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Identifi cation of side force-slip angle 
characteristic from road tests with an 
agricultural tractor
Driving dynamics simulation of modern agricultural tractors becomes more and more impor-
tant due to increasing top speeds, rising loads and shorter developmental periods. Agricultural 
tyres hit diameters of up to 2.15 m and they are the most important suspension component 
on standard tractors with unsprung rear axles. For a sophisticated simulation the exact know-
ledge of spring and damping characteristics as well as maximum transmissible forces is ne-
cessary. However, the measurement of very large tyres is possible on only few test stands. For 
this reason an alternative method to acquire tyre parameters is presented in this contribution. 
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■ In the last years the institute’s tyre test stands have de-
livered valuable knowledge about the behavior of agricultural 
tyres and supported the development and validation of the 
Hohenheim tyre model [1-7]. Though, for the measurement of 
very large tyres, both the test stands and the test environment 
are limited (2 m diameter, 600 mm width). Larger test facilities 
would align with enormous cost and space efforts [8].

In a joint project of the University Hohenheim together with 
its industrial partners Goodyear Tires S.A., AGCO GmbH and 
Kistler-Igel GmbH the identifi cation of tyre parameters from 
road tests is investigated. This article focuses on the determi-
nation of the steady state side force-slip angle characteristic, 
a basic parameter for most tyre models, presented for the left 
front wheel (Goodyear Optitrac R+, 650/65 R34, 1.6 bar). Core 
piece of the investigations is a modern high horsepower tractor, 
which is widely equipped with measurement instrumentation, 
fi gure 1. On the left side two modular measuring wheels from 
Kistler are mounted, which are tested the fi rst time in this di-
mension [9; 10].

Analysis of measured values

Different driving maneuvers with varying wheel loads and in-
fl ation pressures on tarmac were progressed with the test ve-
hicle. In this article the results of a random course with veloci-

ties between 46 and 53 km/h are depicted. A data preparation 
initially fi lters the measured values and corrects the measured 
wheel load, as the sensor is located in the wheel cup and does 
not capture the masses of tyre and rim ring. Figure 2 shows 
side force FY and slip angle α over time. These values cannot di-
rectly be taken as results, but need an additional analysis of the 
boundary conditions. Barrelmeyer and Schlotter showed that 
high slip angle rates and wheel load rates lead to delayed force 
increase and decrease and cause deviations from the steady sta-
te characteristic [5; 6]. Complete elimination of dynamic effects 
is not possible but thresholds can be defi ned. A meaningful 
choice of these thresholds can be derived from test results of 
the past with smaller (480/70 R24 and 520/70 R38) agricultu-
ral tyres. Generally, the infl uence of the slip angle rate decrea-
ses with increasing driving velocity. As the measured side force 
sensibly reacts on slip angle rates, only data within +/-1°/s 
were taken into account in this analysis, fi gure 3. High wheel 
load rates also falsify the side force. The chosen threshold wi-
thin +/-10 kN/s is arranged on the upper limit of admissibility, 
fi gure 4. Compared to the rear axle the wheel load variations 
on the front axle range on a signifi cantly lower level. This is 
presumably due to the sprung front axle.

A superposed longitudinal force, evoked by traction and 
rolling resistance forces, leads to a reduction of the maximum 
transmissible side force, also known as friction circle. An earlier 
measurement on a 520/70 R38 tyre has shown that a superpo-
sition of longitudinal forces up to +/-3 kN almost doesn’t affect 
the side force transmission. The test vehicle Fendt Vario 936 
was used in this test on rear wheel drive, so the front wheels 
only had to deal with the rolling resistance force in longitudinal 
direction. The measurements with an average of around –900 N 
have completely been taken over after fi ltering, fi gure 5.
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View on results

Setting the thresholds is always a dilemma. Very restrictive 
treatment of the thresholds increases the quality of quasi-
steady state measurements, but also reduces the data basis for 
the subsequent curve regression, especially at high slip ang-
les. In this case 91 % of all values are within the thresholds. 
Figure 6 shows the result of the data analysis for the above-
mentioned thresholds for longitudinal force, slip angle rate and 
wheel load rate. For comparison, the data without any fi ltering 
are also depicted. The strong asymmetry of the illustration is 
generated by dynamic wheel load variations while cornering. 
The left front wheel experiences a load application in right cur-
ves (negative slip angle) and load relief in left curves, evoked 
by lock of the oscillating mode of the front suspension (Fendt 
stability control). Though, a wheel load is assigned to each 
measuring point. In a future step several test series with vary-
ing ballasts will be summarized to conclude to characteristics 
at constant wheel load.

Figure 6 plainly shows the limitations of this procedure. 
The vehicle reached its driving limitations during the test runs. 

Fig. 1

Fendt Vario 936 test machine with Kistler measuring rims

Side force and slip angle at front wheel over time during test run

Fig. 2
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Fig. 3
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Slip angle rate, unfi ltered and fi ltered

Nevertheless large slip angles were not reached. For most dri-
ving simulations this range is suffi cient. For the test of extreme 
situations (e.g development of driving assistance systems) an 
extrapolation of the curves is necessary. Furthermore camber 
is not considered. This is negligible for agricultural tyres and 
small camber angels according to [7].

Conclusions

The identifi cation of side force-slip angle characteristics from 
road tests is in principle possible. Due to narrow driving limi-
tations of tractors (upset of the vehicle) measuring results are 
only acquirable in a small window. The validation of the results 
on the test stands will follow at a later date. Advanced tests will 
take place in the future under special consideration of parame-
ters needed for the Hohenheim tyre model. The front wheel will 
also be measured on the institute’s test stands to validate the 
quality of the results and the method.

Fig. 4
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