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Abstract— The article presents the results of the influence of path. They constantly move up and down the side of the
technological factors on the efficiency and time of the gravel groove. Such complex movement of the material contributes
screening process on the roller grooved sorting with an auger to the intensive mixing of the material particles and their
intensifier. The article obtains the dependences of the efficiency distribution on the surface of the sieve. Thereby it creates
of the gravel separation on the material feed to the sieve, the fayorable conditions for sifting fine grains of gravel and
rotation direction of the auger, the rate of the gravel feed and the  ~rshed stone in the intervals between the discs and shafts. It
composition of the original mixture. The article reasons the s gpyious that in order to achieve high results in fractionating
technological parameters of the grooved screen, providing the - iyt res along with the structural and kinematics parameters
highest rates of fractionating stone materials. The expediency of of the device it is necessary to take into account the
the selected technological characteristics is proved. It is based on - e -
the example of the obtained dependences of the efficiency and :ecﬂno:og!ca: charactterlstw? tﬁf the scréeednlng proclesds.. -[I’?e
specific productivity of the screening process on the rate of the ec nc; or?'ca par_arln](ce e(rjs 0 h € _groo_veh vice Inciu e% he
material feed with the most rational structural and kinematic rqte 0 t. e materla_ eed to the SIEVe, the composition of the
parameters of the grooved sorting with an auger intensifier. initial mixture that is the correlation of the lower and upper

classes; the method of feeding the material to the groove from

Keywords—grooved roller sorting; auger intensifier; material ~ the end to the middle shafts of the groove, from above or
feed; the direction of the material transportation, the efficiency  below to the lower shafts of the groove in the direction of
and time of the screening; gravel. rotating the discs; the direction of rotation of the auger

intensifier is in the direction of the discs rotation or towards
the discs rotation.

[. INTRODUCTION
In the production of non-metallic building materials, the || THE DESCRIPTIONOETHE DEVICE AND THE
processes of fractionating sand, gravel and crushed stone PARAMETERSOF THE EXPERIMENT

occupy a significant amount of operations in preparing the . _ .
final pgroduc%. Therefore currentIF;/ many res%arpc):hersg are To determine the influence of technological factors of the

working on improving the sorting devices, providing highProcess of fractionating gravel on the grooved sorting with an

levels of quality and performance processes for separating aR49e" intensifier, experimental researches were carr.ie(_j out on
screening granular mixtures [1-10]. the bench equipment. It had the following characteristics: the

number of shafts was 5, the shaft length was 600 mm; the

The results of earlier studies have shown a sufficientlshaft diameter was 50 mm, the distance between the axes of

high efficiency of the grooved roller with an auger intensifieradjacent shafts was 240 mm; the disc shape is octagonal, the
in the classification of stone materials. This device is a kind oflisc diameter was 340 mm:; the disc thickness was 8 mm:; the

the known roll sorting schemes for separating bulk materialgap between the adjacent discs of the shaft was 30 mm; the
and in particular for fractionating gravel and crushed stongiameter of the auger intensifier was 920 mm; the pitch of
[11, 12]. winding of the auger intensifier was 230 mm; the width of the
O's,creening surface was 900 mm. The longitudinal angle of the

The grains of the material move on the grooved surface géoove (the angle of the shaft) during the movement of the

the sieve along the rotating shafts with the discs along a zigz
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Fig. 1. The scheme of grooved screen with an auger intensifier: 1 — frame; 2 — shaft; 3 — wheels; 4 — stationary casings; 5 — the auger; 6-boot tray

material was (-2°). The transverse installation angle of théoption 2, fig. 1). The results show an obvious advantage of
upper shaft relative to the previous one was equal to (+60feeding the gravel to the sieve from the end, when the
(the greatest steepness of the surface of the groove), thereening efficiency was 5 ... 15% higher compared to the
frequency of rotation of the shafts with the discs is 129eeding the gravel from the side. This is due to the more rapid
rev/min, the rotation frequency of the auger is 46 rev/min. Theistribution of the material on the surface of the sieve. In this
material feed to the roller sieve was changed in the range oase it is fed from the end to the middle shafts, when
90...630 kg/min. The material was fed to the screen from thienmediately at the beginning of the groove, the part of the
belt conveyor having the following specifications: the lengthmaterial was picked up by the blades of the groove and
of the belt conveyor was 1.3 m, the width of the belt was 0.2otating discs and was headed to the zone of the upper shafts
m; the speed of the belt was 0.17 m/s. and the other part rolled down the rotating discs.

The scheme of grooved roller screen with an auger TABLE . THE DEPENDENCE OF THE EFFICIENCY OF THE

intensifier is given in Fig. 1. It shows the methods of feeding SCREENING ON THE MATERIAL FEED
the material to the groove and the direction of the auder The rate of the gravel to the groove g,
rotation. The device consists of frame 1, on which the Indicators kg/min
longitudinal shafts 2 with the discs 3 are fixed. They form|a _ %0 270 450 630
grooved screening surface. Fixed casings 4 are installed at (%%iemﬁﬁ'c'ency of the

i ; g E, 80,16 88,58 89,31 89,71
upper and lower shafts 2 on frame 1. Their lower part is M3dg (feed from the end)
in the form of a comb, entering the intervals between the disCGe efficiency of the
3. The auger 5 with elastic blades is installed over the shaftss2reening E,| 74,49 72,16 74,09 74,49
with the discs 3 on the frame 1 along the groove. The drivé (feed from the side)

axis with the discs and the fixed casings are located along the

circumference which is concentric with the circumference of Dynamics of screening the gravel along the length of the

the auger, with a gap to the latter. The loading tray 6 igroove is shown in table 2 (the feed of the material is 630

installed on the side of the feed of the separated material frokg/min). Table 2 shows that when the gravel was fed from the
the end of the groove. The loading tray 7 is installed on thend, the particles were sifted more intensively along the length
side of the groove. A discharge window is made at the end of the sieve. Most of the gravel was sifted on the first section

the groove on the frame 1 between the shafts 2 for unloadingofthe groove, and the remaining part was sifted on the second
large fraction of the material. and third sections. When the gravel was fed from the side, the
bulk of the particles were sifted on the first and second

sections of the screen. Most of the particles were sifted on the

. . T : A,
o ~second section, which indicates a less intensive distribution of
Table 1 presents the dependence of efficiency of screeninge gravel on the surface of the sieve.

stone material on the feed of the material to the groove when
the gravel is fed from the end (option 1, fig. 1) and side

THE RESULTS AND DISCUSSION
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TABLE II. SIFTING GRAVEL ALONG THE LENGTH OF THEGROOVE  (the rotation of the groove in the direction of the discs
ndicators The Length of the grooved surface, mm rotation) provided a fairly good distrib_ution of 'ghe gravgl on
750 2250 3750 5250 the surface of the sieve and led to an increase in the efficiency

of the screening from 80 to 90%. At this feeding the separated
mixture increased from 90 to 630 kg/min.

The rate of the sifted grave
kg (feed from the end)

The rate of sifted gravel,
kg (feed from the side)

* 32,93 7,73 111 0,17

13,43 15,63 4,03 1,05

TABLE IV. THE DEPENDENCE OF THE EFFICIENCY OF THE
TABLE lIl. SIFTING GRAVEL ACROSS THE WIDTH OF THE GROOVE SCREENING ON THE MATERIAL FEED
Indicators The length of the grooved surface, mm The rate of the gravel feed to the
750 2250| 3750, 525 6750 8250 Indicators QLO?V? q,
- g/min
The rate of the sifted gravel, 196 | 362| 987 9901 771 412 = — . =

kg (feed from the end)

The efficiency of the screening k&,

The rate of the sifted grave],
9 574 | 584| 9,76] 554 279 194 | 9% (transporting the gravel

kg (feed from the side

80,16 88,58 89,31 89,71

by the groove in the
direction of the discs rotation)

Table 3 shows the distribution of the gravel sifting through'he efficiency of the screening &,
the width of the groove. Upon feeding the material on the® (t;f]‘zsr’ort'?govethe to\?vfr\:f' 81,25| 8085 | 8051| 8117
lower shatft of the groove (feed from the side), the gravel Wage giscs rotaﬂ%n)
gradually distributed over the width of the sieve, and the most
part of it was sifted on the lower and middle shafts of the _ )
device. And when the gravel was fed from the end, most of the Fig. 2 shows the change in the time of the process of the
particles were sifted on the middle and upper shafts of th@ravel screening on the grooved sorting with an auger
groove. This distribution of the material was due to the captur@tensifier depending on the rate of the stone material feed.
by the blades of the auger the gravel grains from the middi€he presented data show an increase in the time of the gravel
part of the groove (the zone of the material feed), followed bgeparation process with an increase of its supply to the sieve.
their direction to the upper shafts. This, in turn, provided d/oreover, at first there was a noticeable increase in the time
more intensive passage of the material particles in the sie@ screening with an increase in the feed from 90 to 360
holes in the first section of the groove along its length. Basekg/min. Then the time factor became almost constant in the
on the analysis of the data obtained, the material feed from tfi@nge of feeds from 450...630 kg/min. This is explained by a
end (Option 1, f|g _‘]_) can be considered the most rational. falrly gOOd distribution of the material on the S|ft|ng Surface,

) o whereby the time of the screening process does not increase

T_able 4 shows t_h_e influence of th_e direction c_)f the augeyith simultaneously high efficiency.
rotation on the efficiency of screening the particles. Upon ) )
rotating the auger in the direction of the discs rotation (feeding At the final stage of the research the authors studied the
the material by the auger blades down the side of the groové)fluence of the composition of the initial mixture (the ratio of
there is an increase in the concentration of the gravel grain fRe lower and upper classes) on the qualitative indicators of
the bottom of the sieve. It hinders the passage of smdine gravel fractionation process. The obtained data (table 5)
particles in the screening window. Therefore, screeninghow a general increase in the efficiency of screening with an
efficiency remained virtually unchanged in the range of 80 ..Increase in the percentage of the incoming material of lower-
82% in the entire range of the material feed during itdraction grains. It does not contradict the generally accepted
transporting by the auger down the groove. Transporting thi€leas about the classification process. At the same time, it

same material by the auger blades up the side of the groo§Bould be noted that with an increase in the content of the
lower class particles in the initial material from 15 to 45%, a

significant increase in the efficiency of screening (about 10%),
14 was observed and a further increase from 45 to 90% didn't
provide any noticeable effect on the efficiency of the particle
separation. This indicates the stabilization of the fractionation
O process, when the particles of the upper class practically do
not prevent the sifting of small gravel grains in the holes of the
roller sieve.

=
N

TABLE V. THE DEPENDENCE OF THE EFFICIENCY AND THE TIME
A OF THE GRAVEL SCREENING ON THE PERCENTAGE OF THE CONTENT IN THE
INITIAL MATERIAL OF THE LOW CLASS GRAINS

I/ Contents of the lower class grains
Indicators in the initial material, %

15 30 45 60 75 90

The efficiency |

of the screening E, 9 82,2 | 83,7| 90,65 91,15 90,46 89,2

Fig. 2. The effect of the material feed on the time of the screening The time

process (transporting gravel by the groove in the direction of the disks | of the screening ¢ 116 1205 1273 1278 1281 12,88

rotation)

Screening timet, ¢

=Y
o
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Further the studies were carried out with the gravelg'/__\gllizETl\’(I'gGRZUEEEPEHEEQE%F;EEEgﬁgllTEl’J\'&Lﬁ’t'E’ALgﬂl_EE
material, the fractional composition of which consisted of on

. L . - OF THE GROOVESHAFTS
grains 5..70 mm. The initial mixture contained 60% of the '
lower and 40% of the upper classes. Taking into account the  |ngicators Gradient angley, degrees
g . 0° 0 2° 6° 7o
results of the preliminary experiments, the authors als

. . o . The efficiency of
defined the limits of the variation of the design parameters of .’ . eening. %

the groove and kinematic parameters of the shafts with theTne time of the
discs and an auger intensifier. Their numerical values are screening, ¢ 1042 | 991 | 915 | 864 | 821
presented in table 6 [13]. Therefore, subsequent experiments
dealt with the selection of the rational numerical values of the .

roller sorting parameters that provide the highest efficienc T_abI(_e 8 shows th_e r_esu_lts of studying the effect of the
and performance of the gravel screening process. In order{{%ng't“(’“nal angle of inclination of the shafts of the grooved
implement this task the experiments were carried out with af''face on the efficiency and time of the gravel sifting process

98,73 99,31 99,28 98,66 98,35

average rate of the material feed equal to 360 kg/min. atn =105.7 rpm anchiy = 41 rpm.
At first an increase in the efficiency of sifting the gravel
TABLE VI. INTERVALS OF CHANGING THE CONSTRUCTIVE ~ drains in the range of = 0...(-2°) was observed, with the
AND KINEMATIC PARAMETERS increase in the angle of inclination of the groove shafts
- downwards in the direction of the movement of the separated
Parameters Numerical values of the parameters o
mass. Then after the angle (-4°) there was a tendency to a
The greatest steepness |of 50° 550 60° 65° 70° . . .
the groove A\, degrees decrease in the index E (table 8). In the entire range of
The longitudinal angle of . o0 40 & 7o changing anglg from O to 7° there was a decrease in the time
the groovey, degrees of the screening process due to increasing the speed of the
n — the rotation frequenc i material movement on the surface of the sieve. According to
of the shafts with the 704 | 847 ) 1057 1267 141  the data presented in table 8, the angle interva(-2°)...(-4°)
discs, rpm can be considered the most preferable, because E > 99%
Naug— the rotation P ! )
‘;Lerﬂ“ency of the augey, 31 35 41 47 51 Table 9 shows quantitative indicators of the efficiency and

specific capacity of the fractionation process depending on the
Table 7 presents the sequence of the changes in t@gff?enl]n rotation frequency of the shafts with the disogat
efficiency and time of the screening process, depending on the pm.

transverse maximum angle of the grooved surface. At the

same time, the rotation frequency of the shafts with the diScSTABLE IX. THE DEPENDENCEOF THE EFFICIENCYAND

i SPECIFICcAPACITY OF SIFTING GRAVEL oN THE ROTATION
amounted to 105.7 rpm, the rotation frequency of the auger FREQUENGYOF THE SHAFTSWITH THE DISCS

was 41 rpm.
The rotation frequency of the disca,
Indicators rpm
TABLE VII. THE DEPENDENCEOFTHE EFFICIENCYAND 70,4 84,7 105,7 126,7 141

TIME OFSIFTING GRAVEL oN THE TRANSVERSEANGLE OF THE

UPPERSHAFT OF THE GROOVETO THE PREVIOUS The efficiency of the

screening, % 98,58 | 98,48| 98,33 98,18 98,08

- Gradient anglezy, degrees Specific capaciiGe, t/ | o5 33 | 2574 | 24,88 2407 2348
Indicators =07 55° 60° 65° 70° m* h
The efficiency ofl 9764 | o845 | 9876| 9861 9817
the screening;, % . . .
The screening time The presented data show that with an increase in the
te 801 | 894 | 932 | 1047} 1062 (otation speed of the shafts with the discs, there is a gradual

slight decrease in the efficiency of the gravel screening. This

The data from table 7 show that at first with an increase aé explained by the fact that with increasing the speed of the
the angleanato 60° the efficiency of the screening increasesshafts rotation, the flight time of the particles over the sieve
ard with an increase in the numerical value of the angle teurface increases due to the greater impact of the discs on the
more than 65° there is a slight decrease in the index E. At thgains of the material. Therefore, the time spent on the
same time, with an increase of the anglg from 50° to 70°, material directly on the sieve is reduced. So, the probability of
the time of the screening process was constantly increasingjfting fine particles is reduced. Taking into account the results
which is explained by the decrease in the speed of the mater@fl the screening efficiency, it can be concluded that the
along the shafts of the groove. Taking into account the highesbtation frequency of the shafts with the discs in the range of
efficiency of screening, the angles.x = 60°...65° can be 70.4...84.7 rpm is the most preferable.
considered the most rational. This speaks for the fact that the . . . .
particles of the material are well distributed along the surfac The increase in the rotation frequency of the shafts with

of the sieve, and the intensity of their passage in the intervala® discs causes a corresponding decrease in the intensity of
between the discs is maximum. sifting the fine fraction of the material. This is explained by an

increase in the speed of going along the grooved sorting of the
gravel grains that slip through the holes in the roller sieve (tab.
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9). As a result, subsequent studies were carried out at n = 70.4 The change in the feed of the gravel material from 90
r/min. kg/min to 630 kg/min_c_auses an increase in _the spgcific
Table 10 shows the nature of the change of E agd GcapaC|ty of the gravel sifting by more than three times, with a

. X X X slight decrease in the screening efficiency from 99.42% to
depending on the increase in the rotation frequency of th@8.56% (table 11). This also confirms rather a high

auger. performance of the grooved sorting with an auger intensifier.
TABLE X. THE DEPENDENCE OF THEEFFICIENCYAND

SPECIFICCAPACITY OF SCREENING THEGRAVEL ON THEROTATION IV. CONCLUSION

FREQUENCYoF THEAUGER Thus, in the course of the research it was studied the

icat The rotation frequency of the augemMag, rpm impact of the technological factors on the performance of the

ndicators 31 35 a1 a7 51 process of the gravel screening for the grooved roller sorting.

The efﬁuen;:y ofthel 9099 | os83| o858 9833 981F Th_e rational met_hod of feeding the matenal and the d|rec_t|or_1

screeninds, % of its transportation by the auger is established. The material is

Specific capacitGs,

i h 2722 | 26,86| 26,33| 2579 2544 fed from the end of the groove to its middle shafts, the

material is fed by the auger up the side of the grooved sifting
surface. The dependences of the efficiency and time of the
Changing the rotation frequency of the auger from 31 rpnscreening process on the feed rate to the sieve of the stone
to 51 rpm also leads to a slight decrease in the screenimgaterial and its granulometric composition are determined.
efficiency. This is due to increasing the linear velocity of theTaking into account the greatest efficiency indicators and
material along the sieve, so that the particles do not have aspecific capacity of the screening process, rational design and
time to sift through in the intervals between the discs. Th&inematic parameters of the separation device were justified.
obtained data allow us to note the highest efficiency of thé addition, the dependences of the efficiency of screening and
screening process at the auger speed of 31...35 rpm. specific capacity of the sifted gravel were obtained for the
. o . L . entire range of the material feed to the separating device. At
The maximum specific capacity of the unit is observed inpa¢ there were accounted the rational parameters of the
the range of the auger speed from 31 rpm t0 41 rPMrangyerse and longitudinal angles of inclination of the sifting
Expanding the limits of the rotation frequency of the auger Ugtace, the rotation frequency of the shafts with the discs, the
and down leads to a decrease in its performance. rotation speed of the auger intensifier. All this, in turn,

The results of this study were to assess the dependencec@nfirmed the validity of choosing technological
the efficiency of the screening and the specific hourlycharacteristics of the grooved sorting.
productivity of the gravel sieving on the rate of the material
feed to the groqved S(_)rting. The technological characteristics, References
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