








Figure 1. Relationships between drawbar-engine power ratio and maximum drawbar power at rated engine speed for large tracked and 4WD

agricultural tractors.

power must be greater than drawbar power. Hence, a tractor
that can deliver 200-kW drawbar power must have an engine
capable of producing more than 200-kW engine power. The
region above the lines represents a region where either
advertised engine power is overstated or the tractor has
driveline and/or tractive efficiencies that are lower than
normal. The goal of these analyses was to establish limits
(lines) dividing the regions where advertised engine power
levels are considered to be met (acceptable levels of
advertised engine power) from the regions where advertised
engine power levels are not considered to be met. The Board
of Tractor Test Engineers wanted to define these lines
somewhere above the data points in this dataset to make some
allowance for drive train efficiencies and/or tractive
efficiencies slightly less than those achieved with the tractors
in this dataset.

One approach to defining the limit for acceptable
advertised engine power is to use a linear equation obtained
with the upper 99% limit of the confidence intervals for the
parameters (slope and intercept) of the regression line. This
line is shown for the tracked tractors in figure 4. This
approach allows for limited uncertainty in the future as the
acceptance margin increases very gradually as maximum
drawbar power at rated engine speed increases. A similar
graph is shown for the 4WD tractors in figure 5. The Board
of Tractor Test Engineers also noted that all tractors included
in the dataset met these criteria for acceptable advertised
engine power.

The Board of Tractor Test Engineers presented these data
and analyses to the U.S. OECD Coordinating Committee
(tractor manufacturers) for discussion. As no significant
objections were presented by the manufacturers, the Board of

Figure 2. Relationships between drawbar-engine power ratio and year the tractor was tested for large tracked and 4WD agricultural tractors.
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Figure 3. Relationships between advertised engine power and maximum drawbar power at rated engine speed for large tracked and 4WD agricultural
tractors.

500
40 99% Acceptance Limit I - = B
AEP = 1.273 * MDBP + 34.843 -

400
=
<1
5 350 B
&
2 300 YET2Tx +21.312
g R2=0.9789
5 250 s S
@
B 200 | P

>

2 150
T
<

100 |-

50 1—
0 T -
0 50 100 150 200 250 300 350

Maximum drawbar power at rated engine speed, kW

e Tracked = 99% Acceptance Limit ——Linear (Tracked) |

Figure 4. Upper limit of the 99% confidence interval of the parameters of the regression line for large tracked agricultural tractors.
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Figure 5. Upper limit of the 99% confidence interval of the parameters of the regression line for large 4WD agricultural tractors.
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Tractor Test Engineers voted unanimously in November
of 2007 to adopt the following criteria for determining
whether advertised engine power claims are met for large
tractors without a PTO, or with a PTO not capable of
transmitting full engine power (University of Nebraska
Board of Tractor Test Engineers, 2007).

For tracked tractors, advertised engine power claims will
be considered met when:

AEP <1.273* MDBP +34.8 kW )
(AEP <1.273* MDBP + 46.7 hp)

where

AEP = advertised engine power, kW (hp)

MDBP = maximum drawbar power at rated engine speed,

kW (hp)
For 4WD tractors, advertised engine power claims will be
considered met when:

AEP <1.150* MDBP + 32.4 kW

)
(AEP <1.150* MDBP + 43.4 hp)
where
AEP = advertised engine power, kW (hp)
MDBP = maximum drawbar power at rated engine speed,

kW (hp)

Since the adoption of Board Action No. 31 in November
of 2007, four tractors without a PTO have been tested. Two
of these tractors were rubber-tracked tractors, and two were
4WD tractors. The advertised engine power for all four of
these tractors [between 350 and 400 kW (470 and 535 hp)]
met the criteria of equations 1 and 2.

There have been, and continue to be, different standards
for determining engine power. SAE J1995 has been used to
determine gross engine power. United Nations Economic
Commission for Europe Regulation 120 (ECE R120) is also
used to determine net engine power for a bare engine (no
accessories). The ECE R24 regulation tests engine power
available at the flywheel while the engine is powering normal
engine auxiliaries such as the cooling fan and alternator, but
without application-specific auxiliaries such as air
conditioning compressors, and hydraulic pumps. Power may
be reported as either rated net power at the rated engine speed
or as maximum net power at the engine speed at which
maximum power is obtained. Another standard used to
determine engine power is ISO 14396. Differences in the
accessories powered by the engine and engine operating
conditions during the test can result in differences in the
engine power ratings. As changes in standards and tractor
power occur over time, the Nebraska Board of Tractor Test
Engineers can work with tractor manufacturers to determine
appropriate changes to the coefficients in equations 1 and 2.
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SUMMARY AND CONCLUSIONS

The University of Nebraska Board of Tractor Test
Engineers is required by Nebraska Law to verify tractor
manufacturers’ power claims. The OECD Code 2 maximum
PTO power test is the method normally used to verify power
claims, but this cannot be applied to large tractors without a
PTO or with a PTO that cannot transmit full engine power.
The Board of Tractor Test Engineers and manufacturers
desired a method that did not require removal of the engine
from the tractor for testing, and still used OECD Code 2
performance data to verify manufacturers’ advertised engine
power claims. Analyses of advertised engine power claims
and OECD Code 2 test results for maximum drawbar power
at rated engine speed from 48 tracked and 43 4WD tractors
were used to establish two linear relationships to verify the
engine power claims for these types of tractors.
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