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Torque-controlled Forward Feed 
of Chain Slats in Solid Manure Spreaders
To improve the application accu-
racy of solid manure spreaders lon-
gitudinally, a driveline control
(DLC) was developed, which keeps
the mass flow at the beaters con-
stant through a closed loop. The co-
efficient of variation of the lateral
distribution (VKQ) was between
11.7 and 16.5 %. With or without
DLC the coefficient of variation of
longitudinal distribution (VKL) was
between 15.6 and 35.7 % and 
hence significantly higher. DLC
had no effect in the test procedure
on VKL. 
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When spreading solid manure and se-
condary raw material fertilisers, the

nutrients must be spread over the area as
evenly as possible in order to avoid over- or
under-fertilising in certain locations. In ad-
dition, material cycles should be run while
keeping nutrient losses into the atmosphere
and the hydrosphere to a minimum. While
the coefficients of variation for lateral distri-
bution achieved by current spreading units
meet these demands, using a combination of
beaters and distributing plates, longitudinal
distribution is still considered unsatisfactory
[1]. Distribution in small areas [2, 3] and
over the entire unloading distance [4, 5] ex-
hibits high coefficients of variation for lon-
gitudinal distribution. 

Material and Methods

DLC System
The principle of DLC (drive line control) is
based on the linear relationship  between tor-
que at the spreading elements and actual
mass flow [6]. With the aid of a control cir-
cuit, the forward feed of the chain slats is a-
dapted to a given torque. For different mate-
rials and application rates, characteristic tor-
que curves are stored in a job computer,
which can be selected at the operating termi-
nal of the driver’s cab (Fig. 1). The set torque
value is calculated according to equation 1 as
a function of the driving speed, which is
measured at a wheel with the aid of a rota-
tional speed sensor (DW 20, Walterscheid
company). The actual value of the torque at
the beaters and distributing plates is deter-
mined at the drive shaft using a contactless
inductive torque measuring hub (SF 250,
Walterscheid company). The job computer
compares the set value with the actual value
and uses an electromagnetic proportional
valve to control the speed of the oil-hydrau-
lic bottom conveyor drive. An interface at the
job computer allows the data of the control
process to be read out on-line using a PC. 

Mset =  m • v + Midle (1)
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Fig. 1: Scheme of drive line control (DLC)
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Mset set torque value [Nm]
Midle torque at idling speed [Nm]
m inclination corresponding to a cha-

racteristic curve for application ra-
te and material

v driving speed [m/s]
Collection trays were used to determine the
spread pattern during solid manure spread-
ing in both a lateral and longitudinal direc-
tion. Three rates (10 t ha-1, 20 t ha-1, 30 t ha-1)
were applied and examined both with and
without DLC system. 

For the measurement of lateral distributi-
on, the (unilateral) spread pattern was estab-
lished using trays (50•50•5 cm) over a work-
ing width of 14 m in three blocks. Longitu-
dinal distribution was measured over a total
length of 120 m. At a distance of 4 m and 8
m from the tramline, four rows of trays
(blocks) were set up, which comprised 20
trays each (58 • 34 • 11 cm) and were 12 m
long.  

Fresh, non-homogenised deep litter manu-
re from a stall for suckler cows was used as
material. The quantity of litter in the stall
was 8 kg of non-chopped straw per day. 

Results and Discussion

Depending on the application rate, the varia-
tion coefficients of lateral distribution
(VKQ) ranged between 11.7 % and 16.5 %
(cf. Table 1). At values between 17.0 % and
35.7 %, the coefficients of variation for lon-
gitudinal distribution (VKL) were signifi-
cantly higher than those of lateral distribu-
tion. With a higher  application rate, the co-
efficients of variation became smaller. They
do not indicate that DLC system has resulted
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in improved longitudinal distribution (VKL)
(15.6% to 35.7%).

Figure 2 (left) shows the unilaterally re-
corded spread patterns of lateral distribution.
At application rates of 5 t ha-1 and 10 t ha-1,
the spread flanks are rather flat, which ena-
bles overlapping errors to be kept small. 
Figure 2 (right) shows the spread patterns of
longitudinal distribution for the test variants
with DLC system over the trial distance of
120 m. It can be clearly seen that the variance
within the test blocks is larger than between
the test blocks. Only at the largest applicati-
on rate (20 t DLC) a difference in the rates
applied can be detected between the test
blocks at an average of 16 t ha-1 in block 1
and block 4 and 20 t ha-1 in block 2 and block
3.

The evaluation of the torque courses has
shown that in only one out of six trials did the
torque deviate from the set value, which
would be the prerequisite for the start of a
torque-dependent control process. Obvious-
ly, the design of the spreader guarantees suf-
ficiently even material supply and thus vir-
tually constant torque even if the materials
are less homogeneous. Since longitudinal
distribution is subject to large fluctuations,
in particular on a small scale, it is sensible to
use collection trays when measuring the ac-
curacy of distribution in both a longitudinal
and a lateral direction. 

Even though no improvement of longitu-
dinal distribution was proven in the present
trial, DLC system allows process reliability
during solid manure spreading to be upgra-
ded significantly. 
• Material preselection and set value calcula-
tion allow for very easy and reproducible
determination of the application rate.

• DLC system enables application rates to be
kept constant even under different load
conditions. Figure 3 shows this using the
aid of data recorded at the end of the un-
loading process outside the trial series. As
bulk density decreases, torque is stabilised
at distances between 620 m and 660 m.

• Driving speed-dependent torque measure-
ment allows differences in driving speed to
be evened out with the aid of DLC system. 

Literature
[1] Redelberger, H.: Ausbringung von Festmist.

Landtechnik 46 (1991), H. 6, S. 287-290
[2] Bockisch, F. J., H. Georg und A. Weber: Verteilgenau-

igkeit von Stalldungstreuern. Landtechnik  47
(1992), H. 4, S.170-174

[3] Reloe, H.: Applikationstechnik für Kompost. In:
Kompostierung und landwirtschaftliche Kom-
postverwertung, KTBL Arbeitspapier 191,
Landwirtschaftsverlag, Münster, 1993, S. 201-213

[4] Carlson, G. und O. Anderson: Improvement of the
performance of the application rate for solid
Manure spreaders. AgEng Meeting, Berlin, 1990,
S. 230-231

[5] Malgeryd, J., O. Pettersson und B. Andersson: A
spreader for application of solid manure in field
trials. Aspects of Applied Biology 61 (2000),
S.145-149 

[6] Hügle, T.: Technik zur exakten Längsverteilung
organischer Reststoffe. Landtechnik 54 (1999), 
H. 2, S. 80-82 
Fig. 2: One-sided spreading pattern of lateral distribution with different application rates (left). Manure
distribution in longitudinal direction with drive line control, dependent on application rate (right)
Fig. 3: Process data of DL
control at the end of the
spreading process and

decreasing bulk density
Volume VKQ* VKL
[t ha-1] - without with

DLC -system

5 t 16,5 % 35,7 % 31,6 %
10 t 11,7 % 21,6 % 25,1 %
20t 14,4 % 17,0 % 15,6 %
*calculation based on a tramline distance of 12 m

Table 1: Coefficient of
variation of lateral
distribution (VKQ) and of
longitudinal distribution
(VLK) with different
application rates
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