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Annotation. Purpose of this study was to obtain more information on motion of movable oper-
ating elements in the vibroimpact classifier, and final purpose was to improve efficiency and pro-
ductivity of the mineral processing. A considerable interest presents a kinematic scheme in which a
vibrating roller made in the form of a circular cylinder rolls on the inner surface of a spring-loaded
square tube all points of which move circularly under the action of unbalanced vibratory drive. The
studies focused on creating an analytical function, which could describe a trajectory of the roller’s
mass center as close to its original as possible. Three variants of solving this problem are described.
In the first variant, the analytical construction of the function is based on the integer function in a
cylindrical coordinate system, in the second - on the inverse trigonometric functions such as
arcsin(sin ) and arccos(cos go) in the Cartesian coordinate system, and in the third variant — on the

sum of two trigonometric functions, one of which is an exponential. The obtained results can be
used for qualitative and quantitative analysis of dynamics of the movable operating elements of vi-
broimpact roll classifier as they can reflect nay displacements, velocities and accelerations of the
pendulum points. All of these three variants are also applicable for visualization and animation of
the pendulum dynamics in any user-friendly graphical environment.

Keywords: roll vibroimpact classifier, non-linear pendulum, regular polygon in polar coordi-
nate system, vibrating rolling, continuous motion.

Considering the problem of motion stability of executive elements of vibrating
roller classifier as a pendulum with hetero-parametric excitation [1], it was concluded
that the motion of a pendulum with parametric excitation is stable. This problem was
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considered to justify the motion parameters of executive elements of vibrating roller
classifier.

To extend the capabilities of this classifier for heavy-sieved bulk materials pro-
posed [2] to extend the frequency range of the impact of the classifier executive ele-
ments on the material due to the additional percussion effects generated by the roller
screening surface. There is an analysis of kinematics of embedded rings examined
[3]. Following [1-3], but also to facilitate the understanding and description of the
dynamics of motion of classifier’s rollers under vibrating pulses generated on them it
is beneficial to consider the following kinematic diagram, shown in Figure 1, wherein
the roller is formed as a circular cylinder performing the vibrating roller burnishing
on the inner surface of sprung square tube, all points of which carry out a circular
motion. In this kinematic scheme, the center of mass of the square also implements a
circular motion under the law:

x = Asin @t
{ (D

y=Acoswt’

where A — the amplitude of circular (orbital) motion of all points of the square;
@ — its angular velocity.

& o)

a) b)

Figure 1 - The kinematic diagram of the roller assembly with various orientations of vibro-pulses:
a) square sides are parallel to the ground line; b) square sides are not parallel to the ground line

In general case, the mechanical system shown in Figure 1 should be considered as
a nonlinear pendulum. Within this system, the pendulum - circle, interacting with the
inner surface of the square, provides not an oscillating mode of motion but a rota-
tional one. Investigation of the motion stability of the pendulum, discussed in [1], has
a cumbersome nature of mathematical calculations and limitations for its wider per-
ception and understanding, therefore, we will try to simplify the description of the
dynamics of motion based on the following reasoning.

Obviously, during burnishing of the circle on the inner surface of the fixed square,
the trajectory of the circle center is also a square, the size of which depends on the
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geometry of the initial elements of the system. It is obvious that when a square im-
plies a circular motion (Fig. 1) there is a centripetal force comes to take its place, as a
reaction of interaction of the roller and the square tube. This force pushes the circle to
the inner surface of the square during their interaction. This force is the basis of bur-
nishing of circle on the inner vibrating surface of the square, thus it is the basis for
the process of stable vibrating roller burnishing. It is also clear that if the vibrating
roller burnishing of a circle on the inner surface of the square is implemented without
interruption and without sliding motion the center of the circle represents the super-
position of three motions - a circular motion, the motion discussed above for the
square trajectory and rotational motion of the circle relatively to its center.

As a result, the complex motion of the center of the circle presents a closed
piecewise continuous function of a tetrahedral, whose faces are convex with curva-
ture depending on the geometry of the initial elements of the system and the ampli-
tude of the input circular motion of a square.

Figure 2 - The trajectory of the roller’s mass center

The motion trajectory, shown in Fig. 2, of the center of the circle-roller has four
points of inflection. In the transition from the displacement of the center of mass of
the circle to the trajectory of the acceleration of the circle center of mass, it is obvious
that the inflection points of trajectories correspond to peaks of acceleration and
maximum values, respectively, arising from the interaction forces, meaning that there
are additional mechanical vibroimpact pulses appear in this nonlinear system with pa-
rametric excitation.

To simplify the description of the motion of the pendulum, shown in Figure 2, we
will try to describe the path of its center of mass represented by several cases due to
elementary trigonometric functions in Cartesian or polar coordinates. There are three
ways to build the analytical function describing the trajectory of the center of mass of
the roller.

Case 1

Consider that the center of the circle performs a combination of complex motions
and displacements of each point relatively to a fixed reference system. One of the
motions produced is circular, due to the input force with vector acceleration in a cir-
cle, while the second motion is performed on the square with a certain side.

Square, as well as any polygon, in polar coordinate system can be described [4]
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by the following function (Fig. 2):

r
a8

where ¢ — angle; n— the number of polygon faces (in this case n =4 );r— the radius
of an inscribed circle; R — the radius of curvature of polygon faces (in this case of a

square); [2_(@_ integer function for the braced expression;
T

plp)=R+ )

p((p)( — is a periodic

function of the following form; ¢ — periodic piecewise polygonal function (fig.3).
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Figure 3 - Graphs of | p((p] and ¢ in Cartesian reference system

The derivation of the dependence (2) is based on the fact that the line in the polar
coordinate system is defined by the following function:

p)=— 3)

- 9
cosQ

Case 2
In a Cartesian coordinate system trigonometric functions arcsin(sing) and

arccos(cos (p) are graphically described as curves in the form of triangles, but shifted
relatively to each other with the period of % For example, a square in the Cartesian

coordinate system can be set by the following analytic system:

{x = arcsin(sin ¢) @

y =arccos(cosp)’

Case 3
If in polar coordinates the sum of two harmonic components is represented as:
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" o, (5)

(@)= R +sin

the first of which has a singular angular frequency and the second harmonic compo-
nent has an even exponent and an angular frequency — @, then a first approximation

of this function (5) is also a regular polygon with % faces with geometrical sizes de-

termined by the amplitudes of the harmonic components.

Conclusions.

For all three described above cases of analytical representation of the dynamics of
executive tools of vibroimpact roller classifier as a pendulum with hetero-parametric
excitation a common base is a frequency of the radius vector describing the regular
polygons, depending on the current steering angle ¢ of classifier’s rollers.

Each of the three options proposed in various ways depending on the individual
consideration case of required problem of nonlinear pendulum with hetero parametric
excitation is convenient for qualitative and quantitative analysis of the dynamics of
rollers of vibroimpact classifier, since they may reflect the displacements, velocities
and accelerations of all points of roller screen surface of vibroimpact classifier. All
three cases are also applicable for visualization and animation of the dynamics of
considered classifier in any user-friendly graphical environment.
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AHoTanisg. Metoro naHoi cTarTi € oTpuMaHHs OuTbIIol iHpopMarii mpo pyx poOOYUX OpraHiB
BiOpoyJapHOro KiacudikaTopa, KiHIIEBOIO METOI0 CTBOPEHHS SKOTO € MiJBHUIICHHS €()EeKTUBHOCTI
Ta MPOJYKTUBHOCTI 00pOOKHM MiHepasibHOT cupoBUHH. CyTTE€BUH 1HTEpEC Mpe/ICTaBIIsAe KIHEMaTUYHA
cXema, Jie BaJIOK BUKOHAHHMK Y BUTJISA/I KPYTJIOTO MWJIIH/pA, 110 31MCHIOE BiOpalliiiHe 0OKaTyBaHHS
10 BHYTPIIIHIA MOBEPXHI MIANPYKUHEHOT KBAJAPATHOT TPYOH, BC1 TOUKH SKOT i €0 1ebamaHCHO-
ro BiOpOIIPHUBOTY 31HCHIOIOTE KPYToBi pyxu. JlochimkeHHs 30cepeKeH] Ha o0y I0B1 aHATI TUIHOT
¢byHKLii, sKa MAaKCUMaJIbHO OJU3bKO OMHUCYE TPAEKTOPII0 PYXy LEHTPY Mac BajKa. TakuM YHHOM,
OyJIi 3ampoIIOHOBAHI TPH MIIXO0IM BUPIIICHHS MaHOI 3a7a4i. Y MEepIIoMy BHMAAKy aHAJTITHYHA T10-

OynoBa (hyHKITIT 3acHOBaHA Ha (DyHKIIT BUIAUICHHS IO YaCTHHH BUPa3y B IWIIHIPHYHINA CHCTEMI
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KOOp/MHAT, Y APYyroMy - Ha 3BOPOTHUX TPHUTOHOMETPUYHHX (YHKIISIX THITY arcsin(sin go) Ta
arccos(cosgo) B JICKApPTOBIM CHCTEMI KOOPJWHAT, B TPETbOMY - Ha CyMI JIBOX TPUTOHOMETPUYHHX

(dbyHKIIIH, 0JTHA 3 SIKUX € TT0OKa30BO0. OTpUMaHi pe3yJIbTaTh MOXKYTh OYTH BUKOPHUCTAHI1 IS SIKICHO-
ro Ta KUIBKICHOTO aHaTi3y JUHAMIKK pOOOYHMX OpraHiB BaJKOBOTO BiOpoyaapHOTo KiacuikaTopa,
TaK SIK MOXKYThb BIZJOOpakaTu MEpEeMIleHHS, MBUAKOCTI 1 MPUCKOPEHHS TOYOK MasTHUKA TaKOTO
Tury. Bci Tpu BapiaHTH Tako MOXYTh OyTH 3aCTOCOBaHI JuId Bi3yani3aulii Ta aHiMauii AMHAMIKU
PO3MIISTHYTOTO MasATHUKA B Oy Ib-IKOMY 3pYYHOMY JUIsl KOPUCTYyBada rpadiaHOMY CEpeTOBHIII.
KrouoBi ciioBa: BankoBuii BibpoyaapHuii kinacudikarop, HeNMiHIHHUNA MasTHUK, 0araTOKy THUK

B MOJISIPHIN cHCTEMI KOOpJMHAT, BiOpauiiine oOKkaTyBaHH:, pyX 0e3 BiAPHUBY.

AHHOTanus. llenp 3TOH cTaTbu COCTOMT B TOM, YTOOBI MOJIy4UTh OoJblIe MH(OpPMALUK O
JBUKEHUM pabo4YMX OpraHOB BUOPOYIAapHOro KiacCU(pUKATOpa, KOHEUHOM LIETBI0 CO3AaHUs KOTO-
poro siBisieTcs: noBbIeHNe 3()(HEKTUBHOCTH M NMPOU3BOAUTEIBHOCTH NepepadOTKU MUHEPAILHOTO
cplpps. CyLIECTBEHHBIN MHTEpEC NPEACTABISIET KHUHEMATHYECKAas CXEMa, I'/Ie BAJIOK BBIIIOJIHEH B
BUJIE KPYIJIOTO LIMIMHJPA, COBEPIIAIOLIEr0 BUOPOOOKAThIBAHNE IO BHYTPEHHEH MOBEPXHOCTH IOJ-
NpY>KHHEHHON KBaJpaTHON TPyOBI, BCE TOYKM KOTOPOH IMOJ ACHCTBUEM J1e0aJIaHCHOTO BUOPOTIPH-
BOJIa OCYULIECTBIISIIOT KPYToBbI€ BHKEHUS. MccaenoBanus cocpeloTOUEHb! Ha IIOCTPOEHUH aHaJM-
TUYECKOM (PYHKIMHM, MaKCUMAJIbHO NMPHOIMKEHHON K ONHCAHWIO TPACKTOPHUU IBMIKEHHS LIEHTpa
Macc Basika. TakuM oOpa3om, ObUTH HCCIIEIOBAHbI TPU IMOAXOJa PEIICHUs NTaHHOW 3amadd. B mep-
BOM ClTyyae aHAIUTHIECKOE IMOCTPOCHUE PYHKIIMU OCHOBAHO HA (DYHKIIMH BBIICICHUS IEJION YacTh
BBIPQKCHUS B IWJIMHIPUYECKON CUCTEME KOOPAHMHAT, BO BTOPOM — Ha OOpaTHBIX TPUTOHOMETpHUYE-

CKUX (DYyHKIMSIX THUIIA arcsin(sin go) U arccos(cos go) B JICKapTOBOI cuCTEMe KOOP/IUHAT, B TPEThEM —

Ha CyMMe JBYX TPUTOHOMETPUYECKUX (DYHKIMI, 0JlHA U3 KOTOPBIX fABIsAETCS Moka3aTenabHOu. [lo-
Jy4EHHbIE pE3yJIbTaThl MOT'YT ObITh HCIOJIB30BAHBI 17151 KAYECTBEHHOI'O U KOJIMYECTBEHHOTO aHAJIH-
3a JMHAMHMKH pacCcMaTpuUBaeMbIX pabOuMX OpraHOB BaJIKOBOTO BHOpOyAapHOro kiaccuukaropa,
TaK Kak MOT'YT OTpaXkaTh IIEPEMEIIECHUS, CKOPOCTU U YCKOPEHUS TOUEK TaKoro THIla MasiTHUKa. Bee
TPU BapHaHTa TaKKe MPUMEHUMBI I BU3yAIM3allMd M aHUMAlUKM TMHAMHUKH pacCMaTpHUBaEMOro
MasiTHUKA B JII000# yI00HOM IS TOJIB30BaTeNs TpauuecKoit cpene.

KuroueBble cjioBa: BaJIKOBbIN BHOpPOYZapHBIM KiIacCU(PUKATOp, HEIMHEHHBIA MasATHUK, MHO-

TOYTOJILHUK B MOJIIPHOIM CHCTEME KOOpAUHAT, BUOPOOOKaThIBaHHE, O€30TPHIBHOE IBUIKCHUE.

Cmamuws nocmynuna 6 pedaxyuro 10.02.2014
Pexomenoosano xk nyoruxayuu 0-pom mexu. nayk b.A. Bnioccom
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AnHoTtanusi. OOBEKT HCCIICIOBAHUN JaHHON PabOThI — MOAJAEpPKAHWE BBHIEMOYHBIX IITPEKOB
MeTaJUIOPaMHBIMU KPETISIMU Ha YTOJIbHBIX maxTax. Ha ocHOBe aHanmm3a croco0OB U CPEeACTB MO-
JIepKaHUsl BBIEMOUYHBIX IITPEKOB C(HOPMYIMPOBAHA LIEJIb — AHAINU3 IPUYUH HEYAO0BIETBOPUTEIILHON
paboThl U PEKOMEHJIAIMH IO YIYYIIEHUIO paboThl apOYHON METAIJIOKPENH U KPEIUICHUS! BhIeMOY-
HBIX IITPEKOB B HenoM. [lokazaHo, 4YTO MPUUKMHON HEYJIOBIETBOPUTEIHLHONW pabOThl MeTalIopam-
HOMW Kpemnu SIBJISIETCS € HECOOTBETCTBHE TpeOyeMOMy MapaMeTpy — MOJaTIMBOCTh. PacueTHbIM Me-
TOJIOM BBIIIOJIHEHA OLIEHKA pabOTOCIIOCOOHOCTH 3aMKOBOI'O COEIMHEHMS U ’KeJI004aToil KOHCTPYK-
iy npodwis. CpaBHUTEIBHBIN aHAIN3 MapaMeTPOB METaUIOpPAaMHBIX Kperel MO3BOJIMII ClIeNaTh
BBIBOJ] O HELIEIECOOOPa3HOCTU MPUMEHEHHSI B CIIOKHBIX FOPHO-I€OJOIrMUECKUX YCIOBHUSIX OTKpBI-
TBIX Jken00uaThiX npoduieil. Crenan BbIBOJ O HEOOXOJUMOCTH NMPUMEHEHUS] KOMOWHUPOBAHHBIX
CHOCO0OB MOAJIEP’KaHUsI BHIEMOYHBIX HITPEKOB, B OCHOBE KOTOPOTO JOJKEH JIeKaTh CUMOMO3 aH-
KEPHOM M METAJNIOPAMHOM KpENM HOBOI'O IOKOJICHUS, @ TAKKE OXPAaHHOMW OKOJIOLITPEKOBOM I10JIO-
cbl. OnpeieneHbl TEXHUYECKHUe TpeOoBaHMsl Ul IPOEKTUPOBAHUS Kpenel HOBOTO MOKOJICHHUS.

KiroueBble ci1oBa: BHIEMOUHBIM IITPEK, apo4yHasl MMOAATIMBAs METAJJIOKPEIb, 3aMKOBBIE CO-
€MHECHUS.

AHann3 croco00B OXpaHbl U MOJJEPKaHUsI BHIEMOYHBIX HITPEKOB, MOKA3bIBAET,
YTO yYaile Bcero B ycioBusax JlonOacca oxpaHa BeIpabOTOK Beaercs uenukamu (42 %
— BEHTWJIALIMOHHBIX U 32 % — OTKaTOYHBIX IITPEKOB). ByTOBbIMU MoOn0CcCaMu oxpaHsi-
eTcsa cooTBeTcTBEHHO 21 % u 13 % mTpekos [1].
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