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Due to the large number of various defects occurring during the production process of the spread-
ing drum of a process trailer, the primary goal of the research was to develop a method for improv-
ing its quality and attempt to implement it at a selected company. Achieving the primary goal re-
quired a detailed analysis (participant observation) of the spreading drum production technology,
diagnosing the causes of the defects, and, based on this, proposing solutions that would eventually
eliminate all imperfections (quality orientation). From the perspective of the method's practical ap-
plication, a set of criteria was proposed for its evaluation. This assessed its suitability for the specific
process of producing the spreading drum of a process trailer.

spreading drum

DOI: https://doi.org/10.53502/jraae-215468

process trailer
agricultural transport

This is an open access article under the CC BY 4.0 license:

https://creativecommons.org/licenses/by/4.0/deed.en.

1. Starting point

Production improvement poses a major challenge for
businesses [1] and is a serious problem when manag-
ing many complex processes. Companies increasingly
face the dilemmas of global competition, shortening
product lifecycles, higher consumer expectations re-
garding product and service quality, and the need to
reduce costs [2]. In recent decades, a focus on quality
has emerged, involving the implementation of quality
management systems and the use of total quality
management (TQM). Only quality understood holis-
tically is the most effective instrument for achieving
competitive advantage over market rivals [3].
Therefore, quality management systems are being
implemented and a wide range of tools and methods
for quality improvement are actively utilized. Tools
based on prevention and prevention are the most ef-
fective [4]. Anticipating errors and the ability to avoid
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them are the basis for methods related to risk analysis
for processes and products. Increased quality require-
ments in companies have become the basis for devel-
opment activities. This article attempts to develop
and evaluate a method for maintaining the proper
quality of a process trailer's spreading drum, as well
as reducing defects and discrepancies during produc-
tion. This approach is intended to prevent problems
during customer operation.

Studying the technology of production of
a spreading drum through a case-by-case analysis can
be very useful for understanding all the stages and as-
pects related to the improvement of its production
process. Analysing a specific case of the production of
spreading drums allowed for: a detailed analysis of the
production process of spreading drums, starting from
the selection of raw materials, through the production
process, to quality control. By using this method, key
factors of production, including the selection of
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materials, processes and quality control procedures,
were identified, which have a significant impact on
the production quality of the spreader drums. The
case study made it possible to assess the efficiency of
the different stages of the production of the spreader
drums, identify areas where improvements could be
made, and assess the overall production efficiency. In
conclusion, the analysis of the case study of the sus-
pension drum production technology allowed the au-
thor to gain a deeper understanding of the production
process, identify key factors, evaluate effectiveness
and efficiency, analyze production costs, and deter-
mine applications and benefits. It is an important tool
in the analysis and improvement of production pro-
cesses and in the development of a business strategy
related to the production of spreading drums.

When starting the work, the following thesis was
formulated: A detailed analysis of the technology of
production of the spreading drum will allow to diag-
nose the causes of defects and, on this basis, propose
solutions that can eliminate all errors in the future.

2. Kaizen in the production of a spreader drum

Kaizen is an approach often implemented in compa-
nies producing agricultural machinery parts and
components. The etymology of kaizen is a combina-
tion of two Japanese words: "kai" — change — and "zen"
— for the better. Literally translated, it means contin-
uous improvement. Kaizen refers to small improve-
ments to the existing state, resulting from continuous
action [5]. Kaizen is an approach that involves daily
improvement throughout the entire organization,
from top management, through managers, to produc-
tion workers. It involves small but systematic changes
[6]. It can be said that kaizen is the foundation of good
management practices and the link between the phi-
losophy, systems, and problem-solving tools devel-
oped in Japan over the last thirty years. This concept
assumes that company problems should be solved by
creating an appropriate organizational culture.
Kaizen assumes that "excellence" should lead to in-
creased customer satisfaction. The foundation of the
kaizen strategy is therefore management, which must
seek various ways to increase customer satisfaction by
meeting their expectations. Therefore, improvement
in areas such as quality is crucial. The kaizen philoso-
phy and methodology, which promotes continuous
improvement through small steps, quickly leads to
positive results, as increased efficiency can be
achieved without major investments and in a short
time [7]. Primarily, the effects of the improvement
process can include increased efficiency of machines
and equipment, optimized material flow, shortened
production times, and increased customer

satisfaction. This can be achieved through a struc-
tured, methodological approach to all processes and
the willingness of employees to participate in the con-
tinuous improvement process. The foundation of an
organization's success, therefore, lies in establishing
clear company goals, a clear operational concept, and
consistently implementing them in practice [8].

In this paper, "kaizen" is treated as an approach to
improvement based on common sense and low costs.
In practice, this also meant that every employee in the
organization was involved in the improvement pro-
cess. Importantly, the kaizen process was imple-
mented by changing the production method of the
spreading drum [9], and not by large financial ex-
penditures [10].

3. Research problem

The research discussed in this paper was conducted at
a manufacturing company operating in the agricul-
tural mechanization sector. The company's primary
activity is the production of spare parts and compo-
nents for agricultural machinery - the vast majority
for agricultural transport vehicles (process trailers,
manure spreaders, and slurry tankers).

The company's main problem was the relatively
high number of defects that occurred during the pro-
duction process of the spreading drum of the
Fortschritt T-088 process trailer (Fig. 1).

Fig. 1. Fortschritt T-088 technological trailer

Source: www.zpcz.pl

In light of the above, analyses were undertaken to
develop a method for improving the quality of the
spreading drum. This focused on actions to eliminate
the causes of defects. Based on this, a catalogue of so-
lutions was proposed that would eventually eliminate
all the imperfections identified in the process. Alt-
hough the improvement actions presented in this
work were aimed at improving the quality of
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manufactured products, they encompassed the logis-
tics and production areas of the company's opera-
tions. These actions led to the improvement of man-
ufacturing processes implemented during the
spreading drum production process.

4. Method of improving the quality of the spreading
drum of the technological trailer - characteristics of
the introduced changes

In the first stage of the research, the purpose and sub-
ject of the analysis, as well as the areas in which po-
tential defects should be sought, were defined in de-
tail. This allowed for the identification of specific
problems. A problem-based approach was used to
compile a list of the defects under consideration
(analysis was performed on areas where problems
were identified), and a systemic approach, where the
product, design, or process was considered holisti-
cally. The second stage involved the analysis itself,

focusing on three indicators: (1) the significance of
the defect, (2) the frequency of occurrence, and (3)
the detectability of the defect). At this stage, the rela-
tionship between cause and defect, problem and ef-
fect, was established. The next stage was to determine
the significance of the defect, define the potential
causes of the defects, and determine their frequency.
Next, it was necessary to determine how often a given
defect was implied by an incorrect production pro-
cess. After the analyses, the next stage was to imple-
ment and monitor preventive measures. Corrective
measures were applied to the specific defect and its
cause.

As a result of the analysis, key causes of specific
defects in the spreading drum of the processing trailer
were identified. A list of potential causes that could
lead to defects is presented in table 1. The factors were
focused on three groups: (1) material, (2) machines,
means and work items, (3) technology.

Table 1. Causes of quality defects

MATERIAL / RAW MATERIAL MACHINES, MEANS AND TECHNOLOGY
OBJECTS OF WORK
Low-quality material Failure rate of machines and Outdated technologies

Manufacturing defect
Incorrectly selected raw material
Lack of raw material input con-
trol

Unstable material supply

equipment — poor technical con-
dition of machines (worn-out de-
vices)

Instability of energy supply
Inaccurately set parameters

Lack of modernization and
maintenance activities

Excessively worn-out devices

Lack of proprietary solutions in
manufacturing methods
Technology not adapted to requi-
rements

Highly repetitive operations
Inappropriate operating proce-
dures

Improper transport and loading

— Illegible operating instructions

Source: own study.

Due to the large number of various defects that oc-
curred during the production process of the spread-
ing drum of the Fortschritt T-088 process trailer (Fig.
2), an analysis of the so-called "bottlenecks" was per-
formed. Initial observations showed that outdated
technologies, a lack of individual (dedicated) solu-
tions in manufacturing methods, and worn-out de-
vices (holders, fasteners, etc.) contributed most to the
defects.

Fig. 2. Spreading drum of the Fortschritt T-088 techno-
logical trailer

Source: www.zpcz.pl

Selecting appropriate directions for improving the
production process is one of the most important or-
ganizational and management issues in the develop-
ment of a spreading drum. The primary selection cri-
terion should be the pursuit of maximizing the
benefits obtained from the implemented change.
Therefore, during the research and development
work, attention was paid to:

— the ability to integrate, reconfigure, acquire, and
release production resources to respond to market
changes or to provoke them spontaneously;

— the ability to use technological resources to ma-
nipulate existing enterprise resources to create
new configurations.

Furthermore, it was assumed that the primary se-
lection criterion should be the pursuit of maximizing
the benefits obtained from the implemented
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innovation. The degree of universality of the imple-
mented innovation, the payback period of the in-
vested capital, and the projected lifespan of the inno-
vation are equally important. Based on the above, it
was determined that the implemented changes
should be focused on introducing quality-related so-
lutions covering production means (machines, equip-
ment, tools, devices), work items (raw materials, ma-
terials, semi-finished products, energy), and
production technology (workflow).

The implemented solutions were linked to indi-
vidual components of the manufacturing process, i.e.,
they concerned specific areas, ongoing processes, and
technological activities. The proposed changes indi-
cate the need for ongoing transformations in manu-
facturing processes, including changes within indi-
vidual technological operations. The tooling and
technology developed and applied in the drilling
(subtractive machining) process, aimed at eliminat-
ing the defect of incorrect hole positioning, was man-
datory in the context of the conducted assessment.
Currently, outdated technology, means, and work
items were being used, therefore, it was demonstrated
that the implemented changes eliminated the techno-
logical inadequacies that resulted in a deterioration in
the quality of the final product. In this regard, it was
determined that the process of implementing the in-
novation did not require significant financial invest-
ment, which was an added value of the introduced
change. Therefore, to eliminate the problem of incor-
rect hole positioning, fixtures were used [mounting
fixtures] enabling drilling operations for the drum
journal base by manually transferring the workpiece
to the fixture. Special fixtures and drilling jigs were
used to secure the workpieces, allowing for drilling
holes in workpieces with differently spaced holes.
Furthermore, the fixtures were adapted to a wide
range of similar workpieces, requiring minimal

fixture changeover times. The entire technological
process was carried out using double-spindle drilling
machines, designed to simultaneously machine two
holes.

The spindles of these drilling machines are
mounted in a head that slides along the guides of the
stand. To eliminate uneven screw spacing relative to
the main drum, misalignment resulting in vibration,
and asymmetrical mounting of the cutting knives and
upper journal, welding fixtures were used to ensure
complete dimensional repeatability of the structure.
During the welding process, all drum components are
precisely positioned and properly pressed against the
mounting bases in the welding fixtures, ensuring lim-
ited welding shrinkage and maintaining the required
settings and tolerances. The innovative design solu-
tion used in the welding fixture allows for easy and
precise adjustment of the mounting bases, signifi-
cantly reducing the time required for any dimen-
sional corrections.

5. Expert evaluation of the method for improving
the quality of the spreading drum of the technolog-
ical trailer

Analysis of the production of the next drum batch
manufactured after implementing the recommended
solutions showed that in the case of non-conformities
- in each of the above-mentioned areas — they were
significantly reduced (quality optimization). As a re-
sult of participant observation and analysis of pro-
duction documentation, it was determined that the
implemented changes resulted in significant benefits,
namely a complete reduction of defects arising during
the drum production process — defects that prevented
its release for further sale. The following are illus-
trated in Table 2.

Table 2. Analysis of defects before and after introducing changes in the spreading drum manufacturing process

Type of defect Before After
Incorrect hole dimensions 29 1
Asymmetrical mounting of cutting knives 19 0
Misalignment resulting in vibration 25 0
Asymmetrical mounting of the upper journal 16 0
Incorrectly positioned weld (uneven coating) 12 1
Uneven screw position relative to the main drum 22 0

Source: own study.

The presented direction of change allowed for the
correction of product defects and, taking into account
the measurement of selected criteria, enabled verifi-
cation of the accuracy of initial assumptions regard-
ing the outdated technologies used by the company

and the lack of individual solutions in terms of prod-
uct manufacturing methods.

To substantively evaluate the proposed and imple-
mented method for improving the quality of the
spreading drum of the technological trailer, a creative
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discussion was held. Four individuals directly associ-
ated with the company were invited to participate in
the discussion (the company owner with many years of
experience in implementation processes, the produc-
tion manager, the chief technologist, and the designer).
The selection of experts was based primarily on their
competences, including professional experience in
production logistics. In each case, these individuals
were professionally active, actively participating in the
production processes of the company from which they
currently originated and for which they worked.

The equipment and technology developed and im-
plemented in the drilling process, designed to elimi-
nate the defect of incorrect hole positioning, received
very high marks. During the discussion, it was clearly
indicated that outdated technologies, a lack of indi-
vidual solutions in manufacturing methods, and
worn-out equipment are the greatest contributors to
drum quality defects. It was noted that in the analyzed
case, it was crucial not only to identify the direction
of change but also to identify the type, methods, and
manner of their implementation.

The solutions identified were linked to individual
components of the manufacturing process (specific
areas, processes, and technological solutions), which
was argued to be an added value of the proposed im-
provement method. Many positive comments con-
cerned the implemented welding equipment. Atten-
tion was drawn to the possibility of eliminating the
uneven arrangement of the screw relative to the main
drum, which was crucial for improving the quality of
the spreading drum. It was noted that the scope of the
eliminated inconveniences, including eliminating the
problem of concentricity, required a solution pre-
sented during the ongoing research.

6. Discussion and conclusions

Due to the occurrence of defects during the production
process of the Fortschritt T-088 spreading drum of the
processing trailer, it was decided to implement preven-
tive measures intended to significantly reduce their
number, which would ultimately impact the quality of
the product during its development and operation.
Therefore, a catalog of solutions was proposed that
would eliminate key deficiencies in the long run. Many
of the adopted measures relate to improvement activi-
ties characteristic of the lean manufacturing method
[11]. While solving the problem is crucial, it must be re-
membered that preventing its recurrence, i.e., eliminat-
ing the cause, is equally important. Therefore, the cor-
rective actions taken are nothing more than "learning
from mistakes" and drawing conclusions. The results of
the analysis of the resulting discrepancies, the imple-
mentation of corrective and preventive strategies, and

the verification of the entire spreading drum production
process demonstrated the effectiveness of the proposed
measures, as the manufacturer managed to eliminate
the cause of the specific problem. The research results
clearly indicate that, based on professional analysis and
cause-and-effect diagnosis, it is possible to develop and
implement a solution that will improve efficiency and
enable a sustainable competitive advantage in the mar-
ket. These include numerous interconnected processes
and activities that change the scope of the production
management system.

Remedial recommendations should include a ho-
listic program of changes and improvements to se-
lected processes, including a detailed remedial pro-
gram and its implementation schedule, as well as
a financial plan and budget for implementing the im-
provement program. The author emphasizes the ra-
tionalization of capital utilization, the possibility of
creating new production resources with the introduc-
tion of changes, and the implementation of manufac-
turing methods and techniques, which will ultimately
contribute to increased production efficiency of the
spreading drum. The paper unanimously concluded
that the proposed technological changes concern di-
mensions such as means of production, work items,
and technology. The paper emphasizes the need to
leverage knowledge and experience to quickly capital-
ize on the opportunities associated with emerging
changes [12]. The work highlights the importance of
fluidity in production resources, which implies the in-
ternal reconfigurability of the logistics and produc-
tion system, allowing for rapid transformation and
improvement of the production model.

Although the paper provides a detailed analysis of
the technology of production of the sizzling drum, us-
ing a case study, it is necessary to pay attention to
methodological limitations, including the wider appli-
cation of the results of the study. A small sample of ex-
perts, limited quantitative analysis can lead to interpre-
tations of results that prevent their direct translation
into the production of other products. To overcome
these limitations and allow for wider application of the
study results, several steps can be considered. It is rea-
sonable to widen the research sample or expand the ex-
pert group to better reflect the representativeness of the
results. The use of additional test methods, both quan-
titative and qualitative, should also be considered. In
the long run, this can provide a more comprehensive
and deeper understanding of the problem. In addition,
it is recommended to be careful in drawing generaliza-
tions and to clearly define the boundaries and context
of the application of the study results. To sum up, it is
reasonable to undertake research initiatives aimed at
improving the quality of research and enabling wider
application of its results [13].
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