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Abstract. The paper analyses the cases of unloading harvester hoppers at the end of the field. A passive experiment was carried out in two agricultural farms 
while harvesting wheat and rice, and the times that affect the unloading of the grain hopper have been measured when the harvester moves to the end of the 
field to unload its hopper. In chronometering the operations it has been established that 63% of the time for unloading grain hoppers at the end of the field is 
used for auxiliary operations and only 37% of the time is related to proper unloading of the grain hopper. It has been found that the time for moving the harvester 
to the vehicle at the end of the field has longer duration (t = 127.72 s) than the time when the harvester goes back to the strip of land to continue harvesting (t = 1 7 

80.36 s).
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Introduction The objective of this study is to investigate and establish the 
duration of the process of unloading hoppers in a stopped position 
with the grain harvester exiting at the end of the field.When unloading the grain hopper with the harvester at the end 

of the field, the harvester halts the harvest after filling the hopper, 
moves to the waiting vehicle or a container in the headland, stops 

Material and methodsnext to them and unloads in a standstill. After unloading, the 
harvester returns to continue the harvest (Bakhtiari et al., 2013; 
Busato, 2015). A study has been conducted on the duration of the process of 

In our country about 90% of agricultural farms unload on the bed unloading grain harvesters on two farms. The first farm was 
in stopped position. In some of them (about 13%), harvesters leave harvesting wheat with a wheeled harvester, which we refer to as К1, 
the strip that is being reaped, move to the end of the field and unload and in the second one - rice with a harvester with chains mounted on 
in the vehicles (tractor or automobile) located outside it (Delchev et the front driving bridge, which we refer to as К2. The two harvesters 
al., 2016). There are four cases. The first one is the harvest of rice. had the following technical parameters: working width of the headers 

3There it is not possible for a vehicle to enter the rice cells (Delchev et 6.10 m; grain hopper volumes of 8.6 and 9.0 m , respectively, and 
al., 2015). Harvesters, as a rule, have a chain (band) transmission discharge screw flow rates of 100 and 105 l/s. The average area of a 
system or at least chains on the front drive axle. The second case is rice cell in the rice harvest was 3.4 ha and the area for wheat harvest 
when vehicles cannot enter the field due to over-moistened soil or was 80 ha.
presence of a deep drainage ditch between the road and the field. 
With over-moistened soil it is also recommended to use harvesters The operating times associated with the hopper grain unloading 
with chain transmission system (Suhoparov, 2010, Emeljanov et al., process of the grain harvesters were measured by timing and are as 
2013). The third case is in sunflower harvest. Sunflower stubble follows:
intensely destroys the tyres of the vehicles. The fourth case is t  - time for the harvester to move to the vehicle, s;1

observed after the construction of highways in our country and the t  - time to position the harvester to the vehicle, s;2

separation of arable land from the farm premises, which t  - stopping time of the harvester till opening the unloading 3

predetermines the use of high load carrying and high speed auger, s;
transport vehicles and tractors which are unsuitable for entry into the t  - time from opening the unloading auger till it is switched on, s;4
arable fields (Delchev et al., 2016). t  - time from switching on the unloading auger till shutdown, s;5Unloading the full hoppers by moving the grain harvesters to the 

t  - time from completion of unloading till start of the harvester, s;6vehicles at the end of the field is in most cases imperative and 
t  - time to move the harvester from the vehicle to the harvest 7expedient but it involves additional operations that prolong the total 

site, s;unloading time. This in turn leads to a decrease in productivity 
tp - duration of the process of unloading one bunker, s.(hourly, shift, seasonal) and prolongation of the harvest time. It is 

known that the productivity of grain harvesters depends both on the 
During the unloading time tp, the harvester does not reap, i.e. it technical parameters of the machine and on logistic factors. Such a 

does not achieve productivity.factor is the place for unloading the full hoppers (Delchev et al., 
Determining the duration of the process of unloading a hopper 2016).

into the vehicle is made according to the following dependence:
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tp  = t  + t  + t  + t  + t  + t  + t  , s (1) 1 2 3 4 5 6 7

The arithmetic mean of the above time intervals has been 
calculated for each combine following the equation (Mitkov, 2011):

where x  is the i-th experimental value for the j-th combine;ij

n  – the number of measurements for the j-th combine.j

For each combine the following has been determined:
- corrected mean square deviation

(3)

- variation coefficient

(4)

- trust interval of the mean value

(5)

- relative error limit

(6)

The criterion of Student t  has been defined in trust probability γ γ;k

= 0,9 and degrees of freedom k=n -1. All calculations have been j

done by the methodology described by Mitkov and Minkov (Mitkov et 
al., 1989). According to the same authors, when studying agricultural 
machinery trust probability can be assumed to be 0,9 and the relative Figure 1 shows the relative share of time of the individual 
permissible error can be within the range 5-10 % (Mitkov et al., operations in the process of unloading the grain harvesters. It is 
1989). We have accepted these values when evaluating and evident that emptying the grain hopper t  is 37% of the total time of 5

analysing the experimental results. the unloading process. The time for movement of the harvester to 
the vehicle t = 35% and the time for returning of the harvester from 1 

the vehicle to the harvesting site t  = 22% comprise a significant part 7

Results and discussion of the total time.
Table 2 shows the average duration of the unloading process tp 

Table 1 summarizes the results from measurements of the = 368.72 s, for harvester К1 that process has duration of 349.19 s or 
duration of operations carried out during the process of unloading 11% shorter that in harvester К2 – 388.28 s. The relative error in γ = 
the grain hopper of harvesters (К1 and К2), unloading into the 0.9 is within acceptable limits.
vehicle located at the end of the field. The average time for moving the harvesters from the harvest 

(2)
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Table 1. Duration of the various operations when unloading 
the grain hopper in harvesters unloading into the vehicle 
located at the end of the field

Times relating to 
hopper unloading

t1

t2

t3

t4

t5

t6

t7

Tр

22

22

22

22

22

22

22

22

78

4

0

6

102

3

63

165

7

0

33

186

8

95

127.72

3.51

0

16.87

137.55

2.71

80.36

368.72

.00

Number of 
measurements, N Хmin Хmax Х

Duration, s

Figure 1. Relative share of the operations 
duration at grain harvesters unloading 

process 

t1

t2

t3

35%

1%

1%

0%
4%

37%

22%

t4

t5

t6

t7

Table 2. Duration of the grain harvester unloading process into a vehicle at the end of the field

Harvester V , lБ q, l/s tр, sN S , %

K 1

K 2

Average idle time for unloading the hopper, s

8600

9000

100

105

15

7

349.19

388.28

368.72

22.52

21.97

6.44

5.66

4.67

4.18

328.77 ; 360.97

369.90 ; 402.10

, %V  [ ]XE
kI ;g

 
k;gD

Table 3. Duration of the operation movement of harvester from the site of hopper filling to the unloading site at the end of
the field

Harvester V , lБ q, l/s t , s1N S , %

K 1

K 2

Average time for movement to the field end, s

8600

9000

100

105

15

7

120.87

134.57

127.72

10.35

8.75

8.56

6.51

8.56

4.77

116.16 ; 125.68

128.16 ; 141.01

, %V  [ ]XE
kI ;g

 
k;gD
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site to the vehicle t  is 127.72 s - Table 3, and the time for moving the auxiliary operations is random by nature and depends on objective 1

and subjective factors. To minimize the total idle time in the process harvesters back to harvest site t  is 80.36 s - Table 4. This difference 7

of unloading the grain harvesters and hence to increase the actual is logical and is explained by the different speed of movement of the 
shift performance, it is necessary to apply strict organizational and harvesters with full and empty hopper.
labour discipline, as well as the use of appropriate harvesting and The results also show a difference in the average values of 
transportation facilities corresponding to the characteristics of the these times between the two harvesters. The average time for 
fields and the harvested crop.movement of harvester К1 from the harvest site to the vehicle is less 

than that of harvester К2, but upon return to the harvest site it is the 
reverse. This is due to the action of the numerous objective and 
subjective factors: distance between the location in the field where References
the hopper is filled and the location of the vehicle waiting at the end of 
the field; area and shape of the field; type of transmission system; Delchev N, Trendafilov K, Tihanov G, Stoyanov Y and Dankova 
state of stubble; choice of speed of movement by the driver, etc. S, 2016. A study and analysis of the structure of time for unloading 

The distance covered by harvesters upon unloading the grain harvester hoppers in standstill. Scientific report No. 1 AI/15, 
hoppers going to the headland is completely random by nature. At Faculty of Agriculture, Trakia University, Stara Zagora, 22 (Bg).
the average speed of movement of 5.5 km/h with a full hopper and Mitkov А, 2011. Theory of the experiment, Rousse, „Dunav press“ 
average time of movement to the end of the field  t  = 127.72 s, the (Bg).1

distance travelled to the vehicle was 195 m. That is, for the specific Mitkov А and Minkov D, 1989. Statistical methods for studying and 
conditions (size of the area, position of the vehicle, etc.) for each optimizing agricultural machinery. I part, Zemizdat, Sofia, 224 (Bg). 
unloading harvesters have travelled an average of 390 m. The Emeljanov АM, Bumbar IV, Kandelya МV, Ryabchenko VN and 
average time for movement of the harvesters from the unloading site Shpilev ЕМ, 2013. Caterpillar grain fodder harvesters 
to the harvest site is t  = 80.36 s. Or they had travelled at a speed of (fundamentals of theory and structural technological devices). 7

Treatise, Blagoveshtensk: DalyGАУ.8.7 кm/h with an empty hopper.
Suhoparov АI, 2010. Selection of the type of transmission system 
for grain harvesters. Techniques in Agriculture 5, 23-25.
Bakhtiari А, Navid H, Mehri J, Berruto R and Bochtis DD, 2013. Conclusion
Operations planning for agricultural harvesters using ant colony 
optimization. Spanish Journal of Agricultural, 11, 652-660.

In the process of investigation, the times are related to the 
Busato P, 2015. A simulation model for rice-harvesting chain. 

unloading of the grain hopper of harvesters when moving to the end 
Biosystems engineering, 129, 149-159.

of the field for unloading. The average idle time for unloading the 
Delchev N and Trendafilov K, 2015. Structural Analysis of the grain harvester hoppers when unloading into a vehicle located at the
Operations and Time for Tank Unloading of Grain Harvesters. end of the field is 368.72 s. For auxiliary operations 63% of the time 
International Journal of Science and Research (IJSR), 4, 1890-for unloading the grain harvesters at the end of the field is used and 
1894.only 37% of the time is related to the actual emptying of the grain 
Delchev N, Trendafilov K, Tihanov G and Stoyanov Y, 2016. hopper. The time for moving the harvester to the vehicle at the end of 
Grain combines productivity according to various unloading the field is longer (t  = 127.72 s), from the time the harvester returns 1 methods – in the field and at the edge of the field. Agricultural 

to the bed to continue the harvest (t  = 80.36 s). The duration of 7 Science Technology, 8, 221-226.

 

 

Table 4. Duration of the operation movement of harvester from the end of the field to the harvest site

Harvester V , lБ q, l/s t , s7N S , %

K 1

K 2

Average time for movement from the field end to the harvest site, s

8600

9000

100

105

15

7

87.86

72.87

80.36

10.87

8.11

12.37

11.12

9.09

8.17

77.98 ; 93.52

66.91 ; 78.79

, %V  [ ]XE
kI ;g
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