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The aim of this study was to show the possibility of application of a hydraulic motor powered dispenser in the
existing feed mixture factories where dispensers are powered by electric motors. The study was conducted in a feed
mixture factory in Croatia on samples of compound feed for pigs weighing up to 15 and 25 kilograms. The study
determined the relative error as a means for comparing the calculations of the deviation between the hydraulic dispenser
and the dispenser powered by standard electric motor. The research results indicate that in the 30 repeats of making pig
mixtures none of the weighed components matched the given recipe. The hydraulic dispenser showed greater precision
in adding the fish meal, extruded soy bean and soy bean meal in the mixture compared to the dispenser powered by
electromotor.
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MOXHOCT 3A IPUMEHA HA XUJIPAYJIMYEH JUCIIEH3EP BO PABPUKUTE
3A JOBUTOYHA XPAHA

IlenTa Ha oBaa cTyauja Oelre Ja ce IMOKa)e Ha MOXKHOCTA 3a IPHMEHA Ha JIUCIICH3EP CO XUAPOYINIEH MOTOP BO
nocTojuuTe (adpuku 3a JOOMTOYHA XpaHa, Kaje LITO JUCICH3EPUTE TH JBIDKAT eleKTpudHuTe MoTopu. CTyaujaTa
Gemre crpoBeneHa Bo (abpuka 3a JOOMTOYHA XpaHa BO XpBAaTCKa Ha IPUMEPOLH OF KPMHH CMECKH 3a CBHIBU CO
TexxuHa of 15 mo 25 kunorpamu. Cryaujara ja yTBpAM pelaTHBHATa IpelliKa KaKko CPEICTBO 3a CIIOpPEAyBame Ha
IPECMETKHTE 32 ACBHjalHja MOMely XUIPayIMYHHOT AUCIEH3ep U AUCIEH3EPOT CO CTaHAAPJCH CICKTPUYCH IIOTOH.
PesynraTuTe 01 MCTpaXKyBameTO MOKaXkaa aeka Bo 30-Te MOBTOPYBama Ha MPaBEHE CMECKH 3a CBUELM HUTY €/1HA O
M3MEpEHNTe KOMIOHCHTH HE OAroBapalia Ha JAaJACHHOT pelenT. XHApayIndHHOT PAcIpCHYBad IIOKaxa IOrojieMa
MPELM3HOCT BO JI0JJaBaKETO HA PUOMHO OpallIHO, eKCTPYAHpaHa coja U COMHO KyCIe BO CMecKaTa BO cropenda co
JICIIEH3EPOT CO EIeKTPOMOTOP.

Kunyunu 360poBH: aucnensep; XuapaylindeH IUCIIEH3ep; PELENTH; KPMHU CMECKU

INTRODUCTION

The process of making a feed mixture does not
involve creating a new product. Certain raw materi-
als are cut fine and mixed in ratios, thus producing
a mixture where each ingredient keeps its own prop-
erties (Kati¢, 1997). According to recipes, raw ma-
terials are added and mixed in specific ratios. To de-
termine the quality of the final product it had to be
made exactly according to the recipe. In order to
achieve that one of the key devices are adders

(Kricka, 1988; Kis and Rak, 1998). To achieve the
required aim adders would have to be reconstructed.
Research conducted by Kricka (1992) and Vojta-
Duda (1995) suggests reconstruction of existing
livestock feed production plants in the Republic of
Croatia. According to their research, corn should be
added directly into the mixer, while other ingredi-
ents should previously be weighed and mixed into
so called “super”. “’Supper’’ and corn are mixed in
1:1 ration in a different mixer with bigger capacity.
“Super” is then transported to a separate chamber
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placed above a control scale, which was used in the
process of filling the continuous mixer. Corn is
added to the mixer directly by a double auger de-
vice, which operation is controlled by the scale. This
kind of ingredient adding increased the capacity of
the plant.

In the world today oil hydraulics is increas-
ingly applied with various kinds of transmission and
rotation drives, especially in cases of a greater need
of a bigger force and rotation momentum (Mc
Ellhiney, 1992).

By applying proportional hydraulics, benefits
of hydraulics in producing and transmitting great
powers have recently been increasing. Proportional
hydraulics allow a very simple regulation of physi-
cal factors (force, momentum, speed of movement,
and rotation). Plant management optimization, as
well as maximum productivity and precision, was
made possible by application of proportional hy-
draulics. Proportional hydraulics aided by the latest
electronics can very efficiently decrease starting
strain, as well as inertial movements that follow the
operation shut down, which pose a significant prob-
lem in all mechanically powered systems. Accord-
ing to Vojta-Duda (1997) increase of the plant op-
eration precision is affected by the application of
proportional hydraulics in systems for precision
adding, together with control of feed mixture ingre-
dients weighing. Therefore, the aim of this paper is
to determine differences in precision of adding be-
tween an adder powered by an electrical motor and
hydraulic adders which are proposed as alternative
way of ingredient adding in existing production
plants.

MATERIAL AND METHODS:

Researches on differences in adding ingredi-
ents into livestock feed mixtures lasted and were
conducted in livestock feed production plants in the
Republic of Croatia. Ingredient added by means of
adders powered by electrical motors was compared
with an experimental hydraulic facility constructed
for the purpose of the research. Thirty repetitions
were conducted for every ingredient specified by
the recipe in every single feed mixture and produc-
tion plant.

Production process is semi-automated in plant
“A”. Both auger and circular adders are used in the
process of adding. The scale is a hopper and hori-
zontal one with a ribbon mixer with the same capac-
ity. In these plants the command panel operator

manually controls the recipe for feed mixture by
means of potentiometer.

An experimental facility for adding ingredients
have hydraulic adders, so called KVK-adder (Kati¢
Vojta-Kanajet) constructed for the purpose of the
research. There is a (0.8-meter-wide passage be-
tween the chambers. The passage reaches the cells
manually filled with various ingredients. A control
microprocessor, KVK-adder, with adequate func-
tion and memory capacity, is used for generating the
electronic control-signal, as well as for accomplish-
ment of other tasks present at the management of
batching and mixing process and the whole process
of livestock feed production. The function of the
KVK-adder is to receive the measure signal for
added mass through an electronic measuring cell
that guarantees high accuracy to the whole system
of livestock feed production. Since many mixers to-
day are equipped with mechanical scales, adders are
also adjusted for receiving a signal from a mechan-
ical scale potentiometer.

All results have been statistically processed,
and the error was calculated by means of the relative
error method. Based on that, a reconstructtion of
livestock feed production plants was suggested.

RESULTS AND DISCUSSION

Table 1 shows the individual and average re-
sults of weighing components for fattening of pigs
up to 25 kg in TKS "A". Corn was added through
two adders. On the first adder, at 31 corn weights,
the added corn has a mean value of 1203,80 kg, and
the default value is 1200 kg. The difference in these
values is small. However, as the minimum weigh is
1195 kg, and the maximum weigh is 1204 kg, the
variation range is 9 kg. On the second adder, at 31
corn weights, the added corn has a mean value of
144,19 kg, which is more than the default value of
132 kg, and the range of variation between the min-
imum and maximum weight is 4 kg. When adding
livestock flour, at 31 weights, added livestock flour
has a mean weight value of 147.68 kg, which is less
than the 150 kg of default value, and the range of
variation between the minimum and maximum
weight is 9 kg. Out of a total of 31 soybean meal
weights, only 3 are accurate, i.e. correspond to the
default value. When adding extruded soybean, at 31
weights, the added soy has a mean value of 254.50
kg of weights, which is less than the default value,
260 kg. The variation range between the minimum
and maximum weight is 6 kg, and all soybean
weights were smaller than the default value. When
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adding fish flour, the added fish flour has a mean
value of 68 kg of weight which is less than the de-
fault value of 70 kg. The variation range is 10 kg,
which is more than 10% of the default value, and of
31 of the fish flours weights, 10 are equivalent to the
default value.

By the Ordinance on Livestock Feed mixture
for fattening of pigs up to 25 kg should contain at
least 18% of crude protein. By converting the wei-
ghted components of the mixture to the protein
value we get the protein value of the individual
components, which gives a more accurate weighting
error. The mean value of crude protein in the mix-
ture is 18.98%, which is less than the amount of pro-
tein determined by the Ordinance for Livestock
Feed mixture for fattening of pigs up to 25 kg.

Table 2 shows the individual and average re-
sults of weighing components for fattening of pigs
up to 15 kg in TKS "A". When adding the corn, at
31 corn weighing, the added corn has a mean value
of weights of 1113.48 kg, and the default value is
1110 kg. Out of a total of 31 weights, only 8 are cor-
rect, i.e. they correspond to the default value. When
adding the extruded soybean, at 31 weights, the

added soy has a mean value of 619.90 kg, which is
approximately equal to the default value of 620 kg.
The range of variation between the minimum and
maximum weight is 8 kg, and out of 31 soy weights,
14 correspond to the default value. By the Ordi-
nance on Livestock Feed mixture for fattening of
pigs up to 15 kg should contain at least 20% of crude
proteins. By converting the weighted components of
the mixture to the protein value we get the protein
value of the individual components, which gives a
more accurate weighting error. The mean value of
crude protein in the mixture is 19.68%, which is less
than the amount of protein determined by the Ordi-
nance for Livestock Feed mixture for fattening of
pigs up to 15 kg

Data in Table 3 indicate that corn, extruded
soybean and soybean meal were in the experimental
facility added in smaller amounts than specified,
whereas fishmeal was added in a larger amount than
specified. Based on measurement data for ingredi-
ent weighing in plant “A”, as well as in the experi-
mental facility “E” by means of the relative error
method, errors can be determined in adding certain
ingredients into feed mixture for fattening pigs up
to 25 kg and 15 kg.

Table 1
Average weighings of feed mixture ingredients for pigs up to 25 kilograms
Corn  Meatand  Extruded Fish  Sunflower Corn Other Total Time
Plant "A" meal soybean meal fragments  ingredients
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (min)
Set by the recipe 1200 150 260 70 120 132 68 2000 5
X 1203.80  147.68 254.50 68 121.88 144.19 68 2005.03 4'56"
Xmin 1195 143 250 64 118 142 68 2004 4'46"
Xmax 1204 152 256 74 125 146 68 2006 5'10"
c 1.88 243 2.01 2 2.06 1.49 1.016 0.1554
C.V. 0.161 1.644 0.788 2.941 1.69 1.035 0.050 3.1556
Table 2
Average ingredient weighings for feed mixture for pigs up to 15 kilograms
Plant "A" Corn Extruded Fish meal Other ingredients Total Time
(kg) soybean (kg) (kg) (ko) (kg) (min)
Set by the recipe 1110 620 90 180 2000 5
X 1113.48 619.90 89.35 180 2002.80 4'50"
Xmin 1111 616 86 180 2000 4'37"
Xmax 1116 624 92 180 2004 4'56"
z 1.12 1.619 1.81 0 1.4926 0.1114
c.v. 0.101 0.2609 2.03 0 0.0745 2.3064
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Table 3

Average ingredient weighings for feed mixture in the experimental facility “E”

Experimental facility Corn Extruded soybean Fish meal Soybean meal
(& (& (&
Set by the recipe 800 800 1200
X 795.807 1193.935 801.064 1195.387
Xmin 791 795 1193
Xmax 798 807 1198
z 1.796652 3.53963 4.00778 1.542237
c.V. 0.225 0.50 0.129016
Relative error in adding fish meal into feed
mixture for pigs up to 25 kg was the largest in live-
stock feed production plant “A”, amounting to REFERENCES:

30.41%., whereas the smallest was in the experi-
mental facility, being 4.556%,. Relative error in
adding extruded soybean was the biggest in plant
“A” —25.06%, and the smallest in the experimental
facility, being 5.053%..

Relative error for adding fishmeal into the feed
mixture for pigs up to 15 kg was the biggest in plant
“A”, amounting to 22.744%.,. It was the smallest in
the experimental facility — 4.56%,. Relative error in
adding soybean meal was also the biggest in plant
“A”, amounting to 22.56%, and the smallest in the
experimental facility — 3.844%,. The biggest rela-
tive error for extruded soybean was 20.80%s.

CONCLUSION

The following can be concluded based on the
results of the research:

1. There is a difference among the observed
production plants in number of feed mixture ingre-
dients being added into feed mixtures for pigs up to
15 kilograms and into feed mixture for pigs up to 25
kilograms alike.

2. Based on the research results it can be con-
cluded that not one weighings corresponded to the
ones specified in the recipe, that being the case in
all of the production plants.

3. Using the hydraulic adder instead of an ad-
der with an electrical motor will result in a higher
precision in adding fine grain or coarse grained in-
gredients. In adding coarse-grained ingredients, the
existing adders, i.e. adders powered by electric mo-
tors, showed a higher accuracy than hydraulic ad-
ders, which means that they do not have to be re-
placed by hydraulic adders in the existing plants.
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