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Abstract: During the operation of the tractor unit in field operations, not all the power developed by the tractor engine is effectively spent on 

useful work. 

To use the tractor power effectively, reduce or eliminate its useless losses, the article considers the tractor power balance, showing the 

distribution of effective power among the individual components for traction and driving their working details. 

According to theoretical studies, it was found that the traction resistance of a wide-seeder with clutch openers consists of two components; 

this is the resistance of the hopper to movement and the resistance of the filling part 

It was found that traction resistance will decrease as the hopper empties. The pulling resistance of the embedment is made up of several 

components, with the maximum permissible working speed of the unit, the maximum embedment depth and the highest seed sowing rate, the 

required power to perform the sowing process is obtained within 120 kW (163, 155 h.p), excluding the tractor power for raising or lowering 

the side sections of the sealing part. The total power consumption is distributed as follows: 90,8% to overcome the traction resistance of the 

wide seed drill, 9,1% for the fan hydraulic drive, and the remaining 0,1% for the electric meter. 

To reduce the amount of required power for the sowing process, it is necessary to work in the direction of reducing the seeder mass and 

improving the design parameters of working coulters. 

KEY WORDS: SEEDER, TRACTOR POWER, TRACTION RESISTANCE, SOWING, WORKING BODIES. 

 

The seeders of domestic production currently used in the 

Republic of Kazakhstan are morally and physically outdated, and 

today their production has been discontinued. Foreign sowing 

complexes supplied to Northern and Central Kazakhstan do not fully 

meet the agro engineering requirements for sowing in our zone. In 

addition, they are usually metal-intensive, energy-intensive and 

expensive. In this regard, we developed a wide-spread seeder that 

would meet the quality indicators of work and meet the needs of 

farmers in our country, affordability and quality of sowing [1, 2]. 

Our wide-spreader seeder consists of a sowing and seeding 

part, Figure 1 [3]. To conduct an energy assessment of a wide-

seeder, we determine the power to perform the technological 

operation of sowing. The effective power of the tractor engine, 

during the operation of the tractor unit, is spent on overcoming 

various resistances. The equation showing the dependence of the 

required effective engine power on the resistance overcome by the 

tractor is called the power balance equation [4]. When using a 

tractor in field operations, not all the power developed by the 

engine, which is called effective, is spent on useful work. 

To use the tractor power effectively, to reduce or eliminate 

its useless losses, we consider the tractor power balance, showing 

the distribution of effective power among the individual 

components. In order to assess and determine correctly the fraction 

of power that can be used to pull the machine and drive their 

working bodies [5]. 

 It should be noted that with the tractor moving uniformly, 

the following power losses occur: 

- in a power transmission - to overcome the frictional 

forces in bearings, gear teeth of gearboxes and other components of 

the power transmission, as well as to shake the oil; 

-to drive mechanisms that ensure the normal operation of 

the tractor, in particular power steering, etc.; 

-on self-movement of the tractor; 

- on slipping of a running gear; 

- in the presence of lifting of tractors and losses to 

overcome it. 

All of the above power losses are expended for the 

operation of tractor components. The remainder of the effective 

power is used to complete the sowing process. 

 

Figure 1 shows a wide- cut seeder and its working bodies. 

 

 
 

Figure - 1. Wide-cut seeder: 1 - hydraulic drive of the air system, 2 - electric drive of sowing devices, 3 - hopper for seeds and fertilizers, 4 - 

close-up part of the seeder. 

 

     The power balance equation of the backfill part of the 

wide- cut seeder, which will perform the technological operation, is 

presented in the following form: 

𝑁𝑡𝑜𝑡𝑎𝑙 =  𝑁𝑡𝑟𝑎𝑐𝑡 + 𝑁𝑓𝑎𝑛 + 𝑁𝑠𝑒𝑒𝑑𝑖𝑛𝑔                    (1) 

kW; where, 𝑁𝑡𝑜𝑡𝑎𝑙  - is the total power required to carry out 

the technological operation, kW; 

𝑁𝑡𝑟𝑎𝑐𝑡   - is the power spent on overcoming the traction 

resistance of the wide-cut seeder, kW; 
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N fan  - is the power required for hydraulic drive of the 

wide-cut seeder fan, kW; 

𝑁𝑠𝑒𝑒𝑑𝑖𝑛𝑔   - is the power required for the electric drive of 

the sowing apparatus of the wide-spread seeder, kW. 

According to theoretical studies, the traction resistance of 

a wide-seeder with clutch openers consists of two components; this 

is the resistance of the hopper to movement and the resistance of the 

filling part, which is calculated by the following formula [6]: 

 

𝑅𝑤𝑠 = 𝑅𝑡𝑎𝑛𝑘 + 𝑅𝑒𝑚𝑏𝑒𝑑                                               
- traction resistance of the hopper to movement; Rembed - 

traction resistance of the embedding part. 

The traction resistance of the drill hopper can be found by 

the formula below: 

 

Rt = Gb * f                                       (3) 

 

Where, Gb  -  is gravity of the full hopper;   f  -  is 

coefficient of resistance to movement on the soil prepared for 

sowing (0,12). 

 

Note: traction resistance will decrease as the hopper 

empties. 

The traction resistance of the embedding part consists of 

several components, and is solved by the following formula: 

 

𝑅𝑒𝑚𝑏𝑒𝑑 =
𝑅𝑟𝑜𝑙𝑙𝑒𝑟 + 𝑅𝑐𝑜𝑢𝑙𝑡 + 𝑅𝑟                                                   (4) 

 

Where Rroller  - is the traction resistance of the roller, kN; 

Rcoulter - is the traction resistance of the coulter section, kN; 𝑅𝑟  - is 

the traction resistance of the seeder for rolling, kN. 

 

If you substitute all the components in the formula, the 

final formula can be obtained in the following form [6]: 

 

𝑅𝑤𝑠 = 𝐺б ∗ 𝑓 +  
𝐷4

𝐵 ∗ 𝑞 ∗ 𝑑2

3

+ 𝑎𝑏(0.5 ∗ 𝑚𝑣 ∗ 𝐴𝜒 ∗ 𝐴1 ∗ 𝛾 ∗ 𝑎 ∗ 𝑔 

+𝑚𝑣 ∗ 𝐴𝜒 ∗ 𝐴1 ∗ 𝐶 ∗ cos𝜑 + 𝐴𝜃 ∗ 𝛾𝑝 ∗ 𝑣
2)𝑛 + 𝐺с ∗

𝑓                                    (5) 

 

The power consumed to overcome the traction resistance 

of the wide-cut seeder is defined as the sum of the traction 

resistance, kN, to the operating speed, vр, m / s: 

 

𝑁𝑡𝑟 = 𝑅𝑤𝑠 ∗ 𝑣р                                       (6) 

 

The power required for the hydraulic drive of the wide-cut 

seeder fan depends on the working pressure Pp, Pa created by it, the 

displacement of air 𝑄 air, m³ / s, and the efficiency η. The efficiency 

of radial fans: 0,4 ... 0,7 [7]. 

According to aerodynamic calculations, the total pressure 

of the acquired radial fan at the outlet is about 2500 Pa, the 

maximum air flow rate developed by the fans is 41 m / s, and the 

transported air volume is about 2,2 m3 / s. 

To calculate the power required for the hydraulic drive of 

the fan, the following formula is used: 

 

𝑁𝑓𝑎𝑛 = 𝑃р ∗
𝑄𝑎𝑖𝑟в

𝜂
                               (7) 

 

The use of an electric drive for sowing devices reduces the 

cost of maintaining the machine due to the lack of drive chains and 

shafts. An optional electric drive contributes to an even distribution 

of seeds in the soil and maximizes yield when sowing on various 

field surface reliefs. 

To calculate the drive power of the sowing apparatus, we 

experimentally determined the torque on the shaft of the sowing 

apparatus at the maximum seed rate of grain crops. Then the 

required power is determined from the following expression: 

Nseed  =  Мseed*  freq                                      (8) 

  

Where M seed - the maximum torque on the shaft of the 

sowing apparatus, n * m;  freq - is rotational speed of the metering 

unit shaft, s1. 

The drive power of the metering unit can also be 

determined by the formula 

 

Mseed  = Ur ∗ 𝐼                             (9)  

 

Where Ur  - is the operating voltage in the electric drive 

network, V; 

I   - is the magnitude of the current consumed by the 

electric motor, A. 

 

From expressions (8) and (9) at the maximum sowing rate 

of seeds of grain crops and the rotational speed of the shaft of the 

sowing apparatus, we determine the largest amount of the consumed 

current. 

The final equation of the power balance of the seeding part 

of the wide-seeder will be as follows: 

 

𝑁 tot =  (𝐺 б𝑡 ∗ 𝑓 +  
𝐷4

𝐵 ∗ 𝑞 ∗ 𝑑2

3

+ 𝑎𝑏(0.5 ∗ 𝑚𝑣 ∗ 𝐴𝜒 ∗ 𝐴1 ∗ 𝛾

∗ 𝑎 ∗ 𝑔 + 

+𝑚𝑣 ∗ 𝐴𝜒 ∗ 𝐴1 ∗ 𝐶 ∗ cos𝜑 + 𝐴𝜃 ∗ 𝛾𝑝 ∗ 𝑣
2)𝑛 + 𝐺с ∗ 𝑓)𝑣р + 𝑃р ∗

𝑄в

𝜂
+ 𝑈р ∗ 𝐼               (10) 

  

This equation does not take into account the tractor power, 

which is used to raise or lower the side sections of the filling part, 

that is, the power that brings the wide- cut seeder to the transport or 

working position. 

From equation (10) at the maximum permissible operating speed of 

the unit, the maximum depth of seeding and the highest rate of 

sowing seeds, the necessary power to perform the technological 

process, the sowing is obtained within 120 kW (163, 155 h.p). 

    Of the total power, 90,8% is accounted for by the power 

that is used to overcome the traction resistance of the wide- cut 

seeder, and 9,1% by the hydraulic drive of the fan, and the 

remaining 0,1% by the electric drive of the sowing device. 

         To reduce the amount of required power for the 

sowing process, it is necessary to work in the direction of reducing 

the seeder mass and improving the design parameters of working 

coulters. 
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