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$Estract� :KHQ XQORDGLQJ JUDLQ KDUYHVWHU KRSSHUV DW D VWDQGVWLOO WKH HPSW\LQJ WLPH KDV DQ HIIHFW RQ WKH JUDLQ KDUYHVWHU SHUIRUPDQFH. $ VWXG\ KDV EHHQ 
FRQGXFWHG RQ WKH DFWXDO HPSW\LQJ WLPH RI KDUYHVWHU JUDLQ KRSSHUV RQ YDULRXV IDUPV LQ %XOJDULD DQG WKH DFWXDO IORZ UDWH RI WKH XQORDGLQJ DXJHU KDV EHHQ 
GHWHUPLQHG. 7KH UHVXOWV REWDLQHG KDYH EHHQ FRPSDUHG WR WKH GHVLJQHG RQHV. ,W KDV EHHQ HVWDEOLVKHG WKDW ZKHQ XQORDGLQJ DW D VWDQGVWLOO WKH IXOO UDWH RI WKH 
XQORDGLQJ DXJHU LV QRW LQ XVH, EXW RQO\ 73.14% RI LW, ZLWK ZKLFK WKH KRSSHU HPSW\LQJ WLPH LV 1.4 WLPHV JUHDWHU WKDQ WKH WKHRUHWLFDO RQH.

.e\worGs� grain harvester, grain hopper, unloading time, emptying time, floZ rate of the unloading auger
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,ntroGXFtion

The systems for emptying harvester grain hoppers consist of 
several consecutively operating augers located at a different angle 
Zithin the hopper space �)igure 1�. By means of cover plates 1, 
located above the horizontal auger 2 the grain intake is controlled to 
prevent any blockage of the system. The e[tent of the cover plates 
opening is controlled according to the type of grain, volumetric 
Zeight and its moisture level. :hen the cover plates are half�closed, 
the blockage of the system is practically impossible, but its floZ rate 
decreases. These systems are Zith a simple, easy to actuate and do 
not reTuire special maintenance �Cole, 2002�. The reTuirement is to 
have high floZ rate in order to empty the hopper for a short period of 
time and thus provide greater hourly and daily performance, 

especially Zhen unloading hoppers at a standstill �Delchev and 
Trendafilov, 2002�. Usually, designers match the auger floZ rate to 
the hopper volume, so that at 1�� grain moisture the emptying to be 
done for 1.� ± 2 min �Isaacson, 197��.

The floZ rate of emptying systems, the reTuired capacity of 
actuation and the percentage of damaged grain depend on a 
number of factors� geometric parameters of augers, slope angle of 
grain transportation, type of grain, moisture, etc. It has been 
established that the auger slope angle has a significant effect on its 
floZ rate, but almost no effect on grain damaging �Hall, 1974�. In 
addition, by increasing the slope angle the reTuired capacity for 
actuating the auger also increases and reaches its ma[imum at an 
angle betZeen 4�� and �0�, and then it drops doZn since the floZ 
rate decreases. :ith a vertical auger �at an angle of 90��, the 

2�1
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)LJXUH 1. $ V\VWHP IRU HPSW\LQJ JUDLQ KDUYHVWHU KRSSHUV: 1 – FRYHU SODWHV� 2 – KRUL]RQWDO DXJHU� 
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capacity required for actuating is the same as in horizontal position 
but the flow rate is considerably lower (Midwest Plan Service, 1988). 
It has been found that dry grain damages (with low moisture) are 
minimum when using the maximum flow rate of the auger (Sands 
and Hall, 1971).

The main characteristic of the systems for emptying harvester 
grain hoppers is their designed flow rate, which is given as а flow rate 
of the unloading auger in l/s. In fact, this flow rate is maximum 
possible and is reached at a nominal angle speed of the engine. This 
is the angle speed that drives all harvester mechanisms and 
systems at harvest. When unloading the grain hopper at a standstill 
and well-adjusted cover plates the designed flow rate of the system 
is practically used. 

It has been established that in Bulgaria the grain hopper 
unloading in 90% of the farms is done at a standstill (Delchev et al., 
2016). In this case the operators, usually do not use the engine 
nominal engine revolutions, but lower ones. In that way, the 
designed flow rate of the emptying system is not reached, the 
unloading time increases and the grain harvester performance 
decreases. The designed flow rate cannot be reached either in the 
cases when cover plates 1 (Figure 1) are half-closed and not 
adjusted for the relevant crop.

The objective of the present paper is to study the emptying time 
of grain hoppers on various farms and various grain harvesters and 
to determine the actual flow rate of the unloading system.

Material and methods

Studies have been conducted when harvesting wheat, barley, 
sunflower and rice in 19 agricultural farms in different areas in 
Bulgaria. A total of 22 grain harvesters have been observed, 
comprising 19 models from 7 different brands. Table 1 contains the 
technical specifications of the studied harvesters, and the models 
and brands are replaced with provisional designations. Some of the 
harvesters are the same that is why some of the characteristics in the 
table are identical. In all farms, the hopper unloading was done at a 
standstill of the harvester. Only on one farm (harvester К21) 
unloading at movement was observed. The established harvest 
organization, unloading schedule and the specific activities of 
operators have not been changed.

The theoretical time for emptying the grain hopper when using 
the designed flow rate of the auger is calculated by means of the 
following formula:

      (1)

where V is the grain hopper volume, l;
q  – designed flow rate, l/s.к

The actual time for emptying the grain hopper is determined by 
chronometering the period from switching on the unloading auger 
until its switching off. The measured average value for the relevant 
grain harvester is used to determine the actual flow rate of the 
unloading auger by the following relation:

      (2)

where q  is the actual flow rate, l/s; t  – average value of the actual D D

time for emptying the grain hopper, s. When calculating the actual 
flow rate, it is assumed that 100% of the hopper volume is full since 

the signaling for a full hopper has been switched on.
The average weighted value of the actual time for emptying the 

grain harvester hoppers is calculated by the relation:

      (3)

where ni is the number of measurements of the time for emptying the 
ith harvester; tDi – the actual time for emptying the ith harvester; i – 
the grain harvester number; k – the number of grain harvesters.

Similarly, the average weighted value of the actual flow rate of 
the unloading auger is calculated. The percentage of using the auger 
flow rate is calculated: 

      (4)

As well as the percentage of increase of the unloading time 
compared to the theoretical one:

      (5)

Results and discussion

Figure 2 shows the relation between the theoretical flow rate of 
the emptying system and the grain hopper volume of harvesters 
included in the study. It is evident that the relation between the two 
parameters is linear one,

      (6)

i.e. by increasing the grain hopper volume manufacturers plan 
greater flow rate of the emptying system in order to keep the 
emptying time under 2 min. The regression model is adequate at 
significance level p=0.05, since Fcalc.=53.455>Fкр=4.35. The 

2definition ratio is R =0.7277, i.e. 72.77 % of the flow rate change is 
due to the grain hopper volume.

Table 1 contains the results about the calculated theoretical 
time for unloading hoppers by using the design flow rate of the 
unloading auger, the measured average time for emptying harvester 
hoppers and the determined actual auger flow rate. 

It is evident from the table that the grain harvesters included in 
the study have a hopper volume from 5000 to 14100 L, and the 
prevailing ones being with volume 8000 – 9000 L. The average 
theoretical time for emptying hoppers is 94.37 s, and among 
individual harvesters it varies from 66.67 to 122.86 s, i.e. the 
designed hopper volume and the auger flow rate allow grain hoppers 
to be emptied within 1 – 2 min. Only in one harvester the model is 
greater – 2.05 min.

Figure 3 presents graphically the theoretical and actual hopper 
emptying time in different harvesters. The average actual hopper 
emptying time is 132.52 s, and in individual harvesters it varies from 
110 to 186.66 s. The average exceeding of the possible designed 
time for all harvesters is by 38.15 s, i.e. the emptying time is 
increased in comparison to the theoretical one by 142.8%. 

Figure 4 shows graphically the designed and actual flow rate of 
the hopper emptying systems in various harvesters. It is evident that 
in all harvesters the actual emptying flow rate is less than the 
designed one, which is in inverse relationship to the hopper 
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emptying time. An average of 73.1% of the unloading auger flow rate 
is used.

The partial use of the emptying system flow rate and, therefore, 
the greater duration of the hopper emptying process is mainly due to 
the grain harvester operator's activities, who can affect two technical 
parameters:

l frequency of rotation of the systems of unloading augers, 
which he can control through the engine revolutions;

l cover plates position to control the grain flow to the 
emptying system.

The results show that when unloading at a standstill almost all 
operators do not use the nominal engine revolutions for unloading 

Table 1. Technical parameters of grain harvesters and results from the study

Harvester
designation

Hopper volume,
V, L

Design flow 
rate of the 

unloading auger,
qk, L/s

Theoretical time 
for emptying 
the hopper,

tk, s

Number 
of 

measurements,
n

Average actual 
time for emptying 

the hopper,
t , sD

Actual flow rate 
of the unloading 

auger,
q , L/sD

Using the 
auger 

flow rate,
%

Increase 
of the 

emptying 
time, %

К1

К2

К3

К4

К5

К6

К7

К8

К9

К10

К11

К12

К13

К14

К15

К16

К17

К18

К19

К20

К21

К22

Average:

5000

6200

7000

7500

8000

8500

8500

8500

8600

8600

8600

8800

8800

9000

9000

9000

10000

10000

10500

11500

14100

14100

  75

  72

  85

  75

  90

105

105

  85

  70

  85

  75

  85

  85

105

  88

110

110

110

110

130

135

135

  96.59

  66.67

  86.11

  82.36

100

  88.89

  80.95

  80.95

100

122.86

101.18

114.67

103.53

103.53

  85.71

102.27

  81.81

  90.91

  90.91

  95.45

  88.46

104.45

104.45

  94.37

4

6

6

5

6

10

6

6

8

19

9

11

5

7

6

21

15

7

15

19

6

7

114.50

116.84

115

113.20

169.84

110.10

110

119

147.50

117.21

148.11

135.45

152.60

158.71

186.66

178.71

116.41

130.28

134.27

105.37

110

116.28

132.52

43.67

53.06

60.87

66.25

47.10

77.20

77.28

71.43

58.31

73.37

58.06

64.97

57.67

56.71

48.22

50.36

85.90

76.75

78.20

109.14

128.18

121.26

73.32

58.2

73.7

71.6

88.3

52.3

73.5

73.6

84.0

83.3

86.3

77.4

76.4

67.8

54.0

54.8

45.8

78.1

69.8

71.1

84.0

94.9

89.8

73.1

171.7

135.7

139.6

113.2

191.1

136.0

135.9

119.0

120.1

115.8

129.2

130.8

147.4

185.2

182.5

218.4

128.0

143.3

140.7

119.1

105.3

111.3

142.8

Figure 2. Relation between the theoretical flow rate of the emptying 
systems and the harvester grain hopper volumes
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but lower ones. The emptying system cover plates are usually not 
adjusted to the relevant crop and moisture. Due to these reasons, 
the designed flow rate of the unloading system is not used and the 
emptying time is increased. This in turn results in decrease of the 
grain harvester daily performance.

The designed flow rate of the grain harvester unloading in 
motion (harvester К21) is also not reached (94.9 % use), but 
compared to the other harvesters the actual flow rate is the closest to 
the designed one. In it unloading is done at nominal engine 
revolutions and the greater unloading time is accounted for by 
incorrectly adjusted valves.

Conclusion

It has been established that the designed hopper emptying time 
of the studied harvesters is 66.67 – 122.86 s (1-2 min), while the 
actual emptying time is 110 – 186.66 s (2-3 min). The actual 

emptying time is 142.8 % compared to the theoretical one. An 
average of 73.1% of the emptying system flow rate is used. The main 
reason for the incomplete use of the capacities of the emptying 
systems when unloading at a harvester standstill is that the grain 
hopper unloading is done at engine revolutions lower than the 
nominal ones and the cover plates' position for the grain flow is not 
correctly adjusted.
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telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
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References are arranged alphabetically by 
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co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
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translated into English is indicated in 
parenthesis after the bibliographic 
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Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
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variants and diverse phenotypes of 
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The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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