AST Advances in Science and Technology
\MRJ Research Journal

Advances in Science and Technology Research Journal, 2025, 19(3), 252-261
https://doi.org/10.12913/22998624/197209
ISSN 2299-8624, License CC-BY 4.0

Received: 2024.10.22
Accepted: 2025.01.13
Published: 2025.02.01

Upgrading the production process and improving the quality
of linear double-row cages through value stream maping

Weronika Paruzel’, Maciej Zwierzchowski"®

! Department of Metal Forming, Welding and Metrology, Faculty of Mechanical Engineering, Wroctaw Univesity
of Science and Technology, ul. Ignacego tukasiewicza 5, 50-371 Wroctaw, Poland
* Corresponding author e-mail: paruzelweronika@gmail.com

ABSTRACT

In an era of intense competition in the market, manufacturing companies confront the challenges of optimizing
production processes and improving the quality of the products they offer. In this context, instruments such as
value stream mapping (VSM), a logical map and a technological approach to the process become invaluable. The
purpose of this article is to present a methodology for their application in the process of optimizing production time
and improving product quality, as well as the results of a study conducted at a manufacturing company engaged in

the production of linear technology solutions.
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INTRODUCTION

In the pursuit of scientific and industrial ad-
vancements, the role of unforeseen opportunities
— often perceived as “luck” — can significantly
influence progress, particularly in optimizing
complex systems like manufacturing. However,
relying solely on chance is neither sustainable
nor sufficient to address the demands of modern
production processes. This paper focuses on sys-
tematically improving manufacturing efficiency
through the application of VSM, a structured ap-
proach that transforms the way production chal-
lenges are identified and resolved [1, 2].

The competitive nature of today’s global
markets, driven by rapid globalization and the
dominance of e-commerce, necessitates continu-
ous innovation in production processes. Compa-
nies must strive to deliver high-quality products
at competitive prices to remain viable. These
pressures underscore the importance of efficient
manufacturing practices that go beyond isolated
instances of success or accidental improvements.
Instead, deliberate, methodical approaches such
as VSM ensure consistent and measurable results
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[3, 4]. The research addresses critical gaps in
traditional manufacturing by focusing on the
systematic reduction of waste, optimization of
workflows, and enhancement of communication
within production teams. By analyzing and vi-
sualizing the flow of materials and information,
VSM enables teams to pinpoint bottlenecks and
develop actionable solutions. The paper empha-
sizes the integration of logic maps and modern
technologies to bridge the often-overlooked con-
nections between production steps, fostering a
comprehensive understanding of how to enhance
efficiency and quality systematically [5-7].

This study also highlights the broader im-
plications of improvement methods. By refining
the process for identifying areas of enhancement,
implementing targeted changes, and monitoring
their effects, organizations can create a cycle of
continuous improvement. The research con-
tributes to the growing body of knowledge in
lean manufacturing, showcasing how structured
methodologies like VSM can replace reliance on
chance with strategic action, ensuring that pro-
duction systems evolve to meet contemporary de-
mands effectively and sustainably [8].
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MATERIALS AND METHODS

The research was conducted at a company that
manufactures linear technology solutions. The re-
search process consisted of several key steps [9]:
1. Data collection: analyzing production docu-

mentation, measuring the durations of a given
production stage, directly on the production
hall, and interviewing employees.

2. Application of a logic map: visualizing the
flow of information from the moment a cus-
tomer inquiry is received, until the order is ac-
cepted for production.

3. Technology approach: depicting the current
production process of a bearing cage using a
technology approach.

4. VSM creation: development of a current state
value stream map for the process under study.

5. Data analysis: identification of bottlenecks and
areas of waste. Create a value stream map with
suggestions for improvement.

6. Implementing changes: creation of a future
state map, with process improvement tasks
plotted. Implementation of proposed solutions
and monitoring of effects.

The research concerns the production process
of bearing cages, as a result of the problems re-
ported by the production which are the poor qual-
ity of the punched holes for the gear unit - burrs
and wavy surface of the resulting hole, is shown
in Figure 1, and the long time and problematic
nature of the assembly of the gear unit.

Value stream mapping

Value stream mapping — VSM, is a graphical
representation of entire production processes, based
on which it is possible to identify places, areas that
can be upgraded, or improved or eliminated. Its

primary function is to eliminate occurring mud,

or waste in the company. Among these, the most

common are inter-operational expectations, down-
time, excessive storage and material handling. The

creation of a VSM consists of three steps [10]:

1. Value stream analysis — VSA — this is a map
representing the current course of the compa-
ny’s value stream [11].

2. Value stream design — VSD — this is a represen-
tation of possible changes, this map marks the
areas that can be modified [12].

3. Value stream work plan — VSP — this is a map
of the future state, i.e. after the implementation
of the proposed changes [13].

By conducting a VSM analysis, a company
can obtain the following information, which can
be helpful for improving the production process of
the product under study. The first is to find sources
of waste. Another advantage is to detect opera-
tions that do not add value and reduce the lead
time of the entire order, reduce the costs incurred,
improve and optimize the entire process. By cre-
ating a map, it is also possible to see the overall
process that needs to be done to produce an or-
der, from the moment it is placed by the customer
to the moment the packed order is shipped [14].
The symbols that were used during the mapping,
within the framework of the following work, are
described in Table 1 [15].

Logic map

A process logic map is a tool by which a set of
sequential activities and the flow of information in
a company can be illustrated in a clear way. These
maps are particularly helpful when creating the so-
called VSM, which means value stream mapping.
Such a map can illustrate, for example, the sequence
of successive activities and decision-making stages,

Figure 1. Described quality problems of the beaering cage
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Table 1. Symbols used in value stream mapping
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in a given company, that take place from the mo-
ment a customer inquiry is received, until it is ap-
proved and proceeds to execution. As in the case of
creating a manufacturing process in technological
terms, specific symbols are used in the creation of
logic maps [16, 17]. The logic map shown in Figure
2 presents the flow of information that takes place
inside the surveyed company, from the moment a
customer places an order until it is accepted and
proceeds to fulfillment.

The technological view of the process

The technological approach to the manufac-
turing process is to delineate all the successive
steps that need to be performed to obtain the fin-
ished product. For this purpose, a systematized set
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of symbols has been adopted to represent a given
operation, assembly, pre-processing, proper pro-
cessing, transportation, quality control, or stor-
age, and many others [18]. The diagram shown
in Figure 3 illustrates the manufacturing process
for the production of bearing cages with a gear
unit, in technological terms. The process begins
with the intake of the necessary input materials
for production, and so, in the process under con-
sideration, the intake occurs three times:
e at the beginning the intake of the flat bar from
which the cage will be made,
e then the rolling elements for filling the basket,
needed at the stage of filling the basket,
e the final, third intake of materials from the
warehouse occurs when the gear units are
made.
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Figure 3. Technological approach to the production process of the bearing cage

Subsequently, the process goes through all
the operations that are necessary to obtain the
finished product and send the product to the
customer. This is the stage where the manu-
facturing process ends. A schematically drawn

manufacturing process in technological terms is
shown in Figure 3. Each number, has a specific
operation assigned to it. Table 2 is an expla-
nation of what is done step by step to get the
finished product.

255



Advances in Science and Technology Research Journal 2025, 19(3), 252-261

Table 2. Stages of bearing cage production in
technological terms

Number Action

1 Punching the holes for needles

2 Machine straightening

3 Grinding

4 Cutting to size

5 Custom milling

6 Chamfering the edges of the basket faces

7 Straightening |

8 Bending (90°)

9 Hole punching for gear unit

10 Hand finishing of the holes for the gear unit

11 Straightening Il

12 Packaging_ + shipping to cooperator
[Phosphating].

13 Receipt of gqods + Inspection after
phosphatization

14 Filling with needles

15 Inspection for the possibility of rolling elements
falling out

16 Assembling the gear unit

17 Finishing of the gear unit

18 Assembly of the gear unit with the cage body

19 Washing and conservation

20 Final inspection

21 Packaging

Mapping the production process of the
bearing cage

In order to make a value stream map of the cur-
rent state, it is important to prepare all the neces-
sary information, which will then be included in the
map. Based on the collected data, a value stream
map was created for the production of bearing cag-
es with a gear unit. It is illustrated in Figure 4.

Currently, the production cycle time for 10
pieces of bearing cages, 100 mm in length, having
50 needles is 389.3 min. In addition, 4 months are
needed to fulfill the order of input materials for
production. Also included in the cycle time are 52
days and a period of up to 1 year during which the
components used for production are stored. The
value-added time is 292.3 min plus the 30 days
needed for the phosphatization process.

Figure 5 presents a value stream map in its
current state, where areas, places of the process
that can be upgraded in some way, and thus im-
prove the quality / efficiency of the overall pro-
cess, are marked.

Based on the value stream map created for the
production process of HW 10 bearing cages with a
gear unit, several improvement possibilities were
identified. First, it is recommended to change the
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Figure 4. Value stream mapping — current state
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Figure 5. Value stream mapping — current status with marked possibilities for improvement

production method from a pushing system to a
pulling system and to introduce KANBAN cards
to enhance workflow management. The purchas-
ing department should adopt a “go and see” ap-
proach to stock evaluation before placing orders.
Production planning could be improved by de-
termining daily production requirements instead
of monthly targets and switching to weekly or
daily production schedules. Similarly, delivery
schedules for finished goods should align with a
Just-in-Time (JiT) approach, occurring weekly or
daily. JiT principles could also be applied to the
supply of flat bars and rolling elements to elimi-
nate unnecessary storage.

Stricter control of input materials should be
implemented, alongside the introduction of the
FIFO (First-In, First-Out) principle to optimize
inventory flow. Efforts should be made to reduce
the need for intermediate storage and introduce
additional quality controls after the cutting stage.
Streamlining processes at the milling and cham-
fering stages could eliminate excessive transport.
Transitioning from manual to machine-based
straightening for both shifts would improve effi-
ciency. The inspection process for punched holes
in gear units should be conducted at 100% accu-
racy, with clear criteria established for evaluating
hole correctness. Moreover, the punching tool for
gear units could be redesigned to eliminate the
need for finishing and reduce changeover time.

Considering alternative cooperators for the
phosphorization process might address bottle-
necks in this area. Automation of the cage-filling
process for rolling elements and the introduction
of visual inspection directly at the needle-filling
station would help eliminate unnecessary trans-
port and feedback loops. Pulling gear units instead
of pushing them would further align the workflow
with lean principles. Establishing a feedback loop
between unit assembly and manufacturing could
help minimize excessive waste, while a change
in gear unit manufacturing technology might im-
prove overall efficiency. A stationary magazine
should be introduced at the unit assembly station,
coupled with a comprehensive gear unit inspec-
tion plan. Finally, improving lighting at the grind-
ing station would enhance working conditions
and potentially improve productivity. Based on its
analysis of the feasibility and cost-effectiveness
of the proposed changes, the company decided
to implement several key improvements. For the
purchasing department, a “go and see” approach
was adopted to enhance stock evaluation. An ad-
ditional weekly schedule was introduced, which
is ultimately intended to serve as the master pro-
duction schedule. Stricter control of input materi-
als was established, along with the application of
the FIFO principle. Quality assurance measures
were enhanced by implementing a 50% inspec-
tion rate after the cutting stage. In the production
process, excessive transport was eliminated at
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the milling and chamfering stages by optimizing
working nests.

The inspection of punched holes for gear units
was increased to 100%, with each piece tempo-
rarily set for inspection as a short-term solution.
Additionally, the tool used for punching gear
units is being redesigned to eliminate the need for
hole finishing and reduce changeover time, with
development currently underway. Instructions are
being created to standardize the evaluation pro-
cess for the accuracy of gear unit holes and the
gear units themselves. Visual inspection was in-
troduced directly at the needle-punching station
to avoid unnecessary transport and loopbacks.
Gear units are now being pulled through the pro-
cess, supported by the introduction of KANBAN
cards and a supermarket system.

To further streamline operations, a feedback
loop was implemented between unit assembly
and manufacturing to reduce excessive waste.
Lighting at the grinding station was improved to
enhance working conditions. Inter-operational
storage was minimized, leaving only one neces-
sary storage point between the straightening and
90° basket-bending stages. A stationary magazine
was introduced at the unit assembly station, and a
new tool for gear unit assembly was implemented.
JiT supply systems are under consideration, with

efforts underway to establish cooperation with a
nearby company to facilitate their implementa-
tion. Pull production and the use of KANBAN
cards are in the process of being fully imple-
mented. Lastly, the company is exploring the pos-
sibility of engaging another subcontractor for the
phosphatization process and is actively searching
for suitable alternatives. The implemented chang-
es are illustrated in Figure 6.

After the changes, the production cycle time
for 10 pieces of bearing cages, 100 mm long, hav-
ing 50 needles is 320.1 min. In addition, 4 months
are needed to fulfill the order of input materials
for production. Also included in the cycle time
are 41 days and up to 1 year during which the
components used for production are stored. The
value-added time is 241.1 min plus the 30 days
needed for the phosphatization process.

RESULTS

The use of tools such as VSM, logical map and
technological view of the process brought signifi-
cant benefits in terms of optimizing production
processes and improving product quality. Identi-
fied bottlenecks and waste have been effectively
reduced, which allowed the company to achieve

Figure 6. Value stream mapping — future state
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its goals. The results of the study confirm that a
systematic approach to analyzing and optimizing
production processes is key to increasing a com-
pany’s competitiveness. In the future, it is worth
continuing to monitor and improve implemented
solutions and invest in new technologies to main-
tain high quality and production efficiency.

Based on the analysis of the production pro-
cess of the bearing cage with the gear unit, it
was noted that there are many places that can be
changed, in order to achieve better results. The re-
sults achieved based on the changes made so far,
as to the reduction of times are shown in Table 3.

Value-added time decreased by 51.2 min,
and cycle time by 69.2 min and 11 days, due to
the elimination of inter-process storage. As can be
seen, continuous flow achieves high results on the
duration of the entire product manufacturing cycle.

On the basis of frequent problems as to the in-
put materials for the designs, increased control at
the input also helped to increase the quality of the
products and eliminated the problems encountered
in later stages of production with the fit of the units
in question. The quality of manufactured products
was also influenced by the introduction of uniform
instructions on how to control the results obtained
after the various stages of production.

It turned out to be crucial from the point of view
of cycle time and quality to change the tooling on
the gear unit assembly station, as well as the punch-
ing of the hole for the component. The tools used
previously proved to be outdated and unable to
meet the accuracy and productivity requirements.
Also, changing the production system from push
to suction-pull and creating a supermarket made it
possible to achieve a smoother flow of components
between assembly stations. One significant issue
identified internally is the inability to accurately de-
termine the time required for machine changeovers.
This is a critical oversight, as changeover time does
not contribute any value to the finished product and
is, therefore, a form of waste that should be mini-
mized or eliminated. Addressing this inefficiency
is essential for further process improvements. Ad-
ditionally, consideration should be given to imple-
menting a JiT system to reduce unnecessary move-
ment and storage of input materials, which further
streamlines the production process.

Table 3. Times after improvements

Another notable observation is the absence of
a dedicated person responsible for replenishing
materials at specific workstations. Currently, each
operator must leave their workstation to retrieve
the necessary materials from the warehouse. This
practice is highly inefficient, as it requires opera-
tors to halt machine operations and spend valuable
time locating input materials. This interruption
not only affects the productivity of the individual
but also impacts the overall workflow. Assigning
a dedicated materials handler would help resolve
this issue, ensuring that operators can focus on
their tasks without unnecessary delays.

The process has been able to improve to some
level, but even more optimization is possible af-
ter more detailed observations and accurate time
measurement of the entire production process. In
addition, the company should consider develop-
ing the quality management system it currently
has. The main features of the contemporary ap-
proach to quality management are:
the application of quality management proce-
dures to all management issues, including the es-
tablishment of policies, strategies, organizational
structure and the formation of a work culture all
employees are involved in quality assurance,
prevention of problems rather than their
removal,
the main responsibility for quality assurance
rests with management, which initiates and or-
ganizes quality improvement activities,

a sense of shared responsibility providing job
satisfaction and increasing motivation,
knowledge of customer expectations and re-
quirements is collected,

quality pays for itself,

the goal is to produce “no shortages” through
continuous improvement,

planning the process in such a way that it is
“right the first time”.

On the basis of this article, it is possible to
see the great effectiveness and validity of carry-
ing out systematic quality management activities.
These activities make it possible to capture the
problem areas that reduce the efficiency of a giv-
en production process. A good tool that does not
require a lot of money is Value Stream Mapping,

Value-added time 51.2

min

Cycle time 69.2

min

11 days
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which illustrates the current course of production
and allows a clear presentation of what is current-
ly the problem and what improvements to make,
in order to achieve better results.

CONCLUSIONS

The implementation of VSM in the produc-
tion process of bearing cages has demonstrated
significant advantages in optimizing both effi-
ciency and product quality, even within the con-
straints of limited production time. By thorough-
ly analyzing and redesigning the workflow, we
achieved a substantial reduction in value-added
time. Value-added time was reduced by 51.2 min
and cycle time was reduced by as much as 11
days and 69.2 min.

These improvements not only highlight the
versatility and effectiveness of VSM as a lean
manufacturing tool but also underscore its impact
on addressing production bottlenecks, reducing
waste, and enhancing overall process transpar-
ency. The integration of VSM into the production
process ensures that resources are allocated more
effectively, promoting a culture of continuous im-
provement and operational excellence.

By applying VSM, the production process is
now more agile, responsive, and aligned with the
growing demand for high-quality bearing cages
in competitive markets. This case study reinforc-
es the importance of adopting lean methodologies
like VSM to drive sustainable growth and main-
tain a competitive edge in the mechanical manu-
facturing industry.

The application of VSM in improving pro-
duction processes is widely recognized as one
of the key tools in Lean Management. This tool
enables the analysis and optimization of material
and information flows, identifying areas of waste
(muda) and pointing out potential improvements.
The analysis conducted in this study confirms that
VSM is effective in streamlining production pro-
cesses; however, its efficiency depends on several
key factors that require detailed discussion.

In this study, the implementation of im-
provement actions based on the value stream
map yields the best results, when it incorpo-
rates the experience of machine operators and
production workers. Additionally, it is impor-
tant to consider the role of technology in facili-
tating the mapping process.
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In conclusion, while VSM is a versatile tool for
improving production processes, its effectiveness
largely depends on the context of its implementa-
tion. It requires proper team engagement, the use
of available technologies, adaptation to process
specifics, and the establishment of an organization-
al culture that supports continuous improvement.
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