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Abstract. When unloading grain harvester hoppers at a standstill the emptying time has an effect on the grain harvester performance. A study has been
conducted on the actual emptying time of harvester grain hoppers on various farms in Bulgaria and the actual flow rate of the unloading auger has been
determined. The results obtained have been compared to the designed ones. It has been established that when unloading at a standstill the full rate of the
unloading augeris notin use, but only 73.14% of it, with which the hopper emptying time is 1.4 times greater than the theoretical one.

Keywords: grain harvester, grain hopper, unloading time, emptying time, flow rate of the unloading auger

Introduction

The systems for emptying harvester grain hoppers consist of
several consecutively operating augers located at a different angle
within the hopper space (Figure 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 extent of the cover plates
opening is controlled according to the type of grain, volumetric
weight and its moisture level. When the cover plates are half-closed,
the blockage of the system is practically impossible, but its flow rate
decreases. These systems are with a simple, easy to actuate and do
not require special maintenance (Cole, 2002). The requirement is to
have high flow rate in order to empty the hopper for a short period of
time and thus provide greater hourly and daily performance,

especially when unloading hoppers at a standstill (Delchev and
Trendafilov, 2002). Usually, designers match the auger flow rate to
the hopper volume, so that at 15% grain moisture the emptying to be
done for 1.5—2min (Isaacson, 1976).

The flow rate of emptying systems, the required 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
flow rate, but almost no effect on grain damaging (Hall, 1974). In
addition, by increasing the slope angle the required capacity for
actuating the auger also increases and reaches its maximum at an
angle between 45° and 60°, and then it drops down since the flow
rate decreases. With a vertical auger (at an angle of 90°), the

Figure 1. A system for emptying grain harvester hoppers: 1 - cover plates, 2 - horizontal auger,

3 - vertical auger, 4 - movable auger
* e-mail: krasimir.trendafilov@trakia-uni.bg
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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
andHall, 1971).

The main characteristic of the systems for emptying harvester
grain hoppers is their designed flow rate, which is given as a flow rate
of the unloading auger in I/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 K21)
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:

V
ly=—, S 1)
dx
where Vis the grain hopper volume, /;
g,—designed flow rate, //s.

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:

14
gp="—, /s 2)

where q, is the actual flow rate, I/s; t, — average value of the actual

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
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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:

k
Z nitp;
= 71:1]( , S (3)
Z n;
i=1
where niis 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 s calculated. The percentage of using the auger
flowrateis calculated:

_100.g,
qx ’

As well as the percentage of increase of the unloading time
compared to the theoretical one:
(= 1004, 5)

Ix

% @)

%

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 s linearone,

q=0.0081.) +23.2316 (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>Fkp=4.35. The
definition 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. Itis 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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Table 1. Technical parameters of grain harvesters and results from the study
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Design flow Theoretical time  Number  Average actual Actual flow rate  Using the  Increase
Harvester Hopper volume, rate of the  for emptying of time for emptying of the unloading  auger of the

designation V, L unloading auger, the hopper, measurements, the hopper, auger, flow rate, emptying

ak, L/s tk, s n t,, s Qp, L/s % time, %
K1 5000 75 66.67 4 114.50 43.67 58.2 171.7
K2 6200 72 86.11 6 116.84 53.06 73.7 135.7
K3 7000 85 82.36 6 15 60.87 71.6 139.6
K4 7500 75 100 5 113.20 66.25 88.3 113.2
K5 8000 90 88.89 6 169.84 47.10 52.3 191.1
K6 8500 105 80.95 10 110.10 77.20 73.5 136.0
K7 8500 105 80.95 6 110 77.28 73.6 135.9
K8 8500 85 100 6 19 7143 84.0 119.0
K9 8600 70 122.86 8 147.50 58.31 83.3 120.1
K10 8600 85 101.18 19 17.21 73.37 86.3 115.8
K11 8600 75 114.67 9 148.11 58.06 774 129.2
K12 8800 85 103.53 11 135.45 64.97 76.4 130.8
K13 8800 85 103.53 5 152.60 57.67 67.8 147.4
K14 9000 105 85.71 7 158.71 56.71 54.0 185.2
K15 9000 88 102.27 6 186.66 48.22 54.8 182.5
K16 9000 10 81.81 21 178.71 50.36 458 218.4
K17 10000 110 90.91 15 116.41 85.90 78.1 128.0
K18 10000 110 90.91 7 130.28 76.75 69.8 143.3
K19 10500 110 95.45 15 134.27 78.20 71.1 140.7
K20 11500 130 88.46 19 105.37 109.14 84.0 119.1
K21 14100 135 104.45 6 110 128.18 94.9 105.3
K22 14100 135 104.45 7 116.28 121.26 89.8 1M11.3
Average: 96.59 94.37 132.52 73.32 73.1 142.8

emptying time. An average of 73.1% of the unloading auger flow rate
isused.

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:

e frequency of rotation of the systems of unloading augers,

which he can control through the engine revolutions;

e 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
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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 K21) 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
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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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Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive perfor-
mance in dairy cows,IX" International
Conference on Production Diseases in
Farm Animals, September 11-14, Berlin,
Germany.

Thesis:

Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
StaraZagora, Bulgaria, (Bg).

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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