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The problems connected with the crop transportation on the small land plots are analyzed, particularly,
the reasons of high cost price of transportation which do not support the rise of the efficiency of crop cultivation
on those plots. One of the main reasons is that each rural farm crop is transported by separate way which results
in incomplete use of body volume and carrying capacity and the number of marches required for the
transportation of the crop of equal amount also increases in vain.We suggest to divide the truck of the vehicle
into three parts belonging to different people for crop transportation from small land plots which enables to use
the carrying capacity of the vehicle fully, consequently, to reduce the cost price of the transportation
significantly and also support the crop cultivation process on such land plots.
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Introduction

The efficiency of any farming is connected with the correct organization of transport,
particularly, with the correct organization of the vehicle work which is the guarantee of efficient use of
rolling stock.

Today the condition of the transportation of agricultural cargo is low leveled in Armenia for
different reasons one of which is the bad organization of the transportation of agricultural cargo which
results directly on the agricultural development, particularly, in the case of crop cultivation on small
land plot.

Plot and methods

One of the intensive labour processes of cereal crops / wheat, barley, corn / and other similar
crop cultivation is the transportation of the crop from the field. According to recent studies in the
Republic of Armenia, the average crop yield per hectare is 2 to 3 tons [2].

As a result of the privatization of the Republic of Armenia, the smaller crops vary from 0.05 to
1 hectare of agricultural land, the grain harvest yield comprises maximum 0.15-3.0 tonnes per field.
Moreover, related to crop rotation, various types of cereal crops are often sown on these plots whose
crop transportation in the same body is incompatible.

The studies conducted by us have shown that inner economic transportation of the crop in the
communities of the republic within the range of 1 to 15 km is carried out by the internal contractor of
the farmers and is not related to the harvest quantity. The transportation of each farm's crop is carried
out in a single march, for the reason the coefficients of vehicle body weight and the carrying capacity
are significantly low. As a result, the vehicle's operational indicators deteriorate, the number of
marches and the cost of transportation increase. However, at present, due to the lack of small trucks,
grain transportation in the republic is carried out by mid-loaded trucks, in particular, ZIL-MM3-554M
tipper with a capacity of 5,5 tons, the width of the body is 2.3 m, length is 3.35 m, depth of the body is
0.9 m with risen sides and the body volume is 7.0 m® [3]. Therefore, we choose this vehicle as the
object of our further study.
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The factual capacity of the vehicle is determined by the following popular formula g =
pVpk , t, where p is the volume of weight of cargo, t/m3,  V, is the volume of the body, m?, k is the
coefficient of using /filling/ the body volume [1].
Practice has shown that during the harvest the volume weight of the crop fluctuates between
0.6-0.8 t/m?®, and the coefficient of using body volume fluctuates between 0.85-0.92, consequently, the
maximum factual capacity of the chosen vehicle will be q; = pV,k =7-0.8-0.84 =5.2,¢.

The static coefficient of using the the vehicle capacity is defined by y =

Z—f formula,where g,, is the namely capacity of the vehicle of 5.5 t. Consequently, y = ﬁ = 0.94.

Let's define the coefficients of the static capacity of the vehicle and using the body volume
when the crop of every plot is transported separately. Marking the surface of the plot with S, hectare,
yield with g/hectare,we can write

Sg Vg qf gs
== , k=—-+:-100% =—/-100% = =—-100%, 1
14 an Vb % PVp o PVp % (1)

where V; is the factual volume of the grain filled into the body, m 2, and V}, is the body volume, m .

The dependence of the coefficients of the carrying capacity and using the body volume of
ZIL-MM3-554M from the surface of the plot for the values of 2.5 t/hectare and 0.8 t/m * is shown in
Fig.1.

The analysis of the graphics show that the capacity and body volume are used completely in
the case of the plot having more than 2.01 hectare surface while most of the surface of small plots is
from 0.5 hectare to one hectare. Consequently, it is not difficult to understand from the graphics that in
case of plots of 0.5-1 hectare 21-42 % of the body volume is used, and the static coefficient of using
the capacity is 0,227-0,454. It is evident that these indicators are lower for 0.1 till 0.5 hectare. So, the
static coefficient of using capacity fluctuates between 0.045 to 0.224 and the coefficient of using body
volume between 4.2-21 % as well.

Thus, we may conclude that the use of ZIL-MM3-554M tipper is not appropriate for
transporting the grain crops from the mentioned areas. On the other hand, it is not appropriate for
small rural farmers to buy modern cars with large body and small capacity, because, unlike those cars,
ZIL-MMZ-554M tipper truck is widely used to transport other cargo after grain harvest. It should also
be noted that these cars which were mainly produced during Soviet times, have a relatively low cost
and, above all, a high technical characteristics.

Taking into account the above mentioned, we plan to make structural featuring in the chosen
truck body for the purpose of to fully use its carrying capacity and body use coefficients, minimize
useless driving, increase operating rates and to lower the cost of grain transportation. Using the crop
indicators of small rural farms and the data of Fig. 1,we found out from the primary calculations that
in order to ensure high operating data, it is expedient to divide the car body of ZIL-MM3-554M tipper
into three equal parts, i.e. to put two dislocated partitions in the body /Fig.2/. Obviously, in case of
partitioning, the coefficient of utilization of the 1st and 2nd divisions should be chosen in such a way
that while downloading the grain it should not fall into the adjacent section.
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Fig.1. The dependence of the coefficients of carrying capacity of the truck Z1L-MM3-554M (y)
and using of body volume (k) from the surface of the plots (g=2.5 t/h:p=0.85 /m°)

Fig. 2. The scheme of defining the coefficient of the use of the body volume of vehicle

It is natural that in this case the coefficient of using the volumes of the first and second
sections will be smaller than that of the third.

Taking into account the case that turning the truck in a angle the grain will slip and will stand
under the angle of natural bending ¢=35-40° we will define the maximum filling height of the grain.

hmax = hy — (Is = 2) tg(a — @), sm )

where h,=90 cm, is the depth of the body, [, = %” = 333£ = 112,sm, the length of each

section is m=4uu , the thickness of section, a=50° is the maximum angle of turning the body.
Verifying the values, we will have

Rimax = 90 — (112 = 3) tg(50 — 40) = 78sm 3)

Thus, the volume of the grain poured into each of the first and second sections will be Vy, =
0,78-1,12- 2,3 = 2,01m3, and the volume of the third section will be Ve3 = 0,9-1,1-2,3:0,94 =
2,14m?3, and the total volume of the grain in body will be
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Vy = Vs + Vip + V3 = 2,01 4+ 2,01 + 2,14 = 6,16m3, (4)

The weight of the grain in this case will be g5 = 6,16 - 0.8 = 4.93¢t.

The maximum value of the coefficient of body volume will be k = % = 0.880r 88%, and the

y

maximum value of the static coefficient of capacity use will be static y = % = 0,89, i.e. it will be

reduced correspondingly by 6% and 0,04.
The coefficients of capacity use and body volume use will be defined after such changes by

y=3—2 .k =3-2.100% formulas.
dn—-s500 Vb

It is clear from the formulas that despite of namely capacity is reduced by 0,01% and the body
volume is reduced by 6 %, the factual capacity increases by 3 times.

It is evident that using the modular volumes we can make the using coefficients of capacity
and body volume maximum while loading crop or other food from plots with different surfaces.

The change graphs of static coefficients of using the capacity and body volume by the
mentioned formulas are given in Fig. 3.

It is clear from the graph that the static coefficient of capacity is 0.94 for 3 land plots of
approximately 0.65 hectares, but it does not mean that in case of larger plots, the efficiency of the
vehicle will decrease. Using the two dimensions of the body combined, without partial use, the
maximum values for the use and exploitation of individual land and expected harvest modulation
trucks will be maintained.

As a result of this structural change, the high values of coefficients of body volume and
carrying capacity will not only be kept but the amount of required transportation marches of the crop
of the same amount will also be reduced.
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Fig. 3. The static coefficients of carrying capacities of the truck with transformed body
and volume use in the case of lands with different surfaces

It is seen from the graph that the number of marches decreases up to 3 times for the lands
with 0.65 hectares per day and twice for the lands up to 2.1 hectares.

Obviously, the exploitation cost of transportation and the cost of transportation will also be
reduced correspondingly.

Preliminary calculations and production experience have shown that, due to the increase in the
static coefficient and the decrease of the number of marches, the cost price of the crop transportation
decreases for plolts up to 0.65 hectares by about 9 times compared with the statistical data, and by 4
times for the plots of up to 2.1 hectares.
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Conclusions

1. Vehicles with middle carrying capacities are still widely used in the communities in the RA for
crop transportation, particularly tipper ZIL-MMZ-554M, the exploitation of which becomes
inefficient while transporting separately each of the farm crop of small plots because of
incomplete use of carrying capacity and body volume and unnecessary marches.

2. When transporting crops separately from plots having 0,1 hectare to 1 hectare surface with tipper
ZIL-MMM-554M, the carrying capacity coefficient is 0.045-0.454, the body-weight ratio is 4.2-
242% in case of 1.1-2.05 plots respectively 0.5-0.92 and 46.2-86% and the data foreseen by
technical characteristics are provided in case of having 2.1 hectares of land.

3. In order to increase the efficiency of ZIL-MMZ-554M tipper, it is necessary to perform a
structural change of body, in particular, to divide the body into three equal parts, as a result of
which the value of the static coefficient of using the carrying capacity of the vehicle reaches 0.94
and the body weight ratio reaches 92%, the number of marches during the day decreases 3 times
in case of three divisions, two times in case of two divisions and an opportunity is given to
transfer different cereal crops during one march.

4. Due to complete use of body volume and carrying capacity and decrease of marches of the vehicle
the cost price of crop transportation from up to 0.65 hectare plots decreases for about 9 times and
for about 4 times from the plolts up to 2.1 hectares.
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HNCCIBAOBAHHUE CIIOCOBA MOBBIIIEHUSA SKCILTYATAIIMOHHBIX
MOKA3ATEJENR CAMOCBAJIA IIPU IEPEBO3KE CEJIbCKOXO3SIHCTBEHHbBIX
ChIIIYYUX I'PY30B N3 MAJIBIX 3EMEJIBHBIX YYACTKOB

C.X. Nansan!, A.C. Akodsin?, A.A. Ilorocsin?
Y Apmancruii nayuonanvuwiii azpapnwiii ynueepcumem
2 [IywuncKuii mexHono2u4eckutl yHugepcumen

BrisBneHsl MpoO6IeMBbl TIEPEBO3KH CHIMyYHX CEIbCKOXO3SHCTBEHHBIX TPY30B, B YAaCTHOCTH, 3€pHA U3
MaJIBIX 3€MEJIbHBIX YYacTKOB, KOTOpPBIE MEMIAIOT MacIITAOHOMY BO3/IEJIBIBAHHMIO 3€PHOBBIX Ha TAKMUX YYacCTKax.
OCHOBHOW TNPHYMHON MOBBIIIEHHUSI CEOECTOMMOCTH TEPEBO3KM M HHU3KHMX O3KCIUTyaTallMOHHBIX IIOKa3aTeseit
TPAHCHOPTHBIX CPEJCTB SABISAETCA TO, YTO ypOxkKall KaXkIOro XO3SICTBO MEPEBO3UTCA OTAEIbHO, B PE3yJbTaTe
Yero 3HaYUTENIbHO HU3KU YPOBEHb HCIIOJIB30BAHMSI IPY30II0ILEMHOCTH M 00BEMaKy30Ba aBTOMOOHIIS.

[Ipennaraercst Ky30B aBTOMOOMJISI pa3feInTh HA TPU OTCEKA, KOTOpPBIE NMPHHAAJIEKAT PA3HBIX JIIO/EH,
JUTA TIEPEBO3KH 3€pHA U3 MAJIBIX 3€MENBbHBIX YYaCTKOBYTO CHOCOOCTBYET B TPH pa3a MOBBICUTH 3TH MOKA3aTEeNH,
YKOPOTHTH KaueCTBO PECOB M 3HAYUTEIHHO YMEHBIINTH CE0ECTOMMOCT MIEPEBO3KH.

KuaroueBble ciioBa: Tpy30mobEMHOCTE, 00BEM, IPOGET, TPy30Bast MaIlINHa, IePEBO3Ka, CE6ECTOMMOCTD
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