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Abstract. In this paper authors described the algorithm for matching and
harmonization the results of traction tests of domestic and foreign tractors
according to the OECD and ISO systems. The results of the calculations
are entered into the designed database, which contained 5 information
blocks and control block. The control unit allows to implement a number
of information requests (in terms of operating mass, maximum traction
power, etc.). Information of agricultural tractors tests is contained in this
database, test were made in Germany (11 models), France (8 models), Italy
(8 models), and Austria, India, South Korea (over 37 models) according to
OECD standards, each model tested on 2 type of covering: concrete and
stubble.

1 Introduction

Now days there are more 100 models of imported tractors [1] on the Russian market. It is
necessary to consider their characteristics. On the one hand it would be obtained in
comparable conditions, and at the same time, it made possible to evaluate the effectiveness
of using different models in specific national conditions. At first, we should include traction
indicators of agricultural tractors to these characteristics. It is necessary to analyze two
tractor test systems. First one is the European system (based on ISO standards), and the
second one is CODE 2 («OECD STANDARD CODES FOR THE OFFICIAL TESTING
OF AGRICULTURAL AND FORESTRY TRACTOR»). This system has found
international recognition [2, 3].

This problem was solving in Research Institute «RosNIITM» in several years, but
current practice solving are based without correlation with traction classes [4, 5, 6].
However, it is necessary to more strictly assess the discrepancies between the GOST (ISO)
and the OECD. The database of agricultural tractors traction indicators was developed to
harmonization ISO standard and OECD standard, as well as for predicting the operation
indicators of the foreign machine tractors unit (MTU) in the Russian economic conditions.
We provided the calculations characteristics of MTU operated on the stubble in our
database. It made for rational aggregation of foreign tractors with an evaluation of traction
properties on the concrete. We have test protocol of traction indicators on the stubble for
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Russians tractors, it was calculated characteristics on concrete, which allows comparison
with foreign models on the Russian market [7, 8].

Aim of this research is design of the algorithm of adaptation the maximum power on the
drawbar device to the indicators of the traction-power classification of the tractors type in
Russia Also result of research will be design of database of Russian and foreign agricultural
tractors defined by Interstate (ISO) and OECD standards.

2 Materials and methods

We considered the results of traction tests which recorded in the test reports of the OECD
standard and ISO standard as source information. It was used order of research of the
traction indicators determination according to the OECD standard [2, 9, 10]. The Russian
peculiarity is the simultaneous application of the ISO-789 standards, State Standards
(GOST), Interstate standards which adopted in the different countries (the Republic of
Azerbaijan; Republic of Armenia; Republic of Belarus; Georgia; The Republic of
Kazakhstan; Republic of Kyrgyzstan; The Republic of Moldova; Russian Federation; The
Republic of Tajikistan; Turkmenistan; The Republic of Uzbekistan; Ukraine). We presented
such standards:

- GOST 7057-2001 «Agricultural tractors. Test methods». Instead, GOST 7057-81.
Date of introduction — 01.01.2003;

- GOST 30745-2001 (ISO 789-9-90) «Agricultural tractors. Definition of traction
indicators». Introduction date - 01.01.2003;

- GOST 30747-2001 (ISO 789-1-90) «Agricultural tractors. Definition of test indicators
through a power take-off shaft» Introduction date - 01.01.2003;

The general methodology of harmonization included the following stages:

- analysis of available protocol materials based on the results of traction tests according
to OECD and ISO systems;

- design algorithm to bring the results of determining the maximum power on the
coupling device according to the OECD standard to the indicators of the traction-power
classification of the tractors type in Russia;

- design database of traction indicators of Russian and foreign agricultural tractors
which defined by the ISO and OECD standards.

3 Results and discussions

It was applied the index «c» to the concrete test (measured according to the OECD
standard) and the index «s» to the stubble test in process of designing the algorithm of the
traction indicators of a wheeled tractor. Let’s consider the algorithm based on the analysis
of forces and power flows in Figure 1.
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Fig. 1. Scheme of forces and power flows acting on the tractor with traction tests.

Measuring indicators are given in the test protocol at maximum pulling power
(according to the OECD system) (Figure 2).

Fy | = fraction on the hook;

Vi | — working speed

Vi | — theorefical speed

Gy | - fractor drawbar weight;

Py | = power on P10

Fig. 2. Measuring indicators according to the OECD standard.

Values of the measuring indicators were given at the maximum traction power from the

test report.
. . Prro
(P, =0,9- P, —operational engine power. P, =——=).
Mpro
Required to determine the conditions on the stubble:
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Substituting (3) and (1) in (2), we will get:
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or

F =F +F;, —F ;oraccordingwith F., =G, - f.; F. =G, - f., we will get:

rol — Lo rol

Fy=F; =G, (f.-1). @
where: f,; f. - the rolling resistance coefficients of the tractor on the concrete and the
stubble, accordingly (Table 1).

Table 1. Rolling resistance coefficients

Type of covering Wheel tractor Caterpillar tractor
Concrete, f, 0,018 0,035...0,045
Stublle, f; 0,10...0,12 0,07...0,08

For wheel tractor: f, =0,11; f, =0,018; F;’ = F, —0,092G,. .

For caterpillar tractor: f, = 0,075 ; f, =0,04; F, = F, —0,035G,..

3) Determination of traction power on the stubble.
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4) Determination of conditional traction efficiency on the stubble.
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It was designed the database «Traction indicators of Russian and foreign tractors by
Interstate (ISO) and OECD standards at maximum engine power» as a result of processing
of the test protocols on the concrete and the stubble, and its calculations [11]. It contained 5
information blocks and control block. These blocks allowed to applicate a number of
information requests (by operating weight, maximum traction power, etc.).

It was designed the following database structure in connection with the tasks (Figure 3).

CENTER OF TESTING
COUNTRY

NUMBER OF PROTOCOL

DATA OF APPROVAL THE PROTOCAL

TESTING TRACTOR
TRADE MARK OF TRACTOR

PRODUCER

DESIGNER

MARK OF ENGINE

TECHNICAL CHARACTERISTICS

PARAMETRS OF STEND TEST

PROGRAMM OF CONTROL

TRACTION PARAMETRS

OUTPUT FORM OF
INFORMATION®OPMbIL

1. POWER OF ENGINE

2. MASS OF TRACTOR

3. DESIGNER

Fig. 3. Block structure of the database of traction indicators of Russian and foreign agricultural
tractors
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Information about results of official agricultural tractors tests contains in the database
according the rules of OECD standard. These tests were conducted by France
CEMAGREEF testing center (8 models), Germany DLG testing center (11 models), Italy
IMAMOTER testing center (8 models), and also testing centers of Austria, India, Republic
of Korea (only 37 models), each on 2 covering: concrete and stubble. It was conducted the
classification of tractors for traction force.

The control block of the program will allow to calculate the required traction indicators,
as well as to make a request to the database in the form of a comparative table of traction
indicators on the stubble and the concrete.

An example of the calculation of traction indicators of the Massey Fergusson 7465
agricultural tractor on the stubble is shown in Table 2.

Table 2. The results of traction tests according to the OECD standard and the results of
theoretical calculations of the traction parameters for coordination with the ISO standard

Nurrflber Trade tractor mark
.9 . Massey Fergusson 7465
indicator Indicators Stubble Concrete Stubble Concrete
(ISO) Code2 (ISO) Code2
(OECD) (OECD)
Number of protocol
1 4
1 2 3 4 5 6
1 Country Protocol France
Test centr CEMAGREEF,
2 Protocol Antony
3 Number of protocol Evaluati Protocol DESIGN 16551
ng
4 Data of approval protocol Protocol 16.11.2010
5 Production firm 1.1 AGCO S.A.
6 Designed firm 1.1
7 Type of tractor 1.1 4WD
Type of engine SISU/AGCO
g POWER Inc.
66.633CTA-
4V/Diesel
Power at PTO at nominal
9 engine speed, kW 3.12 804
10 Rated engine speed 3.1.2 2200
11 The volume of
developments, m h
Maximum power at PTO,
12 max
kW, Poro 3.1.1 94,0
Rotation Engine
13 al speed, crankshaft,
min-1
1,070 3.1.1 2000
14 PTO, App 3.1.1 983
Transmission efficiency
15 from engine to PTO 0,93 0,93
accepted
Maximum engine
16 operating power, kW
Pomax 101,1 101,1
Transmission type Hidrostatic
\_/aril';lblbe cylinder
1n the both ways
17 1.3 with two
mechanical
ranges
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Tractor operating weight,

18 ke, m,, 23 7235 7235
19 Tire - front 26 GOODYEAR
model wheels : TM 818
20 -the rear 26 GOODYEAR
wheels : TM 818
Tire size - front
21 wheels 540/65R28
-the rear
22 wheels 650/65R38
Tire - front
23 pressure, wheels 2.6 0,16
MPa -the rear
24 wheels 2.6 0,16
Transfer number
25 3.3.1 T5
Maximum traction
26 power, kW
pmax 3.3.1 53,97 78,6
. tan
27 Traction effort, kN 331 23,55 30,2
28 Speed km/h 3.3.1 8,25 9,37
Engine crankshaft speed,
29 . 3.3.1 2000 2000
min-1, 72,
30 Skidding, %, & 3.3.1 15 3,5
Specific fuel
31 consumption, g/ kW - h, 331 4398 302
q 3. ,
Transmission efficiency
32 (grade for concrete), 77 0,840 0,840
Conditional Traction
33 Efficiency, 7], 0,534 0,777
34 Traction class 2
ISO Rear Mounted
35 Category 1.6 CAT 2
Maximum lifting force of
36 the rear hilr(lged system, 322 60,8
N

We sent proposals for harmonization of ISO and OECD Standards to the OECD
Committee based on the research results. Aim of proposal is determination of tractive
indicators for agricultural tractors according to agreed methods.

4 Conclusions

1.  Methodology for harmonizing traction indicators of domestic and foreign tractors
has been designed. It was provided an agreed assessment of tractors characteristics
according to the rules OECD standard on the concrete and according to the International
Standard GOST 30745-2001 (ISO) on the stubble with classification according to traction
classes in accordance with GOST 27021.

2. It was designed the database of adaptation of traction tests conducted to ISO and
OECD standards, obtained by theoretical and experimental methods.

3. The classification of foreign tractors (according to traction classes) allowed us to
recommend the using of sets of machines for the rational using.

4. In the future, it will plane to prepare proposals of the harmonization standards of
the OECD and Russian Federation for determining traction indicators of agricultural
tractors.
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