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TWOMASSES RESONANT CLATTER WITH LINEAR CONTROLLED ENGINE
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Resonant vibrationtransport machines originated in the USSR in the middle of the XXth century and were used 
in coal industry. The machines imported into Russia and some machines manufactured in Russia are implement
ed with equilibrated scheme. The domestic machines of PAV series are constructed with the vibrationisolated 
scheme, and their generator of vibration is rigidly connected to the box. The resonant frequency of oscillations of 
these machines is 50 Hz, and the maximal acceleration is significantly greater than g. These resonant machines, 
working with the amplitudes up to 2,2 mm, have the work mode’s coefficient greater than one. The practice of 
operation of these machines shows their relatively low effectiveness when working with thin products. The com
mon disadvantage of unequilibrated resonant VTM is relatively big load of elastic supports and a massive chassis. 
The common disadvantage of equilibrated resonant VTM is the presence of reactive mass or multiple operating 
parts of equal weight. One of the ways to reach this goal (to decrease the load of elastic supports) is to find the 
rational construction of VTM. It is possible to make by converting the traditional oscillating system into the system 
equivalent to dynamical decrementor of oscillations. This will allow significantly to decrease the mass of the ma
chine and the load of elastic supports

Key words: vibrationtransport resonant machines; angular frequency and amplitude of oscillations; acceleration; weight; 
rigidity; supports; vibroexciter; engine; resonant screen; machine operation

Ðåçîíàíñíûå âèáðîòðàíñïîðòíûå ìàøèíû ïîÿâèëèñü  â ÑÑÑÐ â ñåðåäèíå ÕÕ â. è áûëè èñïîëüçîâàíû â 
óãîëüíîé ïðîìûøëåííîñòè. Ìàøèíû èìïîðòíîãî ïðîèçâîäñòâà è ÷àñòü îòå÷åñòâåííûõ ìàøèí âûïîëíåíû 
ïî óðàâíîâåøåííîé ñõåìå. Îòå÷åñòâåííûå ìàøèíû ñåðèè ÏÝÂ  âûïîëíåíû ïî âèáðîèçîëèðîâàííîé ñõåìå, 
à âèáðîâîçáóäèòåëü æåñòêî ñîåäèíåí ñ êîðîáîì. Ðåçîíàíñíàÿ ÷àñòîòà êîëåáàíèé ó ýòèõ ìàøèí ðàâíà 50 Ãö, 
à ìàêñèìàëüíîå óñêîðåíèå ñóùåñòâåííî áîëüøå g. Ýòè ðåçîíàíñíûå ìàøèíû, ðàáîòàþùèå ñ àìïëèòóäîé äî 
2,2 ìì, èìåþò  êîýôôèöèåíò ðåæèìà ðàáîòû áîëüøå åäèíèöû. Ïðàêòèêà ýêñïëóàòàöèè ýòèõ ìàøèí ïî
êàçûâàåò èõ îòíîñèòåëüíî íèçêóþ ýôôåêòèâíîñòü ïðè ãðîõî÷åíèè òîíêèõ ïðîäóêòîâ. Îáùèì íåäîñòàòêîì 
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íåóðàâíîâåøåííûõ ðåçîíàíñíûõ ÂÒÌ ÿâëÿåòñÿ îòíîñèòåëüíî áîëüøàÿ íàãðóæåííîñòü óïðóãèõ ýëåìåíòîâ 
(îïîð) è íàëè÷èå ìàññèâíîé ðàìû, à óðàâíîâåøåííûõ – íàëè÷èå ðåàêòèâíîé ìàññû èëè íåñêîëüêèõ ðàáî
÷èõ îðãàíîâ ñ îäèíàêîâîé ìàññîé. Îäíèì èç ïóòåé äîñòèæåíèÿ ýòîé öåëè ÿâëÿåòñÿ îïðåäåëåíèå ðàöèîíàëü
íîé êîíñòðóêöèè  ÂÒÌ. Ýòî âîçìîæíî ñäåëàòü ïóòåì  ïðåâðàùåíèÿ òðàäèöèîííîé êîëåáàòåëüíîé ñèñòåìû 
â ñèñòåìó ýêâèâàëåíòíóþ äèíàìè÷åñêîìó ãàñèòåëþ êîëåáàíèé, ÷òî ïîçâîëèò ñóùåñòâåííî óìåíüøèòü ìàññó 
ìàøèíû è íàãðóæåííîñòü óïðóãèõ îïîð

Êëþ÷åâûå ñëîâà: Âèáðîòðàíñïîðòûå ðåçîíàíñíûå ìàøèíû, óãëîâàÿ ÷àñòîòà è àìïëèòóäà  êîëåáàíèé, óñêîðå
íèå, ìàññà, æåñòêîñòü îïîð, âèáðîâîçáóäèòåëü

Resonant vibrationtransport machines 
(VTM) – feeders, transporters, screeners 

originated in the USSR in the middle of the 
XXth century and were used in coal industry.

The VTMs of resonant type were 
applied in coal industry of Poland, Germany 
but today the resonant VTMs of type DN3 
IQR are manufactured in USA. Resonant 
screeners are divided for onemass, twomass 
and multimass machines. With respect to 
the quantity of oscillating masses, resonant 
screeners are divided into classes: onemass 
machines, twomasses machines and multi
masses machines. Oscillating masses boxes 
may all be placed parallel or sequentially 
relative to the chassis, but in most cases their 

oscillations occur with the phase shift of 180 
degrees. It provides the minimal load of elastic 
elements and respectively, of the chassis and 
of base. Usually resonant screeners work with 
relatively big amplitudes and low frequencies 
[11; 14].

The vibration conveyors for ore 
manufactureÂÊÂC are an exclusion because 
they work with the amplitude up to 0,75 mm 
and frequency 47 Hz [9].

The operating parts of conveyors like ÂÐ
50 or ÂÓÐ1 have a lower than ÂÊÂÑ, fre
quency of oscillations 9…15 H z and by 4…10 
times greater amplitude.

The table 1 contains basic parameters of 
resonant VTMs [14; 9; 10; 13; 6].

Table 1

Parameters of resonant VTMs

¹ Type of VTM Quantity of 
masses 

Amplitude, 
A,ìì

Frequency, osc/
min Power, kW Max acceleration, 

m/c2

1 EV 2 5…15 500…1000 5…8 39…51
2 DV 4 5…15 500…1000 5…8 39…51
3 ÅF 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 RMS2,25 2 5…14 500…1000 3,5…5 36…51
8 RMN4,5 2 5…14 500…1000 5…9 36…51
9 GC 4 10…12 500…1000 6…8 51…72

10 VR50 1 4 750 10 24
11 VR100 1 7,5 550 2*14 25
12 VUR80 2 4 930 10 38
13 VUR80Ì 2 4 930 15 38
14 ÂÊÂÑ 2 0,65 2800 1,6 55
15 PEV1…3 2 0,6 3000 1,0 60
16 PVG1,0…2,6 2 0,75 3000 11 75
17 79ÒS 1 0,8 3000 2,0 80
18 95ÒS 1 0,9 3000 4,0 90
19 106ÒS 2 0,75 3000 1,0 75
20 GRL62 2 10 500 13 27
21 GRL72 2 10 510…550 17 28…34
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Machines (No. 1…9, imported into 
Russia), are implemented with equilibrated 
scheme. The generators of vibration of these 
VTM are implemented in the form of: eccen
tric mechanisms with rigid rod; crankbalance 
weight mechanisms with rigid elements. Their 
angle of vibration (α) is not greater than 15 
deg., and their operating part is located hori
zontally. The coefficient of vibrationtrans
port mode (Ã=Àω2sinα) of these machines is 
greater than 1 (fast mode).

The parameters of domestic resonant 
VTM are listed in rows 10…21 of the table 1. 
Onemass machines ÂÐ50, ÂÐ100, 79ÒÑ, 
95ÒÑ are implemented with unequilibrated 
scheme. Twomass machines ÂÓÐ80 and 
GRL62 are implemented with equilibrated 
scheme. Equilibrating mass is equal to the 
mass of the box.

The common disadvantage of 
unequilibrated resonant VTM is relatively 
a bigger load of elastic elements (support) 
and presence of heavy chassis. The common 
disadvantage of equilibrated resonant VTM 
is the presence of reactive mass or multiple 
operating parts of equal mass.

Machines of series PEV (rows 15, 16) 
are implemented with vibrationisolated 
scheme, and the resonant generator of 
vibration is rigidly fixed at the box. The 
resonant frequency of oscillations of these 
machines is equal or multiple the frequency 
of power supply – 50Hz. All these machines 
have the coefficient of work mode G>1. The 
transporting and screening of rock mass occur 
with a throw, and for small classes it often 
decreases the effectiveness of screening [14]. 

Domestic VTM are equipped with 
the vibrationgenerators of various types: 
kinematic (eccentric), force (inertial) and 
mixed (electromagnetic and piston).

Inertial vibrationgenerators are applied 
in overresonant VTM at frequencies greater 
than 15 Hz. At the relatively low frequencies 
(less than 10 Hz) inertial vibration
generators are not applied, because relatively 
big unbalances must be installed to get the 
necessary revolting force. In resonant VTM 
inertial vibrationgenerators cannot provide 
the stability of resonance when technological 

load is changing. Recently technical solutions 
[2; 3; 4; 5; 7] have appeared, that enable 
us to get relatively stable resonant mode. 
However these solutions complicate the 
design of vibrationgenerator and don’t allow 
to stabilize the resonant mode quickly when 
technological load is changing.

Linear electromagnetic engines are used 
in mining industry from the middle of 20 
century. The main disadvantage of all electro
magnetic linear engines is their relatively low 
efficiency and high frequency of revolting 
force.

In the process of dry screening the rock 
mass of fineness less than 0,5 mm, VTM have 
insufficient effectiveness of separation [8]. 
Plane (almost impassable) parts of rock mass 
fill these parathion surface and it decreases the 
performance and effectiveness of screening.

The high priority aim of improving the 
design of VTM is achievement of maximal 
productivity, reduction the mass of machine 
and respectively, its cost, and also decrease of 
the power consumption of the technological 
process. It enables us significantly increase 
the effectiveness of its work.

One of the ways to reach this aim is 
definition of the rational design of VTM. 
You can decrease the work load of support 
and mass of the machine by transforming the 
traditional oscillation system into the system 
equivalent to dynamical vibration damper 
(fig. 1) [1].

At UrSMU we have developed experi
mentalindustrial two masses feederscreener 
(fig. 2).

For a screener, the resonant frequency 
of oscillations (ω

0
) of the first mass (m

1
) – 

moveable frame, is equal to the frequency of 
compelling force (ω):

ω2 = C
1
/ m

1   
=ω

0
2,                                            (1)

here C
1   

– rigidity of elastic supports of the 
first mass, H/m;

m
1  

–   mass of frame, kg.
In order to provide the minimal work 

load of elastic supports (F
ó1

), the following 
condition must be maintained

C
1
m

2   
 = m

1
C

2
 ,                                                 (2)
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here C
2 

– rigidity of elastic elements of upper 
mass, H/m;

m
2   

– mass of nets with frame (upper 
mass), kg. 

The amplitude of established oscillations 
of the second mass is calculated by the formula 
[15]

À
2 
= [À

1
F/(2γβµ)1]0,5 ,                                              (3)

here A
1   

–  amplitude of oscillations of lower 
mass.

 β = m
2
/ m

1
; µ  = b/(2 ω

0
m

2
) – constant 

coefficients.

Fig. 1. Twomasses model of operating part of VTM: 
b – coefficient of resistance; 

F – amplitude of external workload

Fig. 2. Experimentalindustrial two masses feederscreener:
1 – Uppermass (m

2
) – box with net; 2 – Rigidly suppressing supports(Ñ

2
 ); 3 – First mass (m

1
) – moveable 

frame; 4 – Nonmoveable frame; 5 – Rigid supports (Ñ
1
 )

Ratio of partial frequencies:
γ = ω

1
/ ω

0
.                                                       (4)

hereω
1 

–  partial frequency of oscillations of 
lower mass,
ω

1
=(Ñ

1
/ m

1
)0,5                                                (5)

The coefficient of resistance (b) depends 
basically on coefficient of absorption [12] 
b = ψC

2
 /[2v (C

2 
/m

2
)0,5],                           (6)

here ψ – coefficient of absorption.
The coefficient of absorption is deter

mined by the experiment. For this screener it 
is determined by losses in supports and by fric
tion of rock mass about net. We have discov
ered in our investigations that the coefficient 
of absorption varies in wide range: when no
load operation ψ=0,06…0,16, when screen

ing ψ= 0,16…0,5 (halffast mode of move
ment of rock mass).

As a result of the tests it has been estab
lished that when amplitude of oscillations of the 
first mass is 5…10 mm, the amplitude of oscil
lations of the net varies from 20 to 40mm and 
it well coincides with the results of calculations 
by formula (3). In onemass system (before 
modernization) amplitude of oscillations was 
20...25 mm. Thus, the load of rigid supports of 
lower mass has decreased by 2...4 times.

Conclusion. This scheme of the dynamical 
system enables us to decrease significantly 
the value of the first mass, amplitude of its 
oscillations, and respectively, the mass of whole 
screener. Also it enables us to decrease the rigidity 
of elastic supports, their mass and work load.



Íàóêè î Çåìëå

23

1. Afanasiev A. I., Maltsev V. A., Andryushenkov D. N., Lagunov D. V., Chirkova A. A. Resonant two
masses feederscreener. News of higher education institutions. Mining journal. 2011. No. 3. P. 27–29.

2. Antipov V. I., AstashevV. K. About the principles of creation of powersaving vibration machines // 
Problems of machinesmanufacturing and reliability of machines. 2004. No. 4. P. 3–8.

3. Antipov V. I., Ruin A. A. The dynamics of resonant lowfrequency parametrically exciting vibration 
machine // Problems of machinesmanufacturing and reliability of machines. 2007. No. 5. P. 7–13. 

4. Antipov V. I. Using combined parametrical resonance for improving vibration machines // Problems of 
machinesmanufacturing and reliability of machines. 1998. No. 4. P. 16–21.

5. Antipov V. I. Vibrationgenerator: Patent ¹ 2072660  RF. MKIB 06 B 1/16 // Bul. no. 3, 1997.
6. Concentrating equipment: Industry catalogue 18282. Part 2. CNIITEItyazhmash. M., 1982. 103 p.
7. Dmitriev V. N., Gorbunov A. A. Resonant vibration electric drive of manually controlled machines // 

News of Samara’s scientific center of Russian academy of science. 2009. b. 11. No. 3. 
8. Investigation of classification effectiveness of small classes of rock mass by resonant machine /A. I. 

Afanasiev [and others] // Materials of Ural’s miningindustrial decade. Yekaterinburg, 2007. P. 118–119.
9. Iofin S. L., Kudryavtsev U. I., Sergeev V. E., Shkarpetin V. V. The experience of developing and applying 

of vibration mechanisms for production and transport of ore. M.: Tsvetmetinformatsiya, 1971. 86 p.
10. Litvak A. G., Poturaev V. N., Markovsky F. I. Resonant screener for dehydration of coal slime // Coke 

and chemistry. 1960. No. 5.  P. 17–21.
11. Poturaev V. N. Resonant screeners. M.: TsNIEIcoal, 1963. 94 p.
12. Rivin E. I. Dynamics of drives of machines. M: Mashinostroenie, 1965. 203 p.
13. Spivakovsky A. O., Goncharevich I. F. Vibration conveyors, feeders and additional devices. M.: 

Mashinostroenie, 1972. 326 p.
14. Spivakovsky A.O. Goncharevich I. F. Mountaintransport vibration machines. M.: Ugletehizdat, 1959. 

219 p.
15. Timoshenko S. P. Oscillations in engineering. M.: Science, 1967. 444 p.

Ñïèñîê ëèòåðàòóðû                                                                                              

References 

1. Afanasiev A. I., Maltsev V. A., Andryushenkov D. N., Lagunov D. V., Chirkova A. A. Gorny zhurnal 
(Mining journal), 2011, no. 3, pp. 27–29.

2. Antipov V. I., AstashevV. K. Problemy mashinostroeniya i nadezhnosti mashin (Problems of machines
manufacturing and reliability of machines), 2004, no. 4, pp. 3–8.

3. Antipov V. I., Ruin A. A. Problemy  mashinostroeniya i nadezhnosti mashin (Problems of machines
manufacturing and reliability of machines), 2007, no. 5, pp. 7–13. 

4. AntipovV. I. Problemy mashinostroeniya i nadezhnosti mashin (Problems of machinemanufacturing 
and reliability of machines), 1998, no. 4, pp. 16–21.

5. AntipovV. I. Byul. (Bul.), 1997, no. 3.
6. Obogatitelnoe oborudovanie (Concentrating equipment: Industry catalogue 18282). Part 2. 

TsNIITEItyazhmash. Moscow, 1982. 103 p.
7. Dmitriev V. N., Gorbunov A. A. Izvestiya Samarskogo nauchnogo tsentra Rossiyskoy akademii nauk 

(News of Samara’s scientific center of Russian academy of science), 2009, b. 11, no. 3. 
8. Issledovanie effektivnosti klassifikatsii melkih klassov gornoy porody na rezonansnom grohote 

[Investigation of classification effectiveness of small classes of rock mass by resonant machine]: Materials of Ural’s 
miningindustrial decade.  Yekaterinburg, 2007, pp. 118–119.

9. Iofin S. L., Kudryavtsev U. I., Sergeev V. E., Shkarpetin V. V. Opyt sozdaniya i primeneniya vibratsionnyh 
mehanizmov dlya vypuska i dostavki rudy [The experience of developing and applying of vibration mechanisms 
for production and transport of ore]. Moscow: Tsvetmetinformatsiya, 1971. 86 p.

10. Litvak A. G., Poturaev V. N., Markovsky F. I. Koks i himiya (Coke and chemistry), 1960, no. 5, 
pp. 17–21.

11. Poturaev V. N. Rezonansnye grohoty [Resonant screeners]. Moscow: TsNIEIcoal, 1963. 94 p.
12. Rivin E. I. Dinamika privoda stankov [Dynamics of machine gearing]. Moscow: Mashinostroenie, 

1965. 203 p.
13. Spivakovsky A. O., Goncharevich I. F. Vibratsionnye konveyery, pitateli i vspomogatelnye ustroystva 

[Vibration conveyors, feeders and additional devices]. Moscow: Mashinostroenie, 1972. 326 p.
14. Spivakovsky A.O. Goncharevich I. F. Gornotransportnye vibratsionnye mashiny [Miningtransport 

vibration machines]. Moscow: Ugletehizdat, 1959. 219 p.
15. Timoshenko S. P. Kolebaniya v inzhenernom dele [Oscillations in engineering]. Moscow: Science, 

1967. 444 p.



Âåñòíèê ÇàáÃÓ. 2017. Ò. 23. ¹ 8

24

Alexander Afanasiev, doctor of technical sciences, professor, Technical Mechanics department, Ural State Mining University, 
Yekaterinburg, Russia. Sphere of scientific interests: mining, concentrating, transport machines
gmf.tm@ursmu.ru

Vladimir Potapov, doctor of technical sciences, professor, Mining Mechanics department, Ural State Mining University, 
Yekaterinburg, Russia. Sphere of scientific interests: mining, concentrating, transport machines 
gmf.tm@ursmu.ru

Dmitriy Suslov, candidate of technical sciences, leading software engineer JSC «Plant No. 9», Ural State Mining University, 
Ye katerinburg, Russia. Sphere of scientific interests: vibrationtransport machines
susdmitry@yandex.ru

Alyona Chirkova, candidate of technical sciences, associate professor, Technical Mechanics department, Ural State Mining 
University, Yekaterinburg, Russia. Sphere of scientific interests: mining, concentrating, transport machines
gmf.tm@ursmu.ru

Àôàíàñüåâ Àíàòîëèé Èëüè÷, äð òåõí. íàóê, ïðîôåññîð êàôåäðû «Òåõíè÷åñêàÿ ìåõàíèêà», ïðîôåññîð, Óðàëüñêèé 
ãîñóäàðñòâåííûé ãîðíûé óíèâåðñèòåò, ã. Åêàòåðèíáóðã, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: ìàòåìàòè÷åñêîå ìîäåëè
ðîâàíèå
gmf.tm@ursmu.ru

Ïîòàïîâ Âàëåíòèí ßêîâëåâè÷, äð òåõí. íàóê, ïðîôåññîð êàôåäðû «Òåõíè÷åñêàÿ ìåõàíèêà», Óðàëüñêèé ãîñóäàð
ñòâåííûé ãîðíûé óíèâåðñèòåò, ã. Åêàòåðèíáóðã, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå
gmf.tm@ursmu.ru

Ñóñëîâ Äìèòðèé Íèêîëàåâè÷, êàíä. òåõí. íàóê, âåäóùèé èíæåíåðïðîãðàììèñò ÀÎ «Çàâîä ¹ 9», ã. Åêàòåðèíáóðã, 
Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: âèáðîòðàíñïîðòíûå ìàøèíû
susdmitry@yandex.ru

×èðêîâà Àë¸íà Àíàòîëüåâíà, êàíä. òåõí. íàóê, äîöåíò êàôåäðû «Òåõíè÷åñêàÿ ìåõàíèêà», ã. Åêàòåðèíáóðã, Ðîññèÿ. 
Îáëàñòü íàó÷íûõ èíòåðåñîâ: ãîðíûå, îáîãàòèòåëüíûå, òðàíñïîðòíûå ìàøèíû
gmf.tm@ursmu.ru 

Briefly about the authors 

Êîðîòêî îá àâòîðàõ 

Àôàíàñüåâ A. È., Ïîòàïîâ Â. ß., Ñóñëîâ Ä. Í., ×èðêîâà A. A. Twomasses resonant clatter with linear 
controlled engine// Âåñòí. Çàáàéêàë. ãîñ. óíòà. 2017. Ò. 23. ¹ 8. Ñ. 19–24. DOI: 10.21209/22279245
20172381924.

Afanasyev A. I., Potapov V. Ya., Suslov D. N., Chirkova A. A. Twomasses resonant clatter with linear con
trolled engine // Transbaikal State University Journal, 2017, vol. 23, no. 8, pp. 19–24. DOI: 10.21209/2227
924520172381924.

Date of receipt of the article: 07.07.2017.
Date of publication of the article: 31.08.2017.

Îáðàçåö öèòèðîâàíèÿ 


