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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-
4-793-03A 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-4-793-03A 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 off er an algorithm 
of solving a problem of choosing a tractor. As a results, the ТТZ 60.10 tractor with a wheel formula of 4К2 available at farm 
enterprises and included in machine-and-tractor fl eets 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 eff ective engine power corresponding to 13.492-
94.444 kilowatts, as well as specifi ed some other criteria. (Conclusions) The ТТZ 60.10 tractor with a wheel formula 4К2 and 46.7 
kilowatt of eff ective engine capacity has been considered the optimal choice. It has been proved that this tractor can move four 
2PTS-4-793-03A 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 effi  ciency 
accounts for 60 percent, engine load factor is 89 percent, and traction power utilization amounts to 96 percent.
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Реферат. Основные качественные показатели тракторных поездов (количество прицепов и их общая грузоподъемность, 
скорость и устойчивость движения, длина тормозного пути) во многом зависят от правильного выбора типажа базового 
трактора. Существующие методологические принципы оптимизации типоразмерного ряда сельскохозяйственных трак-
торов не учитывают типаж прицепов. Поэтому важной задачей стал рациональный выбор типажа базового трактора с 
учетом наиболее полного использования грузоподъемности существующих прицепов и мощности двигателя. (Цель ис-
следования) Выбрать модель трактора для агрегатирования с группой двухосных прицепов 2ПТС-4-793-03А по критери-
ям грузоподъемности и энергозатрат тракторного поезда.(Материалы и методы) Изучили массовые, весовые и скорост-
ные параметры двухосного прицепа 2ПТС-4-793-03А, а также параметры, характеризующие механические возможности 
искомого трактора. Использовали методы комплектования машинно-тракторных агрегатов и элементы теории трактора. 
(Результаты и обсуждение) Предложили алгоритм решения задачи по подбору модели трактора. В качестве энергетиче-
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Many qualitative indicators of tractor trains (the 
number of aggregated trailers and their total 
load capacity, speed and stability of movement, 

the length of the braking distance) are primarily determined 
by the traction and energy characteristics of the basic 
tractor [1]. Therefore, the rational choice of the type (model) 
of the basic tractor is important, taking into account the 
fullest use of its weight and power as part of the tractor 
train.

The basic methodological principles of optimization 
of the standard-size range of agricultural tractors are 
known [2-5]. But in this principals the type of tractors is 
not connected with the type of trailers [6-11].

When completing energy-saving machine-tractor units 
it’s necessary to perform three tasks [12]:

- the first – to choose a machine for agricultural work 
in the unit with the known tractor;

- the second – to choose a tractor to a known agricultural 
machine to perform a given technological operation;

- the third – to determine the rational speed of the 
machine-tractor unit with its known composition.

These algorithms do not concern transport units. 
Nevertheless, the second option is quite suitable for the 
selection of the basic tractor to the known model of the 
tractor trailer after a small improvement.

RESEARCH PURPOSE is to choose a tractor model for 
aggregation with a group of 2-axle trailers 2PTS-4-793-
03A and according to the criteria of load capacity and 
energy consumption of a tractor train.

MATERIALS AND METHODS. The initial constructional 
weight of the trailer mПК = 1700 kg, the average weight of 
the load mГ = 2200 kg. The permissible maximum speed 
of the tractor with trailers is 28 km/h. It is assumed to use 
a tractor with the following characteristics [11, 13-15]:

- wheel formula 4K2;
- mechanical transmission efficiency ηmp = 0.9;
- permissible coefficient of slipping δ =18%;

- coupling weight utilization factor  λ=0.75;
- coefficient of traction of tractor wheels with soil  

μ = 0.75;
- coefficient of wheels rolling resistance on roads with 

asphalt concrete covering typical for a tractor train f = 0.018. 
In the process of research, the basic provisions of the 

theory of the tractor and methods of acquisition of machine-
tractor units were used.

RESULTS AND DISCUSSION. We take the following 
algorithm for solving the task. 

1. At the first stage, as the energy base of a tractor train, 
it is advisable to choose a tractor TTZ 60.10 with a wheel 
formula 4K2, consisting of a balance of farms, machine-
tractor parks and clusters. The operating weight of this 
tractor mТ =3341 kg satisfies the condition 
mТ >2600 kg, then the maximum value of the hook force 

 is determined by the formula:
  = 0.373 mТg = 0.373⸳3341⸳9.81 = 12.225 kN [15].
2. Next, we calculate the number of trailers n in the 

tractor train from the condition Pкр ≤ , 
where Pкр – the total resistance force of the group of trailers 
in the train:

Pкр = nGП(sinα + fcosα), kN [15],
where GП = (mПК + mГ)g – the weight of one trailer 2PTS-
4-793-03А with a load, kN;

α – the angle of longitudinal inclination of the support 
surface of the road.

Then nGП(sinα + fcosα) ≤ , or:

. (1)

If  mПК = 1700 kg and mГ  = 2200 kg the weight of the 
trailer with the load is equal to: GП = 3900⸳9.81 = 38259 Н 
= 38.259 kN. 

Then: 

.

ской базы тракторного поезда выбрали трактор ТТЗ 60.10 с колесной формулой 4К2, состоящий на балансе фермерских 
хозяйств, машинно-тракторных парков и кластеров. Вычислили число прицепов, которое оказалось равным четырем, ди-
апазоны скоростей движения тракторного поезда – 4-28 километров в час, мощностей двигателя трактора – 8,5-59,5 кило-
ватт, изменения критических значений эффективной мощности двигателя – 13,492-94,444 киловатта и другие критерии. 
(Выводы) Признали оптимальным выбор трактора ТТЗ 60.10 с колесной формулой 4К2 и эффективной мощностью дви-
гателя 46,7 киловатта. Показали, что он может передвигать четыре двухосных прицепа модели 2ПТС-4-793-03А общей 
массой 15 600 килограммов на дорогах с асфальто-бетонным покрытием с рациональной скоростью 9,505 километра в 
час. Доказали рациональность выбора с помощью расчетов критериев энергосбережения: полный тяговый коэффициент 
полезного действия составляет 60 процентов, коэффициент загрузки двигателя – 89 процентов, коэффициент использова-
ния тяговой мощности – 96 процентов.
Ключевые слова: тракторный поезд, трактор, прицеп, выбор базового трактора, число прицепов, требуемая мощность 
трактора, показатели энергоиспользования.
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мирования тракторного поезда // Сельскохозяйственные машины и технологии. 2019. Т. 13. N5. C. 46-50. DOI 
10.22314/2073-7599-2019-13-5-46-50.



4848

 СЕЛЬСКОХОЗЯЙСТВЕННЫЕ МАШИНЫ И ТЕХНОЛОГИИ • Том 13 • N5 • 2019 AGRICULTURAL MACHINERY AND TECHNOLOGIES • Volume 13 • N5 • 2019 

ПРОБЛЕМЫ И РЕШЕНИЯ  PROBLEMS AND DECISIONS

We take n = 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 Vmin ÷Vmax = 4÷28 km/h. 

4. The power range of the tractor engine (NТ
min ÷NТ

max), 
providing the moving of four trailers (each weighing GП 
with a given speed Vmin÷Vmax):

,  (2)

where i – the slope of the road.
If Vmin÷Vmax = 4÷28 km/h and GП = 38.259 kN we have:

 kW.

5. The range of critical values of the tractor engine 
effective power:

  (3)

If (NТ
min ÷ NТ

max) = (8.5 ÷ 59.5) kW we’ll get  

6. Minimum GТ
min and maximum GТ

max limits of the 
required tractor operational weight:

    (4)

or:

kN.

The range of variation of the tractor’s operating weight: 
(mТ

min ÷ mТ
max) = (282.0 ÷ 13863) kg.

7. According to available data, the range of power (Ne
min 

÷ Ne
max) = (13.492 ÷ 94.444) kW and weight (mТ

min ÷ mТ
max) 

= (282.0 ÷ 13863) kg corresponds to the tractor TTZ 60.10 
with a wheel formula 4K2, power Ne

н = 46,7 kW and 
operating weight mТ = 3341 kg [16]. Operating weight of 
this tractor: 

GТ = mТg = 3341⸳9.81 = 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:

  . (5)

We substitute values and get:

9. The maximum power on the tractor hook is:

 ,      (6)

or 

 kW.

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

, (7)
or Pкр = 4⸳38.259 (0,018 cos 3°) = 10.752 kN.
11. We determine the train’s rational speed:

 .          (8)

If  Pкр = 10.752 kN we’ll get:

 km/h.

Thus, 
Vmin (4 km/h) < Vрац (9.505 km/h) < Vmax (28 km/h).
12. The power expended when moving a train at a speed 

of Vрац:

,       (9)

That is   kW.

13. The effective power of the tractor engine, spent on 
overcoming the traction resistance  Pкр at the speed of the 
train Vрац, is equal to:

.     (10)

If Pкр = 10.752 kN and Vрац = 9.505 km/h we’ll get: 

kW.

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

- traction power utilization factor:
ηим = Nрац / Nкр

max = 28.388/29,421 = 0.96, or 96%;
- the engine load factor: 

ηд = Nе/Nе
н = 41.705/46.7 or 89%;

- total traction efficiency: 
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ηТ = Nрац/Nе
н = 28.388/46.7=0.60, or 60%;

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

ηТmax = (Nкр
max/Nе

н) = (29.421/46.7) = 0.63, or 63%.

CONCLUSIONS. 

The ТТZ 60.10 tractor with a wheel formula 4К2 and 
46.7 kW of effective engine capacity has been considered 
the optimal choice. It has been proved that this tractor can 

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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