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A brief description of vibration tables with spatial oscillations of a moving frame and comparison of their technological
possibilities depending on their constructive execution are given. The methodology for evaluating the technological and
structural parameters of the vibration tables is also presented based on the use of a dimensionless complex parameter that
enables to evaluate the consumer qualities of the vibrating tables, their technical level and competitiveness during the design
and operation stage. The vibrating machines constructive designs schemes, their characteristics and the description of the
scope of application are presented, which enables designers and manufacturers to orientate themselves in the variety of
currently used vibration machines with spatial oscillations of the moving frame for the formation of the same type of rein-
forced concrete products.

Keywords: vibration table, vibration exciter, forming concrete reinforced products

TEXHOJIOTTYHICTb BIBPALIITHUX IIOLIAJOK
3 IPOCTOPOBMM PYXOM PYXOMOi PAMU
JUISI ®OPMYBAHHS 3AJII3OBETOHHUX BUPOBIB

Hecrepenxo MLIL!*, Hecrepenko M.M.2, Opucenxo O.B.>, Ckaspenko T.0.*

12.3.4 TlonraBchbkuit HaLiOHANLHNMI TexHIUHMI yHiBepcHUTeT iMeni IOpis KonjpaTioka
* Anpeca mis muctyBauHs E-mail: E-mail: nesterenkonikola@gmail.com

HaBeneno xopotkuii omuc BiOpamiiHMX IUIOIIAZOK 3 IPOCTOPOBHMH KOJHMBAHHSAMH PyXOMi paMM Ta IIOpIBHSHHS IX
TEXHOJIOTTYHUX MO>KJIMBOCTEH 3aJISKHO Bif iX KOHCTPYKTUBHOTO BUKOHaHH:. Ha BUpoOHUITBI 301pHOTO 3ai1i300€TOHY I
YLIIbHEHHS] OETOHHUX CyMillleif BUKOPHUCTOBYIOTh BiOPOIUIOIIA/IKY PI3HOMaHITHUX KOHCTPYKLIH, SIKi 3HAYHOIO MIpPOIO BH-
3HAYAIOTh TEXHOJIOTYHY e()eKTUBHICTh 00JaJHAHH i IPOAYKTHBHICTh mianpueMctsa. [llupokoro po3noBciopkeHi Ha0yIm
po3pooieHi y pi3ui poku Kb «Bibpotexnika» [TontHTVY Bibpauiiiti miomaaky 3 mpocTOpOBUM PyXoM poOOYOro oprasa,
SIKI MAIOTh MOXKJIMBICTB SIKICHOTO Ta MPOAYKTHBHOTO (popMyBaHHs 3a1i300€TOHHUX BHPOOIB yciei HoMeHkIaTypu. [cHyto-
4uii neinuT BiOpaiifHIX MalIUH i HEBU3HAYEHICTD Y BHOOPI IPIOPUTETHHX HAIPSMIB IX PO3BUTKY CTBOPIOIOTH HA BUPOO-
HUITBI 3HAYHI TPYJHOLII IIOKO NMPOEKTYBAHHS UM TEXHIYHOTO IIEPEOCHAIICHHS (OPMYBaIbHUX ITOCTIB MiAIPUEMCTB 30ip-
Horo 3aiizo0erony. [Ipn npoexryBaHHI HOpMyBaNbHHUX ITOCTIB Ta BUOOPI TEXHOJIOTTYHOTO OOJaqHAHHS VIS YIIUTbHEHHS
OeTOHHOI CyMillli IIPM BUTOTOBJICHHI 3aJ1i300€TOHHMX BUPOOIB HEOOXiJHA OLIHKA TEXHOJIOTIYHHX MOXIHBOCTEH ycixX
Pi3HOBHIIB BiOPOILIOLIAZIOK 3 MPOCTOPOBHMH KOJMBAHHAMH pyxomoi pamu. Takok HaBeIEHO iX KOPOTKUil ommc Ta
MOPIBHSAHHS TEXHOJIOTTIYHHX MOXJIMBOCTEH 3aJIeXKHO BiJ] KOHCTPYKTHBHOTO BUKOHAaHHS. HaBeleHO METOMKY OLIiHKH TeX-
HOJIOTIYHHX 1 KOHCTPYKTHBHUX [apaMeTpiB BiOPOIUIOIIAIOK, 110 IPYHTYETHCSI Ha BUKOPUCTAHHI 6e3p03MIpHOT0 KOMILIEK-
cHOro mapamerpa. BoHa [03BoJIsi€ sIK Ha cTail MPOEKTYBAHHI, TaK 1 B MpOLECi eKCIUTyaTallii OLiHUTH CIIOKHBYI SKOCTI
BIOpPOIUIOMA/IOK, IXHIH TEXHIYHMI piBeHb 1 KOHKYPEHTOCIIPOMOXKHICTb. AHANi3 HaBEAEGHHX CXeM KOHCTPYKTHBHUX
BUKOHAHb BiOpaliifHUX MaIyH, iX XapaKTepUCTHK Ta OIUC CEepH 3aCTOCYBAHHS JO3BOJIATH IPOEKTYBAJIbHIKAM Ta BUPOO-
HUYHHKaM OPI€HTYBATHCS B Pi3HOMAHITTI BAKOPHCTOBYBAaHUX CHOTO/IHI BiOpaniifHUX MaIuH U1 ()OPMYBaHHS OTHOTHITHHX
3aJ1i1300€TOHHUX BHPOOIB.

Kumrouogi ciioBa: Bibpauiiina mioianka, Biopo30ymkyBad, GopMyBaHHs 3a1i3006TOHHHX BUPOOIB.
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Introduction

The development of rural, including farms, involves
intensive construction of housing and farm buildings
that are cheap in price and have high quality. In
addition, natural disasters that have occurred in Ukraine
in recent years. have identified the need for the
development of technology of high quality and fast
construction in difficult conditions. Emergency
situations require prompt and immediate construction
in unsuitable conditions for its conduction. Therefore,
in modern construction, concrete products are still in
demand. At the production of prefabricated reinforced
concrete for consolidating concrete mixtures, vibration
tables of various structures are used. The researches de-
scribed in [1 — 7] the equipment technological effi-
ciency of equipment and enterprise productivity has
been determibed. The industry of Ukraine and CIS
countries vibroforming equipment is not serially
produced, and enterprises are forced to replenish it
independently in conditions of metal and component
parts scarcity. Existing deficit of vibration machines
and uncertainty in the choice of priority directions of
their development create significant difficulties in the
production of designing or technical re-equipment of
forming posts of prefabricated reinforced concrete
enterprises.

Review of research sources and publications

The variety of such equipment is used in the produc-
tion [1 — 7], which is explained by various scientific
concepts of vibration technology and concrete mixtures
consolidation, which have repeatedly changed, alt-
hough the requirements for the quality of prefabricated
reinforced concrete products practically remained un-
changed. Existing deficit of vibration machines and un-
certainty in their development priority directions choice
create considerable difficulties in the production of
technical re-equipment of prefabricated reinforced con-
crete enterprises forming posts technical re-equipment
production.

The design bureau «Vibrotechnics» of the Poltava
National Technical Yuri Kondratyuk University has de-
veloped a uniform series of low-frequency (24 Hz) vi-
brating tables with spatial oscillations of a moving
frame (Figure 1) [7] which contains nine sizes of load-
carrying capacity from 10 to 30 t for the production of
products in the plan of 1.5x6 to 3x12 m. Vibration ta-
bles are extremely simple construction with a minimum
of components, they are economical for power con-
sumption, reliable in operation and are used both in
closed production facilities and as in open landfills of
reinforced concrete. By joining on short edges of two
identical vibration tables, their maximum load-carrying
capacity can be increased to 60 t, and the dimensions of
the product - up to 3x24 m. Such vibration tables were
produced in small quantities for construction compa-
nies.

Definition of unsolved aspects of the problem

When designing forming posts and the choice of
technological equipment for consolidating the concrete
mixtures in the manufacture of reinforced concrete

products, the technological capabilities assessment of
all varieties of vibration tables with moving frame
spatial oscillations is required.

Problem statement

The purpose of this work is to evaluate the technolog-
ical capabilities of all varieties of vibration tables with
moving frame spatial oscillations for consolidating the
concrete mixture.

Basic material and results

Vibration tables with spatial oscillations of a moving
frame are vibratory machines where the unbalanced vi-
bration exciter of circular oscillations are driven by
electric motors installed on the basement, with the help
of a belt transmission (Fig. 1 and 2) [7]. In such
structures of vibration tables there are no gears.

Figure 1 — Scheme vibration table with the
end position of the vibration exciter:

1 — moving frame; 2 — elastic rubber-metal support;
3 — vertical shaft vibration exciter; 4 — electric motor;
5 — frame electric motor; 6 — stop wedge transverse;
7 — cover

Figure 2 — Scheme vibration table with two
inclined vibration exciters:
1 — moving frame; 2 — elastic rubber-metal support;
3 — vibration exciter; 4 — frame electric motor
5 — electric motor; 6 — cover; 7 — bolt basement;
8 — stop wedge transverse

Initial data when designing vibration tables for the
formation of reinforced concrete products is the type of
product, its mass and overall dimensions. The load-car-
rying capacity of the vibration table Q is determined,
which is defined as the total mass of the form, the vi-
bration equipment and technological equipment. The
frame overall dimensions of the vibration table Ly and
Ly are calculated considering the overall dimensions in
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the form of the plan, with the need to further consider-
ation the possibility of mounting the stop wedge trans-
Verses.

Spatial oscillations of moving frames provide suffi-
cient technological efficiency at accelerations in the
horizontal plane a range as a, = (1,5...2,5)g, and at the
level of sound pressure do not exceed the sanitary-hy-
gienic norms and do not require additional measures.

When forming products of various sizes from mix-
tures with slump a range as 1 ... 4 cm, a form freely set
on vibration moving frame and restrict from slipping
through stop wedge transverses. When using concrete
mixtures with the stiffness a range as 11 ... 20 s requires
the jamming of forms on a moving frame, vibration ta-
bles two or three pairs of hard wedge stops. In addition
to the carrying capacity, the size of the moving frame
and the intensity of vibration, the technological capa-
bilities of these vibration tables largely depend on the
variants of the vibration exciters location on the moving
frame vibration table with vertical or inclined unbal-
anced shafts relative to the vertical axis passing through
the center of the oscillatory system masses. The ad-
vantage of using inclined vibration exciters is to in-
crease the technological efficiency of low-frequency
vibration tables by increasing the vertical component of
the amplitude vibrations of the moving frame, that is
important for the qualitative consolidating of stiff con-
crete mixtures.

Considered technological capabilities of vibration ta-
bles with spatial oscillations of the moving frame for
the formation of the same type of reinforced concrete
carried out according to the design schemes presented
in Figure 3.

a) N i
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Figure 3 — Generalized technical scheme
vibration tables with variants of the location
of vibration exciters on the moving frame

When choosing vibration tables for the formation of
reinforced concrete products it is convenient to use
generalized technical characteristics of vibration tables
with spatial oscillations of the working organ, given in
Table 1.

Table 1 — Generalized technical characteristics of vibration tables

Constructive execution (Figure 2)

Parameter
a b c d e
Load-carrying capacity, t 0,2...25 10...25 0,4...20 12...100 2.....80
Dimensions in plan of
products to be formed, m:
— width 0,8...3 1...3 1...2 1,5...3- 2...12
— length 1,5...12 3...14 2...12 3...15 2...12
Power driven
electric motors, kW 0,55-22 11-22 0,75-22 (11...30)x2 (1,1...30)x2
Weight of vibration table, t 0,3-8 5-11 0,4-10 5,6-16 0,6-14
Concrete | slump, cm 5...10 1...4 1..4 - 1..4
mixture stiffnes, s — - - 11...20 -
Application for the manu- | On aggregate- | On aggregate-current lines and | On aggregate- | At outdoor
facture of reinforced con- current and at outdoor landfills current and landfills
crete products conveyor conveyor
lines lines
Types of formed products | Ribbed plates, | Ribbed plates, | Plates of Many hollow | Plates of
wall linear pails overlappings | Plates of overlappings,
and selective are linear and | overlappings, | spatial ele-
elements in spatial ele- electric sup- | ments, hydro-
cassette forms ments ports technical
blocks
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Analysis of constructive performances of vibration
tables with spatial oscillations of a working frame:

a) with an in-depth location of the vibration exciter in
the window of the moving frame, in other equal condi-
tions, has the simplest construction and minimal dimen-
sions in plans of the form relative size. The components
of the vibrational displacements amplitudes on three
coordinate axes are evenly distributed along the perim-
eter of the moving frame. The reduced values of the
vertical components of the vibro displacement in the
central part of the moving frame in the case of the in-
stallation of a vertical shaft vibration exciter may be
aligned due to the tilting of the rotation axis of the un-
balanced shaft a range as 5...15° from the vertical.

b) with the end face vibration exciter, like all the fol-
lowing, increases the dimensions of the vibration table
relative to the size of the forms and requires the instal-
lation of protective covers over the vibration drive. This
location of the vibration exciter is most convenient in
terms of maintenance and repair. In this constructive
version, along the length of the moving frame, two
zones of reduced intensity of vibration appear: in the
central part, due to the small vertical components of the
amplitudes of the vibrational displacements, and in the
zone distant from the vibrational platform at a distance
equal to 1/4 ... 1/3 of the moving frame length, where
the small transverse components of these amplitudes
exist. Inevitable flexible oscillations of the form pallet
elements and its sides, smoothes the display of the
amplitudes calculated lower values of vibro
displacement in these zones, and their presence has
little effect on the quality of concrete mixtures compac-
tion with slump arange as 3 ... 5 cm and more, however,
this technological feature should be foreseen in quality
control and commodity type of long-range products in
the specified «risk areas». The application of the first
portions of the concrete mixture to these places of the
form for obtaining a long product promotes the
uniformity of sealing the mixture throughout its length.
In general, the good technological feasibility of this
constructive option was determined by its recognition
by manufacturers and relatively widespread at outdoor
landfills of the year-round operation;

¢) with a vibration exciter, mounted on the long side
of the moving frame of the vibration table, provides
more even distribution of the transverse amplitudes of
vibrational displacements. Their calculated «lowered
zone» extends beyond the boundary of the moving
frame, but the vertical components in its central part re-
tain reduced values, which is a definite condition for its
application for the formation of spatial elements of dif-
ferent height with a central cavity (pressure elements of
pipes of any diameter, rings for wells, elements of ele-
vators, block rooms, etc.). The unbalanced shaft rota-
tion slope enables to eliminate the «lowered zone» of
the amplitudes vertical components of the vibrational
displacements complicating the arrangement of the vi-
bration drive;

d) with two independent vibration exciters installed
on the ends or in the windows of the moving frame.
When working with vibration exciters, there are forces
of circular action that cause spatial oscillations of the

moving frame and are transmitted through the form to
the concrete mixture. The oscillating system is de-
signed so that the vibrational displacement of the mov-
ing frame points has the character of the bits, which pe-
riod varies from 1 to 8 s for different types of sizes.
When intervals corresponding to the antiphase rotation
of unbalances, when vibration exciters for a short time
enter the self-synchronization mode, the moving frame
makes oscillations predominantly in transverse and ver-
tical planes. This mode of vibration enables to form
concrete mixtures efficiently that increases the techno-
logical efficiency of the vibration table. The disad-
vantage of this design option is the complexity of the
design and the increase in the number of component
parts by doubled;

e) with two independent vibration exciters installed
on the adjacent sides of the movable frame, considering
the self-synchronization mode. Such a constructive im-
plementation provides for an increase in mainly hori-
zontal oscillations along its diagonal and to a lesser ex-
tent causes other components of the amplitudes of vi-
brational displacements. Such a technical solution is ef-
fective for the formation of spatial elements of mass
and height with a square or rectangular cross-section.
Vertical formwork forms perceive simultaneously the
same dynamic pulses along the direction, and, accord-
ingly, all four vertical walls of a spatial product receive
the same degree of consolidation. Formation of rein-
forced concrete products with a mass of less than half
of the calculated load-carrying capacity can be carried
out by switching on one vibration exciter. The inclina-
tion of the vibration exciters increases the vertical com-
ponent of the vibrations in the formation of large-sized
products, with dimensions in the plan of 6x6, 9x9, or
12x12 m. On such a vibration tables installed on an
open landfill near the construction site, in the area of
the crane, the large-sized fragments of the assembly
monolithic constructions. It enables to implement pro-
gressive volumetric planning decisions and to shorten
the construction period.

It is convenient to create stationary vibration forms
for the production of large-sized and spatial reinforced
concrete products, to carry out modernization of cas-
sette and other installations on the basis of unified
nodes of vibration tables in accordance with the above
considered variants of constructive execution of vibra-
tion tables.

The unified vibration kits VK-1, VK-2, VK-3
(Table 2) enable to organize the production of large-
size reinforced concrete structures in improved
stationary vibration forms of different configuration
and mass, both in closed production facilities and in
oupan landfills in the short term and with minimal cost,.
The fastening nodes of vibration exciter and elastic
supports are modernized to a concrete form
individually.

It is also easy to create small vibration tables with a
load-carrying capacity from 0,2 to 2,5 t with the use of
one or two suspended universal vibration exciters for
the formation of common small-sized reinforced con-
crete products in single or cassette forms.
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For example, the vibration table PL-2,5 with two
hinged vibration exciters I[V-105 with a frequency of 24
Hz and a total power of 2.2 kW has a carrying capacity
of 2.5 t and enables to form products with dimensions
in the plan of 1.6x7.2 m. The feasibility of manufactur-
ing small vibration tables is confirmed by many foreign
firms in Italy, France, Japan. In the CIS countries, such
vibration tables are not manufactured.

Table 2 — Generalized technical characteristics
of unified vibration Kits

Technological and operational parameters of vibration
tables [8 — 10] are also easy to evaluate according to the
calculation method proposed by us [10].
The method of calculation, based on the use of a dimen-
sionless complex parameter, enables both at the design
stage and during the process of exploitation to evaluate
the consumer quality of vibration tables, their technical
level and competitiveness by the following formula

I_J(kahfgw)zwfwf 0 115-L 180

, (D
N/Q MM, L 1

where k — coefficient considering the influence of the
tangent component of the amplitude of the oscillations

of the concrete mixture, is taken within the range as
0.2 ... 0.4 depending on the stiffness of the concrete
mixture;

f — coefficient considering the friction of the concrete
mixture on the pallet of the form (f=0.10 ... 0.12);

g — acceleration of free fall;

an and a, — amplitude of the horizontal and vertical vi-
brations of the moving frame respectively;

@ — angular frequency of oscillations, s';

N — installed power of the vibration drive, kW;

O — maximum load-carrying capacity of the vibration
table, t;

Parameter Vibration kit M, — weight of the vibration table, t;
VK-1 VK-2 | VK-3 | M), — weight of basement vibration table, t;

Load-carrying capacity | 5-12 15-25 30-55 | L —actual equivalent noise level at the workplace, dBA;
(mass of form with ¢t — the total duration of the vibration table inclusions
a concrete mixture), t during the cycle of products formation of the same
Frequency of oscilla- 24-30 type, s.

tions of a moving The complex parameter includes four factors, which
frame, Hz respectively reflect: the efficiency of energy
Vibration drive 7 11 22 consumption, the material content of the vibration
power, kW table, considering the weight of the basement, relative
Weight of units of 700- 870- 1590- | sanitary and hygienic conditions of work on the noise
vibration kit 840 1190 2060 | level at the workplace, technological efficiency of the
(depending on the num- vibrating machine. The higher the dimensionless
ber of supports), kg complex parameter /, the more perfect the vibration ta-

ble. In tab. 3 there are shown the results of the
comparison with the proposed dimensionless complex
parameter of the operational qualities of the most
common in the production of four vibration tables for
the formation of the same type of products with a size
of 3.0x6.0 m. In this case, the amplitude of the vibro
displacements indicated in Table 3 corresponds to the
regimes adopted on practice that ensures the
performance of these vibrating machines and the proper
quality of consolidating the concrete mixture. The
dimensionless complexity of the vibrating table VPG-
2M-07 is higher in comparison with vibrating table
areas: SMG-538A in 1,66 times; SMG-200G is 7.16
times, SMG-773 is 1.33 times.

Table 3 — Comparison of technological and operational qualities the most common vibration tables
with the help of dimensionless complex parameter

Parameter Values of parameters for vibration tables
SMG -538A | SMG -200G | SMG -773 | VPG-2M-07

Load-carrying capacity, t 18 15 20 16
Angular frequency of oscillations, s™! 152 300 152 188
Actual equivalent noise level, dBa 80 100 85 80
Amplitude of vibrations of the working body, m:

— horizontally - - - 0.60-1073

— vertically 0.75-10° 0.35-10° 1.0-1073 0.28-10°
Installed power of the vibration drive, kW 44 88 50 37
Basement mass, t 75 120 90 48
Total vibration drive activation time, s 180 90 180 180
Dimensionless complex parameter 0.206 0.048 0.259 0.34

306ipHuK HaykoBHX mpaub. Cepist: [anmy3eBe mammHoOyyBanHs, OyniBHuLTBO. — 2 (53)' 2019. 17




Conclusions

1. The main property of vibration tables with spatial
oscilations of a moving frame is the possibility of the
entire nomenclature products qualitative and
productive formation according to the planned volume
at a separate factory of reinforced concrete products,
which facilitates their manufacturing, maintenance and
ongoing repair of forming equipment.

be more easily guided in the variety of currently used
vibration machines for the formation of the same type
of reinforced concrete products.

3. The method for evaluating the performance of
vibration tables with the help of a dimensionless
complex parameter enabes both at the design stage and
during the process of exploitation to evaluate the
consumer qualities of vibration machines of different

2. The given schemes of constructive variants of  design, to determine their technical level and
execution of vibration tables with spatial oscilations of = competitiveness on the set of basic technical
a moving frame enable designers and manufacturers to  parameters.
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