BicHuk TepHONiIbCHKOr0 HAIOHAIBLHOI0 TEXHIYHOT0 YHIBEPCHTETY
https://doi.org/10.33108/visnyk_tntu

7~ \
EW Scientific Journal of the Ternopil National Technical University
\J 2019, N2 2 (94) https://doi.org/10.33108/visnyk_tntu2019.02

ISSN 2522-4433. Web: visnyk.tntu.edu.ua

MANUFACTURING ENGINEERING
AND AUTOMATED PROCESSES

MAIITHHOBY/I]YBAHHA, ABTOMATH3AL[IA
BHPOBHUIITBA TA ITPOIIECH MEXAHIYHOI
ObPOBKH

UDC 631.361.8

EXPERIMENTAL INVESTIGATIONS OF THE HOMOGENEITY
COEFFICIENT OF ROOT CROPS CRUSHED PARTICLES

Viktor Baranovsky; Yury Gritsay; Serhii Marinenko

Ternopil Ivan Puluj National Technical University, Ternopil, Ukraine

Summary. In the general structure of livestock products manufacturing up to 50 ... 70% of all costs are
accounted for the share of preparation of various juicy forages from root crops. Screw conveyors are widely used
in the agrarian production sector for moving, mixing, dosing products, etc. Improvement of the existing structures
of screw conveyors and substantiation of their rational parameters and operating modes are important scientific
tasks. The objective of the investigation is to increase (expand) the functional abilities of technological operations
of screw conveyors by developing the combination of operating elements that ensure the simultaneous shredding
and movement of roots in the process of their preparation and processing on juicy feed. The main objectives of the
research, which ensure the implementation of the stated goal, is to prove the parameters of the combined working
body screw conveyor-shredder, which is used in the processing lines of roots. The research results are the further
steps in developing the methodology for justifying the parameters of operatiing bodies and modes of screw
mechanisms operation.
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Statement of the problem. The development of high-efficiency technological
processes of simultaneous grinding and moving, both single lump and bulk products of
agricultural production requires an integrated scientific approach to solving the engineering
problem of increasing the technological performance and expanding the technological
capabilities of screw conveyors-shredders [1-3]. The screw conveyors perform various
technological tasks: mixing, crushing, dosing of products during the preparation and
distribution of feed; material etching; crop and livestock products movement, etc. [7-9].

The set tasks are solved on the basis of the development of methodology and
methodology for the substantiation of the technological process and the calculation of
technological parameters and design-kinematic parameters and modes of screw conveyers.

Improving the productivity of screw mechanisms and production lines of any
manufacturing complexes in general, including agricultural processing machines, depends
largely on the throughput of loading bins and the screw conveyor functioning not only as
operating bodies for product movement, but also those capable of performing various
operations of grinding, mixing, dispensing and the like.
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Screw transport mechanisms and screw conveyors, as a separate engineering element of
transport mechanisms, are widely used in the construction of agricultural machines — grain
harvesters and beet harvesters, fertilizer machines, crushers, seed etchers, etc. [10], as well as
in overhaul machines designs for materials loading and transportation due to their simplicity of
construction, maintenance and the ability of complete or partial material unload at any point of
tecological line [11].

The combination of performing one or more technological operations, along with the
materials transportation peculiar for combined screw conveyors, is their defining feature.

Therefore, the development of advanced designs of screw conveyors, which ensure the
simultaneous grinding and transportation of materials and substantiation of the rational
parameters of the transport mechanisms operating elements, is an important scientific task.

According to [4], the specifi gravity of screw conveyors in loading-unloading operations
is 40-45%. Analysis of the current state of screw transport mechanisms operation [12-14]
showed that there are significant suppositions for further research aimed at the development
and use of energy-efficient, high-tech combined screw conveyors that provide efficient
performance of related functional operations, as well as transportation and simultaneous
grinding of raw materials from agricultural products manufacturing while processing.

The objective of the paper is to improve the technological parameters of the process
of simultaneous grinding and transportation of root crops by developing and substantiating the
parameters of the conveyer-shredder operating elements.

Statement of the problem. Improvement of economic indicators and technological
efficiency of processing enterprises functioning is achieved by the development and
implementation into production the energy-saving technologies and technical means intended
for preparation and processing of raw materials of the agro-industrial sector.

Improvement of existing designs of screw transport mechanisms and substantiation of
their rational parameters and operation modes enables to increase significantly productivity and
reliability of technological operations.

Therefore, during their design should take into account the specific technical
requirements and functional and operational characteristics of machines for relevant work
performance, as well as the features of transport-technological processes, agrobiological and
physical-mechanical properties of products to be transported shoul be taken into account.

In order to increase the efficiency screw mechanisms operation, we proposed on the
basis of invention the combined root crops screw conveyor-shredder [17], which allows to
expand the screw mechanisms functionality, Fig. 1.
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Figure 1. Design-layout scheme of the screw conveyor-shredder with combined operating element:
1 — casing; 2 — bunker; 3 — screw; 4 — drive shaft; 5 — drum; 6 — screw line; 7 — spiral turn; 8 — I"-shaped
knife-shredder; 9 — unloading part; 10 — bottom part; 11 — guide tray; 12 — holes
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The screw conveyor-shredder consists of acasing 1, on top of which a loading bunker 2
Is attached. In the casing, which can be placed at angle to the horizon, a screw 3 is mounted.
The screw 3 is made in the form of the drive shaft 4 on which the drum 5 is mounted. The drive
shaft 4 rotates with angular velocity .

The drive shaft drum along the screw line 6 spiral turns 7 are fixed. On the inner and
outer sides of the spiral turns relatively to the roots movement direction the plate I'-shaped
knife-shredders 8 are mounted radially. The screw line is made with variable step, in this case
step T of the spiral turns increases with constant angle of the helical line elevation toward the
unloading part 9 of the guide tube.

A guide tray 11, which covers the lower casing part, is mounted below the lower part of
the guide tube at a certain angle to the horizon. The lower part of the casing, which is aligned
with the guide tray, has through-holes 12 made along and across the lower part of the casing.

The screw conveyor-shredder operates in the following way.

Root crops are fed into the bunker 1, which is then moved into the casing 2 to the screw
3, or to the plate I"-shaped knife-shredders 8. During the drive shaft 4 rotation and, relatively,
the drum 5 and the I"-shaped knife-shredders, the root crops are grounded and simultaneous
movement of the crushed particles by spiral turns 7 towards the unloading part 8 of the casing
Is performed.

Simultaneously with the grinding and moving of the root particles, there is a significant
release and accumulation of juicy liquid formed during the processed products grinding. In this
case, the accumulated juicy liquid through the through holes 12 flows to the guide tray 11, and
then — to its destination.

To solve the problem of optimization of the rational parameters of the combined screw
conveyor-shredder operating elements, it is necessary to carry out experimental investigations
of the quality of root crops shredding, the coefficient of uniformity of root crops shredded parts
IS determining.

Statement of the basic material. Outline of the main material. The objective of the
experimental investigation of the uniformity of root grinding 4, was to develop or determine
the empirical approximation model (regression equation) characterizing the regularities of the
coefficient 1, change depending on the number z,, installed I'-shaped knife-shredders on one

turn, the rotation frequency n, of the screw and the operating screw length L, while

implementing the planned three-factor experiment of PFE 3° type. The structural diagram of
the model planned three-factor experiment of PFE 32 type is shown in Fig. 2, construction
diagram of the laboratory installation — in Fig. 3, the general view of the mock-up sample of
the screw conveyor-shredder experimental installation — in Fig. 4.

The approximating function describing the character of the variation in the root shredder
ing uniformity A, by screw conveyor-shredder, was determined as mathematical model of the

logarithmic function with the largest value of the multiple determination coefficient D, = 0,965
lk:bo+b1|nX1+b2|nX2+b3|nX3, (1)

where by, by, b, , by —are coefficients of values Xx;; x;,X,,X5 are coded factors.

The natural numerical values of the coefficients by, b;, b,, bsof the regression
equation, which is given in the form functional dependence 4, = f,(z,;n,;L,) areas follows:
by =-50, 79; by =52, 9; b, =4, 4; by =12, 75.
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Figure 2. Scheme of the model of planned three-factor experiment of PFE 33 type

The statistical significance of b, , b, , b; coefficients of the regression equation (1) was
performed using t — Student test. It was found that all the calculated values of b;,b,, bg

coefficients of the regression equation, which were determined according to the standard
methodology, are significant.

Figure 3. Constructive scheme of the laboratory installation: 1 — main frame; 2 — screw conveyor-shredder;
3 — electric motor; 4 — V-belt drive; 5 — Altivar 71 device; 6 — personal computer; 7 — switching connection;
8 — casing; 9 — screw; 10 — drum; 11 — spiral turn; 12 — I'-shaped knife-shredder; 13 — shaft;

14 — bearing housing; 15 — bunker; 16 — damper 17 — pulley

The verification of the empirical model, that is, the correspondence of the obtained
theoretical distribution of random values, determined by the regression equation and the
corresponding values of the real experimental data array, was performed according to F —
Fisher criterion, the table value of which was determined under F(0,05; f ; f, ) condition.

According to the results of carried out PFE 32, the final form of the regression equation
for the change of the root crops shreddering homogeneity coefficient 4, by the screw conveyor-

shredder, depending on the number z,, installed I'-shaped knife-shredders, rotation frequency
n, of the screw and screw operation length L, in natural values as function
A =1,(z,in,;L,) was derived.
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4 =-50,79+529In(z, )+ 44In(n,, )+12,75In(L ). )

Analysis of the constructed response surfaces and their two-dimensional sections of the
root crops shreddering uniformity coefficient 1, by the screw conveyor-shredder as a function
A =1,(z,;n,), Fig. 58, 4 =f,(z,;L,), Fig. 5b, 4, =f,(n,;L,), Fig. 6 shows that the
main array of approximated values of the root crops shreddering uniformity coefficient 1, is
from 36 to 85%.

\J

Figure 4. General view of the experimental installation: 1 — main frame; 2 — screw conveyor-shredder;
3 — electric motor; 4 — V-belt drive; 5 — Altivar 71 control unit; 6 — personal computer; 7 — switching connection

The dominant factor that significantly influences the quantitative indicator of the change
in the root crops shreddering uniformity coefficient A4, by the screw conveyor- shredder is

number z, of the installed I"-shaped knife-shredders on the single spiral screw turn and tscrew
operating length L, . In the case of changes in the number z, of the installed I'-shaped knife-

shredders from 4 to 8 pcs. (Fig. 5) the root crops shreddering uniformity coefficient 1, by the

screw conveyor-shredder increases by in average by 2 times, which is also characteristic to the
dependencies  shown in  Fig. 6: for the screw operating length
L, =0,6 m—from 36 to 76%; for the screw operating length L, =0,9 m — from 41 to 81%; for

the screw operating length L, =1,2 m —from 45 to 85%.

Changing the screw operating length L, from 0,6 to 1,2 m (Fig. 6), the root crops
shreddering uniformity coefficient 4, by the screw conveyor-shredder increases in average by
1.2 times the constant number z,, of the installed I'-shaped knife-shredders on the single screw
turn is 4, 6 and 8 pcs.
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Figure 5. The response surface and the two-dimensional cross-section of the response surface of the
functional dependence of the change the root crops shreddering uniformity coefficient A, as a function:

a— A ="fi(z,in,)0— A =1,(z,;Lp)

The screw rotation frequency n , has insignificant influence on functional change of the
root crops shreddering uniformity coefficient 4, — within the change limit 100<n , <200 rpm

the root crops shreddering uniformity coefficient 1, increases in average by 2,5...3,0 %, Fig.
6, Fig. 7.
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Figure 6. Dependence of the change of the root crops shreddering uniformity coefficient 4, as a function
Ak =f5(ny ) a, b, c—respectivelyat L, =0.6;0.9;1.2m; 1,2,3 -, z, =4, 6 and 8 pcs

ISSN 2522-4433. Bicuux THTY, Ne 2 (94), 2019 https://doi.org/10.33108/visnyk_tntu2019.02 .............c..c..cceeeoee.. 85


https://doi.org/10.33108/visnyk_tntu2019.0

Experimental investigations of the homogeneity coefficient of root crops crushed particles

u2(L)
CC0o

ud(L)
kkk

a

Fig

15 187 222
5 Hy 3 Hy 3
132 169 204
pa(L) ui(L) 2
113 il HH 151 2 HH 186
5(L) 8(L)
95 coe 133 doe’167
7.6 6(L)114 9(L)14.
2 iy 1 g 1
58 9.6 131
39 > 78 ¢ 13
06 08 09 11 12 06 08 09 11 12 06 08 09 11 12
Working length Working length Working length
screw L, m screw L, m screw L, m

ure 7. Dependence of the change of the root crops shreddering uniformity coefficient A, as a function
A =Tfi(Lp):a b, c —respectively, at z,, =4; 6; 8 pcs .; 1, 2, 3— 100, 150 and 200 rpm

Conclusions. The obtained dependence (2) is the empirical model which makes it

possible to substantiate and determine the required design and kinematic parameters of the

SCrew

mechanisms at the stage of design and development of the operating elements of the

combined screw conveyors-shredders.

In the future, the results of the investigations will be used in the development of

methods and techniques for substantiation the rational parameters and operation modes for
operating elements of the root crops screw conveyors-shredders.
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EKCHHEPUMEHTAJIBHI JOCJIII)KEHHA KOEDILIEHTA
OJHOPIAHOCTI NOAPIBHEHUX YACTHUH KOPEHEIIJIO/JAIB

Biktop bapanoscbkuii; FOpiii I'punaii; Cepriiit MapuHeHKO

Teproninbcokutl HayioHaIbHUU MexXHIYHUU yHigepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Peziome. YV 3azanvniti cmpykmypi upobuuymea npooykyii meapunnuymea 0o 50...70% ycix eumpam
npunaoae Ha 001608y HACMKY NPULOMYEAHHS PI3HONAAHOSUX COKOBUMUX KOPMI8 3 KopeHennioodis. Lllnexosi
Mpancnopmepu WUPOKO 3aCMOCOBYIOMbCA 6 azpapHiil cghepi eupoOHuymea Oas nepemiujeHHs, 3MiuyeaHHs,
003y6anHs  NPOOYKMi6 mowjo. YOOCKOHANEHHA ICHYIOYUX KOHCMPYKYiU WHEKOGUX MPAHCHOpmepie i
00epyHmyeanis ix payionanbHux napamempis i pexcumie poobomu € aKmyatbHumM HayKosum 3a60anuam. Memoio
00CNIONCEHHS € NIOBUWYEHHSL (DOZUUPEHHS) PYHKYIOHANLHUX MONCIUBOCEU MEXHOI02IUHUX ONePayiil WHEKOBUX
MPAHCNOPMeEPi8 ULIAXOM PO3POOKU KOMOIHOBAHUX POOOUUX Op2aHie, K 3a0e3neuyionms 00HOYACHe NOOPIOHEeHHs.
ma nepemiujenHs KopeHenaioolig y npoyeci ix niocomosku ma nepepodku Ha cokosumi xopmu. OCHOGHUMU
3a0auamu 00CniOHCeHH s, AKi 3a0e3neuyroms peanizayio chopmyibo8anoi memu, € 00SPYHMYBAHHA NAPAMEMPIE
KOMOIHOBAH020 pOOOH020 Op2aHy WHEKO8020 MPAHCHOpMepa-noopioniosaud, AKUIL 3ACMOCO8YEMbCs Y
MEXHON02IYHUX ~JNIHIAX nepepoOKu Kopenennodie. 3a pe3yibmamamu npo6eoeHux eKCnepumMeHmaibHux
00CNIOdNCEHb OMPUMAHO PIGHAHHS peepecii Koe@iyieHma 00HOPIOHOCMI NOOPIOHEHUX HACMUH KOPEHenlioois
KOMOITHOBAHUM UWIHEKOBUM MPAHCNOPMEPOM-NOOPIOHIO8aYeM, AKe XapaKmepusye Xapakmep 3MiHu napamempa
onmumizayii 3an1edxcno 8i0 Kinbkocmi ycmanognenux I -nodionu x Hodcie-noopiobHi08auie Ha 0OHOMY CRIPATbHOMY
BUMKY WHEKA, Yacmomuy 0OepmanHs uwiHeka ma po6ouoi 006dcunu wHexka. Ha ocnosi ananizy nobyoosanux
NOBEPXOHb BIO2YKY MaA iX OBOMIDHUX nepepizié 3MIHU Koepiyichma 0OHOPIOHOCMI NOOPIOHEHHsT KOPEHena100i8
WHEKOBUM MPAHCHOPMEPOM-NOOPIOHIOBAYEM BCMAHOBNEHO, WO OCHOBHUL MACUE ANPOKCUMOBAHUX 3HAYEHb
Koe@hiyicuma 00HOpiOHOCHI NOOPIOHEHHS KOPEHEN100i8 3HAxX00Umbcs 6i0 36 0o 85%. Pezynbmamu docniodicens
€ NOOanbLUWUM KPOKOM i3 PO3POONLEeHHs MemoOoa02li 00SPYHMYBAHHS NAPAMEMPI8 POOOUUX OP2aHi8 | percumis
POOOMU WHEKOBUX MEXAHIZMIG.

Kniouosi cnosa: pobouuii opean, I-nodionuil Hidc, cnipanvHuil 6uUmoK, NiAH-Mampuys, Oiamemp,
uacmoma 06epmanHs.
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