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Abstract. Animal husbandry is an essential branch of agriculture, being also an accurate indicator of the whole
economy. This sector may generate important negative effects on the living standards of the population, which is
reflected in the consumption of products. The rapid advances in science and technology give a new rhythm and
meaning to the development of animal husbandry. A priority aspect envisaging animal nutrition strategy is the
feeding base. One of the methods used to obtain high yields in the livestock sector is the administration of mixed
fodder in animal diet. The evaluations performed showed that by using mixed fodder in the pig and poultry feed,
an average increase of production by 25% can be obtained. Mixed fodder is a mixture of simple concentrated
fodder and in rare cases several dehydrated fodder. Mixed fodder can be administered in the form of grinded
material or granules. Obtaining good quality mixed fodder requires the use of technologies and technical
equipment that lead to the production of a wide range of feed directly inside the zootechnical farm. Production of
feed has to be made at high efficiency and quality levels, according to global requirements, with the lowest possible
costs for farmers. An important factor in this regard is the process of mixing the components of the mixed fodder.
The present paper presents the experimental results obtained in the evaluation of a fodder mixing equipment,
testing several types of products. Determinations have been made, depending on several variables (constructive
and functional elements, specific weight of the product in the mixture, material moisture, granulation, mixing time,
mixing auger speed, number of components, etc.) determining the quality of the mixture based on the calcium
carbonate content. The fodder mixer was tested in the following conditions: four constructive variants of feeding
auger with diameter d = 220 mm, spiral pitch p = 220, 220, 110 and 165 mm; four construction variants for the
diameter of the coil (mixing part) d: 400, 300, 300 and 220 mm; spiral pitch S: 300, 225, 150 and 165 mm; three
speeds: 200, 300 and 400 rpm; four mixing times: 3, 6, 9 and 15 minutes; four mixing ratios: 1:40, 1:80, 1:120 and
1: 200. The best results were obtained for the following construction parameters: feeding and mixing auger variant
1 with a diameter of 400 mm and a pitch of 300 mm; the optimum speed of the auger is 300 rpm; the best mixing
time is 6 minutes; degree of homogeneity corresponding to the requirements for all mixing ratios between 1:40
and 1:200.
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Introduction

Rapid advances in science and technology are setting a new pace and a new direction for the
development of the zootechnical sector. The intensification of animal husbandry and innovations in this
field impose a reconsideration of the traditional feeding methods for physiological and technical-
economic reasons. In order to prevent physiological balance disorders, it is necessary to keep the animals
on a balanced diet, being very rigorous with the nutritional values. In order to achieve a full value
nutritional feed, the following essential elements must be respected [1; 2]:

e production of fodder assortments in sufficient quantities and of appropriate quality depending
on the biological particularities and physiological requirements of animals, by fully capitalizing
the natural conditions and the technical-material base of the animal husbandry units;

e orientation of animal feeding towards the use in maximum quantities of green and juicy fodder
and a rational use of concentrated fodder;

e superior processing of feeding materials, including wastes from agriculture and the food
industry, through the application of advanced technologies;

o scientific substantiation of fodder preparation in general and concentrated fodder in particular.

The main criterion for assessing the feed value is the response of animals, manifested by feed
physiological and economic efficiency.

The main objective pursued in modern animal farm management is to achieve maximum yields
with a high degree of feed conversion, this being determined mainly by two factors: the genetic potential
of the animals and the nutritional value of the feed.
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The role of nutrition in animal husbandry processes [3; 4]. Animal nutrition has a particularly
important role in:

¢ maintaining animal health; a balanced diet of nutrients is the main approach of preventing
animal deficiency diseases that can cause significant economic damage. At the same time, an
inadequate diet in terms of fodder content decreases the resistance of animals to the action of
harmful factors and weather;

e reproduction, growth and development processes;

o the process of breed improvement; the activities envisaging the selection, or obtaining new
lines, types and breeds, cannot reach their purpose without a diet corresponding to the breed
characteristics of the animals;

e obtaining the planned productions and making the animal husbandry sector profitable. Without
ensuring the raw material — the fodder — in the needed quantities and assortments and without
ensuring the normal development of the physiological processes underlying the productions
through a balanced feeding, the animals cannot capitalize their productive potential which
constitutes a significant loss for the animal breeders.

The processing and preparation of fodder is performed in order to obtain a higher nutritional value,
increase the degree of edibility and digestibility, for providing various and complete assortments of
fodder recipes. By researching fodder through different methods of preparation, we favorably modify
its physical, chemical and biological properties, which results in a better use of them on animals. The
use of processed fodder has the following advantages [4]:

o the gustatory properties of fodder are improved, which lead to an increase of the edibility levels,
thus reducing the losses through the remains of uneaten fodder;

e it improves the digestibility by 5-15% both for concentrated fodder, and especially for coarse
fodder;

¢ the nutritional value is increased by 5-10%.

Fodder processing allows and favors the mechanization and automation of the preparation and
distribution of the feed to animals. There are fodder mixtures that cannot be administered as animal feed
without being processed, because they might adversely affect the health. There are also feeds (derived
from cereal seeds) that have a higher efficiency in feeding animals after prior crushing and mixing with
other components. Among the products intended for animal feed, concentrates occupy a special place,
[2; 5]. Concentrated fodder is grouped into two large classes: simple and mixed fodder. Combined
fodder is a mixture of simple concentrated fodder and in rare cases dehydrated fodder. Mixed fodder
can be administered in the form of grind fodder or granules. The technologies for processing fodder
from cereal seeds (Fig. 1) are based on the zootechnical requirements for each type of feed,
corresponding to its destination. These technologies include a series of operations including mixing of
the components of concentrated fodder. For preparing the mixed fodder in the zootechnical farms, a
mixing equipment has been developed, which was tested in order to determine the main constructive
and experimental parameters. Fodder mixing is done in order to homogenize the components of the feed,
following the proportions established by the recipe. Also, the mixing allows introduction in the recipes
of some fodder that cannot be administered alone in animal feed (flours of animal origin, mineral salts,
products and residues from the pharmaceutical industry, antibiotics, etc.). The work aims through the
experiments performed establishing the influence of the constructive characteristics of the mixer on the
quality of the mixture, the duration of the mixture, the productivity of the mixer, the driving power, all
correlated with the uniformity of the mixture. The nature of the change in the uniformity of the mixture
is a kind of exponential mixing over time. Research on the analysis of the characteristics of materials
used to obtain mixed fodder has been conducted in several preliminary studies [6-10]. From the analysis
of the activity of scientists from other countries we would find that the problem was approached more
theoretically than experimentally.

Materials and methods

Figure 1 describes the technologies used for obtaining mixed fodders, and it can be seen that almost
all of these technologies include the mixing operation.
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Figure 2 describes the experimental model of fodder flour production installation — IPFF. The
installation is composed of a vertical grain mixer, a hammer mill, associated with a fodder mixer (for
flour), having a recurrent action and being provided with a feeding and mixing auger. In the mixing
process the components are homogenized according to the pre-established recipes (mixing ratios)
depending on the animal breed. By mixing ratio is meant the ratio between the weight of the material to
be added (microelements, minerals, etc.) and the weight of the base material (corn, barley, peas, etc.).
The mixed fodder mixer (Figure 2 b) consists of the following components: power box (1), (designed
for the cases when it is used independently of the installation); auger coil (2); body mixer (3); discharge
chute (4); frame (5); electric motor (6); driving system (7); bearing (8). The auger shaft is supported on
both the upper and lower part on bearings. The drive system that is transmitting the motion from the
motor to the mixer shaft is made by means of two wheels provided with two trapezoidal belts.

A frequency converter was used to achieve the speeds mentioned in the paper; P, = 3.7 kW,
In=8.0 Ain overload regime.

PROCESSING TECHNOLOGIES
OF CONCENTRATED FODDER

l
‘, l l ,,

Cleaning Cleaning Cleaning Cleaning

Grinding Grinding Grinding Sprouting
Dosing Fermentation j Dosing

Mixing Dosing Mixing

Fig. 1. Technologies used for obtaining concentrated fodder from cereal seeds [4; 5]

The technological efficiency of the mixer in the homogenization process is established more
precisely if calcium carbonate is used as an addition in the mixing ratios, because it represents the
preponderant element that is blended with the basic products. Efficiency can be assessed by using the
following two procedures [11]:

o based on the dispersion of the sample compositions, which can be expressed by weight;
o based on the dispersion of particles (of any type) in the sample.

In order to assess the quality of the mixing process, the degree of homogeneity K of the mixture,
according to the following formula must be determined
K =(100-5), % (1)

where 6 — mean square deviation of the calcium carbonate content taken from the sample,
compared to the theoretical content.
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Fig. 2. Fodder flour production installation — IPFF [5]:
a — installation overview; b — construction diagram of the installation mixer

According to the error theory, the dispersion of concentrate frequencies around the average values
can be characterized by the formula [11]

n X _ )? 2
52 — Zi—l( ! ) , (2)
n-1
where the arithmetic mean is given by the relation
_ "X
X — ZI—]. ! , (3)
n

and the sum of the differences between the individual values of the series and the mean is always zero:
> (X =x)=o0. (4)

When evaluating the measured results, descriptive statistics were applied - the arithmetic mean of
the values in the data set, the arithmetic mean being influenced by the extreme values obtained in the
experiments. The process of fodder mixing is performed by the action of the mixing auger spiral on the
component particles of the mixture, which changes their position, thus obtaining the mixing action. The
mixed fodder mixer was tested in the following conditions:

o three speed steps, namely: ny = 200 rpm; nz = 300 rpm: n3 = 400 rpm;
o three mixing times, namely: 3, 6 and 15 minutes;
o four mixing ratios, respectively 1:40; 1:80; 1: 120 and 1: 200.

The mixing ratios were established on the basis of the feed ratios in force according to current
norms, considering that the mineral substances, microelements, vitamins and other additives will be
mixed beforehand. As an addition, as mentioned before, calcium carbonate has been used, because it is
the predominant element that mixes with the basic products.

The experiments were performed with different products depending on the variable mentioned
elements, determining the quality of the mixture based on the calcium content. Calcium carbonate was
introduced into the mixer at the same time as the base product according to the previously established
ratio. After completing the mixing process, the actual calcium carbonate content was determined using
an equipment called “calcimeter”. The degree of homogeneity K (relation 1), K = 100, represents an
ideal mixture, in which the calcium carbonate content added to the base material corresponds to the
chosen mixing ratio. For a ratio of 1:40, K =100 represents 1 gram of calcium carbonate per 40 grams
of base material. According to the literature, the degree of allowed homogenization is between 75 and
100%. During the experiments performed under the conditions mentioned above, the following elements
were measured:

e t;—loading time of the material mixer, minutes;
e t, —mixing time, minutes;
e t3— mixer discharge time, minutes;
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e n-—mixing screw speed, rpm.

Using the obtained measurements, the following working indices of the mixer subjected to
experiments were determined:

o K —degree of homogeneity of the mixture, %;

e Q- mixing flow rate of the mixer, kg-h?;

e l.—economic indices of the mixer.

Results and discussions

For the experimental phase, the components from Table 1 were used as the raw material. Table 2
in its turn shows the characteristics of the mixing auger.

Table 1
Characteristics of the raw material used in experiments
Product Material moisture, | Specific gravity of Material _grinding
% the material, kg-m™ granulation, mm
14.0 540 1.92
18.5 518 2.08
Corn 22.0 523 2.15
24.0 525 2.30
26.0 535 2.60
Green peas 14.0 500 1.60
Cereal waste 14.0 354 1.60
Bran 12.4 342 0.82
Sunflower grist 12.0 465 1.81
Mill dust 125 244 0.96
Calcium carbonate 2.0 940 0.50
Table 2
Constructive characteristics of the mixing auger used in experiments
Characteristic Constructive variant

(all measurements in mm) 1 2 3 4
Coil diameter (feeding part) 220 220 220 220
Coil pitch (feeding part) 220 220 110 165
Coil diameter (mixing part) 400 300 300 220
Coil pitch (mixing part) 300 225 150 165
Length of the coil (feeding part) 1017 937 937 700
Length of the coil (mixing part) 735 815 815 1052

In the experiments, corn was used as a basic material. The results obtained for the characteristics of
the first mixing auger (variant 1) are presented in Tables 3 and 4 and in Figures 3 and 4.

Table 3
Results obtained for the base material - corn depending on the speed of the mixing auger
Material Material grinding Mixing Degree of homogeneity K as

Product moisture, granulation, auger speed, a function of t;, minutes
% mm rpm 3’ 6’ 15’
200 742 | 915 95.0
Corn 22-24 2.15 300 69.8 | 85.8 92.9
400 63.6 | 83.9 90.8

Note: * 9 minutes was not chosen as the mixing time, because from the experiments performed it was
found that the values resulting from the experiments differ very little from those with a duration of 6
minutes.
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Table 4
Results obtained for the base material - corn depending on the mixing ratio

Material Material grinding Mixin Degree of homogeneity K as
Product moisture, granulation, ratiog a function of t;, minutes
% mm 3 6’ 15
1:40 69.8 94.0 96.3
1:80 73.4 91.2 95.9
Corn 22-24 2.15
1:120 69.4 89.3 93.3
1:200 69.1 79.6 91.6
100 P
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Fig. 3. Variation of the homogeneity degree, depending on auger speed
100 y=13.25x+ 602 e -
y 11- 25x+ 57.6
“R?=0.9985
90
// ~ /,y =11.95x+ 60.1
80 y=11.25x+ 64. 333(/ - &7 R*=0.8714
AN R2=08985, 7" -
70 £
60
3 6 15
t,min
— . 1:40 —_— 1:80 1:120 - = 1:200
Linear (1:40) Linear (1:80) ——— Linear (1:120) Linear (1:200)

Fig. 4. Variation of the homogeneity degree depending on the mixing ratio

After analyzing the results, using auger variant 1, the following aspects can be deduced according
to the figure:
e at the mixing time t> = 3 minutes, the requirement established for the degree of homogeneity K
for any speed is not satisfied;
o for the mixing time of 6 and 15 minutes, for all speeds, the degree of homogeneity K is
appropriate and within close values.
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o After analyzing Figure 4, namely the degree of homogeneity K as a function of mixing ratios,
the following aspects can be deduced:

e for the mixing time of 3 minutes, the degree of homogeneity is not satisfied for all the
established ratios;

o for the mixing time of 6 and 15 minutes the degree of homogeneity K is satisfied, with the note
that for the time of 6 minutes, for the ratio 1: 200 the degree of homogeneity is achieved within
the minimum allowed limit.

As mixtures must also be obtained from products with a humidity higher than 18%, experiments
were performed with constructive variants 2, 3 and 4, but it was found that they do not satisfy the
homogeneity requirement, fodder mixing being unsatisfactory. Experiments with variant 1 for the
mixing auger were also performed on the other products from Table 1.

A feed ration consisting of 55% — corn, 23% — mill powder, 11% — bran, 11% — sunflower meal
was made and the variation of the homogeneity degree was analyzed, the results being presented in
Figure 5.
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Fig. 5. Variation in the degree of homogeneity depending on the speed of the auger for different
products: a — green peas; b — cereal waste; ¢ — feed ration mixture
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For mixing times of 6 and 15 minutes, at all speeds and all products, the degree of homogeneity K
has been appropriate.

Because the mixer used in the experiments has two possibilities of loading with material: on the top
and the bottom, it must be mentioned that the values presented in this article are specific to the loading
on the bottom. However, it was found that if the material is fed on the upper part, the degree of
homogeneity it is not significantly affected.

Analyzing Figure 5, it can be seen that the degree of homogeneity is also achieved for the mixing
time of 3 minutes. The tests have shown that the power required to mix the products varies between
1 and 3.6 kW.

Conclusions
Based on the results obtained in the experimental study, the following conclusions can be drawn.

1. The feeding and mixing auger variant 1 with a diameter of 400 mm and a pitch of 300 mm is the
most suitable for homogeneity requirements, ensuring a satisfactory mixing process for both
components with normal humidity (14-18%) and those with higher humidity (20-25%).

2. The optimal speed of the auger is 300 rpm, because at this speed and the mixing time of 6 and
15 minutes a corresponding degree of homogeneity has been achieved.

3. The best mixing time has been determined to be 6 minutes. The extension of the mixing time from
6 to 15 minutes is not justified neither from the economic point of view, nor from the point of view
of the mixture quality.

4. The mixer achieves a degree of homogeneity corresponding to the requirements of all mixing ratios
between 1: 400 and 1: 200.

5. The vertical auger mixer performed a mixing process corresponding to the zootechnical
requirements for the mixed fodders.
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