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Summary. Fodder beet pulp is harvested separately using the principle of cutting it at the root. The 

agrophysical characteristics of root crops (location of their heads relative to the soil surface) greatly affect the 

process of separating the remains of the pulp from the heads. At the same time, it is advisable to carry out the 

technological process of collecting scallions in a combined (two-stage) way. It combines the cutting of the main 

mass of the gorse and the subsequent removal of the remains of the gorse from the heads of root crops with cutters 

of the «passive copier-passive knife» type. The aim of the research is to increase the functional indicators of the 

gorse-harvesting modules by developing improved working bodies for cutting the gorse. The article provides a 

description of the technological process of the improved cutter for the remnants of hemlock and the results of 

comparative experimental studies of three designs of cutters. 
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Statement of the problem. Reconstruction of the production potential of Ukraine in the 

post-war period is impossible without sustainable development of the agro-industrial complex. 

The livestock sector is an important link in ensuring the country's food security. In this context, 

fodder beet root crops are one of the types of juicy fodder for dairy cattle. Fodder beet pulp is 

one of the sources of renewal of soil fertility after it has been incorporated into the soil 

environment [1]. 

The problem of improving of haulm-cleaning modules technical level, cutting haulm 

quality indicators are their assessment critieria, remains particularly relevant in terms of further 

development of root crops technique [2]. 

Haulm harvesting is one of the most labor-intensive operations in the technological 

process of fodder beet production. Modern directions for the development of single-phase 

propelled root crops machines provide block-modular principle of their construction. Two-stage 

method of haulm harvesting is the first stage of single-phase technology of harvesting root 

crops – cutting the main body of haulm by rotary haulm cutter followed by cutting the remnants 

of haulm by a «passive copier-passive knife» re-cutter [3, 4, 5]. 

Since the first development and application of technical devices and facilities for 

mechanical harvesting of root crops extensive experience in the establishment of relevant 

working bodies and machines has been gained in the world practice. Agrobiological and 

mechanical properties of root crops and haulm of fodder beets, their location relative to the 

surface of the soil largely influence the work conditions modules of harvesting haulm. These 

indicators accordingly regulate construction features of working bodies for harvesting the main 

array of haulm and cutting off its remnant from root crops heads [6, 7, 8]. 
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Reduction of root crops yield during the harvesting is caused by their losses during 

digging up and haulm harvesting. This is due to significant number of root crops knocked out 

from the soil (1.5...2.0%) and damaged root crops (15...20%), of these by chipping surface of 

heads cutting – up to 10%. At the same time the wastes of cutted root crops heads with haulm 

to the total mass are within 5...8%, and the pollution of root crops thresh by remnants of haulm 

amounts to 3...5% [9, 10, 11, 12, 13]. 

Obtained indicators of operating machines for haulm cleaning or their harvesting 

modules are unsatisfactory. They do not correspond to the established parameters in accordance 

with the agrotechnical requirements on the basis of their imperfection constructive and technical 

decisions the main working bodies – rotary haulm cutters and of haulm remnants re-cutters of 

root crops heads. 

There are a lot of design and layout schemes for cutting and harvesting haulm and 

working bodies of beet harvesting machines: from haulm cutting rotors to fodder root re-cutters. 

This is related to both the harvesting technologies and agro-technical requirements for haulm 

cleaning and roots vegetables quality indicators [14, 15]. 

There are many ways of mechanical haulm removal of root crops such as cutting, 

beating down, tear off. Cutting and knocking down of haulm are the most common ones. 

Based on the study of technological processes of cutting haulm and constructive-

technological schemes of haulm harvesting modules and haulm harvesting machines of 

domestic and foreign production one can be stated the following. At present haulm-cutting 

devices typically cut haulm only on the principle "on the root". In such case main body haulm 

harvesting occurs without copying the heads of root crops and and haulm remnants cutting – 

with copying of root crops heads by differernt mechanisms [16, 17, 18, 19]. 

Therefore improvement of structural and layout schemes and working bodies of 

machines for haulm harvesting or haulm harvesting modules and substantiation parameters of 

their working bodies should be carried out taking into account the specific properties of this 

process. This is particularly important and actually in providing the necessary quality indicators 

of work according to the agrotechnical requirements [20, 21]. 

Statement of the problem. Objective of work is to increase technological process 

indicators of haulm harvesting of fodder beet root crops through the development and 

substantiation of working parameters of haulm harvesting machines. 

Materials and methods. One of the ways to increase the efficiency of the technological 

process of harvesting root crops, which is a complex scientific and technical task, is the search for 

new structural schemes of working bodies and improved root harvesting modules created on their 

basis, which are component systems of modern self-propelled root harvesting machines, Fig. 1. 

 

 
 

Figure 1. General diagram of a self-propelled bunker harvester  
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Mostly, the structural and layout schemes of self-propelled bunker harvesters and root 

harvesting machines of the world's leading companies are of the same type and have a similar 

structure, Fig. 1.  

On the frame chassis, which rests on the support wheels, in front of the steered wheels 

of the machine, a chaff collecting module is attached to implement a two-stage method of chaff 

collection and a module for digging root crops , in the space between the bases of the chassis – 

a cleaning and transportation module dug pile of root crops and the module for accumulating 

cleaned root crops from impurities, which, as a rule, is made in the form of a hopper-

accumulator of root crops and an unloading conveyor, and behind the hopper-accumulator – a 

power module, or an engine. The cabin with the machine's control bodies and working bodies 

is installed above the front steerable wheels of the machine [22]. 

Devices that carry out haulm cutting on the root by the cutting method are divided into 

machines for single-phase haulm cleaning method and machines for the two-phase method of 

haulm harvesting, which in turn are divided according to the type of job. Cutting, during which 

haulm cleaning is the result of knife blade cutting, is applied both for the bulk haulm harvesting and 

its remnants while cutting heads of root crops. And the knives, which can be active or passive, carry 

out haulm cutting without anti-cutting elements or counter movement of knives. Primarily it is 

caused by root crops properties, fodder beet haulm and harvesting or using haulm technology – 

using haulm for fodder or as an organic fertilizer by spreading it on a harvested field [23, 24]. At 

the same time, mechanized harvesting of a chicory root crop involves performing two consecutive 

and related technological operations or stages [25], they are cutting off the main array of the plant 

and trimming the remains of the branch from the heads of the roots crops [26].  

Based on the study of technological processes that implement the cutting of the tops of root 

crops and technological schemes of haulm harvesters and technical means of domestic and foreign 

production [27], it can be stated that at the present stage, haulm harvesters cut the main mass of 

haulm only according to the principle «on the vine», which perform haulm harvesting without 

copying the heads of root crops [28]. Depending on the further use of the cut plant, there are two 

ways of harvesting the majority of the plant: loading the plant that has been cut by the disk working 

bodies (Fig. 2) or using it for animal feed; and spreading the plant which has been cut and chopped 

by rotary cutter knives on the surface of the field as siderates or fertilizers [29, 30].  

 

 
 

Figure 2. Scheme of the main operations for harvesting the tops of root crops  
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In connection with the significant increase in the price of energy resources, and in most 

cases of significant contamination of the biological structure of the leaves of haulm with 

herbicides and pesticides, the method of harvesting haulm for animal feed is not used. In this 

case, it is more effective to transplant the cut root crop into the soil environment [31, 32].  

Based on the analysis of quality work indicators and technological parameters of haulm 

harvesting, we proposed an improved machine for haulm harvesting that is used according to the 

chosen haulm harvesting technology or method of haulm usage. 

A well-known cutter for the remnants of root vegetables (Fig. 3), each of them is 

designed as a parallelogram hinged suspension. Passive comb copier 2 and knife 3 are mounted 

sequentially on the bracket 1 of parallelogram hinged suspension 1 [33, 34, 35]. 

Each knife 3 is designed as two-arm lever 5. The lever is installed at its finger 6 pivotally. 

The finger rigidly is fixed on a support 7, which is connected to the bracket 1 rigidly. Working 

stroke of the blade 4 of the cutting edge of the knife 3 in the horizontal plane is limited to support 

8 which is mounted on the vertical finger 6 and support 9. The knife 3 is spring-loaded through a 

spring 10, one end of which is fixed on a two-arm lever 5, and the second – on the fixed support 

7. Shock absorber blow is made in the form of gasket 12 of elastic material, or, for example, 

compression spring. It is installed between the bracket 1 parallelogram suspension and copier 2. 

 

 
 

Figure 3. Construction diagram of the cutter of the remains of the haulm from the heads of root crops: 

1 – the riser; 2 – copier; 3 – knife; 4 – knife blade; 5 – two-arm lever; 6 – finger; 7 – fixed support; 

8 – support; 9 – stop; 10 – arm of lever; 11 – spring; 12 - shock absorber blow 

 

However, due to the rigid connection of the copying parallelogram of the suspension, 

the proposed cutter damages a significant part of fodder beet root crops. Damage to root crops 

occurs due to significant dynamic loads that appear in the process of contact interaction between 

the copier and the head of root crops. 

On the basis of the analysis of the obtained work quality indicators and the technological 

indicators of the beet pulp harvesting, we have proposed improved haulm of the fodder beet 

pulp residue cutter. 

For more efficient elimination and damage to the root crops in the process of dynamic 

contact of the copier 2 (Fig. 3) with the root crop, we have proposed an improved design of the 

root crop of root crops, the use of which can significantly improve the quality of cutting of the 

residues of bush and the general indicators of the process of harvesting. To reduce the dynamic 

load on the body of the root crop, the design of the riser 1 was improved, which was associated 

with the parallelogram mechanism (Fig. 3 is not shown), copier 2 and knife 3. 

The advanced construction of the riser, which is associated with a parallelogram 

mechanism and a copy of the outline of the remains of a bush from the heads of the root crops 

is shown in Fig. 4. 
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Figure 4. Generalized scheme of advanced riser of the outline of the remnants of the bush from the heads of 

the root crops: 1 – the riser; 2 – moving; 3 – finger; 4 – the side restrictive; 5, 6 – the restraint, respectively, 

upper and lower; 7 – roller; 8 – compression spring; 9 – a roller bracket; 10 – supporting plate 

 

Inside the riser 1 (Fig. 4) is mounted by moving thrust 2, which at the top goes into 

finger 3. The lower part of the moving thrust is fixed to the plate copier 2 (Fig. 3), which is 

rigidly bound to the cut with a knife 3. To the lateral surface of the moving traction 2 (Fig. 4), 

the bracket 9 is fixed rollers 7, which move up and down into their grooves formed by restrictive 

sides 4. The movement of moving rollers is limited by the upper 5 and lower 6 limiters, which 

are made in the form of flat plates. The compression spring is inserted into the finger 3, the 

upper part of which rests on the thumbnail 10. 

In the process of work, part of the dynamic load resulting from the contact interaction 

of the copier 2 (Fig. 3) with the head of the root crop is transmitted through moving thrust 2 

(Fig. 4) and compensated (spent) for compression of the spring 8, which reduces components 

(horizontal and normal tangent) forces of pressure on the root. 

Additionally, due to the shock absorber blow that is made in the form of gasket 12 (Fig. 3) 

impact force of copier is significantly reduced. A part of the impact energy is spent on the 

deformation of the shock absorber or compensated for deformation gaskets and it reduces beating 

out from the soil or damage of root crops. 

To determine use efficiency of improved re-cutter construction mounted on the machine 

field comparative experimental studies of three types cutters: a standard cutter of root crops heads 

(firms «Kleine», «Moreau», «Tim» etc., version 1), cutter of root crops heads which has a spring-

loaded knife and copier is installed on shock absorber in the form of an elastic plate (version 2) 

and an advanced specimen of the remains of a haulm from the heads of root crops, a riser 1 of 

which was made according to Fig. 4 (version 3). 

Variable factors of two-factor experiment were accepted: machine speed; root crops 

height relatively to the soil level. The results of coding and levels of variation of factors are 

shown in the table 1 below. 
 

Table 1 
 

Results of coding of factors and their levels of variation 
 

Factors 
The interval of 

variation 

Levels of variation, 

(Natural/Coding) 

Working speed of the module 
М

V , m/s 0,3 1,2/-1 1,5/0 1,8/+1 

The height of placement of root crops in 

relation to soil level 
r

h , cm 
3 3/-1 6/0 9/+1 
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Results and discussion. After processing the numerical values of the general sample 

(sample volume – 100 root crops of fodder beets), regression equations were obtained, which 

characterize the functional dependence of the change in the optimization parameter on the 

progressive speed 
M

V  of the boggy modulus of the location of the location 
r

h  of the codes of 

root crops relative to the surface of the soil: 

- the number of fodder beet-boiled root crops from soil 
ir

B  from the total number of 

root crops of one sample 
 

2 2

1

2 2

2

2 2

3

13,7 17,1 4, 4 1,7 3,1 0,3 ;

20,8 14,6 5,8 0,8 5, 2 0,5 ;

11, 2 9, 2 4, 4 0, 4 4, 2 0,5

r M r M r M r

r M r M r M r

r M r M r M r

B V h V h V h

B V h V h V h

B V h V h V h

      


      


      

; (1) 

 

- the number of damaged root crops of fodder beet 
ir

П  from the total number of root 

crops of one sample 
 

2 2

1

2 2

2

2 2

3

19,9 38,3 13, 2 3,8 10, 4 1,0 ;

7,9 12,9 13,6 4, 2 5, 2 0,8 ;

65,6 39,8 15,8 3,8 7,3 1,0

r M r M r M r

r M r M r M r

r M r M r M r

П V h V h V h

П V h V h V h

П V h V h V h

      


      


      

. (2) 

 

According to the regression equations (1)–(2), a graphic integration of functional 

changes in optimization parameters in the ode of the response surface: the number of fodder 

beet – boiled root crops from soil 
ir

B  from the total number of root crops of one sample, Fig. 5, 

Fig. 6; the number of damaged root crops of fodder beet 
ir

П  from the total number of root crops 

of one sample, Fig. 7, Fig. 8. 
 

 
 

Figure 5. The response surface of the number of root of root crops from the soil as punks ( , )
ir В M r

В f V h  
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Figure 6. Two-dimensional section of the response surface as a function of ( , )
ir В M r

В f V h  

 

 
 

Figure 7. The response surface of the amount of damaged root crops as punks ( , )
ir П M r

П f V h  

 

Based on the analysis of regression equations (1) and response surfaces (Fig. 5, Fig. 6) 

established that the character of change in the number of knocked out root crops from the soil 

Bir, for of three types cutters constructions is the same. With increasing speed of the machine 

VM and root crops height hr relatively to the soil level, values of Bir increase as a percentage of 

root crops (B1r, B2r, B3r, Fig. 5, Fig. 6). Moreover the largest number of knocked out root crops 

from the soil, as a percentage of root crops Bik is observed in standard cutter, whose values are 

in the range of B1r = 5…53%. Accordingly, the minimum values of number of knocked out root 

crops from the soil B3r = 4…34% is inherent for cutter, in which knife is made spring-loaded 

and copier rigidly is fixed on the shock absorber which is designed as an elastic plate. 
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Figure 8. Two-dimensional section of the response surface as a function of ( , )
ir В M r

П f V h  

 

The significant decrease in the number of root crops knocked out from the soil B3r 

relatively B1r is reached by replacing rigid processes of cutting haulm on the process of 

cutting by method of sliding the blade cutting edge of spring-loaded knife  and partial 

compensation of the horizontal component of knocked out root crops through shock 

absorber. 

The height of placement of heads root crops in relation to soil level is the dominant 

factor, which influence on parameter optimization indicators or the number of knocked out 

roots hr from the soil (Fig. 5, Fig. 6). 

Within the limits of increasing this factors from 3 to 9 cm the number of root crops 

knocked out from the soil by working bodies of all types cutter are increasing: Bir – on average 

in 6 times. 

Based on the analysis of the constructed response surfaces and their two-dimensional 

sections (Fig. 7, Fig. 8), it was established that the nature of the change in the number of 

damaged root crops 
1r

П , 
2r

П , 
3r

П  for the three types of construction design of the trimmer is 

similar – with an increase in the speed of movement of the picker module VM and the height of 

the location hr of root crops relative to the soil surface level, 
ir

П  values increase. 

At the same time, the largest number of damaged root crops 
ir

П k, as a percentage of 

the number of root crops, is observed in the serial pruner, the values of which are in the range 

of 
1r

П  = 5...32%. 

Accordingly, the minimum values of the number of damaged root crops 
3r

П  = 0...19% 

were obtained for the pruner, in which the knife is spring-loaded, and the copier is rigidly 

installed on the shock absorber, which is made in the form of an elastic gasket. 

A significant reduction in the number of damaged root crops 
3r

П  relative to 
1r

П  is achieved 

by replacing the rigid process of "cutting down" the stalks of the gorse with a cutting process by 

sliding the blade of the cutting edge of the spring-loaded trimmer knife and partially compensating 

the horizontal component of the contact force of the root crops with a shock absorber. 

The dominant factor that affects the indicator of the optimization parameter or the 

number of damaged root crops is the height of the root crop heads relative to the soil level hr 

(Fig. 7, Fig. 8). 

Within the limits of the increase in the height of the roots above the soil surface from 3 

to 9 cm, the number of damaged roots by the working bodies of all three types of execution of 

the cutting knife and the copier of the cutter of the picker module increases 
ir

П  on average by 

6...8 times. 
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Conclusions. Thus, improved design of haulm remnants re-cutter of root crops of 

fodder beet consists of re-cutter, which is designed as a passive copier and is mounted on 

shock absorbers and of spring-loaded knife. Using this design is allowed to intensify the 

process of removing haulm remnants, while the number of root crops knocked out from the 

soil is reduced by about 1.5 ... 2.0 times. 
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Резюме. У всесвітній практиці гичку кормових буряків збирають машинами роздільного збирання, 

використовуючи принцип зрізування гички на корені. Найбільш розповсюджений спосіб – роздільний, під 

час якого використовуються універсальні машини для збирання гички як кормових, так і цукрових буряків. 

Загальні властивості гички та коренеплодів, розміщення їх головок відносно поверхні грунту тощо 

значною мірою впливають на процес відокремлення залишків. Враховуючи специфічні механіко-

технологічні властивості зв’язку гички з коренеплодами, можна зробити висновок, що технологічний 

процес збирання гички доцільно здійснювати комбінованим (двостадійним) способом, який містить 

зрізування основного масиву гички з наступним видаленням залишків гички на головках коренеплодів 

обрізниками типу «пасивний копір-пасивний ніж». Метою досліджень є підвищення функціональних 

показників роботи гичкозбиральних машин шляхом розроблення удосконалених робочих органів для 

зрізування гички. Наведено опис технологічного процесу роботи удосконаленого обрізника залишків гички 

з головок коренеплодів і результати порівняльних експериментальних досліджень трьох конструкцій 

обрізників. При цьому найбільша кількість вибитих коренеплодів з ґрунту від кількості коренеплодів 

спостерігається у серійного обрізника, значення якого знаходяться у діапазоні 5…53%. Відповідно, 

мінімальні значення кількості вибитих коренеплодів 4…34% відповідають удосконаленому обрізнику, в 

якого ніж виконаний підпружиненим, а копір жорстко встановлено на амортизаторі. 

Kлючові слова: кормові буряки, залишки гички, технологічний процес, обрізник головок 

коренеплодів, копір, підпружинений ніж, багатофакторний експеримент, емпірична модель, вибиті 

коренеплоди. 
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