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Abstract. Modern highly mechanized agricultural production is characterized by the incompatibility of simultaneous matching of
the maximum pressure of agricultural mobile equipment movers on the soil and the possibility of increasing the tractors energy
saturation when equipping them with existing wheel engines. (Research purpose) To coordinate the maximum pressure on the
soil with the permissible norms, weight utilization factors and the level of tractors energy saturation. (Materials and methods) The
authors used a calculated method for determining the maximum pressure on the soil using a universal tire characteristic. (Results
and discussion) The authors found that when performing spring works on closing moisture and sowing row crops at a maximum
pressure of 80 kilopascals, corresponding to all types of soil, the most mass universal row tractor Belarus 1020 had a maximum
pressure of 150 kilopascals, which was 70 kilopascals higher than the permissible one for the corresponding crop shortage. They
found that replacing ordinary tires with agrophilic tires could increase the area of the contact spot by 16 percent, while reducing the
coefficient of unevenness and increasing the coefficient of use of the adhesion weight. The main condition for replacing ordinary
tires with agrophilic tires was to keep the traction force unchanged. (Conclusions) Summarizing the results of the research as
agrophilic direction, ensuring the compliance impacts on soil and positively solving the problems of saturation, it is possible to
recommend the development of navigation systems in achieving utilization hitch weight equal to 0.5 (low tire pressure), equal
to 0.6 (rubber joint with torsion bar suspension) and 0.7 (rubber track). It was found that the conducted research, taking into
account the available data on traction tests of the T-250 tractor, would allow to include an agrophilic concept with a hypothetical
dependence of the adhesion weight use factor on the longitudinal unevenness coefficient in the revised State Standard 27021-86
“Agricultural and forestry Tractors. Traction classes”.

Keywords: power tool, coupling weight, agrophilic tire, ordinary tire, maximum pressure on the soil, longitudinal unevenness,
traction force.
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CTBIO OMHOBPEMEHHON peanu3aniy TpeOOBaHNI SKOIOTHIECKUX OpraHU3alHil K MAKCUMAIBHOMY JABICHHIO TBIDKHTENCH Celb-
CKOXO3SICTBEHHOM MOOMIBHON TEXHHKH Ha TOYBY U BO3MOKHOCTEH TOBBIIICHHS SHEPTOHACHIIIEHHOCTH TPaKTOPOB TPH OCHa-
IIEHIN UX CYIIECTBYIOIIMMH KOJECHBIMH JBIDKUTENAMHE. (L{ens ucciedosanust) CornacoBaTh MAaKCHMAJIBHOE JABICHHE Ha T10Y-
BY C JOMYCTUMBIMU HOpPMaMu, KO3(Q(QUIIEHTaMK MCTIONb30BaHHS CLIETHOTO BECa U YPOBHEM SHEPTOHACHILIEHHOCTH TPAKTOPOB.
(Mamepuanst u memoowst) NcTionb30BaiM pacHeTHBIN METOX ONPEIEICHHS MAKCHMATBHOTO JABJICHNUS Ha IIOYBY C OMOIIBIO YHHU-
BEpPCATBHON XapaKTEePUCTUKH IMHHEL (Pesyromamut u obcyscoenue) YCTAHOBHIIM, YTO TPH BBIMOIHEHHN BECEHHHX PadoT 110
3aKPBITHIO BIATH U NIPOBEACHUIO MOCEBA MPOMAIIHBIX KYJIBTYp MPH JOIYCTUMOM MAKCHMAJIBHOM JaBieHuH 80 KHUnomackajien,
COOTBETCTBYIOIIEM BCEM THIIAM TIOYB, CAMBIN MAaCCOBBIN YHUBEpCANbHO-MponaniHoi Tpaktop benapyc 1020 nmeet Makcumans-
Hoe AaBneHue 150 xunonackaneif, 4to Ha 70 Kuonackanei IpeBbIlaeT JOMyCTUMOE IIPH COOTBETCTBYIOLIEM HeoOope ypoxKas.
VeraHOBWIH, 9TO 3aMEHA OPAMHAPHBIX IIHH Ha arpo(UIIbHBIE TO3BOMIIET YBEIMINUTH IIIOMIA b IITHA KOHTAKTA HA 16 TIponieHTOB
C OIHOBPEMEHHBIM YMEHBIICHAEM KO HIMEHTa HepaBHOMEPHOCTH H YBENHICHHEM KO (UIMEHTa HCTIOTB30BAHKS CLEITHOTO
Beca. [IpHHIMIHATEHBIM YCIOBHEM 3aMEHbl OpAMHAPHBIX ITMH Ha arpodHIbHbIC CIyXKHT COXpaHEHHE HEM3MEHHBIM CO31aBac-
MOTO TPaKTOPOM TATOBOTO YCHIHSL. (Bb1600b1) ONpEneinm ONTHMANBHEIC 3HAYCHHS KO3 (HIMEHTa HCIIOMB30BAHHAS CLEITHOTO
Beca: JULS LIUH CBEPXHU3KOIo AaBineHus — 0,5, 1711 pe3MHOMETaNIMYECKOTO IAPHUKPA ¢ TOPCUOHHOM oaBeckoi -- 0,6, 1114 pe3u-
HOApMHUPOBaHHOM I'yceHuLbl — 0,7. YCTaHOBIIIH, YTO IIPOBEIEHHbIE UCCIIEI0BAHNUS C Y4€TOM UMEIOIUXCS JaHHBIX O TATOBBIX HC-
HBITAaHUAX TYCEHUYHOTO TpakTopa T-250, Mo3BOMAT BKIIOYUTH arpo(UIbHYI0 KOHLEIIIHIO C THIIOTETUYECKOH (TIpeamnoaraeMoi)
3aBACUMOCTBIO KO3((HIHEHTa HCTIONB30BAHMS CIIEITHOTO Beca OT Ko (HIMenTa mpoxoabHOil HepaBHOMEPHOCTH B IepecMa-
tpuBaeMblit [OCT 27021-86 «TpakTopsl CeNbCKOX03AHCTBEHHBIE U J1€COX03AHCTBEHHBIE. TATOBbIE KIIACCHD».

KaroueBble c10Ba: 3HEPreTHUECKOE CPEACTBO, CLEHHOM BeC, arpoduibHas [IMHA, OpAUHAPHAs IIHHA, MAKCHMAJIBHOE JaBICHUE

Ha 04BY, POAOJIbHASL HEPABHOMEPHOCTb, TATOBOE yCHIIHE.

1 {ns nutupoBanusn: Jlaspos A.B., [llesnoB B.I, PycanoB A.B., KazakoBa B.A. CornacoBanue TsroBo-CIeTHBIX
KayecTB JABMKHUTENEH CelIbCKOX031UCTBEHHBIX MOOUIIBHBIX SHEPIreTUYECKUX CPEACTB C JONYCTUMBIM MaKCHMallb-
HBIM JiaBJIeHUEM Ha NoYBY // Ceavckoxozaticmeennvie mawunsl u mexrnonocuu. 2020. T. 14. N3. C. 9-14. DOI

10.22314/2073-7599-2020-14-3-9-14.

Modern highly mechanized agricultural production is
characterized by the incompatibility of the simultaneous
implementation of the environmental organizations re-
quirements for the maximum pressure of the agricultur-
al mobile equipment propellers on the soil (State Standard
R 58655-2019 replacing State Standard 26955-86) and the
possibilities of increasing the tractors energy saturation
when equipped with existing wheeled propellers (State
Standard 27021-86) [ 1-4].

THE RESEARCH PURPOSE is to coordinate the maximum
pressure ¢, on the soil with permissible norms, coeffi-
cients of adhesion weight ¢, using and the level of trac-
tors energy saturation.

MATERIALS AND METHODS. To solve this problem, it is
necessary to conduct in-depth experimental studies of the
longitudinal non-uniformity coefficient influence the pres-
sure distribution over the tire K, contact area on the ad-
hesion weight ¢, use coefficient for given slipping O«
and maximum contact pressure gmax.

To coordinate the maximum pressure ¢, on the soil
with the permissible norms, the adhesion weight ¢ use
coefficients and the energy saturation level, the authors
used the calculation method for determining the maxi-
mum pressure on the soil using the universal characteris-
tics of the tire, given in State Standard R 58656-2019 in
combination with the results of actual traction tests of pro-
gressive wheel and tracked movers [5-7].
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RESULTS AND DISCUSSION. As a result of the research,
it was found that when performing spring work on clos-
ing moisture and sowing row crops at an admissible max-
imum pressure of 80 kPa, corresponding to all types of
soils, the most massive universal row-crop tractor Belar-
us 1020 had a maximum pressure of 150 kPa, which was
70 kPa higher than permissible with a corresponding short-
age of harvest (Fig. I).

Based on the previous results, the authors considered
the possibility of reducing the maximum pressure of the
tractor, based on Fig. 2 and formula (1), obtained taking
into account that " = q.-K; where K, = 1.5 was the co-
efficient of longitudinal non-uniformity of pressure dis-
tribution over the support area of the tire-soil contact
[6,8-14].

For new highly elastic tires K, could be specified when
determined according to a method agreed with consum-
er, customer and tire developer representatives (State Stan-
dard R 58656-2019, replacing State Standard 26953-86.
Agricultural mobile equipment. Methods for determining
the impact of propellers on the soil).

where G, —mass that created a static load on the soil by a

single wheel propeller; F, — wheel contact area with soil,
2

m”.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14 «N3 + 2020



3KOJiorn4 ECOLOGY @-

Ta6nuua 1 Table 1
TRACTION INDICATORS OF THE T-150K TRACTOR WITH VARIOUS TIRES
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Spring barley stubble
21 | 652(88,7) | 38.53925) | 6.1 | 426(313) | 234 0493 | 0.529
, . . : 2-2 69.5(94,5) 38.5(3925) 6.5 423(311) | 234 0.493 0.564
TSI o oty (it FID -l 211 500 70| 53 | 788107.0) | 35003570) | 81 | 378Q278) | 186 | 0454 | 0639
2-4 83.2(113) 26.5(2700 11.3 353(260) 11.2 0.339 0.675
21 | 71.206,7) | 42.04280) | 61 | 416306) | 24.4 0476 | 0.578
; 22 | 79.1(107,6) | 39.0(3980) | 7.3 | 382(281) | 19.6 0442 | 0.642
TSI i v sl iies DI A 215 9000 | 53 | 808(1092) | 340(3470) | 85 | 364(269) | 128 | 0386 | 0655
2-4 | 833(113,1) | 27.02750) | 111 | 331(244) | 112 0306 | 0.676
1-4 | 862(1171) | 47.04790) | 6.6 | 336(247) | 132 0539 | 0.699
T-150K on oligomeric (agrophilic) tires 66x43- 8890 2-1 95.6(129,8) 43.0(4380) 8.0 312(230) 9.4 0.493 0.775
25 from "LIM" 2-2 98.6(134,1) 39.0(3980) 9.1 304(224) 6.4 0.448 0.799
23 | 94.8(128,7) | 32.5(3310) | 10.5 | 298(220) | 3.8 0372 | 0769
Then: factor of ordinary tires.
G The fundamental condition for replacing ordinary tires
q: = 7 ' K,. (1) at?=0.39 with agrophilic ones at ¢, = 0.5 was to main-

At the same time, the adhesion weight use factor based
on table I (tests of tires of LIM company), take ¢ = 0.5 ,
where ¢ —adhesion weight use factor of agrophilic tires,
instead of . = 0.39 where ¢; — adhesion weight use fac-
tor of ordinary tires corresponding to the old State Stan-
dard 27021-86.

At the same time, the authors assumed that K5 = 1.2,
where K3 was the coefficient of agrophilic tires irregu-
larity, instead of K; = 1.5 where K; — adhesion weight use
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Fig. 1. The maximum allowable pressure on the soil in the spring
period of the main technological operations

tain a constant traction force created by the tractor:

P, = Const, )

in accordance with the definition of adhesion weight
use factor, was determined by the formula:

Pcr =G1?' (0:= GkA ’ (0?7 (3)

Support surface

F

Fig. 2. Diagram of the wheel pneumatic tire deformation during
static tests:

f—normal tire deflection, m; D — the outer diameter of the tire, m;
d—rim landing diameter, m; b, — the width of the contact patch, m;
ay — the length of the contact patch, m; Fy — contour contact area
of the tire tread, m’; q" — maximum normal pressure, kPa; Gy —

max

static vertical load on the wheel, kN
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Fig. 3. The necessary increase in the area of the contact spot by
16% with a decrease in the coefficient of longitudinal irregularity:

Ay — length of the contact, m; B, — width of the contact patch, m;
AF, — increase in the area of the contact at K, = 1.2, m’

where G,° — tractor on ordinary tires adhesion weight,
G~ tractor on agrophilic tires adhesion weight.
Based on the fact that G¢ = 36 kN (Belarus 1020):

Gi=(G2pd)lpd = (36:0.39)/ 0.5 =28 kN.
Based on formula (1), the authors defined:
4l gmin= (K3 G F(K GFL).

Where, taking into account the requirements for re-
ducing the maximum pressure on the soil (Fig. /) they got:

G Igm = 150kPa / 80kPa = 1.88.
Given K3, K3, G2, G they determined:
1,88 = (1.5:36-F/(1.2-28-FY),

where F'=1,16 - FY,
where O — ordinary, 4 — agrophilic.

The scale of the increase in F* in comparison with
was schematically shown in (Fig. 3), and the sequence of
actions to reduce the maximum pressure on the soil was
shown on the nomogram (Fig. 4).

The nomogram graphically shows a decrease in the
maximum pressure q on the soil from 150kPa to 80kPa
(42 with an increase in the adhesion weight use factor ¢,
from 0.39 to 0.50 due to a decrease in the adhesion weight
from 36 kN to 28 kN, a decrease in the coefficient of lon-
gitudinal irregularity of K, from 1.5 to 1.2 — 4K, an in-
crease in the tire contact area by 16% — AF with a constant
traction force P,, = 14 kN and an increase in the energy
saturation of £, from 2,0 kW/kN to 2,6 kW/kN, corre-

Nominal tractive force £, kN

" 7, =050 §U=039
", -lL‘O/ -
14xH P, =coust
Coupling
2251 15 .- i weight G kN
Enﬁl‘g}" 26 | 20 -
saturation £, kWkN k=12 f ]
K=15 -
15 sl

E

i

\
First generation
Maximum soil pressure g, kPa

Third generatic;n swlond
generation

Fig.4. Coordination of the maximum pressure q on the soil with
permissible norms, coefficients of using the adhesion weight ¢,
and the level of energy saturation E,,

sponding to Professor G.M. Kutkov qualifications for
third-generation tractors.

Summarizing the results of the research presented in
tables 2, 3, as well as in figure 5, it was necessary to in-
clude in the revised State Standard 27021-86 “Agricultur-
al and forestry tractors. Traction classes ”, the following
recommendations.

The nominal tractor tractive force in kilonewtons was
determined by the formula

Pcr.nom = A'mea

where 4 — coefficient set depending on the tractor type;

m.— operating weight of the tractor, kg.

Coefficient A take equal:

3.24.10° — for agricultural tractors:

3.73.10* — for tractors with an operating weight of up
to 2600 kg;

for four- and three-wheeled tractors with two driving
wheels (4K2 and 3K2) with an operating weight of over
2600 kg;

for four-wheel tractors with four driving wheels (4K4)
and an operating weight of over 2600 kg:

3.92.10° — with tires of the ordinary concept;

5.00-10° — with ultra-low pressure tires;

for tracked tractors:

THE MAIN INDICATORS OF THE TRACTION CHARACTERISTICS OF THE CATERPILLAR TRACTOR T-250
Soil background Winter wheat stubble

Operational weight, kg 13200

Transmission 13 1-4 1I-1 11-2 11-3 11-4
Maximum traction power, kW 151.7 149.0 148.94 147.95 147.25 142,5
Traction force, kKN 97.5 87.0 75.0 61.0 51.0 47,5
Speed, km/h 3.6 6.2 7.15 7.95 9.3 7.8
Slipping, % 6.2 2.9 1.7 1.5 1.2 0,9
Conditional traction efficiency 0.809 0.799 0.794 0.789 0.785 0,760
Coupling weight utilization rate 0.74 0.66 0.57 0.46 0.39 0,36
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Ta6nuua 3 Table 3
EXISTING AND RECOMMENDED CHARACTERISTICS OF RUNNING SYSTEMS
(TG%cSt‘T‘"Z';‘;’Z“f‘;%t) Agrophilic concept (GOST 26955-86)
Track
Indicators Wheel Track Ultra low rubber-reinforced rl?ﬁ%t::.mglal
scheme ;ac pressure tire track with hinge and torsion
4Kd4a SiEneE wheel combined friction- | |° = ¢ pension of
pinned engagement d wheel
RAG* road wheels
RMSh**

Adhesive weight utilization rate 0.39 0.49 0.50 0.70 0.60
Allowable slipping, no more,% 16 5 3 3 3
Maximum pressure on the soil, kPa 150.0 110.0 80.0 80.0 80.0
Permissible maximum pressure, kPa 80.0

* RAG — rubber-reinforced track ** RMSh — rubber-metal hinge

walking prop

rubber-reinforced track
/‘ rubber-metal hinge
K /
rd

—
(=]

Adhesive weight utilization rate g,

07 ultra-low pressure agrophilic tire
0.6 K ordinary tire
05 / ;
04 /0,39
1 11 12 13 14 LS

Coefficient of longitudinal pressure unevenness, K,

Fig. 5. Generalized hypothetical (assumed) dependence of the
adhesive weight utilization rate ¢, on the longitudinal unevenness

coefficient

4910 — with a caterpillar of the ordinary concept;

6.0-10 — with rubber-metal hinge track, rollers with
torsion bar suspension;

7.0-10° — rubber-reinforced track with a combined fric-
tion-pinching system of force transmission

for forestry tractors:

4.4.107 — for tracked tractors;

3.4.10° — for wheeled tractors.

Inthe absence of data to determine the operating mass,
it was taken equal to:

1.15 — values of structural mass for wheeled tractors;

1.08 — values of constructional mass for tracks.

ConcLusions. Taking into account the research data as
an agrophilic direction, ensuring compliance with the norms
of impact on the soil, and positively solving the problems
of energy saturation, it was possible to recommend the de-
velopment of running systems to ensure the achievement
of the adhesion weight use factor ¢, = 0.5 (ultra-low pres-
sure tire), p. = 0.6 (rubber-metal hinge with torsion bar sus-
pension) and ¢, = 0.7 (rubber-reinforced track).

The conducted research, taking into account the avail-
able data on traction tests of the T-250 tracked tractor,
would make it possible to include the agrophilic concept
with a hypothetical (assumed) dependence of the adhe-
sion weight use factor ¢, on the longitudinal unevenness
coefficient K, in the form of recommendations in the re-
vised State Standard 27021-86 “Agricultural and forestry
tractors. Traction classes ”’[15-20].
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