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ABSTRACT: The impact of materials and conditions (parameters) changes on mowing machine material feed rate measurement
accuracy were measured under laboratory conditions. The influence of crop variety, crop maturity and moisture, and intensity of
conditioning were tested. The impact of the changing parameters in two measurement methods (based on torque-meter and/or on
impact plate) was studied. Eight files of torque-meter and/or impact plate measurement were obtained during our experiments.
Statistical analysis was used for data evaluation. Two-sample comparisons were used for torque-meter measurement. It is evident
from that evaluation that changing crop variety, crop maturity and intensity of conditioning can have statistically significant influ-
ence on the measurement based on torque-meter. For impact plate measurement the analysis of variance was used. It was found
out that it is not possible to statistically determine the influence of tested factors on our measurement. Considering these results the
material feed rate measurement based on impact plate is better from practical point of view.
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A forage crop feed rate sensor can be useful in several
applications of precision farming. Information about the
variable feed rate of forage can be used for calculating
site-specific forage crop yield for a yield map.

Flow rate measurement techniques for forage harves-
ters have been published previously. VANSICHEN and
DE BAERDEMAEKER (1993) calculated the yield from
the torque of the harvester’s blower. Another possi-
bility is to measure the distance between feeder rolls
of the harvester (EHLERT, SCHMIDT 1995). Recently
AUERNHAMMER et al. (1996) measured yield by using
a nuclear gauge sensor placed in the spout of a forage
harvester. A mass flow sensor for a pull type (trailed)
forage harvester based on a reaction plate in the spout
was constructed and tested by MISSOTTEN et al. (1997).
This sensor was designed to be used for various crop
properties (e.g. moisture, crop maturity, stand height,
stand density) and crop type.

Site-specific measurement of biomass in growing
crops has been proposed as a pivoted cylindrical body
moving horizontally through a plant population (moving
pendulum). The angle of deviation of this pendulum
varies with the plant properties (e.g. stand density, stem
thickness, crop maturity, material moisture). These
measurements were performed on cereals (EHLERT,
SCHMIDT 1996).

DEMMEL et al. (2002) used a principle based on the
belt weighing technology for mowing machine material
feed rate measurement. This system can be used for
the mowing machines equipped with swather conveyor
only.

Feed rate measurement techniques for mowing ma-
chines equipped with conditioner have been tested by
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KUMHALA et al. (2001). Results were obtained with
mowing machine material feed rate measured by torque-
meter placed on a conditioner shaft and by means of
curved impact plate mounted on the machine’s ma-
terial output. The carried out measurements proved
a very good linear relationship between the conditio-
ner’s power input, output frequency of the apparatus
measuring the impact force by means of an impact plate,
and material feed rate through the mowing machine. The
calculated coefficients of correlation were about 0.95.
The objective of this research was to test these two
yield mapping capabilities for modern mowing machi-
nes operated at different conditions. The influence of
changing crop variety, crop maturity and moisture and
intensity of conditioning were measured. The impact
of changing parameters in both measurement methods
(torque-meter and impact plate) was studied.

MATERIAL AND METHODS

Apparatus

The apparatus used for testing of material feed rate
measurement possibility (KUMHALA et al. 2001) was
used for our measurement. A ZTR 216 H mowing
machine (Agrostroj Pelhfimov Company, Czech Re-
public) was used for the measurements. This machine
is equipped with two working drums and a finger con-
ditioner. The working width of the machine is 2.15 m.
The mowing machine was equipped with an electro-
nic measuring unit developed in our laboratory. The
mowing machine’s conditioner shaft was supplied with
a torque-meter based on resistant strain gauges and with
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Fig. 1. Equipment for material feed rate
measurement
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a RPM optical sensor measuring number of conditioner
shaft revolutions.

Besides the torque-meter, the mowing machine was
equipped with a curved impact plate mounted at the exit
of the machine. The material ejected from the mowing
machine conditioner struck the impact plate. The force
created from the change in direction was measured in
this way. The curved impact plate was equipped with
four elastic members with strain gauge bridges for force
measurement. The equipment for this material feed rate
measurement is shown in Fig. 1.

Voltage signals obtained by the strain gauges placed
on the torque-meter and by the impact-plate four-bridge
strain gauge were amplified and converted into frequen-
cy by an electronic measuring apparatus developed in
our laboratory. The output frequency was proportional
to the measured tension. All signals were processed with
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a one-chip microcomputer and the data obtained were
transferred into a notebook for storage. The block dia-
gram of this electronic apparatus arrangement is shown
in Fig. 2.

The laboratory set-up was composed of a conveyer
belt carrying a measured quantity of material, a tractor
and a rotary drum-mowing machine equipped with the
electronic measurement apparatus.

Experimental method

Two types of material were used for our measurement:
alfalfa with grass mixture and grass from natural mea-
dow. These crops were harvested on the same plot but at
different crop maturity and moisture content. Moisture
content varied from 82% to 72% in alfalfa with grass
mixture and from 77% to 74% in grass. Two levels of

for measurement
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Fig. 2. Block diagram of electro-
nic apparatus arrangement for
material feed rate measurement
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conditioning intensity were set up and tested during the
measurement with each different material.

Material was transported into the mowing machine for
approximately five seconds for each measurement using
a conveyer belt. The signals from the torque-meter,
RPM sensor and impact plate sensors were measured
every half second. Ten values of torque-meter measuring
apparatus output frequency, RPM, and output frequency
of the apparatus measuring impact force by means of
the impact plate arrangement were obtained from one
single measurement. The measurement was repeated
a minimum of three times for each determined amount
of material, variety, crop maturity and intensity of con-
ditioning. The values obtained from these measurements
were used in calculation.

RESULTS AND DISCUSSION

Torque-meter

Eight files of torque-meter measurement were obtained
during our experiments by described procedure. The files
are named using following principle: All files achieved
with grass measurement are marked starting with Gra
and with alfalfa and grass mixture are marked starting
with Alf. To compare the influence of crop maturity (and
moisture), the measurement with the material from the
same plot were repeated after two weeks. First number in
file name indicates if the measured file was achieved in
first measurement (i.e. Gra_ 1) or in second measurement
(i.e. Gra_2). To study the influence of conditioning inten-
sity two levels of this intensity were set up on the mowing
machine conditioner for each material measured. Smaller
intensity of conditioning is marked by con_2 and higher
is marked by con 4. Using this algorithm, the file name
(for example) Alf 1 con 4 indicates that this file results
from the first measurement with alfalfa and grass mixture
crop and higher intensity of conditioning was set up on
the mowing machine conditioner.

The Statgraphics“Plus software was used for achieved
data statistical evaluation. The analysis of variance was
used for data evaluation in first step. It was necessary to
test the null hypothesis that the standard deviations of
achieved data are the same. The P-value 0.00266918 of
Cochran’s test and P-value 0.00000429378 of Bartlett’s
test was calculated. Since both of these calculated P-va-
lues are less than 0.05 there is a statistically significant
difference amongst the standard deviations at the 95%
confidence level. This unfortunately violates one of the
important assumptions underlying the analysis of vari-
ance. It was not possible to use analysis of variance for
data evaluation in this case.

For this reason it was decided to use two sample com-
parisons. Each file of measured data was compared with
each other. Table 1 shows the results of two sample
comparison for all files combination.

It follows from this table that from 28 tested pairs of
files in 12 cases here a statistically significant difference
exists between the means of two samples at the 95%
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confidence levels. Important from our point of view
are the comparisons No. 1, 11, 24 and 27. In these cases
very probably the change of one itself factor only affects
the measurement.

In comparison No. 1 it was tested the function of
measured device with the same grass from natural mea-
dow with 77% moisture content. The intensity of condi-
tioning only was changed. It is possible to derive from
the result of this comparison that the set up intensity of
conditioning is an important factor affecting the torque-
meter measurement.

From the comparison No. 11 it follows another im-
portant finding. The first compared file was achieved
during the measurement device function with alfalfa and
grass mixture in optimal crop maturity for the harvest
and higher set up intensity of conditioning. The second
compared file vas achieved with grass in optimal crop
maturity for the harvest and higher set up intensity of
conditioning as well. The statistically important dif-

Table 1. Statistically significant difference (indicated by #-test)
between the files obtained by torque-meter measurement

Cﬁ;:p " Compared files ?g:{;t;c)e
1 Gra 1 con 2—-Gra 1 con 4 Yes
2 Gra 1 con 2—Gra 2 con 2 No
3 Gra 1 con 2—Gra 2 con 4 Yes
4 Gra 1 con 2—-Alf 1 con 2 No
5 Gra 1 con 2—Alf 1 con 4 No
6 Gra 1 con 2—Alf 2 con 2 Yes
7 Gra 1 con 2—-Alf 2 con 4 Yes
8 Gra 1 con 4—Gra 2 con 2 No
9 Gra 1 con 4—Gra 2 con 4 No
10 Gra 1 con 4—Alf 1 con 2 Yes
11 Gra 1 con 4—Alf 1 con 4 Yes
12 Gra 1 con 4—Alf 2 con 2 No
13 Gra 1 con 4—Alf 2 con 4 No
14 Gra 2 con 2—Gra 2 con 4 No
15 Gra 2 con 2—Alf 1 con 2 No
16 Gra 2 con 2—Alf 1 con 4 No
17 Gra 2 con 2—Alf 2 con 2 No
18 Gra 2 con 2—Alf 2 con 4 Yes
19 Gra 2 con 4—Alf 1 con 2 Yes
20 Gra 2 con 4—Alf 1 con 4 No
21 Gra 2 con 4—Alf 2 con 2 No
22 Gra 2 con 4—Alf 2 con 4 No
23 Alf 1 con 2—Alf 1 con 4 No
24 Alf 1 con 2—Alf 2 con 2 Yes
25 Alf 1 con 2—-Alf 2 con 4 Yes
26 Alf 1 con 4—Alf 2 con 2 Yes
27 Alf 1 con 4—Alf 2 con 4 Yes
28 Alf 2 con 2—-Alf 2 con 4 No

RES. AGR. ENG., 49, 2003 (2): 44-49



’
1esier-0107 K A
81 "R o0 A J AA
A .7

- ¢/ y=1.7532x - 0.8955
= // R*=0.9104
= A 4
5 //
= ; y=0.6362x - 0.074
g ¢/ R>=0.9933
5 /7
3 A/
2, y=0.5926x + 1.2138 g s
= 7 2 _
5 R*=0.7953 /*
2 // _ -
g 3 [ J - -
5 / - — -_— X
© / _ - = -3~ = 0.4904x + 0.2877

24 " R*=0.9122

s
14 — - y=0.5191x +0.1576
R>=0.9849
0 T T T T T T 1
0 1 2 3 4 5 6 7

Material feed rate (kg/s)

== ==Gra_l con 2

= = AIf 2 con 4

= = =AIf 1 con 2 = == Alf 2 con 2

= = AIf 1 con 4 Gra_1 con 4

Fig. 3. Graphic comparison of tested files from torque-meter measurement

ference between these two files was detected as well.
It is possible to derive from that comparison that the
variety of harvested crop can influence the power input
measured by torque-meter.

Comparison No. 24 and 27 tests files measured with
alfalfa in optimal crop maturity (82% moisture content)
with the files measured with older (harvested after two
weeks) alfalfa and grass mixture crop from the same
field (72% material moisture). If the files with the same
set up intensity of conditioning are compared, in both
cases exists a statistically important difference between
these files. It follows from these comparisons that crop
maturity can influence the power input measured by
torque-meter as well. All files from comparisons No. 1,
11, 24 and 27 (with calculated coefficients for linear
correlation) are charted in Fig. 3.

In other comparisons where the statistically important
difference between two files was calculated, the combi-
nation of these three factors very probably influences the
torque-meter measurement. It is not possible to detect
which from the tested factors influence the measurement
more than other ones.

Impact plate
Eight files of impact plate measurement were obtained

during our experiments as well. Analysis of variance was
used for data evaluation. It was necessary to test the null
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hypothesis that the standard deviations of achieved data
are the same. The P-value 0.461494 of Cochran’s test and
P-value 0.878545 of Bartlett’s test were calculated. Since
the smaller of the P-values is greater than 0.05, there is
not a statistically significant difference amongst the stan-
dard deviations at the 95% confidence level. It is possible
to use the analysis of variance for data evaluation in that
case. The results of analysis of variance are in Table 2.

The F-ratio, which in this case equals 0.612512, is
a ratio of the between-group estimate to the within-
group estimate. Since the P-value of the F-test is in this
case greater than 0.05, there is not a statistically signifi-
cant difference between the means of tested files at 95%
confidence level. It follows from that analysis that it is
not possible to find the mean significantly different from
others. The influence of tested factors on impact plate
measurement is not possible to be statistically deter-
minated from our tests. All impact plate measurement
values are charted in Fig. 4. Because no statistically sig-
nificant difference between tested files was found, linear
correlation is applied to all data. The calculated value of
correlation coefficient is 0.94. This is with good agree-
ment with measurements achieved in 2001.

CONCLUSIONS

The main aim of this work was to find the effects of
various materials and conditions (parameters) and their
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Table 2. Analysis of variance results for the files obtained during impact plate measurement

Source Sum of squares Df Mean square F-ratio P-value
Between groups 13,669.6 7 1,952.81 0.61 0.7441
Within groups 244,620.0 83 3,188.19

Total (corr.) 278,290.0 90
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impact on accuracy of mowing machine material feed
rate measurement under laboratory conditions. The in-
fluence of crop variety, crop maturity and moisture, and
intensity of conditioning were measured. The impact
of changing parameters in two measurement methods
(torque-meter and impact plate) was studied.

It is clear from the carried out measurements than
the change of intensity of conditioning itself or the
change of crop maturity itself or the change of crop
variety itself can account for a statistically significant
difference between the files measured by torque-meter.
All tested factors can have statistically significant in-
fluence on the measurement based on torque-meter for
that reason.

In opposite, if the method based on impact plate
is used, it is not possible to determine statistically
significant influence of tested factors changes on
impact plate measurement from our experiments. The
measurement method based on using impact plate can
be less sensitive to material and intensity of condi-
tioning changes. Another advantage for the impact
plate utilization can be its simplicity and lower costs
in comparison with the torque-meter. It could be
possible to recommend an infield measurement ar-
rangement to obtain relationships under the real field
conditions.
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Fig. 4. Measured values from impact
plate measurement
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Porovnani dvou mozZnosti méreni priichodnosti materialu Zacim strojem v laboratornich
podminkach

ABSTRAKT: Na zakladé znalosti okamzité prichodnosti materialu libovolnym sklizecim strojem lze v kombinaci se signaly
o okamzité poloze stroje vytvofit vynosovou mapu sklizeného pozemku. Technika mapovani vynost se rozsifuje také na stroje
pro sklizen picnin. Prichodnost materialu sklizeci fezackou je napt. mozné urcit prostiednictvim kontinualniho méfeni ptikonu
jejiho metace, méfenim vzdalenosti vkladacich valet, pomoci narazové desky atd. Je rovnéz mozné pomoci kyvadla urcit mistni
rozdily ve vynosu stojiciho porostu. U Zacich stroji nebyly donedavna vyvinuty zadné metody okamzitého méfeni prichodnosti.
Z posledni doby je znama metoda vazeni prekladaciho dopravniku u Zacich stroju, které jim jsou vybaveny. Na katedfe zemedél-
skych stroji Technické fakulty Ceské zemé&délské univerzity v Praze se jiz del$i dobu zkoumaji dvé moznosti méfeni okamzité
pruchodnosti zacim strojem, vybavenym prstovym ¢echradem pro Gipravu posecené pice. Prvni metoda je zalozena na prubézném
méfeni ptikonu ¢echra¢e pomoci torzniho dynamometru; druha metoda je zalozena na métenti sily vyvijené materialem opousté-
jicim Zaci stroj na narazovou desku. Jiz méfeni v roce 2001 prokazala velmi silnou linearni zavislost uidaju ziskavanych obéma
metodami méfeni na prichodnosti materialu strojem. Na zakladé riznych diskusi nas zajimalo, do jaké miry kazdé z méfeni
ovliviiuje druh sklizeného materialu, jeho zralost a nastavena intenzita jeho Gpravy na stroji. Hodnotili jsme proto odezvy celého
systému na praci se dvéma sklizenymi porosty (sméska vojtésky s travou a luéni trava) v riznych stupnich jejich zralosti pii riizné
nastavené intenzité jejich upravy. Pro zajisténi co nejvetsi objektivity byla tato méfeni uskutecnéna v laboratornich podminkach.
Vysledky experimenti byly statisticky vyhodnoceny pomoci programu Statgraphics®Plus, Na zakladé¢ statistického hodnoceni
dosazenych vysledkl je mozné konstatovat, ze kazdy ze sledovanych faktorti sam o sob¢ statisticky vyznamné ovliviiuje méteni
zalozena na praci torzniho dynamometru. Naopak ani u jednoho ze sledovanych faktorti nebyl prokazan statisticky vyznamny
vliv na méfeni zalozena na principu prace narazové desky. Z praktického pohledu je méfeni pomoci narazové desky mozné na
zaklad¢ dosazenych vysledkl povazovat za vyhodnéjsi, protoze nevyzaduje zvlastni kalibrace pti zméné sklizeného materialu,
jeho stafi nebo intenzity jeho upravy. Je mozné doporucit vyzkouseni prace obou systémi v polnich podminkach.

Kli¢ova slova: zaci stroje; méfeni prichodnosti; presnost
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