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STUDY OF TIME CHARACTERISTICS OF GRAIN
RECEIVING FROM AUTO TRANSPORT AT
PROCUREMENT ELEVATORS

Abstract

At harvesting elevators and grain receiving enterprises, the operation of receiving grain from motor vehicles is the main one.
Many elevators of other types also accept grain from motor vehicles due to the fact that it allows to improve the economic
performance of the enterprise, and in general, the combination of functions inherent in elevators of different types is a feature of
enterprises in the elevator industry of our country. For almost all elevators or grain terminals, the issue of car queues before the
entrance is acute. The introduction of various high-performance car unloaders helps to increase the capacity of elevators for
unloading grain from cars and road trains of all types. The process of receiving grain from vehicles consists of several operations,
and each operation in this chain is important in reducing the time the vehicle stays at the enterprise, and therefore, increasing its
throughput. We analyzed the process of unloading cars on U-15URAG-U car unloaders installed at two procurement elevators in the
Mykolaiv and Zhytomyr regions. In the course of carrying out this scientific study, we timed the unloading process of 20 single cars
(that is, without trailers), which were used to deliver grain to the enterprise. The main stages of unloading cars in the reception
facilities of the studied enterprises were highlighted and the average (most reliable), minimum and maximum execution time of each
stage was determined. Schedules of the unloading of vehicles with wheat grain at the harvesting elevators, where the research was
carried out, were constructed. The results of the timing of the unloading of cars in the receiving device showed that the longest stage
is the lifting of the platform of the car loader and the pouring of grain, and the least lasting is the exit of the driver from the cab. The
average unloading time was 561.5 seconds for the first enterprise (Mykolaiv Region) and 565 seconds for the second (Zhytomyr
Region). It should be noted that the time of raising and lowering the platforms of U15-URAG-U truck unloaders at both considered

enterprises corresponds to the passport data, that is, the truck unloaders are not working at maximum efficiency.
Key words: receiving grain, receiving device, car unloader, timing.

Introduction

In Ukraine, in recent years (before the beginning
of the Russian Federation's full-scale aggression against
our country), a steady trend of increasing the volume of
grain production was observed. That led to an increase in
the load on vehicles used to transport grain from the field
to elevators and other grain storage facilities, to trans-
shipment points for other types of transport.

Grain transportation across Ukraine is carried out
in 3 ways — by rail, water and motor transport. The
choice depends on the distance and the final point of
transportation. The leading position is occupied by the
transportation of grain by railway transport, but in recent
years we have observed a reorientation towards motor
vehicles [1].

Road transport is the most popular mode of
transport in the supply chain of grain and oil crops used
by suppliers and enterprises. Road transport of grain is
divided into 2 types of shipments: "from the field" and
"from the elevator". The main distinguishing feature
from other types of logistics is the construction of flexi-
ble routes between settlements and cities, operational
organization of transport and delivery to the load-
ing/unloading point, selection of transport dimensions
according to the technical characteristics of the customer
enterprise [2].

Literary review

Thus, in 2021, the specific weight of motor vehi-
cles in the transportation of goods amounted to 74%
(134,398.22 thousand tons), of which grain cargoes ac-
counted for 12,680.79 thousand tons [3].

It is especially important to remember that grain,
which during the harvest campaign is transported directly
from the fields, needs to be quickly taken to the elevator
for further processing (cleaning, drying, active ventila-
tion) in order to prevent deterioration of its quality.

Advantages of grain transportation by road [2]:

— prompt delivery of cargo to the port (for exam-
ple, spot trading);

— direct loading of the crop in the field (supplies
of truck grain trucks are carried out directly under the
harvester);

— internal movements over short distances;

— prompt coordination of delivery conditions,
terms, types of cars according to the client's conditions,
cost of transportation;

— preservation and safety of movement of grain
cargoes, GPS monitoring of each car and cargo online;

— operational document flow, absence of addi-
tional bureaucracy when preparing documents for freight
transportation;

— individual approach to pricing depending on the
distance of movement and volume of cargo;
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— state road construction programs allowed to car-
ry out a route within a day to remote delivery points
along strategic routes;

— availability in working with private enterprises
and agricultural producers.

Disadvantages of automobile grain logistics:

— possible delays in the delivery of cargo to final
destinations due to the need to comply with the condi-
tions of the "thermal regime" in the summer season;

— the mass of grain transported by a single car
should not exceed 25 tons, which leads to an increase in
the number of motor vehicles and the number of cars
when moving a large volume of grain;

— shortage of cars at the request of shippers during
the "high season";

— transfer payment in case of returning cars from
reception points back to the farm;

— probability of cargo loss in case of force
majeure and unforeseen circumstances;

— increase in transportation tariffs depending on
changes in the price of PMM;

— the cost of transportation is higher than by rail-
way wagons.

At the same time, it is necessary to state the fact
that if 5-6 years ago there was an acute shortage of grain
transport vehicles in agricultural companies, today this
problem has been partially overcome. More and more
often, farm owners realize that having their fleet of grain
trucks significantly expands their capabilities, reducing
dependence on third-party companies and making grain
transportation by motor vehicle cheaper.

Not all farms have the opportunity to purchase the
required number of grain trucks. However, there have
been obvious changes in this area. In particular, this con-
cerns the development of domestic enterprises producing
platforms and trailers, as well as the reorientation of the
market to the production and purchase of grain transpor-
tation equipment with a lightweight design.

The duration of loading the car body with grain
depends on the features of the grain harvester design and
can vary from two to five minutes.

The introduction of mechanization of unloading
operations, the use of dump trucks and unloading plat-
forms allows to reduce the time for unloading grain from
a vehicle. In order to avoid loss and spoilage of grain
during transportation, the bodies of cars, trailers and
semi-trailers should be equipped with seals and have
awnings that protect the grain from atmospheric precipi-
tation [1, 2].

To transport grain over long distances, grain car-
riers-road trains are used, which are equipped with a spe-
cial body in the form of a tank or a bunker. There are
three types of bodies of grain trucks: stationary, trailer,
semi-trailer. There are two options for their execution:
closed and open. The grain semi-trailer is equipped with
an awning with a mechanical winding device. According
to the method of unloading, there are grain trucks with
rear and side unloading.

Currently, tractors with dump semi-trailers of
large capacity and capacity (European grain trucks pro-
duced by the companies "Daf", "Scania”, "Renault",
"Man") have become widespread. These grain trucks and

semi-trailers can unload grain independently, which al-
lows to reduce time costs [4].

The fleet of grain trucks is diverse, body volumes
are up to 60-70 m3, load capacity is up to 40-45 t, the
height of the side is from 2.7 to 4 m. The peculiarity of
the design of Euro grain trucks makes it possible to lift
them with the help of a hydraulic device during dump
unloading. 12-meter semi-trailers up to an angle of 60
degrees, which significantly facilitates the unloading of
grain [1].

It should be noted that the largest share of grain is
transported by road transport during the harvesting cam-
paign, that is, in a very short period of time, a large num-
ber of cars of various types and carrying capacities,
which require quick unloading, arrive at the harvesting
elevators.

It is especially important to remember that the
grain, which during the harvesting campaign is transport-
ed directly from the fields, needs to be quickly taken to
the elevator for further processing (cleaning, drying, ac-
tive ventilation) in order to prevent deterioration of its
quality.

Thus, it depends on the correct organization of the
operation of receiving grain from road transport, whether
the enterprises will be able to accept, place and process
all the grain of various purposes and quality coming from
producers, with minimal losses of grain and downtime of
road transport.

The successful implementation of receiving grain
from road transport depends on the number and perfor-
mance of the equipment of receiving devices, which must
correspond to the nature of the incoming motor vehicle:
its type and carrying capacity, the number and volume of
batches of grain of various crops delivered to the enter-
prise, and the quality of the grain [5-9].

Formulation of the problem

The purpose of the work is to study the efficiency
of the car unloaders at harvesting elevators by determin-
ing the timing characteristics of receiving grain from
vehicles.

The object of our research is receiving devices
from motor vehicles at two procurement elevators locat-
ed in the Mykolaiv and Zhytomyr regions, with installed
U-15URAG-U car unloaders.

Objectives of the study:

— determination of arithmetic mean values of the
duration of each stage of car unloading;

— determination of the total time of external oper-
ation of the receiving device from motor vehicles;

— performing an assessment of the average varia-
bility o of the results and calculating the coefficients of
variation V for each stage of car unloading;

— determining the average productivity of unload-
ing cars.

Materials and methods

The main methods of researching the efficiency of
the reception device are: timing of the process of unload-
ing cars and the grapho-analytical method.

Timing of the process of unloading cars is carried
out using the current time method, that is, recording the
start and end time of each stage [5-7]. Most often, the
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moment of the end of one stage coincides with the begin-
ning of the next. Depending on the duration of the stages
and the entire process of unloading the car, the time is
recorded in minutes and seconds. Thus, the unloading
process of at least 20 cars of the same type is timed.

The grapho-analytical method consists in con-
structing cyclogram graphs that visually show the se-
quence and average (arithmetic) duration of all stages of
car unloading.

Results of the study and their discussion

In the course of carrying out this scientific study,
we timed the unloading process of single cars (that is,
without trailers), which were used to deliver wheat grain
with a moisture content of 12.4...13.8% to enterprises —
20 cars each with a carrying capacity (net) of 20.23 to
30.8 tons at each of the procurement elevators consid-
ered.

We identified the following main stages in the
process of unloading cars in the receiving devices of
these elevators:

1. Entry of the car onto the platform;

2. Driver leaving the cab;

3. Fixing the car on the platform with a chain;

4. Opening the side of the car;

5. Lifting the platform of the car unloader and
dumping the grain;

6. Lowering the platform;

7. Closing the side of the car;

8. Removing chains;

9. Driving off the platform.

Based on the timing sheets, the duration of each
stage of car unloading was determined in seconds and the
total duration of car unloading was calculated.

Further, mathematical processing of the data was
carried out, during which an estimate of the average vari-
ability (ie, the calculated mean squared (standard) devia-
tion) of the results o was performed and the coefficients
of variation VV were calculated for each stage of car un-
loading.

The mean square (standard) deviation of the re-
sults ¢ was calculated according to the formula:

where x; — is the duration of a separate unloading
stage of the i-th car;

x — is the average arithmetic value of the dura-
tion of the car unloading stage;

n — the number of researched cars, pcs.

The coefficient of variation V was determined by
the formula:

. % (2)

The smaller the deviation of each option from the
arithmetic mean, the smaller the coefficient of variation
will be. In technology, the value of variation coefficients
can be used to characterize the stability of regimes, grain
quality indicators, equipment efficiency indicators, re-

producibility of methods, etc. With good parallel results
of determinations, the value of the coefficient of varia-
tion ranges up to 10%.

Then, the minimum and maximum duration of
each stage of car unloading and the arithmetic mean
(most reliable) time of their execution were determined,
according to which schedules of the external operation of
the receiving device from motor vehicles for unloading
cars with grain were then constructed.

Table 1 — Main technical characteristics of
the U15-URAG-U car unloader [10]

Parameter names U15-
URAG-U

Technical productivity, t/h 330
Nominal load capacity (max, at maximum 70(80)
pressure), t, no more 50
- a large platform 20
- side platform
Platform length, mm:
- a large platform 15700
- side platform 6400
Tilt time, s, no more than:
- a large platform 180
- side platform 20
Descent time, s, not more than:
- a large platform 150
- side platform 15
Angle of inclination of the platform, 0...38
degrees.
Motor hydraulic
Number of telescopic three-plunger
hydraulic jacks, pcs.: 2
- a large platform 1
- side platform
Diameter of the plunger of the first stage, 235
mm 2217
Working stroke of the plunger of the first 190
stage, mm 2340
Diameter of the plunger of the second stage, 150
mm 2418
Working stroke of the plunger of the second
stage, mm
Diameter of the plunger of the third stage,
mm
Working stroke of the plunger of the third
stage, mm
Nominal pressure in the hydraulic system, 10(100)
MPa (kg/cm?) 12,5(125)
Maximum (safety valve trigger pressure),
MPa (kg/cm?)
Hydro system capacity, | 600
Drive control type electric
Nominal voltage, V:
power chain 380
control chain 220
Nominal power of the electric motor, kW 30
Degree of protection of electrical equipment IP55
Mass, kg, no more 2200
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At the last stage of the work, we determined the
average carrying capacity of the car Gaverage and calculat-
ed the average unloading productivity Qaverage according
to the formulas:

I

Gaverqge = ! t (3)
where G — total carrying capacity of all cars, t;
n — number of cars, pcs.

3600+T

Ql:'p = Texternal t/hr (4)
average

where Gaverage average  (arithmetic)

carrying capacity of the car, t;
Textomut— average (arithmetic) total duration of

car unloading, p.

At present, at grain storage and processing enter-
prises, the main part of the total volume of loading and
unloading operations is provided with the use of truck
unloaders of various types, designs and modifications,
carrying capacity and performance, of which there are
currently about forty.

At the enterprises where the research was con-
ducted, the most unified and most adapted from the point
of view of practicality of use and ease of operation, as
well as economic expediency, widely known and most
often used in the production activities of most enterpris-
es, the U-15URAG-U car unloader was installed.

The U-15URAG-U car unloader is designed for
unloading grain through the open rear side of single cars
and tractor-trailers with semi-trailers and unloading
through the open side side of single cars and trailers
without uncoupling the trailers from cars. The main tech-
nical characteristics of the U15-URAG-U car unloader
are listed in table. 1 [10].

According to the timing sheets, we determined the
duration of each stage and the total time of unloading the
cars, after which mathematical processing of the received
data was performed. The calculations showed the
stability of the performance of each stage of car
unloading, as the obtained coefficients of variation did
not exceed 10%.

On the basis of the data obtained during the
study of the timing of the process of unloading cars, we
determined the minimum and maximum times for each
stage of unloading cars and the arithmetic mean time of
their execution, as well as calculated the total duration of
unloading cars with grain of different crops and different
moisture content. The results of these calculations are
given in table. 2.

According to the table 2 (on the basis of the
arithmetic mean time of all operations) schedules of the
unloading of vehicles with wheat grain at the harvesting
elevators where the research was conducted are plotted
(Fig. 1).

Analysis of the graphs showed that stage (5) of
raising the platform of the car unloader and dumping
grain took the longest at both enterprises — 148.1 s and
157.5 s, respectively, for the first and second enterprises.
In second place in terms of duration is stage (6) of
lowering the platform — 147.8 s on the first elevator and
150 s on the second. The shortest stage (2) is the exit of
the driver from the cabin and it is 8.3 s on the first
elevator and 7.8 s on the second.

It should be noted that the actual time of raising
and lowering the platform at the considered enterprises is
less than the passport data - 180 s and 150 s, respectively.
The average duration of unloading cars was 554.8
seconds for the first company (Mykolaiv Region) and
564.9 seconds for the second (Zhytomyr Region).

Based on the obtained data, the average loading
capacity of the truck unloader and its unloading
performance were determined. It was established that for
the first enterprise (Mykolaiv region) the average
carrying capacity of the car is 23.48 tons, and the average
unloading productivity is 152.4 tons/hour. For the second
enterprise (Zhytomyr region), the average carrying
capacity of the car is 30.8 t, the average unloading
productivity is 196.24 t/h.

Conclusions

In order to establish the efficiency of the U-
15URAG-U car unloaders, a study was conducted of the
timing characteristics of receiving wheat grain with a

Table 2 — Data on the timing of the unloading of cars at the receiving devices of procurement elevators

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

Duration of operations, p

Enterprise | Enterprise Il
Performed operations (Mykolaiv Region) (Zhytomyr Region)
min max arithmetic min max arithmetic

mean mean
1. Entry of the car onto the platform of the car unloader 40 40 40 40 40 40
2. Driver leaving the cab 5 10 8,3 6 9 7,8
3. Fixing the car on the platform 40 70 56 55 65 60
4. Opening the side of the car 20 40 32 25 32 28,5
5. Raising the platform and dumping the grain 144 153 148,1 150 165 157,5
6. Lowering the platform 144 150 147,8 150 150 150
7. Closing the side of the car 30 39 31,9 23 30 26,5
8. Removal of chains 50 68 55,2 48 60 54,6
9. Driving off the platform 30 60 37 28 54 40
Total duration of the cycle 546 570 554,8 525 605 564,9

http://grain-feed.ontu.edu.ua
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Fig. 1 — Schedules of the unloading of vehicles with wheat grain at harvesting
elevators in the Mykolaiv and Zhytomyr regions

moisture content of 12.4...13.8% from cars with a carry-
ing capacity (net) of 20.23 to 30.80 tons at two harvest-
ing elevators located in the Mykolayiv (I enterprise) and
Zhytomyr regions (Il enterprise).

Based on the results of these studies, the average
arithmetic values of the duration of each of the stages of
car unloading were determined, and this made it possible
to establish that:

- the longest is the stage of lifting the platform of
the truck unloader and dumping grain - 148.1 s and 157.5
s, at the first and second enterprises, respectively, but its
duration does not exceed the passport data of the truck
unloader - 180 s;

vl g it ] 147.8

ST A

il

120

7~ Company I (Mykolaiv Region)

- the platform lowering
time is 147.8 and 150 seconds,
respectively, at the first and
second enterprises, and corre-
sponds to the technical char-
acteristics of the U-15URAG-
U truck unloader;

- the least long stage is
the driver's exit from the cab,
which is 8.3 s and 7.8 s at the
1st and 2nd enterprises, re-
spectively.

The total average
(arithmetic) duration of car
unloading that we established
was 9.25 min (554.8 s) for the
first enterprise and 9.42 min
(564.9 s) for the second.

The calculations
showed the stability of the
performance of each stage of
car unloading, as the obtained
coefficients of variation did
not exceed 10%.

The estimated average (arithmetic) actual produc-
tivity of U-15URAG-U truck unloaders turned out to be
significantly less than the passport productivity of
Qtecn=330 t/h (152.4 t/h for the first enterprise and 196.24
t/h for the second). This is explained by the fact that the
passport productivity of truck unloaders is given without
taking into account the time lost for performing opera-
tions that are not specifically related to the work of the
truck unloader.

U-15 URAG-U truck unloaders in the receiving
devices of the researched harvesting elevators work sta-
bly, and the operation of the elevators for receiving grain
from vehicles is established.

150

157.5

148.1

140 160 180
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AOC/HIKEHHSI XPOHOMETPA’KHUX XAPAKTEPUCTHUK
ITPUMMAHHS 3EPHA 3 ABTOTPAHCIIOPTYHA 3AT'OTBEJIBHUX
EJIEBATOPAX

Anomauin
Ha 3acomisenvhux enesamopax ma XaioonpuiManbHux nionpuemcmeax onepayis nPpUiManis 3epHa 3 aemompanc-
nopmy € ocHosHol. bacamo enesamopig inwux munie maxodic 30iICHIOIOMb NPUILMAHHA 3ePHA 3 ABMOMPAHCROPMY 3A80AKU
MOMY, WO Ye 00360JI€ NOKPAWUMY eKOHOMIUHI NOKAZHUKU poOOmu nionpueMcmea ma 6 3a2ani — KOMOIHY8aHHs yHKyYi,
NPUMAMAHHUX e1e6AMOPAM PI3HUX MUNIG, € 0COOIUBICIMIO NIONPUEMCME e1e8aAMOPHOT eany3i Hawioi kpainu. [Ipakmuyno 015
6cix eneeamopié abo 3epHOGUX MEPMIHANIE 20CMPO CMOiMb NUMANHA A6MOMOOITbHUX Yepe neped 6’i30om. Bnposadowcenns
PI3HUX 8UCOKONPOOYKMUBHUX ABNOMODLIEPO3BAHMAINCYBAUIE CRPUAE NIOBUUEHHIO NPONYCKHOL CHPOMOJICHOCI en1eeamopie 3
Po36anmasicents 3epHa 3 asmomoobinie i agmonoizdis ecix eudis. Ilpoyec nputiManis 3epua 3 agmompancnopmy CKiaoacmycs
3 0eKiIbKOX onepayill, i KOJCHA ORepayis y ybomy JAHYIOZY MAE BAICIUBE 3HAUCHHS 8 CKOPOYEHHI Yacy nepeGysanis aemomooiis
Ha nionpuemcmsi, a omace, i 36inbueHHI 11020 nponycknoi 30amuocmi. Hamu npoananizoeano npoyec po3eanmasicy8anus agmo-
Mob6inie na asmomobinepozsanmasicyeauax Y-15YVPAI-Y, wo ecmanosneni na dsox enreeamopax Muxonaiscoxoi ma XKumo-
Mupcvroi obnacmsx. 30iiCHeHO XpoHoMempaxic npoyecy susanmaicents 20-mi 0ouHapHux agmomoodinie (mobmo, 6e3 npuue-
nig), AKUMU HA RIONPUEMCMBO OYNI0 00CMABNIEHO 3ePHO. Budinreno ocHoeHi emanu USAHMANCEHHS ABMOMODLLIE Y NPULLMATb-
HUX NPUCMPOSIX OOCTIONCYBAHUX NIONPUEMCING MA BUSHAYEH] CepeOHill (Haubibul 00CMOGIpHULL), MIHIMAbHUL Ma MAKcUMa-
JbHUL Yac 8UKOHaHHs KodicHo2o emany. Ilo6ydosano epadixu XpoHomempasicy 6UBAHMANCEHHSA AGMOMPAHCHOPMY 3 3ePHOM
nuleHuYyi Ha 3a20MiGETbHUX e1e6amopax, 0e nPosooUNUCy docuiodicents. Pesynomamu xponomempaosicy nokazanu, wo Hai-
Oinbw mpusanum € eman niotomy nAam@opmu asmomobiIepo3eAHMANCY8Aud Ma UCUNAHHS 3ePHA, A HAUMEHUL MPUBATUM —
6uxio 600ia 3 kabinu. CepedHs mpusanicms po3eanmadicerus cknana 561,5 ¢ ona nepwozo nionpuemcmsa (Mukonaiscoka
061.) ma 565 ¢ ons opyeoeo (Kumomupcoka 061.). Cuio 3asHavumu, wo 4ac NiOHAmMms ma ONYCKaHHsA AAm@opm aemomodi-
aepozeanmaxcysavie Y15-YPAI-Y na 060x poszensiHymux nionpuemcmeax 6i0nogioae nacnopmuum Oanum, moomo 60Hu
npayionms He 3 MaKCUMAIbHOIO eeKmusHicmio.
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