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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 24 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 1H , 

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 1H  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. 

https://doi.org/10.33108/visnyk_tntu
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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 
 i
nK  

passing through the worm screw 3 (Fig. 1) to the clearance gap 1H  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 kd  = 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   ranged from 7 to 15 rad/s, the worm pitch T  was 

0.5 and 0.7 m.  

The value of the radial clearance 1H  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 
 i
nK  

passing to the creasing rollers, a set of elimination experiments has been held to define the 

factors that do not significantly influence the value 
 i
nK , and the diameter of the screw D  does 

not implement a significant change to the quantity of passing tubers 
 i
nK , when the height of 

worm spiral h  is bigger than dummy diameter kd , that is kD 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 
 i
nK  proportionally decreases.  

That is why, further experiments were held with D  = 0.6 m; h  = 0.2 m and z  = 1. 

In order to define the influence of the main factors on the amount of tubers 
 i
nK  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 1x  index;  

- worm screw pitch T , coded with 2x index;  

- radial clearance between worm and working branch of the feeding transporter 1H , 

coded with 3x  index;  

- worm screw angle speed  , coded with 4x  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 

1x  Transporter motion speed V , m/s 1.2–1.8 

2x  Worm screw pitch T , m 0.5–0.7 

3x  Clearance gap between worm and transporter 1H , m 0–0.1 

4x  Worm screw angle speed  , rad/s 7–15 

 

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

tubers let through, written with a functional 
 

1

i

n kK 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 
 i
nK , 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. 



The results of root crop cleaner experimental research 

 

50 …….…. ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (101), 2021https://doi.org/10.33108/visnyk_tntu2021.01 

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 
 i
nK  from the change of four factors for concretized root 

tuber diameters: 

 
 50 2 2

1 157 6 63 5 1 1 10 2 11 6 0 3 0 4nK . . V . H . . V . VH .         ; (1) 

  
 100 2 2

1190 8 174 2 0 9 15 8 56 3 0 7nK . . V . H . . V V .          ; (2) 

  
 150 2 2

191 6 100 3 0 5 6 8 30 4 0 3nK . . V . H . . V .        ; (3) 

  
 200 2 2

160 4 42 0 0 1 7 4 12 2 0 3nK . . V . H . . V .        . (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 
 i
nK  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 
 i
nK  quantity from transporter motion speed V  and worm screw angle speed   in the frame of 

factor variation:  

- transporter motion speed 1.2 V  1.8 m/s; 

- worm screw angle speed 7   15 rad/s; 

- radial clearance gap value 1H  = 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 
 i
nK max  is:  

- for the roots with diameter kd  = 0.05 m – 84% (Fig. 2 a);  

- for the roots with diameter kd  = 0.1 m – 52% (Fig. 2 b);  

- for the roots with diameter kd  = 0.15 mm – 30% (Fig. 3 a);  

- for the roots with diameter kd  = 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 
 i
nK  being let through the worm screw to 

the creasing rollers, as far as the 
 i
nK  criterion value influences the degree of tuber topping that 

is total fossil decrease in the root crop in a direct ratio. 

The change of 
 i
nK  depending on transporter speed V  and worm angle speed   has the 

following character:  

- for root tuber with kd  = 0.05 m diameter:  

- with V  increase from 1.2 to 1.8 m/s and worm screw angle speed between 7  
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13 rad/s the root tuber quantity 
 0 05.

nK  grows monotonously (Fig. 2 a);  

- the maximum quantity of roots let through to the creasing rollers can be reached when 

V  = 1.8 m/s and  10 rad/s; 

- for root tuber with kd  = 0.1, 0.15 and 0.2 m diameter: with transporter speed increase 

within 1.2 V  1.6 m/s and worm screw angle speed within 7   12 rad/s the root tuber 

quantity 
 0 1.

nK  (Fig. 2 b),  150.
nK  (Fig. 3 a) and 

 0 2.

nK  (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: 

 

 
Figure 2. Dependency of the root tuber running through the device quantity from the 

transporter speed V  and worm screw angle speed when 1H = 0.05 m: 

a, b – respectively, for kd  = 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    13 rad/s (Fig. 3 a);  

- with feeding transporter speed V  1.55 m/s and worm screw angle speed change 

frames of 11   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 
 i
nK  – 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 kd  0.15 m takes the max. 

value 
 0 15.

n.maxK  52% with the change of transporter speed within 1.5 V  1.6 m/s, worm screw 

pitch T  = 0.5 m, radial clearance gap 1H  = 0.1 m, worm screw angle speed within 10   13 

rad/s; 

- optimization parameter of the averaged tuber diameter kd  0.1 m takes the max. 

value 
 0 1.

n.maxK  30% with the change of transporter speed within 1.5 V  1.6 m/s, worm screw 

pitch T = 0.5 m, radial clearance gap 1H  = 0.1 m, worm screw angle speed 11   14 rad/s. 

 

 
Figure 3. Dependency of the root tuber running through the device quantity from the transporter speed V  and 

worm screw angle speed when 1H = 0.05 m; a, b – respectively, for kd  = 0.15; 0.2 m 

 

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 

0.1 m; 

- 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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Резюме. Підвищення технологічної ефективності роботи коренезбиральних збиральних машин, 

яка полягає у подальшому зменшенні забрудненості вороху коренеплодів домішками, є актуальним 

завданням. Мета досліджень – обґрунтування конструктивно-кінематичних параметрів робочих органів 

очисника на основі аналізу отриманих емпіричних закономірностей кількості пройдених коренеплодів під 

шнеком до відминальних вальців. Наведено результати експериментальних досліджень кількості 

пройдених коренеплодів до відминальних вальців через зазор між шнеком і робочою гілкою подавального 

транспортера комбінованого очисника вороху коренеплодів. Описано експериментальну установку та 

методику проведення експериментальних досліджень процесу переміщення макетних зразків 

коренеплодів, діаметр яких становив 0.05; 0.1; 0.15 і 0.2 м. Експериментальні дослідження проведено на 

основі реалізації планованих факторних експериментів типу ПФЕ 24. Змінними факторами приймали 

швидкість руху транспортера (межі варіювання 1.2…1.8 м/с), крок шнека (межі варіювання 0.5…0.7 м); 

зазор між шнеком і транспортером (межі варіювання 0.05…0.1 м); кутову швидкість шнека (межі 

варіювання 7…15 рад/с). Наведено рівняння регресії, які характеризують залежність зміни кількості 

пройдених коренеплодів під шнеком до відминальних вальців від основних параметрів комбінованого 

очисника та розмірних характеристик коренеплодів кормових буряків. Проведено аналіз графічних 

залежностей та встановлено значення параметрів і режимів роботи комбінованого очисника з умови 

забезпечення максимальної кількості пройдених коренеплодів. За результатами графо-аналітичного 

аналізу обґрунтовано раціональні параметри комбінованого очисника вороху коренеплодів, за яких 

кількість пройдених коренеплодів усередненого діаметра 0.1 м і 0.15 м є максимальною й становить 

відповідно 52% і 29%. При цьому встановлено, що швидкість руху подавального транспортера перебуває 

у межах 1.5…1.6 м/с, кутова швидкість шнека – від 10 до 14 рад/с за кроку шнека 0.7 м і радіального 

зазору 0.1 м. Результати досліджень є подальшим кроком удосконалення методології розрахунку 

раціональних параметрів робочих органів коренезбиральних машин. 

Ключові слова: шнек, подавальний транспортер, відминальні вальці, кількість пройдених 

коренеплодів. 
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