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Using draught and torque measurements
for soil mapping
For site-specific fertilising and cul-
tivations, and for more information
in computer-supported farming
knowledge of spatial distribution of
soil properties is required. Normal
methods such as soil sampling are
very expensive and require a lot of
time. For this reason Hohenheim
has mapped differences in soil
through measuring draught and
torque forces required during culti-
vations By linking this with the pre-
cise positioning of a RTK (Real Ti-
me Kinematics) GPS receiver, the
production of draught and torque
maps reflecting distribution of soil
parameters over the respective
areas is possible.
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Computer-support in agriculture is beco-
ming increasing important for the sec-

tor. The development of site-specific meth-
ods of recording crop yields, weed populati-
ons, soil fertility and ground characteristics
has strongly increased in recent years. For 
site specific working operations such as fer-
tilising, cultivations or sowing it is important
to know the exact spatial distribution of soil
properties. Soil sampling is a standard meth-
od for obtaining information about the dis-
tribution of nutrients and soil characteristics
within cultivated areas. However, the requi-
red investment in time and money means that
only a wide gridding of sampling can be
achieved. For this reason it is necessary to
develop a sampling method for ground pro-
perties that enables an economical and de-
pendable, as well as time-saving, overall
sampling [1 to 7].
Experiment structure

At the Institute for Agricultural Engineering,
Hohenheim University, a method was inves-
tigated for measuring draught requirements
between tractor and cultivating implement
and pto torque requirements during powered
cultivations. From the data thus collected
conclusions were drawn regarding soil pro-
perties. The experimental structure compri-
sed a force and torque measurement system
between tractor  and attached cultivation im-
plements, extended through a position and
speed recording capability. The main ele-
ments of the measurement instruments com-
prise a 6-component force measurement 
frame, a torque measurement shaft, a RTK
GPS unit and a data recording system (fig.
1).
The 6-component force measurement 
frames were fitted between tractor and culti-
vation implement. This comprised two frame
elements linked to each other through six
force-measurement connectors. Three recor-
ders collect the longitudinal forces, two the
vertical and one recorder the lateral force.
Maximum loading of the individual measu-
rement connectors equalled 100 kN, so that
the measurement capacity was sufficient for
all soil cultivation procedures including
ploughing and deep-loosening. 

For power cultivation implements, a tor-
que measurement shaft was also used. This
had a measurement capacity of 4 kNm ma-
ximum. This is sufficient for normal wor-
king depths with working widths of three
metres in medium-heavy soil. The measured
forces, torque and pto speed were transferred
to a notebook PC over a measurement am-
plifier. The data was stored in the PC.

The actual position of the measuring
equipment is assessed by very accurate RTK
GPS. With the help of a reference station and
carrier wavelength analysis the position of
the measuring vehicle could be determined
within a few centimetres. Speed was measu-
red by radar sensor. Both information areas
– position and speed –  were recorded by the
notebook along with force and torque data.
Measurement rate for all recorded values
was 5 Hz.

The GPS antennae was mounted on the
tractor cabin roof. For the measurement of
forces and moments at the working imple-
ments, position data in longitudinal and ver-
tical directions had to be processed as ap-
Fig. 1: Experimental
design for draught force
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propriate after the field investigation (post
processing). For this purpose, with regard to
direction of travel and a pre-established cor-
rection amount (fig. 2), the actual position
was calculated with the help a of regression
straight-line through the five most-recently
measured and five next positions. The mea-
sured topographical altitude was reduced to
the height of the antennae (GPS) above the
field surface. To even out false information
caused by machinery vibration and other in-
terference, the average values according to
the speed of travel over five to 10 measure-
ments were calculated. A GIS software was
used for graphic presentation of the data.

Results and discussion

Many different  parameters have influence of
the forces and moments during soil cultiva-
tion. On one hand, the implements themsel-
ves, on the other also working depth, wor-
king width, operational speed and naturally
different soil parameters such as type of soil,
moisture content  and degree of compaction.

Many trials were carried out at the Hohen-
heim University station. The area of the field
involved was around 3 ha. Seasonal operati-
ons carried out for the investigations were
stubble cultivations with winged share grub-
ber, rototiller and disc harrows as well as
deep soil loosening with a Paraplough.
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Figure 3 indicates the development of 
draught and vertical forces and torque for a
stubble cultivation bout with the rototiller
after harvested peas. Over a wide sector, the
three curves have a similar form. Within the
individual curve lines there are differences
in the respective force and torque require-
ments to be seen. Very large variations are
evident at the beginning and end of the cur-
ves which are related in the main to soil com-
paction, uneven field surfaces and irregular
driving speeds. The difference in the forms
of the curves in total were caused by the dif-
ferences in type of soil, soil compaction and
wet zones.

Further trials have shown that the use of
draught power delivers the best results. In 
figure 4 two draught maps are presented for
the same strip of field. The upper map 
shows the distribution of draught forces
measured with the rototiller whilst the lower
indicates the same forces required during
deep loosening of soil with the Paraplough
(three months later).

Both maps show the same spatial distribu-
tion of draught force requirements. Identi-
fiable differences between the maps are as-
sociated with different working depths for
the two implements. Intense compaction can
be identified on the field headlands caused
through turning manoeuvres. To the west of
the strip middle a seam of clay across the 
trial field. In this area, too, a higher draught
requirement is noticeable. A topographical
hollow lies in the south east corner of the
field where, because of lying floodwater,
more intense compaction had occurred and
higher draught forces were required.

The results presented here support the
possible mapping of force and torque mo-
ment differences during soil cultivation. The
data thus collected can be processed and in-
terpreted in many ways. There are, however,
many factors of influence acting upon the
measured data which make more difficult a
precise  specification of the reasons for the
different  forces and moments. These inclu-
de surface unevenness, the influence of ope-
rational speed, uneven working depths, soil
moisture, oscillations within the total mea-
surement equipment, as well as vibrations
caused by the implements. 

Outlook

With the measurement equipment presented
here it is possible to record forces and torque
moments directly during soil cultivations
and through this, in combination with high-
ly accurate positioning data from an RTK
GPS unit, to map the spatial distribution of
such force and torque moment values. These
maps reflect the spatial variations of soil pro-
perties. Such a mapping method must, how-
ever, take account of a large number of in-
fluencing factors which have to be conside-
red in future developments so that the
recorded values can be standardised. In order
to reduce the cost of the procedure, and to
simplify the system, it will be necessary to
use the integrated draught force sensors
(EHR) and CAN-Bus facilities which are al-
ready available in tractors nowadays.
Fig. 2: Determinati-
on of real imple-
ment position
Fig. 3: Draught force,
vertical force and torque
vs. time for one pass
Fig. 4: Maps of draught force for tillage with
rotary harrow and paraplough
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