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Abstract: The subject of the paper are linked processes in agriculture. Sophisticated relations between operational and 

transportation farm practises in time, place, and mass balance need compound simulation based on computer software. Important 

prerequisites for a good solution is a well-founded land management project. The last one have to include at least proper crop rotation plan 

and corresponding road net. The different combinations of crop yield, bulk density, distant of transportation for distinct plants require many 

concrete solutions. Furthermore, transportation can be realized with or without intermediate capacity like buffers, bins, overloader trailers, 

exchangeable trailers, etc. For fastets harvest, computation are made with maximum number of selfpropeler harvesters or enough to end of 

crop gather in acceptable periods. In the example, a joint work of Claas Lexion 600 and tractor with 9, 12 and/or 21 tons carrying capacity 

of trailer are discussed. For easy choice of every concrete solution, additiobnal information can be used like linked processes performans 

and graphic illustration. The proposed optimal procedure garatees enough data for reasonable solution based on real combinations of 

technology, machinery, vehicles, intermediate and final capacities. 

KEYWORDS: LINKED PROCESSES, COMPUTER SIMULATION, GRAPHIC ILLUSTRATION, HARVEST AND 

TRANSPORTATION. 

 

INTRODUCTION 

Associated processes include synphanous or synchronous 

technological and transport impacts on products with their 

collection or scatter, followed or preceded by moving them. They 

are also known as transport and production processes in two 

varieties: retractable and transport-distribution, including in 

agriculture (GOST 17460-72). 

 

Especially in agriculture, the connectivity of processes is 

not only at a time, but also in a location that depends on many 

factors such as variation of the picked / scattered product in the 

various fields of the field (yields), volume of capacity, width of 

work ... (Viewrov, Ch. Zl., Stoyanov K., Evg. & Atanasov, At., 

2009), (Parhomenko S. 2012). The complexity of the task of 

optimization of the system of technological and transport means 

also increases due to different transport distances, conditions of 

transport (flooring, intensity of traffic), the interaction of the 

technique with the warehouses (Bourlakis, MA, Vlachos, PI & 

Zempekis V. 2011) , (Gebresenbet, G. & Bosona, T. 2012), (Vizrov, 

Ch. Zl. & Kozlev, R. Al., 2006). 

Our previous successful attempt to find a local optimum for 

the system of retractors and vehicles (Vizrov, Ch. Zl., Atanasov, At. 

Zdr. & Spiridonov, VG 2016) encouraged us to expand the search 

for an appropriate solution to the task for a whole farm and a full 

cropping cycle for crop rotation from the accepted crop rotation. In 

the case of two-year crop rotation with wheat and corn, the global 

optimum will refer to a two-year business cycle. 

 

EXPLANATION 
It is necessary to provide some preconditions for a reasoned, 

long-term solution to the problem. It is accepted to determine the 

number of crop rotation, each of them needing an example of the 

same amount of resources: time to carry out related processes, 

material and technical equipment, including warehouse facilities, 

service personnel. In multipurpose crop rotation, this means, for 

example, the same areas of each field, in particular, of each crop. 

However, this means a different quantity of shipments for seeds, 

seedlings, manure, harvested basic and additional production. For 

example, yields and bulk densities of some major crops for Bulgaria 

require different capacities for the bodies of cars and trailers: wheat 

- 445 kg / dka, 750 kg / m³, corn for grain - 527 kg / dka, 720 kg / 

m³, kg / dka, 480 kg / m³, pepper - 1653 kg / dka, 280 kg / m³, 

potatoes - 1329 kg / dka, 640 kg / m³, 2013 kg / dka, 600 kg / m³, 

sunflower - 224 kg / dka, 400 kg / m³, oilseed rape - 212 kg / dka, 

670 kg / m³ ... Correspondingly, the entire body will be filled with a 

different area and the filling time will be altered depending on the 

speed of the retractor the basic and additional production and the 

height of the stubble. 

It is also necessary to take into account the likelihood of 

simultaneously carrying out the same activities as fertilization, 

harvesting in different crops. For example, the harvesting periods 

for wheat and oilseed rape may overlap. Except for example, the 

uniform area (in anticipation and for example near yields) during 

each of the years of crop rotation, it is also desirable that the 

average transport distances do not differ significantly. Such a 

requirement can be achieved by a properly grounded land-use 

project. It should, in turn, optimize the main and additional road 

network for the farm. 

After ensuring the prerequisites in question, the 

optimization procedure continues with the collection of the basic 

information on the conditions under which the related processes 

will take place. As a rule, the least varied data for each crop crop 

field in crop rotation is its area, slope, expected average yield of 

primary and additional production and the ratio between them; the 

length of the roads in the field, the roads and the permanent 

pavement between the field and the warehouses. For ease of use 

with a spreadsheet, the specific metrics for the proposed technique 

are calculated. In the example of wheat harvesting, some retracting 

and transport means are shown - figure 1. 
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Fig. 1. An example of facilitating the determination of the performance indicators for associated wheat harvesting processes and the 

transport of grain by tractor trailer 

 

Since the interaction between technology and transport 

means is generally not a stationary process, it is also necessary to 

take account of the length of the process in the day. Most often it 

is limited by the possibility of harvesting the produce from the 

field. Increasing product humidity at night can lead to reduced 

productivity and even to a lack of quality harvesting. On the 

other hand, the total area from which the crop is harvested, the 

type and number of harvesting techniques must ensure that the 

harvest is completed at optimal time. For crops with higher 

average yield, bulk density and retraction speed, the above 

condition can also be achieved with less retraction techniques 

(also used for other crops). Similarly, the transport situation at a 

higher bulk density and a slight reduction in speed, assuming 

similar traffic conditions. This means that the maximum number 

of retractors is taken into account. For transport, the solution is 

sought by comparing the indicators for the associated processes 

for different types and number of transport aggregates (from one 

to all available). In terms of intermediate capacities (bunkers, 

overloading trailers, temporary sites or sheds), their number 

varies from 0 (ie not used) to the maximum possible amount. As 

a rule optimization is done with maximum number of end 

capacities (warehouses). 

Below are specific master data for the harvesting maize 

example - Table 1 

The maximum number of pickers (in this case, self-

propelled grain combines with the corresponding harvesters) and 

retractors is started. Of course, they can also consist of more than 

one brand combinations, for example single tractors or tractors 

(eg one trailer 1PTC-9 and 3PTC-12). No intermediate capacities 

are involved at the outset. Such an approach implies that the use 

of all available techniques will allow the work to be done in the 

shortest possible time. Therefore - and with the least loss of 

production. It is assumed that no intermediate capacities are 

available on the holding (further checking whether it is efficient 

to buy more intermediate capacities, possibly transport and 

retractable means). As a last resort, it is possible to increase the 

capacity and capacity of the warehouses (this investment is 

supposed to be the most expensive). There are obviously too 

many combinations of items and types of technical equipment for 

which performance indicators are sought. This also leads to 

considerable labor intensiveness of the optimum search 

procedure. 
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Table 1. Basic input data for process optimization - an example of harvesting grain corn 

 
 

To facilitate comparison between different variants of combinations by type and number of technical means for the connected 

processes, sample selection criteria (criteria) are offered. The calculation of the numbers in question becomes automatic and the comparison 

is left to the designer (the investor), ie. it is a human-machine scheme for decision-making. 

It is important for the efficiency of the connected processes to be their productivity, the duration of non-productive stays separately 

for each technical means and by types: retractable, transport, intermediate, final capacities. Additionally, you can take into account the 

expected area from which the production is recovered, the specific costs of time and standstill, the continuity factor and the degree of 

decrease in productivity of the various technical means. Thus, the expected productivity for the associated complex can be spent at the 

specific combinations by type and amount of resources per day (or shift, per hour). This is a prerequisite for the simultaneous modification of 

the resources for the related processes, not by the separate and multi-step specification of the time, labor and technical resources. The 

graphical representation of the functioning of each of the technical tools further facilitates the analysis. For example, it is possible to establish 

or not the stationarity, to see prolonged stays ... Figures below the table show specific cases. 

 

 
Fig. 2. Product in grain - blue and in vehicle - in tile. Collected area 276 dka. The recruiting tool uses 60% of its capabilities 
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Fig. 3. Product in grain - blue and in the vehicle - in a tile. Built area 172 dka. The vehicle has a higher capacity and fewer courses 

 
Fig. 4. Product in grain - blue and in the vehicle - in a tile. Covered area 221 dka. The vehicle is a traction train with a higher 

capacity and fewer courses 

 
Fig. 5. Product in grain - blue, in intermediate place - in the tile and in the vehicle - in green. Occupied area 398 dka. 

 
Fig. 6. Product in grain - in blue, in trailer 1 - in tile and in trailer 2 - in green. Built area 362 dka. 

From the point of view of the highest performance, the option with intermediate capacity is suitable. However, if we have run-of-the-

mill trailers, we can deliver performance close to the highest without buying extra capacity. 
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CONCLUSIONS 

The proposed procedure for finding an optimal solution 

for related processes imitates the real co-operation of different 

combinations of technology, vehicles, intermediate and final 

capacities. The specific choice can be based on the analysis of the 

graphical representation of the processes and the predicted 

aggregated indicators. 
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