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Abstract. The main quality indicators of tractor trains (the number of trailers and their total load capacity, speed and stability of
movement, braking distance, etc.) depends largely on the correct choice of the type of a base tractor. The existing methodological
principles for optimizing the dimension range of agricultural tractors do not take into account the type of trailers. Therefore, the
task of a rational choice of the base tractor type, taking into account the most complete utilization of the capacity of existing trailers
and engine power, has become rather relevant. (Research purpose) Selection of a tractor model for hitching a group of 2PTS-
4-793-03 A two-axle trailers according to the criteria for carrying capacity and energy consumption of a tractor train. (Materials
and methods) The authors have studied mass, weight and velocity parameters of the 2PTS-4-793-03 A two-axle trailers, as well as
the parameters characterizing the mechanical capabilities of the studied tractor. The studies employed the methods of implement
mounting on machine-tractor units and elements of the theory of a tractor. (Results and discussion) The authors offer an algorithm
of solving a problem of choosing a tractor. As a results, the TTZ 60.10 tractor with a wheel formula of 4K2 available at farm
enterprises and included in machine-and-tractor fleets and clusters has been selected as a power base of a tractor train. The authors
have determined the number of trailers, which equals four, the tractor train speed ranges of 4-28 kilometers per hour, the tractor
engine power amounting to 8.5-59.5 kilowatts, changes in critical values of the effective engine power corresponding to 13.492-
94.444 kilowatts, as well as specified some other criteria. (Conclusions) The TTZ 60.10 tractor with a wheel formula 4K2 and 46.7
kilowatt of effective engine capacity has been considered the optimal choice. It has been proved that this tractor can move four
2PTS-4-793-03 A two-axle trailers with a total weight of 15,600 kilograms along asphalt-concrete roads with a rational speed of
9.505 kilometers per hour. The rationality of choice has been proved by calculating energy saving criteria: full traction efficiency
accounts for 60 percent, engine load factor is 89 percent, and traction power utilization amounts to 96 percent.
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Anroputm nog6opa mogenu 6asoBoro Tpaktopa pna coopMmupoBaHUs
TpakKTOpHOro noesaa

Maxaman To:xkanueBuu TombosTaes, Baxtuep Aoayrannaposud XoJINKOB,
JIOKTOp TEXHUUYECKUX HayK, podeccop, MJIQ IR HAYYHBIH COTPYIHUK
CTaplINi HAYYHBIA COTPYAHHUK;

HaydHo-uccnenoBaTeIbcKUid HHCTUTYT MEXaHU3AIMH CeJIbCKOTO X03s1CcTBa, TamkeHTckas obiacth, PecyOmka
Y36ekucrtan

Pedepar. OcHOBHbIE KaueCTBEHHbIE OKA3aTENIN TPAKTOPHBIX MOE310B (KOJIUYECTBO MPHULIETIOB U MX 001Ias TPy30H0AbEMHOCTD,
CKOPOCTb M YCTONYMBOCTD JBIKEHHUS, JJIMHA TOPMO3ZHOTO MYTH) BO MHOTOM 3aBHCAT OT MPaBIJIBHOTO BHIOOPA THIIaXka 6a30BOr0
TpakTopa. CymIecTByIONIIE METOIONOTHYCSCKIE IPHHIIIIE ONITUMHA3AINH THTIOPA3MEPHOTO psla CeTbCKOXO3SHCTBEHHBIX TPaK-
TOPOB HE YUMTHIBAIOT TUMaX mpuienoB. [lo3ToMy BaxHOH 3aaueil cTan panroHaNbHBINA BHIOOP THMAXa 0a30BOTO TPaKTOpa C
y4eToM HanboJiee TIOHOTO HCTIOIB30BAHIS TPY30IIOIBEMHOCTH CYIIECTBYIOIIMX TIPHIICTIOB M MOIIHOCTHU JIBUTaTeNs. (Llens uc-
cnedosanus) BeiOpaTh MoseNnb TpakTopa Ais arperaTipoBaHus ¢ rpymmnoii gpyxocHsix nputenos 2I1TC-4-793-03A no kputepu-
SIM TPY30HOXBEMHOCTH M SHEPro3aTpar TpakTOpHOTo moesna.(Mamepuanst u memoodst) V3yauny MaccoBble, BECOBBIE H CKOPOCT-
Hble TapameTpsl AByxocHoro npuiena 211TC-4-793-03A, a Taxxke mapamMeTphl, XapaKTepU3yIOIIie MEXaHHIECKHE BO3MOKHOCTH
HCKOMOTO TPaKTopa. Vcrnonb30Bani METobl KOMILIEKTOBAHHS MAIIMHHO-TPAKTOPHBIX arperaToB M 3JNEMEHTH TEOPUH TPaKTOpa.
(Pesynvmambl u 06cyscoenue) IIpemIoKumm axropuT™ peleHns 3a1aqu 1o mondopy MO  TpakTopa. B kauecTBe sHepreTide-

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOTMA + Tom 13 N5 + 2019 AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N5 + 2019



NPOBJIEMbI 1 PELLIEHNA PROBLEMS AND DECISIONS @-

CKOii 6a3bl TpakTOpHOTO Moe3zia Beropanu Tpakrop TT3 60.10 ¢ xonecHoi dhopmyoit 4K2, cocTosmmii Ha 6anance GpepMepcKux
X03SHCTB, MAIIMHHO-TPAKTOPHBIX TAPKOB ¥ KJIACTEPOB. BBIUUCININ YHCIIO IPHIIETIOB, KOTOPOE 0KAa3aJI0Ch PABHBIM YETHIPEM, JIH-
arma3oHbI CKOPOCTEH TBMKEHNUS TPAKTOPHOTO TT0e3/1a — 4-28 KUIIOMETPOB B Yac, MOIITHOCTEH ABUTaTels TpakTopa — 8,5-59,5 xuio-
BATT, U3MEHEHUSI KPUTUUECKHUX 3HAYEeHUH 3(exTHBHON MolHOCTH npuratens — 13,492-94,444 xunoarta U Ipyrue KpUTEPUH.
(Bvi600wr) I1pusnamm onruMansHEIM BEIGOp TpakTopa TT3 60.10 ¢ xonecnoit popmymoit 4K2 n 3¢ddeKTHBHON! MOITHOCTEIO JIBH-
rarens 46,7 xunosarra. [Tokas3any, 9T0 OH MOXET TEepeIBUTaTh YeThipe IByXoCcHbIX Tpurena monenu 2I11TC-4-793-03A obmeit
Maccoii 15 600 kunorpaMMoB Ha ioporax ¢ ac(hanbTo-0eTOHHBIM TIOKPHITHEM € PalOHAIBHOH CKOpocThio 9,505 kumomerpa B
vac. Jlokasanu parmoHaIbHOCTH BEIOOpPA C TIOMOIIBI0 PACUECTOB KPUTEPHEB SHEPTOCOCPEIKEHHS: TIONHBIH TATOBBIA KOIQPUIIHEHT
TI0JIE3HOTO JIeHCTBUS cocTaBisieT 60 NpoleHToB, KO3 HUIMEHT 3arpy3Ku ABUTaTeNs — 89 MPOLEHTOB, KOAQQUIIUEHT UCTIONB30Ba-
HHS TATOBOM MOITHOCTH — 96 POIIEHTOB.

KiroueBble ci10Ba: TPakTOPHEII O3/, TPAKTOP, MPHLEH, BEIOOP 0230BOI0 TPAKTOPa, YHCIO MPHIIETOB, TpeOyeMas MOIHOCTh
TPAKTOpa, MOKa3aTeNl SHEPTOUCTIONH30BAHHS.

I Tnsa uuruposanus: Tombonraes M.T., Xonukos b.A. Anroputm mogabopa Mozenu 6a30BOro TpakTopa Iist Pop-
MHPOBaHUS TpakTOpHOTO Moe3aa // Cenvckoxozsticmeenuvie mawunsl u mexuonoeuu. 2019. T. 13. N5. C. 46-50. DOI

10.22314/2073-7599-2019-13-5-46-50.

any qualitative indicators of tractor trains (the - coupling weight utilization factor A=0.75;
Mnumber of aggregated trailers and their total - coefficient of traction of tractor wheels with soil
load capacity, speed and stability of movement, u=0.75;
the length of the braking distance) are primarily determined - coefficient of wheels rolling resistance on roads with
by the traction and energy characteristics of the basic  asphalt concrete covering typical for a tractor train f=0.018.
tractor [1]. Therefore, the rational choice of the type (model) In the process of research, the basic provisions of the

of the basic tractor is important, taking into account the theory of the tractor and methods of acquisition of machine-
fullest use of its weight and power as part of the tractor tractor units were used.

train. REesuLTs AND DiscussioN. We take the following
The basic methodological principles of optimization algorithm for solving the task.
of the standard-size range of agricultural tractors are 1. At the first stage, as the energy base of a tractor train,
known [2-5]. But in this principals the type of tractors is it is advisable to choose a tractor TTZ 60.10 with a wheel
not connected with the type of trailers [6-11]. formula 4K 2, consisting of a balance of farms, machine-
When completing energy-saving machine-tractor units  tractor parks and clusters. The operating weight of this
it’s necessary to perform three tasks [12]: tractor mr =3341 kg satisfies the condition
- the first — to choose a machine for agricultural work  m; >2600 kg, then the maximum value of the hook force
in the unit with the known tractor; P is determined by the formula:
- the second —to choose a tractor to a known agricultural Pp=0.373 myg = 0.373.3341.9.81 = 12.225 kN [15].
machine to perform a given technological operation; 2. Next, we calculate the number of trailers n in the
- the third — to determine the rational speed of the tractor train from the condition P, < P 2™,
machine-tractor unit with its known composition. where P, —the total resistance force of the group of trailers
These algorithms do not concern transport units. in the train:
Nevertheless, the second option is quite suitable for the P, =nGrl(sina + fcosa), kN [15],
selection of the basic tractor to the known model of the where G = (mpy + mr)g — the weight of one trailer 2PTS-
tractor trailer after a small improvement. 4-793-03A with a load, kN;
RESEARCH PURPOSE is to choose a tractor model for o — the angle of longitudinal inclination of the support
aggregation with a group of 2-axle trailers 2PTS-4-793- surface of the road.
03A and according to the criteria of load capacity and Then nGr(sina + fecosa) < P, or:
energy consumption of a tractor train. P

MATERIALS AND METHODS. The initial constructional
weight of the trailer my = 1700 kg, the average weight of
the load mr = 2200 kg. The permissible maximum speed If mpx = 1700 kg and mr = 2200 kg the weight of the
of the tractor with trailers is 28 km/h. It is assumed touse trailer with the load is equal to: G;=3900.9.81 = 38259 H
a tractor with the following characteristics [11, 13-15]: =38.259 kN.

- wheel formula 4K 2; Then:

- mechanical transmission efficiency #,,, = 0.9;

- permissible coefficient of slipping 6 =18%;

(1

n< -
G,(sina+ fcosa) *

< 12.225 -
"~ 38.259(sin3" +0.018cos3")
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Wetaken=4.

3. The speed range of a tractor train consisting of a
tractor TTZ 60.10 and four trailers on internal roads with
asphalt and concrete pavement is Vi, Vo= 428 km/h.

4. The power range of the tractor engine (N;™" +N;"*)
providing the moving of four trailers (each weighing Gy
with a given speed Vi, Voay):

2

Vesin + Vina i

(NP NP = 2R nGn o0 @

where i — the slope of the road.
If Vit Vinax = 428 km/h and Gy = 38.259 kN we have:

(4+28)
3.6

. 5
(N = NP = 4~38.259m=(8.5+59.5) kW.
5. The range of critical values of the tractor engine

effective power:
Nmax )

+
U 100

00 x>
(8.5 +59.5) kW we’ll get
. (8.5+59.5)

N&) = 5
18 0.018+—

e 100
09 100 0.75-0.75

(N{qmn .

(N = Ng'™) =

©)

e (1
If (NTmin = NTmaX) —

(Nmin -
e

)
= (13.492 + 94.444) kW.

6. Minimum G{"" and maximum G limits of the
required tractor operational weight:

( mm . max)_ 3. 6(Nmm . Nmax)”TP (4)
(Vmin - Vmax)l/“‘
or:
(Gmm L Gmaxy = 3.6(13.452 +94.444)0.9 _
T T

(4+28)0.75 - 0.75
~ 43.584 305.998
1575 225

=(2.767+135.999) kN.

The range of variation of the tractor’s operating weight:
min ™) = (282.0 + 13863) kg.

7. According to available data, the range of power (IV,
+ N."™) = (13.492 + 94.444) kW and weight (m™"+ m;™")
=(282.0+13863) kg corresponds to the tractor TTZ 60.10
with a wheel formula 4K2, power N, = 46,7 kW and
operating weight my = 3341 kg [16]. Operating weight of
this tractor:

(mr

min

Gr=m5g=33419.81 = 32775 N =32.775 kN.

8. We define the range of hook power change of the

tractor TTZ 60.10 on coupling properties of wheels:
GT (Vmin max) j':u (f+ 100) H
3.6 Nef 100

(Nl/:pmax +Ni/<1pmin): (5)

We substitute values and get:
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(N,umax N,umln)_

32.775(4 + 28)[0.75:0.75-(0.018 + ; 00)]
B 3.6
18
—-46.7- 09 - 100 =(10.439+118.463)kW.
9. The maximum power on the tractor hook is:
fH)
max H 100
N = N (1——— —— 100y 6
Kp 77TP( 100 /1/,[ ) ( )
or
5
18 0.018 + 100
NI =46.7-0.9(1——————100)_59 47 kW,
100 0.75-0.75

10. The total traction resistance of four loaded trailers
in a tractor train [17]:

P,=nGy(fecosa+sina), @)
or P, =438.259 (0,018 cos 3°) = 10.752 kN.

11. We determine the train’s rational speed:

. 5
3.6N 1 (1——)

100 . ®)
P+ G (fcosa+sina)
If P, =10.752 kN we’ll get:

3.6-46.7-0.9(1— 15
100

pan

=9.505 km/h.

Vo= : ;
" 10.752+32.775(0.018 - cos3” +sin3’)

Thus,

Vanin (4 km/h) < V., (9.505 km/h) < Vpp, (28 km/h).

12. The power expended when moving a train at a speed
of Vi

PV

N — Kp pau’ 9
P36 ©)
Thatis N, M—%.%S kW.

3.6

13. The effective power of the tractor engine, spent on
overcoming the traction resistance P,, at the speed of the

train V,,,, is equal to:

N—@{P 2y (1= G(f+L)} (10)
YR ™ 1007

100
If P, = 10.752 kN and V;,,, = 9.505 km/h we’ll get:
N,= & 525 {10 752[2-0.9(1- —)

+32.775(0.018 + ﬁ)}: 4172 kW.

14. We determine the calculated values of the tractor
TTZ 60.10 characteristics:

- traction power utilization factor:

N = Npau / Ny =28.388/29,421 =

- the engine load factor:

2= No/N." = 41.705/46.7 or 89%;

- total traction efficiency:

0.96, or 96%;
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N1 = Nyan/ N = 28.388/46.7=0.60, or 60%;

- the maximum possible traction efficiency in the train
operating conditions under consideration:

nTmax _ (nglaX/NeH) — (29421/467) =0.63, or 63%.

CONCLUSIONS.

The TTZ 60.10 tractor with a wheel formula 4K2 and
46.7 kW of effective engine capacity has been considered
the optimal choice. It has been proved that this tractor can

NPOBJIEMbI 1 PELLIEHNA PROBLEMS AND DECISIONS @-

move four 2PTS-4-793-03A two-axle trailers with a total
weight of 15.600 kg along asphalt-concrete roads with a
rational speed of 9.505 km/h.

The rationality of choice has been proved by calculating
energy saving criteria: full traction efficiency accounts
for 60%, engine load factor is 89 %, and traction power
utilization amounts to 96%.
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