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DETERMINATION OF THE 

PATTERNS OF CHANGES IN 

THE QUALITY INDICATORS OF 

CRUSHING CORN AND SUNFLOWER 

STEMS BY WORKING BODIES OF 

TECHNICAL EQUIPMENT

The object of research is the technological processes of crushing plant residues, corn and sunflower stalks, working bodies of single 
and double roll crushers, disk harrow, as well as combined unit consisting of disk harrow and single roll crusher. The relevance of the 
research is due to the need to solve the problem of increasing the efficiency of technological crushing operations by intensifying (increas-
ing ) the effects of the working bodies of the tools on the plant environment.

A prototype of double roll crusher was developed and manufactured, the cutting knives of which are placed across the entire width 
of the grip in a staggered manner with the ability to change the angle of inclination to the axis of rotation of the drum in the range  
of 6–10°. The highest value of the relative frequencies of corn crushing by double roll crusher belonged to the ranges of 51–100 mm 
and 101–150 mm, the sum of which was 56% and 52%, respectively. The largest share of 48.25% of crushed sunflower stalks by double 
roll crusher was established for the range of 51–100 mm. The sum of the percentages of crushed sunflower stalks in the ranges less than 
50–100 mm was 77.62%, which is 2.36 times more than the similar indicator of single roll crusher, 3 times more than that of a harrow, 
and almost coincided with the indicators of a combined unit. In a disk harrow, the largest number of shares of crushed corn stalks 42.2% 
belonged to the range of 151–200 mm, and sunflower stalks 35.2% to the range over 201 mm. In a combined unit, the largest value  
of the percentage of crushed stalks was established in the range less than 50 mm. For corn, the specified value was 65.4%, for sunflower 
41.5%, respectively. The contribution of single roll crusher to the total percentage of crushed stems in the range of up to 150  mm in  
a combined unit was 44.7% for corn and 47.7% for sunflower.

The results of the research are recommended for crop growing systems under the conditions of choosing rational technical and 
technological solutions for crushing plant residues.

Keywords: stalk crushing, single and double roll crushers, disc harrow, combined unit, crushing quality indicators, corn and 
sunflower stalks.
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1. Introduction

Plant residue crushers are among the key technical and techno-
logical factors of modern technologies for growing various agricultural 
crops. Roll crushers are used for processing rapeseed, sunflower, corn, 
industrial hemp stubble, as well as for harvesting green manure. The 
use of roll crushers makes it possible, with a minimum level of mainte-
nance, high durability even in drought, to ensure high efficiency of or-
ganic mass distribution on the field surface, fine-grained soil structure, 
and combing out carrion and weed shoots [1, 2]. Rollers are character-
ized by versatility, and can be used with a front or rear attachment [3, 4].

There are one-section and two-section roll crushers. All these types 
of machines have a closed type of drums (rotors). The design features 
and determination of quality indicators of crushing of coarse-stemmed 
crops by one-section roll crushers are discussed in detail in [5, 6].

Two-section (double) roll crushers with knives attached directly 
to the shaft are known, which allows for maximum stability, optimal 

crushing , high productivity, and low fuel consumption  [7]. Roller 
designs use shafts with diameter of 280  mm (TSW  600, Germany), 
300 mm (Cultro 6 TC, Germany; HIT 3, Ukraine), 350 mm (Terra 
Tandem  600, Germany), 375  mm (Pro Cut  3, Poland). Shafts with 
diameter of 480 mm are used in rollers (GRIZZLY AL420D, Bulgaria), 
560 mm (WN Tandem HD 6.0Н, Poland) and up to 650 mm ( Volta 
9000-LS, Ukraine). The number of rows of knives can be 6–12 pieces, 
with a loading of up to 7.1  kN  [8, 9]. It should be noted that the 
force per meter of the working width also varies. For example, the 
Vibrocut 6000 (Germany) chopper roller has 11.7 kN, Volta 9000-LS 
(Ukraine) 5.9 kN, MAXICUT3 (Poland) 3.8 kN, GRIZZLY AL420D 
(Bulgaria) 4.4  kN. The advantages of double roll crushers include 
the fact that the cross arrangement of the roller sections prevents 
the formation of untreated areas of the field. The working width 
is  3–12 m. With a working width of 9 m and more, only rear attach-
ment is possible. High productivity is ensured by an operating speed 
of up to 20 km/h [10].
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There are known designs in which the knives are mounted at an an-
gle to the roller axis, which achieves uniform load distribution [11, 12]. 
In addition, these design conditions prevent the machine from swaying. 
For maximum stability and reliability of operation, the knives are fixed 
directly to the shaft. For optimal copying of the soil surface, the sections 
with knives are attached to the frame using rubber belts. Thanks to this, 
the working bodies copy the soil surface well, and the shafts with knives 
are protected from overloads [13]. If necessary, the chopper rollers are 
additionally equipped with compacting rollers or a heavy harrow [14].

A design of two consecutively arranged drums with a diameter of 
390 mm, having opposite blades [15]. This provides a very thin cross-
section in the soil. The design of the drums without an internal axis 
performs particularly well in conditions of contact with a large amount 
of plant residues or on wet soil [16]. The material is literally thrown into 
the center. The advantages of the designs include short drum sections. 
Each element has a width of only 75 cm [17, 18]. This optimizes the 
adaptation of the tool to the soil culture. Irregularities caused by the 
tractor tracks are also amenable to processing. It can be used at speeds 
up to 25 km/h with extremely low fuel consumption [19].

The aim of research is to determine the patterns of changes in the 
quality indicators of crushing corn and sunflower stalks by the work-
ing bodies of technical means. This will make it possible to increase 
the efficiency and level of controllability of technological processes of 
crushing plant residues by single and double roll crushers, disc harrows 
and combined units.

To achieve the set aim, the following objectives were solved:
–	 to propose a design and manufacture a prototype of double roll 
crusher with variable angles of inclination of the cutting knives rela-
tive to the axis of rotation;
–	 to determine the quality indicators of crushing corn and sun-
flower stalks by the working bodies of single roll crusher, double 
roll crusher, BDVP-3.8 disk harrow, combined unit consisting of 
BDVP-3.8 disk harrow and single roll crusher.

2. Materials and Methods

The object of research is the technological processes of crushing 
plant residues, corn and sunflower stalks, working bodies of single and 
double roll crushers, disk harrow, as well as a combined unit consisting 
of disk harrow and single roll crusher.

The subject of research is the interaction of the working bodies of 
a one-section, two-section roller, a disk harrow, as well as a combined 
unit with plant material (corn, sunflower stalks).

The scientific hypothesis is that there are such technical and 
technological solutions, the implementation of which will make it 
possible to carry out the technological process of crushing with the 
greatest efficiency.

Experimental samples of the above-mentioned rollers and the 
combined unit were studied in the conditions of the experimental 
plots of the State Enterprise Research Farm "Olenivske" of the Institute 
of Mechanics and Automation of Agroindustrial Production of the 
National Academy of Agrarian Sciences of Ukraine. The study was also 
conducted in the conditions of the experimental plots of LLC "Kras-
nyanske SE "Agromash" ( Vinnytsia region, Ukraine).

Table  1 shows the average values of the indicators according to 
which the study was conducted.

According to the research program, a single pass was made over 
the agrobackground, which was a flat area of the field after har-
vesting corn and sunflower. During the research, the indicators of 
crushing and incorporation of plant residues into the soil were deter-
mined. The aggregation of the one-section and two-section chopper  
rollers was carried out by the MTZ-80 tractor. The aggregation of  
the BDVP-3.8 disk harrow and the combined unit was carried out by 
the Case IH MAGNUM 290 tractor.

Table 1

Conditions of research of rollers and the combined chopper roller unit

No. Parameter Value (sunflower) Value (corn)

1 Ambient temperature, °С 18 23

2 Air humidity, % 64 34

3 Wind speed, m/s 2.1 1.3

4 Crop sunflower corn

5 Predecessor corn sunflower

6 Soil humidity, % 24–25 20–22

7 Soil type Black soil Black soil

8 Moving speed, km/h 7.0–7.5 7.0–7.5

9 Working width, m 3.8 3.8

10 Row spacing, mm 700 750

11 Stalk spacing in a row, mm 220 200

12 Average stalk diameter, mm 310 225

13 Average stalk height, mm 853 297

14 Average crop residue weight, g 462 367

15 Tractor power, kN 3 3

16 Roll crusher assembly hinged hinged

The collection of samples of crushed plant mass was carried out in 
different places of the field both along the width of the working bodies 
of the roller and along the length of the swath. In the places determined 
in this way, a wooden control frame measuring 1  ×  1  m was placed. 
From the area of the frame, plant residues located both on the soil 
surface and at the entire depth of cultivation were collected in specially 
prepared and signed bags.

Sorting of the selected crushed stems into fractions, determination 
of their lengths, weight and humidity was carried out in laboratory con-
ditions. The length of the fractions of crushed stems was determined 
with a ruler. The value of the determined length of each stem particle 
was entered in the table. The number of stem particles that entered the 
selected size intervals made it possible to establish the frequency of par-
ticle occurrence in each interval. The grouping of data was smoothed 
by random fluctuations that are inherent in a small amount of data 
capable of preserving the main, characteristic features of the collected 
experimental material as a whole. Setting the number and size of group 
intervals did not lead to significant losses in relation to the process. 
Experimental data were grouped by intervals of the same size (50 mm) 
in the ranges of 0–50 mm, 51–100 mm, 101–150 mm, 151–200 mm,  
over 201  mm. Under these conditions, tables of all lengths of plant 
residue fractions were compiled.

The study was conducted at speeds of 7.2 km/h with three repeti-
tions of each experiment.

The length of the accounting area was determined with a RT-30 tape 
measure, error ± 0.5 cm, the length of the crushed stems – by equally ac-
curate measurements with 100 cm metal ruler, error ± 0.2 mm. It should 
be noted that according to the law of large numbers of probability 
theory, with a large total number of experiments with a probability 
close to certainty, the relative frequency (statistical probability) of an 
event differs little from the probability of this event itself [20].

The weight of the package with selected plant residues, as well as 
the weight of individual fractions of crushed residues, was determined 
by scales in laboratory conditions.

The moisture content of the raw material was determined by the 
weighing method according to DSTU ISO 6496:2005.

The analysis of the processes of crushing and processing of plant 
residues was carried out by statistical methods. The analysis was car-
ried out on a sample of stem particles formed in certain predetermined 
ranges. The results were processed in the Microsoft Excel environment. 
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It is known that in agricultural production for many stationary random 
processes (which include the quality of crushing of plant residues) it is 
characteristic that one implementation of sufficient duration completely 
represents the entire function. Such processes are called ergodic, and 
this property is called ergodic. In ergodic processes, the average values 
of the characteristics in any implementation are the same. Therefore, 
the characteristics of such a random function can be determined by 
one sufficiently long implementation [20]. Graphical dependences of 
asymptotic relative frequencies of each result were constructed, as well 
as the accumulated sum of relative frequencies [21].

Correct determination of quality indicators of crushing corn and sun-
flower stalks in experimental studies implied the following assumptions:

1.	 The direction of movement of the energy source in all experi-
ments was assumed to be the same.

2.	 The frame on the studied agrobackgrounds was installed in 
areas outside the possible direction of movement of the energy source 
and technological transport.

3. Results and Discussion

3.1. Development of double roll crusher
The research results on single roll crusher of plant residues, devel-

oped and manufactured earlier, are detailed in [1, 2, 4, 6].
The double roll crusher was developed to increase the efficiency 

of crushing and partial incorporation of plant residues, surface stubble 
cultivation with low traction resistance.

Fig. 1 shows a side view of double roll crusher under conditions of 
operation with two drums.

 
Fig. 1. Scheme of double roll crusher of plant residues (side view):  

 1 – frame; 2 – subframe; 3 – drums; 4 – hydraulic cylinders; 5 – brackets; 

6 – cutting knives; 7 – flanges; 8, 9, 10 – fingers

The double roll crusher of plant residues consists of a frame 1, on 
which a subframe 2 is hingedly fixed through fingers 10. Two sections 5 
with two drums 3 are installed on it using flanges 7, on which cutting 
knives 6 are installed in a staggered manner across the entire width of 
the grip. In the upper part of the chopper, two hydraulic cylinders 4 are 

hingedly fixed using fingers 8, 9, which perform radial lowering and 
raising of sections 5 in a vertical plane. Sections 5 with two drums 3 are 
rigidly fixed on the subframe 2 using flanges 7.

The double roll crusher works as follows. Pressed to the ground 
under its own weight, or by means of the tractor’s hydraulic system in 
the "floating" position, sections 5 with drums 3 with cutting knives 6 
roll over the stubble of the harvested field. On the surface of the field 
there are remains of corn, sunflower, rapeseed or other plant stalks. 
Drums  3 with cutting knives 6 of section 5 come into contact with 
plant residues, as a result of which they are cut. Cutting of residues 
into fractions can be regulated by means of two hydraulic cylinders 
4, which carry out radial lowering and raising of one or two drums 3  
in a vertical plane.

The double roll crusher of plant residues can work both as part of 
a  trailed combined unit for crushing and processing plant residues with 
simultaneous tillage and autonomously as a trailed machine aggregated 
with a tractor.

The technical characteristics of the single and double roll crushers 
of plant residues are given in Table 2.

The features of the proposed design of double roll crusher of plant 
residues include the fact that the cutting knives are placed across the 
entire width of the grip in a staggered manner with the ability to change 
the angle of inclination to the axis of rotation of the drum in the range 
of 6–10°. In addition, the double roll crusher of plant residues is distin-
guished by the fact that the sections with two drums are rigidly fixed to 
the subframe using flanges, and the drums are the supporting element 
of the machine with the ability to adjust the depth of soil cultivation.

The structural and functional diagram of the combined unit con-
taining single roll crusher in combination with BDVP-3.8 disk harrow 
is shown in Fig. 2, and the technical characteristics are in Table 3.

Table 2

Technical characteristics of the single and double roll crushers  

of plant residues

No. Indicator

Value

One-

section

Two-

section

1 Diameter of the roller drum, mm 330 330

2 Length of the roller drum, mm 2000 2000

3 Width of the experimental sample, mm 4200 4200

4 Weight of the experimental sample, kg 1200 1500

5 Number of drums, pcs. 2 4

6 Number of rows of knives, pcs. 6 6

7 Distance between the blades of the knives, mm 165 165

8 Knife size (length, width, thickness), mm 505/76/8 505/76/8

9 Number of knives in a row, pcs. 4 4

10 Knife sharpening angle, ° 30 30

11 Knife tilt angle, ° 12 12

 
Fig. 2. Structural and functional diagram of the combined unit consisting of disk harrow BDVP-3.8 and single roll crusher:  

1 – power unit; 2 – coupling device; 3 – roll crusher knives; 4 – section of roll crushers; 5 – hydraulic cylinder; 6 – section of cut spherical discs; 7 – frame; 

8 – side screens; 9 – section of solid spherical discs; 10 – support wheels; 11 – compacting rollers
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Table 3

Technical characteristics of the combined unit for tillage and mulching soil 

with plant residues (disk harrow BDVP-3.8 + single roll crusher)

No. Parameters
BDVP-3.8 + single 

roll crusher

1 Machine type semi-trailer

2 Working width, m 3.8–4.2

3 Productivity, ha/h 3.0–4.6

4 Working speed, km/h 8–12

5 Soil cultivation depth, mm up to 22

6 Transport speed, km/h up to 20

7 Transport width, mm, no more 4200

8 Disk diameter, mm 710

9 Disk thickness, mm 7

10 Square shaft, mm 40 × 40

11 Load per disk, kg 110

12 Fuel consumption, l/ha 10–15

13 Tractor power, hp 140–150

14 Roller drum diameter, mm 330

15 Roller drum length, mm 2000

16 Width of experimental sample, mm 4200

17 Weight of experimental sample, kg 1200

18 Number of drums, pcs. 2

19 Number of knife rows, pcs. 6

20 Distance between knife blades, mm 165

21 Knife size (length, width, thickness), mm 505 × 76 × 8

22 Number of knives in a row, pcs. 4

23 Knife sharpening angle, ° 30

24 Knife tilt angle, ° 12

3.2. Results of research on determining the quality indicators 
of crushing corn and sunflower stalks by working bodies of techni-
cal means

3.2.1. Results of research on crushing corn and sunflower stalks 
by single roll crusher

The research program provides for determining the quality in-
dicators of the technological operation of crushing stalks of coarsely 
stemmed crops, including the previously developed and manufac-
tured single roll crusher. The above, in addition to expanding the in-
formation databases, made it possible to create conditions for correct 
comparison of the obtained research results. The main advantages 
of the proposed methodological approach include the same type of 
research conditions for crushing corn and sunflower stalks, minimal 
impact of differences in growing , harvesting technologies, natural 
and climatic zones, etc.

Analyzing the results of crushing corn stalks by single roll crusher, 
it was noted that the largest percentage of crushed stalks belonged to 
the range of 51–100 mm and amounted to 38.1%. The specified indi-
cator is 2.67 times greater than the range of 101–150 mm, 2.67 times 
greater than the range of 151–200 mm, and 4.0 times greater than the 
range of over 201 mm.

The crushing of sunflower stalks by single roll crusher made it 
possible to establish the largest proportion of 46.34% for the range  
of 151–200 mm. The specified indicator is 3.17 times greater than the 
corresponding indicator for the range of less than 50 mm, 2.53 times 
greater than the range of 51–100 mm, 2.71 times greater than the range 
of 101–150 mm, and 12.7 times greater than the range of over 201 mm.

The crushing of corn and sunflower stalks by single roll crusher 
was characterized by different probability distribution functions for 
the crushing into shares of the general population. For corn, the largest 
proportion of crushed stems was 38.1% and belonged to the range  
of 51–100 mm. For sunflower, this figure was 46.34% and belonged to 
the range of 151–200 mm (Fig. 3).

 
 

 

a

b

Fig. 3. Regression dependences of changes in the percentage of stalks crushed by a single roll crusher: a – corn; b – sunflower
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To some extent, these results are a consequence of differences in 
harvesting technologies for corn and sunflower. The density of crops, 
the cutting height for them are different, which significantly affected 
the crushing indicators. The crushing quality indicators depend on the 
initial indicators of the stalks of the crops being crushed.

3.2.2.  The result of research on crushing corn and sunflower 
stalks by double roll crusher

Analyzing the table of asymptotic relative frequencies of the 
given ranges of corn crushing , it was noted that their largest values 
occur, equally, in the ranges of 51–100  mm and 101–150  mm, the 
sum of which is 56% and 52%, respectively (Fig.  4). The accumu-
lated sum of relative frequencies of ranges less than 50–200  mm  
is 93.48%.

Analyzing the results of crushing sunflower stalks by double 
roll crusher, it was noted that the largest share fell on the range of 
51–100  mm and amounted to 48.25%. The sum of the percentages 
of crushed sunflower stalks in the ranges less than 50–100 mm was 
77.62%, which is 2.36 times more than in the similar range of single 
roll crusher. This indicator is 3 times more than in the harrow, and 
almost coincided with the indicators of the combined unit (78.8% 
versus 77.62% in the double roll crusher).

The probability distribution of crushing corn stalks by the estab-
lished ranges in double roll crusher compared to single roll crusher is 
given in Tables 4, 5.

3.2.3. Results of research on crushing corn and sunflower stalks 
with disk harrow BDVP-3.8

The results are shown in Fig .  5. It was noted that the largest 
number of particles of crushed corn stalks 42.2% belongs to the 
range of 151–200 mm. This number exceeded the number of par-
ticles in the range of less than 50  mm by 3.61 times, the range of 

101–150  mm by 1.81  times, and the range of more than 201  mm 
by 5 times.

Under the conditions of crushing sunflower stalks by a harrow, 
the largest share of 35.2% was those classified as more than  201 mm. 
Their number exceeded the number of the range less than 50 mm by 
3.17 times, the range 51–100 mm by 2.38 times, the range 101–150 mm 
by 2.11  times, the range 151–200  mm by 1.58  times, respectively. 
A  shift of the median (average value) in the range over 201 mm was 
noted in sunflower compared to corn, where the average value was 
set in the range 151–200 mm.

3.2.4. Results of research on crushing corn and sunflower stalks 
with a combined unit consisting of BDVP-3.8 disk harrow and single 
roll crusher

Analysis of the operation of the BDVP-3.8 disk harrow in com-
bination with single roll crusher (Fig .  6) on the crushing of corn 
and sunflower stalks showed a coincidence of the patterns of distri-
bution of particles of crushed stalks. The highest value of the per-
centage of crushed stalks was established in the range of less than 
50  mm  (Fig.  7). For corn, the specified value was 65.4%, for sun-
flower 41.5%, respectively. For corn, the highest value of the percent-
age of crushed stems exceeded the share of the range 51–100  mm 
by 2.78 times, the share of the range 101–150  mm by 12.1 times, 
the range 151–200  mm by 18.7 times, and the range over 201  mm  
by 29.7 times.

For sunflower, the observed ratio was characterized by the follow-
ing indicators of exceeding the percentage of stalks crushed in the range 
of less than 50 mm: 

–	 1.11 times for the range of 51–100 mm, 
–	 3.61 times for the range of 101–150 mm, 
–	 6.01 times for the range of 151–200 mm, 
–	 14.8 times for the range of more than 201 mm.

 
 

 

a

b

Fig. 4. Regression dependences of changes in the percentage of stalks crushed by double roll crusher:  

a – corn; b – sunflower
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The use of the roll crusher as part of the combined unit made it 
possible to increase the percentage of crushed stalks of corn in com-
parison with the harrow indicators for the range of less than 50 mm 
by 5.63  times, for the range of 51–100  mm by 1.63 times. For sun-
flower stalks, the combined unit’s performance exceeded the corre-
sponding disc harrow’s performance in the range of less than 50 mm  
by 22.8 times, and in the range of 51–100 mm by 2.36 times.

It was noted that the sum of the percentages of crushed stalks in the 
range of less than 50–150 mm in the combined unit for corn crushing 
was 94.3%, and for sunflower crushing was 90.3%. The similar indica-
tor of the disc harrow for corn was 49.4%, and for sunflower crushing  

was 42.6%, respectively. The contribution of the chopper roller to the 
total percentage of crushed corn stalks in the range of up to 150 mm in 
the combined unit was 44.7% for corn and 47.7% for sunflower.

The probability distribution of corn stalk crushing according to the 
established ranges for single and double roll crushers, combined unit 
consisting of disk harrow BDVP-3.8 and single roll crusher, as well as  
a serial disk harrow BDVP-3.8 are given in Tables 4, 5.

The established patterns of changes in the indicators of the techno-
logical operation of crushing corn and sunflower stalks by the working 
bodies of the tools, disk harrow and combined unit are attributed to the 
main scientific and practical results of the research.

 
 

 

a

b

Fig. 5. Regression dependences of changes in the percentage of stalks crushed by disk harrow BDVP-3.8:  

a – corn; b – sunflower

 
Fig. 6. Combined unit for tillage and mulching soil with plant residues (BDVP-3.8 + single roll crusher)
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3.3.  Limitations of research and prospects for its further de-
velopment

The results presented are a continuation of previously conducted 
studies of the efficiency of crushing corn and sunflower stalks devel-

oped by single roll crusher  [1, 2], as well as the crushing of 
corn stalks by a combined unit containing BDVP-3.8 harrow 
and single roll crusher [4, 6].

The features of the presented studies include the determi-
nation of crushing efficiency indicators at speed of 7.2 km/h 
with the same physical and mechanical properties of corn and 
sunflower stalks. These methodological differences lead to 
a more correct determination of the comparative characteris-
tics of tools and units.

To solve these problems, the options for using double 
roll crushers, which are characterized by versatility, high 
productivity and energy efficiency, look promising. How-
ever, systematic conclusions and recommendations regard-
ing the most rational modes of using these rollers will be 
formed after conducting a number of studies. Among the 
factors that require additional special research, the following 
are noted: determining the influence of the speed of move-
ment of the energy resource on the quality indicators of the  
technological operation; determining the critical speed value 
at which slipping of the roll crushers is prevented; determin-
ing the influence of the additional load on the roller qual-
ity  indicators.

The research results will acquire more significant fea-
tures under the conditions of systematic determination of 
parameters characterizing the efficiency, reliability and econ-
omy of the functioning of technical means (fuel consumption, 
speed of movement, reliability, stability of the technological 
operation and safety), which are installed in different natural 
and climatic zones of real operation.

The features of the interaction of the working bodies of single roll 
crusher are considered in detail in [2, 4]. The technological operation 
of crushing the vegetation layer with knives of double roll crusher 
can be presented in several options. If the knives of both the first and 

Fig. 7. Regression dependences of the change in the percentage of stalks crushed by the combined unit as part of the BDVP-3.8 disc harrow  

and the single roll crusher: a – corn; b – sunflower

 
 

 

a

b

Table 4

Generalized results of the determined asymptotic relative frequencies of corn stalk 

crushing by single and double roll crushers, disk harrow, and combined unit  

(Comb. unit + single roll crusher)

Stem segments

Statistical series of the distribution of crushed corn stalks

Harrow 

BDVP-3.8

Single roll 

crusher

Double roll 

crusher

Comb. unit + single 

roll crusher

Less than 50 mm 11.6% 14.29% 26.09% 65.4%

51–100 mm 14.4% 38.1% 28.26% 23.5%

101–150 mm 23.4% 23.81% 28.26% 5.4%

151–200 mm 42.2% 14.29% 10.87% 3.5%

Over 201 mm 8.4% 9.52% 6.52% 2.2%

Table 5

Generalized results of the determined asymptotic relative frequencies of sunflower 

stalk crushing by single and double roll crushers, disk harrow, and combined unit

Stem segments

Statistical series of the distribution of crushed sunflower stalks

Harrow 

BDVP-3.8

Single roll 

crusher

Double roll 

crusher

Comb. unit + single 

roll crusher

Less than 50 mm 11.1% 14.63% 29.37% 41.5%

51–100 mm 14.8% 18.29% 48.25% 37.3%

101–150 mm 16.7% 17.07% 16.78% 11.5%

151–200 mm 22.2% 46.34% 4.9% 6.9%

Over 201 mm 35.2% 3.66% 0.7% 2.8%
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second drums do not penetrate the soil hv ≥ hk (hk – length of the knife 
of the crusher roller, hv – thickness of the layer of vegetation medium). 
The plant mass is crushed by knives and scattered over the soil surface. 
The knives do not penetrate the soil medium. A layer of mulch is  
formed on the soil surface from carefully crushed plant residues.  
In the case of hk ≥ һv, the knives of the first drum begin, and the knives 
of the second drum complete the crushing of plant residues and their 
partial incorporation into the soil. Naturally, the degree of crushing 
of double roll crusher is higher than that of single roll crusher. The 
penetration depth of the knives into the soil, the degree of crushing 
of plant residues, and the depth of their incorporation depend on the 
physical and mechanical characteristics of the plant and soil medium.

Under the conditions of hk  <  һv, the plant residues are crushed 
only to the depth of penetration of the knives. The implementation of 
such a scenario in a two-section roller is possible under conditions of 
uneven soil surface, when the layer of plant material is located in places 
inaccessible to the knives of the roller, or the layer of plant medium has 
a large thickness.

The engines of the power tool that aggregates the roller make 
a  significant contribution to the results of crushing the stems. The 
width of two wide-profile tires of a tractor of the 4th traction class 
is about  1080  mm. Under the conditions of aggregating a tool with 
a  width of 4200 mm, 25% of the field surface before the start of interac-
tion of the working parts of the tool is exposed to the influence of the 
engines of the power tool. Naturally, the degree of crushing of the stems 
of coarse-stemmed crops by the engines of the power tool and the work-
ing parts of the tools (rollers-choppers) is different. Under equal condi-
tions, the contribution of the energy source drivers should be equal to 
both the distribution of corn stalks and sunflower stalks.

The results obtained are of particular importance in the context 
of substantiating rational technical and technological solutions related 
to the fight against the corn borer. Under such conditions, the most 
effective seems to be the use of a combined unit, which includes a disk 
harrow and a one-section roll crusher. The share of crushed corn stalks 
of a range of less than 50 mm by the combined unit was 65.4%, which 
made it impossible to create comfortable conditions for the develop-
ment of pests.

The research results are recommended for use in crop growing 
systems under the conditions of choosing rational technical and tech-
nological solutions for crushing plant residues.

In the future, experimental studies to determine the effectiveness 
of the use of tools and combined units for crushing industrial hemp 
stalks, rapeseed stubble, and the production of green manure crops 
seem appropriate. The research results will complement the informa-
tion databases of indicators of the quality of crushing of stems of various 
agricultural crops in the natural production zones of their production 
under different combinations of influencing factors.

4. Conclusions

1.	 The design is proposed and a prototype of double roll crusher 
is manufactured. The features of its design include the fact that the cut-
ting knives are placed across the entire width of the grip in a staggered 
manner with the ability to change the angle of inclination to the axis of 
rotation of the drum in the range of 6–10°. The double roll crusher is dis-
tinguished by the fact that the sections with two drums are rigidly fixed 
to the subframe using flanges, and the drums are the supporting element 
of the machine with the ability to adjust the depth of soil cultivation.

2.	 The quality indicators and the regularity of their change under 
the conditions of crushing corn and sunflower stalks by the working 
bodies of technical means are determined. It was noted:

–	 in the single roll crusher, the largest share of crushed corn stalks 
was 38.1% and belonged to the range of 51–100 mm. Sunflower – 
46.34% and belonged to the range of 151–200 mm;

–	 in the double roll crusher, the highest values of the relative frequen-
cies of crushing corn stalks belonged to the ranges of 51–100 mm 
and 101–150 mm, the sum of which was 56% and 52%, respectively. 
Sunflower – to the range of 51–100 mm and amounted to 48.25%;
–	 in the disk harrow, the highest proportion of crushed corn stalks 
belonged to the range of 151–200 mm and amounted to 42.2%. 
Sunflower – to the range of over 201 mm and amounted to 35.2%;
–	 in the combined unit, the highest value of the percentage of 
crushed stalks was set in the range of less than 50 mm. For corn – 
65.4%, for sunflower 41.5%, respectively.
The sum of the percentages of crushed stalks in the range of less than 

50–150 mm in the combined unit for corn crushing was 94.3%, in sun-
flower crushing – 90.3%. The contribution of the single roll crusher to 
the total percentage of crushed corn stalks in the range of up to 150 mm 
in the combined unit was for corn – 44.7%, for sunflower – 47.7%.

Acknowledgements

The authors express their gratitude to the Institute of Mechanics 
and Automation of Agroindustrial Production of the National Academy 
of Agrarian Sciences of Ukraine for support and assistance in conduct-
ing experimental research.

Conflict of interest

The authors declare that they have no conflict of interest regarding 
this research, including financial, personal, authorship or other nature, 
which could affect the research and its results presented in this article.

Financing

The research was conducted without financial support.

Data availability

Data will be provided upon reasonable request.

Use of artificial intelligence

The authors confirm that they did not use artificial intelligence 
technologies in creating the presented work.

References

1.	 Sheichenko, V., Chernovol, M., Volskyi, V., Kotsiubanskyi, R. (2021). Research 
of Influence of the Scheme of an Arrangement of Knives of a Cat-shredder on 
Indicators of Quality of Crushing of Stalks of Sunflower. National Interagency 
Scientific and Technical Collection of Works. Design, Production and Exploi-
tation of Agricultural Machines, 51, 78–88. https://doi.org/10.32515/2414-
3820.2021.51.78-88

2.	 Sheichenko, V., Volskyi, V., Kotsiubanskyi, R ., Dnes, V., Bilovod, O., Shev-
chuk, M. et al. (2023). Determining the effect of the direction of installing 
the cutting edges of shredder roller blades on process parameters. Eastern-
European Journal of Enterprise Technologies, 5 (1 (125)), 45–53. https://doi.
org/10.15587/1729-4061.2023.287483

3.	 Tsyliuryk, Ya. (2019). Poverkhnevyi obrobitok i roslynni reshtky. Zerno. Avail-
able at: https://www.zerno-ua.com/journals/2019/may-2019-god/poverhneviy-
obrobitok-i-roslinni-reshtki

4.	 Sheichenko, V., Volskyi, V., Dnes, V., Kotsiubanskyi, R. (2022). Study of grind-
ing corn stalks by a roller grinder with different knives positioning. Mechani-
zation in Agriculture and Conserving of the Resources, 66 (2), 52–55. Available 
at: https://www.agrimachinery.net/sbornik/2022.pdf

5.	 Salo, V., Bohatyrov, D., Leshchenko, S. (2023). Regarding the Reliability of 
the Technological Process of Shredding Crop Residues. National Interagency 
Scientific and Technical Collection of Works. Design, Production and Exploita
tion of Agricultural Machines, 53, 93–101. https://doi.org/10.32515/2414-
3820.2023.53.93-101



INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MECHANICAL ENGINEERING TECHNOLOGY

20 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 5/1(85), 2025

ISSN-L 2664-9969; E-ISSN 2706-5448

6.	 Sheichenko, V., Volskyi, V., Kotsiubanskyi, R ., Dnes, V., Shevchuk, M., Bi-
lovod, O. et al. (2021). Design of a roll crusher for sunflower stems and sub-
stantiation of the rational modes of its operation. Eastern-European Journal 
of Enterprise Technologies, 6 (1 (114)), 28–37. https://doi.org/10.15587/1729-
4061.2021.244903

7.	 Bohatyrov, D. V., Salo, V. M., Kyslun, O. A., Skrynnik, I. O., Kisilov, R. V. (2017). 
Influence of equal-area projection of the cylinder drum’s cross-section 
height on the description accuracy of its overcoming the air resistance force. 
INMATEH – Agricultural Engineering, 52 (2), 7–12. Available at: https://
dspace.dsau.dp.ua/bitstream/123456789/413/1/6.pdf#page=65

8.	 Kornecki, T. S., Prior, S. A. (2017). Equipment development to manage cover 
crops for small and urban no-till farming systems. Chemical Engineering 
Transactions, 58, 181–186. https://doi.org/10.3303/CET1758031

9.	 Voitiuk, D. H., Baranovskyi, V. M., Bulhakov, V. M.; Voitiuk, D. H. (Ed.) (2005). 
Silskohospodarski mashyny. Osnovy teorii ta rozrakhunku. Kyiv: Vyshcha osvita, 
464. Available at: https://vpu36balin.km.ua/wp-content/uploads/2025/ 
04/Сільськогосподарські-машини.-Основи-теорії-та-роз-.pdf

10.	 Kornecki, T. S., Price, A. J., Raper, R. L. (2006). Performance of different roller 
designs in terminating rye cover crop and reducing vibration. Applied Engi-
neering in Agriculture, 22 (5), 633–641. https://doi.org/10.13031/2013.21994

11.	 Yu, Y., Li, Y., Xie, F., Tian, Y. (2024). Experimental study on the performance 
of corn stalk crushing device with stepped saw disk knife. INMATEH Agricul-
tural Engineering, 535–542. https://doi.org/10.35633/inmateh-74-47

12.	 Behera, A., Raheman, H., Thomas, E. V. (2021). A comparative study on tillage 
performance of rota-cultivator (a passive – active combination tillage imple-
ment) with rotavator (an active tillage implement). Soil and Tillage Research, 
207, 104861. https://doi.org/10.1016/j.still.2020.104861

13.	 Büchi, L., Wendling, M., Amossé, C., Jeangros, B., Charles, R . (2020). Cover 
crops to secure weed control strategies in a maize crop with reduced tillage. 
Field Crops Research, 247, 107583. https://doi.org/10.1016/j.fcr.2019.107583

14.	 Gürsoy, S., Türk, Z. (2019). Effects of land rolling on soil properties and plant 
growth in chickpea production. Soil and Tillage Research, 195, 104425. https://
doi.org/10.1016/j.still.2019.104425

15.	 Michkivskyi, S., Baldyk, D., Holovan, V. (2023). Microsoft Office (Word, Excel, 
Outlook …). Kyiv: Vydavnytstvo Skhidnoukrainskoho natsionalnoho universyte-
tu imeni Volodymyra Dalia, 128. Available at: https://dspace.snu.edu.ua/server/
api/core/bitstreams/5663399d-ba62-4368-b7b6-1aab8356e838/content

16.	 Calcante, A., Manenti, D., Torrente, M. D. M., Oberti, R . (2024). Compari-
son of the Effectiveness of Different Mechanical Tools for the Termination of 
Cover Crops Using a Modular Prototype. Applied Engineering in Agriculture, 
40 (2), 211–223. https://doi.org/10.13031/aea.15714

17.	 Ji, H., Liu, G., Liu, W., Yang, Y., Guo, X ., Zhang, G. et al. (2025). Quantitative 
design and production methods for sustainably increasing maize grain yield 
and resource use efficiency. Frontiers of Agricultural Science and Engineering, 
12 (3), 465–477. https://doi.org/10.15302/J-FASE-2025601

18.	 Ramm, S., Voßhenrich, H. H., Hasler, M., Reckleben, Y., Hartung, E. (2024). 
Comparative Analysis of Mechanical In-Field Corn Residue Shredding 
Methods: Evaluating Particle Size Distribution and Rating of Structural Integ-
rity of Corn Stalk Segments. Agriculture, 14 (2), 263. https://doi.org/10.3390/
agriculture14020263

19.	 Gonulol, E., Dalmis, I. S., Kayisoglu, B., Bayhan, Y., Kocabiyik, H. (2019). The 
evaluation of alternative stalk chopping methods in sunflower farming. Ad-
vances in Agriculture and Agricultural Sciences, 5 (1), 1–6. Available at: https://
www.internationalscholarsjournals.com/articles/the-evaluation-of-alterna-
tive-stalk-chopping-methodsin-sunflower-farming.pdf

20.	 Kaniovska, I. Yu., Stus, O. V. (2023). Matematychna statystyka. Obrobka doslid-
nykh danykh metodamy matematychnoi statystyky: rekomendatsii do vykonan-
nia indyvidualnoho zavdannia. Kyiv: KPI im. Ihoria Sikorskoho, 128.

21.	 Sholokhov, S. M., Samborskyi, I. I., Holovin, Yu. O. (2024). Teoretychni os-
novy planuvannia eksperymentu ta obrobky eksperymentalnykh danykh. Kyiv:  
KPI im. Ihoria Sikorskoho, 159.

*Viktor Sheichenko, Doctor of Technical Sciences, Professor, Department of 
Agricultural Engineering and Road Transport, Poltava State Agrarian University, 
Poltava, Ukraine, е-mail: vsheychenko@ukr.net, ORCID: https://orcid.org/0000-
0003-2751-6181

Volodymyr Volskyi, PhD, Senior Researcher, Institute of Mechanics and Auto
matics of Agroindustrial Production of the National Academy of Agrarian Sciences 
of Ukraine, Hlevakha, Ukraine, ORCID: https://orcid.org/0000-0002-7639-4216

Rostyslav Kotsiubanskyi, PhD, Institute of Mechanics and Automatics of Agro-
industrial Production of the National Academy of Agrarian Sciences of Ukraine, 
Hlevakha, Ukraine, ORCID: https://orcid.org/0000-0002-4114-3951

Vitalii Bonchyk, PhD, Associate Professor, Department of Technical Service and 
General Technical Subjects, Podillia State University, Kamianets-Podilskyi, Ukraine, 
ORCID: https://orcid.org/0000-0001-9155-2465

Vitaliy Shevchuk, PhD, Senior Researcher, Department of Agricultural Engineer-
ing, Uman National University of Horticulture, Uman, Ukraine, ORCID: https://
orcid.org/0000-0001-8305-4714

Misha Shevchuk, PhD, Department of Agricultural Engineering, Uman National 
University of Horticulture, Uman, Ukraine, ORCID: https://orcid.org/0000-0002-
0123-0348

Viacheslav Vovk, Department of Mechanical and Electrical Engineering, Poltava 
State Agrarian University, Poltava, Ukraine, ORCID: https://orcid.org/0009-0004-
5530-1115

Oleksandr Shapoval, Department of Agricultural Engineering and Road Trans-
port, Poltava State Agrarian University, Poltava, Ukraine, ORCID: https://orcid.
org/0009-0005-3359-5244

*Corresponding author


