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Introduction

Harvesting, incl. cereals, is one of the most stressful and 
responsible periods in agriculture (Mandradzhiev, 2006; Li et 
al., 2013; Petrovna, 2014; Tihanov, 2017). In order to prevent 
production losses caused by the extended harvesting period, 
harvest should take place in a very short time (Delchev et al., 
2015). Harvesting is also related to the organization of people, 
harvesters and vehicles.

The main technical and economic indicator of harvesters is 
their productivity (Tihanov, 2019). This indicator depends mainly 
on the technical parameters of the machines, but logistical 
factors have a significant influence on some of them. This is 
the case with grain harvesters. A key factor in productivity is the 
harvester idle time for unloading the full grain hopper. During 
unloading, coordinated operations are carried out by harvester 
operators and by the vehicles, which are of a certain sequence 
and duration (Delchev et al., 2015; Tihanov, 2018).

It turns out that 20% of the working time of harevesters 
is used for unloading the hopper and for auxiliary operations 
before and after unloading – activation of the harvester alarm, 
opening the unloading auger and activation of the latter. The 
time of these operations is as long as the time of operation of 
the unloading auger. The hopper unloading time at standstill 
also depends on the duration of the operations (activities) 
performed by the vehicle, such as the time from activation of 
the harvester alarm to the start of the vehicle and the time from 
the start of the vehicle to its arrival under the unloading auger 

of the harvester (Tihanov, 2018). These times vary greatly as 
they are greatly influenced by the overall organization of the 
harvesting process.

The use of harvesters with the same productivity and grain 
hopper volume, as well as vehicles with the same productivity, 
allows rhythmical filling of harvester hoppers and stable mode 
of operation of vehicles (Eliseev et al., 1984). According to 
Webster (2012), grain harvester productivity can be improved if 
the logistics of the process is improved. For the practical choice 
of grain harvesters it is important to know the throughput of 
harvesters based on trials, formulas or regression dependencies 
(Vezirov et al., 2014).

According to Dinov and Monev (1979), the use of time 
for proper harvest when working with a grain harvester is 
unsatisfactory - an average of 50-60% of the total time. This is 
due to various organizational and operational factors, but one 
of them is the time for unloading the hopper at standstill, which 
is of considerable duration. In connection with finding the right 
time for unloading grain harvesters, some researchers have 
developed computer programs through which they generate 
different variants of positioning the vehicle and harvester in 
order to optimize their joint operation. They consider two options 
for unloading, namely unloading on the move and at a standstill 
and use of working time and fuel consumption as optimization 
criteria (Jansen et al., 2012). Some authors describe a chart 
that includes harvest duration and idle time (Buckmaster and 
Hilton, 2005). According to other authors, harvesting efficiency 
can be significantly improved by creating optimal harvesting 
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models in order to minimize idle time (Bochtis et al., 2007). It 
has been found that with good time management, the waiting 
time of the vehicle was 9.25 min within one shift, while with 
poor management it was 54.9 min (Lkhagvasuren, 2013). 

The objective of this paper is to investigate the impact of 
vehicles on harvester idle time for unloading during wheat, 
barley and rapeseed harvest.

Material and methods

The studies were conducted on 6 agricultural farms during 
harvesting three crops: wheat, barley and rapeseed. A total of 
6 grain harvesters were observed. On all farms the unloading 
of the hopper was carried out at standstill of the harvester. 
The harvest organization, the unloading mode and the specific 
actions of the operators have not been changed.

The following times were measured by harvester operators 
and vehicle drivers in seconds:

a) by the grain harvester operators:
T1 – harvester idle time for unloading the grain hopper, s.
b) by the vehicle drivers:
t1 – the time from activation of the grain harvester alarm to 

the start of the vehicle, s;
t2 – time from departure of the vehicle to arrival under the 

grain harvester unloading auger, s.

The effect of the time from activation of the grain harvester 
alarm to the start of the vehicle (t1) and the time from the start 
of the vehicle to its arrival under the grain harvester unloading 
auger (t2) on the harvester idle time for unloading the hopper 
(T1) was evaluated by multivariate regression analysis (Mitkov, 
2011).

Results and discussion

Table 1 presents the results of the regression analysis 
about the effect of time duration t1 and t2 on the harvester 
idle time for unloading the hopper - T1 in different grain 
harvesters. It can be seen that the effect of the movement 
time of the vehicle on the time from opening the unloading 
auger to its activation in the studied harvesters is significant. 
From the value of the coefficient of determination R2=0.54, it 
is evident that 54% of the change in T1 is due to the change 
of material times and 46% to the effect of unmanageable 
factors. The model coefficients t1 = 0.0025, t2 = 0.4027 
and t1.t2 = 0.0017 are significant since the probability p = 
0.00000 << 0.05. Fisher‘s criterion F(3, 83) = 33.201 and its 
corresponding probability p = 0.0000 << 0.05 indicates that 
the model is significant. In different harvesters the model 
takes the form:

T1 = − 11.7884 + 0.0025.t1 + 0.4027.t2  +  0.0017.t1.t2     (1)

Table 1. Results of the multivariate regression analysis of the effect of the times t1 and t2 on the harvester waiting time 
(harvester idle time for unloading the hopper - T1)

 

 N=87

Regression summary for Dependent Variable: T1 (Spreadsheet 1)
R =  .73855500  R2 =  .54546348   Adjusted  R2 = .52903445
F(3, 83) = 33.201  p < .00000  Std. Error of estimate: 32.994

Beta Std. Err. 
of Beta B Std. Err. 

of  B t (143) p-level

Intercept - 11.7884 18.49816 - 0.637276 0.525699
t1 0.004944 0.133119     0.0025   0.06662  0.036812 0.970724
t2 0.418494 0.176805     0.4027   0.17015  2.366984 0.020261

t1*t2 0.386014 0.171470     0.0017   0.00075  2.251196 0.027016

Statistically reliable strong correlations can be found 
between harvesting time and idling time, as well as between 
fuel consumption during harvesting and idling modes. On 
average, roughly 20% of the operating time consists of idling 
and roughly 15% of transportation; moreover, roughly 14% 
of the diesel fuel is used per year in the aforementioned 
engine modes (Savickas et al., 2020). Тihanov (2018) found 
out that in 49% of the duration of the operations the drivers 
of the transport vehicles wait before going to the grain 
harvester.  

Mihov (2013) proposed a criterion for evaluating the 
efficiency and optimization of the quantity of the main and 
service machines in their joint work in harvesting cereals.

The graphical representation of the regression model for 
T1 (harvester idle time for unloading the hopper) was made 
by taking into account the effect of the times t1 (time from 
activation of the harvester alarm to the start of the vehicle) 

and t2 (time from the start of the vehicle until it arrives 
under the harvester unloading auger). Figure 1 presents 
graphically the response surface for Т1= f(t1 , t2). On Figure 
1 it can be seen that the change in the harvester idle time 
for unloading the hopper (T1) depends on the vehicle 
position in the field (t1) and the time for moving them to the 
unloading auger of the grain harvester (t2). The duration of 
this operation can be minimized by the proper operation 
of harvester operators and vehicle drivers and the correct 
setting of the sensor for the first level of hopper filling. The 
figure shows that the waiting time (T1) is of the highest 
duration due to incorrectly configured sensors. In fact, the 
drivers of the vehicles decide for themselves when to go to 
the grain harvesters after activating the signal light. It is also 
apparent that the minimum time values are about 50 s and 
the maximum ones - 350 s.



165

Figure 1. Change of harvester idle time for unloading the 
hopper (T1), depending on the time from activating the alarm 
to the start of the vehicle (t1) and the time from the start of 
the vehicle to its arrival under the unloading auger of the grain 
harvester (t2) in different harvesters

On Figure 2 the lines of the same response T1= f(t1, t2) = 
const are graphically shown for the mathematical model obtained 
for the harvester idle time for unloading the hopper - T1.

Figure 2. Lines of uniform response to the harvester idle time 
for unloading the hopper (T1), depending on the time from 
activation of the alarm to the start of the vehicle (t1) and 
the time from the start of the vehicle to its arrival under the 
unloading auger of the grain harvester (t2)

On Figure 2 it can be seen that the results obtained for the 
two parameters - the time from activation of the alarm to the 
start of the vehicle and the time from the start of the vehicle to 
its arrival under the unloading auger of the grain harvesters can 
be used to optimize the transport service. These results can 
also be used to minimize the cost of the harvesting process. 
The figure shows the scope of change of factors in which the 
parameter has the highest values. This happens when both 
factors are at their upper levels.

Conclusion

Based on the results obtained it was found that: (i) the 
effect of the vehicle travel time on the harvester idle time 
for unloading the hopper is significant; (ii) the coefficient of 

determination value (R2=0.54) shows that 54% of the change 
of T1 is due to the change of material times and 46% to the 
effect of unmanageable factors; (iii) the change in the harvester 
idle time for unloading the hopper (T1) depends on the vehicle 
position in the field (t1) and the time for moving them to the 
unloading auger of the grain harvester (t2); (iv) the waiting time 
(T1) is of the highest duration due to incorrectly configured 
sensors located in the grain harvester hopper. The results 
obtained can be used to minimize the cost of the harvesting 
process.
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