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Abstract
Introduction. Vibratory transport machines are widely used in the mining industry and other
sectors of production. A more detailed analysis of working body oscillation parameters and
vibration exciters self-synchronization is required to design vibratory transport machines with
new properties. Vibratory machine dynamics was studied with a mathematical model, which
made it possible to discover some interesting phenomena, for example, the effect that the
authors called the effect of lasting self-synchronization.
Research objective is to experimentally confirm the discovered phenomena using a laboratory
shaker and assess the degree of these phenomena resistance.
Methods of research. In order to confirm and carry out the follow-up study of the discovered
phenomena, DVM-014 laboratory training facility was designed and manufactured. A set of
experiments with two and three vibration exciters were carried out with the help of this facility.
Results. The article presents the results of experiments on detecting the effect of lasting
self-synchronization under configurations with two and three vibration exciters and this
phenomenon resistance to the changing position of the machine's center of mass. Changes in
the machine parameters are also given when either one of the two or two of the three vibration
exciters are switched off.
Summary. Several conclusions have been made based on the experimental results. The most
important of them in terms of technology is the following. The phenomenon of lasting self-
synchronization, if any, can be useful when there are pauses in the machine loading. It will
significantly reduce energy consumption by switching off one or two motors.

Keywords: vibratory transport machines; vibrating screen; self-synchronization, vibration
exciter, dynamics; mathematical model.

Introduction. Vibratory transport machines (VTM) are widely used in the mining
industry and other sectors of production [1-4]. A special place is occupied by the VTMs
with independently rotating vibration exciters (VE) based on the employment of the VE
self-synchronization phenomenon [5-9].

Articles [10—13] developed a mathematical model of VIM dynamics that considers
the interaction between drive electric motors, vibration exciters and the working body
of the machine. The dynamics of VTM with two, three, and four VE was studied with
the mathematical model. A number of interesting features of such machines dynamics
were discovered, in particular, the effect that the authors called the effect of lasting self-
synchronization.

The effect is as follows. When the machine reaches the stationary synchronous
oscillation mode, one of the two or even two of the three drive motors can be switched
off, but the machine (under certain conditions) continues to work, the two or three VE
still rotate synchronously. This synchronous movement lasts for an infinite span of time,
supported by only one motor running. It should be noted that mathematical modeling
considered the dynamics of VIM ignoring the influence of the transported material.
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The research objective is to experimentally confirm the effect of lasting self-

synchronization and assess its resistance.

Methods of research. DVM-014 laboratory training facility was designed and
manufactured to confirm and carry out the follow-up study of the discovered phenomena.
The exterior and scheme of the facility with the arrangement and numeration of VE are

shown in Figure 1.
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Figure 1. DVM-014 laboratory training facility:
a — exterior; b — scheme with the arrangement and numeration of VE; / — shaker’s
working body; 2 — vibration exciters with drive motors; 3 — bulk bin
Pucynox 1. Yue6no-nadoparopusiii komruiekc JIBM-014:
a — BHEITHUH BUJT KOMIUIEKCa; b — cXxeMa KOMILIEKca C paclojioKeHHeM 1 HyMeparueii BB
(VE1-VE3); I — paGounii opran BuOpoctenia; 2 — BUOPOBO3OYIUTENH C IPUBOAHBIMHU
JBUTaTesIMu; 3 — OyHKep I Tpy3a

The facility is aimed at practical research and laboratory practicals on the study
and optimization of the dynamics of single-mass and two-mass oscillatory systems
under various arrangements of VE. A detailed description of the facility is presented in

paper [14].
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Results. Some sets of experiments with two and three VE were carried out on
the facility. The experimental results showed that for a configuration with three VE, the
continuation of the effect of self-synchronization after switching off two out of three VE
motors, described in works [13, 15], proved resistant, including when the position of the
center of mass changed and the total vibrating mass increased by 20%. Such result was
obtained for all instances of VE rotation in one direction, as well as for two instances of
rotation in opposite directions.

Since the placement of the added mass at

: the extreme point of the working body results in the

i most significant change in the position of the center

! of mass, it is arguable that the continuation of VE

: self-synchronization after switching off two of the

| : | three VE motors is resistant to the technological
|
|

VE rotation axis 44 within the specified limits.
; Let us consider a set of experiments where
i DVM-014 facility simulated the operation of
: VTM with two VE. The effect of lasting self-
synchronization in VIM with two VE rotating
in one direction always manifests itself. For that
l; reason, we were interested in the instance with VE
rotating in opposite directions, as well as in the
dependence between the effect manifestation and
| the first moment of the vibration exciters.

It the course of the experiments, the first moment
VE unbalance changed as VE mass or distance from the rotation
an position axis changed (Figure 2) and was determined by the
formula:

|
|
T

Figure 2. Scheme of unbalance VE:
[, — distance between the rotation axis Si = mili’
and the i-th unbalance

Pucynok 2. Cxema pebanancroro BB: - where m. is the mass of the i-th unbalance, kg;
L= pacerortne ;e%:;;{:g ALEHIE 20 [ is the distance from VE rotation axis to the i-th
unbalance, mm.

The study was carried out under the single-mass mode of the facility. In each experiment,
only two motors were initially operating, while the third one was switched off.

After the facility reached a steady state of oscillations, one of the two operating
motors was switched off and it was observed whether the VE self-synchronization
lasted. The experimental results have been summarized in Table 1.

It can be seen from Table 1 that when one of the two operating motors is switched
off, the effect of lasting self-synchronization isn’t present in all instances, and under
§,=0.116 kg - mdoes not occuratall. Under § = 0.158 kg - m, lasting self-synchronization
is stable and is confirmed for all experiments.

Based on the analysis of the data available from experiments, the power factor was
calculated for each operating motor using the well-known formula [16]:

P =Ulcosq,

where P is the active power of the phase, W; U is the effective value of the phase
voltage, V; [ is the effective value of the phase current, A; cos ¢ is the power factor of
the electrical installation (the ratio of active power to apparent power).
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The values of VIM parameters for the experiments with manifested lasting self-
synchronization are given in Table 2 (in other experiments, the phenomenon was not
observed).

Summary. Analysis of Tables 1 and 2 allows drawing the following conclusions.

Table 1. Experimental results
Tabuuna 1. Pe3y1bTaThl 9KCIIEPHMEHTOB

Experiment | First moment, | Initial configuration (swiﬁ:(l:fiir?g off) Result
number kg m VEI | VE2 | VE3 | VE1|VE2|[VE3 |VEl|VE2|VE3
| 0.116 O O O
O O .
2 0.116 O O X
O O O
3 0.158 O @ o
O O O
4 0.135 O O Oy
O O O
5 0.126 O O O
o O x
6 0.126 O O O
O O O
7 0.135 O O O
O O O
8 0.135 O O x
O O O

Of rotation under the action of the drive motor; 07 rotation with the drive motor switched off;
X — stopping down under the switched off motor.

When one of the two VTM drive motors is switched off (the third drive motor is
not actuated) and VE rotate in one and in opposite directions, the power factor of the
machine increases by an average of 24% in the experiments with the observed lasting
self-synchronization. These data are given for various VE masses and various distances
between the masses and the rotation axes. The corresponding experiments also show the
decreased active power in the steady-state mode by at least 39%.

Let us compare the results presented above with the results obtained in [13, 15] for a
machine with three VE. The phenomenon of lasting self-synchronization in the instance
with two vibration exciters does not always occur and is not as resistant to the changing
position of the center of mass, as was observed in the instance with three VE.
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In addition, when one of the two motors is switched off, the vibration direction
changes significantly, much more significantly than the vibration ellipse orientation in
the instance of three VE (even with two of them switched off). In view of the above,
the possibility of using lasting self-synchronization in the VTM working cycle is called
into question. However, this phenomenon, if any, can be useful when there are pauses
in the machine loading. It will significantly reduce energy consumption by switching
off one motor.

This is much better than keeping both motors running or switching both motors
off, causing the machine to go through high amplitude resonant oscillations twice
when running-out and restarting. Moreover, under the previously switched off motor,
the machine enters the normal operating mode several times faster than when it was
started, and this is not accompanied by any noticeable transient. This is due to the fact
that, while operating in the lasting self-synchronization mode, the machine continued
non-stop superresonance oscillations.
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CpaBHHTeJIBHBIN aHAJN3 IKCIIEPHMEHTAJIbLHBIX Hccaen0BaHmil dpdexTa
COXPAHEHHOI CAMOCHMHXPOHU3ALUHU HA J1a00PATOPHOM BUOpPOCTeH/1e
¢ TpeMs M ABYMsI BUOPOBO3OYANTEIIMH

A3zapos E. B.!
! Vpanbckuil Tocy1apCTBeHHBIH YHHBEPCHTET IyTeil coobiuenus, ExarepunOypr, Poccust.

Pegpepam
Beeoenue. Bubpompancnopmuvie  MAWUHbL  WUPOKO — NPUMEHAIOMCS  KAK 8  2OPHOU
NPOMbIWAEHHOCY, MaKk U 6 Opyeux npousgoocmeennvix cghepax. Ilpoexmuposanue
BUOPOMPAHCNOPIHBIX MAWUH C HObIMU Kauecmeéamu mpedyem 6ojee noopodHO20 aHanusa
napamempos Koneoanuil paboue2o 0peaHa MAwuHbl U CAMOCUHXPOHUZAYUL 8UOPOBO30YOUmeell.
Hccnedosanue Ounamuku GUOPOMAWUHBL C NOMOWLIO MAMEMAMUYECKOU MOoOenu HO360NUN0
00HAPYIHCUMD PAO UHMEPECHBIX HOBbIX AGNEHUl, Hanpumep dQ@exm, HA36aHHbI A8Mopamu
apghexmom coxpanennoil camocuHxpoHU3AYUL.
Ilenv pabomer. DkcnepumenmanbHO NOOMEEPOUMb  OOHAPYICEHHbIE AGIEHUS, UCHONb3YS
1a60pamopubvlii CMeHo, a MaKHce OYeHunsb CMenetd ux YCmoudueoCcmu.
Memoouxa. C yenvio noomeepicoenus u OaibHeuue20 Uccied08anus OOHAPYIHCEHHIX A6IeHUl
CNPOEKMUPOBAH U U320MogieH yuebHo-nabopamopnvii komniexc IBM-014. Ha smom komniexce
npogedenvl cepuu SIKCNEPUMENINOS ¢ 08YMs U mpemsl 6UOpo8o30youmensimu.
Pe3ynomamut. B cmamve npuooamcs pe3yiomanmsl IKCHEPUMEHMO8 NO  OOHAPYIHCEHUIO
apgpexma coxpaneHHol CcAMOCUHXPOHUZAYUU 8 KOHPU2Ypayusax cmeHOd ¢ O08YMA U mMpems
8UOPOBO3OYOUMENAMU U YCIMOUMUBOCTIU DTNO20 AGNEHUS K USMEHEHUIO NOTONCEHUs YEeHMPA MACC
Mawiunsl. TIpueoosames makoice USMEHeHUs Napamempos MAuUHbl npu OMKIOUEeHUU 00HO20 U3
08YX UL 08YX U3 Mpex 8UOP0o8o3dyOumernell.
Bu1600wt. 1o pesynomamam npogedeHHbix IKCHEPUMEHNOE & padOme COeNaHO HECKONIbKO 8b1860008.
Haubonee sadxcrulil u3z HUX 8 MEXHONO2UUECKOM OMHOWeHUU cledyouwull. fenenie coxpanenHoll
CaMOCUHXPOHUZAYUU, 6 CIYYASX, KO20d OHO UMeem Mecmo, MOJICem OKA3ambCsl NONe3HbIM npu
603HUKHOGEHUU NAY3 6 3aepy3Ke Mauunbl. OHO NO3601UM 3HAYUMENLHO YMEHbULUMb NOmpebIieHue
SHepeull 3a cuem OMKIIOUeHUss 00HO20 UL 08YX O8uUcameell.

Knroueswie cnosa: subpompancnopmuvie Mawumbl, UOPAYUOHHBIL ZPOXONL; CAMOCUHXPOHUZAYUSL;
8UOPO6030YOUmMENb; OUHAMUKA, MAMEMAMUYECKAs MOOENb.
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