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B macrosimee BpeMmsi onpeznenenue nucOaaHCa Ha POTOPe IPeaCcTaB-
Jiger cobOU CJIOKHYIO 3a/ady, LIOCKOJIbKY B POTODE BCEr[a IIPHUCYT-
CTBYIOT HETOYHOCTH H3TOTOBJICHWS, KOTOpble HEOOXOIMMO M3MepSTh
TSl KaxK/10# cOOPKHU JBUraTesiss OTIeIbHO. AJIbTepPHATHBHBIM II0XO-
JIOM #BJISETCS METOJ BEPOSTHOCTHOI'O 33IaHuUsA AUCOAJIAHCOB HA OCHO-
BAaHWUM 3HAYEHUI JOIYCKOB HETOYHOCTE M3TOTOBIeHUd meTaseil. Ilpu
onpeeneHuy Iporudba PoTopa OT CAydaiiHOro aucOasiaHca BO3ZHUKAET
HEOOX0MMOCTD Ilepecydera 1poruda Jyid KaxK/JI0i peasm3anuu aucba-
JIAHCA, 9TO MOXKeT YBEeJIMYIUTHh BpeMsd pacdeTa. B HacTodmieil craTbe
Npe/IoyKeHa Peasn3alis MeToda CHJI, KOTOpPas CBOAUTCH K HeoOXo-
JUMOCTH Pacydera JIMIb eJUHUYHBbIX NPOorubos cucreMmsl. Ha TecroBoii
3a/1ade OblIa OIEHEHA IIOTHOCTH BEPOSTHOCTH IIpOrmda poTopa IpH
M3BECTHOII IJIOTHOCTH pacipeesieHus aucbaramHca.

Karoueswie caosa: nucbaramc, mporud poTopa, MEeTO CHUJI, HOIyCKa

Calculation of random operating deflection of rotor using
the force method

Nowadays the definition of rotor unbalance is a complicated task, be-
cause there always are inaccuracies in machine parts, which must be
measured during each engine assembly proccess. An alternative ap-
proach is the method of probabilistic definition of unbalance based on
tolerance values of parts inaccuracies. When calculating rotor deflec-
tion due to action of random unbalance there is a need for repeated
calculation for each realization of unbalance, which may increase the
calculation time. In present paper the variant of the force method
for rotor deflection calculation is proposed. In this case only unit
deflections should be calculated. A test task was solved, wherein the
probability-density function of rotor deflection was estimated provided
the probability-density function of unbalance was known.

Keywords: unbalance, rotor deflection, force method, tolerancies

VYemanos Arton Pasmibesna, acnupant, CIIGIIY (Carkt-IlerepGypr, Poccus); Anton
Usmanov (Peter the Great St.Petersburg Polytechnic University, Saint-Petersburg,
Russia)

Mopnecros Bukrop Cepreesud, K.T.H, Beaymuii nporpammuct, CII6IIY (Cankr-
TletepGypr, Poccms); Victor Modestov (Peter the Great St.Petersburg Polytechnic
University, Saint-Petersburg, Russia)

449



Paccmorpum umeitHyo cucreMy (1), OMMUCHIBAIOIIYIO TPOTHO POTOPA OT
HEKOTOpOit Harpy3ku {D}:

([M]+{q}) + ([C] + [Co{d} + [K{q} = {D}- (1)

B aBymepnom ciiydae 3Hadenue nporubda ¢; B HEKOTOPOM y3Ji€ OT HEKO-
Toporo mabopa amcbamancoB {D};,j = l..n ompelensercs CTaHIaPTHBIM
METOJIOM CHJI:

g = Z H{D};{D};6;. (2)

ede d; - anauenue eQUHUYHO20 NPO2UbA 6 i-M Y3ae om delicmeusn edunuwHO20
{D};
H{D};1"

MoxkHO moKas3aTb, 9TO B TPEXMEPHOM CJydae OCECUMMETPUYHON H30-
TPOIHON CHCTEMBI MPOEKIMH Tporuba ¢F,q! B i-M y371€ ONpeIessiioTCs o

dopmysram:

ducbaramrca

q = Zdjéjcos(qﬁj). (3)

¢ = Z d;6;5in(p;). (4)

2de d; - modyav j-20 y3a06020 ducbararca, ¢; - Pasa j-20 yaaoeozo ducbaran-
ca, 0; — NPOEKYUA NEPEMEWELHUA 6 1-M 6 Y3AE OM Jj-20 eJUHUYHOZO Y3A06020
ucOaNAHCE HA HANPABAEHUE j-20 Y30068020 QUCOAAAGHCA.

PaccmoTrpum cucremy, MpuBeIeHAYIO Ha puUCyHKe 1.

Pucyunok 1. PaccmarpuBaemast 6aI09HAsT CHCTEMA,

V
GC GC GC GC(zHL86C

HomyctaM, 910 MOmynb d; n dasza ¢; KaxKIoro ys3moBoro amcbOaTanca
SIBJISIIOTCS CJTy YAl HBIMU BETUIMHAME, PABHOMEPHO PACIIPEICIeHHBIMA B UH-
TepBasax, coorsercrsento, [0,d;] u [0, 27].
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Monemupysa ciay4aituble BeIUYUHLI d; U ¢; AJd Coydas JTucOAIaHCOB,
BBI3BAHHBIX PA3HOTOJIINHHOCTHIO W OMEHMEM HAPYKHOM W MOCATOUHBIX TTO-
BEPXHOCTEH BAJIOB, U IPOBOJIs peobpa3osanus mo dgopmysam (3), mosydaem
BBIOOPKY TOMEPETHOH CKOPOCTH B 33 IaHHON TOUKE.

Ha pucynke 2 npezcrasiena ornenennas (byHKINs IJIOTHOCTHA PACIpee-
JIEHUY [IOIEPEYHON CKOPOCTH B CPABHEHUU C SKCIIEPUMEHTOM B IIPE/II10JI0XKe-
HIW PeJIeeBOCTH PACIIPE/IeTICHNS .

Pucynoxk 2. Teoperndeckast n 3KCIepUMEHTAJIbHAS TMIOTHOCTH DACIIPe-
JIeJTeHHsT TIOIEPEIHOI CKOPOCTH

0.08 Experiment
Simulation
0.06
-
0.04 1/ LS
0.021 DN
0.00

Takum 06pa3om, TpUMEHEHUE METO/A CHJI TTO3BOJISIET M€HEePUPOBATH BbI-
GOPKY MONEPEYHO CKOPOCTH JII000H PA3MEPHOCTH U [TOJIy9aTh TOYHYIO OIlEH-
Ky IJIOTHOCTH PaCIpe/le/IeHusl.
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