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ANALYTICAL ANALYSIS OF THE DYNAMICS
SINGLE-MASS INERTIAL VIBRATION MACHINE
WITH A SHAFT FRACTURE IN THE DRIVE TRANSMISSION

PaccmoTtpeHa ogHomaccoBas BMOpaLMOHHAs MallMHa C aCMHXPOHHOW KapgaHHOW nepegaden B
npmeofe LeHTpobexHoro Bo3byautens konebaHuin n npeanpuHaTa nonbitka aHanUTUYeCKUM nyTem
nocTpouTb NPUBKEHHOE pelleHne, OMNWCbiBalolWee BepTuKanbHble nepemelleHns ee pabouyero
opraHa. OcobeHHOCTbI0 MaTemMaTU4ecKon MOAENN SBMSETCH TO, YTO ero OBWKEHWE ONnuCbiBaeTCs
OfHUM NUHEeNHbIM AnddepeHLmansHeIM BTOPOro nopsaka, B KOTOPOM Bo3MyLL@oLWwas cuna gpopmu-
pyeTcs BpalleHuem gebanaHcoB C NepeMeHHON YIOBOW CKOPOCTbIO. YUnTbiBas 3TO 06CTOATENbCTBO,
nepBOHaYarnbHO NOYyYEHO pasfnoXeHue YrioBOW CKOPOCTU B yceyeHHbIn psag Pypbe, B KOTOPOM CO-
XpaHeHbl criaraemble, He npeBblwatowme 5% oT Hambonbliero, 3aTeM CTauMOHApHOE peLleHue
ypaBHEHUS MOCTPOEHO MyTEM CYNepnosvumMM YacTHbIX PELUEHUd, COOTBETCTBYIOLUMX OTAENbHbLIM
crnaraemMbiM 3TOro psga. NocTpoeHbl BbipaXeHus, OnMcbiBaloLLne BO3MyLLatoLWyto cuiy aebanaHcos
1 nepemeLleHne paboyero opraHa B KOHEYHOW dhopme. MonyyeHHble pesynbTaThl NO3BONAOT NPOBOAUTL
npegBapuTenbHble pacyeTbl amniuMTygHO- U a30-4aCTOTHLIX XapaKTepUCTUK Ans  pasnuyHbIX
3HavYeHun yrna usnoma Bana, oLeHuBaTb YPOBEHb reHePUPYEeMbIX TakuM NPUBOLOM BbICLUMX rApMOHUK
B CMEKTpe nepemeLLeH1in 1 ycKopeHun paboyero opraHa u MOryT oka3aTbCsl MOSie3Hbl Ha HayarnbHOM
3Tane NpoekTUpoBaHus.

KniouyeBble crnoBa: ogHoMaccoBasi BubpomMalunHa, LeHTPobEXHbI BUOponpueoad,
TpaHCMUCCUS!, aCMHXPOHHAs KapgaHHas nepefada, pabounin opraH, gnHamuka.

A single-mass vibrating machine with asynchronous gimbal transmission in the drive of a
centrifugal oscillator is considered and an attempt has been made to obtain analytically an
approximate solution describing the vertical motion of its working organ. A feature of the
mathematical model is that its motion is described by the second order linear differential equation
in which the disturbing force is formed by the rotation of the unbalances with a variable angular
velocity. Considering this fact, initially the expansion of the angular velocity into a truncated Fourier
series was obtained then the stationary solution of the equation is found by superposition of partial
solutions. Expressions describing the disturbing force of the unbalances and the movement of the
working organ in the finite form are derived. The results obtained allow preliminary calculations of
amplitude and phase frequency characteristics for different values of the shaft fracture angle and to
evaluate the level of higher harmonics generated by such a drive in the spectrum of displacements
and accelerations of the working organ.

Key words: single-mass vibration machine, centrifugal drive, transmission, asynchronous
Cardan transmission, working body, dynamics.

4 ISSN 2413-7383 Mpobnembl UCKYCCTBEHHOTO MHTeMNNekTa 2023 Ne 2 (29)



AHannTU4ecknin aHanm3 AUHaMMKN 04HOMacCcOBOM I/IHGle,I/IOHHOI?I BVI6pOMaUJI/IHbI...

BBepneHune

BuOpanyonHble TEXHOJIOTMH LIMPOKO MCIONB3YIOTCS B MPOMBIIUIEHHOCTH IS
UHTEHCU(UKAIIMHM PA3TUYHBIX MPOILECCOB U HEPENKo, Oojee PPEKTHUBHBIMH IJISI STUX
1eJIeH, OKa3bIBAIOTCS MOJMrapMOHUUYeckue BuOpamuu [1-5]. M3BecTHBI pa3inuyHbIe TIOXO/bI
€€ peanu3aiyy B BUOPAIIMOHHBIX MAIIMHAX ¢ MOHOTAPMOHUYECKAM BO30Yx)1eHUsAM. OTMETUM
HEKOTOPBIE U3 HUX, KOTOPBIE MTOJIyYUIIU PEaIbHOE IPAKTUUECKOE BOILIOIIEHHE. DTO Cylep-
rapmonmnueckuit npusoa M. . BeixoBckoro, B KOTOpOM HOJUTapMOHMYECKUE KOieOaHus
pabouero oprana (OpPMHpPOBAIUCH 3a CUET HEPABHOMEPHOCTH BpallleHUs 1e0anaHcoB
HEHTPoOeKHOro BUOPOoBO3OyauTENS [6], 3TO BUOpallMOHHBIE MAIIIMHBI PE30HAHCHOTO THUIIA,
B KOTOPBIX MOJUTaPMOHHYECKHE KOJIEOaHHUs U UX CTaOMIBHOCTD 00ECTIeYNBAIUCH YCTAHOB-
KO € 3a30pOM OJJHOCTOPOHHHUX OTpaHHUUTENel Xoaa [7], 3To 2IeKTpOBHOPALIMOHHBIE TPAHC-
MOPTUPYIONIUE MAIIUHEI [§], B KOTOPBIX JCIIEHNE YaCTOTHI BO30YKACHHS B (POPMUPOBAHUE
MOJIMTAPMOHMYECKUX BUOPAIUIA OCYIIECTBIISIIACH YKe MyTeM peallu3aliiy CyorapMOHMUECKIX
Kosiebannii. TeHAeHIIUS MCTIOIb30BaHMsI KOMOMHAIIMOHHBIX PE30HAHCOB B BHOPAIIMOHHON
TEXHHKHU BBIpaXEHA, TaKKe, U B paboTax PUIKCKOM TPYMIIBI UCClIe0OBaTeNel, BBIMOITHHUB-
X TEOPETUYECKHUI aHAIN3 CIIOKHBIX PE30HAHCOB B CUCTEMAX C KYCOYHO-TMHEMHON yIIPYToi
XapaKTePUCTUKON M BHEPUBILIUX CBOM PE3yJIbTaThl B AKCIIEPUMEHTAIbHbIE BUOPOYILIOOT-
HUTEJIbHbIE ycTaHOBKH [9]. K 3TOMY HanpaBieHHIO MOKHO OTHECTH U MOMBITKU UCIIOJIB30-
BaHUs BHEIIHErO MapaMeTpUuecKoro Bo3OykaeHus: B BuOpaunonHoii Texuuke [10]. B mo-
CIIEIHME TOJBl 3aMETeH AaKIeHT Ha MOJ00p MOIXOASIIUX BapHaHTOB (HOPMHUPOBAHHS
yrpyroi xapakrepuctuku. B yactHocTy, B [11] paccMoTpeHa npuHIMITHATEHAS CXEMbI BUOPO-
MAILIMHbI C YIPYTOM XapaKTepUCTUKON aCUMMETPUYHOTO THUIIA, BHIIIOJIHEHHAS! B BUJE KOM-
OMHAIIMY KOHUYECKOW U IHJIMHAPUYECKOW METAITUYECKUX MPYXKHUH CXKATHs, [POBEICHO
HCCIIEIOBaHNE CyOrapMOHMUYECKHUX PE30HAHCOB Mopsaka 1:2, oTMEYeHa BO3MOXKHOCTb MX
camMoBO30yxJeHHs. B monckax mpocTeix croco6oB e€ ¢popmupoBaHus B padorax [12-15]
paccMoTpeHa OJJHOMaccoBasi BUOpOMaIIMHa ¢ U3JIOMOM BaJIOB B IIPUBOJIE TPAHCMHUCCHUU U
MIPOBE/ICH YHCIICHHBIN aHAIN3 JABIKEHUSI pad0vero opraHa, moKa3aBIlui MOSIBICHUE CTAPIINX
TapMOHHK B CIEKTpe ero nepemenieHus. [logdoop nmapameTpoB Takux BUOPOMAIINH U pa3-
paboTKa MHXKEHEPHBIX METOJIMK Ul UX pacuéTa CyIIeCTBEHHO YIPOIIA€TCS MPHU HATUYUU
AQHAINTUYECKUX COOTHOLICHHH, ONMUCHIBAIOIIMX JIBUKeHUE pabouero oprana. [lomyuyenue
TaKUX MPUOIMKEHHBIX 3aBUCUMOCTEH U SIBJISIETCS OCHOBHOM 3ajjaueil JaHHOM paboTEhI.

OcHoBHas YacTb
PaCCManVIBaeMaﬂ mMoenb, ypaBHEHUA OABUXEHUA

[TpuHuMNUanbHas cXxeMa paccMaTpuBaeMoil BUOPAIIMOHHOM MalllMHBI MPECTaBIeHa
Ha puc. 1.

[Tpu paBHOMEpPHOM BpaIllcHHH BaJia JIBUTATEJs YIJIOBas CKOPOCTh BpalleHHS Jie0a-
JIAHCHOTO BaJjia OMKCHIBAETCS BhIpakeHHeM [16-19]

@, Cos 3
1-sin? B-cos’ (o)’

o(t) = 1)

TIe g U ¢» — YIJIOBBIE CKOPOCTH BEIYILETO U BEJIOMOrO BaJIOB, COOTBETCTBEHHO; [§ —
yTOJI U3JI0Ma BaJIOB.
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Benosoackun B. H., BykuH C. J1.

LLs-

Pucynok 1 — BubpomammHa ¢ kapaanom ['yka 1 HECOOCHBIM COEIMHEHNEM BaJlOB

B stom CJTydac BEPTUKAIIbHBIC IICPEMCILICHUA pa60qer0 OopraHa OIMMChIBAKOTCS YPAaBHCHUECM

MX + 21X+ cx = mrg” sin(p(t))

rac
t

ot) =

0

@, CoSs
1-sin® B-cos*(m,t,)

dt,

WJIH, TIOCJIC 3aMCHBI

x=£10"m, oyt =7, tne w, =+/c/M ,

B 0€3pa3MepHOM BHJIC — YPABHEHHEM

ﬁ+bd—§+§:Po-( cos j -sin((p(r)), (2)

dr>  dr 1-sin® B-cos*(wr)

rae b = pwo, Po = 103mre? I M, @ = ws | wo.

[IpenBapuTenbHbIC YHUCICHHBIE PACYEThl MOKa3bIBAIOT (PUC. 2), YTO BCICICTBHE
W3JI0Ma B TPAHCMHCCHH TIPUBO/Ia HEPABHOMEPHOCTD BpallleHus 1e0aJaHCOB HEBEJIHKA.

To ecTh JOMYCTHMO MPUHSTH

T

()=

0

@Cos
1-sin’ B-cos*(wr,)

dr, 01,

MOATOMY ATHUM PA3IUYHEM MPHU AHATTUTUYECKOM MOJCIIMPOBAHUU MBI OyJIeM MTpeHeOperarh,
B pe3yJIbTaTe Yero ypaBHeHue (2) MpUHUMAET BH/]T

ﬂ+bd_§+§:po.( cos j -sin(wr). (3)

de?  dr 1-sin® B-cos*(wr)
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AHannTU4ecknin aHanm3 AUHaMMKN 04HOMacCcOBOM I/IHGle,I/IOHHOI?I BVI6pOMaUJI/IHbI...

¥ron nosopoTa gebanaHcoB

14r 7

Pucynok 2 — Yron noBopoTa ne6anaHcoB Py PaBHOMEPHOM BpAIIeHUN
U yTJIe U3JI0Ma BAJIOB paBHOM f§ =7/ 4

[lepeiineM Kk aHAIUTUYECKOMY ONMCAHUIO pelIeHUsl ypaBHeHus (3).

Mpeobpa3zoBaHMe NpaBoOW YacTy YpaBHEHUS OBUKEHUS

OtmeTuMm, yTo ypaBHeHuUE (3) TMHENHOE U, €CIU €T0 MPaBYIO YacTh Pa3IOKUTh B Psij
@ypre [20], TO cTaMOHApHOE PELIEHUE YPAaBHEHUS MOKHO IOIYYHUTh IIyTEM CYIEpPIIO3H-
[[UY YaCTHBIX PEIIEHUH, COOTBETCTBYIOIIUX OTAENIbHBIM CllaraéMbIM 3TOro psaa. Mmes ato
B BUJLY, JUIS Hadajia pas3yio’KUM YIJIOBYIO CKOPOCTh BpalleHUs Ae0alaHCOB

@COoS 3
1-sin? B-cos®(wr)

¢'(r)=

[Mpenmnonarasi, 4To BeauurHa U3iioMa ff < 7 / 4, pa3no)KeHUE BBIOIHUM, yIIEPKaB B
yObIBaroIIei TeOMEeTPUYECKON MPOrPECCUU CTOIBKO YIEHOB, YTOOBI BEIMYMHA MOCIIEIHET0
YUYUTHIBAEMOIO CJIaraéMOro He MpeBblIIalia Mo MOAYJ0 5-6% ocHoBHOMU. [l 3TOrO, Kak
MIOKa3bIBAIOT OLEHKH, JOCTATOYHO OIPAaHUYMTHCS IIECTHIO YIEHAMH MPOTPECCHUM M TaKOE
pa3JoXKeHue NpuMeT BUJ

@CoS fB N
1-sin® B-cos’(wr)

1+sin® B-cos®(wr) +sin® #-cos’ (wr) +sin® B-cos® (wr) +

¢'(r) =

~®-COoS [ :
+sin® B-cos’(wr) +sin'® S-cos® (wr) @)
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5 Benosoackun B. H., BykuH C. J1.

Ternepb, BOCIONB3YSCh TPUTOHOMETPHYECCKUMHU (HOpMyJIaMH TIOHIKEHUS creneHu [21],
[22], koTopsie aist YETHBIX N KMEET BH/T

N4

— ZZC -cos((n—2k)x),

k=0

n/2

cos" x =

IOJIy4YHUM.

cos? X :E+10052x,
2 2

cos* x:§+fc052x+lcos4x,
8 8 8

10 15 6 1
c0s® X = — + == c0S 2X + — COS 4X + — COS 6X,
32 32 32

32
56 28 8 1
cos® X = —— + ——C0S2X + —— COS 4X + — COS 6X + —— COS 8X,
128 128 128 128
cos™ X_ﬁ+@ 52x+@cos4x+£c056x+£0058x+ic0310x.
512 512 512 512 512 512 (5)

[Toacrasus (5) B (4), mocse npuBeACHUS MOI00HBIX, OyAEM UMETh

wCOS 3 y
1-sin® B-cos®(wr)

¢'(r) =

~ C0S B( Py + P, COS 2(7 + P, COSAWT + Pg COSBWT + P, COSBwT + Py 051007 ),

rae
1. 3. 10 . 35 126
=1+=sin? B+=sin* B+=—sin® B+ —sin® B+ =—"sin'°
IOO2ﬂ8ﬂ32ﬁ128[3512ﬁ
1 4 15 56 210 . 4
==sin®> B+—sin* B+=—sin® B+—sin® B+—sin
P, 2 ﬂ 8 'B 32 ﬁ 128 P 512 P
p4=%sin4,8+3—623in6ﬁ+ 22885|n ﬂ+5i(2)sm1°ﬂ
p6=3isin6,8qL sin® ﬁ+ S|n1°,6’
P, = 1 ,B+ smmﬂ
5~ 128"
1 .
=—sin® 4.
plO 512 ﬂ

Bo3Bojs, nanee, moayuyeHHOE BBIpaKEHHE BO BTOPYIO CTENEHb, HAXOAMM KBaJpar
YTJI0BOW CKOPOCTH:
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AHannTU4ecknin aHanm3 AUHaMMKN 04HOMacCcOBOM I/IHGle,I/IOHHOI?I BVI6pOMaUJI/IHbI...

¢(r) =
~@” c0s® (P, + P, COS 207 + p, COS 4wt + P, COSB@T + P, COSBWT + Py, 051007 )’

~w’ cos’ B(p,” + p: cos’ 2wt + p; €os’ 4wt + pg COS’ 6wt + p; cOs* 8wt +

+ pf, c0s* 10wz + 2 p, P, COS 207 + 2 P, P, COS 4wt + 2 p, Py COS6w 1T + 2 P, Py COS8w T +
+2p, P, 010wz +2p,p, COS 2wt COS4wT + 2P, Py COS 207 COSBWT +

+2p, Py COS 207 COS8wT + 2P, P, COS 2007 C0S10w7 +2p, P, COS4wT COS6WT +
+2p, Py co0sdar cos8wr +2p, p,, C0S4wr cosl0mr + 2 p, Py COS6@w7 COS8wT +

+ 2P, Py, COS6w7 C0S10007 + 2 py Py, COS8w7 COS10007)

U TO0CJ€ MOBTOPHOTO HMCIONB30BaHUs (opMyl MOHMKEHHS (5), BBINOJIHEHUS Ipeodpa-
30BaHUs IPOU3BEJCHUN B CYMMBI U MIPUBEJICHUS MMOJOOHBIX, TOTYYUM

0, +0, CoS 2wt +q, COS4@7 + (, COS 67 + (g COSBwT +
@' (1) ~ w* cos’ B| g, cos10wr + @, C0s12w7 +q,, COsldmr + . (6)
0, COS16w7 + ;5 COS18w7

rue
1 1 1 1 1
Gp = p§+§ p§+§ p§+§ p§+§ p§+§ Pios
d, :2pop2+ P, P + P4 Ps + P Pg + PgPros
1
0 = P2 +2Po Pt PoPs + Py Pa + Po P
O :2p0p6+ P2 P4 + Py Pg + Py Pigs
1,
Os :E P, +2p0p8+ P2 Ps + P2 Pygs
Oip = P2 Pg + Py Ps:
1
O, :E pg"' PyPg + Py Pygs
Ois = PsPg + Py Prg:
1 5
Oss :E Pg + B P>
Ois = Pg Pyo-

[Toncrasmss (6) B (3), mpoBoauM NpeoOpa3oBaHusl, EPEBOs MOTyUEHHbIE TPOU3Be-
JEHUSI B CyMMY KOCHMHYCOB M, OTPaHMYMBAsACh B IPAaBOM YaCTH Y4YETOM IEPBBIX IATH
TFapMOHHUK, TIOJy4yaeM ypaBHEHHE B HY>KHOH dopme

1 ] 1 ]
, (g, ——q2)5|n(cor)+—(q2 —q4)sm(3a)r)+
%+b3—§+§:%~0082[3 2 12 : (7
v T +E(q4 —qy)sin (507)
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5 Benosoackun B. H., BykuH C. J1.

Jnst BepruKaluy Mory4eHHOTO Pa3jiokeHHs Ha pyc. 3 MpeICTaBIeHbI IpauKy MIPaBbIX
vacted ypaBHenudt (3), (7) s 3Hauenus f = x| 4, Po = 54. VX coBnajaeHue CBUICTEIb-
CTBYIOT O BBICOKOM aIeKBaTHOCTHU IOJIYYEHHOI'0 pe3ysbTara.
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Pucynok 3 — I'paduku npaBsix yacteil ypasaenuii (3), (7)

AHanunTtn4yeckoe pellueHune

Paccmotpum (7), yaTém JIMHEHHOCTD YpaBHEHUS U BOCHOJIb3YEMCs, IPUCYIIUM eMy

CBOMCTBOM cyneprio3uuuu. Torga cranMoHapHble KosebaHus pabodero opraHa OynyT
OIHCBIBATHCS BBIPAKECHUEM

E(r) = Asin(wr - 6) + A sin(Bwr - 6,) + A sin(5wr - 6), (8)
rae
1
(qo _*qz)
A= 2 P,-cos’* B, 6, =arcsin bo :
J - @?)? + (bw)’ J1-0?)? + (bw)’
1
E(Qz -q,) 3Bbw

A

P, -cos’ B, O, =arcsin

) J1-90%)? + (3bw)’ JA-90%)? + (3bw)?

(G~ %)

A \M4 7 M6

- 2 P,-cos’ 8, 6, =arcsin b :
J(L-250%)% + (5bw)? J(-250%)% + (5bw)?

B KOTOPOM OT/IEJIbHBIC €r0 COCTAaBJISIFOIINE MOTYT OBITh MOJYYCHBI METOJOM TapMOHH-
yeckoro Oananca [23], [24].
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AHanuTn4eckuinn aHanmsa ONHAMUKU OD,HOMaCCOBOIZ MHeleMOHHOVI BVI6pOMaUJI/IHbI...

Ecnu x 3Tomy 100aBUTH
0o =P +% P +% P +% P +% Ps +% Po-
0, = 2Py P, + P, Py + Py Ps + Ps Py + Py Pro, ©)
ds =% P + 2 Pyt P, Ps + PPy + Ps Puo,
s = 2Py Pg + P2 Py + P2 Pg + Py Pios

rac

Dy :1+%sin2 ﬁ+§sin4 [a’+£sin6 [a’+%sin8 ﬁ+%sin10 B,
P, =%sin2 ﬂ+gsin“ﬁ+£sin6 [5’+%sin8 ﬂ+%sinlO B,
D, :%sin“ﬂjt?%sin6 ﬂ+%3in8 ﬂ+%sinm b, (10)
Ds :3izsin6 ﬁ’+%sin8 ﬂ+%sinm i
Dy :%sin8 ﬂ+%sin10 yia
Py =5—izsinl° B

t0 cooTHomeHus (8 — 10) B COBOKYIMHOCTH ¥ OIKCBHIBAIOT B aHAIMTUYECKOH (opme mpu-
OMMKEHHOE pelleHNe YpaBHEHUs ITUHAMHKH OJHOMAcCOBOW BHOPAIIMOHHOW MAaIIWHBI C
mapHupoM I'yka B IpUBOJIE TPAHCMHUCCHHU.

Jlns wimocTpaliy UIosib30BaHKs TIOJTyYEHHBIX pe3yJIbTaToB Ha pyc.4 MpuBeIeHb! Irpadu-
KU niepementieHnit (puc. 4a) u yckopeHuii (puc. 46) pabouero opraHa BUOpOMAIIMHBI, TTOCTPOEH-
Hble TI0 cooTHomeHusM (8 — 10). OOpatum BHUMaHHE, YTO 3aKOH IepemerieHuid (puc. 4a)
030K K TApMOHMYECKOMY, a 3aKOH M3MEHEHMsI yCKOopeHus (puc. 40), Kak KaueCTBEHHO, TaK U
KOJIMYECTBEHHO, HATIOMHHACT 3aKOH U3MECHEHHSI BBIHYKIAtOIIEH cUItbl (puc. 3).

5

s

207

e L
£ : H i bl . . .
w0 i i H H i i o0 . . : : . -
H i $ 3 H : b ‘ . : . .
: H H i 3 i © . .
Ar H £ H H H i 7 . B . . * :
H H i H H H 0p . : : . : ©
2t P i O : . : : . : :
H H H H . . . . .
i § 200 : . . ‘ ) oA
3r 1 > . . . : : .
5 . " . L ‘ ‘ 40 . . . .
1] 1 2 3 4 5 ] 7 1] 1 2 3 4 5 6 7
T T
a) 6)

Pucynok 4 — I'paduxu koneGanuii pabouero oprana ass 3HaueHuil f = 7/ 4 u Po = 54:
a) nepemeleHus; 6) yckopeHus
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b

3aknyeHue

[TomyueHHble pe3yNbTaThl MOTYT OKa3aThCsl MOJIE3HBIMU HAa HAaYalbHOM JTarle MPOEeKTH-
pOBaHUs, OHU 00Jer4aroT NmoAOOp MapamMeTpoB BHOPAIMOHHOM MAIIMHBI PACCMaTPUBAEMOTO
THIIA, TIO3BOJISIFOT IIPOBECTH aHAIIN3 aMIUTUTY/HBIX U (Da30BBIX XapaKTEPUCTHK JIBIKEHUS pabo-
Yero opraHa IpHu UX U3MEHEHUU U BbIOpATh MpeaBapUTEIbHbIC UX 3HaUeHUs. A YyTOUHEHHBIE
pacuéThl MOTYT OBITh MIPOBEJCHBI YKE HEMOCPEACTBEHHBIM YHCIEHHBIM PELICHUEM MIEPBO-
HavyaabHOU auddepeHmanbHoi Moaenu. [ToMuMo 3Toro, ciemayer OTMETHTh, YTO IIHUPOKOE
NpUMEHCHHE HEMPOHHBIX CeTel TSl pelieHus 3a1a4 annpokcumaruu [25], [26], pacno3na-
BaHus [27], knaccudukanuu [28] u BeIcOKast UX 00y4aeMOCTh CBHICTEIBCTBYET O TOM, UTO
HEHPOHHBIE CETH MOTYT CTaThb XOPOIIUM MOJCHOPbEM JJsl MOJYYCHHS NPHUOIMKEHHBIX
3aBHCHUMOCTEH NpU peIIeHUH 331a4 JMHAMUKN BUOPAIIMOHHBIX MEXaHMU3MOB H pa3paboTke
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RESUME
V. N. Belovodskiy, S. L. Bukin
Analytical Analysis of the Dynamics Single-Mass Inertial Vibration Machine
with a Shaft Fracture in the Drive Transmission

Polyharmonic vibrations are effective in the processes of transportation, screening
and enrichment. One of the options for their formation is to use the effects of nonlinear
systems. Traditionally, the formation of nonlinearity in vibrating machines is carried out by
installing elastic elements with gaps, however, this complicates the construction of the
vibromachine and makes it difficult to adjust to the designed operating modes. For this
reason, the search for simple ways of forming polyharmonic vibrations remains actual.

In paper a single-mass vibrating machine with asynchronous gimbal transmission in
the drive of a centrifugal oscillator is considered and an attempt has been made to obtain
analytically an approximate solution describing the vertical polyharmonic motions of its
working organ.

A feature of the mathematical model of the machine is that its motion is described by
the second order linear differential equation in which the disturbing force is formed by the
rotation of the unbalances with a variable angular velocity. Considering this fact, the
expansion of the angular velocity into a truncated Fourier series was obtained and on the
base of it the stationary solution of the equation was found by superposition of partial
solutions corresponding to its terms. Analytical expressions describing the disturbing force
of the unbalances and the movement of the working organ in the finite form are derived.

The results obtained allow preliminary calculations of amplitude and phase frequency
characteristics for different values of the shaft fracture angle and to evaluate the level of
higher harmonics generated by such a drive in the spectrum of displacements and
accelerations of the working organ.

PE3IOME

B. H. benosodckut, C. J1. BykuH

AHanumuyeckul aHanu3 OuUHaMuKu 0OHoMacco8oU UHepUUOHHOU subpomalluHbI
C U3/TOMOM 8aJ108 8 mpaHcMuccuu rnpusoda

B pa3nuyHbIX TEXHOJIOTMYECKUX IMpoIleccax, B YaCTHOCTHU, MPOIIeCcax TPaHCIOPTUPO-
BaHMs, TPOXOYEHHUs U oborameHus >(pdekTuBHbI monurapMonndeckue Budpauuu. OnuH u3
BapUaHTOB MX (DOPMHUPOBAHUS 3AKITFOYAETCS B MCIOIB30BaHUU A(H()EKTOB HEIMHEHHBIX CHC-
tem. TpanuimonHo GpopMUpOBaHUE HEIMHEHHOCTH B BUOPOMAIIIMHAX OCYIIECTBIIACTCS MyTEM
YCTAHOBKH YNPYTUX 3JIEMEHTOB C 3a30paMu, OJJHAKO 3TO YCIIOKHSIET KOHCTPYKIHIO U 3aTPy/I-
HSIET HACTPOMKY Ha MPOEKTHpYeMbIe peXUMBI paboThl. [10aTOMY MOMCK MPOCTHIX CrOCOOOM
(hopMHUPOBAHMS TTOJIMTAPMOHUYECKUX BUOpAIMii B MAlTMHAX TEXHOJOTHYECKOTO HAa3HAYCHUS
OCTAaCTCA aKTyaJIbHBIM.

B pabote paccmaTpuBaeTcs oJHOMAaccoBasi BUOpaIMOHHAs MallliHA WHEPIIMOHHOTO
TUMA ¢ mapHupoM ['yka B MpUBOJE TPAHCMUCCUU U MPOBOJUTCS TOCTPOCHUE MPUOTUKEH-
HOI'0 aHAJIUTUYCCKOr'o p€IICHNU, OIMMMCBIBAIOIICTO BEPTHKAIBHBIC ITOJTUTaPMOHUYCCKHUE KO-
nebanus e€ paboyero oprasa.

OCOOEHHOCTBPI0O MaTEMAaTHYECKONW MOJIENTM PAcCMAaTPUBAEMOl BHOPAIIMOHHONW MAaIlIuHbBI
SBJISIETCS] TIEpEMEHHAsi CKOPOCTh BpallleHHs 1e0alaHCcoB, YTO SBISAETCS MPUYMHON HErapmo-
HUYHOCTH BO3MYIIAIOITIECH CHUJIBI M TIOJIMTAPMOHHYECKHX KosieOaHuii paboyero oprana. B padore
MPOBOJIUTCS  PA3IOKECHUE BO3MYILAIOIICH CHIBI B yceu€HHBIM psini Pypbe M, COIIACHO
MPUHIIUITY CYTIEPIIO3UIINH, TIOCIEIYIOIIee ONpe/IeNIeHHe CTAIOHAPHBIX PEXXIMOB Pabodero op-
raHa B BUJIE CyMMbI YAaCTHBIX PEIICHUH, COOTBETCTBYIOIIMX OT/IENBHBIM CIIAraeMbIM 3TOTO Psijia.

[TomydeHHbIe pe3yNbTaThl TMO3BOJSIOT MPOBOAHWTH IOCTPOCHHE AMIUTUTYIHO- U
($a3049acTOTHBIX XapaKTEPUCTUK IBMKEHHI pabouyero opraHa s pPa3IUYHBIX YTJIOB
M3JI0Ma BaJIOB, IPOBOJUTH OIIEHKY BKJIa/Ia CTAPUINX TAPMOHHK B CIIEKTp €ro nepeMenieHui
U YCKOPEHUH M MOTYT OKa3aThCs MOJE3HBIMH Ha HAYaJbHOM dTale MPOSKTUPOBAHUS MPH
BBIOOpE MapaMeTpoB BHOPOMAIITHHBI.

CraTtbs noctynuna B pegakuuio 10.02.2023.
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