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Abstract - An analysis was carried out on studies evaluating the load-carrying capacity of machines 
and implements depending on gravity forces and external resistances, types of loads, and their 
redistribution during the performance of various types of work. The problem of determining the 
maximum permissible weight of the aggregated machine was solved, taking into account the 
specific features of the unit’s formation. Graphs of the potential load-carrying capacity, its 
characteristics, and the dependencies of the maximum weight values are presented. 
The loads acting on the unit in both static and dynamic states were investigated. An evaluation of 
the unit’s load-carrying capacity was performed based on an analysis of its dynamic component. A 
graphical analysis of the obtained results was carried out. It was shown that, under the influence of 
rolling resistance moments, the coordinate of the maximum load shifts toward the axis of the front 
wheels, resulting in their partial unloading. 
 
Keywords: Tractor self-propelled chassis, Traction dynamics, load characteristics, Inter-axle 
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1. Introduction  
 
An analysis of the research on the traction dynamics 
of tractor self-propelled chassis (TSPCH) when 
aggregated with mounted machines using inter-axle 
mounting and methods for calculating the traction of 
tractors and  TSPCH are presented in [1] and serve 
as benchmarks for evaluating their traction 
characteristics. These calculations are mainly 
employed to assess their performance with trailed or 
mounted machines [2]. When TSPCH is coupled with 
mounted equipment via inter-axle mounting, it 
encounters a system of forces and moments in the 
longitudinal-vertical plane that influences its 
coupling and traction-power parameters. 
Consequently, standard traction calculation 
indicators for TSPCH are inadequate for analyzing 
mounted machines configured with inter-axle 
mounting. Traction calculations generally presume a 
constant TSPCH weight [3]. However, when mounted 
equipment is added to the inter-axle zone, the 

equipment's weight increases the overall load, while 
the vertical soil reaction on the operational bodies 
becomes a contributing factor. Additionally, 
variations in the mounted machine's design and 
coupling method significantly affect the force impact 
on TSPCH and the extent of additional weight. The 
positioning of the mounted machine on the TSPCH 
frame further alters the coupling weight of the unit. 
While tractors face restrictions in mass 
redistribution to maintain stability and 
maneuverability, TSPCH benefits from additional 
loading on both axles due to the machine’s weight 
within the basic inter-axle mounting space [3]. 
Adjustments in the total and coupling weight of 
TSPCH within the aggregate directly influence track 
formation, which in turn alters rolling resistance. 
 

2. Literature Review 
 
Studies published in [5-7] indicate that less than 60–
70% of a tractor engine's power is converted into 
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traction force for agricultural implements, with this 
efficiency dropping to as low as 50% on soft, loose 
soils. Research in [8] reveals that approximately 20–
55% of the available axle power of a tractor is 
consumed by tire-soil interactions, primarily due to 
rolling resistance and drive wheel slippage. Studies 
in [9, 10] emphasize the adoption of modern 
technologies, such as traction control systems, 
ballast weights, and low-pressure tires, to minimize 
slippage. Additionally, tire slippage is strongly 
correlated with the tractor's coefficient of adhesion, 
which is defined as the drawbar pull divided by the 
total force acting on the drive tires in a direction 
perpendicular to the contact surface. 

In [11], the efficiency of an all-wheel-drive mini 
electric tractor was analyzed, focusing on the 
optimal distribution of weight across the tractor 
axles and internal tire pressure to enhance 
performance. To address the growing need for 
efficient power transmission from the engine to the 
drawbar while minimizing environmental impact, a 
modern traction wheel, the "wheel with rigid 
support," was introduced in [12]. This innovation 
significantly enhanced traction without increasing 
equipment weight. By enabling the use of wider 
implements, it also reduced field movement intensity 
and soil compaction. 

The slippage efficiency of a tractor with 
mechanical front-wheel drive during soil tillage was 
examined in [13]. The findings revealed a 21% non-
linear reduction in slippage efficiency, with the 
slippage coefficient of the rear wheels increasing 
relative to the front wheels. Additionally, the total 
traction force of the rear wheels rose compared to 
the front wheels. In [14], a methodological analysis 
of energy dissipation by the wheels of a front-wheel-
drive tractor during plowing operations showed that 
energy dissipation accounted for approximately 25% 
of the total energy expenditure for plowing. A 
method for predicting the slippage of tractor drive 
tires, incorporating numerical expressions for tire 
pressure, was developed in [15]. An empirical 
equation derived from this study allowed for 
theoretical predictions of drive tire slippage in both 
4WD and 2WD modes. 

Research in [16] outlined methods to improve 
traction efficiency by optimizing the distribution of 
vertical reactions between the wheels, particularly in 
tractors with unstable coupling mass. Key principles 
for assessing the traction properties of such tractors 
were also formulated. Additionally, [17] investigated 
the loads on agricultural aggregates during unsteady 
motion while performing technological operations, 
highlighting an 8% discrepancy between the 
maximum theoretical traction force and the force 
measured using the proposed experimental 
methodology. 

Based on these studies, it has been established 
that the redistribution of normal reactions between 

the axles of TSPCH in an aggregate significantly 
influences the rolling conditions of the front and rear 
axle wheels, resulting in varying rolling resistance 
forces. Traditional traction calculation methods are 
inadequate for fully capturing the range of potential 
traction loads for TSPCH in a mounted aggregate, as 
they are limited by the adhesion constraints of the 
drive wheels to the soil. 
 

3. Development Methodology 
3.1. Load-Carrying capacity of Assemblies 
based on a TSPCH 

 
According to the nature of the reactions acting on 

the wheels of TSPCH and on the working elements, 
which arise from the effects of gravity and external 
resistances, mounted machines are divided into two 
main groups: those that generate reactions on the 
wheels only due to the action of gravity, and those 
that generate reactions on the wheels due to both 
gravity and external environmental resistance. 

Machines and implements of the second group 
can, in transport position, formally be classified as 
belonging to the first group. For the overwhelming 
majority of units, all types of loads may be 
considered symmetrical relative to the central 
longitudinal (conditional) plane of symmetry of the 
TSPCH. 

It may be assumed that all units (except transport 
units) operate at speeds below 15 km/h, which 
limits the dynamic loads on the wheels and allows 
the use of the tire load-carrying capacity reserve 
provided by the applicable standard. In practice, the 
degree of utilization of tire load capacity is typically 
assessed by static reactions, since it is difficult to 
account for the dynamic redistribution of loads for 
each specific operating condition. 

Redistribution of loads to the rear axle of the 
TSPCH under working conditions increases the 
corresponding reactions by approximately 10%. 
According to experimental data from the Research 
Institute of Large-Size Tires, tire overloading within 
these limits reduces tire service life by about 20%. 
Therefore, when forming a unit, it is necessary to 
consider the loads arising under both static and 
dynamic conditions, and to use in calculations the 
loads corresponding to the case of maximum loading. 

To enable evaluation of the load-carrying 
capacity of the units, their static state is considered 
for machines of both groups using a common 
methodology, which is then refined based on 
analysis of the corresponding dynamic state. 

When analyzing load-carrying capacity, it is first 
necessary to determine the dependence of the 
limiting weight values of the machines on the 
position of the unit’s center of gravity, based on the 
maximum permissible load values on the TSPCH 
wheel tires in static conditions. Taking into account 
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the load-carrying capacities of the front and rear 
wheel tires and the corresponding load-carrying 
capacity adjustment coefficients, the permissible 
additional loading of the axles when attaching 
machines and implements is as follows for the front 
axle:  

 
,                                     (1) 

where  – permissible additional load on the 

front axle when attaching machines and implements; 
 – weight acting on the front wheels;  – load-

carrying capacity of a front wheel;  – load-carrying 

capacity coefficient for the front wheels; 
for the rear axle: 
 

,                                      (2) 

 
where  – permissible additional load on the 

rear axle when attaching machines and implements; 
 - weight acting on the rear wheels;  – load-

carrying capacity of a rear wheel;  – load-carrying 

capacity coefficient for the rear wheels; 
Considering the TSPCH as a simply supported 

beam resting on the wheel axles, we can examine the 
corresponding loading schemes. The reactions 
resulting from the action of the weight of the 
aggregated machine  on the front wheels are as 

follows: 
 

,                           (3) 

 

where  – rated tractive effort;  – wheelbase 

(longitudinal distance between axles);  – 

longitudinal coordinate of the center of gravity of the 
mounted implement; 

for the rear axle: 
 

                               (4) 

 

The maximum permissible weight of the 
aggregated machine  and the corresponding 

coordinate  at full tire loading are equal to 

 

,                     (5) 

 

where  – weight of the mounted machine or 

implement;  – operational weight of the TSPCH; 

 

                               (6) 

 

where  – longitudinal coordinate of the 

center of gravity of the mounted machine or 
implement; 

For any other position of the mounted machine, 
its weight and the longitudinal coordinate of its 
center of gravity can be calculated using the 
following formulas: 

Case 1: When the load-carrying capacity of the 
unit is limited only by the load-carrying capacity of 
the steering (front) wheels: 

 
                             (7) 

 
where  – is the reaction on the front wheels 

due to the weight of the aggregated machine; 
 

                            (8) 

 
from which: 

 

;                     (9) 

 
where  – is the longitudinal coordinate of the 

center of gravity of the mounted machine or 
implement; 

 

                       (10) 

Case 2: When the load-carrying capacity of the 
unit is limited only by the load-carrying capacity of 
the drive (rear) wheels: 

 
                      (11) 

 
where  – is the adjustment coefficient for the 

load-carrying capacity of the front wheels; 
 

                                                 (12) 

 
where  – is the adjustment coefficient for the 

load-carrying capacity of the rear wheels; 
from which: 
 

;                               (13) 

 

 ;                             (14) 

 
The obtained dependencies can be analysed on 

graphs, for the TSPCH T-16MG under the most 
typical inter-axle mounting. For the T-16MG chassis, 
the front wheel tires are 170-406 (6.0/16) according 
to the tire standard (DSTU 4140:2020), with 

at a pressure of 0.32 MPa. For 

operation on soft soils, at a 

pressure of 0.18–0.21 MPa. The rear wheels use tires 
240-830 (9.5/9–32) with at a 

pressure of 0.13–0.15 MPa; for operation on soft 
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soils, at a pressure of 0.08–0.11 

MPa. 

The standard allows for an increase in the load-
carrying capacity of tires at operating speeds below 
16 km/h by 35% for steering (front) wheels and 
20% for drive (rear) wheels at the same tire 
pressure. Accordingly, the tire load-carrying capacity 
adjustment coefficients are and . 

The load limitation ( ) applies to 

transport units based on the TSPCH. 
The input values for the calculations are: 

; ; ; 

 (weight of the chassis with a rigid 

protective frame). 
 

 
Figure 1: Characteristic of the potential load-

carrying capacity of the TSPCH T-16MG: solid lines – 
load-carrying capacity of the chassis on soft soil at 
drive-wheel tire pressures of 0.09, 0.11, and 0.10 MPa 
(curves 1, 2, and 3, respectively) and steering-wheel 
tire pressure of 0.21 MPa; dash-dot lines – same 
conditions, but with the use of the reserve load-
carrying capacity of the steering-wheel tires; dashed 
lines – load-carrying capacity of the chassis during 
transport operations (drive-wheel tire pressure 0.13 
MPa; steering-wheel tire pressure 0.32 MPa). 

 
The nominal load-carrying capacity of the TSPCH 

drive wheels at a pressure of 0.08–0.1 MPa (field 
conditions) does not ensure proper operation of the 
units ( ). Therefore, when performing 

unitization calculations, the reserve load capacity of 
the tires must be considered. 

 

3.2. Steady-state Operation for a TSPCH with 
Mounted Machine 
 

When constructing the load-carrying capacity 
characteristics of the TSPCH for transport 

operations, the nominal tire load-carrying capacity 
at a pressure of 0.15 MPa is used. 

Figure 1 shows the dependencies of the limiting 
weight of the aggregated machine on the horizontal 
coordinate of its center of gravity ; the 

additional load on the front wheels and 

on the rear wheels at the limiting values 

of , where,  is the reduced rolling resistance 

coefficient for the entire unit,  is the reduced 

rolling resistance coefficient for the front wheels,  

is the reduced rolling resistance coefficient for the 
rear wheels. 

The curves describe the variation of the total 
reactions on the respective axles can be determined 
from the following relationships (for the interaxial 
mounting): 

in the range : 

 

     (15) 

 
Where is the normal soil reaction on the front 

wheels under static conditions;  is the normal 

soil reaction on the rear wheels under static 
conditions; 

in the range : 

 

       (16) 

 
When the machines and implements are mounted 

within the range , the value of is 

limited by the load-carrying capacity of the front 
wheels, while the rear wheels cannot be fully loaded 
by the machine’s weight. 
When the center of gravity of the mounted machine 
is located within the range , full 

loading of the rear wheels can be achieved while the 
front wheels remain underloaded. 
For a given value of the machine weight relative to 
the front wheels in the working position , the 

equations of load-carrying capacity of the steering 
and driving wheels yield the range of possible 
positions of the machine on the TSPCH frame. 

 

  (17) 

When the reserve load-carrying capacity of the 
tires is used (  and ), this range 

increases. 
 

The obtained data can be refined based on the 
analysis of the steady operation of the TSPCH with 
machines of the first group on a horizontal surface. 
In this case, the tractive resistance of the unit 
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represents a component of the rolling resistance 
force. 

The normal dynamic reactions on the front ( ) 

and rear ( ) axles can be determined from the 

following equations: 
 

,  (18) 

 
where  – operating weight of the unit; – 

longitudinal coordinate of the unit’s center of 

gravity;  – rolling resistance moment of the front 

wheels;  – rolling resistance moment of the rear 

wheels; – rolling resistance moment of the entire 

unit;  – rolling resistance of the front wheels;  – 

dynamic radius of the rear wheel; 

 – dynamic radius of the front wheel.  

      (19) 

To determine the value of the total rolling 
resistance moment of the unit , both 

sides of the traction balance equation of the unit are 
multiplied by the dynamic radius of the driving 
wheel. 

,                      (20) 

where  – tangential traction force;  – tractive 

effort corresponding to the nominal engine power; 

or 

,                           (21) 

where  is the total rolling resistance moment of 

the unit. After transformation, we obtain: 

 

,             (22) 

where  – is the rolling resistance force, 

However, since 

  and     (23) 

from this 

       (24) 

 

3.3. Limiting Weight of the Aggregated 
Machine 
 

When calculating with the relatively small term 
, the value of the reduced rolling 

resistance coefficient can be used with sufficient 
accuracy. Under this assumption, substituting 

into formulas (18) and (19) yields: 

; .               (25) 

To ensure normal operating conditions, the 
following constraints must be satisfied: 

;   .                             (26) 

Since , it follows that 

, i.e., the maximum permissible 

weight of the aggregated machine in this case does 
not change. 

Considering that 

 
and,                                     (27) 

 

where  – is the maximum weight of the 

aggregated machine; 
For inter-axle mounting, the longitudinal 

coordinate of the center of gravity of the mounted 
machine at maximum weight in the working state, 

, taking into account 

 and the known values of 

 and , can be written as:   

 
                              (28) 

Substituting the value of the maximum weight of 
the mounted machine  

,  and solving for 

,  gives: 

     (29) 

since  

 and            (30) 

we have: 

     (31) 

It is noteworthy that the value of is less 

than . Under the action of rolling resistance 
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moments, the coordinate of the peak of the 
maximum load shifts toward the axis of the steering 
wheels. This is logical, as it results in partial 
unloading of the front wheels. 

The maximum permissible weight of the 
aggregated machine, , when the center of gravity 

of the mounted machine is located to the left of 
, is determined from: 

                         (32) 

Solving this equation for , after substituting 

the values of and , we obtain:  

 

   (33)  
 
When the center of gravity of the mounted 

machine is located to the right of , from the 

equation 
 

           (34) 

then  
 

,               (35) 

 

 
Figure. 2: Dependence of the maximum weight of the 
attached machine on the horizontal coordinate of its 
center of gravity (for static and dynamic conditions): 
solid lines – the general envelope for the considered 

case; dash-dot lines – curves plotted under the 
condition of static force action; 1, 2, and 3 – for the 
load-carrying capacity of the driving wheel tires on 

soft soil at pressures of 0.09, 0.10, and 0.11 MPa, 
respectively; 4 and 5 – for the nominal and maximum 
load-carrying capacity of the steering wheel tires at a 
pressure of 0.21 MPa; =260 kgf;  = 1400 kgf;  = 

0,12 

 
Based on the obtained data, it is possible to adjust 

the potential limits of the mounting zone on the 
chassis. When determining the loads on the front 
wheels of the unit, it is sufficient to consider only the 
static forces, whereas for the rear wheels, the 
dynamic redistribution of loads must be taken into 
account. As a result, the range of possible positions 
of the center of gravity of a machine with a given 
weight is narrowed and lies within the following 

limits: 
 

           (36) 

          
 
Figure 2 shows the dependencies of the 

maximum weight of the aggregated machine on the 
horizontal coordinate of its center of gravity. As 
described above, the allowable load-carrying 
capacity region of the TSPCH on the graph is 
obtained by superimposing the curves of static and 
dynamic loading. 

The curves are plotted for conditions of operation 
on compacted plowed soil, which practically covers 
the full range of tasks performed by TSPCHs of this 
class with first-group machines in crop production 
(dusting, spraying, vegetable harvesting with 
harvesting platforms, etc.). Under these conditions, 
the dynamic redistribution of loads significantly 
limits the effective load-carrying capacity of the 
drive axle of the chassis. 

At the same time, for a transport unit based on 
the TSPCH (Fig. 3), the operational load-carrying 
capacity is close to the static value. This is due to the 
relative reduction of rolling resistance moments as a 
result of the wheels rolling over compacted soil. In 
this case, the maximum weight of the transport unit 
can be estimated based on the static load-carrying 
capacity of the TSPCH. 
 

3.4. Features of Unit Formation based on a 
TSPCH 
 

Features of unit formation with second-group 
machines in the working position. In this case, it is 
necessary to determine the magnitude and direction 
of the total reaction on the working elements. Its 
magnitude, direction, and point of application 
depend on the type of agricultural work being 
performed, the structural design, the condition of the 
working elements, soil conditions, and a number of 
other factors.  

For most soil-working machines, the point of 
application of the total reaction lies approximately in 
the longitudinal-vertical symmetry plane passing 
through the center of gravity of the unit. 
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For design calculations, it is convenient to use the 
horizontal ( ) and vertical ( ) components of the 

total reaction. The horizontal component is 
determined based on the structural parameters of 
the machine’s working elements and the specific 
resistances characteristic of machines of that type. 
The calculation method for determining the 
horizontal component is fairly universal, as 
experimental characteristics of the specific 
resistances of all aggregatable machines have been 
developed and reported in the literature for optimal 
speed levels, fully covering the range of soil 
processing depth adjustments. To determine , 

experimental data on the ratio of horizontal and 
vertical reaction components are used, for example, 
data from dynamometer measurements of soil 
reactive resistance on the working elements. 

 

 
Figure 3:  Load-Carrying Capacity Characteristics of 

the T-16MG Transport Chassis (for Static and Dynamic 

Conditions): solid bold line – the general envelope for 

the considered case;  dash-dot lines – the curve plotted 

under the condition of static force action; dashed lines 

– the same, but under motion; solid line – the curve of 

the static load-carrying capacity of the T-16MG 

chassis (without the rigid protective frame); – 

components of the reactions, for example, data from 

dynamometer measurements of the soil reactive 

resistance acting on the working elements. 

 
For the positional and power-based mounting 

methods, a rigid power connection exists between 
the machine and its working elements with the 
chassis frame. Taking into account the forces acting 
on the unit in the longitudinal plane during steady 
operation on a horizontal surface, the normal 

reactions on the TSSH wheels can be expressed by 
the following equations: 

         (37) 

where  – is the nominal reaction on the front 

wheels of the TSSH, considering the forces acting on 
the unit in the longitudinal plane during steady 
operation on a horizontal section;  – is the vertical 

component of the resultant reaction acting on the 
working elements; 

                     (38) 

where  – is the distance from the line of action 

of to the vertical plane passing through the axis of 

the front wheels;  - is the nominal reaction on the 

rear wheels of the TSSH, considering the forces 
acting on the unit in the longitudinal plane during 
steady operation on a horizontal section. 

By comparing the obtained expressions for 
and with those previously presented for 

and , it can be seen that the selection of and 

the coordinate  primarily depends on the sign of 

. 

When , the calculation should be carried 

out for the transport position of the machine, and 
when , the values of and have additional 

constraints. In this case: 
 

 

(39) 

 

since  and . 

As before, when calculating for the relatively small 
quantity , the value of the reduced rolling 

resistance coefficient is used. Taking this into 
account: 

 

(40) 

 

 

(41) 
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Since and , and taking 

into account that the coordinate can always be 

represented as the algebraic sum of and a specific 

value for each given machine (where is the 

horizontal distance from the center of gravity of the 
machine to the point of application of the reaction on 
the working elements), after transformations we can 
obtain the following results for the interaxle (mid-
mounted) hitch: 

1. Maximum value of the permissible (limit) 
weight of the aggregated machine and the coordinate 
of the center of gravity of the mounted machine at 
this limit weight in working condition: 

 

(42) 

where is the maximum permissible 

weight of the operationally aggregated machine. 
 

 

(43) 

 
where is the coordinate of the center of 

gravity of the mounted machine. 
These parameters are determined from the system 
of equations: 

                     (44) 

(45) 

 
by substituting the values 

(46) 

 
If it is assumed that the line of action of passes 

through the center of gravity of the mounted 
machine, then  This is due to the 

proportional distribution of the vertical reaction 
across the supports, which leads to a corresponding 
decrease in the specific weight of the aggregated 
machine. 

 
2. From the equation: 

                   (47) 

 

the limit weight of the aggregated machine is 
determined when its center of gravity is to the left of 
the point : 

 
 

 

(48) 

 
3. Similarly, from the equation , one 

can find the limit weight of the aggregated machine 
when its center of gravity is to the right of the point 

: 

 
 

(49) 

 
In both cases: 
 

         (50) 

 
Since the effects of rolling resistance moments 

and the vertical component on the loading of the 

front axle are mutually opposite, when determining 
the limit values of the aggregated machine’s weight 
and the coordinate of its center of gravity, it is 
necessary to take into account the relationship 
between the normal reactions on the front axle of the 
unit in static and working positions. 

The above relationships are valid for the case 
. If , then the boundary parameters 

are determined from the following system of 
equations: 

 

(51) 

 
 

(52) 

 
under the condition that . From the same 

considerations, the zone of possible placement of a 
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machine with a given weight on the chassis 

(TSSH) is determined. 
If , then when determining the possible 

range of the center of gravity position of the 
mounted machine, it is sufficient to consider only the 
static action of forces on the front axle: 

 
= 

(53) 
 
However, if , then when determining the 

zone of possible locations of the center of gravity of 
the mounted machine, it is necessary to take into 
account the dynamic redistribution of loads on the 
front axle: 

 

  

= 

  (54) 

 
A comparison of the calculated formulas for 

determining the maximum permissible weight of the 
attached machine and the coordinate of its center of 
gravity in the present case with the corresponding 
formulas for machines of the first group in the 
working position shows that they differ from the 
latter only by an additional term that accounts for 
the vertical component of the reactive soil resistance 

. 

Therefore, when determining the zone of possible 
positions of the center of gravity of the mounted 
machine, it is possible to use the load-carrying 
characteristic of the chassis (TSSH) obtained for 
machines of the first group in the working position 
(see Fig. 2), correspondingly reducing the ordinate 

at each point approximately by the value of . 

With increasing , it is necessary to take into account 

the full value of the additional term in the calculation 
formulas. 

Since the vertical component of the soil reaction 
on the working elements is a specific value for each 
machine, the load-carrying characteristic of the 
chassis (TSSH) obtained by superimposing 

represents a particular case, whereas the 

corrected characteristic is universal. 

For units with height-based control of tillage 
depth, the total vertical reaction on the chassis 
wheels is determined by: 

      (55) 

That is, due to the force effect of the mounted 
machine, it exceeds the weight of the chassis by an 
amount: 

 
                            (56) 

 
When analysing the equilibrium conditions of the 

hinged section of the mounted machine (i.e. the 
working-tool sections with support wheels), it was 
shown that the vertical additional load on the chassis 
is created by the weight of the main frame of the 
mounted machine, which is rigidly fixed to the 
chassis frame, whereas the vertical component of the 
reactive soil resistance and the weight of the hinged 
section of the machine are borne primarily by the 
support wheels of the machine. 

If the vertical component of the reactive soil 
resistance is directed upward, then to ensure stable 
machine operation, a combined (height-and-force) 
control method is used, in which the spring-type 
force regulator also participates in the vertical 
unloading of the chassis. 

Thus, the transport condition of an aggregate 
with height-based tillage-depth control is the 
determining factor in calculating the load-carrying 
capacity of the chassis. 

The redistribution of load to the rear driving 
wheels of the chassis within the load-carrying 
capacity of the tires under normal operating 
conditions ensures an increase in the traction 
efficiency coefficient. When considering the 
movement of the mounted machine within the 
calculated zone (the mounting distance between the 
front and rear wheels of the chassis) as a means of 
redistributing loads to the rear driving wheels, it is 
found that, from the standpoint of improving 
traction performance, the most favourable position 
of the mounted machine is at the boundary of this 
zone on the side of the driving wheels. 

The position of the mounted machine on the 
chassis that satisfies both the principles of rational 
load-carrying capacity and the best traction–
adhesion characteristics is determined by solving an 
optimization problem for the aggregate. 
An analysis of the overlapping of these zones showed 
that the optimal mounting zone corresponds to their 
complete coincidence. In this case, it is necessary to 
refine the longitudinal stability of the unit and the 
limiting calculated coordinates, which are 
constrained by the wheelbase dimensions of the 
chassis. 
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The efficiency of using a mounted machine increases 
with its weight and with the magnitude of 
displacement of the mounting zone, within limits 
allowed by the design and agrotechnical features of 
the aggregate. 

By changing the track width of the chassis, it is 
possible to influence the position of the machine in 
cases where its displacement is limited by the 
stability of the unit. Combined with changes in the 
height of the mounted machine’s center of gravity, 
determining its optimal position becomes a 
variational calculation problem. 

The TSSH can be used with over 200 mounted 
and trailed machines and implements. 
For most of these, standard tires and rims meet the 
calculated load-carrying capacity of the chassis. 
However, when operating with mounted bulldozer 
blades, graders, front loaders, grapples, suspended 
rollers, and other heavy aggregates, the load on the 
front-wheel tires increases significantly. This causes 
a redistribution of loads onto the front axle and an 
increase in the corresponding reactions. Therefore, 
when aggregating with such machines, it is 
recommended to install wider rims and tires on the 
front wheels. 

When performing field operations on over-
moistened soils and meadows, for example, in land 
reclamation or mowing. It is advisable to install dual 
rear wheels to eliminate slippage and reduce soil 
compaction. 

When a mobile crane unit (hook-lift system) is 
installed on the chassis instead of the cargo platform 
(or in place of a shortened version), outriggers are 
installed on the sides of the front axle to ensure 
aggregate stability and increase load-carrying 
capacity. 

 

4.  Conclusions 
 
When machines and implements are mounted in the 
area between the front axle and the point of their 
center of gravity, their weight is limited by the load-
carrying capacity of the front wheels, while the rear 
wheels remain underloaded. When the mounted 
machine is positioned between its center of gravity 
and the rear axle, the rear wheels become fully 
loaded, whereas the front wheels are underloaded. 
The action of rolling resistance moments results in a 
further reduction of the load on the front wheels. 

During agricultural and forestry operations 
performed by the TSPCH on compacted soil after 
plowing, dynamic redistribution of loads 
significantly decreases the effective load-carrying 
capacity of the drive axle. In transport units based on 

 
 
 

 

 
the TSPCH used in municipal and road maintenance 
applications, the load-carrying capacity is close to 
the static value because the wheels move over firm 
or compacted surfaces. The load-carrying capacity of 
the TSPCH mounted platform corresponds to the 
calculated design value. 

The developed method for calculating load-
carrying capacity makes it possible to increase the 
chassis load-carrying capacity by up to 20%, or 
approximately 900 kg in numerical terms. 
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