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Electronic Sugar Beet with 
six Acceleration Sensors

The technology of the 6-row sugar beet
harvesters has nowadays reached a high

level of development. Separation of soil and
roots is an important part of the technology
but one which does not always give a satis-
factory result. Simply increasing the intensi-
ty of the cleaning action increases unwanted
damage to the root substance [1 to 3]. The
aim is thus to encourage the efficacy of the
cleaning elements whilst at the same time re-
ducing damaging effects on the beet.

With an institute-developed electronic
measuring device („electronic sugar beet’’)
resembling the natural root, forces on the
root within the harvesting machine were to
be investigated and analysed [4, 5, 6]. Aim of
the new development from 1998 is to use an
extended sensor capacity for more informa-
tion on the movement of the roots as a basis
for the planning and construction of cleaning
elements and also to enable improved fore-
casting of possible damage during har-
vesting.

Construction of the 
„electronic sugar beet’’

With the improvement of the „electronic su-
gar beet’’ compared to previous models, the
number of integrated acceleration sensors
was increased from three to six and outer
measurements and weight were greatly redu-
ced (fig. 1).

Every unrestricted body has six degrees of
freedom in space. Only when the values for
all six are known can the movement of the
body and the effective acceleration forces be
described. The six acceleration sensors were
thus attached outwith the mass centre of gra-
vity in adjacent pairs on a cube (fig. 2).
When the cube is accelerated in a straight li-
ne, all particles experience the same accele-
ration (Condition: no change in body shape,
no turning of body). The measured straight-
line acceleration particle ati1 and ati2 (t: trans-
lation, i:x, y or z direction) is the same for
both sensor groups for magnitude and direc-
tion (Eq. 1). Should the cube be rotated 
about its centre of gravity, the sensor accele-
ration forces adi1 and adi2  act against one ano-
ther. The magnitude of the accelerations is
proportional to the distance from the centre
of gravity (Eq. 2). Additionally, the sum of

straight-line acceleration and revolving ac-
celeration equates the measured accelerati-
ons ai1 and ai2 (Eq. 3 and 4).

Further, built on the components in direc-
tions x, y and z, the straight-line accelerati-
on of the electric beet can be calculated in
beet longitudinal axis (Eq. 5) and also verti-
cally (Eq. 6). Both can be taken together as
the straight-line acceleration.

Included in the calculated revolving acce-
leration ad produced by rotation, are the com-
ponents angular acceleration aw and centri-
fugal acceleration az. With regard to the ef-
fective direction of these two components
can be found, for example, the equations 7
and 8 in the longitudinal axis of beet.

The angle γ is constant and construction-
conditional. Whilst the centrifugal accelera-
tion is a measurement for the revolutions of
the body (rotation about centre of gravity)
the angular acceleration represents its chan-
ge. From the acceleration components in the
directions x, y and z can then be calculated
the angular and centrifugal acceleration ac-
cording to the root’s longitudinal axis, its
vertical, or for the sugar beet as a whole.

Results

So that trial results could be proved, the 
„electric sugar beet’’ was fixed into a lathe
beforehand and measurements repeated at
various revolution speeds. In figure 3 the re-
sults of three on/off switch actions, each of
about 5 s duration, are given.

A straight-line acceleration of the centre
of gravity did not occur. With the three-sen-
sor electronic beets used up until now, and
described in the literature, no accelerations
were able to be proved. On the other hand,
the various revolution speed settings, as well
as the positive-drive and free-running revo-
lution speeds, could be made clearly visible
because of the centrifugal acceleration (dia-

“The electronic sugar beet’’ was
developed in Halle for the analysis
of cleaning elements in sugar beet
harvesters. Reduced in size and
weight, the development now con-
tains six acceleration sensors and
enables a considerably improved
record of the movements and acce-
lerations of the roots on the clea-
ning elements. The modular con-
struction allows also the direct sit-
ing of sensors within the natural
sugar beet for a comprehensive
analysis of root damage through
different forces.
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gram right). The centrifugal power increases
with increasing revolutions. The accelerati-
on behaviour of the lathe is evident from the
angular acceleration and is not equal.

Following this, the modified „electric su-
gar beet“ was also operated under practical
conditions. This took place on different, as
far as possible single, harvester cleaning ele-
ments directly in the field. It was apparent
that with increasing damage the various
stress values increased in various ways on
the different cleaning elements. The evalua-
tion started with the analysis of the depen-
dence of the straight-line accelerations on
the revolutions of the cleaning element be-
cause, in this case, comparative results were
available from earlier measurements [7, 8].

To this was linked the regression analysis
–  based on the damage on assessed beet. For
surface damage, the greatest dependence
was from the stress values from straight-line
acceleration total with classification accor-
ding to time spent in the element (cumulati-
ve effect). For root breakages, on the other
hand, the best adjustment in total (occurren-
ce-oriented effect) was achieved (as in past
years) with the maximum value storage clas-
sification of the straight-line acceleration.  

Significant associations were also given
by the new stress values from the angular and
centrifugal acceleration. Because of the
small extent of the spot controls it is not, ho-
wever, possible to give satisfactory guaran-
teed statements on this subject just now. This
is because the difficult weather conditions in
autumn 1998 made it impossible to achieve
a sufficient number of repeat tests.

Conclusions

With the reconditio-
ned „electronic sugar
beet’’ the basis was
created for compre-
hensive analysing of
the movements of su-
gar beet within the
harvester. The sensors
could be used to give
reliable results, even
under difficult condi-
tions. From the data
thus collected the sites
where most damage
occurs can be identi-
fied and dealt with.

A further advance-
ment is the prognosis
of damage on the basis
of the stress values re-
corded in the investi-

gations. This ability depends, however, on
further investigations in laboratory and in
the field. For the reduction in the effort re-
quired in research came the idea of siting the
sensors directly within the natural sugar
beet. Successful testing of this concept took
place in autumn 1999.
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Fig. 2: Placement of acceleration sensors

Fig. 1: Factors influen-
cing sugar beets

Fig. 3: Acceleration of electronic sugar beet in a lathe at 3 on/off switches


