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Abstract: This paper deals with the topic of Key Performahudicators as a tool for evaluating the efficierady
production processes. In the current competitivekat@nvironment, manufacturing enterprises faceeimsing demands
for maximizing efficiency and performance. Tradit@bfinancial indicators often fail to capture twnplexity of process
improvement, necessitating a shift towards morepretrensive evaluation methods. Key Performanceétalis (KPIs)
have become essential tools for assessing produgtiiciency, providing a framework for monitoringyeasuring, and
optimizing various production activities. This papgamines the implementation and benefits of KiPln engineering
company specializing in CNC machining of metallimanon-metallic components. The research outlirge@by-step
algorithm for KPI integration, including process ppang, identification of process owners, data @i, and
performance evaluation. The study specifically f@gion the KPI "number of non-conformities” to asgeroduction
stability over a 16-month period, using internatteger million (ppm) metrics. The results demaatstthe role of KPIs
in improving transparency, enhancing decision-mglguiality, and supporting continuous improvemeritiatives.
Furthermore, the paper discusses the importaneelating to market trends, such as technologicedvations and
legislative changes, to maintain a competitive athge. The findings indicate that the strategic afs&PIs allows
companies not only to track operational performangealso to proactively respond to industry changfeus fostering
sustainable growth.

1 Introduction competitiveness must also pay attention to otheistle
The current competitive market environment imposef@ctors for the sustained success of the enterprisese
high demands on the maximum performance dpay include implementing sustainability practioehjch
manufacturing enterprises. With increasing comipetit NOt only reduce costs but also improve the compsany’
and a high level of competitiveness, the pressar¢he reputation. Assessing a wide range of relevantatdrs
performance and efficiency of companies is growinghat express the overall performance of procesess
Enterprise management recognizes that achieving apignificant role in today's context. These indicatare
gaining a competitive advantage leads throughieffay ~referred to as key performance indicators.
and process performance. Therefore, it is important )
monitor individual activities within the companydperate ~ For a better understanding of the current market
efficiently and strengthen market position. situation, it is necessary to consider other asp#uat
influence the performance and competitiveness ef th
Current basic financial indicators, which mostlgde enterprise. These factors may include innovation,
on the past and inadequately reflect the need fétvestment in human resources, development of new
improvement in specific areas to achieve the colyipanproducts and services, as well as improvement of
priority goals, are no longer sufficient for perfance Management processes and communication within the
evaluation. Companies aiming to enhance thefompany. The role of employee engagement has also
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emerged as a critical factor, directly affectingqurctivity

and process outcomes. Effectively utilizing thespeats
can have a crucial impact on the long-term suceess
sustainable growth of the enterprise.

Additionally, it is important to pay attention tapid
changes and trends in the industry that may atfest
company's competitive  position.  This
technological innovations, legislative changesnges in

can state that all authors agree that the mostfisignt
contribution of KPIs lies in increasing the effioty of
business processes and improving product quality by
introducing measurable production indicators [8,9].

After reviewing numerous literary sources, it igdewnt
that the implementation of key performance indicato

includesrings many advantages to businesses that decatiotu

them. The following benefits are prioritized: prodivig

consumer preferences, and other factors that ce@ &a transparent goals for employees, enhancing prodiycti

significant impact on

the company's performancemproving the quality of managerial decision-making

Companies that actively monitor these changes apdocesses, making performance evaluations moretolge

incorporate predictive analytics into their strategre
better equipped to stay ahead. Therefore, it isssary for
enterprise management to be able to react flexibthiese
changes and adjust their strategy according t@uinent
market situation. In conclusion, it is crucial fmmpanies
to maintain flexibility and adaptability in orderot

successfully compete in a dynamic and constantly

changing market environment.
2 Literaturereview

Key Performance Indicators (KPIs) are among thetm
common indicators of process efficiency in todap'stext.
This term refers to indicators, i.e., performanegrios and
measures assigned to a process, service, organizat
unit, or the entire organization. KPIs express dbsired
performance by assessing the quality, efficiency,
economy of the evaluated entity. They are usell laivels

of organizational management, primarily in strategi
management, goal-oriented management, and service

management [1].

In the standard STN EN ISO 9004:2010 [2], in chap
8.3.2, key performance indicators are defined atofa
that an organization controls and are criticatdsustained
success. These must undergo performance measure
and be identified as key performance indicatorsfN &N
ISO 9004:2010). KPIs are undoubtedly essentiaktéu
measuring and controlling all processes within
organization. These indicators allow for the idcdtion
of whether activities are being carried out effesli and
help optimize all involved resources. KPIs musletfthe
organization's corporate strategy and competitaeofs
and should focus on how results are achieved [8R]s

must also be meaningful, coherent, goal-driven, ang

standardized for objective comparison across differ
organizations [5]. Many published research papesgeh
dealt with defining and identifying the benefitsasiated
with implementing KPlIs into business processes|.[8V&

and purposeful, strengthening organizational efficy,
enhancing the quality of services provided,
establishing clear safety metrics [10-13].

and

3 Methodology for implementing key
performanceindicatorsin

a manufacturing company

The research was conducted in an engineering
company specializing in the machining of both mietal
and non-metallic components using cutting procefdsils
OFhe products of the analysed company (Figure 1) are
utilized in window system mechanisms, the furniture
industry, hydraulic units, and primarily in prodsict
manufactured by renowned automobile producers,eds w

6’;15 manufacturers of heavy-duty vehicles.

The production involves a wide range of components
manufactured mainly through cutting processes, ingng
m simple turned parts to intricately machinedgeis
finished through grinding, threading, rolling, oiilimg.
The primary manufacturing process is CNC machimihg
%oth metallic and non-metallic parts. The esserfcéne
production technology is represented by machining
centres, CNC lathes predominantly working with bar
n?ﬁgferial, and compact horizontal centres. The mizdu
consist of turned and milled components, which can
subsequently undergo finishing processes suchirading,
Athread rolling, or drilling. The company primarityonitors
order-based financial indicators, but it considets
important and necessary to begin tracking indicatbat
express the overall performance of processes.

t

The implementation process of KPIs in the analysed
mpany was divided into steps, the fulfilment diiet is
crucial for the success of the KPI implementatitself.
The sequence of carrying out these steps is \athlib the
planning phase and during the actual implementation
KPIs into the company's processes.
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Figure 1 Example of manufactured components

For the planning of individual steps of KPlindicators characterizing product quality includite
implementation into production processes, an dlgori number of complaints, plan fulfilment, the numbénon-
was developed. This algorithm defines the spestéps of conformities, overall productivity, and productitime per
introducing KPIs, as well as the assessment ofgsoc unit.
performance and subsequent actions in case of not

achieving the goals: 4 Resultsand discussion
) For the purposes of our research, we selected fHe K
Step 1. Creation of processes maps. "number of non-conformities" [14]. Specifically, eth

performance of orders for part A was assessed luastt:
Step 2. ldentification and determination of Proesss number of non_conforming pieces over the total toma
and process owners to be measured. of the orders during the 16 months of 2022 and 2028
result is an expression of internal ppm (partsmidion)
Step 3. Definition of key performance indicatorstfee  for part A for each individual order (Table 1). The
process. evaluation is always conducted for the productieriqal
of a specific order after its completion. The inpate the
Step 4. Data sources, input measurements for sdlechumber of produced products per order and the nunfbe
KPIs. non-conforming products generated during that $ipeci
) ) order. The indicator INTppm (1) represents the aWer
Step 5. Analysis and reporting of current procesgsroduction stability for the duration of a partigulorder

performance. during the evaluated period:
Step 6. Evaluation of the achievement of process INT, — 2. 1000000 L
performance goals. Q
Where:
Step 7. Identification of actions for improving pess Qn— quantity of non-conforming products in the order
performance. Qt — total quantity of products manufactured in thesg
order.
Step 8. Verification of action implementation, and )
ongoing data collection and subsequent data asalysi In the graph (Figure 2), the values from the table

(Table 1) are visually represented. The graphtitiss a

Based on Step 3, KPIs relevant to the evaluaté@mparative analysis between the quantities of ywed
production were subsequently designed. The idedtifi Pieces per order and the internal ppm per order.
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Table 1 Evaluation of order performance for patsang INTppm for the evaluated period

Order Number | Order Completion Total Quantity of Quantity of Non- Internal ppm
Date Produced Part A in the Conforming Part A (INTppm)
Order (Qt) in the Order (Qn)
1 3.1.2022 1536 5 3255
2 27.1.2022 1536 0 0
3 24.2.2022 1536 1 651
4 9.3.2022 2304 2 868
5 21.4.2022 2304 29 12587
6 28.6.2022 2000 3 1500
7 21.7.2022 2304 22 9549
8 1.8. 2022 2022 14 6076
9 9.9. 2022 2152 12 5576
10 10.10. 2022 2304 5 2170
11 7.11. 2022 890 8 8989
12 19.12. 2022 1536 16 10417
13 13.1. 2023 1152 5 4340
14 15.2.2023 1920 5 2604
15 22.3.2023 2304 0 0
16 15.4. 2023 2000 5 2500
14000 2500
12000
2000 @
10000 3
8
E  go00 1500 &
o B
c 6000 1000 £
g -
£ 4000 | 3
| soo &
2000
0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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mmmm Quantity of products —  Internal ppm

Figure 2 Graphical evaluation of order performarfoe part a using internal ppm INTppm

When evaluating the results displayed in the giiaph the specific part A orders. In the analysed compaagh
Figure 2, it can be observed that the INTppm vadudsbit  non-conforming part is recorded in the company-wide
a highly fluctuating tendency, reflecting the irslidy of  information system called Dialog. Besides the cooint
the assessed process. The target value for theeg@dlKPl  non-conforming products, the system allows for entea
is the value of the overall internal ppm, which vgasas a description of the non-conformity and its root caus
quality target for the company in 2022 and 2023hwi Following an analysis of the records in collabamatwith
maximum value of 2000 ppm. Therefore, the targeiroduction operators, production managers, teclgsity
INTppm value is to achieve a maximum of 2000 ppm faand quality department personnel, the following
each evaluated order for part A. The achieved geeradescriptions and causes of non-conforming produets
value for individual part A orders during the manéd identified:
period, encompassing 16 initiated and complete@rsrd
was 4443 ppm. This indicates that the company'lssgoa 1. Short piece after turning operation, with theisea
terms of quality and process performance were rdtfon stated as "clamping error" in the turning operation
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2. Damaged piece, with the cause indicated as "wocapacity to analyze individual processes holidical
cutting insert, need for replacement of the cuttinfeyond mere financial metrics. Through the intrdiguncof
insert." KPIs, companies acquire an analytical tool to gbant

process performance relative to predefined goaéseby
To eliminate the occurrence of non-conforming pgece enhancing stability and reliability while meetireggulatory

it was necessary to address the identified causasm  standards [15].

conformities. Based on an analysis of the cause®of

conformities in the analysed process and feedbaark f The research focused on evaluating the performaince

stakeholders regarding the issue, the followingoast production processes with regard to product qualitye

were agreed upon: target performance value for part A production peses,
based on non-conforming product counts, was defased

1. Elimination of the cause of improper clampingidg the INTppm value. The target INTppm value, aligméith
turning - The technologist will consider the posgip the company's quality objectives, aimed to achiave
of modifying the clamping process, adjusting tr@pst maximum value of 2000 ppm for each assessed part A
and re-turning the soft jaws of the chuck. The stoprder. However, the average value attained fowviddal
against which the part rests during clamping needs part A orders over the observed period, encompadsin
be adjusted so that the part is supported at niltipnitiated and completed orders, was 4443 ppm.
points, thereby eliminating the possibility of sleslv Consequently, the company's quality and process
clamping of the part in the chuck. performance targets for specific part A orders weoe

2. Removal of the cause of worn cutting insertstandly  met, indicating a highly unstable process. In respo
replacement of cutting inserts during the turningctions were proposed to address the identifieditgua
operation involves appropriate diagnosis of théssue by modifying the lathe chuck design and
problem and machine maintenance. Preventing tlmplementing timely diagnosis and maintenance of
wear of cutting inserts and the resulting nonproblematic cutting inserts, with the goal of rgtig the
conforming parts involves specifying an appropriatguality concerns [16,17].
replacement interval for the cutting insert. The
frequency of cutting insert replacement can bécknowledgement
determined based on the guidelines provided by tfighis article was processed within the frameworkthaf
cutting insert suppliers and verified during sulssy grant project APVV-17-0258 Application of elements of
production orders. The process of changing théngutt digital engineering in the innovation and optimiaatof
insert is also critical, and it can prevent theusgence production flows. APVV-19-0418 Intelligent solutisifor
of the first non-conforming piece by focusing onincreasing the innovative capacity of enterpriseshe
critical dimensions. In this case, the critical dimsion process of their transformation into intelligentezprises.
is the overall length of the product, which can b&EGA 1/0508/22 Innovative and digital technologias
adjusted with a suitable excess and subsequebduction and logistics processes and systems. AKEG

correction. 020TUKE-4/2023 Systematic development of the
competence profile of industrial and digital engirieg
5 Conclusion students in the process of higher education. VEGA

The integration of key performance indicators (KP1s1/0243/23 Evaluation functions inducing graph cioigs.
within the manufacturing company setting is a Cmp] KEGA 003TUKE-4/2024 Innovation of the profile of
and lengthy endeavor. To effectively manage thiegss, industrial engineering grgaduate; in the contexegtiired
the support of upper management, supervisors, ak@owledge and specific skills for research and
employees in positions related to the implementBtsks  implementation of intelligent production systemstié
essential. By monitoring KPIs, organizations essabh  future.
systematic approach to identify and establish djperal
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