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AKTYaABHOCTBb pa6oTbl 0OyCAOBAEHA HEOBXOAMMOCTLIO MOBLILEHUs 3¢D-
hekTMBHOCTU PaboThl BUOPOTPAHCMOPTHLIX MAWMH 3& CYET MOBLILIEHMSI
HaAEKHOCTM PABOThl YNPYTMX OMOPHLIX SAEMEHTOB.

LeAbto pa6oTnl SBASIETCSI Pa3paboTKa AVMHAMMYECKON PE3OHAHCHOM Cu-
CTemMbl BUOPOTPAHCMOPTHON MALMHBI C MOHMYKEHHOW Maccoi paboyero
OpraHa 1 Harpy3kamu Ha yrpyrue ornopbl. PesoHaHcHbIe BUOpOTpaHCropT-
Hble MawvHbl (BTM) nosisuancs 8 CCCP B cepeanHe XX B. 1 ObIAM MCMTOAB30-
BaHLI B yl'OAbHOVI MPOMDIIA€HHOCTU. MauvHb MMIMOPTHOIO MPOU3BOACTBA
M YacTb OT€YECTBEHHLIX MAlVH BLIMOAHEHLI MO YPaBHOBEIWIEHHON CXeme.
OreyecTBeHHbIE MaWKHLI cepuy [19B BLINMOAHEHBI MO BUOPOU3OAMPOBAH-
HOM cxeme, a BUOPOBO3BYAUTEAL XKECTKO COEAMHEH C Kopobom. Peso-
HaHCHAs1 Yactota KorebaHui y 3Tmx mawmH pasHa 50 [, a MakcmaabHoe
YCKOPEHME CyleCTBEHHO BOAbLIE YCKOPEHMSI CBOOOAHOTO MAAEHMs. DTu
PE30HAHCHBIE MaLMHDBI, paBoTalowme C AMMAUTYAON AO 2,2 MM, MEIOT KO-
3hpULMEHT pexxma paboTbl BoAbIEe eAMHMLLI. [TpakTvKka SKChAyaraumm
3TUX MAalMH MOKA3bIBAET MX OTHOCUTEALHO HU3KYIO 3(hheKTMBHOCTL NMpu
rPOXOYEHUM TOHKMX MPOAYKTOB. OOLMM HEAOCTATKOM HEYPABHOBELIEH-
HBIX PE30HAHCHLIX BTM SIBASIETCSI OTHOCUTEALHO BOAbLIASI HATPY)KEHHOCTD
YMPYrMX SAEMEHTOB (OMOP) M HAAMYME MACCMBHOM Pambl, @ YpaBHOBELIEH-
HDBIX — HAAMUYME PEAKTVMBHOM MACChli MAM HECKOALKMX PABOYMX OPraHoB C
OAMHAKOBOM Maccoil. OAHMM U3 MyTel AOCTMIKEHMSI LIeAU SIBASIETCSI Orpe-
A€A€HME PALIMOHAALHOM AMHAMMYeCKOn cxemMbl BTM.

Pe3yALTATLI M MX MPUMMEHEHMe. ABTOPaMM MPEAAOXKEHO Npeobpaszosa-
HV€ TPAAMLIVIOHHOM OAHOMACCOBOM KOAEBATEALHON CUCTEMbI B CHUCTEMY,
SKBMBAAEHTHYIO AHAMUYECKOMY FracuTeAI0 KorebGaHui. Takas cucrema rno-
3BOASIET CyILECTBEHHO YMEHLIWNTL MACCy MAIIMHLI U MPY 3AAaHHOM YacToTe
KOAeBAHUIM CHU3WTDL JKECTKOCTb, & TAKXKE Harpy>KEHHOCTb YMpyrux orop.
BepxHsisi Macca MOXKET ObITh yMEHbIIEHA B 2—3 pa3a, a HUXKHsIsi Macca Mo-
JKET ObITb B HECKOALKO Pa3 MeHblue BepxHeid. [Ipy 3ToM AMHamuyeckue
Harpysky Ha oropbl HUMXKHEN Macchl ByAyT BAM3KM K HYAIO, TaK Kak OHa
MPaKTUYECKM HE CcoBepliaeT KoAebaHuit, BAaroaapsi YeMy MOXKHO Cylie-
CTBEHHO YMEHDIUUTL XKECTKOCTL YMPYrUX Ornop, T. €. UX MacCy U Harpy-
SKEHHOCTb, & TaK)Ke OBy MAcCy rPOXOTa Y CTOMMOCTb €rO U3TOTOBAEHMSI.

KAaloyeBble cAOBa: PE30HAHCHbIE BMOPOTPAHCMOPTHLIE MAIMHDI; YTAOBAsl
4acToTa M aMNAMTYAA KOAeBaHMif; yCKOPEHME; Macca; KECTKOCTL OMOp; BU-
6pOBO36YAUTEAD.

€30HaHCHbIe BUOpOTpaHCIopTHbIe MammHbl (BTM)

— TNUTaTeNM, TPAHCIOPTEPDI, TPOXOTHI — IOABU-

mice B CCCP B 1950-x rr. [1] u 6b11u IprMeHeHbI B
YTO/IBbHOI IIPOMBIIIEHHOCTI.

Pesonancuple BTM npuMeHAMNCH B yTOMBHOM TPOMBIII-
nenHocty Ilonbumy, lepmanny, a B HacrosAmee spemsa B CIIA
BbIycKaroTcs pesoHancHple BTM tuma DN3 IQR. Pesonanc-
HbIe TPOXOTBI MO YUCITY KOMEeOTIOMMXCA MacC NeIATCA Ha Off-
HOMAacCOBBIe, JByXMacCOBbIe ¥ MHOroMaccoBble. Komebmomu-
ecs Kopoba MOTYT pacIoararbCsi OTHOCUTEIBHO paMbl I1a-
PaJIIENIBHO MU TIOC/IE0BATEIBHO, HO MX Ko/ebGaHust B 60Ib-
IIHCTBE CIIy4aeB IPOMCXOMAT O CABMIOM 1o ¢ase Ha 180
rpafi. 9To obecneurBaeT MUHIMYM Harpy>KeHHOCTH YIPYTUX
97IEMEHTOB ¥, COOTBETCTBEHHO, pambl M (yHAaMeHTa. Kak
IIPaBIJIO, Pe30HAHCHBIE TPOXOTHI PA0OTAIOT HA OTHOCUTEIBHO
OOBIINX aMIUINTYAAX M HU3KMX YacToTax [1, 2].

Bubpaunonusle KoHBelteps! st Bbimycka pyssi BKBC
SABJIAIOTCS MICKIIIOUEHNEM, TaK KakK paboTaloT ¢ aMIUIUTYOI 1O
0,75 MM u vactorton 47 Iix [3].

Pa6oune opranbl kKoHBeliepos Tuma BP-50 1 BYP-1 ume-
10T 6ormee HU3Kyto, yeM BKBC, wacrory xonebanmit 9-15 Ity u
B 4-10 pa3 60/IbIIYIO AMIUIUTYLY.

M3BECTUA YPA/IbCKOI0 roOCYJAPCTBEHHOIO rOPHOIO YHUBEPCUTETA

B Tabn. 1 mpuBefieHbI OCHOBHbIE NMapaMeTpPhbl Pe3OHAHC-
ubix BTM [2-6].

Manmasr (Ne 1-9, MMIIOPTHOE IIPOM3BOACTBO) BBIIOJIHE-
HBI 110 YPaBHOBEIIEHHOI cxeMe. BubpoBo3oynmrenmy atux BTM
BBINIOJTHEHBI B BUIe 9KCIIEHTPUKOBBIX MEXAHN3MOB C YIIPYTUM
IIATYHOM; KPUBOLINITHO-0aTAHCYPHBIX MEXaHU3MOB C YIIPYTHU-
M1t sneMeHTaMu. OHM MMeIOT Yroy Bubpauuu a He 6onbire 15
rpaj., a pabounmit OpraH pacHoloXeH TopusoHTaabHO. Koad-
¢unmeHT pexxuma Bubporpancnopruposanus (I' = Aw’sin a) y
9TMX MaluH 607biie 1 (6bICTPOXOHBI PEXIM).

[TapameTpbl OTeYeCTBEHHBIX pe30HAHCHBIX BTM mpnm-
BemeHsl B 10-21 cTpokax Tabn. 1. OgHOMAacCOBbIe MAaIlIMHBI
BP-50, BP-100, 79-TC, 95-TC BbInoNHeHbI IO HEypaBHOBe-
meHHoII cxeMe. [IByxmaccosble MamyHbI BYP-80 1 I'PJI62 BbI-
IIO/THEHBI M0 YPAaBHOBELIEHHON cXeMe. YPaBHOBEUINBAOIAs
Macca I10 BeJIM4YIHe paBHa Macce Kopoba.

OO611M HefOCTaTKOM HeyPaBHOBEIICHHbBIX PE30HAHCHBIX
BTM sABnsAeTcad OTHOCUTENBHO OOJbIIAsA HArPy)XKeHHOCTDb
YIPYTUX 97eMeHTOB (OIOp) M HaaMdMe MacCHBHON pPaMbl,
a ypaBHOBEIIEHHbIX — HaAM4YMe PEeaKTMBHON MacChl MU
HECKOJIDKUX Pabodux OpraHoOB C OffIHAKOBOI MacCOIl.

Marunuer cepun 1I9B (mos. 15, 16) BBIOTHEHBI IO BU-
OpOM30OIMPOBAHHON CXeMe, a Pe30HAHCHBI BUOPOBO36yRN-
TeJIb XKECTKO 3aKpeIlieH Ha Kopobe. PesoHaHCHast 4acToTa KO-
mebaHmMit y 3TVX MAIlVH paBHa WK KpaTHa yactoTe Toka 50 [i1. Bce
3TM MAIIVHBI UMEIOT Koo uiyeHT pexxuma padoter I' > 1. Tpan-
CIIOPTMPOBAHNE VM TPOXOYeHNEe TOPHOI IIOPOADI IIPOMCXOIUT C
noOpacbIBaHIeM, YTO I MEJIKVX KJIACCOB YacTO IPUBOIUT
K CHIDKeHUIo 9P PeKTUBHOCTY rpoxodeHus [2].

B oreuectBennbix BTM ucnonbsyorcst BubGpoBosOymu-
Te/IU PAa3/IMIHOTO TUIIA BO3OYX/eHNs KOMeGaHil: KMHEeMaTH-
4eCKOTO (3KCLEHTPUKOBOrO), CMIOBOrO (MHEPLMOHHOTO) MIN
CMELIaHHOTO (37IEKTPOMAarHUTHOTO U IOPLIHEBOTrO).

VIHepuyoHHbIe BUOPOBO3OYAUTENN IPUMEHAIOTC B 3a-
pesonancHpix BTM Ha gactorax 6onbure 15 I Ha otHOCH-
TEJIbHO HU3KMX YacToTax (Menbure 10 1) mHepLuOHHbIe BU-
OpoBO36yUTeNM He IMPUMEHAIOTCS, TaK KaK LA IOTydeHus
HeoOXOMMOI BO3MYIIAIONIEN CUIBI TpebyeTcs yCTaHOBKa
OTHOCKUTENbHO 6onmpinx febanancos. B pesonancubix BTM
MHEpLVOHHble BMOPOBO3OYAUTENMN He MOIyT O0ecleduTb
CTaOMIBHOCTD PE30HAHCA IIPM M3MEHEHWUN TeXHOIOTMYECKOil
Harpysku. B mocrenHee BpeMs MOABUINCH TEXHMYECKNE pe-
meHys [7-11], mosBossomye MOTYIUTh OTHOCUTEIBHO CTa-
OWJIbHBIN pe3OHAaHCHbIT pexuM. OfHAKO U 9TU pelleHMs
YCIIOXKHAIOT KOHCTPYKIMIO BUOPOBO3OYAUTE/LA 1 HE ITO3BOJIA-
10T JOCTATOYHO OBICTPO CTAOM/IN3UPOBATh Pe3OHAHCHBIN pe-
JKUM TPV MI3MEHEHMM TeXHOIOTMYEeCKOI HarPy3KIL.

JInHelHbIE 37IEKTPOMATHUTHbIE IBUTATENN UCTIONb3YIOTCA
B TOPHOJI ITPOMBIIIZIEHHOCTH C cepefyHbl XX B. OCHOBHBIM
HEJOCTATKOM BCEX 3/IEKTPOMArHUTHBIX IMHEVHBIX ABUTaTeNel
ABysieTcst oTHocuTenbHO HusKuit KIIJ u 6onmbiras gacrora
BBIHY KJAIOLIEN CUJIBL.

IIp cyxoM TpOXOYEeHMU MAaTepuajoB KPYIHOCTHIO
-0,5+0,2 MM BOPOTPAHCIIOPTHbIE MAIINHBI IMEIOT HEJOCTA-
TOYHYI0 9¢PEeKTUBHOCTD pasfie/ieHNs U MOBBIIICHHYIO 3Hep-
roeMKoCTb [12]. JlemanHple (TPyZHOIPOXORUMbIE) YACTHUIIBI
TOPHOJI IIOPOAbI 3a0MBAIOT IPOCEMBAIOLIYI0 IIOBEPXHOCTD,
YTO MPVMBOAUT K YMEHDIIEHNIO IIPON3BOAUTEIbHOCTI U CHMU-
KeHUIO 9 (PeKTHBHOCTY IPOXOYEHNA.

MAPT 2018 | BbIMYCK1(49) 85



AdanacbeBA.U.,MoTtanos B.A.,Cycnos [.H.,YnpkoBa A. A. CHUKeHWE HAarpy>KEHHOCTU YIPYTr1UX ONOp pe30HAHCHBIX BUOPOTPAHCMOPTHbIX
MawwuH // Useectua YITY. 2018. Boin. 1(49). C. 85-88. DOI10.21440/2307-2091-2018-1-85-88

Ta6bnuua 1. NapameTpbl pe3oHaHCHbLIX BTM.

Table 1. Parameters of the resonant vibrating conveyors.

Homep malumnHbl Tun BTM Yucno macc Amvnnutyga A, Mm YacroTta, kon/MuH MoluHocTb, kBT MakcumanbHoe yckopeHnue, m/c?
1 EV 2 5-15 500-1000 5-8 39-51
2 DV 4 5-15 500-1000 5-8 39-51
3 EF 2 5-15 500-1000 6 39-51
4 RS 3 5-14 500-1000 6 36-51
5 RJ 2 5-14 500-1000 6 36-51
6 S 2 5-14 500-1000 6 36-51
7 RMS-2,25 2 5-14 500-1000 3,5-5 36-51
8 RMN-4,5 2 5-14 500-1000 5-9 36-51
9 GC 4 10-12 500-1000 6-8 51-72
10 BP-50 1 4 750 10 24
11 BP-100 1 7,5 550 2x14 25
12 BYP-80 2 4 930 10 38
13 BYP-80M 2 4 930 15 38
14 BKBC 2 0,65 2800 1,6 55
15 MoB-1-3 2 0,6 3000 1,0 60
16 MBr-1,0-2,6 2 0,75 3000 1 75
17 79-TC 1 0,8 3000 2,0 80
18 95-TC 1 0,9 3000 4,0 90
19 106-TC 2 0,75 3000 1,0 75
20 rPne2 2 10 500 13 27
21 rPN72 2 10 510-550 17 28-34
IIpuopuTeTHON 1€NBI0 KOHCTPYKTUMBHOTO COBEPUIEHCT-

BoBaHMsA BTM aABngeTca HOCTVDKEHME MaKCUMATbHOM IIPO- me

M3BOJUTEIbBHOCTI, CHIVDKEHME MAacChl MalllMH 1, COOTBETCT- -— - - —

BEHHO, €€ CTOMMOCTH, & TaK)K€ YMEHbIIIEH/E€ 3HEPIOEMKOCTHI b C, F sin wt

TEXHOJIOTMYECKOTO IIPOLIEeCCa, YTO IIO3BOJIAET CYIECTBEHHO 1

HOBBICUTD 3P EKTUBHOCTD UX PAOOTBL 0

OpHMM 13 Iy Teil JOCTUKEHNA TO LIe/IN ABJIAETCA OIpe- m,
TeNeHe palyoHanIbHOI KOHCTpykuyy BTM. YMeHbIMTD Ha-

IPY’>KEHHOCTD OIIOP ¥ MACChl MALIVHBI MO>KHO ITyTeM [peBpa-
[eHVs] TPAAMUOHHO KOJIe6aTe/bHOI CUCTEMBl B CUCTEMY,
9KBUBAIIEHTHYIO IMHAMIYIECKOMY TacUTeNI0 Konebanuii (puc.
1) [13].

B YpanbcKoM rocygapCTBEHHOM TOPHOM YHUBEPCUTETE
ObUT pa3pabOTaH OIBITHO-IIPOMBIIUIEHHBI [{BYXMACCOBBIIT
[IUTATEb-TPOXOT.

[ln TpoX0Ta pe3oHaHCHAs YacTOTa Ko/ebaHmii w mepBoit
MAacCBI 71, PaMbl PaBHA YaCTOTE BBIHY K/AIOMIEN CUTBI W:

2
o,=C/m=uw,

rfie C, - KeCTKOCTh yIPYTHX OMOP TePBOI Macchl, H/m; m, —
Macca paMbl, KI.

Jns obecriedeHnss MMHIMMYMa HAarpy>KeHHOCTM YIPYTUX
onop F,, JOIDKHO BBIITONHATHCA YCTIOBUE

Cl m,= mICZ’

rzie C, - KeCTKOCTh YIPYTUX 57IEMEHTOB BepxHel Macchl, H/m;
m,—Macca CeTOoK C paMoiit (BepXHss Macca), KI.

AMIIMTYfA YCTAaHOBUBIIMXCA KOMeOaHUIT BTOPOIT MacChl
Haxoputcs u3 Gpopmysl [14]

A, = [A FI(2ypw)]%, (1)
e A - aMIUMTya KoneOGaHuil HYKHel Macchl; 3, [ — mocTo-
Annble koadbunmentsr, B = m,/m; u=b/(2 w m,).

OTHoleHne ImapuyaabHbIX YaCTOT:

y=w/w,

c

PucyHok 1. [IByxmaccoBasi Mogernb paboyero opraHa BTM. b — ko-
3 PULMEHT CONPOTUBMEHNS; F — amnnuTyaa BHELUHEN Harpy3ku.

Figure 1. The two-mass model of the vibrating machine's working body.

I7le W, — aplyaabHast YacToTa Kole6aHmiT HYDKHE MacChl, w,
=(C,/m )"

Koadouument comporusnenus b 3aBUCUT IJIaBHBIM
06pa3oM OT BelM4YMHBI K03 unyenta noromenns [15, 16]

b=vyC,/[2n (C,/m,)*],

r7ie ¥ — Koo PuImeHT NOIIOIeH .

KoadduumeHT HOIIOIEHNA OpefenseTcs SKCIIepyIMeH-
TanbHO. [I/I1 JaHHOTO IPOXOTa OH OIpeenAeTCA NOTePAMU B
OIIOpax M TPEHMEM TOPHOM Macchl 0 ceTKy. Hammmu uccre-
TOBAaHMAMY YCTAHOBJIEHO, YTO KO3(PQUINEHT IOMIONIeHNs
U3MEHAETCA B MIMPOKUX IpefieNlax: IPU XOJI0CTOM Xofie Y =
0,06-0,16, mpu rpoxodenuu ¥ = 0,16-0,5 (mony6bICTPOXOL-
HBIII peXVIM JBVDKEHNA MaTepyara).

B pesynbrare ycHbITaHUI OBUIO YCTAaHOBJIEHO, YTO IIpU
aMIUIUTyfle KomebaHuil mepBoM Maccsl 5-10 MM ammmnTyga
KOeOAHMIT CETKM M3MeHseTCs B mmpefenax ot 20 o 40 MM, 4To
XOpOIIO COBIAfIaeT C pe3y/IbTaTaMU PacyeToB IO (GopMyse
(1). B ogHOMaccoBOII cricTeMe (B0 MOIEPHM3ALNI) aMIUTUT YA
Komebanmit coctansna 20-25 M. Takum o6pa3om, Harpyska
Ha YIIpyI¥e OIOPbI HU>KHE MacChl yMEHbIIN/IACh B 2—4 pasa.
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BriBop. [lanHas cxema AMHaMMUYECKON CHCTEMBI ITO3BO-
JIeT CYIIeCTBEHHO YMEHbUIMTh BEIMYMHY IEepBOil Macchl,
aMIUTUTYAY ee KOomeOaHWit 1, COOTBETCTBEHHO, OOLIYI0 MacCy
TPOXOTa, a TAK)Ke YMEHBIINTD )KeCTKOCTb YIPYTUX OIOP, T. €.
UX MAcCy ¥ HaTPY>KeHHOCTb.
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Reducing the load of the elastic support of the resonance vibrating

conveyor machines
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The relevance of the work is conditioned by the necessity of improving
the efficiency of vibrator machines. This is done by means of increasing
the reliability of the elastic reference elements.

The purpose of the work is to develop a dynamic resonance system
of the vibrator machine with a reduced mass of the working body and
loads on elastic supports. The resonance vibrator machines appeared in
the USSR in the mid-twentieth century. They were used in the coal in-
dustry. The machines of foreign production and some of the domestic
machines are now produced according to the balanced scheme. Domes-
tic machines of the "PEV" series are made according to the vibro-isolated
scheme, and the vibro-exciter is rigidly connected to the box. The reso-
nant oscillation frequency of these machines is 50 Hz, and the maximum
acceleration is significantly greater than the one of free fall. These reso-
nant machines operate with the amplitude up to 2.2 mm and they have
a ratio mode greater than unity. The practice of running these machines
shows their relatively low efficiency when screening thin products. The
common disadvantage of unbalanced resonance vibrator machines is a
relatively large loading of elastic elements (supports) and the presence of
a massive frame. The disadvantage of the balanced ones is the reactive
mass or several working bodies with the same mass. One of the ways to
achieve the goal is to define a rational dynamic scheme of the resonance
vibrator machines.

The results and their application. The authors proposed to transform
a traditional one-mass oscillatory system into a system equivalent to a
dynamic vibration dampener. This system can significantly reduce the
weight of the machine. It can reduce the rigidity and loading of the elas-
tic supports at a given frequency of oscillations. The upper mass can be
reduced by 2 or 3 times, and the lower mass can be several times smaller
than the upper one. At the same time, the dynamic loads on the supports
of the lower mass will be close to zero, since it almost does not oscillate.
Thereby it is possible to significantly reduce the rigidity of the elastic sup-
ports, i.e. their mass and loading, as well as the total mass of the screen
and the cost of its manufacture.

Keywords: vibration resonant machines; angular frequency and ampli-
tude of oscillations; acceleration; mass; stiffness of supports; vibration
exciter.
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