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Summary: Rules for aggregating mounted agricultural machines have been systematized. Dependencies are derived for determining the 

parameters of the tractor after aggregation with the machine and the rules for safe work according to the norms are given. 

 

Introduction 

An essential part of the agricultural machines are hinged, 

they do not have their own running system and must use the running 

system of the tractor. This changes the technical characteristics of 

the tractor’s running system. In order for the tractor to be 

operational and safe for work and transport, a number of 

requirements must be met. Both the technical parameters of the 

tractor and the machine take part in formulating these requirements. 

In order to correctly assemble the mounted machine and to comply 

with the rules for safe operation with it, it is necessary to comply 

with some basic rules presented in this study. 

Purpose of the study 

To derive dependencies for the calculation of the parameters related 

to the aggregation of the hinged agricultural machines. 

 

When aggregating a mounted machine, it is necessary to calculate 

the actual values for the total weight of the tractor, the axle load of 

the tractor and the load capacity of the tires, as well as the required 

minimum balancing, which is sufficient load on the front axle to 

ensure safe handling. 

 
Fig. 1 Tractor parameters required for calculations 

 

To display the dependencies, the following notations are 

introduced (Fig. 1): 

TL [кг] tractor’s own weight, 

TV [кг] Front axle load with unloaded tractor, 

TH [кг] Rear axle load with unloaded tractor, 

They are taken from the tractor's "Operation manual" or the 

vehicle's license plate 

GH [кг] Total weight of the rear mounted machine 

GV [кг] ] Total weight of the front-mounted machine or 

front weight 

They are taken from the technical data of the front attachment or 

front weight machine 

a [м] The distance between the center of gravity of a 

machine with front suspension or front weight and 

average front axle (sum a1 + a2) are taken from technical 

data tractor and machine with front suspension or front 

weight or measured 

a1 [м Distance middle front axle to the middle of the 

connection of the lower lifting rod is taken from the 

"Operation manual" of the tractor or measured 

a2 [м] Distance from the middle point of connection of 

the lower lifting rods to the center of gravity of a machine with 

front suspension or front weight (distance between the points of 

gravity) is taken from the technical data of the tractor and the 

machine with front suspension or front weight or is measured 

b [м] Distance between the wheels of the tractor, taken 

from the "Operation manual" of the tractor or vehicle plate or 

measured 

c [м] Distance between the middle of the rear axle and the 

middle of the connection of the lower lifting rods, taken from the 

"Operation manual" of the tractor or vehicle plate or measured 

d [м] Distance between the middle of the connection 

point of the lower connecting rods and the center of gravity of the 

rear-mounted machine or rear weight (distance from the center of 

gravity) is taken from the technical data of the machine 

 

Commissioning 

Calculation of the required minimum weight on the front 

axle GV min to guarantee the steering of the tractor. 

GV min = (GH • (c + d) - TV • b + 0,2 • TL • b)/(a + b) 

The calculated actual numerical value of the obtained 

minimum balancing GV min is compared with the permissible value 

according to the "Operation Manual" of the tractor required on the 

front side of the tractor. It is necessary that the calculated actual 

numerical value of the obtained minimum balancing GV min should 

be less than or equal to the permissible value. 
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Calculation of the actual load on the front axle of the tractor TV 

tat 

TV tat = (GV • (a + b) + TV • b − GH • (c + d) ) / b  

The calculated actual value of the front axle load TV tat is 

compared with the permissible front axle load of the tractor 

specified in the tractor's "Operation manual". It is necessary that the 

calculated actual value of the load on the front axle is less than or 

equal to the value of the permissible load on the front axle of the 

tractor 

Calculation of the actual total weight of the tractor and machine 

combination 

G tat = GV +TL + GH 

The calculated actual gross weight G tat is compared with 

the permissible gross weight of the tractor specified in the tractor's 

"Operating manual" 

Calculation of the actual load on the rear axle of the tractor TH 

tat 

TH tat = G tat  − TV tat  

The calculated value for the actual rear axle load is 

compared with the permissible rear axle load of the tractor specified 

in the tractor's "Operation Manual". The calculated value for the 

actual rear axle load must be less than or equal to the specified 

permissible rear axle load of the tractor. 

Tire load capacity 

The load capacity of the front tires is determined by 

comparing the calculated actual value of the load on the front axle 

TV tat with twice the value (two wheels) of the permissible load 

capacity of the wheels (taken from the documentation of the 

manufacturer of the front tires). The calculated actual value of the 

load on the front axle TV tat must be less than or equal to twice the 

value of the permissible load capacity of the tires. 

The load capacity of the rear tires is determined by 

comparing the calculated actual value of the load on the rear axle of 

the tractor TH tat with the doubled (two wheels) permissible value of 

the load capacity of the tires (taken from the documentation of the 

manufacturer of the rear tires). The calculated actual value of the 

rear axle load TV tat must be less than or equal to twice the value of 

the permissible load capacity of the tires. 

It is important that all actual, calculated values a are less 

than or equal ( ≤ ) to the permissible values taken from the tractor's 

certificate: the permissible values for the total weight of the tractor, 

the load on the axles and the bearing capacity of the tires. 

 

Possible occupational safety risks 

Risk of crushing, shearing, catching, dragging and impact 

due to insufficient stability, as well as insufficient maneuverability 

and braking ability of the tractor! 

It is forbidden to connect the machine to the tractor 

included in the calculations in the cases when 

• one of the actual calculated values is greater than the 

allowable value. 

• a front weight is placed on the tractor (if necessary) for 

the required minimum front balancing (GV min). 

• the set weight of the tractor at the front or the weight of 

the machine when the load on even one of the tractor axles is 

exceeded. 

• Special cases: 

ο if the weight of the front machine superstructure (GV) 

does not reach the required minimum front ballast (GV min), you 

must place additional weights on the front machine superstructure! 

ο if the weight of the machine's rear superstructure (GH) 

does not reach the required minimum rear ballast (GH min), you 

must place additional weights on the machine's rear superstructure! 

 

Conclusions 

1. Machine-tractor units with mounted machines are the 

predominant part of the majority of the machines working in 

agriculture. 

2. When aggregating tractors with mounted machines, all 

actual calculated values are required to be less than or equal ( ≤ ) to 

the permissible values for the tractor, such as: the permissible 

values for the total weight of the tractor, the load on the axles and 

the bearing capacity of the tires. In case of discrepancy, they are 

corrected with the necessary weights to ensure safe and efficient 

work. 
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