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A study of mixer-feeder equipment operational reliability

Abstract. Modern livestock development trends in the agricultural production structure include the use of feed mixers and
distribution equipment. However, a stream of malfunctions and failures is reported for mixer-feeders due to factors that
are specific to agricultural enterprises in Ukraine, which reduce the operational reliability of feed mixers and distributors.
The study aims to evaluate the quantitative indicators of the in-service reliability of mixer-feeders and develop methods
to improve them. The reliability test plan [NMT] was used, which implies a certain number of research objects (), objects
undergoing repair in case of performance loss (M), and tests terminated when the operating time (T) is reached. Initial
information was collected and processed, and empirical data on the time between failures of KUHN PROFILE 12.2 DS and
PROFILE 14.2 DS mixer-feeders in Ukraine were analysed. The analysis established that the faulty condition of mixers-
feeders in the initial operation period is caused by the second complexity group failures. Failures related to the loss of
the grinding and mixing mechanism, which limits the average time between failures of the feed mixture and distribution
equipment, were identified among the second complexity malfunction group. A statistical analysis of the mixer-feeder failure
occurrence was carried out. The failure probability of the grinding-mixing mechanism of the feed mixer was determined
to be within the normal distribution law. The main parameters of the given theoretical distribution law were determined
by calculation results. The calculations determined that the average time between failures is 3152.0 motor-hours; the
standard deviation is 902.6 motor-hours; and the coefficient of variation is 0.40. An average time between failures of the
study objects was proved to be consistent with the normal distribution law following Kolmogorov’s agreement criterion.
Calculations determined that the average reliability index value, according to the normal distribution law, is within the
confidence intervals: 1964.2 motor-hours — lower confidence limit; 4339.8 motor-hours — upper confidence limit. The
obtained results may be used to improve the mixer-feeder operational reliability
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A study of mixer-feeder equipment operational reliability

INTRODUCTION

One of the main branches of agriculture is livestock farm-
ing. Preparation and distribution of feed is one of the most
important tasks in livestock production. At all stages of the
task, efforts should be focused on reducing feed consump-
tion, improving its physical and mechanical properties,
enhancing its quality and ensuring that it meets zootech-
nical requirements. Y. Chen et al. (2017) suggest using a
nutrient-balanced diet based on the physiological needs of
ruminants, including cattle, goats and sheep, at different
stages of growth. The rationale for these diets by animal
nutrition experts includes roughage, chopped to appro-
priate lengths, concentrates and various additives that are
fully mixed in specific proportions. S. Morrone et al. (2022)
noted that the use of balanced ration technologies is an
effective methodology for cattle and sheep farming, and
the implementation of the transition from traditional to
modern feeding. The justification of feeding technologies
and the development of appropriate feed preparation and
distribution equipment are key to its effective application.

In many countries with developed livestock produc-
tion, research has been conducted on the technological
processes of preparing feed mixtures, improving existing
ones and developing modern feed preparation machines
(Astanakulov et al., 2020). Studies of the operating char-
acteristics of feed preparation and distribution equipment
have shown that, along with the increased load on each
feed mixer, many factors cause a significant dispersion of
technical and economic use indicators (Khmelovskyi et
al., 2020), machine reliability parameters (Ruzhylo et
al., 2022), and the durability of working bodies. In this re-
gard, one of the most important criteria for the quality of
the operation of feed preparation and distribution equip-
ment is its reliability. The scientific and technical literature
emphasises the importance of using feed preparation and
distribution equipment on cattle farms (Lo et al., 2019).

O. Voinalovych et al. (2019) presented a methodology
for assessing the residual life of tractors and their units.
The metrics covered in the paper reflect the results of the
long-term operation of objects based on the data of flaw
detection. The presented methodology is based on the
use of Markov random processes in the study of a complex
man-machine-environment system. To implement the
model, the values of failure intensities and recovery inten-
sities are required, which are calculated based on the use of
the values of time between failure and recovery recorded
during operation. The methodological approaches imple-
mented in the article can be used to study the operation-
al reliability of trailed and self-propelled vehicles for feed
preparation and distribution.

The presented problematic issues of ensuring relia-
bility need to be studied and implemented based on the
analysis of guidelines for the use of feed preparation and
distribution equipment. Foreign and Ukrainian feed mix-
ers have recommended operating instructions, but they
often differ in the range of such mechanical parameters of
feed mixtures as the sequence of loading feed components;
mixing time; and feeding speed. Z. Ruzhylo et al. (2022)

argued that most guidelines for the use of feed preparation
and distribution equipment lack information on the level
of machine reliability, limit state criteria, and recommen-
dations for maintaining performance. Alongside stationary
feed preparation machines and trailed feed dispensers,
cattle farms in Ukraine use self-propelled foreign-made
feed preparation and distribution equipment. The analysis
shows that some manufacturers of these machines do not
provide consumers with values of qualitative and quantita-
tive reliability indicators. An important component of the
assessment of the operational reliability of feed mixers that
requires detailed study is the study of the impact of the hu-
man operator as a component of the complex technical sys-
tem “Man-Machine-Environment” (Novitskyi et al., 2016).

I.L. Rogovskii et al. (2022) presented a methodology for
determining the patterns of change in the technical con-
dition of Slavutych KZTs-9F combine harvesters (self-pro-
pelled combine harvester, Ukraine) during operation. The
research paper presents the results of operational studies
of combined harvesters’ performance and identifies mech-
anisms and systems that limit reliability. A list of working
bodies and parts whose technical condition requires con-
stant monitoring and, if necessary, restoration in case of loss
of performance is substantiated. T. Yezekyan et al. (2020)
reflected the technical parameters of grain harvesters and
forage harvesters and developed reference models for de-
termining technical and economic parameters. The authors
put forward a variant of linear models, which are reference
models for determining the size of equipment and key pa-
rameters, and are the basis for development or modernisa-
tion. The proposed solution made it possible to justify the
choice of machine design and ensure the rational use of
economic and environmental resources. The use of mod-
elling will provide a forecasting capability for determin-
ing the technical and economic parameters of machines.

To ensure the serviceability or operability of feed mix-
ers, it is necessary to perform a set of maintenance and
repair measures. Therefore, researching assessing and en-
suring the operational reliability of feed mixers is a rather
urgent problem. The study aims to evaluate the quantita-
tive indicators of the reliability of feed mixers in operation
and develop measures to improve it.

LITERATURE REVIEW
The tendency is towards the widespread use of feed mix-
ers with horizontal and vertical grinding-mixing designs.
In most countries with developed livestock production
on cattle farms, considerable attention has been focused
on the development of stationary or trailed vertical sin-
gle-screw and horizontal twin-screw feed mixers-feed dis-
pensers of feed mixtures (Li et al., 2017; Norton et al., 2019;
Yezekyan et al., 2020). T. Fuyang et al. (2020) argued that
the hopper of these devices can be either horizontal trape-
zoidal or vertical in the shape of a cut cone. Mixer-feeders
may also include auxiliary mechanical equipment in their
design, including mills for loading and chopping feed or
grabs only for loading it and weighing devices for weighing
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components. T. Yezekyan et al. (2020) noted that the de-
sign of milling drums of farm combines makes it possible
to load and grind silage, haylage from storage, hay in rolls,
concentrated feed in film sleeves, etc. It should be noted
that, according to P. Ma et al. (2020), the working bodies
of feed mixers mounted on horizontal augers provide bet-
ter feed chopping quality than vertical augers. At the same
time, machines with vertical grinding and mixing mecha-
nisms are characterised by a higher level of reliability and
efficiency. In recent years, research has mainly focused on
improving the design of stationary and trailed feed mixers.

Because the livestock industry in many countries
of Europe and Asia is developing effective, scientific and
practical research on the processes of preparation, trans-
portation, distribution and dosing of feed mixtures by
self-propelled and trailed vehicles, stationary equipment
is becoming crucial in the technologies of feeding cattle
and poultry. U. Moallem et al. (2020) noted that mixed diets
are used on livestock farms in Israel and the United States.
The quality of the overall mixed diet depends on the lev-
el and cost of feed, the appropriate diet formulation, and
the specifics of preparation. Through practical research,
the authors of the scientific article determine the impact
on the quality of the feed mixture of the parameters of the
equipment used for mixing and dispensing, the profession-
alism of the operator, control systems, and the sequence
of loading of feed components. The issues of testing feed
preparation machines need to be clarified.

L. Li et. al. (2017) noted that in China, for the most
part, stationary or trailed vertical single-screw and hori-
zontal twin-screw mixers are used for feed preparation.
Separate studies have been conducted on silage loaders
and belt conveyors. At the same time, practical issues of
processing information on the efficiency and reliability of
these objects need to be clarified. G. Bekele (2020) present-
ed a stationary poultry feed mixer developed, tested, and
evaluated by the author. The results of experimental stud-
ies indicate that the coefficient of variation has decreased,
the degree of mixing has improved, and, accordingly, the
mixer shaft speed and mixing time have increased. These
indicators minimise the cost of preparing the feed mixture.

S. Morrone et al. (2022) noted the relevance and impor-
tance of research in precision animal husbandry, which has
spread around the world since its formation in 2003, us-
ing the achievements of Industry 4.0 and IoT technologies.
This modern technological approach to livestock farming
covers ethical, economic and logistical aspects. The au-
thors of this paper note that the successful and sustainable
development of the livestock industry requires the use of
modern feeding technologies and the development of new
and improvement of existing means for the preparation
and distribution of feed. Among the main resources that
ensure high-quality preparation and dosed distribution of
feed mixtures are the following: computerisation of the
technological process; and on-demand service.

P. Najafi et al. (2015) pointed out that the performance
of a sugarcane harvester as a complex system depends
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on the reliability of its component subsystems or mecha-
nisms. When calculating reliability, the authors considered
the possible impact of the environment, the effectiveness
of maintenance, the specifics of the work process, and the
experience of farmers. Therefore, to identify bottlenecks in
the harvester system and search for components or sub-
systems, an analysis of mechanisms with low reliability is
necessary. G. Jia et al. (2017) proposed a general stochastic
formula for analysing the life cycle of wearing engineering
systems. The authors note that parametric and emergency
failures of an engineering system can be caused by operat-
ing conditions, extreme loads, or the influence of environ-
mental conditions. These methodological approaches can
be used to restore the parameters of technical mixer-feed-
ers. C. Leangsuksun et al. (2022) pointed out that there is
a gap between the design process and the modelling of the
research objects, which can be compensated by using an-
alytical methods for reliability assessment and assurance.
At the same time, additional theoretical and experimental
studies are needed to make it possible to realise the property
of using these methods and methodologies for forming the
reliability of feed mixers at certain stages of the life cycle.

MATERIALS AND METHODS

The study was carried out at the National University of Life
and Environmental Sciences of Ukraine (NULES). The ob-
jects of the study were mixer-feeders PROFILE 12.2 DS and
PROFILE 14.2 DS (Auduro S.A. plant, KUHN Group, France)
of KUNH Ukraine LLC (Operator’s manual..., 2018; Oper-
ator’s manual. Mixer feeder wagon. PROFILE. 2DS, 2019)
(Fig. 1a) and the grinding-mixing mechanism (Fig. 1b).

=~ PROFILE

b)

Figure 1. PROFILE 14.2 DS feed mixer (a)
and chopping and mixing mechanism (b)
Source: compiled by the authors
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The reliability of 25 PROFILE 12.2-14.2 feed mixers,
which were operated in agricultural enterprises of Ukraine
during2015-2022,wasmonitoredduringtheresearch.During
the test, PROFILE feed mixers were distributed by region as
follows: Khmelnytsky — 9 machines; Zhytomyr — 3 machines;
Cherkasy — 3 machines, Vinnytsia - 6 machines; Volyn - 1
machine; Chernihiv - 2 machines; Poltava — 1 machine.

Failures of the PROFILE 12.2 DS and PROFILE 14.2 DS
feed mixers are distributed by subsystems of the feed mixer:
chopping and mixing mechanism; feed mixture unloading
mechanism; running system; frame; and control system.
The test mode at the site was set as operational. The reli-
ability test plan [NMT] (DSTU 3004-95..., 1995) was adopt-
ed, which provides for the presence of a certain number of
research objects N, objects are restored in case of loss of
efficiency M, tests are terminated when the corresponding
operating time T. That is, for the presented test plan [NMT],
the initial parameters are: number of observation objects N,
pieces; property of objects to be restored in case of loss of
efficiency M; duration of observations T, motor-hours. To
determine the minimum number of observations, the ini-
tial data that indicates the accuracy of the research results
is set. The initial data include the confidence probability,
which is assumed to be y=0.9, and the maximum relative
error 5=0.15. The distribution of failures of feeder mixers
according to a priori data follows the law of normal distri-
bution (DSTU 3004-95..., 1995). Using reference tables, the
minimum number of objects to be set up for testing was
determined to be N . =21 (DSTU 3004-95..., 1995). N=25
feed mixers were accepted. The established duration or time
of observation is 4880 motor-hours. This value was deter-
mined under the assumption that the distribution of fail-
ures follows a normal distribution law, with y=0.9 and 6=15.

The methodology included checking the corre-
spondence between the theoretical law and the empirical

8%

distribution of the time between failures of the mixer-feed-
er according to the agreement criterion A by O.M. Kolmogo-
rov (Chornovil et al., 2010) The number of objects required
for reliability testing was calculated using the following
formula by M.I. Chornovil et al. (2010):

%t
n="1Ck
Az’ M

where n — required number of parts for inspection, pieces;
o’ — statistical variance, motor hour.; tj — a tabular coeffi-
cient that depends on the accepted confidence level, g; A? -
the magnitude of the permissible error (when studying the
wear failures of parts, assume A=0.8 of the interval value).

The results obtained on the occurrence of failures of
the PROFILE 12.2 DS and PROFILE 14.2 DS feed mixers
were taken from the reporting regulatory and technical
documentation of the official dealer of KUHN equipment
in different regions of Ukraine. Statistical analysis methods
and experimental data processing techniques were used to
obtain the following indicators: mean time between fail-
ures; standard deviation; coefficient of variation; theoreti-
cal distribution law; and scattering intervals.

RESULTS AND DISCUSSION
Based on the results of the analysis of regulatory and tech-
nical documentation, failures were recorded for 25 ma-
chines and the time between failures was determined. The
results of the failure distribution are shown in the diagram
(Fig. 2). Analysis of the diagram shows that most of the fail-
ures relate to the grinding and mixing mechanism: wear
and damage to the knives; loss of efficiency of the work-
ing auger with knives; wear of the hopper body; oil leak-
age from the gearbox; short circuit of electrical equipment.
Failures were distributed as follows: auger, auger with
knives — 48%; hopper — 44%; other reasons — 8%.

M Screw with feet
48%
M Bunker

Other failures

Figure 2. Failure distribution of PROFILE 12.2 DS and PROFILE 14.2 DS feed mixers

Source: compiled by the authors

Failures that limit the reliability of feed mixers were
identified. For systematisation, finding ways to analyse
and eliminate them, the failures were divided into com-
plexity groups. The analysis of the diagram (Fig. 2) shows
that 92% of failures of PROFILE 12.2 DS and PROFILE 14.2
DS feed mixers belong to the second group of complexity.

These failures can be eliminated by replacing or repairing
easily accessible components and assemblies. To eliminate
these failures, it is necessary to open the internal cavities
of the units without disassembling them or to perform ex-
traordinary maintenance operations. The diagram shown
in Figure 2 also confirms that the most typical failures that
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limit the reliability of the research objects are failures of
the grinding and mixing mechanism.

Statistical data of the tests of the PROFILE 12.2 DS and
PROFILE 14.2 DS feed mixers were obtained in the course
of the research. A table of statistical information was com-
piled to process the experimental data on the time between
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failures of the feed mixers. After grouping the test results by
intervals, the failure rate was specified and the accumulated
experimental probability was determined. The results of the
empirical distribution of the time between failures of feed
mixers are presented in Table 1 in the form of a statistical
series of information and are graphically shown in Figure 3.

Table 1. Statistical series of time between failures of feed mixers

I;I); o Boil::;(::\l;e]: of Interval median  Occurrence rate, m, Probability, P, o?g)c(;g;lrl::ﬁ?all):‘zzsﬂlsl,lgﬂ
1 1250-1976 1613 0.16 0.16
2 1976-2702 2339 2 0.08 0.24
3 2702-3428 3065 7 0.28 0.52
4 3428-4154 3791 10 0.4 0.92
5 4154-4880 4517 2 0.08 1.0

Source: compiled by the authors

The histogram analysis shown in Figure 3 demon-
strates that in the initial period of operation of the feed
preparation and distribution equipment, which corre-
sponds to the operating time in the range of 1250-1976
motor-hours, knife failures were recorded, and in the range
of 2702-3428 motor-hours - failures of augers with knives.
Failures of feed mixers, which were recorded in the range of
3428-4154 motor-hours, correspond to the loss of efficien-
cy of the feed mixer hopper.

After processing the information, the obtained array of
experimental data is characterised by the following indi-
cators:

O average wear per failure, f =3152.0 motor-hours;

O average square deviation, ¢=902.6 motor-hours;

O variation coefficient, » = 0.40.

The occurrence of failures of the grinding and mixing
mechanism of the PROFILE 12.2 DS and PROFILE 14.2 DS
feed mixersissubject tothelawofnormal distribution (DSTU
3004-95...,1995). The correspondence between the theoret-
ical law and the empirical distribution of the time between
failures of the mixer-feeder was checked by Kolmogorov’s
criterion of agreement A. Since P(1) =0.9972 is greater than
the accepted significance level for the law of normal distri-
bution, the accepted condition of the possibility of match-
ing the Weibull-Gnedenko law with the empirical distribu-
tion of operating time is rejected (DSTU 3004-95..., 1995).

0.5 1 g
. . =
0.45 I Distribution histogram 09 &
[«
£ 04 Polygon 08 &
E 0.35 —#— Graph of the accumulated probability ‘ o7 %
S z
2 03 — 0.6 =
= e
= 0.25 05 8
= =
E 02 04 &
g T
£ 0.15 =
= =]
0.1 g
g
0.05 g

0

1976
1250

2702
1976

3428
2702

4154
3428

4880
4154

Intervals, motor-hours

Figure 3. Histogram of distribution, distribution polygon, the graph of the accumulated
experimental probability of time between failures of PROFILE 12.2 DS and PROFILE 14.2 DS feed mixers

Source: compiled by the authors

The boundaries of confidence intervals and the size
of the scattering interval of the mean time between fail-
ures of PROFILE feed mixers for the normal distribution
law were calculated using the formulas (DSTU 3004-95...,
1995; Chornovil et al., 2023). The results of these values
were respectively:

1., =1964.2 motor-hours — lower acceptable limit;

2. t4,=4339.8 motor-hours - upper acceptable limit;

3.1,,=2375.6 motor-hours - interval value.

The number of objects required for the tests was calcu-
lated. The results of the calculations showed that 9 objects
were sufficient for the research according to the test plan
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[NMT]. The operational reliability of 25 feed mixers was in-
vestigated.

The reliability of the chopping and mixing mechanism
(Fig. 4) is limited by the knives, auger sets with knives and
the hopper body. The PROFILE 12.2 DS and PROFILE 14.2
DS feed mixers are equipped with two A5336551 augers
(Auduro S.A., KUHN Group, France). Each auger is fitted
with a corresponding number of knives, according to the
design of the PROFILE 12.2 DS or PROFILE 14.2 DS. The

knives of the chopping and mixing mechanism can be in-
stalled in two ways (Fig. 4). The small knife A5362450 (Au-
duro S.A., KUHN Group, France), shown in Figure 4a, con-
tains 7 teeth and is installed on the lower turns, and the
large knife A5303620 (Auduro S.A., KUHN Group, France),
shown in Figure 4b, contains 9 teeth and is fixed on the
upper turns of the grinding and mixing mechanism screw.
The number of knives mounted on one screw is 6 for small
ones and 2 for large ones.

Figure 4. Knives of the PROFILE 12.2 DS and PROFILE 14.2 DS feed mixers
in operation and assessment of their technical condition

Note: a — small blade A5362450; b — large blade A5303620
Source: compiled by the authors

Based on this, to prevent the occurrence of mixer-feed-
er failures during operation, it is necessary to provide for
the possibility or include in the list of maintenance activ-
ities for the elements of the grinding and mixing mecha-
nism the operation of assessing the technical condition
and restoring the hopper’s performance at 3000-3100 mo-
tor-hours. The inclusion of this operation in the complex
maintenance and repair works will increase the availabil-
ity of the mixer-feeder, reduce the downtime of the vehi-
cle and reduce the cost of restoring performance in case of
failure of the grinding and mixing mechanism.

From the analysis of theoretical materials and the re-
sults of experimental studies of the operational reliability
of feed preparation and distribution equipment, it can be
concluded that most authors conducted a scientific search
to establish the design parameters and functional and op-
erational parameters of feed mixers. V. Loveikin et al. (2022)
note that the process of preparing a feed mixture by a feed
preparation device is carried out in a single-stream way by
a cone-shaped screw working body. The functioning of the
device is carried out due to the simultaneous movement
and operation of the screw mechanism of grinding and
mixing. In this case, dynamic forces arise that lead to the
movement of the feed preparation device in the transverse
and longitudinal directions, relative to its axis and wear of
the elements of the specified mechanism and the chassis.
The authors of the article substantiate a rational design of

the grinding-mixing mechanism in the form of a two-stroke
conical screw. These proposals for changes in the design
of the mechanism will intensify the technological process
of feed preparation by a mobile feed preparation unit, and
improve the balance of the mechanism and the durability
of tyres. It would also be advisable to clarify how changes
in design parameters will affect the quantitative and qual-
itative indicators of the reliability of the grinding and mix-
ing mechanism and the durability of the working bodies.

The tendency towards the widespread use of feed mix-
ers with horizontal and vertical grinding-mixing designs is
evident. In most countries with developed livestock pro-
duction on cattle farms, considerable attention is focused
on the development of stationary or trailed vertical sin-
gle-screw and horizontal twin-screw feed mixers-feed dis-
pensers of feed mixtures (Norton et al., 2019). The hopper
of these machines can be either horizontal trapezoidal or
vertical in the form of a cut cone. Mixer-feeders may also
include auxiliary mechanical equipment in their design,
including cutters for loading and chopping feed or grabs
only for loading it and weighing devices for weighing com-
ponents. T. Yezekyan et al. (2020) found that the design of
milling drums of farm combines makes it possible to load
and grind silage, haylage from storage, hay in rolls, con-
centrated feed in film sleeves, etc. It should be noted that
the working bodies of feed mixers mounted on horizontal
augers provide better feed-chopping quality than vertical
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augers (Ma et al., 2020). At the same time, machines with
vertical grinding and mixing mechanisms are characterised
by a higher level of reliability and efficiency of use.

The following combine harvesters have been tested in
livestock production in Western European countries and
China: Sam 5 490/95 by Seko (Italy), Solomix 2 12VL3 by
TRIOLIET (Netherlands), Roto-mix 354-12 by Roto-mix
(USA), and 12 St by De Laval (Sweden). However, the scien-
tific and technical literature still lacks information on the
performance characteristics of the presented equipment,
and research on the technological processes of loading feed
components, mixing, transporting and distributing both
farm combines and trailed vehicles.

Due to the increase in the volume of foreign agricultur-
al machinery, there is an urgent need to ensure its efficient
use in Ukrainian farms, to study the impact of technical and
operational parameters of agricultural machinery on the
efficiency of its operation, to assess its operational reliabil-
ity (Najafi et al., 2015), and to use a systematic approach to
ensure its performance (Leangsuksun et al., 2022). Strate-
gies for repairing and restoring the operability of machines
to increase the reliability and functionality of a complex
technical system during operation are proposed in an arti-
cle by G. Jia et al. (2017).

In this aspect of research, the materials provided in the
test report of the German testing organisation DLG (DLG
Test Report 6418, 2016) for the Siloking Self Line 4.0 Pre-
mium 2215 self-propelled mixer-dispenser (Germany) are
worthy of attention. This manual opens up the prospects
for its use not only to ensure its operational efficiency but
also to formulate and develop test plans for similar feed
preparation and distribution equipment.

The absence of uniform technical requirements and rec-
ommendations for the use of feed mixers leads to a decrease
in the quality of mixing feed components and the uniform-
ity of feed distribution to animals. This problem is partially
reflected in some scientific articles. However, these studies
do not fully reflect the reliability indicators and recom-
mendations for their improvement for feed mixers, includ-
ing KUHN (France), Seko (Italy), Roto-mix (USA), Trioliet
(Netherlands), Siloking and Strautmann (Germany), Delaval
(Sweden), which are used in Ukraine. This is because these
products are used in different regions, on livestock farms
with different livestock, for the preparation of feed mix-
tures for different groups of livestock and different rations.

V. Khmelovskyi et al. (2020) substantiate that for the
preparation and distribution of feed mixtures for 51-400
cattle heads, mobile feed preparation equipment should be
used with the mixture being fed to feed tables. The paper
presents a study of the process of self-cleaning of screw
turns at different rotational speeds. The analytical stud-
ies and several experiments made it possible to determine
the optimal angle of inclination of the turns and the speed
of rotation of the screw, which should be at least 25 min™.
The importance of the results for improving the function-
ing of the grinding-mixing mechanism is confirmed by the
possibility of intensifying the process of the feed mixture
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descent from the screw turns. At the same time, it would
be interesting to conduct research aimed at establishing
the relationship between these recommendations on the
modes of use of the feed preparation agent and its reliabil-
ity in operation.

The results of studies of feed mixers and self-propelled
feed mixers presented in a paper by D. Wang et al. (2017)
can be useful for the optimal design and optimisation of
machines for the preparation and distribution of feed. The
researchers presented a justification for the parameters of
the auger with the angle of the coils, and the design of the
hopper body and determined their impact on the effective
preparation of the mixture. The article recommends main-
taining the speed of rotation of the auger of the grinding
and mixing mechanism close to 32.5 min’!, which will make
it possible to prepare a high-quality feed mixture in 4.7 min-
utes. At the same time, operators need to know how these
changes in the design and operation of the grinding and mix-
ing mechanism will affect the performance and reliability of
feed mixers. T. Fuyang et al. (2020) recommend improving
the design and technological parameters of self-propelled
feed mixers using the methodology and results of optimis-
ing the vertical auger of the grinding and mixing mecha-
nism. The authors of the research paper note that to ensure
the quality of preparation and uniformity of the dosed feed
mixture, the screw rotation speed should be 22...26 min™'.

The recommended time for mixing feed components
with self-propelled mixers should be within 6...8 minutes.

S. Postelga et al. (2021) presented the results of a com-
prehensive evaluation of the Siloking SelfLine 4.0 Premi-
um 2215 self-propelled mixer-distributor (Germany) in the
process of using it in operation. According to the results of
the research, the author found that during the mixing of
5 types of feed, a high-quality homogeneous feed mixture
was obtained, with a moisture content of 59.5%, bulk den-
sity of 405 kg/m?3, and an average particle size of 17.4 mm.
The tests confirmed the effectiveness of the self-propelled
mixer-feeder, which ensured 94.3% uniformity of feed mix-
ing and 95.5% uniformity of feed distribution. The test re-
sults show that the mixer-dispenser satisfactorily and ef-
ficiently performs the technological process of preparing
and distributing the feed mixture. However, as the analysis
of the test results of Siloking SelfLine 4.0 Premium 2215
(Germany) shows, the article does not sufficiently reflect
the reliability of the mixer-dispenser in operation.

V. Bulgakov et al. (2017) presented theoretical studies
of the parameters of auger working bodies of agricultural
machinery and equipment. The authors investigated the
movement of a material particle along the working body
of an agricultural machine in the form of a vertical auger
limited by a coaxial fixed cylinder and proposed for use in
the development and improvement of mixer-feeders the
dependencies of changes in the speed of transport of a
material particle under the influence of the coefficient of
friction of the particle on the surface of the auger and the
surface of the limiting vertical cylinder. V.M. Baranovsky et
al. (2018) presented the results of a study of technological
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operations for transporting agricultural production mate-
rials in closed fixed buildings. The study of the operations
of transporting these materials by screw conveyors de-
scribed in the article was not only highly appreciated and
efficient but also confirmed the possibility of using them
in the design of loading and unloading mechanisms for ag-
ricultural machinery. The research results obtained in the
articles can be used to substantiate the design parameters
and ensure the operational reliability of feed preparation
and distribution equipment.

The human factor as a component of the complex tech-
nical system “man-machine-environment” is of particular
importance in ensuring the operability of machines and
equipment. H--W. Lo et al. (2019) and R.M. Amaya-Toral et
al. (2022) pointed out that increasing the operational re-
liability of machines and reducing the possible risks of
failures during the production process also depends on
the reliability of the human operator. It is also necessary
to take advantage of the experience of using analytical
methods and methods of expert assessment of specialists
in calculating and ensuring the reliability of technical sys-
tems “man-machine-environment”. The results of scientif-
ic work have confirmed the possibility of using analytical
methods and test results to ensure the reliability of not
only feed preparation and distribution equipment but also
service and repair and technological equipment.

During the study of the operational reliability of feed
mixers, it was found that some failures were caused by
the lack of information in the regulatory documentation
on the criteria for the limited state of the working bodies
of the grinding and mixing mechanism, including knives
and auger elements. The practice of using PROFILE 12.2
DS and PROFILE 14.2 DS has established that one of the
first causes of failures of the grinding and mixing mech-
anism is a deviation from the frequency of assessment of
the technical condition of working bodies and parts. Other
reasons for mechanism failures are a decrease in the relia-
bility of the human-operator system and insufficient con-
trol over the parameters of the technical condition of the
mixer-feeder as a complex technical system. Most of the
analysed articles are aimed at the design improvement of
units and machines in general to ensure efficient operation
and reliability. At the same time, the analysed sources do
not reflect the level of reliability of mixer feeders both at
the stage of manufacture and during operation. The meth-

CONCLUSIONS

Based on the research results, information was obtained
on the time between failures of 25 feed mixers under op-
erating conditions. The obtained data set of time between
failures of the PROFILE 12.2 DS and PROFILE 14.2 DS feed
mixers are characterised by the following indicators: aver-
age time between failures, t=3152.0 motor-hours; standard
deviation, o =902.6 motor-hours; coefficient of variation,
v=0.40; theoretical law of distribution — the law of normal
distribution. The correspondence between the theoretical
law and the empirical distribution of the time between fail-
ures of the mixer-feeder according to Kolmogorov’s criteri-
on of agreement was established. The calculations have es-
tablished that the values of the mean time between failures
of the objects of study, which are consistent with the law
of normal distribution, are within the confidence intervals:

4 =1964.2 motor-hours - lower acceptable limit; t/ =433.8
motor-hours - upper acceptable limit.

According to the KUHN recommended frequency of
scheduled maintenance and repairs of the PROFILE 12.2
DS and PROFILE 14.2 DS feed mixers, it was found that in
the initial period of operation of the machine, which cor-
responds to an operating time of 1250-1976 hours, knife
failures were recorded, and in the range of 2702-3428 hours
— failures of augers with knives. Failures of feed mixers,
which were recorded within the operating time between
failures of 3428-4154 motor-hours, are associated with the
loss of efficiency of the hopper. It is proposed to include
in the complex of works on maintenance and repair of the
operation an assessment of the technical condition and
restoration of the hopper’s operability, which will ensure
an increase in the availability of the mixer-feeder.

Further research will consider analytical methods for
assessing the reliability of the grinding-mixing mechanism
of feed mixers as complex technical systems “man-ma-
chine-environment” and develop measures to reduce the
likelihood of failures depending on the influence of the
human factor. Another promising area for further research
is the formation of feedback from machine manufacturers
and technical service representatives on the development
and implementation of a programme to ensure the reliabil-
ity of feed preparation and distribution equipment at the
stage of operation.
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JocnipkeHHA eKcrlyaTauiHoi HaginHocTi 3acob6iB
A9 NPUroTyBaHHSA i po3aaBaHHS KOPMIB

AHoTauia. TeHgeHIii po3BUTKY Cy4aCHOTO TBAPMHHUIITBA B CTPYKTYPi arpapHOTO BUPOOGHUIITBA Tlepen6avyaoTh
BUKOPUCTAHHS 3aC06iB JJIs1 TPUTOTYBAHHS i pO3IaBaHHS KOPMiB. Ajie 3aBISIKM aKTOpaM, sIKi XxapaKTepHi arpapHUM
nignpueMcrsaM YKpainy, Ijisd 3MilllyBadyiB-KOPMOpPO3aBauiB BigMiua€eThbcs MosiBa MOTOKY HECIIpaBHOCTEN i BiiMOB,
SIKi 3HVDKYIOTD ITOKAa3HUKYM eKCIUTyaTalliiiHoi HaiiiHOCTi 3aco6iB JIsI MPUTOTYBAaHHS i po3IaBaHHS KOPMiB. MeToI0
JaHoi cTaTTi 6y/a OlliHKa KiJTbKiCHMUX ITOKA3HMKIB HaIiifHOCTi 3MilllyBauiB-KOPMOPO3/1aBaviB B yMOBaxX eKCIutyaTallii Ta
po3pobKa 3axofiB oo ii migBuieHHs. 115 1bOro 6y/10 BUKOPYUCTAHO IIaH BUIIPOOYBaHb Ha HailiHicTh [NMT), skuii
repea6ayvae HassBHICTb MEBHOI KiIbKOCTi 06’€KTiB gocimkeHHs (N), 06’€KTM Py BTpaTi Mpale3gaTHOCTi BiTHOBIIOIOThCS
(M), BUTIpOOYBaHHS TIPUITMHSIIOTHCS ITPU JOCSITHEHHI BifmoBigHoro HanpaioBaHHs (T). BukoHaHo 36upaHHs, 06pOOKY
BUXimHOI iHGopMaIlii Ta aHaIi3 eMIipMUHUX JAaHUX HapOOiTKYy HA BiAMOBY 3MinryBauiB-kKopmopo3aaBauiB PROFILE
12.2 DS ta PROFILE 14.2 DS kommnanii KUHN B VkpaiHi. ITig uac aHanizy 6y/10 BCTAHOBJIEHO, 1[0 B TTOYATKOBMUIA TIEpiof,
eKkCIUTyaTalii 3MilryBauiB-KOpMOpO31aBayviB, iX HeCIIpaBHMI CTaH BUKJIMKAHUIi BiIMOBaMM OPYTOi Py CKIaLHOCTI.
Cepep, BimMOB Apyroi rpymm CKIagHOCTi Oy/ia BUIijieHa HeCIIPaBHICTb, 110 TIOB’sI3aHa 3 BTPATO0 IPale31aTHOCTI MeXaHi3My
Mo piOHEeHHSI-3MIIIyBaHHS, SIKMI1 TIMITYe cepe[lHe HaMpall0oBaHHs Ha BiAMOBY 3aco6y 11l IPUIOTYBAHHS i po3JaBaHHs
KopMiB. [IpoBeieHO CTaTUCTUYHMIL aHATi3 BUHMKHEHHS 3a3Ha4eHNX BiIMOB 3MilllyBauiB-KOpMOpo31aBauiB. BctaHOB/IEHO,
1110 IMOBipHOCTI BUHMKHEHHSI BiIMOBM MeXaHi3My MMoApi6GHeHHSI-3MillTyBaHHSI 3ac00Y IJ1sI IPUTOTYBAHHS i pO3iaBaHHs
KOPMIiB ITiITOPSIIKOBaHN 3aKOHY HOPMAaJIBHOTO PO3TIOAITY. 3a pe3y/bTaTamMy MpoBeleHNX PO3PAXyHKiB BU3HAUEHI OCHOBHI
rapaMeTpy MpefCcTaBIeHOr0 TEOPEeTUYHOI0 3aKOHY PO3I0AiTy. Po3paxyHkaMy BCTAHOBJIEHO, 10 CEPeIHE HallpallloBaHHS
Ha BiAMOBY cTaHOBUTH 3152,0 MOTO-TO[I.; CepelHE KBaApaTudHe BigxuiaeHHs — 902,6 MOTO-TOf,. ; KoedilieHT Bapiarii —
0,40. loBenieHoO, 10 cepelHE HAMPAI[IOBAHHS HA BiIMOBY 00 €KTIiB TOCTiIKEHHS Y3TOKYETHCS i3 3aKOHOM HOPMaIbHOTO
posnoniny 3a kputepiem 3rogu Konmoroposa. PozpaxyHkaMu BCTAaHOBJIEHO, 0 CepeiHE 3HaUeHHS MOKa3HMKaA Ha[iifHOCTi
3Ti[THO 3aKOHY HOPMaJIbHOTO PO3IIOAITY 3HAXOAUTUCS B JOBipHMX iHTepBanax: 1964,2 MOTO-rofi. — HUKHSI IOBipHA MeXa;
4339,8 MOTO-TO[I. — BepXHsI fOBipHa Mexka. OTpuMaHi pe3yabTaT Jaau MOKIUBICTb MiABUIIATY eKCILTyaTalliitHy HailiHiCTh
3MilllyBaviB-KOPMOPO34aBayiB

Knio4yoBi cnoBa: 3MilllyBau-KOPMOpPO3JaBay; MexaHi3M MOApPiOHeHHS-3MilllyBaHHS; TOKA3HMKM HaJifHOCTi;
HampaloBaHHs Ha BiIMOBY; eKCILTyaTallis
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