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Annotation. The article technological disintegration indicators (productivity and power consumption) were
determined and their generalized multiple regression variability depending on the regime and structural parameters of
the shock-centrifugal disintegrator and the parameters of the output product were obtained. Economic and technological
advantages of using the two-rotation kinematic scheme of a shock-centrifugal disintegrator, which implements the
destruction of the material mainly by shock shifts due to the combined action of the kinetic energy of the interconnected
flows, were justified. The research was carried out using such types of rocks: granite, tuff, limestone, basalt. As variable
parameters (so-called indicated factors) were used the following: number of rotors x1— one or two rotors, the initial size of
the material x,: -10+7 + -5+2.5 mm, durability of the material x3: 35 + 230 kg/mm2, number of revolutions of the shaft of
the disintegrator x4: 2800 — 4760 rpm. The nature of the dependencies was determined by comparing the corresponding
values of the reliability of different types of approximation. According to the gradation of the correlate on coefficients of
the investigated indicated factors, the closest relationship is observed between the number of revolutions of the
disintegrator shaft x4 and power consumption. The increase in the number of revolutions of the disintegrator shaft in 1 %
causes a power consumption increase in 1.37 %. The following factors in the tightness of connection are the initial
material size xo, the growth of the initial material size by 1 % causes an increase of power consumption by 0.7 %; the
strength of the material xs, the increase in the strength of the initial material by 1 % causes an increase of power
consumption by 0.24 %; the number of rotors x4, increase in the number of rotors from 1 to 2 causes an increase of
power consumption by 15 %. Thus, it is obvious that an increase in the number of rotors leads to a significant increase in
the disintegration productivity with a minimum increase in power consumption. The given equations are the most
representative and acceptable for disintegrators of the same size (or approximate ones), as the investigated laboratory
stand. For disintegrators of other sizes, additional research is needed to specify the coefficients in the obtained
equations.
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Introduction. In [1,2], it was substantiated in detail that methods and means that
implement mainly shear loads are the most energy-saving approach to the destruction
of materials. It is impossible to realize the destruction by shear loads using a single-
rotor kinematic circuit of a shock-centrifugal disintegrator (hereinafter SCD). Such a
mechanism of destruction can be realized by changing the kinematic scheme from
single-rotor to two-rotor [3].
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Thus, new structural elements and their interaction make it possible to form a new
zone of disintegration with the combined effect of shock compression and shear
loads, as a result there is a product of a wide range of sizes with a slight increase of
energy costs, that improves the technological and operational characteristics of the
disintegrator [4].

Two-rotor SCD design [3, 5] has additional (identical to the first) acceleration
rotors installed along the inner surface of the chamber of disintegration with the
formation of a central gap and the possibility of rotation in one direction. The
corresponding openings for loading the material are made above each of the rotors in
the case cover. The boot device is multichannel and each of the channels is connected
to the corresponding opening in the cover. The principle of operation of two-rotor
SCD is shown on Figure 1.

Figure 1 — Principle of operation of two-rotor SCD

In the process of developing a disintegrator, which uses a cumulative effect of the
destruction of raw materials by the impact of shock compressive and shear loads, a
patent of Ukraine was obtained (Fig. 2) [3, 5]. And also a laboratory test bench was
created, which served as an experimental model of a shock-centrifugal disintegrator
of two-rotor design.

The operation of proposed shock-centrifugal disintegrator is following (Fig.1).
The material for disintegration is fed into a multichannel boot device (6), where each
of the channels (7) is connected to the corresponding opening in the disintegrator
cover.
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Figure 2 - Scheme of a laboratory stand of two-rotor shock-centrifugal disintegrator:
1 —boot device; 2 — electric drive; 3 — acceleration rotor with shoulder blades;
4 — working chamber; 5 — central disintegration zone; 6 — unloading opening

Through these openings, the material enters the acceleration rotors (1) mounted
along the inner surface of the disintegration chamber (3) on one side rotating shafts
(2) and directly into the central gap (4) formed in the space between the rotors (1).
So, the central zone of disintegration is formed in the gap (4), and the peripheral zone
is formed on the borehole plates (3).

Due to the combined effect of kinetic energy directed to the flow of grinded
material, in the central zone of disintegration a complex process of particle
destruction is realized. Shear loads make it possible to obtain a product of a wide
range of grain, to manage the process of disintegration, and also to reduce the output
of the oversize, which causes a significant increasing the efficiency of disintegration
under the same energy costs.

Method of correlation analysis of technological disintegration indicators. To
justify the kinematic scheme and to determine the technological parameters of
disintegration in SCD, the method of correlation analysis [6] was used. The nature of
each of the dependencies is obtained by comparing the corresponding values of the
reliability of different types of approximation.

As variable parameters (so-called indicated factors) were used the following:

1. Number of rotors x; — one or two rotors.

2. The initial size of the material x,: -10+7 + -5+2.5 mm.

3. Durability of the material x3: 35 + 230 kg/mm?.
4. Number of revolutions of the shaft of the disintegrator x,: 2800 — 4760 rpm.

Results of research. According to the results of described in detail in [4]
experimental data correlation analysis, the dependences (Table 1, Fig. 3, Fig. 4),
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which determine the productivity Q and the power N spent on grinding in a shock-
centrifugal disintegrator of all the indicated factors were obtained.

The evaluation of the significance of the equations using Fisher's statistics has
shown that they are significant.

The average error of approximation in determining the power of SCD is 14.6 %,
power consumption is 12.7 %, which indicates a satisfactory coincidence of
theoretical and experimental values.

Table 1 — Multiple regressive dependencies

: . Determination
Multiple regression dependence -
coefficient
Q =188.3x%,"°x; "% 0.92
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Figure 3 — Graph of multiple 4-factor regression equation for determining SCD productivity
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Figure 4 — Graph of multiple 4-factor equation of regression to determine the power consumed on
disintegration of raw materials in SCD
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The productivity and power consumption of SCDs have a multiple regression
dependingence from the number of rotors, the speed of the shaft, the size and strength
of the source material. Two-rotation kinematic CD scheme, which implements the
destruction of the material mainly by shear loads, compared to single-rotor, increases
productivity of disintegration in 2 times with an increase in power consumption —
15 %.

To determine intermediate regression equations with several indicated factors in
the multiple regression equation (Table 1), instead of unclaimed factor characteristics
it is necessary to put their mean values equal to: X, =2; X, =7; X3 =87; X, =3146.

The corresponding factors for the pure regression equation are presented below
(Table 2 and Table 4).

Table 2 - The pure regression equations for determining the productivity of SCD

A pure regression equation Approximation accuracy
Q(Xl) = 364X1 &= 8%
Q(x,) = 283.1x;,%7° £=14.9%
Q(xg) =972.5x3*° £=6.8%
Q(x4) =5.36x3%1 £=14.9%

The pair coefficients of correlation of investigated indicated factors and
productivity y of SCD are given in Table 3.

Table 3 - The pair coefficients of correlation of investigated indicated factors
and productivity y of SCD

My "oy “ay | Ty | Pax
0.52 -0.46 -0.77 0.12 -0.20
Py xg Iy xg My, Noxs | Txgxg
-0.28 0.24 0.01 0.43 -0.02

Table 4 - The pure regression equations for determining the power consumption of SCD

A pure regression equation Approximation accuracy
N(x) = 71.16x e=12.9%
N(xp) = 20.25x3" £=6.3%
N(xg) = 26.92x5-%4 £=14.9%
N(x4) = 0.001x537 £=14.8%

The pair coefficients of correlation of investigated indicated factors and
productivity y of SCD are given in Table 5.



104 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2019. Ne 146

Table 5 - The pair coefficients of correlation of investigated indicated factors and productivity y of

SCD
rxly rXZ y r><3 y rX4 y rxlxz
0.16 0.61 0.29 0.83 -0.20
erX3 rxlx 4 rx2><3 rx2><4 rX3X4
-0.28 0.24 0.01 0.43 -0.02

Conclusions.

1. According to the gradation of the correlation coefficients of the investigated
indicated factors, the closest relationship is observed between the productivity and
the number of rotors x;. The increase in the number of rotors from 1 to 2 causes a
productivity increase of 2 times. The following factors in the tightness of connection
are the initial material size x,, the growth of the initial material size by 1 % causes a
drop in productivity by 0.75 %,; the strength of the material xs, the increase in the
strength of the initial material by 1 % causes a decrease in productivity by 0.6 %; the
number of revolutions of the disintegrator shaft x4, the increase in the number of
revolutions of the shaft by 1 % causes an increase in productivity by 0.31 %.

2. According to the gradation of the correlation coefficients of the investigated
indicated factors, the closest relationship is observed between the number of
revolutions of the disintegrator shaft x, and power consumption. The increase in the
number of revolutions of the disintegrator shaft in 1 % causes a power consumption
increase in 1.37 %. The following factors in the tightness of connection are the initial
material size x,, the growth of the initial material size by 1 % causes an increase of
power consumption by 0.7 %; the strength of the material x3, the increase in the
strength of the initial material by 1 % causes an increase of power consumption by
0.24 %:; the number of rotors x;, increase in the number of rotors from 1 to 2 causes
an increase of power consumption by 15 %.

3. Thus, it is obvious that an increase in the number of rotors leads to a significant
increase in the disintegration productivity with a minimum increase in power
consumption.

4. The given equations are the most representative and acceptable for
disintegrators of the same size (or approximate ones), as the investigated laboratory
stand. For disintegrators of other sizes, additional research is needed to specify the
coefficients in the obtained equations.
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AHoTauifA. Y cTaTTi BU3HAYEHO TEXHOMOrYHI MOKa3HMKM Ae3iHTerpauii (NPOAYKTUBHICTb i eHEeprocnoXuBaHHS) i
OTpUMaHa ix ysaranmbHeHa MHOXWHHA perpeciiHa MIHMWBICTL B 3aNEXHOCTI Bif PeXuMy i CTPYKTYPHUX NapameTpis
yAapHO-BiALIEHTPOBOrO AesiHTerpatopa i mapameTpiB BUXigHOrO npogykTy. OBrpyHTOBAHO EKOHOMIYHI Ta TEXHOOTiYHi
nepeBary BUKOPUCTaHHS [BYXBpaLLaTenbHON KIHEMaTUYHOT CXeMM yAapHO-BIALEHTPOBOrO Ae3iHTerpartopa, Lo peanisye
PYWHYBaHHS MaTepiany NepeBaxHO YOApHUMM 3pYLIEHHSMU 3@ pPaxyHOK CIMbHOI  Ail  KIHETWYHOI  eHepril
B3aEMOMOB'A3aHMX NOTOKIB. [OCHIMKEHHS MPOBOAMIMCA 3 BMKOPUCTAHHSAM TakuX TWNIB MOpPid: rpaHiT, Tyd, BanHsK,
6a3sanbT. B skocTi amiHtoBaHKUX napameTpis (T.38. (haKTOPHWX 03HAK) BUKOPUCTOBYBAMCS: KiNlbKiCTb POTOPIB (X1) — OAMH i
[Ba pOTOpM, NOYaTKOBA KPYMHICTb matepiany (xz) — -10+7 + -5+2,5 MM, MiuHicTb maTtepiany (xs) — 35+230 kr/mm2,
KinbkicTb 0bepTiB Banma AesiHTerpatopa (xs) — 2800 + 4760 06/xB. XapakTep 3aneXHOCTEN BM3HAYanW LUASXOM
MOPIBHSIHHA BiANOBIAHNX 3HAYEHb AOCTOBIPHOCTI Pi3HMX TUMIB anpokcuMalii. 3rigHo 3 rpapadieto koedilieHTiB kopensiwyii
AOCTimKyBaHUX (DAKTOPHMX O3HAK Hambinbl TIiCHWIA 3B'A30K CMOCTEPIraeTbCsl MiX  KiNMbKiCTO  00epTiB  Bana
JesiHTerpatopa (Xs) i CMOXWBAHOK MOTYXHICTH, 3pPOCTaHHs KinbkoCTi 00epTiB Bana Ha 1% BMKIMKAE 3POCTaHHS
CNOXMBaHOI NOTYXHOCTI Ha 1,37%; HACTynHUMK chakTopamu Mo TICHOTI 3B'A3KY € NOYATKOBA KPYMHICTb MaTtepiany (X2),
3pOCTaHHsl MOYaTKOBOI KPYMHOCTI MaTepiany Ha 1% BWKNMKAE 3POCTAHHS CMOXMBAHOI MOTYXHOCTI Ha 0,7%; noTiM —
MiLUHICTb maTepiany (X3), 3pOCTaHHS MILHOCTI MOYaTkoBOrO Matepiany Ha 1% BMKNMKAE 3POCTaHHS CMOXWBAHOI
notyxHocti Ha 0,24%; Ta KinNbKiCTb POTOPIB (X1), 3pOCTaHHA KiNbkOCTi poTopiB BiA 1 [0 2 BMKIMKAE 3pOCTaHHS
CMOXMBaHOI NOTYXHOCTI HA 15%. TakuM YMHOM, 04EeBUAHO, WO 3BiNbLUEHHS KifbKOCTI POTOPIB NPU3BOANTBL O 3HAYHOrO
30inblUEHHs NPOAYKTUBHOCTI AesiHTerpayii npyu MiHiManbHOMY MpUPOCTi CMOXWBAHOI MOTYXHOCTI. HaBegeHi piBHAHHS
HanbINbLL penpe3eHTaTUBHI | NPUIHATHI ANS Le3iHTerpaTopiB Takux xe po3mipis (abo HabrkeHuX), sK | LOCMimKyBaHMIA
nabopatopHuii cTeHa. [Ans [Oe3iHTerpatopiB iHWMX po3MipiB HeoOXiAHO NPOBOAWMTM [OAATKOBI AOCTIMKEHHS ANs
YTOYHEHHS KOeiLEHTIB B OTPUMAHNX PIBHAHHAX

KnroyoBi cnoBa: gesiHterpatop, pyiHyBaHHs, yaap, 3CyB, ripcbka Maca, KopenauinHuin aHanis.
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AHHOTaums. B cratbe onpegeneHbl TEXHOMOrWYECKWe MokasaTenu Ae3nHTerpauun (NpOoU3BOAMTENBHOCTb U
3HepronoTpebneHune) n nomyyeHa ux 060OLLEHHAsS MHOXECTBEHHAs PETPECCUOHHAs M3MEHUMBOCTb B 3aBUCUMOCTM OT
PeXUMa U CTPYKTYPHbIX NapaMeTpoB yAapHO-LEHTPOBEXHOrO Ae3nHTerpatopa W napameTpoB BbIXOAHOTO MPOAYyKTa.
OboCHOBaHbl ~ 3KOHOMMYECKME W TEXHONOrMYeckMe  MpeuMyllecTBa  MCMOMb30BaHWA  [BYXBpalLaTerbHOM
KMHEMATUYECKOM CXEMbl  YAAPHO-LEHTPODEXHOr0  Ae3vHTerpaTopa, peanuayloleit paspylleHne maTepuana
NPEUMYLLECTBEHHO YAApHbIMA COBUraMu 3a CHET COBMECTHOTO AENCTBUSI KMHETUYECKOM SHEPruM B3anMOCBSA3aHHBIX
noTokoB. ViccnenoBaHns NpoBOAMANCE C UCMONB30BAHWEM TaKUX TUMOB MOPOA: rPaHuUT, Ty, U3BECTHsK, BasanbT. B
KayecTBe N3MeHsieMbIX NapameTpoB (T.H. (PAKTOPHBIX NPU3HAKOB) MCMOMNb30BANCE: KOIMYECTBO POTOPOB (X1) - OAUH W
[Ba poTopa, HavanbHas KpYmHOCTb maTepuana (xo) —-10 + 7 + -5 + 2,5 MM, npoyHocTb MaTepuana (xs) — 35 + 230
Kr/MMZ, konn4ecTBo 060poTOB Bana AesnHTerpatopa (x4) — 2800 + 4760 06/MuH. XapakTep 3aBMCUMOCTEN Onpeaensnm
nyTeM CpaBHEHUS COOTBETCTBYIOLUMX 3HAYEHWA [OCTOBEPHOCTW pasnWyHbIX TWUMOB annpokcumauyun. CornacHo
rpagaunm KoaduuMeHToB Koppensauun ccnegyemMblx akTopHbIX NpU3HakoB Hanbonee TecHas cBA3b Habnogaercs
MeXay konn4ectBoM 0BOpOTOB Bana Ae3nHTerpaTopa (Xs) u notpebnseMon MOLHOCTbI0, pOCT Yncna 0bopoToB Bana Ha
1% BbI3bIBaeT pocT notpebnsemMon MowHocTn Ha 1,37%; cregytowum (akTopoM MO TECHOTE CBA3W SBNSETCS
HavanbHas KpynHOCTb MaTepuana (Xz), PoCT HayarbHOM KpynHOCTK MaTepuana Ha 1% BbI3bIBaeT pocT notpebnsiemon
MoLLHocTH Ha 0,7%; 3aTeM NPOYHOCTb MaTepuana (Xs), POCT NMPOYHOCTM UCXOHOrO MaTepuana Ha 1% Bbi3biBaeT pocT
notpebnsiemon mowHocTv Ha 0,24%; 1 KONM4YECTBO POTOPOB (X1), POCT KONMYECTBa POTOPOB OT 1 [0 2 Bbi3biBAET POCT
notpebnsiemon mowHoctn Ha 15%. Takum 06pasom, OYEBMAHO, YTO YBENMYEHME KONMYECTBA POTOPOB MPUBOAMT K
3HAYMTENBHOMY YBEMUYEHMIO MPOU3BOAWTENBHOCTM [E3WHTErpauui npu MUHUManbLHOM npupocTe noTpebnsemon
MOLLHOCTW. [puBeaeHHble ypaBHEHNS Hanbonee penpeseHTaTUBHbIE U NPUEMNEMbIE AN AE3VNHTErPaTOPOB TaKWX e
pa3mMepoB (Mnu NpUBIMKEHHBIX), Kak 1 MccreayeMbln nabopaTopHbii cTeHa. [Ans aesnHTerpaTtopoB Apyrux pasmepos
Heo6XxoaMMO NPOBOAMTL AOMOMHUTENbHBIE UCCMEA0BAHMS ANS YTOUHEHNS KOIGULMEHTOB B MOMYYEHHbIX YPaBHEHUSIX.

KntoueBble cnoBa: Ae3vHTerpaTop, paspyLueHue, yaap, CABUr, ropHas Macca, Npou3BOAMTENBHOCTb.
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