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Abstract. Theanalysis of structure diagrams of the two-mass tubular conveyer with two-cycle
electromagnetic driveis carried out in the article. Two methods of designing of the elastic system are
considered; calculation formulas for eastic system computation are deduced according to different
requirements for the operating parameters of conveyers, the comparative analysis of two types of
elastic systems is conducted. The recommendations for designing the lengthy tubular vibrating
conveyers are presented. According to the considered structural diagrams of the eastic system the
models of the lengthy vibrating conveyers with the transporting distances | =1,5..4 m are

developed. On the basis of these models the lengthy vibrotransporting systems with the transporting
distance | =5..30 m were developed, manufactured and applied in industry. The considered

systems ensures the transportation of loose materials (porcelain composition, sand etc.) with
maximal speeds up to 800 mnvsec and productivities (for tubes with internal diameter D =100 mm)

up to 30 tons per hour for. It is reasonable to use both considered schemes of elastic systems for
development of vibrating tubular conveyers with eectromagnetic drive. The conveyers may be
designed in two modifications: overhead and supporting. The obtained dependencies allow
optimization of the structure and considering the important technical parameters of conveyers
(maximal permissible oscillations amplitude, springs stresses, productivity etc.) in the design phase.

Introduction

Vibrating tubular conveyers with dectromagnetic drive may be effectively used in various branches of
industry due to their specific features and advantages. The main advantages of these machines are dructure
simplicity, total albsence of the parts which may rub and quickly work out of true, small wearing of the internal
surface of the trangporting dement, simple regulation of the vibrotransportation modes, possibility of conveying of
various types of loads (piece, lumpy, loose, granular including powder-like, gaseous etc.), simplicity of setting-up
and repairing, possibility of combining conveying and technological operations (i.e drying and cooling), smplicity
of feeding and unloading with the possibility of dosing in wide range of diameters of trangporting element. The
important advantage of these conveyersis small power consumption due to specific satting-up of the devices with
the aim to achieve near-resonance operation modes.

Problem statement

Despite of a number of advantages tubular conveyers are rather rarely used in manufacturing
industry nowadays. First of all, this situation may be explained by the fact that they are not commercially
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manufactured. Single models designed and manufactured by different companies for their own needs are
little known. That is why the development of this type of conveyers is being limited. The important
problem consists in development of new and improvement of known model of tubular conveyers with the
aimto increasetheir eficiency, to simplify the methods of calculation, designing and setting-up.

Analysis of moder n infor mation sour ces on the subject of the article

The information about vibrating tubular conveyers with electromagnetic drive is not very
widespread. Literature sources and publications in special journals are scattered over several decades and
do not allow the possibility to obtain the sufficient representation about this type of conveying equipment.
The most accessible sources are [3-5; 7; 8; 10] which present the number of structures of vibrating tubular
conveyers with electromagnetic drive.

Theanalysis and research of these sources show that a great deal of investigations and devel opments
dedicated to tubular conveyers were conducted in the scientific and research laboratory NDL-40
(Department of mechanics and automation engineering of Lviv Polytechnic National University). The
developments and investigations carried out in the laboratory NDL-40 for many years gave the
considerable results in the field of vibrotechnics, which were realized in a number of effective models and
designs including the models of vibrating tubular conveyers and transporting systems formed of separate
modules. In recent years, these developments have undergone some modernization and the methods of
their designing and calculation have been improved [4; 12].

Statement of purpose of research

The development of new machines for solving some technological problems usualy starts with
choosing the structure diagram of the machine. If there is a necessity to develop the machine which should
perform tasks that were solved by earlier developed machines it is necessary to use the accumulated
experience. If there is a necessity to improve technical parameters (increase productivity, reduce power or
materials consumption) the analysis of analogues becomes less expedient. In that case the analysis of the
known structure diagrams is carried out and on the basis of practical experience the machines structures are
being improved or sometimes fundamentally changed.

The purpose of this paper consists in analysis of the two-mass tubular conveyer with two-cycle
electromagnetic drive of “tube in tube” type and in investigation of conveyers with various combinations
of elastic systems.

Main material presentation

The most optimal structures of vibrating conveyers with electromagnetic drive are the structures
based on two-mass oscillatory schemes [8]. These schemes allow creating almost totally symmetrical
structures with superposition of centers of oscillating masses. This factor makes supplementary parasitic
oscillations the whole structure or relative oscillations of both oscillating masses impossible. Thus the
uniformity of transportation along the transporting element increases and the efficiency and productivity of
vibrotransportation also raise.

The structure shown in Fig. 1 may be considered as near-optimal one from the point of view of the
requirements to forming of two-mass mechanical oscillating systems. This model was developed and
applied in several industrial enterprises for conveying loose, lumpy and piece products. The conveyer is
designed according to the two-mass oscillating scheme with lengthy working transporting element 1 coated
with polyurethane or rubber inside. The reactive (nontransporting) mass consists of two tubes 2 to face
flanges of which two circular electromagnets 3 are fastened. Two parts of the reactive mass are attached by
pins and ring 7 and form in such a way the rigid structure. The working and reactive masses are fastened
by four flat dastic el ements 8 the ends of which are attached to the brackets of the working and reactive
masses. The elastic elements are placed in the bottom part of the conveyer at the inclination angle with the
vertical plane (vibration angle) . The brackets of the working mass are fastened to the tube with a help of
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terminal clamps and the brackets of reactive mass are welded to two reactive tubes. Between the
electromagnets of the reactive mass the double-sided circular armatureis placed and rigidly fastened to the
transporting tube. Two rings 5, which are attached by the terminal clampsto the tube 1, and four brackets 4
with elastic (rubber) buffers limit the vibrations amplitude if it is necessary and do not allow the transition
of the oscillating system to the vibroimpact mode by stabilization of the operation on high amplitudes.

The conveyer operates as follows. If the alternating current is applied according to the two-cycle
feed circuit the inclined harmonic oscillations with opposite phases of the working and reactive masses
excite on the circular eectromagnets 3 at the angle of vibration B, which is defined by the inclination angle
of the attachment planes of the springs brackets. Due to this structure the parts (products) are being
transported along the internal surface of thetube 1 (Fig. 1, from theright to the l&ft) [8].
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Fig. 1. Sructural diagram of vibrating tubular conveyer

The efficiency and productivity of conveying depends on the following factors:

— the structure symmetry along three coordinates;

— the matching of the centers of oscillating masses;

—the natural oscillation frequency of the transporting tube;

—therigidity of the fastening brackets;

— the placement of the elastic elements;

—therigidity of all fastening connections;

— the method of the working element loading with products.

Based on the above material the multifunctional problem raises before the developer during the machines
designing. Taking into account the experience of manufacturing, setting-up and applying of analogous vibrating
equipment, this problem may befinally solved by means of setting-up of such machines.

Let us analyze some requirements to the development of conveyers of such type and some methods
of their assurance.

1. The modd of the conveyer (Fig. 1) is almost symmetrical due to using the scheme of “tube-in-
tube’ type. The masses of brackets for springs fastening are very small in comparison with the total value
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of oscillating masses of the conveyer. That is why the brackets do not influence the symmetry of the
structure and the matching (nonmatching) of the mass centers.

2. The choosing of parameters of the transporting tube (length, diameter, material) depends on the
natural frequency wg of oscillations of the tube considered as the beam without any supports, which

should be 34 times larger than the frequency of forced oscillations of the conveyer. This fact ensures the
oscillations of the tube as one rigid body when every point of the transporting element oscillates with the
same frequency and along the same trajectories. By ensuring the uniform field of oscillations of the
transporting element (Fig. 2) we obtain the uniformity of the longitudinal transporting and the necessary
productivity. For the beam (tube) without supports the natural frequency of oscillations may be calculated

as[§]:
E
=22,4% , 1
Wo ,/m>43 D

where E isthe modulus of dasticity of the tube material, Pa; | isthe moment of inertia of the tube cross-

section, m*; m is the mass of the tube, kg; | isthelength of the tube, m.

The dependence (1) is simple for calculating and ensures the absence of additional transversal
natural oscillations of the working conveyer. However it is necessary to mention that for every specific
structure the natural frequency of the transporting element is a little different because of the different
attachments of elastic eements and different placement of these attachments. The determination of this
frequency is a very complicated task and the solving of this problem allows optimization of the structure
and decreasing of its materials consumption. The problem of choosing the parameters of the working
tubular eement is also very important task reating to the influence of the loading on the stability of
oscillations parameters of the transporting element. With a help of special sensors places along the tube it
is possible to define the components of oscillations and introduce corrections into the conveyer structure.
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Fig. 2. The scheme of the beam and the distribution of oscillations

3. The rigidities of the fastening elements (brackets, terminal clamps etc.) should ensure the
parameters of oscillations of the working and reactive masses as single rigid bodies. The methods of
fastening of elastic elements essentially influence the coefficient of restraint k,, which lies in the range of
k, =0,7- 1,0 for typical conveyersand k, =0,55- 0,6 for large-sized lengthy conveyers with the lengths
of transporting elements 3-5 mand with diameters of transporting tubes 100200 mm.

4. The loading of the working transporting tube from the only hopper essentially influences the
parameters of oscillations in the loading zone. That is why it is reasonable to design several loading zones
especially for 3-5 m long transporting tubes. As the experimental investigations showed, in the lines of
tubular conveyers, where the working transporting tubes are fastened with a help of specia couplings and
intermediate tubular inserts, the loading through the inserts cause very small influence on the parameters of
oscillations of the transporting e ements.
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5. The placement of dastic eements for modes, which are analogous to the presented modd (Fig. 1),
should solve two problems (requirements):

—do not allow the appearing of angular oscillation about the axis Z - Z (Fig. 3);

—to create some zones on the eastic elements for fastening the inserts with dampers when the
supporting method of conveyer installation is used.

The first problem is solved due to the fastening of flat springs 1 to oscillating masses m; and m, in
staggered order (in the Fig. 3 the dastic system and its fastenings are presented on the upper view of the
conveyer). Experimental investigations on several models of conveyers substantiated the expediency of
such design (structure).

24,
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Fig. 3. Smplified scheme of the conveyer elastic system: Iy is transporting (active) mass;
My, isreactive mass; 1 —flat elastic(spring) elements; 2 — supporting elements

The second requirement taking into account the fact that the oscillations of both masses are with
opposite phases and are carried out with amplitudes, which vary in inverse proportion to masses
%=ﬂ @)
m
allows the use of so-called “zones of neutral cross-section” which are defined by the lengths of springs and
in which there are no oscillation (or they are close to zero). This phenomenon is shown on the left end
support 2 (Fig. 3).

The most important calculations, which are carried. out during the designing of conveyers, are the
computations of rigidity and strength of elastic elements. This process ensures the setting-up of the device
according to the stationary close to resonance operation mode and does not allow the failures of the spring
during their exploitation with ensuring the specified productivity Q .

In this paper we consider two methods of development (designing) of elastic system for lengthy
vibrating two-mass tubular conveyers:

I. The springs are fastened on the ends to oscillating masses my and my (Fig. 4);

I1. The springs form blocks which consist of two springs. The centers of the springs are fastened to
the oscillating masses m; and m, and the ends arerigidly attached together (Fig. 5).

Let us carry out the analysis of methods of designing of dastic systems. According to the method | the
calculated thickness of the spring which ensures the necessary resonance setting-up may be defined as[3; 8]:

2 2
. _paPng My, | 3
E X% X,
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where | is the working (not restrained) length of the flat elastic element, m; ng is natural frequency of
conveyer vibrations, Hz. This frequency is defined according to the recommendations of close to resonance
Setting-up of the conveyer [8]:

n

n :_1 4

0=7 4

where n is the frequency of forced oscillations, Hz; Z=0,92-0,94 is the correction coefficient;

M, :w is the reduced mass of the oscillating system, kg. In [8] it is recommended to take the
m + My

ratio my/mp, =2—4. Taking into account modern investigations this ratio cannot be absolutey
unchangeabl e because of the fact that it is not reasonable to increase the reactive mass m, and theratio of
my/mp =1—2 also may be adopted; E is the modulus of elasticity of the springs material, Pa. For steel

spring E =2,1x40' Pa. Nowadays the springs made of glass-fabric-base laminate are also widely used

but their modulus of dasticity varies in wide range and this material is not investigated when the
oscillations amplitudes are very high. Also it is not recommended to use this material in hot and other
operation conditions; b is the working width of the spring, m; i is the number of springs; k, is the
coefficient of spring restraint.
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Fig. 4. The scheme of the spring fastening (method 1) and the cross-section of the spring:
| isworking (not restrained) spring length; | isthe width of the fastening; |, istotal (overall) length

of the spring; a isworking spring thickness; b isthe spring width
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Fig. 5. The scheme of fastening of the spring of block type (method I1)
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In the dependence (3) all the parameters except | may be taken structurally or on the basis of logical
consideration. The working length | and the total length of the spring |, may be defined according to one
of the following requirements:

—do not allow the failures of the spring;

— to ensure the specified (limited) overal sizes of equipment which depend on manufacture conditions.

It is known that the spring stress, which is generated during the machine operation, may be defined
as|[8]:

3xE xa
s=om ®
I
where y = A + Ay isthe spring deflection, m.
The stress should not exceed the permissible bending stress [s_4 | :

sE[s.q]. (6)
For quenched grinded spring made of high-quality spring sted of the 60C2 grade
[s_ 1] =3x0° Pa. The permissible stress may be increased on 15-20 % by using vibrational processing

technologies: vibrogrinding, vibropolishing and vibrohardening.
Let us substitute the parameter a from the formula (3) into the formula (5) for calculation of the
spring stress:

()

2 2 2
S:3><E><yx34><p g XE Xan -
I bx K,

By calculation of the stress with a help of the formula (7) we may predict the durability of the
conveyer dastic system operation.

, . _ m +m . _m
So far as according to the formula (2) the deflection y = A x———= and considering that | =
and ng :% we obtain the following formula:
2 2 2
S:3XA1X4>@ n ><ITh>(l+|) - (8)
I bx xZ xXk,

In that case according to the formula (8) we may obtain the plot of the dependence s =s(A ) and
during the designing we may protect the structure from the failures of elastic elements by combining the
parameters of the specific model.

The amplitude of oscillations of the transporting mass of the conveyer is related with the
transporting speed V (nVs) by the following dependence:

V
A_2><p><n><cosb><kw’ ©
where b is the angle of vibration; k,, is the coefficient of transporting speed (for the conveyer which are
being investigated when the amplitude is A  =4- 5 mm during the transportation of loose and lumpy
products of varioustypes k, =0,6- 0,8).

The productivity Q and speed of transportation are related by the dependence:

Q=Vx5xg, (10)
where S is the area of the cross-section of the tube along which the products are being transported, me.
For loose and lumpy products S=0,5- 0,6 from the total area of the transporting tube cross-section; g is

the bulk density of the material being transported, kg / me.
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Let us simplify the dependence (8) by substitution of the known parameters E and p and by
adopting for lengthy conveyers with electromagnetic drive the most optimal for electromagnetic vibration
exciter oscillations frequency n =25 Hz, the correction coefficient Z =0,93, the coefficient of restraint

k, =0,7. Inthat caseif the number of springs i =4 for the model (Fig. 1) the following stresses arise:

s =23x0° x;ﬁ &3/%”)2 . (12)

By equalizing s =[s_4] = 3x0° Pa we obtain the dependence which allows the calculation of the
length of the spring taking into account the strength conditions:
2
| =7,7xA 3%_ (12)
From the equation (12) we may deduce the dependence for calculation of the maximal permissible
oscillations amplitude of the transporting mass:

[ b
=0,134 xg————— .
A =0,134 3 1) (13)

By using the formulas (9) and (10) and by adopting the coefficient k, =0,7 we obtain the
approximate dependences for speed and productivity calculation:

V =144 xcosb x3 b ; (14)
m XL+ )
Q=14X xSxgxcosh x3 SR (15)
m XL+ 1)

When the number of springs risesfrom i =4 to i =6, 8, 10, 12... the numerical coefficient 14 in the
formulas (14) and (15) increases by 1,14; 1,26; 1,36; 1,44... times. For example, if i =8 (paired springs)
the numerical coefficient equals 17,6.

For designing the eastic system (four blocks with two springs in each block) (Fig. 5) the thickness
of the spring, when the oscillating masses are equal (M =my ), may be defined as [13]:

2 2
P~ xng xmy
—anza, =|x3dg—— < L 16
AT \/16><E><b><k3 10

If we put my =my in the formula (3) we obtain M, :% and the dependence for the method |

2><p2><n§><ml
=1 3]—_ 17
A=l Exox K, a0

For exact comparison of the schemes | and |1 it is necessary to adopt i =8 intheformula (17):

2.2
g =13 oM (18)
4 xE XK,

The stress, which is generated in the spring when using the scheme |, equals:

S :3><E><yx3p2><n%xml:6><A1x3p2>¢1(2)><ml><E2 (19)
T AxE Xk, | Aoxk,

looks like:
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If the eastic system is composed according to the scheme 11 the stress, which is generated in the
spring, equals:

12 xExA xq) _12x4 p2 m% Xy xE2
Sl[ = = x3 . (20)
|2 I 1630 Xk,
In that case, the stress ratio of the two schemes equals:
S_I:£x3l_62078_ (21)
S 12 4

The calculations, made according the formula (21), show that springs of the scheme | are less loaded
than springs of the schemell.

Conclusions

1. According to the considered structural diagrams of the elastic system the models of the lengthy
vibrating conveyers with the transporting distances | =1,5- 4 m are developed. On the basis of these

models the lengthy vibrotransporting systems with the transporting distance | =5- 30 m were developed,

manufactured and applied in industry.

2. The considered systems ensures the transportation of loose materials (porcelain compaosition, sand
etc.) with maximal speeds up to 800 mmvsec and productivities (for tubes with internal diameter
D =100 mm) up to 30 tons per hour.

3. It is reasonable to use both considered schemes of elastic systems for development of vibrating
tubular conveyers with electromagnetic drive. The conveyers may be designed in two modifications:
overhead and supporting.

4. The scheme |l is simpler one considering structure design. The brackets for springs fastening are
morerigid due to smaller lengths of structure elements.

5. The obtained dependencies allow optimization of the structure and considering the important
technical parameters of conveyers (maximal permissible oscillations amplitude, springs stresses,
productivity etc.) in the design phase.

6. For the scheme Il it is possible to obtain the whole range of parameters by using the similar
calculations as for the schemel.

References

[1] Biexman U. U. MccnenoBaHust BBIHYKICHHBIX KOJMeOaHNUH HEKOTOPHIX BUOPAIMOHHBIX MAIIMH CO MHO-
rumu Bubpatopamu / U. U. braexman, I'. Y0. xanenunze // Ussectust AH CCCP. MexaHuKka ¥ MaIlllHHOCTPOCHHE. —
1988. —Ne 3. - C. 51-64.

[2] BecianoB A. JI. [lesiki pe3ysabTaTd CTBOPCHHS 1 JOCHTIDKEHHsS BiOpaIlifHHX KOHBeepiB-cemapatopis /
A. JI. Becnanos, B. C. llen6op // ABToMaTH3allis BUPOOHHUYMX MPOIECIB Yy MaNIMHOOYAyBaHHI Ta MPHIAI00yIy-
BaHHi ;| YKpaiHChbKHI MIXKBiIOMYHii HayKOBO-TeXHiuHUi 30ipHHK. — 2005. — Ne 39. — C. 3944,

[3] Boposens B. M. AHani3 i J0CHiKEHHS CTPYKTYPHUX 1 KOHCTPYKTHBHUX CXeM BibpamidHUX TpyOuacTux
KOHBEEPIB 3 enekTpoMarditTHuM mpusojom / B. M. Bopogeis, O. P. Cepkis, B. C. Illen6op // Bibparii B TexHili Ta
TEXHOMOTisX ;| Beeykp. Hayk.-TexH. xypH. — 2009. — Ne 2 (54). — C. 9-14.

[4] Boposens B. M. Tlpuknamai mpobiemu po3poOKH JABOMACHUX BiOpaliiHHX TpyOuacTHX KOHBEepiB /
B. M. Boposes, B. T'. Bpycennos, O. P. Cepkiz, B. C. Illenbop // ABTomarusailiss BUPOOHHYHMX TPOIECIB Y
MaImMHOOy/IyBaHHI Ta IpUIa00yayBaHHI | YKpaiHChKUI MDKBIIOM. HayK.-TeXH. 30. — 2011. — Ne 45, — C. 168-174.

[5] Bubparuu B TeXHHUKE : cipaBoYHKK : B 6 T. / ox pea. 3. O. Jlaenaena. T. 4: BubpalrioHHbIE MPOIIECCH U
ManHel. — M. | Mamuaoctpoenue, 1981, — 509 c.

[6] 3enkor P. JI. Mamunsl HenpepbiBHOTO Tpancmoprta / P. JI. 3eHkoB u ap. — M. : ManmHOCTpoeHue,
1987. —432 c.



64 Vladydav Shenbor, Petro Koruniak, Vitaliy Korendiy, Volodymyr Brusentsov

[7] Hogigaitmo B. O. Ilporsokui Bibpauiiini TpancmoptHi cuctemu / B. O. Iloimaiino, B. C. Illen6op //
ABTOMaTH3aIlisi BAPOOHUYHX TPOIIECIB Y MaIMHOOYIyBaHHI Ta NPUIa00yIyBaHHI | YKpaiHChKUI MIXBIIOM. HayK.-
TexH. 30. —1999. — Ne 34. — C. 23-27.

[8] Moimaiino B. O. Bibpauiiini nporecu ta obaaHanus . HaBd. 1oci6. / B. O. ITosigaiino. — JIbBiB | Bua-Bo
HanionansHoro yniBepcutety “JIbBiBchbka nomitexnika”, 2004. — 248 c.

[9] CriuBakoBckuii A. O. Tpancnoprupyromme Mamunsl / A. O. CrnmBakoBckuif, B. K. IpsukoB. — M. :
MammmHocTpoenue, 1983. — 487 c.

[10] Tpommarn A. T'. BuOpaiyioHHbIC KOHBEHEpbI Uil TPAHCHOPTUPOBAHHS TOPSYUX MAaTepHaioB /[
A.T. Tponman, H. M. Benbkos, FO. H. MakeeBa. — M. : Mammnoctpoenue, 1972. — 120 c.

[11] Ien6op B. C. Po3pobka cTpyKTypHHX cxeM BiOpamiiiHux KoHBeepiB-cemaparopis / B. C. Illen6op,
A. JI. BecrianoB // ABTomartu3aiiisi BAPOOHUYUX MPOIIECIB Y MAIIHHOOYIYBaHHI Ta MPUIaA00yayBaHHI: YKpaTHChKUil
MDKBIZIOM. HayK.-TexH. 30. — 1998. — Bun. 33. —C. 20-23.

[12] Shenbor V. S. Improvement of constructive schemes and calculations of oscillation tudular conveyers /
V. S. Shenbor, V. M. Borovets, V. G. Brusentsov. O. R. Serkiz, P. |. Fita/ Bicuuk HamioHansHOTO yHiBEpCHTETY
“JIpBiBchbKka momiTexHika”. — 2013, — Ne 760: Onrtumisamisi BUpOOHMYHMX MPOLECIB 1 TEXHIYHUH KOHTPOIbL Y
MammHoOyyBaHHi 1 npuianodynysansi. —C. 77-84.

[13] lonogiit 0. I1. BusueHHs: KOHCTPYKIIii, OHOB PO3PaxyHKY Ta JOCIiKSHHS BiOpaIiiHOro Tpyo4yacToro
KOHBE€EPa 3 eJEKTPOMArHiTHUM npuBoaoM . Meton. BkasiBku / 1O. I1. Ilonosiii, B. M. Boposeus, B. C. Illen6op. —
JIbBiB : Bun-Bo Hai. yH-Ty “JIpBiBChKa momitexHika”, 2005. — 20 c.



