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Objectives and tasks of the research

The objective:

- to create a methodology for monitoring engine performance indicators

and exhaust emission characteristics for a tractor working in real conditions

The tasks of achieving the objective:

- to investigate possibilities for monitoring engine performance

indicators and emission characteristics by using information compiled in

tractors’ control processors;

- to analyze the level of engine performance indicators (engine load,

fuel consumption, CO2, CO and NOx emissions) and their changes during

field applications on the basis of information collected in tractor engine

control processors.
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Normative assessment of engine oxide 

emissions
� Agricultural tractors are used all-over the year, with diverse implements to perform 

different field operations. The tractor engines are therefore subjected to highly 

variable demands in terms of speed and load.

� Current standards used to assess off-road vehicle performance regarding fuel 

efficiency and pollutant emissions are respectively defined by the European 

directive procedures and the worldwide emissions standards 

� The emission standards address the emissions of NOx, HC, PM, and CO. The ISO-

8178 Type C 8-Mode Cycle is the standard test used for the emissions evaluation of 

off-road diesel engine powered equipment today. 

� In addition to the 8-mode test of previous Tier standards, the Tier 4 standard has 

two added requirements, including one of the not-to-exceed (NTE) zones and the 

non-road transient test cycle (NRTC)

� The United States Environmental Protection Agency (US EPA) has introduced 

NTE emission limits and testing requirements, as an additional instrument to make 

sure that heavy-duty engine emissions are controlled over the full range of speed 

and load combinations commonly experienced in use. 
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Steady state Test Cycle ISO 8178 C1
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Basic NTE zone
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Method and objects of the research
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Method and objects of the research
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Results and discussions
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Results and discussions

Layout of the values of engine torque, NTE zone and ISO 8178  Cycle in the plan of modes of engine speed 

(n) and cyclic fuel injection quantity (bc)

ISO 8178 C1 Cycle 8 mode
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Results and discussions

The average distribution of 1000 h tractor operational time in modes of engine speed 

(n) and cyclic fuel injection quantity (bc)

Test cycle ISO 8178 C1
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Results and discussions

The average distribution of fuel used by tractor within 1000 h operational work in 

modes of engine speed (n) and cyclic fuel injection quantity (bc)

Test cycle ISO 8178 C1
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Results and discussions
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Test cycle ISO 8178 C1
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The average distribution of CO emission within 1000 h tractor operational work in 

modes of engine speed (n) and cyclic fuel injection quantity (bc)



Results and discussions

The average distribution of CO2 emission within 1000 h tractor operational work in 

modes of engine speed (n) and cyclic fuel injection quantity (bc)

Test cycle ISO 8178 C1

30 November 2015 Petrochemistry-2015, Atlanta, USA



Results and discussions

The average distribution of NOx emission within 1000 h tractor operational work in 

modes of engine speed (n) and cyclic fuel injection quantity (bc)

Test cycle ISO 8178 C1
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Results and discussions

Layout of the values of engine torque, NTE zone and ISO 8178  Cycle in the plan of modes of engine speed 

(n) and cyclic fuel injection quantity (bc)

ISO 8178 C1 Cycle 8 mode
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Conclusions
� Conducted studies have shown that a working time, fuel consumption, CO2 ,CO and NOx emissions in engine 

working modes of the “Massey Ferguson MF 6499”, during operational periods, could be identified from a 

database stored in engine control processors.

� Distribution of fuel consumption of three tractors in engine working modes during exploitational periods were as

follows: About 11% of fuel was used in <30% Tmax engine load modes, about 16% of fuel was used in the 30–50% 

Tmax load mode and about 73% of fuel was used in the >50% Tmax load mode. Meanwhile, in the mode of 1500–

1900 min-1 economic engine speed and a >50% Tmax load, tractors used on average about 40% of fuel during their

operational time.

� The greatest quantities of CO2 emissions (over 60% of the whole CO2 emission) emerged in the >50% Tmax modes 

of engine load, in which tractors used most fuel (over 73%) and operated approximately 43.5% of the whole 

operational period.

� About 87% of CO emission were composed in the < 30% Tmax modes of engine load, in which the tractor’s work

lasted about 41.5% of the whole operational period. The major part of this CO was emitted when engines worked

in a mode of idle run (10–20 mg cyclic fuel injection quantity and 700–1100 min-1 speed). 

� The investigations ascertained that tractors worked, on average, 51% of the operational period in engine working 

modes, controlled by the NTE zone. By working in these modes, tractors consumed about 73.4% of fuel used for 

the whole the operational period, emitted into the environment about 76% of CO2 and 9.7% of CO compared to 

emissions of the whole operational period.

� From fuel economy and environmental points of view, it is important that tractor engines would get proper 

operation, including improved starting conditions, shortening time of idling, at a too high and too low load, and at a 

high speed ensured regular thermal conditions. Conducted research shows that there are possibilities to reduce

fuel consumption, and CO2 and CO emissions during tractor operational periods by improving tractor exploitation, 

which includes more rational selection of engine working modes, shortening times of engine idle run and at high

revs. Resolution of this issue could thus, be induced by monitoring tractor work quality (fuel consumption and

harmfull effects to the environment) during operational period.
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