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ANNOTATION 

The article notes the development of a device for measuring the working depth of tillage machines 

and the results of research to determine the tensile strength of the pressure spring. According to the 

results of the study, the required tension force of its pressure spring should be 270 N in order to 

ensure that the support wheel of the device for measuring the working depth of tillage machines is 

constantly pressed on the field surface and copies the irregularities in it. 
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At present, the working depth of tillage machines is determined using labor-intensive and low-

precision methods (obtaining cross-sectional and longitudinal profiles with the participation of at 

least 2-3 people, dipping a ruler into the treated layer, measuring the height of the furrow wall with a 

rake, etc.) [1 , 2] .Then the data are first obtained, then their statistical characteristics are determined. 

This takes a lot of time and does not allow you to get feedback and constantly monitor the operation 

of the unit. 

Based on the above, on the basis of the analysis of the devices for determining the depth of tillage [3-

5], a device for measuring the working depth of tillage machines in a mechanized way was 

developed. It consists of an electronic module consisting of a parallelogram mechanism 1 (Fig. 1), an 

electronic block 2 and a rod 3, which is fastened to the machine frame 7 by means of a lock 6. The 

rod of the electronic module is hinged to the pulls of the parallelogram mechanism, while the 

electronic block 2 is fixed to the lock 6 by means of a handle 8 which can change its length. The 

device is based on measuring the depth of immersion of the working bodies and works in the 

following order: when the working bodies of the machine sink to a certain depth, the base wheel 4 of 

the device rises to a height equal to the initial position, ie the depth of immersion of the working 

bodies. and transmits it to the data transmission device (this device is not shown in Figure 1). The 

transmitted data is received by the data receiver, displayed on a laptop screen in the form of a graph 

or number, and their statistical characteristics are determined. 

For the device to work reliably, its support wheel must work without interruption from the field 

surface and copy the irregularities in it. To do this, the base wheel of the device must be constantly 

immersed in the field surface with a certain force. This is achieved when the following condition is 

met [6] 

There ZQ  is the vertical pressure on the field surface of the device support wheel power, N; 

 
m

ZQ  – ZQ  - the optimal value of the force that ensures uninterrupted operation of the base wheel 

on the field surface and the copying of irregularities in it, N. (1) 
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Figure 2 shows the forces acting on the device during operation. Using it, we determine the pressure 

force on the field surface of the base wheel of the device: 

sin sinZ Z q n qQ N m g Q J P       (2) 

 or 
cos

XN
P


  and 

x zN N  given that  

  
1

sin ,
1

Z q n qQ m g Q J
tg


 

  


 (3) 

In this ,Z XN N  – the vertical and horizontal components of the reaction force acting on the base 

wheel of the device by the ground, respectively, N; 

  – device rolling resistance of the base wheel 

 coefficients; 

  – from the horizon of the parallelogram mechanism traction 

deflection angle, °; 

qm  – the mass of the device, kg; 

g  – free fall acceleration, m/s
2
; 

nQ  – the tensile strength of the device pressure spring, N; 

  – the tensile strength of the device pressure spring 

angle of inclination relative to the horizon, °; 

qJ  – the force of inertia generated by the support wheel of the device copying the irregularities on 

the field surface, N. 
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 Figure 1. Schematic of the device 

 

Figure 2. Schematic of the forces acting on the device during operation 
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(3) Analysis of the expression shows that the condition (1) for a given operating condition and 

therefore the reliable operation of the device is mainly ensured by the correct adjustment of the 

tension force of the spring. 

(3) From expression (1) we obtain the following expression to determine the tensile force required 

for a given operating condition of the device pressure spring 

(1 )
,

sin

m

Z q qT

n

Q tg J m g
Q

 



    
  (4) 

In this 
T

nQ  – the required tension of the device pressure spring 

 power, n. 

Irregularities on the field surface in the direction of movement 0

2
1 cos

Vt
Z Z

l

 
  

 
 (there Z 

is the ordinate of the irregularities, m; 

Z0 is half the height of the roughness, m; V - speed of movement, m / s; t - time, s; 

 

l – assuming that the length of the irregularity, m) varies according to the harmonic law, the force of 

inertia resulting from the copying of these irregularities by the support wheel of the device is 

determined by the following expression  

2 2

0 2

2
4 cos ,q q q

V Vt
J m Z m Z

ll

 
   (5) 

in this Z – the acceleration of the base wheel of the device along the ordinate axis, m/s
2
. 

Given the maximum value of the inertial force, expression (4) has the following form 

2 2

0 2
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  (6) 

The analysis of this expression shows the value of the tensile force required for a given operating 

condition of the device pressure spring, the value of the vertical pressure force of the base wheel on 

the ground to ensure its continuous operation on the field surface and the copying of irregularities, 

the coefficient of rolling resistance, parallelogram mechanism tensioners mass, depending on the size 

(height and length) of the unevenness of the field surface and the speed of movement of the 

aggregate. 

m

ZQ  = 500 N,   = 0,2,   = 10°, qm  = 50 kg, 
0Z  = 0,1 m, l  = 10 m, V  = 3,0 m/s,   = 45° = 

500 N, = 0.2, = 10 °, = 50 kg, = 0.1 m, = 10 m, = 3.0 m / s, = 45 ° the required tension force of its 

pressure spring must be 270 N in order for the wheel to be constantly pressed against the field 

surface and to copy the irregularities in it and therefore to ensure reliable operation of the device. 
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Conclusion: Our research shows that the required tension force of its pressure spring must be 270 N 

in order for the support wheel of the device for measuring the working depth of tillage machines to 

be constantly pressed on the field surface and copy the irregularities in it and therefore ensure 

reliable operation of the device. 
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