
ISSN 2664-262X                                                      Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Col.10(41), Part І 

 

 200

UDC 621.8:631.356.4 ......... DOI: https://doi.org/10.32515/2664-262X.2024.10(41).1.200-212 
 
Andrii Babii, Prof., DSc, Ivan Holovetskyi, рost-graduate  
Ternopil Ivan Puluj National Technical University, Ternopil, Ukraine  
e-mail: avbabiytntu@gmail.com 

Engineering method of studying the kinematic parameters 
of the working body of the potato harvesting machine 

The work provides an engineering methodology for studying the kinematic parameters of the drive 
mechanism of the ploughshare of a single-row potato harvesting machine. The development of a new design of 
the potato harvesting machine led to a special approach to studying its kinematic parameters. The essence of the 
engineering methodology is that it is based on the graphical-analytical method of plans in the study of kinematic 
mechanisms. For the physical design of the drive mechanism of the potato harvesting machine, theoretical 
descriptions were made and plans of velocities and accelerations were built, which allows the researcher to 
obtain the specified kinematic parameters for any points of the links of this mechanism. The paper obtained a 
number of values of kinematic parameters that characterize the operation of this mechanism and on the basis of 
which the technological efficiency of the ploughshare of the potato harvesting machine is analyzed. 
potatoes, potato harvesting machine, kinematic parameters, velocity, acceleration, ploughshare, crank, 
drive mechanism, working body, engineering methodology 

 
Problem statement. The cost of production of crop products directly depends on the 

level of mechanization of technological processes. One of the most labor-intensive operations 
is the harvesting operation in the production of potatoes. This is a particularly acute issue for 
small farms or farms where there is a lack of equipment [13, 15]. There are many offers of 
mini potato harvesting machines on the market, but few of them come from Ukrainian 
manufacturers of such equipment. In addition, most of this equipment is not designed for 
regional specifics - heavy soils. Therefore, during operation, potato harvesting machines often 
break down, their technological efficiency decreases, or they are generally unable to perform 
this technological operation under such conditions [16]. 

From this follows the need to carry out research work to find new solutions for 
obtaining optimal designs of potato harvesters [18]. However, the problem is complicated by 
the fact that we are talking about small, low-energy machines that are operated with tractors 
of a traction class of 0.6 tons and less. Therefore, decisions made must be well-considered and 
made on the basis of proven engineering analysis techniques and basic approaches to 
designing agricultural machinery [2]. 

Analysis of recent research and publications. Many scientists focus on the study of 
mini potato machines [5-10]. This is especially well developed in those countries that most 
export such equipment to the world market. However, there is very limited information that 
covers engineering methods of research, for example, kinematic parameters of the main 
working bodies of potato diggers. The accuracy of the final result depends on the application 
and implementation of a particular theory that describes the desired process [3, 4, 14]. The 
problem is exacerbated if there are new constructive solutions that are different from the 
typical ones. Then it is difficult for the designer to simulate the work of the proposed design. 
Therefore, it is worth developing theoretical approaches for analyzing certain parameters of 
machines in the form of engineering techniques that have the necessary sequence and 
completeness for the implementation of the study, as well as simple mathematical 
calculations. 
___________ 
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Statement of the task. The purpose of the study is to develop an engineering 
technique for studying the kinematic parameters of the driving mechanism of the ploughshare 
of a potato harvesting machine as the main working body. 

Presentation of the main material. According to the development of our own design 
of the potato harvesting machine (Fig. 1), the biggest interest in the research is the system of 
ploughshare with its drive mechanism [11]. Energy intensity of machine, the degree of 
separated particles of the tuberous layer, etc., depends on the efficiency of this working body. 

We will build the engineering method of researching the kinematic parameters of the 
working body based on the principle from the energy input into the system to the interaction 
of the working body with the environment that creates working resistance. 

The ploughshare is driven from the tractor power takeoff shaft, the frequency of which 
is 540n  rpm. The selection shaft is connected to the angular conical reducer with a gear 
ratio 25,1i , Fig. 1. 

   
 Figure 1 – General appearance of the potato harvesting aggregate  
Source: developed by the authors 

Based on this, the frequency of the leading link of the drive will be 

 
i

n
n 1 . (1) 

If we go to the angular speed of the driving link (crank), then 

 
30

1
1

n  . (2) 

Based on considerations of the necessary amplitude of movement of the cutting edge 
(17 mm), we accept the radius of the crank .0273,0

11 mll AO   

For constructive reasons and the implementation of the physical design of the 
ploughshare of the potato harvesting machine, the lengths of the links and the distance 
between their supports are accepted according to the following kinematic scheme of the 
ploughshare drive, Fig. 2. 

For the kinematic analysis of such a mechanism, the simplest is the graphic-analytical 
method of plans, which gives an idea of the values of velocities and accelerations [17]. This 
method forms the basis of the proposed engineering methodology. 

An important aspect in such a study is to identify the value of the links acting at any 
point of the ploughshare or other points. For example, in addition to the magnitude of 
velocities or accelerations, their directions as well. In the future, this will be of crucial 
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importance for determining the "behavior" of soil particles and tubers on the ploughshare 
plane, that is, it will determine the possibility of directional movement of such a mass and its 
separation. 

Therefore, using this method, we will establish the necessary kinematic parameters of 
the studied quantities at characteristic points of the ploughshare plane [12]. In order to obtain 
a general picture of changes in the velocities and accelerations of the links at certain points of 
the ploughshare and its drive, now we will take a research step - this is a multiple rotation of 
the crank is a multiple of 30 and ranges from 0 to 0360 . Under these conditions, the 
ploughshare will perform one complete cycle: forward (working) and reverse (idle) moving. 

Now we will move on to determining the kinematic parameters. 
For the initial position of the 

crank, we assume that it corresponds 
to the extreme posterior deviation of 
the ploughshare towards the 
conveyor, that is, after which the 
ploughshare blade (working course) 
will move towards the uncopied 
tuberous formation. This position is 
determined by the geometric 
construction on its kinematic scheme, 
made to scale. We check the 
correctness of the positions of the 
links of such a mechanism on the 
physical design of the ploughshare 
drive. 

We assume that the tractor 
power takeoff shaft rotates at a 
constant angular velocity and 

const1 . 
Then the linear (circular) 

speed of the p. A of the crank will be 

 11 lA  . (3) 

To find the velocities and accelerations for characteristic points belonging to the 
ploughshare or connecting links of the drive mechanism, vector systems of equations are 
written, which we will use to solve: 
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;
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





 (5) 

The following notations are used here: В


 – vector of absolute (within the drive 

mechanism) velocity p. B ; ВА


 – vector of relative velocity p. B  relative to p. A . The 

 
Figure 2 – Kinematic scheme of the ploughshare drive 

Source: developed by the authors 
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notation for the remaining points is in accordance with the kinematic diagram, Fig. 2. 
The main idea of the proposed graphic-analytical method of plans is that unknown 

velocities can be found by having some of the values of the velocities and for others only their 
directions. The methodology of the method of plans is known [17] and therefore we will not 
give its sequence. 

Describing the drive mechanism of the ploughshare, we present the dependencies and 
main results of determining the kinematic parameters of this mechanism. Solutions of systems 
(4) and (5) are obtained by sequentially calculating the numerical values of the desired 
velocities of the points and constructing their vectors on the velocity plane in the accepted 
scale. An example of a velocity plan (Fig. 3) will be given below after describing the 
procedure for determining all the velocities of the characteristic points of the links. 

The angular velocity of the connecting rod 2  (link 2) is found by the value of the 
relative velocity p. B  relative to p. А , the expression will have the form 

 .2
ВA

ВА

l

   (6) 

Similarly, we find the angular velocity of link 3 3 , through the obtained value of the 

relative velocity p. B  relative to the support 2О  

 .
2

2

3
ВО

ВО

l


   (7) 

Next, solving the problem, we see that p. F  also belongs to link 3, which means that 
its angular velocity is equal to 3 . 

It is known that circular velocities are proportional to the length of the links, so to 
determine the velocity, the following ratio will be valid FFO  

2
 

 
2

2

2

2 BO
BO

FO
FO l

l
  . (8) 

The obtained relative velocities of the points allow us to determine the angular 
velocities of the corresponding links. 

The angular velocity 4 of the plane of the ploughshare will be determined by the 
expression 

 .4
EF

EF

l

   (9) 

The angular velocity of the rear suspension of the ploughshare (link 5) will be 

 .
3

3

5
EО

EО

l


   (10) 

As it can be seen from Fig. 2, the fourth link FE  is not in the plane of the base of the 
ploughshare, but only conditionally connects the points of the hinge joints with the 
suspensions. The ploughshare design itself is trough-shaped and therefore its actual working 
plane is lower. In Fig. 2 it is conventionally marked by the line GH , which belongs to this 
plane. Thus, it is necessary to determine the velocity in p. G  – this is the point of the 
ploughshare blade, p. K  – the middle of its base, p. H  – the point of the rear edge of the 
ploughshare. 



ISSN 2664-262X                                                      Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Col.10(41), Part І 

 

 204

Since the formed figure GFEH  is a solid body described by the characteristic points 
of the ploughshare, such a figure has the same angular velocity as link 4 FE . 

It follows that the relative velocity of p. G  with relative to p. F  will be 

 
GF

EF

GF
EFGF l

l

l
 4 . (11) 

In a similar way, we determine the relative velocity of p. Н  and p. K  

 
HF

EF

HF
EFHF l

l

l
 4 , (12) 

 
HF

EF

KF
EFKF l

l

l
 4 .   (13) 

Absolute velocities p. H  and p. K  are determined from the velocity plan, Fig. 3. 
And another characteristic point of the ploughshare drive mechanism is the extreme p. 

D  of the active sidewall. The role of such a link in the ploughshare mechanism is to separate 
the tuberous layer from the main mass of soil for further facilitated digging. 

In the same way we approach the determination of this velocity. Since p. D  belongs to 
link 3, which has a complex configuration, its angular velocity will be equal to 3 . The 

expression of the velocity for p. D  will have the form 

 .
2

2

222 3
FO

DО
FODОDОD l

l
l    (14) 

Hence, the method of determining the 
speeds for all characteristic points of the links 
of the vibrating ploughshare drive mechanism 
was described. All key relationships are 
recorded here, which allow a simple way to 
establish the value and direction of the velocity 
of any points of interest to the researcher.  

For example, we will show the velocity 
plan at the crank position 0

1 30 , Fig. 3. 
Such a velocity plan can be obtained for 

any position of the drive crank as a leading link 
and determine the velocity of an arbitrary point 
belonging to the ploughshare drive mechanism. 

According to the results of the study, a 
number of values of linear and angular 
velocities were obtained. Fig. 4 shows the 
graphical dependences of the obtained angular 

velocities of the drive mechanism links. 
All the necessary linear velocities of the points of the links were also found, which is 

convenient for implementing the task of studying the processes performed by the ploughshare 
as a working body. 

 
Figure 3 – Velocity plan of the ploughshare 

drive mechanism ( 0

1 30 ) 

Source: developed by the authors 
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Figure 4 – Graphical dependences of changes in angular velocities of links 

Source: developed by the authors 

Determining the velocities of the points as a prerequisite for determining accelerations, 
parameters that we will operate directly to analyze the efficiency of such a mechanism. Let us 
move on to determining the values and directions of the accelerations of the same 
characteristic points. 

To find the accelerations of points belonging to this mechanism, we first need to 
compose vector systems of equations, which we will use to solve: 
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;
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 (15) 
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


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.

;

333





EO
n
EOOE

EF
n
EFFE

aaaa

aaaa

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 (16) 

Here are denoted: Вa


 – the vector of absolute (within the drive mechanism) 

acceleration of p. B , n
ВАa


, 
ВАa


 – in accordance, the normal and tangential components of the 
total (modulus) acceleration of p. B  in obedience to p. A . The remaining notations are 
similar and assigned to the corresponding points, Fig. 2. 

To solve system (15), it is first necessary to determine the normal components of the 
total accelerations: 

 
BA

BAn
BA l

a
2

 , (17) 

 
2

2

2

2

BО

BОn
BО l

a


 . (18) 

The tangential components of these accelerations will be found from the acceleration 
plan (Fig. 5), which will also be given after the description of the entire procedure for finding 
accelerations for characteristic points of the drive mechanism. 

Then the total (modulus) accelerations: 

     ,
22 

ВА
n
ВАBА ааa   (19) 
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     .
22

222


BО

n
BОBО ааa   (20) 

Having the tangential components of the accelerations, we determine the angular 
accelerations of the links: 

– for link 2 

 
BА

BА

l

а
 2

; (21) 

– for link 3 

 
2

2

3
BО

BО

l

а
  . (22) 

It is worth noting that 01  , because .1 const   
Now we will solve the second system of vector equations (16). 
We determine the acceleration p. F , which belongs to link 3. 
Now we will write an expression for determining the normal component of the 

acceleration n
FOa

2
 through the previously determined velocities of the corresponding points. 

 .
2

2

2

2

FО

FOn
FO l

a


  (23) 

Its tangential component will be determined by 

 .
22 3 FОFO la     (24) 

Then the total acceleration is p. F  

     .
22

222


FО

n
FОFОF аааa   (25) 

Next, it is needed to determine the normal components of the remaining accelerations: 

 ,
2

ЕF

ЕFn
ЕF l

a


  (26) 

 .
3

3

3

2

ЕО

ЕОn
ЕО l

a


  (27) 

The tangential components of the considered accelerations are determined from the 
acceleration plan, for instance Fig. 5 

The total accelerations will be: 

     ,
22 

ЕF
n
ЕFЕF ааa   (28) 

     .
22

222


ЕO

n
ЕOЕO ааa   (29) 

Based on the obtained tangential acceleration components, we determine the angular 
accelerations of links 4 and 5: 
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 ,4
EF

EF

l

а
   (30) 

 .
3

3

5
EО

EО

l

а
   (31) 

The acceleration of p. G  relative to p. F  we will write in this form 

 .
GF

n
GFGF aaa


  (32) 

where n
GFa  is a normal component of acceleration GFa , 

 ;
2

GF

GFn
GF l

a


  (33) 


GFa  is a tangential component. 

We will define this component through the angular acceleration of link 4, because p. 
G  belongs to it 

 .4 GFGF la    (34) 

Then the total acceleration is suitably (32) 

     .
22 

GF
n
GFGF ааa   (35) 

Similarly, we find the acceleration HFa . 

     ,
22 

HF
n
HFHF ааa   (36) 

where n
HFа  is a normal component of acceleration HFa  

 ;
2

HF

HFn
HF l

a


  (37) 


HFa  is a tangential component  

 .4 HFHF la    (38) 

Another characteristic point of the mechanism under consideration is p. D , it belongs 
to the cutting edge of the active side of the ploughshare, its acceleration will be 

     ,
22

222


DO

n
DODDO ааaa   (39) 

where n
DOa

2
 is a normal component of acceleration 

2DOa , 
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 .
2

2

2

2

DO

DOn
DO l

a


  (40) 

The tangential component of this acceleration is determined through the angular 
acceleration 3  of link 3 

 .
22 3 DODO la    (41) 

 

   
Figure 5 – Plan of accelerations of the ploughshare drive mechanism  ( 0

1 30 ) 

Source: developed by the authors 

Thus, the velocities and accelerations for the characteristic points of the ploughshare 
drive mechanism were found. 

Now an important aspect will be to observe how the determined kinematic parameters 
will change during the working cycle of the ploughshare. For example, the nature of the 
change in accelerations will determine the directional movement of the particle along its 
plane, Fig. 6. 

 

   
Figure 6 – Change in accelerations at characteristic points of the ploughshare plane 

Source: developed by the authors 

In addition, it is worth monitoring the change in accelerations that occur in the p. G  
belonging to the ploughshare blade, and the p. D  of the active sidewall, the work of which 
will cause the effect of separating the tuberous layer when digging it, Fig. 7. 
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 Figure 7 – Acceleration p. D  and p. G   
Source: developed by the authors 

To identify the moments of inertia of the links and determine the tangential 
components of any points belonging to the links of the ploughshare drive mechanism, it is 
advisable to indicate the values of the angular accelerations of the links, Fig. 8. 

   
 Figure 8 –Angular accelerations of drive mechanism links  
Source: developed by the authors 

Thus, the presented engineering methodology for studying the kinematic parameters of 
the ploughshare drive mechanism allows us to describe the patterns of interaction of the links 
of such a mechanism and characterize the linear, angular velocities and accelerations of any 
points or links of the mechanism under study. The obtained kinematic parameters have scalar 
values and directions, which allow the researcher to more fully understand their influence on 
the process under study. 

Conclusions The developed engineering methodology for studying the kinematic 
parameters of the ploughshare drive mechanism is based on the graph analytic method of 
plans. The advantage of this method is that velocities or accelerations can be determined for 
any point belonging to the links of the mechanism without using complex analytical 
descriptions. 

Based on the above method, the linear velocities of the characteristic points of the 
mechanism in all its positions with the crankshaft rotation step were determined 0

1 30 . 
Here are the ranges of velocity values for characteristic points of the working plane of 

the ploughshare: p. G  – 42,0...0G  m/s; p. H  – 58,0...0H  m/s. 

Here are the ranges of velocity values for characteristic points of the working plane of 
the ploughshare: p. G  – 42,0...0G  m/s; p. H  – 58,0...0H  m/s. 
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Angular velocities of the mechanism links: 
link 2 – 9,3...32,02   rad/s; link 3 – 21,3...03   rad/s, link 4 – 72,0...04   rad/s; 

link  5 – 42,1...05   rad/s. 

Acceleration of characteristic points: p. G  – 5,36...69,2Ga  m/s2; p. K  – 

2,22...9,1Ka  m/s2; p. H  – 8,28...65,1Ha  m/s2; p. D  – 6,62...2,6Da  m/s2. 
Angular accelerations of links: 
link 2 – 5,190...02   rad/s2;  link 3 – 5,162...4,123   rad/s2;  link 4 – 

5,38...84,44   rad/s2; link 5 – 8,68...55,35   rad/s2. 

The obtained values will be used as the basis for further research into the behavior of a 
tuberous layer particle on the plane of the ploughshare in order to determine the parameters to 
ensure its directional movement and separation intensity 
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Тернопільський національний технічний університет імені Івана Пулюя, м. Тернопіль, Україна 
Інженерна методика дослідження кінематичних параметрів робочого органу 
картоплезбиральної машини 

Необхідність виконувати дослідницькі роботи з пошуку нових рішень для отримання 
оптимальних конструкцій картоплезбиральних машин виникла з потребою підвищення рівня 
забезпеченості збиральною технікою виробників у підсобних чи невеликих фермерських господарствах. 
Проблема ускладнюється тим, що така машина повинна агрегатуватися з малоенергонасиченими 
тракторами тягового класу 0,6 т та менше. Тому при обґрунтуванні параметрів запропонованої 
конструкції картоплекопача рішення мають бути добре зваженими та прийнятими на основі перевірених 
інженерних методик для аналізу та основних підходів до конструювання сільськогосподарської техніки. 

У роботі наведено інженерну методику дослідження кінематичних параметрів приводного 
механізму лемеша як основного робочого органу однорядної картоплезбиральної машини. Суть 
інженерної методики полягає в тому, що вона базується на графоаналітичному методі планів при 
дослідженні кінематичних механізмів. Для фізичної конструкції приводного механізму лемеша 
картоплекопача зроблено теоретичні описи та побудовано плани швидкостей і прискорень, що дає 
можливість досліднику отримати вказані кінематичні параметри для будь-яких точок ланок даного 
механізму. У підсумку отримано ряд значень кінематичних параметрів, що характеризують роботу 
даного механізму та на основі яких виконується аналіз технологічної ефективності лемеша 
картоплезбиральної машини. 

Таким чином, наведена інженерна методика дослідження кінематичних параметрів механізму 
приводу лемеша дозволяє описати закономірності взаємодії ланок такого механізму та охарактеризувати 
лінійні, кутові швидкості та прискорення будь-яких точок чи ланок досліджуваного механізму. Отримані 
кінематичні параметри мають визначені скалярні значення та напрямки векторів, що дозволяє 
досліднику більш повно зорієнтуватись про їх вплив на досліджуваний процес. Перевагою такого методу 
є те, що швидкості чи прискорення можна визначити для будь-якої точки, що належить ланкам 
механізму, не застосовуючи складних аналітичних описів. На основі наведеної методики були визначені 
лінійні швидкості характерних точок механізму у всіх його положеннях, кутові швидкості ланок, 
прискорення точок та кутові прискорення ланок. Отримані значенні є основою подальшого дослідження 
поведінки частинки бульбоносного пласта на площині лемеша з метою визначення параметрів для 
забезпечення його направленого руху та інтенсивності сепарації. 
картопля, картоплезбиральна машина, кінематичні параметри, швидкість, прискорення, леміш, 
кривошип, приводний механізм, робочий орган, інженерна методика 
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