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ABSTRACT 
 Irrigation canals of the Saratov region during operation are exposed to overgrowing with trees and shrubs and the 
formation of soil drifts and bottom sediments. Removal of soil drift and bottom sediments from the bed of irrigation canals 
with the help of the  existing milling working tools of reclamation machines is not always possible, so it became necessary 
to conduct a study on the creation of smaller end mills with more functional capabilities. Theoretical studies have been 
conducted to determine the dependence of the energy intensity of the process of cutting and earth handling on the 
geometric and kinematic work process-related parameters of the face milling cutter, physical and mechanical properties of 
soil sediments and operational parameters of the reclamation machine on the whole. The optimal value of feed and rotary 
speed milling cutter, leading to a reduction in capacity, energy intensity of earth cutting with knives and its subsequent 
handling with blades, increasing operation productivity of reclamation machine in general have been fixed. 
 
Keywords: canal, face milling cutter, knife, blade, cutting angle, energy intensity, performance. 
 
INTRODUCTION 

The federal target program «Development of the 
agricultural land reclamation in Russia for 2014 - 2020» 
aims to improve operating efficiency of the existing 
irrigation systems and construct new ones. For its 
realization, it is necessary, in particular, to develop and 
introduce new technologies and technical proposals in the 
field of correct operation of irrigation systems, 
maintaining them in working condition 

In the Saratov region, the land reclamation 
complex of which is one of the largest in Russia, there is a 
great number of main and inter-farm irrigation canals, 
built with consideration for long-term development of 
irrigation systems. [1] 

During maintenance there occurs gradual 
overgrowing of canals with trees and shrubs (Figure-1) 
and accumulation of soil sedimentations and deposits 
(Figure-2), causing an increase in cross-sectional width of 
the canal bottom and reduction in the depth of the water, 
clogging of passages and crossings. This situation leads to 
decrease speed and the carrying and conveying canal 
capacity in the hydraulic radius, and eventually to an 
unacceptable deterioration of irrigation water [2, 3, 14]. 
Therefore, an urgent task at the present time is the 
development of technologies and techniques to remove 
soil sediments from the bed of canals, after its clearing of 
the trees and shrubs, by using the machines, developed by 
the scientists of the Saratov Agricultural University [4, 5, 
18]. 

In the practice of reclamation production by 
operational and repair work, one applies a large number of 
machines with active operating elements (frontal cutters), 
a common drawback of which is considerable outer 
dimensions and inability of their using in places of 
transition from the bottom to the canal slope, through 
restricted working conditions. 
 

 

 
 

Figure-1. Overgrowing of canals with trees and shrubs. 
 

 
 

Figure-2. Bottom sediments in the bed of irrigation 
canals. 

  
 Thus, there is a need for different types of end 
mills with smaller dimensions and wide practical range for 
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repairing work. To develop this type of operative parts, it 
is necessary to study the interaction of the cutting elements 
(knives) with the earth of sediments and deposits, being in 
the bed of canals. 
 
RESERCH METHODS 
 
The study of the process of cutting the earth of 
sediment load with the knives of end mill  

The basic design factor affecting the force of 
excavation works is the cutting angle   [9,11].   

The length of the main knives of end mill is 
determined as follows: 
 

        (1) 
 

where    Rcutter –cutter radius, m;   rb – barrel radius, m.  
 
 According to the studies by Russian scientists 
[9.11], by setting the teeth on the horizontal profiles, there 
occurs a reduction in cutting force by 30-40%. At that, it is 
recommended minimum width of the teeth bt = 0.08 m, 
and the distance between them 2,5-3 bt. Often, this 
situation cannot be accepted owing to severely restricted 
cutter radius. It is therefore necessary to determine the 
distance between the teeth for each of the knives. Thereto, 
number the diametrically opposite main knives (Figure-3). 
Taking into account bt= 0,08 m and  the length of knife  lk, 
the distance between the teeth of the knife  #1 will be: 
 

     (2) 
 

where  lk.overlap – overlap of the main knife with 
the trajectory of the auxiliary  knife, m. The researches 
have established that in the knife # 1, the distance between 
the teeth at.1 = 1,5bt. 

It is obvious that on the knife # 2, it is advisable 
to install one tooth, performing free cutting of earth. At the 
same time, it must be set from the edge of a knife at a 
distance: 
 

      (3) 
 

 
Figure-3. The circuit to determination of the distance 

between the teeth of the main knives. 
 

Determination of the forces acting on the main 
knife of the face milling cutter is impossible without 
consideration of its working. By rotational-translational 
motion, the knife teeth cut earth chips, the thickness of 
which depends on feed. At that, the front face of the teeth 
first compresses and then compacts the soil to a critical 
stress of point compression 0-1-2 (Figure-4), in which the 
soil is moved along an inclined plane relative to the 
mechanical trajectory of knife. At this moment, there 
occurs removal of the soil chips (point 3) from the soil 
massif and displacement of its exposed surface, the soil 
fracture resistance decreases dramatically. 
 

 
Figure-4. The pressure of the soil under compression with 

the main cutter knives. 
 

Chips of the soil by cutting either slides on the 
front surface or crumbles downwardly directed surface 
forming face. Upon further motion of the knife, the next 
quantity of soil is compacted until shifting. With 
translational motion, the knife penetrates into the soil and 
creates there stressed state (point 1-2), under the influence 
of which the structural change of the soil occur. Upon 
reaching the ultimate strength of the soil (point 3,) the 
development of deformation, caused by the further motion 
of the knife, results in the change of its mechanical 
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properties, that is, the destruction of the structural links. 
Structural links in this case are destroyed by the plastic 
flow of soil from the blade by its penetration into the 
ground massif. 

When moving on a vertical wall of the face 
upward and downward, the tooth of the knife will be 
effected a circumferential Pcirc and a longitudinal Plong 

component of the digging force P [12,19]: 
 

      (4) 
 

Where Рcirc – circumferential component of the 
digging force, kN, Plong – longitudinal component of the 
digging force, kN. 

Thus, the development of soil in this case occurs 
as a result of simultaneous action of the circumferential 
and the longitudinal forces applied to the knife tooth. 
Circumferential force can be determined from the 
equilibrium equation of the forces acting on a tooth of the 
knife considering that soil disintegration occurs at the 
moment immediately preceding the shift [7,10]. Also, this 
force is easily determined by the formula, kN: 
 

     (5) 
 

where  kr – coefficient of soil resistivity to cutting  
kPa;  chips – chip thickness of soil, lk – the length of the 
main knife, m.  

Determine coefficient of soil resistivity to cutting 
kr using the following expression: 
 

       (6) 
 

where  kо – overall coefficient  of resistance to 
dripping for chips of thickness chips = 0,01m, kPa;  kc – 
coefficient of  cutting angle, kc = 1,0;  kk – coefficient of 
knife width, kk = 0,89; kз kn – coefficient of nip angle, kn = 
1,0; ks – coefficient of soil density;  – power coefficient 
depending on a type of soil  ( = 0,4 for organic soils) 
[6,16,17]. 

 Considering the coefficient of cutting force 
reduction Kt = 0,6 due to setting teeth, we will obtain: 
 

     (7) 
 

where kо – overall coefficient of resistance to 
dripping for chips of thickness chips = 0,01m, kPa, kc – 
coefficient of cutting angle, kc = 1,0; kk - coefficient of 
knife width, kk = 0,89; kn –  coefficient of nip angle, kn – 
1,0; ks – coefficient of soil density; chips = change of chip 
thickness, m;  - power coefficient depending on a type of 
soil ( = 0,4 for mineral soils), lk – length of the main 
knife, m; Kt - coefficient of reduction digging force of 
teeth. 

After transformations, obtain, kN: 
 

   (8) 
 

where w – working speed of machine, ncutter - 
rotational speed of milling cutter, min-1; 
 kо - overall coefficient of resistance to dripping for chips 
of thickness chips = 0,01m, kPa; kc – coefficient of cutting 
angle, kc = 1,0;  kk - coefficient of knife width, kk = 0,89; kn 

–  coefficient of nip angle, kn – 1,0; ks – coefficient of soil 
density; chips = change of chip thickness, m;  - power 
coefficient depending on a type of soil( = 0,4 for mineral 
soils), lk – length of the main knife, m; Kt - coefficient of 
reduction digging force of teeth; Zk – number of knives in 
the plane perpendicular to rotation axis of the milling 
cutter.  

By applying longitudinal force, the cutter deals 
with the resistance of soil to translational displacement. It 
is known that disintegration of soil with the knife occurs 
with stress being equal to three of fivefold compressive 
uniaxial strength. The force of penetration of knife can be 
expressed by the dependence, Н: 
 

       (9) 
 

where r – ultimate resistance of soil to uniaxial 
compression, kPa; Ft – square of a knife tooth, contacting 
with soil, m2. 

As a result, we obtain: 
 

(10) 
 

where  Сs  - coefficient of adhesion of soil, kPa; lk 

– length of the main knife, m; bk – width of the digging 
part of knife into soil, m; s  - angle of internal friction 
of soil, deg; Kt - coefficient of reduction digging force of 
teeth;  - pi (3,14). 

The width of the knife penetrated into the soil 
will be obtained in the following way, m: 
 

    (11) 
 

where w - working speed of machine, m/h;  ncutter 

– rotational frequency of milling cutter, min-1; Zk - number 
of knives in the plane perpendicular to rotation axis of the 
milling cutter;  - soil stress, kPa;  - pi(3,14). 
The expression for estimation of the total force of digging 
the soil with main knives of the face milling cutter will be 
obtained subject to the number of knives Zk: 
 

 (12) 
 

where  w - working speed of machine, m/h; ncutter 

– rotational frequency of milling cutter, min-1; kо - overall 
coefficient of resistance to dripping for chips of thickness 
chips = 0,01m, kPa; kc – coefficient of cutting angle, kc = 
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1,0;  kk - coefficient of knife width, kk = 0,89; kn –  
coefficient of nip angle, kn – 1,0; ks – coefficient of soil 
density;  - power coefficient depending on a type of soil( 
= 0,4 for mineral soils), lk – length of the main knife, m; Kt 

- coefficient of reduction digging force of teeth; Zk – 
number of knives in the plane perpendicular to rotation 
axis of the milling cutter; Сs – coefficient of soil adhesion, 
kPa;  - soil stress, kPa; s - angle of internal friction 
of soil; kPa;  - pi(3,14). 

Resistance to cutting the soil with an auxiliary 
knife as well as the main one is composed of soil 
resistance to revolution and desensitization of the knife 
[7,10]. 

Total force of digging Рk by the auxiliary knife 
can be found in much the same way as by the main knife, 
kN: 
 

   (13) 
 

where Рcirc.k  - circumferential component of the 
digging force with auxiliary knife, k,N; Рlong.k - 
longitudinal component of the digging force with auxiliary 
knife, kN. 

The expression for determining total force of 
digging the soil Рk  by auxiliary knife of  bifurcated type 
will take the following form:   
 

    (14) 
 

where  w - working speed of machine, m/h; ncutter 

– rotational frequency of milling cutter, min-1; le – length 
of cutting edge of the auxiliary knife, m;  ko -  overall 
coefficient of resistance to dripping for chips of thickness 
chips = 0,01m, kPa; kc – coefficient of cutting angle, kc = 
1,0;  kk - coefficient of knife width, kk = 0,89; kn –  
coefficient of nip angle, kn – 1,0; ks – coefficient of soil 
density;  - power coefficient depending on a type of soil( 
= 0,4 for mineral soils), Kt - coefficient of reduction 
digging force of teeth; Ze – number of cutting edges of the 
auxiliary knife; Cs – coefficient of adhesion of soil;  - soil 
stress, kPa; s - angle of internal friction of soil;  - 
pi(3,14). 

Analysis of the dependences shows that the 
impedance of digging is dependent on physical and 
mechanical properties of the soil, geometry, kinematics 
and operating parameters of the end mill cutters. 

The total power of operation of the face milling 
cutter Nm consists of power to cutting soil with main Nc.main 
and auxiliary knife Nc.k. and the shift of the soil with blades 
Nb, kW 
 

   (15) 
 

where Nc.main – soil cutting power with the main 
knives, kW;  Nc.k. - soil cutting power with the auxiliary 
knife, kW; Nb – shift power of the soil with blades, kW. 

Power to cutting soil the main blades .Nc.main can 
be determined by (16, 19): 
 

   (16) 
 

where Mmain - rotational moment of the main 
knives of the milling cutter; cutter -   rate of angular 
motion of the milling cutter. 

The required torque M is determined with regard 
to the distance rk, where the force is applied to the knife 
resultant to the circumferential force Рcirc of resistance to 
cutting the soil (Figure-5), m: 
 
rk = 0,5(Rcutter+rn), 
 

where Rcutter – cutter radius, m; rk – radius of 
auxiliary knife, m. 

Then the rotational torque of one knife will be, 
kNm: 
 

 (17) 
 

where w - working speed of machine, m/h; ncutter 

– rotational frequency of milling cutter, min-1; ko -  overall 
coefficient of resistance to dripping for chips of thickness 
chips = 0,01m, kPa; kc – coefficient of cutting angle, kc = 
1,0; kk - coefficient of knife width, kk = 0,89; kn –  
coefficient of nip angle, kn – 1,0; ks – coefficient of soil 
density;  - power coefficient depending on a type of soil( 
= 0,4 for mineral soils), Zk – number of knives in the plane 
perpendicular to rotation axis of the milling cutter; Rcutter – 
milling cutter radius, m. 

After the transformations, taking into account the 

circumferential speed of the cutter 
30
фр

фр

r
   we will get 

power to cutting by the main tooth knives:  
 

       (18) 
 

The torque on the auxiliary blade Мп will be 
obtained by analogy with the main blades (Figure 8): 
 

 (19) 
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Power to cutting the soil by the auxiliary blade:. 
 

(20) 
 

Then power to cutting the soil by the knives of 
the face milling cutter after transformations will be: 
 

   (21) 
 

Technical performance of the face milling cutter 
Пtech.cutter consists of performance of the main and auxiliary 
blades, м3/h: 
 

       (22) 
 

where w – working speed of the machine; Дcutter  - 
cutter diameter, m; lk – length of the main knife, m; dk – 
auxiliary knife diameter, m; le – length of cutting edge of 
the auxiliary knife, m. 

As one can see from this dependence, 
performance of face milling cutter, with the mechanical 
trajectory of the working elements close to a helical line, is 
provided by critical operating speed of reclamation 
machines, as its increase leads to an increase in supply. 
Performance is largely dependent on the geometric 
parameters of the knives and cutters on the whole. 

 

 
Figure-5. Application of circumferential resultant force of 

resistance to digging the soil by cutter knives. 
 
Energy consumption (kWh / m3) of workflow of cutter 
knives is obtained by the expression:  
 

(23) 
 

From the analysis of the dependence (23) it is 
seen that the value of the energy intensity of common 

excavation with the blades of the face milling cutter 
depends on the geometric, kinematic and operational 
parameters of the movable object, the physical and 
mechanical properties of the soil. 
 
The study of the process of soil transport with the 
blades of face-milling cutter   

The soil developed by the cutter knives must be 
transported beyond the development with special blades. 
The balance of power to the drive of the blades of face 
milling cutter is as follows [13,15]: 
 

   (24) 
 

where Naccell - the power to the soil acceleration to 
the speed of rotary motion of the blades,kW, Nb - the 
power to friction of the soil on the blade,kW, Ntr – the 
power of friction of soil on the bottom of the trench, kw. 

At the moment of blade contact with the soil there 
occur inelastic impact and acceleration of the soil while 
moving along the blades of the initial rate, acquired as a 
result of the impact, to the speed of descent. Estimate 
expenditure of energy (J) required at soil impact on the 
blade, from the following expression [17]: 
 

   (25) 
 

where A1 - energy consumption at the moment of 
blade contact with the soil, J;  Js - centrifugal force of 
inertia, N; ɷ - angular velocity of soil particle, s-1; ms – 
soil mass, kg; circ - circumferential velocity of the 
milling cutter, m/s2. 

The angular momentum of a particle of soil mass 
m, moving along the blades with absolute speed   at a 
distance Ri (Figure 6) from the axis of rotation of the 
milling cutter is equal to: 
 

    (26) 
 

where m - mass of soil particle, kg;    - absolute 
velocity of soil particle, m/s;   Ri – distance of particle 
motion from cutter rotation axis, m;   i – angle between 
the radius - vector and perpendicular from the center of 
rotation to the direction of the absolute velocity, deg. 

According to above-stated theorem, we will get: 

2
22 )()( dАdtFmRmd oi  , 

 
where  - angular velocity of soil particle, s-1; m 

- mass of a soil particle, kg;   mо - mass of a soil particle at 
the time zero, kg; А2 – energy consumption at  soil particle 
flow from the blade, J. 

Having integrated this equation, we will obtain: 
 

    (27) 
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where Rr.b. – the radius of the rotor of blades, m; 
Ri – the distance of particle motion from cutter rotation 
axis, m;  - angular velocity of soil particle, s-1; m 
– soil particle mass, kg; circ – cutter circumferential 
velocity, m/s2; circ.i - cutter circumferential velocity at i 
instant of time, m/s2. 

Work A2 is spent to the increment of the kinetic 
energy of the soil and to overcoming the frictional forces 
of the soil on the blade. 
 

 
Figure-6.  The circuit to the calculation of the motion of 

the soil particle along the blades of the cutter. 
              
Power to the soil acceleration Np is determined 

from the following expression [7]: 
    

 (28) 
 

where s – soil density, kg/m3; Пtech.cutter. – 
technical performance of the face milling cutter, m3/h; circ 

– cutter circumferential velocity, m/s2 
The contact of the blades with the soil is carried 

out in their lower position, so forces J and Q will help to 
overcome the friction. We neglect these forces, believing 
that power is consumed only to overcome the friction 
force Ffr.: 
 

 (29) 
 

where Пtech.cutter - technical performance of the 
face milling cutter, m3/h; s - specific weight of soil at 
natural state, N/m3; hpr – maxheight of cutter prism, m;  g 
- free fall acceleration, m/s2;  - angular velocity of soil 
particle, s-1; av. – average velocity of soil particle flow 
from the blade, m/s;           

Considering that the angle  b is varies  from 0 to 
90о and from 90о to 0, and at b=45о , gsin45о is negligible 

(error 1,5 %), then we will obtain the expression of power 
(kW): 
 

 (30) 
 

where  Пtech.cutter - technical performance of the 
face milling cutter, m3/h; s - specific weight of soil at 
natural state, N/m3; hpr – maxheight of cutter 
prism, m; Rb -  radius of rotation of the blades, m; g 
- free fall acceleration, m/s2; ncutter - rotation frequency of 
the milling cutter, min-1 ;  - pi (3,14); f – coefficient of 
blade friction of soil. 

Weight of the loosened spoil transported by the 
blade equals  m=Vb/Rr  [10], where Vb - quantity of soil 
cutting with blade,  m3; Rr – rotor radius pf the blades, m.     

Consider the process of transporting the soil with 
the blade along the bottom of the canal. The weight of the 
soil with loosening  m=Vb/Rc is pressed to the surface of 
canal with the force (Figure-7): 
 

     (31) 
 

where J – centrifugal force, Н: J=mRо, где Rо 
– radius from the centre of gravity of quantity of the soil 
V, m; Gr – radial weight component, N: Gr=Gcosi, 
where  i – the angle between the position of the blade at 
the moment and  vertical plane, deg. 

Power to friction will be obtained from the 
formula: 
 

 (32) 
 

After substitution Аfriction and integration, we will 
obtain, kW: 
 

(33) 
 

where Пtech, cutter - technical performance of 
the face milling cutter, m3/h; γs - s - specific weight of 
soil at natural state, N/m3; hpr – maxheight of cutter 
prism, m; Rb -  radius of rotation of the blades, m;  - 
angular velocity of soil particle, s-1; g - free fall 
acceleration, m/s2;  fs – coefficient of  soil- soil friction; 
con.b – blade-soil contact angle, deg. 

Then the power (kW) to the drive of blades of the 
cutter will be: 
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(34) 
 

where  Пtech, cutter - technical performance of the 
face milling cutter, m3/h; ρs – soil density, kg/m3; s – 
specific weight of soil at natural state, N/m3; hpr – 
maxheight of cutter prism, m; Rb - radius of rotation of 
the blades, m;  - angular velocity of soil particle, s-

1; g - free fall acceleration, m/s2;  fs – coefficient of  soil- 
soil friction; con.b – blade-soil contact angle, deg,  - pi 
(3,14); f – coefficient of soil-blade friction.  
 

 
Figure-7.  Determination of power to soil friction on the 

surface of the canal. 
 
As a result, we will have: 
 

where  Nb – blade driving power, kW; Пcutter. – 
cutter performance, m3/h; s – specific weight of soil 
at natural state, N/m3; hpr – maxheight of cutter 
prism, m; Rb - radius of rotation of the blades, m; bb – 
width of the blade, m; ncutter - rotation frequency of the 
milling cutter, min-1; g - free fall acceleration, m/s2;  fs – 
coefficient of  soil- soil friction;  - pi  (3,14). 

Energy intensity (kWh/m3) transportation of the 
soil with the blades: 
 

where  Eb - energy intensity of transporting soil 
with the blades, kW h/m3;    Rb - radius of rotation of the 
blades, m;   bb – width of the blade, m;  ncutter - rotation 
frequency of the milling cutter, min-1; g - free fall 
acceleration, m/s2;  fs – coefficient of  soil- soil friction;  - 
pi  (3,14). 

      The analysis of the dependence obtained gives 
a visual representation that the value of the energy 
intensity of transport of the developed soil with the  blades 
depends on the physical and mechanical properties of the 
soil, the geometric and kinematic parameters of the blades. 
It is obvious that the decisive influence is a speed rotation 
of the cutter 
 
RESULTS 

The results of the studies presented in Figure-8 
show that the dependence of the power of digging with the 
end mill of the feed is linear. And with increasing supply 
per 5 m / h, the cutting power is increased by 0.1 kW, and 
the performance is increased by 3.2 m3 / h, which reduces 
power consumption. This is due to the shortening of the 
path of the knife in the soil, increasing the thickness of cut 
chips and reducing soil crumbling. At the same time, the 
greater the supply is, the lower the energy consumption for 
digging is, so it is needed to work with the optimal values 
of supply, which for the majority of earth-moving 
reclamation machines is 40-45 m / h. 
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3
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22
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28
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кВт 

Ерт, 
кВт·ч/м10
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2
1

3
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n =0,5с ; =40°; Zн=2фр

-1   
 

Figure-8.  The dependence of power, energy consumption 
and performance of the face milling cutter on the speed of 

movement of the working reclamation machines. 
 

1- power 2- energy consumption, 3- performance  
 The dependence of the consumed power and the 

consuming energy of soil transportation with the cutter 
blades on the frequency of rotation is represented in   
Figure-9. 
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Figure-9. The dependence of power consumption and 
energy of transport of the soil with the cutter blades on its 

speed: 
 

1 - power 2 – energy intensity 
As seen from the graph, the dependence of 

transportation of the soil on rotating speed of the cutter is 
linear, and with its increasing by 0.083 с-1 , the specific 
energy consumption for transportation by the blades of the 
face milling cutter increases to 0.0193 kW h / m3. 

 
DISCUSSION 

Resistance to soil cutting with the auxiliary cutter 
knife, as well as with the main one, consists in the 
resistance of the soil to rotation and desensitization of the 
knife into the ground. We believe that the shape of the 
blade may have a significant impact on the force required 
to have it penetrated into the soil. Therefore, the most 
appropriate is to use, as an auxiliary blade, the knife of 
bifurcated drag reducing the resistance to penetration into 
the soil by 15-20% [7,8]. Impedance to digging depends 
on the physical and mechanical properties of the soil, 
geometry, kinematics and operational parameters of 
working elements of the end mill. 

It stands to reason that the performance of the 
face milling cutter, the trajectory of the blades close to the 
helix is provided by critical operating speed of reclamation 
machines, as its increase leads to an increase in supply. 
Performance is largely dependent on the geometric 
parameters of the knives and the face milling cutter on the 
whole. 

Also, by increasing the operating speed of the 
machine there occurs an increase of the required width 
transporting the blades of the face milling cutter, owing to 
the increase of the moved mass of soil, while increasing 
cutter rotational speed at a constant speed of the machine - 
its reduction as the feed to the cutter blades reduces, and, 
therefore, the quantity of the developed soil. It becomes 
apparent the dependence of energy intensity of transport of 

the developed soil with the blades on physical and 
mechanical properties of the soil, geometric and kinematic 
parameters of the blades, and the very rotating speed of the 
cutter has the decisive influence. 
 
CONCLUSIONS 

Further theoretical and experimental research on 
this subject will focus on creating a prototype of the 
multifunctional face milling cutter permitting significantly 
reduction of the energy consumption of the process, 
improvement productivity and quality of work, in order to 
apply it at the existing reclamation machines. [20] 

In order to reduce the impact load and to better 
clean the blade of the knife from the soil sediments and 
vegetation, the knives with curved cutting shape, 
providing a constant slip angle in contact with the ground 
will be investigated. A certain number of knives and seats 
must comply with well-defined placement of the knives on 
the cutter, as the reduction or addition of knife sections 
without changing the alignment of the blades will increase 
the non-uniformity of torque. Also, the study should take 
into account the effect of change of cross-sectional area of 
sediments in the canal on the operating speed of 
reclamation machines and the overall number of knives of 
the cutter, with constant speed it. 

Creating a continuous process on development 
and removal of soil deposits is possible by providing 
continuous slip of the soil along the blade and the escape 
at the right time. Therefore, one of the optional versions is 
to create a cutter with blades bent at a definite angle, 
providing the best conditions of the high end descent of 
the transported soil and reducing the resistance to 
displacement. A model of working of the blades will be 
elaborated, theoretical dependences for determining the 
geometric and kinematic parameters will be obtained. 
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