLIi AUCKa BIIHOCHO LEHTPAIbHOI BICI;
*

FP, FJ — cKazoBi CuitH pisaHHs; T — 4ac pi3aHHsL.
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Puc. 1 — Po3paxyHkoBa cxeMa CHJI IpU XOJIOCTOMY X0y

Jlyis BU3HAUCHHS peakiliii B onopax 3actocyemo npuniun /I’ Anambepa [6]: «B noBinbHMI MO-
MEHT Yacy cHUcTeMa CHJI, IO AII0Th Ha BiIbHUH 00’ekT i [I” AnamOepoBi cuiu iHepIii yTBOPIOIOTH 3piB-
HOB@)KEHY CHCTEMY CHID». | '0JIOBHHMII BEKTOp CHIJI iHEpIii AUCKY crpsAMoBaHUH 1o Bektopy OCi, AKuii
o0epTaeThCs 3 KyTOBOIO MIBUAKICTIO BAITy M, 1 JOPIBHIOE:

Fifl = % -w? -e. Q)

ToMy, SIKIIO KYT NOBOPOTY Baly, SIKM PIBHOMIPHO 00€pTa€ThCsI, JOPIBHIOE (O=®'t, MAEMO CKJIa-
JI0Bi TOJIOBHOTO BEKTOpPY cun inepuii: Fi" = F'¥ - cos ¢, P;,“" = F" - sin ¢.

1. Busuauenns onopuux peaxyiti NIOWUNHUKIE Y 6UNAOKY XOIOCHO20 X00).

Jns BU3HAYSHHS OTIOPHHUX PEaKIild MPH XOJOCTOMY XOJi CHIIM peakiliii B miamumHukax A i B
PO3KIIaaEMO Ha CKIIAI0Bi:

RXOJI — RXOJ'I + RX(;/JI, EOJ’I — RXOJ'I E(;]JI . (2)
Bubupaemo cucremy koopauHat Axyz. Bimmik KyTa moBOpPOTY MOYMHAEMO 3 TOPHU3OHTAIBLHOTO
nosiokeHHs BekTopy OCi, To6TO Ko ¢=0. 3 JOJATHOTO HANMPAMKY OCi Az GaunMo OOepTaHHS Bally
NPOTH X0y TOAMHHUKOBOI CTPIJIKH.
3rigno mpunnumy /1’ Anambepa, MaeMo:
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( R + RESM + F - cosp = 0
—R3 = RES 4+ Gy + Gy + G+ Gy + F™ - sing = 0
Gy ACy — G3-AC3 — G, " AC; — (G, + F™-sing) - A0 + R§}' - AB = 0
R AB + F"-cos¢p - A0 =0

3)

Po3B’s13y10un cuctemy piBHSAHB (3), OTpUMaEmMo:

Rxon — _FiH © COS @ @
AB

Rxon FiH. cos ¢ - BO
AB

1 .
}QXOJI = AB [GZ 'AC2 + G3 - AC3 - G4_ - AC4 + (Gl + FlH . Sin(p) - AC1]

RX"”—61+Gz+G3+G4+Fi“-sin<p—A—1B[Gz-AC2+G3-AC3—G4-AC4+(61+Fi“-sintp)-AC1]

J1s KOHKpeTHHX TMOJI0KEHb IIEHTPY Baru pixKydoro JANCKY, MO)KHa OTPUMATH CKJIAJI0BI peaKiiit
TiIUITHAKIB B IUX MOJ0KEHHAX. MaeMo 3HaueHHs cunt Ry, Rj), Rpy R, 718 BEPTUKANBHUX M TOPH-

3OHTa.]'II>HI/IX MOJIOKECHB BEKTOpa OCl IpUu XOJIOCTOMY XOI[I JAUCKY:
- @ =2 R =[G, - AC; + Gy - AC; — Gy - AC4 + (Gy + F'™) - ACy]

. 1 .
RXOH_Gl+GZ+G3+G4+F1H_E[G2'AC2+G3'AC3+(61+F1H)'AC1_G4'AC4]
X0J1

-mpn @ = 25 RIS =[G, - AC; + G3 - ACs — Gy - AC, + (G1 — F™) - AC,]
1
XO“—Gl+GZ+G3+G4—F”’——[GZ AC, + G5 - ACs + (G, — F1) - AC, — G, - AC,]
RXO.H 0 RXOJI_O
-umpu =0%@p=m
1
Egﬂzﬁ[GlAcl'l'GzACZ‘l'GgAC3_G4AC4]

1
RXOJI_G1+62+G3+G4_E[61'AC1+GZ'AC2+G3'AC3_G4'AC4]

.. OB iy AO
xon _ pin , YB. pxon _ _ pin
-mpn @ = 0% RS" = Fii - 20 R¥on = —F s
. i OB,
-upn @ =m R = —F" - SRR = F" -AB

2. Busnauenus onopuux peaxyii niOWUNHUKIG, Ki GUHUKAIOMb NiO OIEI0 MINbKU CUL PI3AHHSL.
{06 BU3HAYMTH CKJIAJIOB1 OTIOPHUX PEAKIIii, sIKi BAHUKAIOTh MiJI Ai€I0 TIJILKU CHJI pi3aHHs (HOp-
— —_
ManLHo'f E, P Ta noruunoi FF), Ha puc. 2 300pa3uMo CKIJIAIOBI CHIIM Pi3aHHs Ta CKJIAI0Bi OMOPHUX pea-
—)
P
KI[IH RAX RAy Rpy RBy,
KopoTtkouacHuii npouec pizaHH JICKOM 6yz[eM0 PO3IIIA/ATH 5K YAap 1pu BIJOMHX iMITyJIbCaXx:
P —
— _ P,
Spox = F Sy()y E
OCKIiJTBKH MipOI0 B3a€MO/Ii1 TUT TIPH yapi € IMITyJIbCH, 3aCTOCYEMO HACTYITHI TEOpPEMHU THHAMIKA

AKi TIPH IbOMY BUHUKAIOTb.

[6].
Teopema iMmymbciB: 3MiHa KiNBKOCTI pyXy 00’€KTa 3a yac yaapy JOpiBHIOE CyMi YAapHHUX iMITy-
JIBCiB, MPUKITAJIEHUX J0 00’ €KTY

Q nicas yaapy Q,qo yaapy — ZSy;L-- (4)
Teopema rmpo 3MiHy MOMEHTY KiTBKOCTI pyXy IpH yAapi: 3MiHa KiIHETHIHOTO MOMEHTY BiJHO-
CHO IIEHTPY A 3a Yac ymapy JOPIiBHIOE CYMi MOMEHTIB yIapHUX IMITYJIbCIB, IPUKIAACHUX 10 00’ €KTY,
BIZTHOCHO LIEHTPY A

K nicaa ya.T.A — K,uo yA.T.A =2 MOM.T.A(Sy,u.)' (5)
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Puc. 2 — Po3paxyHkoBa cxema Cull IpH pi3aHHi
[Ipoexkrtii hopmya (4) i (5) Ha oci KOOpAWMHAT AXYZ MafOTh BUTJIS;
%-e-(w —w,) =7 (R} +RE. +FP)
0=1-(Ry +RE, +EF)
0=1-(R},-AB+Fl-40) (6)
0=r1-(R5 4B+ FF'-40)
D
\ Ioz'(w;c_wn) = _F)'CP.T.(71+6)'

Jie: M — KiHIIeBa KyTOBa MBUAKICTH (B KiHII yAapy);

©n — TI0YATKOBA KyTOBA MIBUIKICTb;
G o
oz = Ic1z + 5 ¢ (7

Po3B’s3y10un crcteMy piBHSHB (6), OTPUMAEMO:
-FF- -(ﬂ+e)

(wk_wl-t) = ’
5
P P . 4aY
RBx _Ec 4B’
P.(Z1
RY FP-@__Gle_E‘(2+e).
Ax T X yp I ’
g o oz
P _ _pp. 40,
RBy - P)" AB'’

IJ_[06 3HAWTH 3HAYCHHS CyMapHHX CKJIaJ0BHX OTIOPHUX pEakIii, sSiKi BAHUKAIOTH B TpOILECi pi-
3aHHA, R e R Tpe6a IO 3HAYCHD peaKum npu xonocmMy pexnMi RW‘ R"”” JOJIaTH 3HAYCHHS PEaKIIii

TIpH pi3aHHi RA! RB , TOOTO MaeMO: RE Rxm + RP, RB — Rxm + RB

BucHoBku
ByB posrisiHyTHI BIUIHB pajiadbHOTO OUTTS Ha MiJIIMITHUKA. TakoX y 3B’S3KY 3 THM, 10 KOPO-
TKOYACHICTh TIPOIIECY pi3aHHSI MOYKHA OXapaKTEepU3yBaTH K yaap, OTpUMaHi AWHAMIYHI CKJIaIOBI OTI0-

PHHX peaKIlii.
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TakuM YUHOM, MaEMO JITOPUTM BUKOHAHHS YUCEJILHOTO aHAJII3Y 3a/1a4i, pe3yJbTaTh sSKOTO Ijia-

HYETLCA HOpiBHSITI/I 3 CKCOCPUMCHTAJIbHUMU JaHUMMU.

Otpumani GopMyH AJ1s1 BU3HAUYEHHSI AMHAMIYHHUX CKJIaJOBHUX CHJI TUCKY Ha MIAMINITHUKY BPaxo-

BYIOTh €KCIICHTPHCHUTET IEHTPY Baru AUCKY, SIKUH € IPUIMHOIO PaIialbHOTO OUTTSL.

KopotkouacHa aist Ciil pi3aHHS PO3TIISAAECTHCS K YIapHE SBUIIE, IO JO3BOJIUIO BHECTH TOTIPa-

BKH B BCIIMYWHU peaxuiﬁ B Hi)_II]_II/IHHI/IKaX, OTpUMAHUX METOAAMHU CTATUYHUX p03paxyHI<iB.
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