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Based on a well-known physical 
method of moisture content measu
rement, commercially available 
sensors were used in an attempt to 
integrate a harvest material mois
ture measuring system into a forage 
harvester. Basic laboratory investi

gations looked into the suitability 
of sensors in measuring organic 
material moisture content and field 
trials were carried out for direct 
comparisons between different sys

tems. 
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Tn order to meet the demands from consu
bers' increasing quality awareness and 
the attempts of the European Union to a
chieve a guaranteed food safety, high-perfor
mance documentation systems are neces
sary. These should be able to record the com
plete production process of agricultural 
products. Yield mapping systems in combine 
harvesters can contribute a great deal to
wards such information gathering. For the 
forage harvester, on the other hand, the con
tinuous determination ofmoisture content or 
material components represents a key tech
nology within yield measurements. 

Whilst combine yield mapping systems 
with moisture sensors on the market now
adays, moisture measurement in forage har
vesters is only known from research reports 
[2, 3]. The high velocity flow of harvested 
material and its non-homogeneity represent 
high demands on sensors. Moisture content 
also has a clear effect on forage material den
sity and knowledge ofthis parameter can im
prove the precision of any forage harvester 
volumetric mass flow measurement systems. 

Basics 

Hearing in mind [4] and [5] work on wet ma
terial measurement principles and the basic 
investigations of Ahlgrimm [ 1] we can in 
theory present the possibilities listed in table 
1 for continuous moisture measurement in a 
forage harvester. At the same time the factors 
influencing the measurement principle in 
each case have to be identified. 

Material and methods 

As part of a cooperation involving John 
Deere and the specialist department Crop 
Production Technology at the TU Munich 
different moisture measurement principles 
were investigated for suitability for moisture 
measurement in harvested forage. Finally, 
the integration of the suitable moisture sen
sors followed into a self-propelled forage 
harvester so that it was possible to field-test 
the different principles in direct comparison. 

The gathering of possible harvest materi
als from straw through grass and maize 
showed that the moisture range to be recor-

Tab/e 7: Factors influencing the technical/y relevant maisture measuring systems 
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DGPS Empfänger 
DGPS receiver 

ded ran between 8% and 85 %. According to 
chop length, structure and moisture, materi
al density varied between 0.05 kg/dm3 and 
0.5 kg/dm3• The material flow in the harve
ster indicated a layer thickness offrom 0 mm 
to 60 mm with a material velocity of 20 to 
35 m/s. The theoretical investigation on sui
tability of moisture measurement systems 
for application on forage harvesters carried 
out with this information identified the near 
infrared reflection system as most suitable, 
followed by the microwave reflection sys
tem. 

Within a four year period microwave 
reflection systems from Franz Ludwig, Hy
dronix and Strandberg Engineering, two 
microwave transmission systems from the 
companies Berthold and pro/M/tec, two ca
pacitance systems from the companies Lieb
herr and Arnold and four near infrared re
flection (NIR) systems from the firms Mesa, 
Perten, Zeiss and Rütter were all made avail
able for basic investigations. In laboratory 
experiments these sensors were tested with 
material under measurement geometries pre
determined by their manufacturers. The tests 
involved different harvest materials, layer 
thickness, densities and moisture contents. 
The reference measurements for moisture 
contents took place in a drying chamber 
where the sample was dried under I 05 oc 
down to constant weight. 

John Deere made available a 6950 forage 
harvester for the field trials. This machine 
was equipped with radiometric throughflow 
measurement system including radar sensor 
for material velocity, a DGPS receiver, a 
light beam, a cutting system sensor, a chop 
length sensor, a radar sensor for travelling 
speed and Caesar data recording equipment. 
The discharge spout additionally contained 
two exchangeable sensor modules that al
lowed the rapid fitting of different measure
ment sensors according to requirement (jig. 1). 

While the drying chamber method was 
used in the laboratory tests for total sample 
testing for moisture, out in the field the tak
ing and handling of a representative sample 
remains a problern even yet. 
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Results 

Fig. 1: Experimental set
up on a self-propelled 
forage harvester 

The laboratory investigations clearly show 
which measurement system can be operated 
and the precision to expect along with the 
factors influencing results. The measure
ments with the microwave reflection and ca
pacitance systems with their penetration 
depth of 60 mm to 1 OOmm are very strongly 
layer dependent below these Iimits and addi
tionally also density dependent, factors of 
influence which cannot be mathematically 
compensated for. The microwave transmissi
on systems did not deliver a stable result and, 
according to manufacturer information, are 
not in the position to measure moisture at 
material velocities of over 6 mls. 

Contrary to this, the laboratory results of 
the NIR moisture sensors with standard de
viations of less than 3% and coefficients of 
determination over 0.9, were very good. This 
measurement principle additionally allowed 
the recording of other components in the 
harvested material such as protein, starch or 
oil. A laboratory test with 69 samples of 
dried grass showed that the Perten DA 7000 
system is capable of determining protein 
with a precision coefficient of 0.979 and a 
standard deviation of 4.53% which repre
sents an absolute deviation of ± 0.123%. 

Sensor performance was similar in both 
field and laboratory trials. The results ofthe 
capacitance sensors proved to be very stron
gly influenced by layer-thickness and densi
ty, however. Additionally, measurement effi
ciency depended on the angle ofthe dischar
ge spout in that the pressure on the material 
increased the lower the spout was positioned. 
Under these conditions, values varied within 

Table 2: Results from 
ingredients measure

ment by the Perten 
DA7000 system 

a I 0%-plus range at standard deviations of 
under 0.3. Compensation for the influence 
factors was not possible. 

In mobile harvester application too, the 
NIR systems showed they could deliver very 
good results with their surface measurement 
and maximum penetration of lmm when a 
representative amount of material was fo
und. The Perten DA 7000 delivered accepta
ble results for moisture, starch and protein 
contents (table 2). Should further compo
nents have to be exactly determined, more 
comprehensive field trials would have to be 
conducted. 

The Zeiss Corona 45 NIR and the Mesa 
MM 710 NIR measurement systems deliver
ed comparable results. 

Discussion and conclusions 

The investigations have clearly shown that 
only the NIR moisture measurement systems 
are applicable for use on the self-propelled 
forage harvester. An important requirement 
for reliable measurements is securing a good 
representative sample from the material 
flow. What is needed here from the quality 
control aspect is the development of an auto
matic sample taking system. Only then 
would the development ofmore robust cali
brations be possible. Because ofthe high pri
ce of 10000 to 40000 € for the NIR sensors 
these can only be economically applied 
when other components are determined 
along with the moisture content. An exact in
vestigation of the economic aspects of this 
measurement technique must follow. 

The determination of material contents 
can then only be successfully carried out 
when the measurements produced are gene
rally accepted. Tothis end, e.g., the develop
ment and distribution through an indepen
dent central position is necessary, as is cur
rently the case with the German maize 
measurement network. 
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