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Summary. This article contains the results of the experimental research on the quantity of root tubers let
through to the creasing rollers through the clearance between the worm screw and the feeding transporter working
branch in the combined root crop cleaner. It also describes the experimental set and the technique used for dummy
tuber root transportation research, with the size of root tubers 0.05; 0.1; 0.15 and 0.2 m in diameter. The
experimental research has been held basing on the PFE 2* type planned experiment realisation. The variable
factors were transporter speed (variation extremes of 1.2...1.8 m/s), worm pitch (variation extremes of 0.5...0.7
m), clearance gap between the worm screw and transporter (variation extremes of 0.05...0.1m), worm screw angle
speed (variation extremes of 7...15 rad/s). The work provides the regression equations that characterize the
dependency of the amount or tubers being let through the worm screw to the creasing rollers from the size
characteristics of fodder beet root tubers. A graphic dependency analysis has been held and it set the root crop
cleaner parameter and work modes best for the maximum quantity of root tubers ran through the device.
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Statement of the problem. In order to intensify the technological process of grass and
soil separation, as well as beet topping during mechanized harvesting a constructional layout
scheme of a combined root crop cleaner has been designed [1, 2].

The peculiarity of the proposed tuber root crop cleaner technological process lies in that
simultaneously to the soil and grass fossils being separated from the from the root tubers (Fig.
1), as a result of partial filtration of the small fossils through gaps between rods 3 of the feeding

transporter 2 and further transportation of the unfiltered fossils through the clearance gap H,,

which is situated between the transporter working branch and the lower combing cylindrical
roller 6, a technological operation of beet topping takes place, with the help of two creasing
rollers that rotate towards each other [3, 4].

The increase of root crop cleaner technological effectivity which lies in further reduction
of dirt and grass fossils collecting in the machine is a relevant agricultural problem. The extent
of tuber root topping, in the first place, depends on the quantity of root tubers that run through
the worm screw to the clearance gap H, and arrive to the creasing rollers working zone [5, 6].

Analysis of the results received from the experimental research on the quantity of root
tubers running to the creasing rollers will allow us optimize the rational constructive-cinematic
parameters of the root crop cleaner constructive parts, with the values of which the quantity of
the root tubers running through the worm to te creasing rollers will be maximal, taking other
characteristics of its work qualities into account as well.
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Figure 1. The constructive layout of a combined root crop cleaner, side view: 1 — feeding transporter;
2 —rod; 3 —worm screw; 4, 5 respectively — upper and lower creasing rollers; 6 — leverage;
5 —spring; 8 — jamb

Analyses of available investigations. The undertaken theoretical and experimental
research has been, as a rule, [7—14] related to setting the character and patterns of the contact
interaction process between the root tubers and the combined root crop cleaner surface. The
analysis of relevant publications in this sphere showed that the question of the quantity of tubers
passing through to the creasing rollers has not been revealed, and any thorough research in this
field is absent, consequently, this is what led to conducting such experimental research.

Statement of the problem. The research aim is substantiating the constructive-
cinematic parameters of the root crop cleaner operational parts basing on the analysis of the
received empirical regularities of the quantity of root tubers being fed to the creasing rollers.

Materials and methods.The technological combined tuber root crop cleaner work
process effectiveness, apart from separation from soil and plant fossils, also highly depends on
the quality and extent of tuber topping by rubbing leaves from the beet head [4, 15-20]. At the

same time, the extent of topping can be directly expressed with the quantity of tubers K,(]i)

passing through the worm screw 3 (Fig. 1) to the clearance gap H, and to the creasing rollers
4, 5 in the combined tuber root crop cleaner.
For this research a set of dummy tubers was made, with the diameter d, = 0.05; 0.1,

0.15; 0.2 m. During the experiment, the creasing rollers 4, 5 (Fig. 1) have been dismantled from
the device. The number of dummy tubers that had the same diameter was the following: tuber
diameter 0.05 and 0.1 m — 20 pieces, tuber diameter 0.15 and 0.2 m — 10 pieces. During the
mixed research the dummy models had the following proportions: diameter of 0.05 m —
5 pieces; diameter of 0.1 m — 7 pieces; 0.15 m — 6 pieces; 0.2 m — 2 pieces.

For the mixed research, the numerical proportion of tuber diameter has been defined
based on the crop yields and root tuber size-mass characteristics.

The transportation of dummy tubers to the worm screw 3 was being carried out by the
transporter 1, the speed of which V was 1.2-1.5-1.8 m/s.

The angle speed of worm screw o ranged from 7 to 15 rad/s, the worm pitch T was
0.5and 0.7 m.

The value of the radial clearance H, between the worm and working branch of the
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feeding transporter was equal to 0; 0.05; 0.1 m.

On the first stage of optimization parameter research, or the quantity of tubers K,(]i)
passing to the creasing rollers, a set of elimination experiments has been held to define the
factors that do not significantly influence the value K,(f), and the diameter of the screw D does

not implement a significant change to the quantity of passing tubers K,(f), when the height of
worm spiral h is bigger than dummy diameter d, , thatis D—d >d, , where d —is the diameter

of the worm screw drum.
Apart from that it has been defined that with increase of worm rounds number z the

value K,ﬂi) proportionally decreases.
That is why, further experiments were held with D =0.6 m; h =0.2mand z = 1.

In order to define the influence of the main factors on the amount of tubers K,Ei) passing

to the creasing rollers, a planned factorial experiment of a PFE 24 type has been held, that is, a
4 factor experiment with two levels of factor variation, while the entry variable factors were:

- feeding transporter speed V , which was coded with x, index;

- worm screw pitch T, coded with x, index;

- radial clearance between worm and working branch of the feeding transporter H,,
coded with x; index;

- worm screw angle speed @, coded with x, index.

The experiments were carried out in triplicate.
Factor characteristics and their variation levels are provided in the table 1.

Table 1

Factor characteristics and their variation levels

Factor code mark Factor name Factor level
X Transporter motion speed V , m/s 1.2-1.8
Xy Worm screw pitch T, m 0.5-0.7
X3 Clearance gap between worm and transporter H,, m 0-0.1
X4 Worm screw angle speed w, rad/s 7-15

The approximation function for the experimental data pool concerning the quantity of

tubers let through, written with a functional K,(f) = f (V;T;H;®), has been defined by

sweeping through the available algebraic functions with the largest number determination D
value.

Statistic analysis results show that the highest value of number determination coefficient
D = 0.987 corresponds to a quadratic function. Thus, the feedback (optimization parameter)

that describes the change character of tubers let to the creasing rollers quantity K,ﬂi), defined in

an experimental way, has been defined as a mathematical model of a second degree total
polynomial.

The second degree total polynomial regression equation has been defined with
the results of statistic treatment of experimental data using the Statistica 10 computer software.
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Function variability has been defined by standard deviations, with the D number
determination coefficient and correlation coefficient.

Model adequacy and value of regression equation coefficients have been defined with
the Fisher F-criterion and Student’s t-criterion.

Results and discussion. The statistic treatment of experimental data pool led to
obtaining final empirical regression equations that characterize the dependency of root tubers

let to the creasing rollers quantity K,(f) from the change of four factors for concretized root
tuber diameters:

K = -57.6+63.5V +1.1H, +10.20-11.6V > 0.3VH, - 0.4 ; 1)
K1) = -190.8+174.2V +0.9H, +15.80-56.3V2 +V 0 —0.70; )
KU%) = _91.6+100.3V +0.5H, +6.80—30.4V 2 - 0.30°; ©)
K2 =_60.4+42.0V +0.1H, + 7.40-12.2V > — 0.30°. (4)

Regression equation analysis (1)—(4) shows that worm screw pitch T does not influence

the quantity of tubers let through to the creasing rollers K,(]i) by reason of factor T being absent,

i.e. regression equation (1)—(4) with T factor after being tested with the Student’s t-criterion
are considered inessential and disregarded.

According to the regression equations (1)—(4) a feedback surface has been built as well
as a feedback surface lateral cut, depicting the dependency of tubers let to the creasing rollers

K,(]i) quantity from transporter motion speed V and worm screw angle speed o in the frame of

factor variation:
- transporter motion speed 1.2<V <1.8 m/s;
- worm screw angle speed 7 < o <15 rad/s;
- radial clearance gap value H, = 0.05 m.

Graphic dependency analysis of the data provided on Fig. 2, Fig. 3 shows that the
maximum value of tubers let through to the creasing rollers Kgi) =max is:
- for the roots with diameter d, = 0.05 m —84% (Fig. 2 a);
for the roots with diameter d, = 0.1 m—52% (Fig. 2 b);
for the roots with diameter d, = 0.15 mm —30% (Fig. 3 a);
for the roots with diameter d, = 0.2 mm —21% (Fig. 3 b).
The justification of combined root crop cleaner must be held with the condition of

concretized diameter root tuber maximum quantity K,Ei) being let through the worm screw to

the creasing rollers, as far as the K,(]i) criterion value influences the degree of tuber topping that
is total fossil decrease in the root crop in a direct ratio.
The change of K,E') depending on transporter speed v and worm angle speed » has the

following character:
- for root tuber with d, =0.05 m diameter:

- with V increase from 1.2 to 1.8 m/s and worm screw angle speed between 7 < o <
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13 rad/s the root tuber quantity K\®® grows monotonously (Fig. 2 a);

- the maximum quantity of roots let through to the creasing rollers can be reached when
V =1.8m/sand » >10 rad/s;
- forroot tuber with d, =0.1, 0.15and 0.2 m diameter: with transporter speed increase

within 1.2<V <1.6 m/s and worm screw angle speed within 7 < o <12 rad/s the root tuber
quantity K*Y (Fig. 2b), k@) (Fig. 3a) and K\®? (Fig. 3 b) let through to the creasing

rollers monotously grows for the corresponding concretized root diameter values can
- be reached with the following factor combinations respectively:
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Figure 2. Dependency of the root tuber running through the device quantity from the
transporter speed vV and worm screw angle speed when H; = 0.05 m:

a, b —respectively, for d, =0.05;0.1 m

- with feeding transporter speed V >1.5 m/s and worm screw angle speed change
within 11 < » <14 rad/s (Fig. 2 b);

- with feeding transporter speed V >1.5 m/s and worm screw angle speed change
frames of 10< w < 13 rad/s (Fig. 3 a);

- with feeding transporter speed V >1.55 m/s and worm screw angle speed change
frames of 11 < w <13 rad/s (Fig. 3 b).

Further increase in transporter speed V and worm screw angle speed « to the maximum
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values leads to a reverse change in behavior character of K,Ei) —the quantity of tubers let through
greatly decreases.

The results of regression equation analysis (3) established the following:

- optimization parameter of the averaged tuber diameter d, =0.15 m takes the max.

value K% =5205 with the change of transporter speed within 1.5<V <1.6 m/s, worm screw

n.max

pitch T = 0.5 m, radial clearance gap H, = 0.1 m, worm screw angle speed within 10< » <13

rad/s;
- optimization parameter of the averaged tuber diameter d, =0.1 m takes the max.

value K%Y =309 with the change of transporter speed within 1.5<V < 1.6 m/s, worm screw

n.max

pitch T = 0.5 m, radial clearance gap H, = 0.1 m, worm screw angle speed 11 < » <14 rad/s.

16
1 4Conveyor
3 speed V, m/s

The number of passed
[ 3%
w
00
1

Screw angular velocity w, rad/s

Screw angular
velocity w, rad/s a

12 14 16 13
Conveyor speed V, m/s

18.424

15.46

12.5+]
16

954+ 14Conveyor
- speed ¥V, m/s

The number of passed

Screw angular velocity w, rad/s

1n g
Screw angular
velocity w, rad/s

b 12 14 16 12
Conveyor speed V, m/s

Figure 3. Dependency of the root tuber running through the device quantity from the transporter speed vV and
worm screw angle speed when H;=0.05 m; a, b — respectively, for d, =0.15;0.2m

Conclusion. Accordingly, the obtained regression equations (1)—(4) characterize the
change of the quantity of roots let through the worm screw to the creasing rollers depending on
the main constructive-cinematic parameters of the combined root crop cleaner within:

- feeding transporter speed from 1.2 m/s to 1.8 m/s;
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- worm screw pitch from 0.5 to 0.7 m;

- gap between the worm screw and the feeding transporter working branch from 0 to
0.1m;

- worm screw angle speed from 7 rad/s to 15 rad/s.

Based on the graph-analytical analysis the rational parameters of the combined root crop
cleaner have been established, with which the max. quantity of root tubers with averaged
diameter of 0.1 m and 0.15 m can be achieved and is 52% and 29%. At the same time, it has
been established that the feeding transporter speed should be set within 1.5...1.6 m/s, worm
screw angle speed — from 10 to 14 rad/s with pitch of 0.7 m and radial clearance of 0.1 m.

The research results will be used in the design of working bodies, which are designed
to separate impurities from root crops, for example, chicory root crops, table, sugar and fodder
beets.
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PE3YJBbBTATU EKCHEPUMEHTAJIBHUX JOCJ/IIIKEHb
HNPOXOKEHHS KOPEHEIIJIOAIB

Biktop Bapanoschkuii'; Bikrop Tecmok?; Bacuas Jykau®;
Muxoaa Ixkanpuuk®; Anaroaiii Kymmnipenko®; Bacuan Kyank®

Y Tepnoninvcoxuii nayionanvnuii mexuiunuii ynieepcumem imeni leana Ilynios,
Tepuonins, Ykpaina
2Hayionanvuuii ynieepcumem biopecypcis i npupodokopucmysanns Yxpainu,
Kuis, Ykpaina
3Biookpemnenuii niopozoin Hayionanvrozo ynisepcumemy 6iopecypcis i
npupodoxopucmysants Yrpainu « Hisicuncokuil azpapuuii ynigepcumemy,
Hixcun, Yxpaina

Pesztome. [liosuwenns mexnonoziunoi epexmugnocmi pooomu KOpene30upatbHux 30UupanbHux Mauiun,
AKA NOJNA2AE Y NOOANLUOMY 3MEHUIeHHI 3A0pYOHEeHOCMI 80pOXY KOPEHenn00ié OOMIKAMU, € AKMYATbHUM
3as0anuam. Mema docniodcetnb — 0OTPYHMYBAHHSA KOHCIMPYKIMUBHO-KIHEMAMUYHUX NAPAMempI8 podouux opeanie
OYUCHUKA HA OCHOBI AHANIZY OMPUMAHUX eMNIPUYHUX 3AKOHOMIPHOCMEN KiIbKOCHI NPOIOeHUX KOPeHeniooie nio
wiHekoM 00 GIOMUHAnbHUX 8anvyis. Haeedeno pesyrbmamu eKCnepUMEeHMANbHUX O00CAION#CeHb KiIbKOCMI
NpoUOeHUx KOpeHenni00ie 00 8iOMUHAILHUX 8AIbYIE Yepe3 3a30p MIdC WHEeKOM i poO0Y0I0 2iIK0I0 NO0ABAIbHO20
mpaHncnopmepa KOMOIHOBAHO20 OYUCHUKA 80POXY KOpeHennodis. Onucano eKxcnepumenmanbhy YCmaHoeKy ma
MEMOOUKYy NPOBEOEHHsT eKCNePUMEHMANTbHUX — OO0CHIONCEHb Npoyecy NepemijeHnss MAKemHux 3pasKie
KopeHenniodis, oiamemp sikux cmarosus 0.05; 0.1; 0.15 i 0.2 m. Excnepumenmanohi 00CaioNcen s npo8eo0eHo Ha
ocnoei peanizayii nianosanux (axmopuux excnepumenmie muny HDE 2% 3uinnumu paxmopamu npuiivanu
weuoxicms pyxy mpancnopmepa (meoxci eapitosanns 1.2...1.8 m/c), kpox wnexa (meaci sapiroganus 0.5...0.7 m);
3a30p Mixc wHekom i mpaucnopmepom (mexci gapiroganusn 0.05...0.1 m); Kymogy weuoxicms wiHexa (Medxci
eapitosanns 7...15 pad/c). Hasedeno piensnus peepecii, AKi Xapakmepusyroms 3a1edCHICMb 3MIHU KilbKOCMI
NPOUOeHUX KOPEeHennioodié nio WHeKoM 00 BIOMUHANbHUX BANbYi6 6I0 OCHOBHUX NApaMempie KOMOIHOBAHO20
OYUCHUKA MA DPO3MIDHUX XAPAKMEPUCIUK KOpeHennodie kopmosux 0ypskis. IIposedeno amaniz epaghiunux
3a1edCHOCMeEl MA 8CMAHOBIEHO 3HAYEHHs NaApamempis i pexcumie pobomu KOMOIHOBAHO20 OYUCHUKA 3 YMOBU
3a6e3neueHHs MAKCUMALbHOI KiIbKOCMI NpOUOeHUux KopeHnenioolig. 3a pe3yibmamamu 2pago-aHaiimuiHozo
aHanizy 0OIPYHMOBAHO PAYIOHATLHI NApamMempu KOMOIHOBAHO2O OYUCHUKA BOPOXY KOPEHenaiooi8, 3a SKUX
KLIbKICMb NpOti0eHUx KopeHennoodis ycepeouenozo diamempa 0.1 m i 0.15 m € makcumanvrorw il cmaHosums
6i0n06iono 52% i 29%. Ilpu ybomy 6cmano81eHo, ujo WeUOKICMb pyxXy no0asaibHO20 MPAHCnopmepa nepebysac
y medicax 1.5...1.6 m/c, kymosa weuoxicmo wnexa — 6i0 10 0o 14 pad/c 3a kpoky wnexa 0.7 m i padianibnozo
sasopy 0.1 m. Pezynemamu Oocniodcenv € nooarbuum KPOKOM YOOCKOHANIEHHS MemOoOO0N02li pO3PAXYHKY
PAYioOHANbHUX Napamempie pobouUx opeaHie KopeHe3oUpanIbHUX MAUIUH.

Kniouosi cnoea: wmex, nooasanvhuii mpancnopmep, GiOMUHANLHI 6aAnbYl, KIILKICMb NPOUOEHUX
KOpeHennoois.
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