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Research is conducted as a case study where the case company has detected two major re-

search problems. Firstly, there is not yet a full picture of the key elements, data collection, 

and reporting methods of Supplier Cost of Poor Quality, although it has been identified as 

one of future performance targets in Supplier Quality. Objective of the study will be to study 

these aspects, analyze the current reporting workflow and systems, and find ways to improve 

the process flow. Secondly, due to the local market requirements, warranty times of pur-

chased components should be extended significantly. Factors affecting the warranty periods 

should be understood, and the failure statistics during extended warranty period analyzed 

from top contributor Suppliers. Finally, results from both research lines should be concluded 

into the decision making process at the case company. 

In the beginning of this study, the background and research problems will be demonstrated, 

and the research questions and objectives will be set. Theory framework includes themes of 

Cost of Poor Quality, Performance Management, and Reliability & Warranty. Empirical part 

of Cost of Poor Quality covers the current reporting system analysis, case example calcula-

tions and contractual analysis. Warranty research will start with the database analysis, fol-

lowed by quality and failure statistics of the top suppliers in each product category. Finally, 

inputs of both research lines will be summarized on the management framework, which is 

based on Network Performance Management Systems. Framework includes the concluded 

analysis, findings and recommendations for the case company, which can be used as inputs 

for the decision making process at the case company. 
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Diplomityö tehdään tapaustutkimuksena, jossa kohdeyritys on havainnut kaksi merkittävää 

aihetta tutkimustyölle. Ensinnäkin toimittajalaatuun liittyviä huonon laadun kustannuksia 

halutaan jatkossa seurata osana toimittajien suorituskykyä, mutta kulujen pääelementit, da-

tankeräysmetodit tai raportointikäytänteet eivät ole täysin tiedossa. Tutkimuksen tavoitteena 

on saada tutkittua mainittuja aiheita, analysoida nykyistä prosessia ja sen pohjalta etsiä pa-

rannustoimenpiteitä. Toiseksi alueellisten toimialasäännösten muuttumisen myötä ostettujen 

komponenttien takuuaikaa tulisi saada pidennettyä merkittävästi. Takuuaikoihin vaikuttavia 

tekijöitä tulisi tutkia ja samalla analysoida merkittävimpien toimittajien takuuajan aikaisia 

laatutilastoja. Näiden kahden tutkimuksen pohjalta luotua tietoja voitaisiin lopulta hyödyn-

tää yrityksen päätöksenteon tukena, eli työn tavoitteena on luoda viitekehys johtamisen tu-

eksi. 

Diplomityön alussa kuvataan työn taustat, tutkimusongelmat, -kysymykset ja -tavoitteet. 

Teoriaviitekehys koostuu huonon laadun kustannuksista, suorituskyvyn johtamisesta sekä 

takuuaikalaskennasta ja luotettavuudesta. Laatukustannusten empiirisessä osuudessa kuva-

taan esimerkkitapausten kautta toimittajakentän huonon laadun kustannuksia sekä tutustu-

taan nykyisiin raportointikäytänteisiin ja sopimuksellisiin näkökulmiin. Takuuaikojen suh-

teen ensin tutkitaan vaikuttavia datalähteitä analyysille, jonka jälkeen analysoidaan tuoteka-

tegorioittain merkittävimpien toimittajien pidennetyn takuuajan aikaista luotettavuutta. Lo-

pulta työssä kuvataan verkostomallinen suorituskyvyn johtamisen viitekehys, johon molem-

mat tutkimuslinjat yhdistetään. Viitekehys sisältää tiivistetyt analyysit, havainnot ja suosi-

tukset kohdeyritykselle, joita voidaan hyödyntää yrityksen päätöksenteossa. 
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R&D Research & Development 

SAP German software company providing enterprise software. Multiple SAP com-

ponents mentioned in the text: BO (Business Objects), CO-OM-ABC (Activity 



Based Costing), CS (Customer Service), PONC (Price of Non-Conformity), 

QM (Quality Management) 

SQM Supplier Quality Management 

 

List of Symbols: 

 

b* optimal length of burn-in time 

Ce  extra costs of failures of occurring during warranty 
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d density 
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t age, total time elapsed, operating time 

T measure of the central tendency of the random variable, denoted to E[T] 

W  warranty period 
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1  Introduction 

1.1  Research background 

This research has been done as a case study, where the focus will be to design a management 

framework to analyze the two identified research problems at case company: Supplier Cost 

of Poor Quality and Extended Warranty. During the research, both research lines will be 

studied, and findings will be demonstrated with the management framework model. This 

first chapter will explain further the need for this study in general, study objectives and 

planned methodologies. This chapter will also demonstrate the scope of study, research prob-

lems and questions. 

Quality is considered as a key component of competitiveness for organizations, and having 

visibility of the quality related costs is important to understand the factors affecting the prof-

itability in general. Cost of Poor Quality concludes the internal and external costs of product 

failures and the underlying processes. (Galli, 2021 p. 55-56).  Earlier research (Ali, 2020, p. 

161-163) indicates the importance of understanding, tracking and monitoring the Supplier 

Cost of Poor Quality, which supports the importance of this research for the case company.  

Performance Measurement is one part of the core processes of any company, and is linked 

to analysis, control, evaluation and management processes. Main purpose on Performance 

Measurement is to support the decision-making process, by providing essential information 

for the management. This information is generated by different metrics and evaluation. In 

best case, Performance Measurement will improve the motivation, competitiveness, man-

agement control at companies, clarify company targets, while highlighting the importance 

of measured elements (Rantanen & Holtari, 1999, p. 17).  

Product warranty is considered as a guarantee from original manufacturer to the customer 

that the sold product will not fail within the specified operating function during the warranty 

period. Warranty is therefore considered as after-sales service and is often defined by two 

primary factors: warranty period and warranty cost (Gao S., et al., 2025, p. 1-2). 

Case company’s purchasing organization’s key role is to negotiate the Supplier contracts, 

evaluate and monitor the Supplier performance and understand the need for strategic 
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sourcing decisions based on the product category related supply risks, and finally to integrate 

these inputs into the manufacturing processes. For all these activities, the Supplier Cost of 

Poor Quality (COPQ) is key information as base to the strategic decision-making process. 

Currently Supplier COPQ-information is not available in the Performance Measurement 

System, and the relevant data collection and reporting systems are unclear. This results that 

the case company does not have a comprehensive view of the Supplier Quality related costs 

or standardized way of processing the related costs within the systems.  Additionally, case 

company needs to study the factors affecting Supplier warranty periods, due to the industry 

market having a new local requirement to extend warranty periods. Case company should 

therefore start the preparation process for future discussions with Suppliers, by analyzing the 

failure data from the system as per current statistics. 

1.2  Research problem 

Case company is planning to improve Cost of Poor Quality (COPQ)- related data collection, 

monitoring, reporting methods, to improve COPQ visibility within the organization. COPQ 

has not yet been implemented successfully into the Supplier Quality interface, while that has 

been addressed as one of the primary targets for the future Supplier Quality performance 

measurement. Moreover, there is a need to adapt this new metric to the Performance Meas-

urement System, and the case company is focusing more on cost accountability through the 

contractual terms. To adapt Supplier COPQ into the internal metric systems and Supplier 

performance management, the underlying data collection processes, reporting methods, and 

the contractual aspects should be first understood and analyzed. 

Secondly, due to local market requirements, in near future there is a need to extend the 

equipment warranty times from current level. This requirement will need to be cascaded then 

to the Supplier base, as the current agreements have been historically agreed with shorter 

warranty periods on the Supplier contracts. Therefore, case company would need to under-

stand the factors affecting the warranty period calculation, current feedback data, product 

failure rates and probabilities during the longer warranty period, and to think about the pos-

sible strategies based on the results. 
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1.3  Research objectives 

Objective of this study will be to 1) identify the key elements of Supplier Cost of Poor Qual-

ity and understand the calculation mechanisms in the system level, 2) perform quality and 

failure analysis for the top suppliers of each product category, during the extended warranty 

period, and 3) create a framework for decision-making process based on the results. Frame-

work will include analysis and findings based on the research results, which will be then 

handed over to relevant functions at the case company. Objective of the framework will be 

used as a format to summarize the findings and improvement suggestions from this research. 

1.4  Research questions 

Research questions of this study will focus on the Supplier Cost of Poor Quality concepts 

and how to integrate those into the current Performance Measurement System, as well as the 

Extended Warranty period related analysis. Research questions are as follows: 

1. Which are the key elements of Supplier Cost of Poor Quality, and how those are 

measured in the current system? 

2. What is the reliability performance of the selected Top Suppliers during extended 

warranty period, and which are the suggested strategies based on the results? 

3. How the results of “Supplier Cost of Poor Quality” and “Extended Warranty” related 

analysis can be leveraged in the decision-making process? 

1.5  Scope of the study 

Before research, Scope of Supplier COPQ-study was indicated to cover following items: 

• Calculation method: after the point when Supplier has accepted the reclamation: 

which are the affected costs of the claim in total cost perspective, including elements 

such as internal quality and feedback management, factory and “Front Line” opera-

tions, support of the Supplier Quality organization, and reclamation and logistics 

costs. Conceptual levels are understood, but the detailed scope of elements is not 

known before research. 
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• Dashboard creation itself will not be in the scope of this research. During the re-

search, goal is to identify the data extraction points for the calculated items, once all 

the measured items and calculation mechanisms are known. These can be used as a 

system input for the dashboard later. 

Scope of Extended Warranty will focus on the analysis of the “Top Suppliers” failure data 

during extended warranty period. “Top Suppliers” will be defined by volumes, criticality 

and product category view. From the selected Suppliers, there will be selected Top Materials 

based on the volumes and criticality. Research will not cover all the Suppliers from case 

company, nor all the components from selected Top Suppliers. 

Scope of the Management framework will be to design the framework model during the 

research, based on the Performance Management practices.  Study will not cover the imple-

mentation phase of the suggested strategies or improvement recommendations, but it will 

give an analyzed and holistic view for case company to start the improvement activities. 

1.6  Research strategy and methodology 

Hirsjärvi et al. (2009, p. 134) suggests, that there are three traditional research strategies: 

• experimental research, which analyzes the impacts of two selected variables, typi-

cally by selected sampling process, where there are hypotheses tested by systemati-

cally analyzing the results after certain measurement environment changes, 

• survey based research, where there is a standardized survey sent to the selected sam-

ple population, answers from survey are concluded and finally the results are ana-

lyzed to understand the research topic better, and 

• case study, when there is need to analyze specific information for single or small 

group of subjects (e.g. to company, where the subject is individual process), by using 

various research methods. 

Research types are often referred to be quantitative or qualitative, where quantitative re-

search is found to be more related to certain data collection methodologies, whereas the 

qualitative research can be seen as “non-numerical” type of evidence collection, such as 

interviews. However, dividing the research strictly to be quantitative or qualitative may not 
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be best approach, as often both research types require certain elements from each other, to 

create successful research outcomes. This is why those should be considered as complemen-

tary approach, for example by preparing quantitative data collection by qualitative ap-

proaches, or using the approaches concurrently during the data collection and creating thus 

systematic connections between the methodologies. Often the objectives of research plays 

defining factor for the selected strategies, whether if the goal of research of map, describe, 

interpret or predict the phenomena at hand (Hirsjärvi et al., 2009, 135-139).  

For the methods of quantitative research, key aspect is to understand conclusions from earlier 

research, before starting the data collection. Then the modelling shall be conducted by the 

verified definitions and hypotheses, and the results and findings should be compared to the 

earlier research implications (Hirsjärvi et al., 2009, 140-145). For qualitative research, inter-

views are one of the often used research methods, as those are seen as flexible way to collect 

data from interviewees. Benefits can especially be seen, for example, in cases where the 

interviewer already knows that the questions are likely to give answers to multilateral topics, 

or if the topic at hand is not yet known very well prior to the research (Hirsjärvi et al., 2009, 

204-215).  There are three traditional interview types (Wilson, 2014; Hirsjärvi, 2009): 

• Structured interview, with pre-selected survey type of questions. Beneficial, when 

the key issues are known and there is need to collect specific information from these 

topics. Can be used also to assess knowledge for the subject, or comparing responses 

from different groups to the fixed questions  (Wilson, 2014, p. 3). 

• Semi-structured interview, where the themes are already well known, but the exact 

questions or order is not defined. Users have opportunities to raise new insights, 

which would not be possible through structured format. This type of interview ena-

bles opportunity to review documentation (such as workflow diagrams, graphs, etc.) 

during the interview (Wilson, 2014, p. 24-25). 

• Open (or unstructured) interview, which does not have defined structure, and the 

topics are taken from the open discussion. Best to be used on more general themes, 

or when the prior knowledge of the topic is minimal, and it is better to let the inter-

viewed experts to elaborate the topics and share their tacit knowledge at hand with 

more through open discussion (Hirsjärvi et al., 2009, 204-215; Wilson, 2014, p. 45). 
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Downsides of interviews should be also considered. For example, the reliability of interview 

results is at risk, if the interviewee is not confidential enough to share the relevant infor-

mation, or they can share only information what they feel is for their own benefit (Hirsjärvi 

et al., 2009, 204-215). Wilson (2014, p. 5-6) has also defined weaknesses for each interview 

type. Weakness of a structured interview is, that it requires solid understanding of the topic 

at hand, which might not be the case during the research, and the quality of questions will 

define the outcomes (i.e., interviewer needs to ask the right questions). With semi-structured 

interviews, Wilson (2014, p. 26-27) shares the view of potential willingness to share relevant 

information during the interview, but also addresses the points of the skill levels of inter-

viewer and possible bias, where interviewers are leading the discussion to certain directions. 

Finally, with the open interviews, Wilson (2014, p. 47-48) addresses the broad amount of 

data provided through these types of interviews: even small topic might end up with sub-

stantial amounts of evidence, which might be partly irrelevant for the research. Wilson also 

highlights here the practical points of taking interview notes, which should be supported for 

example with different recording formats. 

Based on the theoretical definitions, following statements are made. Research strategy of 

this research will be a case study, as it concerns specific topics at the case company. As the 

research objectives and questions are set to understand the current workflows and also to 

interpret the results based on the collected data, the research approach is both mapping and 

interpreting. Interviews should be more in semi-structured format, as the underlying themes 

are already known, but not in such detail level, which would support structured format. With 

semi-structured interview, there is also better opportunity to collect the data for later quan-

titative research. Some of the interviews might also need more open or unstructured inter-

view type, as the target will be to let the experts share their knowledge for the topics. In any 

case, these interviews will also have some pre-defined structures. Weaknesses of the semi-

structured interview type shall be avoided, for example by sharing the research intentions 

well before interview and let interviewees understand the data usage. It is also important to 

avoid leading the direction of discussion during the interviews, to ensure the reliability of 

collected data and information. 

Research will use both quantitative and qualitative research methods, as those support each 

other when used together: qualitative methods will set up the later quantitative data collec-

tion phases, and analysis phase will cover both quantitative and qualitative aspects. 
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Quantitative: 

• Data analysis of specified suppliers’ COPQ-data, based on the SQM experts’ expe-

rience and estimations, and shared calculations. Data will be used from real case 

examples and calculations are based on quantitative reporting systems (such as cost 

breakdowns and data collection sheets). Data will be first calculated with monetary 

values, and then formatted into percentage formatting in the research text. 

• Data analysis for Extended Warranty analysis; system based data collection of pur-

chased volumes and failures during selected time frame. Failure Rate and Failure 

Probability calculation will be done as per the defined data inputs. Failure Rate will 

be calculated with the cumulative early failure rate mechanism, and Failure Proba-

bility is following the failure probability density function. 

Qualitative:  

• Literature review for the context of Cost of Poor Quality to understand the underlying 

elements for “Supplier COPQ”-calculation, which supports the later interview and 

quantitative data collection phases. 

• Literature review for the Performance Measurement to understand the new metric 

implementation process, quality performance measurement practices, and  suggested 

management framework models for the case study purpose. 

• Literature review for the Reliability and Warranty to understand reliability concepts 

and metrics, warranty calculations, and strategies for extended warranties. These will 

support the later interview phases and data analysis. 

• Semi-structured interviews with the internal stakeholders of case company, about the 

current process workflow and reporting systems, elements of Supplier COPQ, and 

how to obtain the relevant data from IT-systems. Relevant stakeholders include Sup-

plier Quality Managers, Quality Managers, Feedback-team, and Business Analytics. 

• Semi-structured interviews with the internal stakeholders of case company, about the 

current data collection and analysis capabilities, regarding the extended warranty for 

purchased materials. Relevant stakeholders include Maintenance & Reliability team, 

Spares, and R&D Quality. 
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2  Cost of Poor Quality  

This chapter concludes the theory framework for the first research problem, Cost of Poor 

Quality. Before elaborating the concept of “Cost of Poor Quality”, this chapter will start with 

the main elements and traditional definitions of the Quality itself. Additionally, Supplier 

Quality Management is described, as that is the primary context of this case study. 

2.1  Quality concept and Cost of Poor Quality 

2.1.1  Definition of Quality 

Quality has many different definitions, and it might be understood differently based on peo-

ple’s perspectives. Quality could be something that is 1) transcendent and intuitively under-

stood, 2) product-based and found in the attributes of a product or service, 3) based on user’s 

expectations, 4) based on manufacturing viewpoint of how well the processes conforms de-

sign specifications, or 5) basing on the “value for the price” logic (Sahay, 2016, p. 2). This 

chapter presents some of the well-known definitions from of the “pioneers” of quality, as 

well as different perspectives for the quality definition. 

W. Edwards Deming was American business theorist, author, lecturer and statistician who 

was well known for leading Japanese businesses to be leaders in the field of Quality and 

Productivity, as well as the design of the famous approaches of “Plan-Do-Check-Act” 

(PDCA)-cycle and “Common Causes and Special Causes of Variation” (Suarez, 1992, p. 2-

7). Deming has put the customer needs as center of the Quality, which can be seen from his 

definition: 

” The consumer is the most important part of the production line. Quality should be aimed 

at the needs of the consumer, present and future. Quality begins with the intent, which is 

fixed by management. The intent must be translated by engineers and others into plans, spec-

ifications, tests, and production. “ (Deming, 1986, p. 5). 

Another internationally known expert of Quality Management is Dr. Joseph M. Juran, who 

was known for example for his famous concept of “vital few and the useful many”, which is 
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more familiarly known as “Pareto-principle” or “80-20” rule (Juran & De Feo, 2012).  In his 

1974 Quality Control Handbook, he defined quality as follows: 

“Quality is fitness for use. All human institutions (industrial companies, schools, hospitals, 

churches, governments) are engaged in providing products or services to human beings. This 

relationship is constructive only if the goods and services respond to the overall needs of the 

user in price, delivery date and fitness for use. If the goods and services do respond to these 

overall needs, they are said to possess marketability or salability”. (Juran, 1974, p. 2). 

Philip B. Crosby, who was an author, engineer and globally known as a quality expert, in-

troduced different concepts to the Quality Management, such as “Do it the right first time”, 

“Zero Defects”, and “The Four Absolutes of Quality” (Suarez, 1992, p. 4-5). The latest gives 

a definition of the core concepts of Quality improvement.  The four absolutes are defined as 

follows: 

1. “Quality is conformance to requirements. 

2. The system of quality is prevention. 

3. The performance standard is zero defects. 

4. The measurement of quality is the price of nonconformance.” (Crosby, 1979). 

 

Concluding the thoughts of the internationally known Quality experts, it can be stated that 

Quality has many different definitions, which can focus on different ideologies, such as cus-

tomer focus, conformance to requirements, or fitness for use. Slack et al. (2022, p. 585-586), 

states that the view of quality varies also whether it has been viewed from the customers’ or 

Operations Management perspective. In customers’ view, the understanding of quality is 

affected by their past experiences, individual knowledge and history. Customers may thus 

perceive quality differently: Slack uses an example of long-haul flight experience: it may 

differ a lot by person, as for someone it might be exciting part of holiday, and for the person 

next to him as “necessary chore” to get to the business meeting. Sahay (2016, p. 2) shares 

the view “customer perspective” for Quality, and states that the level of Quality is based on 

the expectations of the customer or end-user of the product or service. There are also multiple 

different dimensions for Quality, which specify the characteristics of the perceived “high 



21 

 

quality” from customers’ perspective. Those might include for example performance, num-

ber of added features, reliability, serviceability, or aesthetics (Sahay, 2016, p. 3). 

On the other hand, the operation’s view of quality is based on how to turn the specifications 

into such shape that they will meet the customer’s expectations consistently. In other words, 

how Operations Management will set the Quality Requirements and internal specifications 

into such processes, which will support the “conformance” of the product or service (Slack 

et al., 2022, p. 586).  

2.1.2  Supplier Quality Management 

This research focuses on the Supplier Quality Management (SQM) organization, which is 

sub-department of the Supply Chain organization at the case company. Ali (2020, p. 161-

163) defines SQM as set of activities, of which primary target is to improve organizational 

performance. These activities include, for example, monitoring the cost of supplier perfor-

mance, supplier auditing and establishing communication channels for the suppliers. Salim-

ian et al. (2020, p. 943) refers SQM as “key ingredient” and essential part for improving the 

internal quality performance, and categories the SQM in three categories: supplier selection, 

supplier development and supplier integration. Research indicates that early supplier in-

volvement in the development and manufacturing processes can have exceptional effect on 

the internal quality performance of a firm. Research of Sang Chin et al. (2006, p. 744) shares 

a similar definition as the earlier mentioned, but also adding the dimensions of the provision 

of training and educating suppliers and Supplier certification systems. SQM is viewed as 

contributor to influence the customer satisfaction, which leads to long-term market success 

and improving Supplier performance to ultimately improve the competitive advantage of a 

firm. 

Majority of the earlier defined activities are present at SQM organization of case company: 

supplier performance management and monitoring, supplier auditing, communication chan-

nels as well as the supplier training and certification programs. Three dimensions are also 

well presented: supplier selection, development and integration. In addition to these, SQM 

key focus areas include the Supply Chain viewpoint more clearly, for example by monitoring 

very closely the performance of on-time deliveries of Suppliers, which was also one of the 

major contributors to the Customer experience (see chapter 5.1.). SQM organization is also 
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an integral part of the Change Management at case company via the Supplier Production 

Part Approval Process (PPAP)-process and New Product Implementation (NPI)-projects. 

One element what is currently missing from the key activities is the holistic view of Supplier 

Cost of Poor Quality, which is identified as one of the key factors in the earlier study and 

integral part of the SQM (Ali, 2020, p.161-163).  

2.2  Cost of Poor Quality 

Importance of Quality to the organization can be highlighted by the costs: poor quality in-

cludes costs that may significantly affect the competitiveness of a company, whereas also 

there are lot of costs included to reach the level of conformance through the operations. 

Earlier mentioned Quality experts Crosby and Juran have divided the Costs of Quality 

(COQ) to 1) Costs of Good Quality, i.e. how to reach the conformance, and to the 2) Costs 

of Poor Quality (COPQ), i.e. what is the cost of non-conformance. From these two view-

points, reducing the COPQ is the usual focus area, due to its significance to the competitive-

ness, revenues and productivity due to the internal and external quality related cost compo-

nents. COQ on the other hand, has cost groups of prevention systems and appraisals. Pre-

vention systems are superior versions of detection systems, as the potential quality issues are 

already prevented in the system, before those can occur (Sahay, 2016, p. 3-6).  

Quality related costs can be divided into four groups: prevention, appraisal, internal failures 

and external failures. Relationships between the groups are presented in Figure 1. 

• Target of prevention costs will be to prevent the poor quality from being occurring 

in the first place.  

• Appraisal costs are related to the functions of evaluation processes, such as testing, 

inspection or auditing. 

• Internal failure costs are referring to the poor quality happening inside the company, 

for example at the internal factory unit. 

• External failure costs refer to the non-conformances or failures which end up to the 

customer. 
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Juran, Crosby and Feigenbaum have used similar prevention, appraisal and failure (PAF)-

model in their work, only with some minor wording differences. (Kent, 2016, p. 54). Figure 

1 will present the PAF-model introduced by Juran, showing the interrelation between the 

cost groups: 

 

Figure 1: Juran's PAF-model of Total Cost of Quality relationships (Kent, 2016, p. 54). 

 

Earlier research indicates (Sahay, 2016, p. 3-6), that in the detection systems, internal failure 

costs are almost equal to the appraisal costs, and they tend to increase on simultaneous trend. 

This means that if the company does not have prevention systems in place, there is increasing 

need to appraise the quality of products or services which end up increasing the total COQ. 

Kent (2016, p. 14-15) shares the view Sahay of the correlation between appraisal, failure and 

prevention costs, and presents one way to present this, the “1:10:100”-model: it costs 1 € to 

prevent defect being produced, 10 € to detect the defect, and 100 € to fix the defect after it 

has been sent to the customer. Kent estimates the quality costs are between 5-25% of com-

pany turnover (in plastic manufacturing industry), meaning that reducing quality related total 

costs will have a significant effect on the total profit margin of bottom line. Figure 2 will 

demonstrate the cost groups and the example costs of each respectively: 
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Figure 2: Quality costs groups (Sahay, 2016, p. 6). 

 

According to Kent (2016, 52), total cost of quality is often described with the “Quality ice-

berg”. The model represents the visibility of quality costs of organization: the iceberg “tip” 

includes only the costs, which are “visible” to the company systems, such as scrap, rework, 

inspection costs, and customer complaints. The rest, “hidden” costs are invisible in the sys-

tem point of view, but in reality, sum up the majority of total direct and indirect quality costs. 

These costs are indicated in Figure 3. Kent highlights the importance of accounting pro-

cesses, to design such reporting systems which support collecting the data of these hidden 

costs and treat quality like the other business functions. 
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Figure 3: Quality iceberg, visible and hidden costs of poor quality (Kent, 2016, 52). 

 

In conclusion, it can be stated that in the Total Cost of Quality there are familiar bifurcation 

between the costs of “good” (COQ) and “poor” quality (COPQ), and the earlier research 

indicates, that investing in the prevention systems will decrease total costs and thus the prof-

itability of companies. With the current state of case company, the concept of COPQ has 

been already implemented in (internal) use but still lacking the understanding of elements 

and reporting methods of COPQ in Supplier Quality context, which shall be the main topic 

of chapter 5. 
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3  Performance Measurement 

This chapter will describe the definitions of performance measurement and its connection to 

the quality measurement. There will also be suggestions given for the management frame-

work model, which will be one of the primary outputs of this research. 

3.1  Performance Measurement 

Laitinen (1998, p. 279-280) defines “performance” as the ability of a company to create 

outputs in the defined dimensions, according to the set targets, where the dimensions are 

related to the target to maximize the value proposition to shareholders and other stakehold-

ers. Rao’s definition for performance is similar (2016, p. 28), where performance is defined 

by the role definitions, expectations, dimensions, and the goals of an organization, and he 

adds the element of time. For example, how an employee, with certain tasks given, will 

perform versus to the set targets, in defined dimension and period (e.g., in a quarter).  

Performance itself can be divided into multiple sub-levels, where the used metrics will be 

selected by the needs of organizations: which financial and non-financial set of metrics are 

relevant and worth measuring. The need of non-financial metrics is increased, and usually 

those are even more important in the performance measurement of lower organization levels. 

Sink (1985, p. 41-46) has divided performance into seven sub-levels, which are indicated in 

Table 1. Indicated sub-levels are effectiveness, efficiency, quality, profitability, productiv-

ity, quality of work life, and innovation.  
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Table 1: Sub-levels of performance (Sink, 1985, p. 41-46). 

Sub-level Definition 

Effectiveness How the system will accomplish those financial and non-financial, 

measurable targets, which are set to be accomplished.  

Efficiency Input and output ratio; how well does the system utilize the given 

resources. 

Quality How well does the system meet the expectations of customers, fitness 

for use and conformance to requirements (see chapter 2.1.1). 

Profitability How well the financial resources have been utilized; ratio of ex-

penses and income. 

Productivity How well does the production system generate outputs with the given 

inputs. 

Quality of work life Sociotechnical aspects of system, which reflect the ability to meet the 

expectations of employees at the workplace. 

Innovation How well does the company create new ideas (linked to creativity).  

 

Performance Measurement background has been identified as early as the 13th century from 

double bookkeeping system, which remained unchanged until the industrial revolution in the 

19th century. Industrial age introduced themes of mass production, wage, and rewards sys-

tem, which meant that the employees’ productivity was needed to be measured. New themes 

were introduced in the 1950’s by globalization, in the 1980’s by customer centricity and 

multidimensional performance systems, and finally strategic viewpoint and thus more bal-

anced and integrated measurement systems in early 1990’s (Bitici et al., 2012, p. 308).  Per-

formance Measurement, by its literal definition from Neely et al. (2005, p. 1228), is quanti-

fying action, where measurement is the quantification and has link to the action based on 

measured result. Performance Measurement has direct link to the effectiveness and effi-

ciency of a company. Effectiveness is linked to the customers and to which extent their ex-

pectations are met (i.e., customer satisfaction), and efficiency is reflected in the measure of 

how economically the resources are used to reach the desired level of customer satisfaction. 

Ukko et al. (2008, p. 87) states that the main purpose of Performance Measurement is to 

support the decision-making process by producing reliable information, with the key focus 

area on strategical viewpoints and stakeholder satisfaction.  

Performance Measurement has different dimensions. Rantanen (1999, p. 3), divides the di-

mensions into four levels, where the company dimension can be divided into sub-levels.  
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• national economy 

• industry, sector 

• corporation 

• company 

o sector level on certain companies 

o divisions 

o products and product-families 

o department, unit 

o operations, management areas 

o individual level 

From these mentioned sub-levels and dimensions, company should select the relevant met-

rics to their business. Metric relevance varies, for example, on a company strategy and their 

market position. Metrics should, however, cover all the relevant information which is needed 

for the effective decision-making process There are multiple frameworks defined in litera-

ture for the metrics, but at the primary level those can be divided into internal and external 

level. On the internal level, metrics are often related to the Sink’s sub-levels (productivity, 

efficiency, etc.), whereas the external level metrics are related to the “outside-view” to the 

company and public information such as liquidity, financial solidity, and profitability 

(Rantanen & Holtari, 1999, 1-14). Janjić et al. conducted research (2015, p. 299-300) to 

review modern performance measurement and management models. Based on their research, 

modern performance measurement urges companies to analyze themes such as multidimen-

sionality, complex set of financial and non-financial metrics, as well as globalization and 

rapid technological development. Organizational learning has also been found as key source 

for competitive advantage, which should thus be considered in performance measurement. 

This can be applied, for example, by measuring concretely the value creation and establish-

ing such environment for measurement, which supports the process development and ways 

to learn from the successful practices demonstrated at the company. 
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3.1.1  Performance Measurement System 

Performance measurement is not relevant with the independent metrics, as those would give 

only limited and uncomplete view for the management. In other words, performance meas-

urement should be done in a balanced, holistic and systematic manner, to ensure all the im-

portant strategic viewpoints, and relevant operations are considered. This is why there is a 

need for Performance Measurement Systems (PMS). When company starts to design a PMS, 

the process can be started with three main questions and phases (Rantanen & Holtari, 1999, 

p. 25, 43-44): 

1. Why are we implementing a PMS? Background, organization matrix, communica-

tion methods and training should be analyzed at this phase. 

2. Which metrics should be used? This phase includes target settings as well as metric 

ideation, evaluation and selection processes. 

3. How will the measurement be carried out? Practical viewpoints: reporting methods, 

IT-systems, user instructions and implementation. 

There are numerous different PMS’s introduced in history, which can be generally divided 

into two types: 1) those which focus on results (financial performance), and 2) those which 

docus on determinants of results (productivity, quality, flexibility, and innovation). One of 

the best-known PMS has been introduced by Kaplan and Norton (1992), Balanced Scorecard 

(BSC). BSC has four perspectives for the metric system: financial, customer, internal busi-

ness, as well as innovation and learning (Neely et al., 2005, p. 1243). Research of Garengo 

et al. 2005 (p. 30-36) indicates that contemporary PMS models include following dimen-

sions: 

• Strategy alignment and development: how the business strategy is linked to the PMS, 

and how well PMS supports strategy implementation through the target settings of 

defined metrics. 

• Focus on stakeholders: how well is the PMS linked to the stakeholders’ expectations. 

• Balance and Causal Relationships: including financial and non-financial metrics, in-

ternal and external view, and understanding of result-determinant relationships. 
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• Dynamic adaptability: how well does the PMS react to the internal and external 

changes in the business environment. 

• Process orientation: how well the processes are mapped, improved, and aligned, and 

how the process performance can be thus linked to PMS. 

• Depth and Breadth: how the level of detail is defined with the performance measures 

(depth), and which is the scope of activities included in the PMS (breadth). 

• Clarity and Simplicity: one of the key success factors to the PMS, and defined to be 

most important factor for successful implementation. Communication and presenta-

tion methods, performance metric definitions, data relativity, and data gathering pro-

cesses should be considered in this dimension. 

In conclusion, research has focused more on the individual metrics in history, but develop-

ment of PMSs has been progressing towards more holistic and balanced set of metric systems 

later. While the key aspects from Rantanen & Holtari (1999) are still relevant, Garengo’s 

(2005) and Janjić’s (2015) research added new views to the modern performance measure-

ment, such as rapid technological development and dynamic adaptability of PMS, measure-

ment of value creation, stakeholder and process orientation, and causal relationships. For 

another viewpoint of modern PMSs, Pekkola & Ukko (2016, p. 1410 – 1411) have also 

highlighted the importance of integration and collaboration levels for the companies working 

in globalized networks – this is elaborated more in chapter 3.2. 

3.1.2  Performance Measurement and Quality 

The importance of Quality in the performance context has been increasing in the past dec-

ades, and it has direct link to the competitiveness of a company (Rantanen & Holtari, 1999, 

p. 36; Kent, 2016, p. 14-15). Therefore, the need for integrating quality metrics to the per-

formance measurement system is relevant step to increase the effectiveness of a PMS. Role 

of Quality measurement can be done with different integration levels, where the extremities 

are the “Total Quality Management”-philosophy (TQM), where the Quality will be set as 

defining success factor of a company, or in other hand just integrating individual Quality 

metrics to the PMS. Some of the generic Quality metrics are (Rantanen, 1999, p. 36): 

• scrap percentage, failure percentage, failure rate 
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• conformity of products delivered 

• number of reclamations (or positive feedback) sent by customers 

• delayed orders, shipments, deliveries (on-time delivery) 

• hours used for repair, rework and retesting 

• warranty costs divided by revenues 

Quality is also linked to performance measurement by the various tools and methods from 

the field of quality management (TQM), which are used to improve the performance of busi-

ness processes. One of the modern quality-based PMS models is the “Kanji’s Business Ex-

cellence Model” (KBEM), which is derived from the TQM principles. In KBEM, the model 

connects TQM to the PMS by measuring organizational performance within four key dimen-

sions: top management, basic principles, concepts, and business excellence (seen at Figure 

4).  Top management will set the strategy and policies, and principles are the ways to im-

prove the organizational performance – and this will ultimately lead to the business excel-

lence. Performance measurement is an essential part of KBEM, and in this context the sta-

tistical approaches via different indicators (such as customers’ and shareholders’ satisfac-

tion) are highlighted. Model calculates business excellence index (range of 0 to 100), which 

takes all the principles and core concepts into account (Janjić et al., 2015, p. 308-310). 

 

 

Figure 4: Kanji's Business Excellence Model, Total Quality Management (Janjić et al. 2015, p 309). 
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In conclusion, the integration level of quality, and the used metrics varies in performance 

measurement systems, and companies should select the most appropriate set of metrics for 

their businesses. Quality can be measured with simple and individual metrics (such as scrap 

or failure rate), or it might be also in the center of whole PMS, such as in the case of KBEM. 

3.2  Framework for performance measurement in network 

Modern business environments require companies to prepare for globalized, turbulent and 

complex markets, and common approach to survive in a competitive environment is to col-

laborate effectively within the networks. When collaboration is successful, it can provide 

competitive advantage to the whole network. This, however, will require clear understanding 

of the system structures of the network at hand, which highlights the need for network level 

PMS monitoring systems for such companies in globalized networks. Measurement of the 

network is found challenging, as there are multiple parties involved with different expecta-

tions, and relationship management is thus one of the cornerstones to build the trust and 

commitment across the network (Pekkola & Ukko, 2016, p. 1410 – 1411). 

Pekkola & Ukko (2016, p. 1411 – 1416) conducted research to design a PMS for collabora-

tive networks. Research started with analysis of networks’ characteristics, for example in 

supply chains, strategic alignment, regional industrial systems and joint development initia-

tives. Based on the research, the collaboration level of a network can vary from low integra-

tion and collaboration levels, where mainly only the information is exchanged, to high inte-

gration and collaboration, where there are joint goals, identities, responsibilities and value 

creation. Earlier research suggests to improve the integration and collaboration levels, as 

network-level performance measurement will support the network management and strate-

gic alignment, which in the end increases the performance of whole network. However, in 

network PMS there are multiple factors that will need to be considered when designing and 

selecting the network performance indicators. Development and utilization of a collaborative 

network PMS should include understanding of context, process and content, where: 

- Context: concludes the measurement environment, by the collaboration types and 

mechanisms used, and by creating understanding of the underlying theories, tech-

niques used by the network partners. This includes organizational factors such as 

strategy, structure, culture and company sizes. There are also network factors, where 
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focus will be, for example, on the industry, integration levels, product types, geo-

graphical scope and stakeholders. 

- Process: concludes how the measurement is done, for example by system design, 

metric selection and data collection, analysis and presentation methods within the 

network. Information sharing in the network is a highlighted factor.  

- Content: concludes what is measured. There should be balanced set of metrics used, 

efficient feedback mechanisms applied, and a joint goal to improve proactivity. Bal-

anced metrics should include both financial and non-financial aspects, and those can 

be classified as individual measures, metric groups and categories. 

Figure 5 concludes the network PMS model, which is a revised model from Cuthbertson and 

Piotrowicz (2011). Model indicates the key areas of context, process and content factors, 

which should be considered in collaborative networks. 

 

 

Figure 5: Framework to analyze network PMS (Pekkola & Ukko, 2016, p. 1411–1416) 
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In conclusion, companies working in globalized networks should pay attention to the collab-

orative aspects, and understand the level of integration they have with their partners. Devel-

oping a network PMS is a complex process, but it can grant a better network management 

and thus competitive advantage through improving network’s performance. Design of net-

work PMS can be supported further by understanding the collaboration level and structures, 

setting balanced set of measures within the network, and encouraging the information shar-

ing and active participation by the partners involved (Pekkola & Ukko, 2016, p. 1430).  
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4  Reliability and Warranty 

This chapter includes the theory background of reliability and warranty, with specified topics 

of warranty period and its characteristics for different product types. Chapter also introduced 

typical reliability metrics and capabilities during the product lifecycle, and finally the differ-

ent warranty strategies suggested by the recent literature. 

4.1  Reliability 

In broader view, warranty is a part of the reliability concept. Reliability typically includes 

themes of user expectations for a product, capabilities of a product meet the expectations 

over time, and the probabilities of failures in given conditions and time. There is not a uni-

versal definition for reliability, but Kapur & Pecht (2014) defines it as follows: 

“Reliability is the ability of a product or system to perform as intended (i.e., without failure 

and within specified performance limits) for a specified time, in its life cycle conditions.” 

    (Kapur & Pecht 2014, p. 27-30). 

Intended performance of a product is often specified by technical documentation, such as 

product specifications, operational definitions, and datasheets. In case the product is not an-

ymore performing in expected manner, it is considered as “failed”. Specified time in this 

context refers to the warranty period, which is set by the manufacturer for the product. How-

ever, the expected lifetime of a product is often much longer than the set warranty period. 

Reliability of a product depends much on the operating conditions as well: in case the envi-

ronmental conditions are particularly challenging, the product might fail almost immediately 

at the field use. Life cycle events include the different phenomena and conditions of the end-

to-end process and environmental viewpoints. These events include, for example, following 

areas:  

• Manufacturing and assembly: Depending on lot of within product groups. For ex-

ample, conditions of electrical component manufacturing vs. mechanical component 

manufacturing. 
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• Testing and Screening: Will be done to assess the products conformance, for ex-

ample vibration testing, highly accelerated life testing (HALT) or functional testing. 

Testing process might also influence the lifetime of a product (see chapter 4.1.1). 

• Storage: Usually has parameters of temperature and humidity, which might affect 

the lifecycle of product. Outside storage also has other notable variables, such as rain, 

snow or dust, which should be taken into consideration. 

• Transportation: variables of shock, loads and high vibration might affect the lifecy-

cle of products, as well as temperature changes during the transportation cycle. 

• Installation: Typically, subject of vibration and shock, as well as the installation 

specific guidelines, and the applied chemicals during the installation. 

• Operation: Varying by the product types, but often has the primary parameters of 

temperature and humidity in question. 

• Maintenance: Can be affected by mishandling; for example, with electronic prod-

ucts there might be electrostatic discharge caused by improper maintenance. 

Earlier mentioned events can have multiple different effects caused by the non-optimal con-

ditions, which then end up as failures in later phases of product life cycle. For example, 

humidity might cause corrosion, which causes electrical shorting or resistance issues. Sand 

and dust might cause clogging, which causes interference issues with the connections. Vi-

bration might cause mechanical stress, which causes loss of mechanical strength and break-

ing the product (Kapur & Pecht, 2014, p. 150-153). Another dimension for reliability is to 

link that to the “RAMS”, where: 

• Reliability: Stating the probability of a component to function under certain condi-

tions, with predefined period. 

• Availability: Time for the components or systems that are in use, and when those are 

not closed or out-of-order due to failures. 

• Maintainability: Probability that preventive maintenance or repairs will be carried 

out at the predefined intervals, with the given resources. 

• Safety: Safety requirements set for the component. (Nurrahman & Atamji, 2020, p. 

4).  



37 

 

4.1.1  Typical metrics for reliability 

Used reliability metrics vary based on the system’s requirements, but there can be indicated 

similarities from the reliability literature. Nurrahman & Atamji (2020, p. 3-4), Jadhav et al. 

(2023, p. 1835) and Kapur & Pecht (2014, p. 54) mention “Mean Time to Failure” (MTTF) 

as one of the relevant reliability metrics. Nurrahman & Atamji defined the MTTF to be the 

average time elapsed between the first component failed with consecutive damage, with fol-

lowing formulation (Equation 1): 

𝑀𝑇𝑇𝐹 =  
∑ 𝑇𝑇𝐹𝑛

𝑖=1

𝑛
 

Equation 1: Mean Time to Failure (Nurrahman & Atamji, 2020, p. 3-4). 

 

Kapur & Pecht has also includes the probability on Equation 2 and suggests that MTTF is 

the expected value for the time to failure with following formulation: 

𝐸[𝑇] = 𝑀𝑇𝑇𝐹 =  ∫ 𝑅(𝑡)𝑑𝑡

∞

0

 

Equation 2: MTTF with expected value for the failure (Kapur & Pecht, 2014, p. 54). 

 

Here, the E[T] is the first moment of the probability density function, where the component 

indicates constant failure rate (failure probability density function is thus exponential). Ka-

pur & Pecht highlighted that MTTF should be used only, when failure distribution function 

is known, as MTTF depends on the probability distribution to model the failure data.  

Failure rate (or hazard rate) indicates the failures of population of fielded components. This 

is calculated by the number of failed products per number of non-failed products in the given 

period. Ideally, this rate is following “bathtub curve” (specified later in chapter 4.2.1, Figure 

7), so that the life cycle can be estimated better (Kapur & Pecht, 2014, p. 47-49).  

Another reliability metric is used with reliability predictions and simulations is “B10 life”, 

which indicates value, when 10 % of the fielded population is failed. This value is repre-

sented with the periodical value, such as hours, days, or months. For example, if measured 

B10 life is 7000 hours, the prediction indicates that after 7000 hours, 10 % of the fielded 
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population is failed (or remaining products are at 90 % reliability) (Jadhav et al., 2023, p. 

1835–1840). 

In RAMS scope, maintainability and availability are also to be monitored with different met-

rics, such as Mean Time to Repair or the performance of the component or equipment avail-

ability in percentage (% of time equipment are available). (Nurrahman & Atamji, 2020, p. 

3-6). However, these shall not be in scope of this research, and focus will be with the selected 

reliability metrics (MTTF, failure rate, B10 life). 

4.1.2  Reliability capability 

Kapur & Pecht (2014, p. 168-174) discussed the importance of suppliers as part of the topic 

of reliability capability. During the last decades, level of globalization has increased, and 

more focus has been placed on the low-cost manufacturing and companies are relying in-

creasingly on the manufacturing and sub-contracting services of suppliers. Suppliers play 

therefore an important role of reliability – while the requirements are set by customers, the 

assessment of the reliability of products will need inputs from supplier interface.  Reliability 

capability of suppliers should be evaluated in advance, for example with reliability capability 

maturity models, which are metrics to measure the reliability practices and their effective-

ness within an organization, in order to meet the reliability requirements, set by customers. 

Key practices have been set globally by “IEEE Reliability Program Standard 1332” (IEEE 

Standard 1332-1998; Pecht and Ramakrishnan 2000), where following objectives have been 

set for reliability: 

1. “The supplier, working with the customer, should determine and understand the cus-

tomer's requirements and product needs so that a comprehensive design specification 

can be generated.  

2. The supplier should structure and follow a series of engineering activities so that the 

resulting product satisfies the customer's requirements and product needs with regard 

to product reliability.  

3. The supplier should include activities that adequately verify that the customer's reli-

ability requirements and product needs have been satisfied.” 

(Kapur & Pecht, 2014, p.168) 
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There have been set key reliability practices by Kapur and Pecht (2014, p. 168-174), which 

are demonstrated in Figure 6.  

 

Figure 6: Key Reliability Practices, Kapur & Pecht (2014, p. 168-174). 

 

On the reliability requirements and planning phase (1), customer needs and operational con-

ditions must be known and further set as specifications, followed by regulatory requirements, 

failure definitions, expected field lifetime and business outlook, also supported by reliability 

data analysis of similar products from history. Reliability planning (2) begins with defining 

the available resources to maintain reliability, such as personnel and testing equipment, and 

the reliability analysis and relevant feedback process shall be set. Goal of training and de-

velopment (3) is to teach the employees of a company to have more reliable products. Train-

ing should be done systematically with clear vision, who are the relevant stakeholders to be 

trained. Reliability analysis (4) has the key activities to identify the possible failure modes 

and thus predict the reliability and understand the risk levels, often done by Failure Mode 

and Effect Analysis (FMEA). Reliability testing (5) will be done next to assess the certain 

limits of the product, by the defined set of testing. Testing is often conducted by industry 

standard guidelines but might be also customized for more detailed use cases. Supply Chain 

Management (6) will select the suitable suppliers, who can match the earlier set reliability 

requirements. This shall be done by qualification process, where the relevant supplier 

1. Reliability Requirements 
and Planning

2. Training and 
Development

3. Reliability Analysis

4. Reliability Testing

5. Supply Chain 
Management

6. Failure Data Tracking 
and Analysis

7. Verification and 
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processes are evaluated in detail: for example, change management procedures, traceability 

and sub-tier supplier management regarding the reliability management are critical factors 

to be evaluated. Once the suppliers are selected, failure data should be conducted in regular 

process. Failure tracking (7) should include:  

a) data collection procedures from manufacturing, testing, field and installation,  

b) failure analysis with proper root cause analysis, and 

c) failure statistics.  

Verification and validation (8) phase will be done by reviews and audits to the reliability 

planning, testing and analysis processes, to ensure that the earlier set reliability requirements 

are met. This shall be done by reviewing the expected failure modes to the actual failures, 

and the statistics behind them. Finally, in reliability improvement, the cycle will be closed 

by lessons learnt from earlier phases and implementing corrective actions to the processes 

and product design for further projects (Kapur & Pecht, 2014, p. 168-174). 

4.2  Product warranty 

Product warranty is a guaranteed statement from the original manufacturer to the customer 

or consumer that the product will match the expectations during the warranty period, and it 

is important part of the after-sales service. Warranty has two primary components, which are 

warranty period and warranty cost, which both play an important role on the product profit 

maximization (Gao S., et al., 2025, p. 1-2). In other words, warranty can be defined as a 

statement from manufacturers, that they will provide labor and parts to repair or replace the 

defective product as required by the customer. Chien (2005, p. 652) has demonstrated two 

types of warranty policies: “failure-free” and “pro rata”, where failure-free requires manu-

facturers to maintain the sold product free of charge during the warranty period, while pro 

rata obliges the manufacturer to refund a fraction of the purchase price in case of failures. 

Furthermore, the failure-free policy can be divided into renewing and non-renewing policy, 

which states if the warranty period is renewed after the replacement has been sent for the 

initially failed product. The governmental bodies can also define warranties: for example, 

European Union directive has set minimum 2-year guarantee as a customer protection, for 

the items which do not match the product descriptions, have different qualities, are not fit 
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for purpose, are indicating insufficient performance, or are installed incorrectly (EU, 2025).  

This 2-year window is used in further analysis phases (chapter 6). 

4.2.1  Burn-in program and warranty calculation 

Regarding the research scope and the case company, there are numerous different component 

groups. There will not be a product-specific analysis done as part of this research, but the 

statements are instead indicated at a more general level and will follow the EU directive 

types of consumer warranty logic: product description, fitness for use, quality of a product, 

expected performance level, and incorrect installations (EU, 2025). However, as electrical 

components are integral part of the equipment of case company, the burn-in program will be 

described. Warranties can be thought of as a type to promote the sold product and can be 

used as competitive edge to market the products, but on the other hand warranties always 

create additional costs for the manufacturer (Chien, 2005, p. 652). As part of the warranty 

cost optimization, burn-in program is often included with electrical components. Target of 

burn-in is to eliminate those failures, which are often occurring in the early phase of the 

product life cycle. This phase is also called “infant mortality”, after which the typically ob-

served failure rate is following a “bathtub-curve”: during the product life cycle the typical 

failure rate decreases for certain time period, and then increases again during the “wear out 

phase” (TÜV NORD GROUP, 2025). Figure 7 is demonstrating these phases and the typical 

failure rate curve. 

 

Figure 7: Failure rate and product phases (TÜV NORD GROUP, 2025) 
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As detecting and repairing the failed products is typically cheaper during the production 

process in comparison to the warranty replacement (see chapter 2.2, and the 1:10:100 

model), the burn-in programs are created to reduce the warranty costs. In burn-in, the goal 

is to eliminate “infant mortality” by stressing the finished product closer to the failure rate 

area, which should prevent the early failures of products (Chien, 2005, p. 653). However, 

burn-in process (i.e., length of the procedure of stressing the products) needs to be optimized 

carefully, to avoid additional manufacturing related costs and increased scrap rate at the pro-

duction, which can be linked to the internal costs of quality (see Figure 2, p. 24). Based on 

the research of Chien, optimal burn-in time depends on product failure characteristics, length 

of warranty period, cost parameters and probability of type II, catastrophic product failure, 

which indicates the need to replace a product (type I, minor failures can be rectified with 

minimal repairs). Burn-in should be considered as beneficial, if initial failure rate can be 

considered as large (i.e., high “infant mortality”), and when the failures during warranty 

periods are with higher costs. In the context of warranty calculation, the total cost of product 

can be defined as “manufacturing cost plus warranty cost”, which are demonstrated in Figure 

8. Following conclusions can be made from the figure: 

• optimal length of burn-in time (b*) will decrease if warranty period (W) increases 

• optimal total cost (C(b*W)) increases if warranty period (W) increases 

• extra costs of failures occurring during warranty are demonstrated with Ce , indicating 

the comparison of reference values with different cost scenarios 
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Figure 8: Interconnection with optimal burn-in time, warranty period and optimal cost (Chien, 2005, p. 661). 

 

In conclusion, the optimal warranty period for electrical component manufacturers is af-

fected by the length of burn-in phase and this has effect on the product’s optimal total cost. 

If warranty period is wanted to be extended, the optimal burn-in phase should be decreased, 

so that the components do not wear out too much. In the other hand, the graphs demonstrate 

that the optimal costs should be increased heavily, in case the warranty period is extended. 

Another conclusion from earlier research is that the volume of these mentioned effects are 

affected by the extra costs of failures occurring during warranty: when these can be de-

creased, the price increases should not be as high, and the optimal burn-in times could be 

kept shorter. 
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4.2.2  Other characteristics of warranty planning 

Design of the products should indicate margins on which the products are designed to oper-

ate, i.e., the operating range. The extreme operating ranges should be indicated and be in 

correspondence with the upper and lower specification limits of a product. These specifica-

tion limits shall be then coordinated further in the Supply Chain by procurement. (Kapur & 

Pecht 2014, p. 131-132). Suppliers who deliver products outside the specified limits can be 

claimed under warranty, as those do not match the product description or quality. In case the 

product is extremely out of the operating margin, that might also affect the fitness for use.  

Typically, the reliability factors and thus the analysis to set the most optimized warranty 

periods are based on the historical claim data, and predictions of failure rates and repair 

needs. Historical data is not naturally available for new products, and the life cycle and po-

tential failure rate should be predicted as part of reliability planning. As part of the prediction 

modeling made during product development, there can be accelerated life tests performed, 

to simulate the field failures. Reliability planning and testing procedures often rely on the 

pre-set operating conditions, which might give wrong input to the planning procedures. As 

part of the reliability planning, it is worth considering also the external random shocks and 

imperfect repair scenarios, which products might encounter during the lifecycle. External 

random shocks can have unexpected impacts such as blows or vibration, or sudden environ-

mental changes in temperature. Secondly, the imperfect repairs during the maintenance pro-

cedure might have significant impact on the lifecycle. Maintenance work has multiple 

sources of variation, such as the skill levels of employees, and the availability and perfor-

mance of the maintenance tools used during the repair work. (Gao S. et al., 2025, p. 1-14). 

Research of Gao S. et al. (2025, p. 14) indicates that the optimal warranty period is closely 

affected by both of these factors. When the frequency of shocks is higher, manufacturers 

should consider shorter warranty periods, and failing to take the impacts of these shocks into 

account during the reliability planning can heavily decrease the profitability of a product. 

Regarding the imperfect maintenance, research shows that the maintenance activities should 

not be planned to too tight intervals, as then the maintenance costs will likely exceed the 

financial benefits. 
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4.3  Warranty strategies and extended warranty  

Warranty strategies are important part of the after-sales services of products and have sig-

nificant impact on the profitability factors. Warranty strategies typically have two primary 

components: warranty period and warranty costs, (Gao S. et al, 2025, p.1). Research of Cao 

K. et al, (2022, p. 3130 – 3133) suggests, that when it comes to warranty strategies, there are 

multiple approaches and warranty types available, which are further described on this chap-

ter. Some companies provide free replacement services during warranty period, while others 

offer extended warranty products with extra costs. New types of warranty strategies can be 

also derived from traditional formats, such as the strategies based on the preventive mainte-

nance conducted during the basic warranty period, while some strategies can also include 

free maintenance services. Full-service extended warranty policy can be also applied to the 

multi-component systems, where damaged sub-systems or components will be entirely re-

placed, rather than repaired.  

Earlier research suggests that dynamic pricing options support extended warranties better 

than fixed pricing. There have been also findings that when products’ failure rate during 

extended warranties are exponential, “cost plus marginal profit” is the most optimal pricing 

approach. Extended warranty pricing has been also linked to maintenance, as the failure rates 

are distributed on the plane coordinate system, which is relying on the product service life 

and product utilization in general. There are also variations to the traditional “free replace-

ment” strategy, with example of refund policy. Here, on the “first stage” of warranty the 

product will be replaced free of charge, but will be only refunded on the “second stage” of 

warranty. It has been also pointed out that product quality affects the warranty strategy op-

tions: if the product quality is poor, this will significantly increase warranty costs. (Cao K. 

et al., 2022, p. 3130 – 3133) 
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5  Supplier Cost of Poor Quality at the case organization 

This chapter will first introduce the case company and will then encompass the main ele-

ments of the Supplier Cost of Poor Quality, which are supported by example calculation with 

the suggested equation. Data and information are first collected through set of interviews, 

and the findings are further demonstrated with case examples. Finally, this chapter will also 

consider the contractual agreements and their relevance to COPQ related liabilities. 

5.1  Case organization and Quality concept 

Case company of this research is a multinational company and global leader in their industry 

(metal industry, primarily the electro-technical industry and mechanical engineering). Com-

pany was founded in the early 20th century and its history started as a machine repair shop. 

Today, case company operates in close to 70 countries worldwide and employs over 60 000 

employees. Business is divided into sales of new equipment, service, and modernization 

segments, meaning that it is working both in the product and service business. Supply Chain 

covers own production at their factories across the world, as well as large pool of Suppliers 

who are manufacturing components and sub-modules for the equipment. Significant portion 

of the business is related to the installation sites and service (e.g.,  maintenance, service 

callouts) of the already installed equipment. These activities are generally referred as “Front 

Line”-operations (or “FL”) (Website of case company, 2025). This research will focus on 

the Suppliers, who are manufacturing the components for the sold equipment. 

Customers are often in the center of Quality definitions (see chapter 2.1.1). Case company 

classifies their customer base to builders, building owners, facility managers and developers, 

architects, different authorities, and consultants. Generally, due to the business model, there 

are three different types of business lines. Customers, to whom the case company sells their 

equipment as new, are the owners of certain facilities and buildings, such as high-rise build-

ings in the heart of a city, international airports, metro systems, hospitals, residential build-

ings, or supermarkets. (Website of case company, References, 2025). Their expectations are 

linked to the smooth installation of equipment, where materials are delivered just-in-time, 

and equipment must be free of defects. Conformance of products are ultimately tested on the 
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commissioning test, but in some cases, there are customer feedbacks indicated during the 

first years of use, which are indicated with the “Early Failure Rate” as well as “First Year 

Callout Rate”, i.e., KPI’s to help the company to monitor and diagnose the performance of 

their offerings and customer satisfaction (Bhattarai, 2023, 71).  Customers in service seg-

ment are expecting seamless and well-planned maintenance operations and for the equip-

ment to meet lifetime expectancy. They value short reaction times to the urgent maintenance 

needs, maintenance work to meet the service requirements, and to prevent continuous issues 

with the equipment. Customers of modernization business are updating their old equipment 

to a new, modernized solution. Here, the delivery of equipment on time is even more crucial, 

as they are expecting the downtime of equipment to be as short as possible during the mod-

ernization process. What is also valued by customers in this group is the ability to meet their 

special, customized requirements for the equipment. Finally, case company must also take 

the consumer level into account who are using the equipment, for example in residence 

buildings or public buildings. Their expectations include themes such as safety and appear-

ance of the visual part of equipment. 

In the official Quality Statement of case company, quality is said to be embedded to every 

process from “customer interaction to solution planning” throughout the lifecycle of prod-

ucts. Needs and expectations of customers, strategical thinking, proactivity, and competence 

are highlighted topics. Compliance to the standards, directives, laws and standards are con-

sidered as well as the themes of continual improvement and data driven culture (Case com-

pany, 2024). In conclusion, in terms of Quality, multiple perspectives must be considered. 

“Fit for use” and “Customer Focus” depends a lot on the customer group and their expecta-

tions. In the official Quality Statement, there is connection to the Quality definitions of Dem-

ing, Juran and Crosby, although the “conformance to requirements” is likely the closest of 

them, and where the main focus of this research shall be. 

In more practical viewpoint, the “conformance to requirements” can be linked to the product 

warranty (introduced in chapter 4.2). For example, in case mechanical component supplier 

delivers parts with out-of-tolerance hole dimensions, those would not fit in within the as-

sembly and would thus not be fit for use at operations. Similarly, if a purchased sub-assembly 

would have wrong parts according to purchase order, those would not be according to the 

customer expectations and should be claimed under warranty. Moreover, the installation-

related warranty claims could be from case company installations, for example if there has 
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been a broken component due to operator’s mistake during the installation phase. However, 

these types of warranty cases will not be in the scope of this research, as the scope has been 

set to the component warranty topics, where the quality issue and responsibility has been 

identified to be at the Supplier. 

5.2  Supplier Cost of Poor Quality definition and calculation 

Cost of Poor Quality has been defined in internal documentation of case company (Quality 

Document, 2015) to describe financial impacts of efficiencies and wastes in the business, 

increase visibility of hidden costs, identify improvement opportunities, and support cross-

functional decision-making processes. Target has been set to keep reporting methods simple 

and eliminate manual reporting systems. In the definition, COPQ has been highlighted not 

to be only a financial report, and the wrongly used internal cost allocation is prohibited.  

Processes, functions, calculation formulas, data sources, and responsibilities are defined in 

the document by “Cost ID” tables. Tables include variety of cost groups from different func-

tions, and briefly describe the costs related to external supplier quality feedbacks. Document 

has included detailed descriptions of the cost groups and data collections methods, but many 

of these are referring to outdated system inputs and processes. For example, there are refer-

ences for teams, which are not anymore present in the organization matrix (e.g., SD-team). 

Cost of Poor Quality calculation and monitoring integration has also limitations in the Sup-

plier interface. Even though the Supplier scope has been pre-defined earlier (2015) docu-

mentation, the calculation and monitoring systems are not in place as defined.   

Research of Ali (2020, p. 161-163) indicated that there are five major elements for Supplier 

Quality Management, (see chapter 2.1.3), which have ultimately connection to the competi-

tive advantage of a company. These five elements include the “1) Tracking of COPQ, 2) 

Supplier Audits, 3) Supplier Scorecard, 4) Close loop of Corrective Action and 5) Engage-

ment of Suppliers in Quality system”. The context of this research will mainly focus on 

COPQ, but it has also a connection to the Supplier Scorecard, which are the categories that 

resulted in the highest correlation to the competitiveness in Ali’s research (2020, p. 166). Ali 

mentioned five indicators for the “Tracking of Cost of Supplier Quality”, which are pre-

sented in Table 1 below. At the case company, all of them are relevant for the research, but 

need some definitions in order to continue with the hypothesis creation. Especially the first 
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category of “Tracing and calculating the cost of poor quality” is rather broad definition, as 

it will cover both the material related costs as well as the activity-based costs from the af-

fected labor. While material related costs are more easily populated and understood via the 

Purchase Orders and material pricing, the labor costs are more challenging to estimate and 

calculate in general terms. Labor costs will include, for example, costs of replacements, ad-

ditional installations and reworks, as well as the customer callouts for the service operations 

for the case company. Furthermore, the total costs populating into the “disruption cost” cat-

egory might be also challenging to calculate in very detail level, as there are multiple steps 

in the Supply Chain, when all down- and upstream phases are considered. But the suggested 

approach for the case company will be to focus on the measurable disruption costs of the 

internal units, such as internal factories, distribution centers, and installation sites. With the 

installation sites, there is also domain of “delay penalties” included, as equipment installa-

tions are at the customer sites: the time windows for installations are limited, and delayed 

equipment installation might cause additional costs for the customers (see chapter 5.1.). 

Table 1: Supplier COPQ indicators (revised from Ali, 2020, p. 164). 

Supplier COPQ indicator Suggested definition and relevance at case company  

Tracing and calculating 

cost of poor quality 

Costs related to Supplier reclamations and the relevant ac-

tivities. Costs include the cost of material, and costs of labor 

from replacements, rework, additional services and callouts. 

At the case company, it is relevant to divide the costs of ma-

terials and labor, to understand the cost impacts better.  

Monitoring disruptions 

caused by Suppliers’ qual-

ity issues 

Disruptions at internal factories, distribution centers and in-

stallation sites: e.g., production stops, missing materials, or 

delayed installations. Costs of labor and delay penalty fees. 

Additional logistics costs 

due to shipment expedi-

tions 

Replacement material shipping costs and expedition costs.  

Accountability of Supplier 

COPQ 

Costs related to the handling and monitoring feedbacks.  

This will include also the internal work hours used for iden-

tifying accountability, including e.g., field supervisors and 

quality, supplier quality, engineering or R&D.  

 

COPQ in Supplier’s as-

sessment 

Including the assessment done by case company; costs of 

work hours and travel (e.g., field engineer) or the 3rd party 

inspection; billing costs of the 3rd party (planning, traveling, 

assessment, reporting, invoicing). 
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In Table 1, the cost categories are first introduced by the “best practice” by the literature and 

then including the suggested content in the case company. As it appears from the table, some 

of the categories are more self-explanatory, while some groups have multiple different cost 

elements included, meaning that there should be essentially higher amount of the calculation 

items for Supplier COPQ. Discussion of the data extraction and current state of reporting 

system analytics are described further in chapter 5.4.  

5.2.1  Piloting the Supplier COPQ calculation with hypothetical data 

In this chapter, the suggested equation of Supplier COPQ will be introduced and it is further 

demonstrated with one hypothesis calculation.  With the hypothesis calculation, target will 

be to demonstrate the cost calculation with numerical values for each cost group.  Example 

cases will not indicate actual cost data but will give the presentation of cost model integration 

and will demonstrate the cost distribution of the selected cases.   

With the hypothesis scenario, the work hour related costs are set to the default value of 50 

€/h. Other costs are estimated from open sources of global logistics company (UPS, 2025), 

and estimated product prices are fully hypothetical. Hypothesis model is indicated in below 

Equation 3, where there is indefinite (1…n) number of cost elements in all 6 cost groups, 

which reflects also the real calculation baseline. 

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝐶𝑂𝑃𝑄 [𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑎𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑓𝑒𝑒𝑑𝑏𝑎𝑐𝑘]

=  (𝐹𝑟𝑜𝑛𝑡𝐿𝑖𝑛𝑒𝐶𝑜𝑠𝑡1 +  ⋯ +  𝐹𝑟𝑜𝑛𝑡𝐿𝑖𝑛𝑒𝐶𝑜𝑠𝑡ₙ1)

+  (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝐶𝑜𝑠𝑡1 + ⋯  𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝐶𝑜𝑠𝑡ₙ2)   

+  (𝐷𝑖𝑠𝑟𝑢𝑝𝑡𝑖𝑜𝑛𝐶𝑜𝑠𝑡1 +  ⋯ +  𝐷𝑖𝑠𝑟𝑢𝑝𝑡𝑖𝑜𝑛𝐶𝑜𝑠𝑡ₙ3)

+  (𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐𝑠𝐶𝑜𝑠𝑡1 +  ⋯ +  𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐𝑠𝐶𝑜𝑠𝑡ₙ4)

+  (𝐴𝑐𝑐𝑜𝑢𝑛𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐶𝑜𝑠𝑡1 +  ⋯ +  𝐴𝑐𝑐𝑜𝑢𝑛𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝐶𝑜𝑠𝑡ₙ5)

+  (𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝐶𝑜𝑠𝑡1 +  ⋯ +  𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝐶𝑜𝑠𝑡ₙ6) 

Equation 3: Supplier COPQ example equation. 

 

Hypothetical scenario to demonstrate Supplier COPQ equation: 

Case company has an installation at Germany, where 4 equipment are installed. During the installa-

tion, the fitter notices that two of the controller units have detached cables in the controller PCBA, 

and the fitter will raise feedback to the system and requests replacement material with expedited 

delivery. Supply Chain confirms two weeks of delivery time for the replacement material, where the 
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controller unit assembly will be done internally, and the sub-tier material are needed to be ordered 

from sub-tier supplier. Special arrangements are needed at the internal factory to urgently prioritize 

the sub-assembly done for controller unit. During the feedback processing at the PCBA-supplier, it 

turns out that there has been a certain batch with a similar issue, which has been sent to case company. 

Internal Quality inspects the material and finds two more non-conforming items and organizes de-

livery processes for those. Production must be re-scheduled due to the optimized inventory levels. 

Supplier Quality support is needed with communication process. 

In this scenario, the actual price of each controller units is set to 1200 €. There were total of two 

disruption groups (installation site, factory), expedited and additional logistics costs, hours used to 

feedback handling by different stakeholders. There were also inspections needed on the products at 

the case company and sites, but those did not need extended workload. With these inputs, Equation 

4 represents the example calculation: 

 

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝐶𝑂𝑃𝑄 = ((20 ∗ 50 € ) + (4 ∗ 1200€)) + (20 ∗ 50€) +  (574,39 € +

 824,48 € +  956,92 €) +  (10 ∗ 50 € + 2 ∗ 50 €) + (20 ∗ 50 €) = 10 755,79 € 

Equation 4: Supplier COPQ example calculation. 

 

In this scenario, material costs would cover the largest portion of costs with 45 % and would 

likely stand out from the data. But this might not always be the case: if the costs of defective 

parts would have been e.g., 80 € each, the proportion of “hidden” Supplier COPQ would be 

essentially higher. This is visualized also in Figure 9 example, where the defect costs are 

changed from á 1200 € to á 80 € (all the other costs remain unchanged). In this case, defective 

parts would cover only 5 % of total Supplier COPQ, whereas the Logistics and Disruption 

costs cover most of the cost structure (38 % and 32 %, respectively). Finally, there is third 

example for the potential cost distribution: replacement of the components required exten-

sive amount of work hours from installation (fault identification and replacements from two 

fitters) and service operations (customer callouts), and the related work hours are much 

higher. With this example, the cost distribution would look much different again compared 

to the earlier two. In Figure 9, Material column indicates the first scenario, Logistics indi-

cates the second, and FL Cost the third (scenario name indicated as per the highest cost 

group). 
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Figure 9: Comparison of different Supplier COPQ cost breakdowns (hypothetical). 

 

Hypothetical calculations were used to demonstrate the potential calculation with currency 

outputs. Next, there will be real cases introduced, which will be demonstrated in percentage 

formatted cost breakdowns (currency-based data not shown due to data confidentiality). 

5.3  Case examples from Supplier Quality Management 

As the earlier chapter conceptualized the potential Supplier COPQ calculation with hypo-

thetical scenario, this chapter will focus on the real examples from the field of Supplier 

Quality. Data collection was conducted by set of interviews within the Supplier Quality or-

ganization, with the regional managers from Europe and North America. Interviews were 

semi-structured, as the agenda and questions were defined clearly before interviews, but 

questions were open and interviewees had the chance to elaborate the example cases with 

presented data. Key questions for the interviews included the background information, 

COPQ calculation and data collection methods, stakeholder communication and cost break-

downs. Interviews were transcribed and summarized into the following chapters. 
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5.3.1  Case: Machining defect 

Case company had a major quality issue, where their Front Line operations noticed an issue 

with components from mechanics category, as the commissioning test did not pass for the 

safety related testing procedure. Containment actions were started immediately, and soon 

the cause was traced to material from European supplier. Defect was caused with the ma-

chining defect, which caused the certain test step to fail due to insufficient results at com-

missioning. After initial Supplier communication, it turns out that the similar machining is-

sue was traced in total to 175 affected units, of which majority of the components were 

already installed to the equipment. Front line was requested to collect the data inputs from 

their activities of replacement, additional inspections, delay penalties and additional other 

costs, for example from travel expenses and third-party inspections for the defected material. 

Cost groupings are presented in Figure 10.  

Once the replacements were completed and calculations finished, final sum was requested 

from the Supplier as a compensation for the costs included. At first the supplier was not 

satisfied with the cost estimates, so more detailed cost breakdowns and penalty clauses were 

requested, before the case was partly compensated through credit processing. Communica-

tion took in total more than one year, which includes multiple meeting rounds internally with 

various stakeholder groups (e.g. Front line, Supplier Quality, Purchasing, Legal depart-

ments), and externally with Supplier. Interviewee highlighted the extensive workload needed 

for manual data collection, and there was a strongly highlighted need for integrated data 

collection systems and centralized reporting, where for example ERP is more utilized during 

the processing.  
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Figure 10: Cost breakdown of Machining defect. 

 

It also turns out, that all of the costs were accounted for “Front Line” costs, where additional 

labor costs accounted for vast majority of expenses with the 88 % share, while penalties and 

other costs accounted for the remaining 12 %. Material and transportation costs were ac-

counted for the Supplier directly during the reclamation processing, and those were not thus 

calculated to the COPQ. But for the comparison, material costs would have accounted 

roughly 27 % of the total costs. From the reporting perspective, none of these costs were 

available in the system, as there was only a manual listing used to record the Front Line 

expenses, and those were not integrated into ERP. In this case, also the originally purchased 

materials and relevant transportation costs were not accounted in the calculations.  

5.3.2  Case: Wrong material delivery 

Case company detected an issue, where Supplier had delivered wrong material type to the 

installation sites. Wrongly delivered material was part of mechanical module assembly, 

where one part of the final assembly was wrong. This caused issue at site where the module 

could not be installed correctly to the equipment sold. Due to this issue, there was additional 

work needed to inspect and replace the wrong materials. Failures were traced to 40 

88 %

3 %

9 %

Cost breakdown

Additional labor cost (Failed inspections, material replacements, etc.)

Penalties (contractual penalty clauses paid to customer)

Additional other costs (travel, 3rd party inspections, etc.)
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equipment in total. With this case, also the material and freight costs were calculated in the 

system as well, and those were tracked by the team handling the feedback notifications (with 

the support of Front Line collecting the data). With this case example, there were misunder-

standings during the data collection phase, as the estimates first decreased by 54 % due to 

COPQ calculation issue, but then increased back close to the starting value during the dis-

cussion. This caused unreliability towards the calculation system and feeling of uncertainty 

about the later Supplier negotiations for the cost compensations, as the evidence must be 

trustworthy in that phase. Interviewee described that the inconsistency within the cost cate-

gorization and lack of clear guidelines were found as challenging, especially when it comes 

to justifying the costs to Suppliers as part of the negotiation process. Figure 11 represents 

the cost breakdown for this case. 

 

 

Figure 11: Cost breakdown of Wrong delivery. 

 

Front Line-related work costs covered over 80 % of the total costs, while the freight and 

material costs were relatively smaller. This case example is another indication of Supplier 

related failure, where the material costs were much less significant, compared to the Front 

Line costs. Also with this case, there were material and freight costs already allocated to the 

Supplier through the feedback management, so the costs towards case company would be 

mainly from Front Line costs. With such cases, if the company is only analyzing the material 

related costs in the performance measurement system, those would not be highlighted due 

Material; 2,57%

Freight; 15,89%

Work; 81,54%

Cost breakdown

Material Freight Work
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to the lower impact, but on the other hand would miss more significant cost impact through 

the work-related costs.  

5.3.3  Case: Button failure 

Case company have had an issue for longer period, where there was a failure detected with 

the buttons, affecting over 2500 equipment units during the previous years. Due to this issue, 

there have also been over 2000 callouts for the affected equipment, and similar amount of 

equipment needed to be replaced or repaired at the customer sites. With this case, as it has 

been ongoing for a longer time, the effects have been visible with the Spare part business as 

well.  Case company had lengthy negotiations with the Supplier who caused the button issue, 

and the data collection period for the case was even longer due to multiple steps in the Supply 

Chain of particular product. Interviewee highlighted the manual work and data collection 

through Excel files, and that the regional wage differences caused issues with the cost cal-

culations (i.e., standard wage fees cannot be applied). During the cost collection, there was 

both internal and external disputation of the affected cost, which was found challenging for 

managing the business relationships. Related discussion took approximately 4 to 5 months, 

and Supplier was able to cover roughly 65 % of the costs through different credit mecha-

nisms.  There was strong suggestion for the standardized fee structure formatting in the con-

tract documentation, which would prevent the need for extended data collection phase with 

the Front Line units, and would thus make the later Supplier negotiations and internal dis-

cussion much easier. Figure 12 indicates the cost categories for this quality issue. 
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Figure 12: Cost breakdown for Button failures. 

 

Front line related costs covered service, installation, and call-out costs, which are related to 

the labor cost group. With this example, there were also administrative fees calculated from 

the system, as well as material costs and additional inspections needed from the third-party 

members. Like the earlier two case examples, front line related labor costs accounted for 

vast majority of the total costs, here 95 % in total.  

5.3.4  Major failure cases with other cause codes 

Earlier mentioned case examples have been all indicated to be as “Supplier Responsibility”, 

which was also set as the scope of this research. Material and freight costs are indicated 

differently in cases where the root cause has been caused by the case of the company itself, 

for example due to internal processing errors or installation failures. For this reason, it is 

good to analyze briefly the comparison to the other similar cases, if there are differences to 

the cost distribution between the cause codes. In Figure 13, there are six different cases 

(“CL” as per the internal documentation reference), which includes also the case earlier men-

tioned “wrong material delivery” case (reference to CL example 4). Labor costs are high-

lighted in yellow,  material costs in blue, and freight costs in pink. 

95 %

4 %

1 % 0 %

Cost categorization

FL service, installations, call-outs Material cost Admin fees 3rd party inspections
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Figure 13: Quality cost comparison. 

 

It can be stated from the figure that now there are more variations in the cost distribution in 

general. Labor costs have accounted for the highest cost group in case examples 1, 4 and 6, 

but that is not the case with the other 3 cases. With example 2, the material costs have been 

significantly higher, which highlights the importance of following correct procedures espe-

cially with the higher material cost products. With case examples 3 and 5, the freight costs 

have been accounted as highest, which indicates the high number of deliveries needed in 

total to cover the failure cases, especially with case 5, where there has been need for hun-

dreds of deliveries in total. Conclusion can be made from the statistics, that with the “Sup-

plier COPQ”, the main focus shall be with the front line costs, as the material and freight 

costs are typically already covered by the feedback handling process by Suppliers. 

5.4  Current state of system inputs and reporting 

Supplier Quality example cases highlighted the problematic areas of Supplier COPQ, espe-

cially in very manual and labor-intensive data collection, lack of standardization, as well as 

internal and external disputes of the collected data as part of Supplier negotiations. There-

fore, the data collection and reporting methods should be analyzed further. In addition, cur-

rent internal documentation indicated that the COPQ reporting formats are not up to date, 

and so the COPQ reporting should be examined in detail.  Information for these themes was 

collected via set of interviews to the relevant stakeholder at case company: 1) feedback han-

dling team and Quality Managers to understand the system inputs and data collection, and 
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2) Business Analysts to understand the reporting system architecture, and 3) former em-

ployee who had experience from COPQ reporting dashboard. For the interviews, there were 

multiple methods used: some of the topics were more reasonable to handle with survey type 

of e-mails, whereas with other topics were easier to handle through an interview process. In 

other words, both research methods of “surveys” and “semi-structured interviews” were ap-

plied on this part. 

5.4.1  Feedback team and system inputs 

Based on the communication and information shared by the feedback handling team and 

Quality Mangers, the information shared in the case examples (5.3) was reflecting the true 

nature of processes. Case company uses SAP as their ERP-system, and feedback handling is 

managed with the SAP QM (Quality Management) component. As part of the QM, there are 

notifications created for each feedback in the system, where case company will input the 

relevant information such as front line details (equipment, address, contacts, etc.), failure 

details (failure description, component and supplier in question, status, etc.), and assign the 

feedback responsibility status.  Feedback responsibilities might be assigned to front lines 

(e.g., material damaged during installation), internal functions such as supply chain or engi-

neering (e.g., wrong material ordered) or external suppliers, where the cause of feedback is 

estimated to be from the origin of Supplier (e.g. defective product, wrong material, wrong 

quantity). SAP QM is therefore a tool to collect and track all the communication related to 

the feedback in question, whereas the internal and external communication is managed oth-

erwise through e-mail communication.  

As part of feedback management, system has function of “PONC” (Price of Non-Conform-

ity) to collect the costs of feedback. Costs are allocated under the “Supply Line” (SL) and 

“Front Line” (FL) cost groups, as well as “Other Supplier Costs”. These cost inputs are also 

further input to the other meta systems, where feedback costs are collected, analyzed, and 

reported (more in 5.4.2). Costs are not, however, currently allocated as the system suggests. 

As per the current system, there are only “SL Order Costs” accounted to the feedback. These 

can be demonstrated with two examples from Figure 14. Above in the figure, there is “Sup-

plier responsibility” feedback of defective material, which was replaced at the front line. 

This caused therefore extra FL- and Disruption related costs for the case company, which 
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are not logged into the system (either to “FL Costs” or “Other Supplier Costs”). On the 

second example case, there was feedback caused by FL-operations, but only SL costs were 

collected and reported in the system.  

 

Figure 14: Current cost allocation in SAP. 

 

Feedback handling team mentioned that the issue has been identified from the processes, but 

there have not yet been sufficient resources given to SAP development, which would enable 

the system to collect other data types. As result of the conversation, SAP development spe-

cialists were contacted once again, and the topic activated at the case company. With the 

current procedures case company is triggering the PONC calculation with certain scenarios. 
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Here, there are relevant system input of “major quality issue”, where the cost collection is 

set to be started and the communication starts between FL-operations and feedback team, 

that the costs should be recorded. This is executed with the Excel listings, which includes 

the basic information needed for cost collection: project name, equipment, subcontractors 

used, hours spent, activities needed, and time stamps. This cost data is further reported inside 

business units, but data is not visible in the ERP environment yet. This data is also the basis 

for future supplier communication when the cost negotiations begin. But as mentioned with 

the case examples of chapter 5.3, suppliers have not yet been satisfied with the level of detail 

of current cost breakdowns models, and there have been some internal disputes as well re-

garding the cost groupings. 

5.4.2  Business analytics and COPQ reporting system 

Business analytics 

Business Analytic demonstrated the reporting system architecture during the interview, such 

as how the performance metrics are formulated, which are the data lineages of the Supply 

Management dashboard, and which are the raw data sources from the system and databases. 

Interviewee also described how the information of the reports is utilized at the case company, 

and what are the plans for the reporting development at the case company in near future. 

From the architecture discussion, there were noteworthy findings made, which supported the 

case study of this research. In the dashboard, there was an illustration of “SL COPQ” and 

“FL COPQ” indicated, which also supported the option to filter the “Supplier” view to the 

COPQ view. Based on the data lineage, the system fetched data from ERP (SAP SQL), with 

the tables related to the cost elements, sales documents, cost categories and elements. Line-

age has also input from Office 365 SharePoint, which indicated the utilization of local busi-

ness unit, function or team level data (which might be more in manual formatting). BI report 

then formulates the costs into FL and SL costs, based on the assigned feedback responsibil-

ities. However, this dashboard was designed only for the project-based reporting purposes 

(i.e., the project specific quality costs analysis) of “Supply Management” team, and this was 

visible through the report structures. In the filtered “Supplier view”, the system generated 

duplicates to the report, and thus the data would not be trustworthy enough to be utilized as 

it is.  Due to the main purpose of the report in question, this issue will not likely be resolved, 



62 

 

as the relevant development resources are reserved only for the Supply Management needs. 

Business Analytic suggested to raise the development need to the Quality reporting func-

tions, as part of the future development of new reporting system, which was stated to be 

implemented within the same calendar year.  

COPQ dashboard 

Former employee of case company was working with the “COPQ dashboard”, which was 

created to demonstrate the COPQ reporting system at the case company. It covered front line 

and services (e.g., call-outs, retrofits), delivery (in this context including installation costs), 

Supply Chain (internal COPQ from operations) and invoicing costs. Dashboard was formu-

lated into the “Quality iceberg” model (see Figure 15), which suggests, that Supply Chain 

costs are mostly monitored within the company, whereas most of the COPQ would be in 

reality from service, delivery and invoicing operations, where the costs are more “hidden” 

from the standard reporting formats.  

 

Figure 15: COPQ current measurement system (Case company’s internal documentation, 2025). 

 

According to the interviewee, purpose of the dashboard was to design a “proof of concept” 

for the dashboard, with the main purpose to “enhance the transparency around COPQ of case 

company and initiate migration as part of the future reporting system change”. Data was 

formulated from current reporting systems as static inputs (i.e., exported reports from live 

data, used in the new report format), meaning that those require manual formatting into the 

new tool. Interviewee created also detailed workflow instructions, to outline the data 
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preparation process for the data model, with the exact references to the used reports and 

filters. For example, the subcontracting costs were calculated from appointed report from 

the current reporting system (productivity performance report), where the “hours data” was 

exported, modified, currency converted and multiplied by hourly cost data. Similarly, ser-

vice-related costs were exported from maintenance dashboards. All the current data sources 

were exported manual reports, where in some of the exported data needed essential amount 

of data cleansing before usage. These instructions were followed as part of the annual re-

porting cycle, and business analytics from case companies were able to update the model 

data as per the updated data. However, data modeling still not following the automatic data 

refreshment for live data, although there was initial plan to formulate this type of dashboard 

within 2026 into the new BI system. Furthermore, the interviewee suggested, that adding 

“Supplier view” directly to this dashboard might not be suitable, as that was more of a proof-

of-concept type of project. Instead, the new data windows should be added to the new COPQ 

report, when this is eventually developed in the new BI system. 

5.5  Contractual liabilities of Cost of Poor Quality 

Analysis was completed for relevant contractual documents, which are stating the contrac-

tual liabilities towards the Suppliers. These documents state all the key elements of case 

company and Supplier business, such as ordering system, related affiliates, logistics, quality, 

warranty, and pricing. Analysis was made to understand the liabilities towards Suppliers, 

which are referring to the COPQ-related cost items. Relevant documentation indicated: 

• Material Costs: warranty related terms indicate material replacements free-of-charge.  

• FL Costs: warranty and quality related terms indicate failure analysis compensations, 

work hour compensations (replacement, repair). 

• Disruption Costs: these are indirectly referred to within the documentation (e.g., 

through additional failure analysis, delay penalties). 

• Logistics Costs: warranty and quality related terms indicate transportation cost com-

pensation, and possible expeditions. 

• Assessment Costs: warranty and quality related terms indicate failure analysis com-

pensations, work hour compensations (analysis, assessments). Terms also refer to the 
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administration fees for feedback management, and compensation of possible 3rd 

party inspection procedures. 

 

Although case company has not yet defined “Cost of Poor Quality” in the contractual agree-

ment documents in the actual wording, most of the underlying elements are already visible 

in the frame agreement in current (2024-2025 revision) documentation template.  Analysis 

also indicated that many of the agreement documents were not within the set required con-

tract renewal limit (i.e., those are older than the internally set limit). In this context, it means 

that some of the above indicated requirements are not liable for significant share of suppliers 

as it is: for example, 2017 revision of agreement documentation was already missing the 

notions of additional administrative costs of feedback handling. 

 

5.6  Conclusions 

Due to the outdated general presentation of COPQ, there have been multiple different cal-

culation and presentation formats introduced in the internal reporting system. In many of the 

current reporting systems, COPQ mainly refers to the cost data based on the ERP quality 

notifications and the set “Supply Line” related direct material and transportation costs. Based 

on the actual scenarios, “Front Line” costs account for high percentage of the costs, and 

would be essentially needed on the reporting system, when it comes to COPQ reporting. 

From the actual example case studies, the interviewed managers highlighted the need for 

standardized processes, data collection methods and reporting systems. There have been re-

sources used for the COPQ reporting lately with the project of formalizing a “COPQ dash-

board”, but it is still relying on static data and manual reporting format. From contractual 

point of view, COPQ has not been yet directly associated within the documentation, although 

the relevant cost items can be found from the clauses (e.g., replacement related cost liabilities 

to Suppliers are under the warranty clauses). 
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6  Warranty calculation with Key Suppliers 

This chapter will begin with short introduction to typical component types within equipment 

sold by case company, which will form a basis for later warranty related discussions. In the 

warranty discussion, empirical data has been collected by interviews with experts from 

Maintenance, Quality Excellence, and Spares & Service functions. Finally, data is collected 

and analyzed with the input of earlier mentioned areas. 

6.1  Product types in sold equipment 

Sold equipment includes variety of different types of components, and those also vary as per 

the equipment type. Some of the components are mandatory and regulated by standardiza-

tion. For example, in Europe, EU directives set already certain equipment requirements. In 

general view, the sub-components are collection of modules, which are installed into equip-

ment unit at the customer’s site. Each module consists of series of component types, which 

vary from mechanical, sheet metal and machined components to electrical module type of 

components including for example PCBA’s and wire sets. In conclusion, there are numerous 

different product types in the sold equipment, indicating also several different Supplier 

types. This concludes that these factors should be considered as part of the extended warranty 

discussion, as different product groups should be approached with the best suited warranty 

strategies. 

6.2  Data sources and reporting systems 

Before the data collection could be started, there were interviews to understand the potential 

data sources and measurement systems, which could be later applied. First interview was 

held with the maintenance function, where the interviewee is working in the Reliability team, 

as R&D Maintenance Expert.  Expert was aware of the topic at hand, as it has been already 

topical for some time at case company, and it has already been part of the assigned tasks as 

part of analyzing certain product groups. Therefore, there were already numerous sugges-

tions given in the interview about the potential data sources and internal contact points. 
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Firstly, there was discussion about the already conducted analysis with certain products. 

With these products, case company had data from multiple data sources and analysis tools: 

• Database A: Failure data from the database associated with the equipment in service. 

This source had opportunity to list the associated failed components according to the 

service orders listed from field operations. Limitation with this data was, that the 

filtering was not possible through the “suppliers” – which limits the analysis, when 

case company is purchasing same components from multiple different Suppliers. 

• Database B: ERP based data, which is collecting the failure data within 24-month 

window. This could be further analyzed by the spares data (also in ERP), where there 

are indications of spare material needs for the service field (i.e., replacement material 

for the failed product, which has already extended the agreed warranty period). Lim-

itation with this data was that there are only 24-month window to the failure data, 

which is too short for the full extended warranty related analysis. 

• Tool A: Software based reliability tool, which is mainly used by the field operations 

and quality functions of front line. This has functionalities such as B10 life and fail-

ure rate calculation, based on the selected data. Limitation with this tool was that it 

is not commonly available, as there are relatively costly licenses required. 

• Tool B: Software based statistical analysis tool, which is mainly used by different 

Quality and Continual Improvement functions, but also used cross-functionally. 

Limitation is similar to Tool A, as this is license based and not commonly available. 

Further discussion with the first interviewee indicated that case company is following several 

maintenance and reliability metrics, but many of those reflect the internal operations. Failure 

Rate, Mean Time to Failure and B10 were seen as relevant performance measures of com-

ponent level reliability (see chapter 4.1.1.), and there was suggestion to proceed with these 

during the analysis. 

Database A is combining several different data catalogs (i.e., similarities to “Big Data”) in 

one website format, where users can make queries to fetch the data points together. These 

queries can be then exported into different formats and analyzed by the experts of case com-

pany. Database is still relatively new, and many of the experts are still learning to utilize this 

for its full potential. Based on the extended warranty discussion, there was already data 
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analysis started from the expert with certain product group, where the product prices are 

relatively high, especially when it comes to the expected lifecycle (compared to some other 

equipment product groups). Data was further shared for the research purpose and analyzed 

with the “case study” in 6.5. There was also another interview conducted to review the Da-

tabase A, with the Quality Manger of case company. Main purpose of this interview was to 

demonstrate the query mechanisms, which can be applied to fetch the product related data-

points from the database. 

For Database B, there was interview done to the Spares function, to understand how the 

failure data is visible in this environment, and whether there are data connections and trace-

ability between the age of failed component (i.e., replaced by spare business) and purchased, 

new component by the Spares business. Based on the interview, current purchase order raw 

data does not have direct link to the age of the changed component. There was discussion 

about the possibility of fetching this data from another functions, but this was not easily 

available during the research. From this function, Sales data was collected to represent the 

potential trends with certain product groups. 

6.3  Warranty data analysis for extended warranty time: Top Suppliers 

As mentioned earlier in this chapter, failure data analysis from Database A supports the 

component level analysis but does not yet work so well for the components, where there are 

multiple sources available. In other words, there cannot be “Supplier” based analysis done, 

without the risk of having multiple sources included in the same dataset – which could in 

worst case indicate significant errors in the data analysis phases. Therefore, Database B was 

selected, with the datasets calculations including failure rate (based on volumes and failure 

data), spares business volumes, and failure probability (based on failure rate). In this analysis 

format, there are both “Top Supplier” and “Top Material“ levels of analysis included. 

Before the analysis could be started, there was a need to select the scope of suppliers. With 

the case company, there are thousands of approved suppliers in the system. Even with scop-

ing only to the “key suppliers”, there are hundreds of suppliers included in the global scope, 

as there are numerous product categories and localized supply chains included. Therefore, 

the scoping followed Pareto mechanism for the top contributors based on total volumes from 

previous three years of business. Furthermore, there was a category-specific view created, 
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with the top spend supplier from each product category. With these two inputs, there were 

in total 8 suppliers included in the analysis. In the final scope, “Top Suppliers” included 

suppliers from mechanical component manufacturers, sheet metal assemblies, electrical de-

vices and control systems. Next, there was conducted a material level search for all selected 

suppliers, which was conducted with following parameters: 

• “Display Purchase Order” (ME23N) transaction in SAP 

• All PO’s to all Business Units 

• R24 time window (01-2024 to 01-2026) 

• Vendor number selection (8 individual search results) 

• Export the report and sort by top volume materials 

• Summarize Top 5 Material Listing from Top Suppliers 

Summarized listing was taken next to the next phase, which was Spares Analysis. Here, the 

earlier mentioned top materials were compared to the Spares database of Purchase Orders, 

to understand the Spares statistics for the components in scope. This information indicates 

the purchasing volumes after the warranty period is over. Unfortunately, this information 

has its limitations, as the materials might be significantly older than the estimated extended 

warranty period, but should nevertheless give an indication for the Spares trends. 

From the Top 5 material listing, there was a query done to identify the top materials with 

most failures during the warranty period. Failure rates were then calculated through the sys-

tem, by the cumulative failure rate method, which calculates the diagonal axis of the Nevada 

chart (highlighted as yellow in Figure 16). This populates data in the format, where outputs 

can be in presented with “X failures from Y month of delivery”. This data will be then com-

pared to the cumulative sales quantities; for example, if there were total of 12 claims after 2 

months of delivery, and the volume of corresponding month is 10000 units, failure rate 

would be 12/10000 = 0,0012. As this is cumulative result, the result will be the cumulative 

failure rate from the latest period. Figure 16 presents the example format of the Nevada chart 

and cumulative calculation method (for example, adding 0,00020 failure rate from second 

row to the earlier result of 0,00014 will sum up to 0,00034). 
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Figure 16: Example calculation for Nevada chart and Failure rate. 

 

Finally, there was also “Supplier level” analysis conducted, where there were failure rates 

were calculated from all the products delivered (not only the “Top Materials”). Reasoning 

with this was to include the total view for the Suppliers in question, and to point out whether 

if the Top Material analysis results match the overall quality performance. Analysis results 

were summarized to Table 2.  

Table 2: Top Supplier Analysis 

Supplier (rando-

mized order) 

Failure 

Rate 

Vs. Top 

Material 

Product 

type 

Spares 

relevance 

Material 

Code % 

Bundle 

or 

Single 

Supplier 1 0,0147 Lower Electrical Yes 33 % Both 

Supplier 2 0,0102 Similar Electrical Yes 93 % Single 

Supplier 3 0,0001 Lower Electrical No 80 % Both 

Supplier 4 0,0517 N/A Mechanical No 14 % Bundle 

Supplier 5 0,0009 Higher Electrical Yes 94 % Single 

Supplier 6 0,0054 N/A Mechanical No 23 % Bundle 

Supplier 7 0,0115 Lower Mechanical No 30 % Bundle 

Supplier 8 0,0016 N/A Mechanical Yes 52 % Bundle 

 

Categorization was done based on the product types, whether those are more in the mechan-

ical or electrical types of products. Based on the failure rate results, there can be some group-

ing done: Supplier 4 seems to have significantly higher failure rate than the next group. There 

are total of 3 Supplier in the range of 0,010 – 0,015 which indicates 1% to 1,5 % failure rate. 
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Remaining 4 Suppliers had significantly lower rates. Figure 17 visualizes the groupings in 

chart format. Top material comparison to the generic level indicated some variation as well:  

• Supplier 2 had similar rate in comparison. 

• Supplier 5 had higher rate in comparison. 

• Suppliers 1, 3 and 7 had lower rates in comparison. 

• Suppliers 4, 6 and 8 did not have results available (no “Top Material” based claims). 

One result of the variation can be seen from the types of sales units. With many of the Sup-

pliers within this examination, Top Materials included “bundle” type of products, which 

refers to assembly or module type of product. Bundle is indicated as one type of product but 

might have hundreds of sub-components included. Failure data can still have quantities 

based on the sub-assembly parts or include extremely high number of smaller parts such as 

screws or hooks used in the installation. Unfortunately, this is also visible with some of the 

Suppliers’ failure rates, for example with the Supplier 4: single claim with very high failure 

quantity of smaller inexpensive parts had extreme effect on the end-result. With some of the 

suppliers, there were both bundle and single type of products listed in the top material anal-

ysis, and Suppliers 2 and 5 had mostly single product types. Spares relevance was taken from 

two indicators: if the Supplier had relatively high spares volumes in portfolio view, or high 

Spares volumes for the listed “Top Materials”. With these inputs, 4 out of 8 Suppliers were 

seen as relevant. Spares were affected also by the bundling, as this organization will not 

likely purchase the same type of bundle as what was originally purchased, but some sub-

assembly part instead. 

Another material-related finding was that with some of the claims there were no material 

codes indicated, and descriptions were more generic (i.e., those claims were not traceable to 

any specific component). With Supplier 4, this percentage was exceptionally low (14 %), 

whereas with two of the Suppliers, the percentage was much higher (over 90%). This point 

is also worth considering, as it affects the reliability “product level” analysis, as the exact 

number of failed products is not known. 
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Figure 17: Top Supplier Failure Rates. 

 

Based on the analysis results, further filtering was used to set the scope of next phase anal-

ysis. Suppliers’ “single” product types were preferred for better data quality and also the 

Spares relevance and material code correctness were considered. With these results, analysis 

progresses with Suppliers 1, 2, 5 and 8. 

6.4  Extended warranty estimates with Probability plots  

For the next part, Tool A was not available for research purposes for the author and would 

have needed extensive consulting from internal stakeholder teams to conduct the analysis as 

per instructions. However, Tool B was already available for the author due to other project 

management tasks, so this was used instead. Data inputs were similar as described in 6.3: 

Nevada chart-based matrix input, with the indication of shipped quantities. Tool has func-

tionality to pre-process the data inputs to reliability analysis, which formats the data into 

time series of start time, end time and suggested frequencies. This can be further used to 

identify the suggested distribution of data. Weibull distribution was selected, as it was the 

best fitted as per the results. Then there was overview done to analyze the failure data distri-

bution with probability density functions (see chapter 4.1.1). Finally, there was distribution 

analysis function used to estimate the failure probability in the selected frequencies, i.e., the 

“extended warranty”. In other words, tool predicts the probability based on input failure data, 
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with given lifetime expectancy (i.e., 60 months for 5 years and 120 months for 10 years). 

This search was conducted with both 5- and 10-years selection, to see the results of both 

scenarios. Finally, the results were concluded into Table 3. 

Table 3: Failure Probability of extended warranty period. 

Supplier 60 month 

probability 

Upper 

bound 

120 month 

probability 

Upper 

bound 

Supplier 1 total 4,15 % 4,38 % 9,21 % 9,89 % 

Supplier 1 product 1 0,14 % 0,30 % 0,38 % 1,10 % 

Supplier 2 total 2,66 % 3,03 % 4,82 % 5,68 % 

Supplier 2 product 1 2,10 % 2,36 % 3,72 % 4,55 % 

Supplier 2 product 2 4,56 % 6,47 % 10,57 % 16,80 % 

Supplier 5 total 0,33 % 0,37 % 0,80 % 0,90 % 

Supplier 5 product 1 3,26 % 5,10 % 7,55 % 13,42 % 

Supplier 5 product 2 1,38 % 3,84 % 6,31 % 27,90 % 

Supplier 8 total 1,22 % 1,26 % 1,62 % 1,69 % 

 

There was also “Upper bound” calculation added to the analysis, which calculates the worst 

proportion of parts failing during warranty. Based on results, Supplier 1 presents relatively 

high failure probability in total statistics, but for the selected product, probability is ex-

tremely low. Supplier 1 had certain bundle items included in the statistics, which might have 

effect on the results. With Supplier 2, attention should be given especially to product 2, as 

the performance is significantly worse than product 1. With Supplier 5 product 1 and 2, the 

expected lifetime seems to drop closer to the 120-month interval, although there is quite big 

difference between the probability and upper bound calculation. Supplier 8, the only me-

chanical Supplier included, performed well on both analysis frames. 

6.5  Case examples for further examination 

With the supplier selected for case example, there was optimal reliability performance data 

available from both Databases (A and B). Reasons for the good availability of data originate 

from various reasons: 
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• Supplier has been under the earlier scope of analysis of Reliability team, due to the 

product relevance and criticality of the equipment’s functionality. 

• Supplier provides components with such material codes, which are not sourced from 

another manufacturers (i.e., all the material codes from system are linked to same 

Supplier). 

• There are collective and regular (monthly) failure report archives available. 

Due to the good data availability, more detailed analysis can be performed. In this research, 

this will be indicated as proof-of-concept to the other Suppliers as well, in case the system 

architecture will support the analysis of other “Top Materials” better in the future.  B10 data 

was collected from the maintenance and reliability databases, and visualized with Tool A. 

Total number of equipment, cycle data, total spare data and time to failure were selected as 

inputs, and the B10 value was presented to 15,5 years. This only concerning one of the prod-

uct types for the supplier in question. 

For the similar product type, there was another analysis completed, where Database A was 

used as a source. This database utilized equipment service data as reference, and with the 

sample dataset there were tables such as service type, failure information, and material de-

scription available, with the relevant time stamps. However, the analysis was not yet in suf-

ficient detail to make any conclusions based on the results. 

6.6  Conclusions 

For Database A, there is huge potential in future reliability analysis. If the case company can 

connect datapoints such as component age and type II failure together, component level life-

time analysis is with statistical analysis tools can be conducted, with fact-based data. Current 

product sales structures cause some variation with the “Supplier-specific” analysis, and the 

results were not trustworthy thus to all of the Top Suppliers. However, for the Suppliers, 

whose data was in more suitable format, there was lifetime expectation analysis done to the 

extended warranty periods. There were clear findings for certain Suppliers and product 

types, which should be addressed in future negotiations. These should be also compared to 

the internally set lifetime expectations (not visible in the research text due to confidentiality). 
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7  Analysis results and Design of the Performance Measurement 

framework for case study 

This chapter demonstrates the management framework, which concludes the findings of this 

case study from both research lines: Supplier COPQ and Extended warranty. Firstly, the 

framework design is introduced, after which there will be breakdown of the findings from 

both research lines. Finally, there are also further recommendations presented. 

7.1  Framework Supplier COPQ and Extended Warranty: Context, Process & Content 

Case company is working in a complex network, which includes various internal and exter-

nal stakeholders. There are, for example, internally divided operations by the global func-

tions, localized business units, factories, distribution centers, field units, R&D organizations, 

and project-based organizations. In the external field, there are direct and indirect suppliers 

in multiple Supply Chain tiers, subcontractors at the installation sites, and there are various 

customer groups.  In this case study, there are already numerous internal and external func-

tions included in the scope. Therefore, there was a framework selected for this research, 

which is specifically designed to analyze network PMS (introduced in chapter 3.2). Addi-

tionally, the selected framework design supports the case study well: based on the empirical 

part, stating the measurement context (i.e., the measurement environment), processes and 

content would need to be clarified. 

Framework (Figure 18) presented in this research mainly follows the format of the revised 

version by Pekkola and Ukko (2016), but some changes are made to support this case study 

better. In the Context, “culture” and “management methods and philosophy” were removed 

from the framework, and “documentation systems” was added. In the Content, metric group-

ings were already nominated to “Supplier COPQ” and “Warranty metrics”, as per the input 

from this research. In the Process, there was “Contractual liabilities” added to demonstrate 

the contractual trigger points for measurement, as those were found to be important areas to 

start the measurement processes in the Supplier interface. 
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Figure 18: Context, Process, Content Framework: Supplier COPQ & Extended Warranty (revised from Pekkola & Ukko, 

2016). 

In the framework, there are brackets added to indicate the chapters, where relevant infor-

mation can be found from the conclusions. Brackets are named after the research lines: [SC] 

for “Supplier COPQ” and [EW] for “Extended Warranty”. All the framework elements were 

not necessary for both of research lines, therefore there can be only either one of the items 

represented. For example, “Strategy” part was only presented in Supplier COPQ chapter 7.2. 

(i.e., [SC 7.2] in the framework), and “Products” only in Extended Warranty (i.e., [EW 7.6] 

in the framework).  

7.2  Standardized documentation systems and structures 

Based on several interviews and case examples, there is a need to harmonize and standardize 

COPQ-related documentation system. Case company has defined the “Cost of Poor Quality” 

concept, calculation methods, data collection, and monitoring systems on detailed level in 

history (2015), but the relevant guidelines have not been updated with the same pace as the 
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cross functional processes (refer to chapter 5.3 and Quality Document). This has caused dif-

ferent functions to interpret, monitor and analyze COPQ differently, which increases the 

risks of wrong justification based on presented data. Suggestion for case company would be 

to harmonize COPQ concept in the official documentation system, make cross-functional 

references for the updated data collection procedures and reporting systems, and thus im-

prove the decision-making process based on collective data management approach. There 

have already been resources used on the mapping process by the former employee, who has 

defined the current COPQ data sources and collection methods at very detailed level: this 

will have important part in formalizing the company level guidelines.  To success with this 

process, the COPQ guideline would need to be collectively evaluated by cross-functional 

organizations (e.g., Front Line operations, Feedback handling team, Supply Chain Quality, 

Supplier Quality, Factory Management, etc.), to ensure all teams are on-board with the data 

collection and evaluation methods. Ideally the guideline should include metric definitions, 

roles and responsibilities, process flows and stakeholders. There should be nominated person 

to manage the revision update project, who is responsible to coordinate with the relevant 

functions. Approval of the revised process should also be within the high enough authority 

by in the organization matrix. This should not be an issue, as COPQ management has been 

highlighted at the functional level strategies and it has also been topical at the top manage-

ment level recently. COPQ reduction has been also indicated as one key metrics by various 

functions, so this supports the strategic approach of investing team resources to update the 

company level guidelines. 

7.3  Metric implementation to the Performance Measurement System 

Supplier COPQ main elements are identified (see chapter 5.1), and those should be applied 

to the revised version of the guidelines (see chapter 7.2). Suggested “Supplier COPQ” cal-

culation method is also indicated with the Equation 1. This will give an opportunity to have 

more holistic view of Supplier COPQ to the management. Elements can be applied under 

the Supply Chain, containing following elements mentioned earlier: 1) Front Line, 2) Mate-

rial, 4) Disruption, 3) Logistics, 4) Assessment, 5) Accountability.  

In more practical level, metric implementation will need system integration activities, to 

ensure more streamlined processing of feedbacks, and enable metric monitoring with more 
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trustworthy data inputs. For the system integration, cost information would be ideally needed 

in the SAP system, to ensure cost visibility within company reporting. Alternatively, cost 

information can be transferred via local databases, in case those are added to the data lineage 

of Business Intelligence reporting architectures. Case company has thus multiple approaches 

to improve the system integration:  

• Include “FL-costs” and “Other Supplier Costs” in the feedback notification 

data. With this option, the traceability to each feedback costs would be improved, 

and data lineages would be already fetching the correct raw data sources. Case 

company should in this case decide if the cost allocation would be done to each 

feedback notification, or only in the selected scenarios. Cost allocation pro-

cessing should be instructed, and there should be traceability assured for the cost 

items, especially with the cases which would be taken into the Supplier negotia-

tions; case studies imply, that the cost breakdowns must be reported in detailed 

manner, with supportive evidence. Cost breakdowns and evidence should be thus 

attached to each notification in standardized formatting, which includes the trace-

ability of front line activities and other supplier costs (e.g., from delay penalties, 

factory disruptions, extra administrative fees, 3rd party inspections, etc.) 

• Consider new SAP functionalities to support the cost data collection: With this 

option, there would not be “FL-costs” or “Other Supplier Costs” visible on each 

feedback notification, but data would be available still in SAP. This option could 

be considered if the cost allocation on feedbacks is seen as obstacle. In practice, 

case company should explore the best-suited SAP functionalities to collect cost 

data. Some examples could be from SAP QM-module: QK01 to create and assign 

quality related nonconformity costs, allocate rework costs to Event-Based Cost 

Distribution, allocate costs to vendor based scrap listings, or take accounting ap-

proach and studying Activity-Based-Costs (CO-OM-ABC) possibilities (SAP 

SE, 2026). Whichever would be the best-suited option, SAP specialists should be 

consulted to understand the possible limitations and best approaches towards the 

cost allocation. This could in worst case, however, include significant changes to 

IT system infrastructures and thus bring high costs to the project. 
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• Keep the current cost reporting system but add the front line and other supplier 

cost items from localized SharePoint sites to the Business Intelligence (BI) re-

porting system. With this option, the limitation of current status persists (i.e., the 

costs are hidden in the SAP), but this would enable cost monitoring in the case 

where SAP integration is seen as obstacle. Costs would be in this case allocated 

in another database (for example, website-based shared workplaces), which 

would be then added to the BI reporting via data appropriate data lineages. Cost 

breakdowns could therefore be linked directly to the repositories, where data col-

lection and archiving would be easily traced. With this scenario, it is important 

that the data source is easily refreshed, data access and ownership is defined, and 

data quality is monitored periodically. 

Finally, when the data collection and reporting systems are defined, Supplier COPQ should 

be included in the revised general guidelines of COPQ. Performance management aspects 

should be taken into account and ensure 1) strategic alignment between the new metric sys-

tem and company goals, 2) stakeholder expectations are met, 3) causal relationships between 

datapoints (avoid duplicate reporting), 4) dynamic adaptability in case of changes are 

needed, and 5) clarity and simplicity is ensured with the definitions, communication and 

presentation (see chapter 3.1.1., p. 28-29).  Also, the principles and concepts of “Kanji’s 

Business Excellence Model” format can be seen as best practice to analyze the aspects of 

quality performance monitoring: fact- and people based management, where the customer 

focus and continuous improvement are in the center (see Figure 4, p. 30). 

7.4  Contractual aspects 

Regarding contractual documentation, suggestions can be made to include the “Cost of Poor 

Quality” wording and definitions on the agreement texts, as these are currently missing. Even 

though these are not directly implied, suppliers’ have the liabilities indicated on the frame-

work agreement: majority of the relevant elements of “Supplier Cost of Poor Quality” are 

already indicated on the current framework documents, under the quality and warranty 

clauses. In case the Supplier Cost of Poor Quality is monitored as an official Supplier metric 

in the future, those should also be included in the future quality requirements accordingly. 

Furthermore, agreement documentation revisions still have variance: older revision 
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documentation did already have quite different display of requirements. Suggestion would 

be to create automatic tools to monitor the agreement lifecycle and put high focus on keeping 

the set internal requirements of contract renewal times. Based on the interviews, there were 

also suggestion to consider standardized fee structures via the quality requirements. In prac-

tice, this could be implemented for example by: 

• Adding generalized fee structures for certain Quality scenarios, e.g., when there are 

a retrofit occurring caused by Supplier issue, or in form of “when X amount of de-

fective products within same batch sent to customer, then Y amount of penalty will 

be applied”. 

• Adding generalized administration fee for each processed feedback, which is as-

signed to Supplier responsibility. This payment would cover (at least partly) the 

COPQ related costs for each feedback notification. This was partly mentioned in 

some of the requirements already, but not yet applied in the case examples. 

Key benefit of this approach would be to reduce the processing time of the Supplier COPQ 

calculation and work hours spent on the data collection and negotiations on each Supplier 

COPQ case. As per the inputs from the case studies, Supplier negotiations, internal disputes 

for cost groupings, and front line cost collection activities require extensive cross-depart-

mental resources, and the processing times were seen long. 

Another viewpoint to the contractual aspects were to consider the Reliability based metrics 

on the Supplier agreement documentation. Currently, agreements are mainly referring to the 

warranty clauses and payment liabilities in case of failures detected, rather than monitoring 

the Supplier and/or Product level Reliability Capabilities. With the frame agreement docu-

mentation, this set-up will be likely the case in future as well, but adding Reliability related 

metrics to the quality specific annexes might add a relevant trigger for the Performance 

Measurement. Now, the Quality metrics refer to the shorter time window assessment of early 

failures as part of operative management, rather than analyzing performance even to the 

whole warranty period as per current standards. Analyzing the trends and reliability from the 

whole warranty period would be essential part when preparing for the extended warranty 

period related negotiations. Limitation of this procedure is the resource intensity as per the 

current procedures (e.g., manual data collection and consulting internal experts), and inter-

vals for these types of assessments should be considered carefully. Reliability metric 
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selection should be analyzed together with Reliability and Product Category management, 

but those could, for example, include the earlier mentioned MTTF or B10 values for the key 

components from certain Suppliers.  

Finally, both in the COPQ and Warranty related discussion during the interviews, it became 

clear that both require strong understanding of the contract management: when leveraging 

the clauses set by the supplier contracts for additional warranty related costs, the cost allo-

cation is seldomly straightforward in terms of charging the costs. Contract Management is 

considered as one part of the responsibility areas of Purchasing organization, and the re-

sources used for this activity can be often limited. Therefore, one consideration could be to 

assign the Contract Management tasks directly to assigned personnel, as done with large 

enterprises globally. Contract Managers would manage contracts through the whole process: 

contract drafting, negotiation, signing and archiving, legal advice, contract lifecycle man-

agement, and overseeing that the contractual liabilities of Suppliers are effectively exploited 

(Indeed, 2025). This could have positive impact on managing the additional cost manage-

ment in the context of Supplier COPQ and negotiations for extended warranty periods with 

Suppliers.  

7.5  Periodical assessment of Reliability Capability 

Kapur & Pecht highlighted (2014, p. 168), that the Suppliers should understand the customer 

requirements and specifications, and define set of engineering activities to ensure the con-

formance to these specification and reliability requirements. Suppliers should also set up 

validation activities to verify, that the customer reliability requirements and product level 

expectations are met systematically during the product life cycle. There are improvement 

opportunities regarding these points, and reliability related expectations towards suppliers 

could be highlighted at a more detailed level. Supplier maturity and company size plays an 

important factor here, as some of the Suppliers with lower organization matrix do not have 

the available resources for such analysis capabilities. In the other hand, reliability capabili-

ties should be also part of the Supplier assessment criteria. For example, if Supplier A does 

have mature reliability processes and is able to provide insights to case company for failure 

trends in proactive manner, while as Supplier B does not have resources to monitor product 

level failure trends and is performing more in reactive manner according to reclamations 
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sent by case company, the assessment (and e.g., possible Supplier selection based decision-

making) should be different. 

While reliability monitoring expectations towards Suppliers is key topic to improve product 

level reliability, collaborative performance measurement and assessment activities should 

be also considered. Adding this assessment step to the metric criteria (see chapter 7.4) would 

be likely also a valuable input to the Reliability planning procedures at the Supplier organi-

zations in the phases of failure data tracking and monitoring, verification and validation, and 

reliability improvement (see chapter 4.1.2, Figure 6). Collaborative performance measure-

ment could be seen as mutual benefits: case company and Suppliers would have more fact-

based inputs to the failure data tracking and validation activities, as well as valuable inputs 

to the early planning phases such as reliability requirements for new products with similar 

technologies applied. With the collaborative analysis approach, early warnings from failure 

trends would be more easily detected and would such reduce the corrective action lead times. 

Likely these activities would not be ideal with every Supplier, and the collaboration and 

integration levels for customer-supplier relationships should be considered with dedication 

(refer to Pekkola & Ukko, 2016, p. 1410 – 1411).   

Internal limitation for this approach can be seen from the structures of case company. There 

is some distance between the Reliability and Supplier management functions within the or-

ganizational matrix, and the data is managed with different approaches: “Supplier-specific” 

data and “Product-based” data sets some challenges to the reliability data capture processing. 

Supplier data review should also include consulting of reliability experts to avoid wrong 

conclusions. Moreover, Supplier Quality functions do not have access to all the relevant 

tools and databases which support data collection. One solution for this would be to nominate 

“Reliability Key User” from Supplier Quality, who would have better connections to the 

Reliability stakeholders, databases, and license based software’s. This person could support 

to analyze Supplier specific reliability and lifecycle data when this is requested as part of the 

preparations to negotiate for extended warranty periods with Suppliers.  
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7.6  Product-based warranty strategies 

Extended warranty-related analysis and interviews indicated that the current state of data 

collection methodologies are not yet fully supporting the Supplier-based analysis for product 

failures. One of the key issues is the material-based information in the systems, which does 

not directly trace the product to the Supplier (as material might have multiple sources). Sec-

ondly, the data connection points for the age of changed components by Spares function was 

not yet easily available – this information would essentially improve the reliability analysis, 

as the decisions could be made based on fact-based data, rather than only predicting models. 

Thirdly, bundle, module, and assembly materials are affecting the product-based analysis, 

as the sales volume of one module might have hundreds of components, and those compo-

nents can be subject of failure claim in the system (i.e., 1 sold module vs. 100 failed compo-

nents). However, there are some suggestions based on interviews and data collection phase: 

• Increasing the serial number information in the databases. These are instructed to be 

used with the materials and should be thus available with the products via labels. 

From the serial numbers, there is traceability to the Manufacturer Codes, and even-

tually to the Supplier level analysis. 

• Cross-functional workshop with functions such as Spares, SAP, Quality, etc., to iden-

tify the correct queries to assess the age of replaced components and connect this to 

the Spares sales data. When the connection is known, metrics can be implemented to 

the BI-systems accordingly. 

• Set guidelines how to analyze bundle, module, and assembly materials, and have a 

periodical assessment with Suppliers to review the reliability capabilities, based on 

the same metric inputs. Now there are risks of wrong conclusions made based on the 

data discrepancies. 

Regarding the analysis conducted with the selected databases and tools, there were multiple 

findings made. As mentioned, the materials sold in bundles and modules should be identi-

fied, and the failure rate and probability analysis should be conducted with different meth-

ods. Strategy option for these would be to analyze the actual failure data together with the 

databases and reclamation analysis archives available from Suppliers in question, to form 

trustworthy understanding of baseline lifetime expectations. There were also some 
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differences visible between the material categories, as electrical types of components had 

much more material based information in the system, while as mechanical component types 

were performing better on the Failure Rate calculation. Component category level strategies 

should also take the internal lifetime expectancy into account and compare this to the 

achieved results.  If the Failure Rate trends are exponential and high, there are more expected 

failures during the extended warranty periods. If the Failure Rate trend is very low and stable, 

there should not be significant number of claims occurring, these can be considered with 

lower risks. With these Suppliers, case company could offer even more broad terms to war-

ranty, as there would be not many failures to be expected. Key thing will be to calculate the 

break-even to the extra costs of extended warranty, compared to the lifetime expectancy and 

expected failures (and COPQ) during the extended warranty period.  

Failure probabilities were also calculated for the selected Suppliers. Based on the small sam-

ple size, mechanical Supplier seemed to perform well in the prediction, compared to the 

electrical counterparts. From the predicted failure probabilities there should be high focus 

placed especially on the products with increasing results during the 5-year interval. With 

these, the strategic option could be to negotiate terms with relevant Suppliers in question, 

where the commonly agreed reliability analysis methods are considered as part of pricing: 

in case the results (with commonly agreed calculation methods) increase over the set thresh-

old, certain extended warranty terms should be applied free-of-charge, or with smaller price 

increases. In other words, there should be dynamic warranty pricing strategies considered 

with such product types. With the products with more stable failure probability expectations, 

the expected failure related COPQ should be calculated with the expected volumes for com-

ing years – in case the expected failure costs are significantly lower than extra costs caused 

by extended warranty, those costs are not reasonable to be paid by case company. Key things 

will be to find the “break-even” point: for example, if 5 % failure probability is expected for 

the extended warranty period, how much the predicted price increase from Supplier will be 

compared to the COPQ of the mentioned population of these products. 

There was also a suggestion to introduce Database A to the extended warranty analysis. 

Expertise levels for this database were still varying, as some early adapters have been already 

active with the database, while other key stakeholders were not yet fully accustomed to the 

use of this database. More trainings for the database usage (also for various functions, and 

not only R&D) would increase database awareness and potentially new and innovative ideas 
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from different functions. With the context of extended warranty analysis, this database has 

significant potential to connect the actual failure data from equipment in service, to the age 

of component. 

7.7  Future research opportunities 

There were also certain areas of interest, which were not addressed in detail during the em-

pirical study or analysis phases. Case company could consider these as further areas of re-

search in future. 

Contracts and example case studies of exploiting the clauses: 

For further research opportunities, case company could consider analyzing the actual pay-

ments done in history based on the contractual agreements and relevant clauses and analyze 

if those would require any updates in the general level. Now, the Supplier COPQ related 

items are quite well represented, but based on the case examples, there is still room for im-

provement in exploiting the actual payments, where Suppliers are liable for payments. For 

example, the administrative fee has been added already to some of the contractual documen-

tation but was not used with the example feedbacks. 

Product codes missing from the failure data: 

Now, especially with some of the analyzed mechanical category “Top Suppliers”, indicated 

that remarkably high percentage of material codes are missing from the failure data. This 

limits the component based failure rate analysis, which is one of the primary inputs to the 

early phases of Reliability Capability, (e.g., when the failure rates are expected for future 

projects or products). Root causes for the missing codes could be thus studied further and 

find ways to improve material traceability within this context. 

Future opportunities when data is categorized into different COPQ elements: 

With the data provided from the Supplier COPQ-calculation, SQM, Purchasing and Quality 

Management will have more in-depth view to the total quality costs caused by the Suppliers. 

Importance of the full cost visibility is important, as current management control and rele-

vant PMS supports mainly the direct costs of defects. With the hypothetical scenario case, 

the two different calculations (1200 € vs. 80 € unit price for defective part) had quite different 
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results from the total cost perspective. This might favor some of the Suppliers, in case the 

part and shipment costs are low, but might give wrong view from the total cost perspective 

(and perhaps reclamation would not have so much attention). With the cost level analysis, 

the focus can be put to the areas with the most issues. Even though the case examples were 

pointing towards FL costs, these are not taking the internal factory units and the relevant 

Supplier Quality issues account within this context: meaning that certain Suppliers can have 

major negative contribution at the factory assembly, but this is not visible in the feedback 

data, as the failures are detected within internal processes. Therefore, once the cost catego-

rization is further developed at the case company, and category level analysis is possible, the 

analysis can be done on cost group level. This can be further demonstrated with hypothetical 

cost level analysis, where Supplier A is more present in FL-costs, Supplier B in internal 

factory processing costs (disruption costs), and Supplier C with demonstrating the effect of 

one big reclamation issue, which needs to be analyzed through notified bodies: 

Table 4: Example of cost group level analysis (hypothetical data). 

Supplier Cost Group R12 COPQ Group % 

A 

Material Costs 2 000,00 € 3 % 
FL Costs 40 000,00 € 56 % 
Disruption Costs 10 000,00 € 14 % 
Logistics Costs 10 000,00 € 14 % 
Accountability Costs 5 000,00 € 7 % 
Assessment Costs 5 000,00 € 7 % 
Total Costs 72 000,00 € 100 % 

        

B 

Material Costs 2 000,00 € 4 % 
FL Costs 0,00 € 0 % 
Disruption Costs 30 000,00 € 64 % 
Logistics Costs 5 000,00 € 11 % 
Accountability Costs 5 000,00 € 11 % 
Assessment Costs 5 000,00 € 11 % 
Total Costs 47 000,00 € 100 % 

  

C 

Material Costs 2 000,00 € 2 % 
FL Costs 10 000,00 € 11 % 
Disruption Costs 10 000,00 € 11 % 
Logistics Costs 10 000,00 € 11 % 
Accountability Costs 5 000,00 € 6 % 
Assessment Costs 50 000,00 € 57 % 
Total Costs 87 000,00 € 100 % 

 

Table 4 demonstrates the earlier mentioned scenarios. With Supplier A, it is evident that that 

FL related costs should be addressed the most. Supplier B would not be even visible in 

COPQ monitoring in case it is only concerning the front line related feedbacks, which 
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supports the need to include also factory level Supplier COPQ to the monitoring system. In 

case of Supplier C, it is important, that also the possible extra costs from the possible 3rd 

party assessments are logged in the reporting systems and thus monitored through the Sup-

plier COPQ – with these the issue might be, that the bill is separately addressed, and not 

necessarily added into the same reporting systems, where the feedbacks are handled. 
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8  Conclusions 

Objectives of this research were to 1) identify the key elements of Supplier Cost of Poor 

Quality and understand the calculation mechanisms for the new metric, 2) perform quality 

and failure analysis for the top suppliers of each product category, during the extended war-

ranty period, and 3) create a framework for decision-making process based on the results of 

both inputs. From these objectives, there were three research questions derived, which are 

analyzed below in the same order, as introduced. 

1. Which are the key elements of Supplier Cost of Poor Quality, and how those are 

measured in the current system? 

Supplier COPQ key elements were demonstrated through earlier literature, and those were 

revised into the case company’s environment: 1) Front Line Costs, 2) Material Costs, 3) 

Disruption Costs, 4) Logistics Costs, 5) Assessment Costs, and  6) Accountability Costs. 

Detailed case examples suggested that in the case of Supplier COPQ (where Suppliers are 

responsible for the reclamation), Front Line related costs represent typically vast majority of 

the cost breakdown. With these cases, often the material related costs are already covered 

through the warranty processing – with the example cases without Supplier responsibility, 

there was more variation in COPQ breakdown. Sample size for case examples can be seen 

relatively small, and for more reliable results, the  recommendation is to continue the analy-

sis of cost breakdowns in future, once there are more systematic approaches to collect the 

Supplier COPQ data. Now, the data collection is still very manual: there are no systematic 

or standardized ways to collect and measure Supplier COPQ related information, reporting 

and data collection guidelines are outdated,  and the cost breakdown related activities are 

highly resource intensive. As there are costs associated with the topic, the evidence should 

be trustworthy and in clarified format. There were recommendations given in chapter 7, how 

to standardize the Supplier COPQ related processing, how to integrate the measurement of 

new metric in current system, and how to analyze this in the contractual viewpoint. With 

these recommendations, case company should have better prerequisites to measure Supplier 

COPQ in more effective and standardized approaches. 
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There were similarities and differences found from the earlier research, and the empirical 

research of this case study. Quality iceberg model is utilized at the case company, and it has 

been revised to the measurement environment of case company. Also, the Cost of Poor Qual-

ity main elements were identified from the internal guidelines. Total Costs of Quality was 

not as clearly visible, as within the literature: case company is more focusing on the “Cost 

of Poor Quality” side, and the “Cost of Good Quality” (i.e., the prevention and appraisal 

costs) were not analyzed within the same context. One recommendation would be to con-

ceptualize these cost groups within the same measurement context, to understand the causal 

relationship better, and drive the 1:10:100 mindset within the company, where the prevention 

systems are seen as superior in terms of total costs of quality.  

2. What is the reliability performance of the selected Top Suppliers during extended 

warranty period, and which are the suggested strategies based on the results? 

Reliability performance of the selected Top Suppliers during extended warranty period was 

analyzed through extensive data analysis phase. First, the concepts of reliability and war-

ranty were demonstrated through literature review, and those were then analyzed within the 

context of case company by interviews with experts of maintenance, quality, and spares 

functions. Based on the earlier inputs, relevant data was collected to calculate failure rates 

and failure probabilities for Top Suppliers and selected top materials, which were assessed 

as “reliability performance” for the selected Suppliers. Reliability performance varied based 

on the Supplier type (supplying mechanical or electrical component types) and product level. 

Limitation for this type of analysis was, that all of the selected 8 Suppliers did not have 

trustworthy failure data in the system: some were missing material codes from the database 

and so called “bundle materials” were causing issues for the analysis: material is purchased 

as one module, but the reclamation quantity is logged with the sub-component level. This 

causes inconsistencies in the failure rate analysis, which estimates these volume types to be 

similar with each other. As failure rates were an input for the later failure probabilities, these 

types of Suppliers were removed from that analysis phase. Nevertheless, failure rates were 

calculated for all Top Suppliers (varying from ca. 0,01 % to 5 %), and the key findings were 

that in general level the mechanical suppliers were performing better on the failure rate anal-

ysis, but electrical components had much better failure data quality in the database. Failure 

probabilities of 5-year extended warranty varied from 0,14 % to 4,56 %, with the 4 Top 

Suppliers and 5 Top Materials selected in this analysis phase. With 10-year extended 
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warranty period, results varied from 0,38 % to 10,57 %. What was noteworthy from the 

results were that certain products had significantly higher failure probabilities, and lifecycle 

of the product affected results as well. Earlier research suggested variety of extended war-

ranty strategies, such as free replacement, dynamic pricing, and different maintenance vari-

ations. Suggested approach for case company is to consider the strategies as per the product 

type, estimated lifetime expectancy, and expected failure probability, i.e., create component 

based strategies. Especially with the components with higher failure probability, it is relevant 

to understand the “break-even” point, i.e., when it is worth to pay higher price for the ex-

tended warranty with the estimated volumes. With these types of Suppliers and products, it 

would be recommended to analyze the dynamic pricing options for the applied warranty 

strategies (Cao K. et al., 2022, p. 3130 – 3133). With the low failure rate items, case company 

could consider even more broad terms to the warranty, as it is unlikely for the components 

to break during the extended period. 

When it comes to the “reliability performance” it would be good to apply the Reliability 

Capability even further at the case company and integrate the Suppliers further in this pro-

cess. This was highlighted in the earlier research (Kapur and Pecht, 2014, p. 168-174), but 

was not clearly seen in the empirical research. Now, case company has more reactive type 

of reliability metrics and guidelines with Suppliers: implementation of reliability metrics 

into the Supplier contracts, performance management and assessments would increase the 

proactive reliability planning within the supply network. For the other differences between 

earlier literature and empirical research were, that the burn-in program was not highlighted 

at the case company – which is due to the fact that this process is likely to be more followed 

at the Supplier processes. However, analyzing this process and the relevance to reliability 

functions and warranty planning could be one of the assessment criteria for Supplier audit-

ing, as those could improve the awareness of important reliability functionalities between 

the parties. Operating conditions were highlighted both in the reliability literature and case 

company processes, but the external shocks and improper maintenance were not yet clearly 

defined in the assessed documentation of this research. As the environment of the case com-

pany has sources for both of these variation types, it would be good to include these analysis 

steps into the reliability planning programs. For example, how the product design can be 

planned to withstand these factors better and would be thus set as design specifications to 

the Suppliers. RAMS program was mentioned both in the earlier literature and company 

guidelines, but those were not in the major scope of this research – further research could 
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integrate also the availability, maintainability, and safety functions to the Supplier interface, 

as Supplier reliability performance will likely have effects on this aspect as well. 

3. How the results of “Supplier Cost of Poor Quality” and “Extended Warranty” re-

lated analysis can be leveraged in the decision-making process? 

Even though both of the research lines were touching the Supplier Quality context, the un-

derlying themes were quite different. What was connecting both of these in this case study, 

was the performance measurement – both with the Supplier COPQ and Extended Warranty, 

research focused on the mapping and interpreting the measurement systems (as the data 

sources were not well known prior to the research), collecting the data as per mapped pro-

cedures, and analyzing the measured results. With both research lines, there was need to 

understand the measurement environment, underlying processes, and measurement content 

better. Additionally,  the case company was working in a complex and multilayered network, 

which contains several tiers in Supply Chain and multiple domains withing same corpora-

tion. Due to these factors, the “Context, Process & Content” framework was selected for the 

analysis purpose, as it is designed for PMSs within collaborative networks (Pekkola & Ukko, 

2016, p. 1411–1416). Connection to the decision-making process was created directly 

through this framework model, where the analysis inputs, findings and recommendations 

were concluded into the model. Supplier COPQ related analysis results can be therefore lev-

eraged within the processes of guidelines standardization, system integration, and metric 

implementation. Extended Warranty related analysis results can be leveraged within the Re-

liability Capability planning and product based warranty strategy creation. Analysis of Con-

tractual aspects were included in both of the research lines. 

Similarities of earlier research and empirical research could be found from many of the con-

temporary PMS system definitions. Both the literature and case company guidelines and 

processes support stakeholder alignment, process orientation, and strategical alignment: for 

example, earlier COPQ guideline was clearly referring to all of these aspects. What is note-

worthy, especially when improving the new COPQ reporting, is the understanding of causal 

relationships and clarity of metric systems. Costs cannot be in any circumstances as dupli-

cates, as those would immediately have negative effect on the trustworthiness of the meas-

urement system and Supplier communication. Simplicity of the metrics should be also ad-

dressed, especially with the metric definitions. Now, many functions interpret the COPQ 

differently, as there are no clear guidelines applied. Literature was also highlighting the 
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TQM and the Kanji’s Business Excellence Model for the quality based performance meas-

urement systems. With the case company, many of the key principles of KBEM are pre-

sented already withing the company: external customer values, people-based management, 

continuous improvement are strongly highlighted withing the core values and quality pro-

cesses. Internal customer satisfaction and fact-based management could be even more high-

lighted, to ensure the network level (many internal customers) effectiveness, and to under-

stand that “all work is process” – for example, with the Supplier COPQ measurement work-

flow analysis, this specifically was one of the current pain points of the measurement system, 

as the front line related cost items were not easily available to be measured effectively. 

 

Summary 

 

Research results answered all of the research questions and the earlier set objectives were 

met. There were certain limitations with the analysis results, but all of those were addressed 

withing the text with critical approach – for most of these, there were recommendations 

given, how these could be managed at the case company.  

As the case study included two rather complex research lines, the level of detail and the size 

of sample sizes (for example with number of Supplier COPQ case examples, or Top Suppli-

ers) can be seen as limiting factor for the research result reliability, and further research at 

the case company should validate these results with larger sample sizes, once the measure-

ment system improvements are implemented. As this research was mapping and interpretive, 

now the case company has better understanding to reach the system level improvements, 

which will then enable further analysis in future. In addition to the findings from the direct 

research scope, there were also multiple further recommendations given for the case com-

pany for both research lines. In conclusion, now the case company has better understanding 

of Supplier COPQ in general and they have multiple suggested ways to improve the Supplier 

COPQ reporting systems and relevant system integration. Case company has now also better 

understanding how to prepare for the Extended Warranty related discussions with Suppliers, 

to match the local market requirements better in the future. 
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