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I 

Abstract 
 

The context of fierce competition among industrial companies forces them to continuously 

improve their performances. The development of ‘Lean Manufacturing’ programs to fulfil 

this purpose brings out the popularity of the Overall Equipment Effectiveness (OEE); a 

measurement tool assessing the productivity of an equipment depending on its availability, 

performance and quality.  

 

The OEE philosophy has been adapted to fit the requirements of companies where processes 

are automated and companies where processes are manual. However, implementing this 

concept in a company with semi-automated processes (i.e. processes that requires both 

manual and automated interventions) remains a challenge. This thesis intends to design and 

implement a performance indicator inspired by the OEE philosophy on semi-automated 

production lines. 

 

In order to reach this aim, this thesis has been carried out in a company that develops and 

produces aircraft navigation instruments. The manufacture of these products is realised on 

semi-automated production lines requiring both the intervention of qualified operators and 

reliable machines. Investigations have been led with the company managers to understand the 

specifications of semi-automated environments. To design a performance indicator relevant 

regarding to these analyses, working groups composed of engineers of the company have 

been set up. Discussions with the operators have then been performed to implement this 

indicator on the company production lines. At the same time, the author of this paper 

developed a tool to display visual information on the performances measured on the lines. 

 

The discussions performed during the working groups resulted in defining the performance as 

the percentage of products that are not impacted by time losses. The collection of these time 

losses is ensured through the implementation of a table on the production lines that enables 

the operators to report the issues they undergo. This method underlined that the involvement 

of all employees from top management down to shop floor workers is a key success factor in 

the implementation of the performance indicator. 

 

Moreover, the studies carried out by the author of this paper reveal that the overall 

performance of semi-automated production lines is influenced by the organisation, the 

production means and the product performances. These analyses point out that expressing the 

overall performance as the average performance of the three entities mentioned above reflects 

the actual productivity of the semi-automated production lines. The classification of the time 

losses regarding to the entity they belong to enables to detect the limiting factor of the overall 

performance. In addition, the Pareto charts displayed in the tool developed by the author 

provide a visual identification on the areas where improvement actions have to be set up first. 

  



II 

Sammanfattning 

 

Hård konkurrens mellan industriföretag tvingar dem till att ständigt arbete med att förbättra 

sina prestationer. Utvecklingen av "Lean Manufacturing" program för att uppfylla detta syfte 

bidrar till populariteten av Overall Equipment Effectiveness (OEE); ett mätverktyg som 

används för att bedöma produktiviteten hos en utrustning beroende på dess tillgänglighet, 

prestanda och kvalitet. 

 

OEE filosofin har anpassats för att uppfylla krav hos företag där processer är automatiserade 

och företag där processer är manuell. Men implementeringen av detta koncept i ett företag 

med halvautomatiserade processer (dvs. processer som kräver både manuella ingrepp och 

automatiserade åtgärder) är fortfarande en utmaning. Denna avhandling avser att utforma och 

implementera en prestanda indikator, inspirerad av OEE filosofi, på halvautomatiska 

produktionslinjer. 

 

För att nå detta mål, har denna avhandling utförts i ett företag som utvecklar och tillverkar 

flygplans navigationsinstrument. Tillverkningen av dessa produkter realiseras på 

halvautomatiska produktionslinjer, som kräver både ingripande av kvalificerade operatörer 

och pålitliga maskiner . Undersökningar har utförts i samarbete med företags managers för att 

får förståelse för specifikationerna för halvautomatiska miljöer. För att utforma en prestanda 

indikator relevant för dessa analyser har arbetsgrupper bestående av ingenjörer i bolaget 

bildats. Diskussioner med operatörerna har sedan gjorts för att implementera denna indikator 

på företagets produktionslinjer. Samtidigt utvecklade författaren till denna uppsats ett verktyg 

för att visualisera information om den uppmätta prestandan på dessa linor. 

 

Diskussionerna som utförts inom arbetsgrupperna resulterar i definitionen av  prestanda som 

andelen produkter som inte påverkas av tidsförluster. Insamlingen av dessa tidsförluster 

säkerställs genom införandet av en tabell på produktionslinorna som gör det möjligt för 

operatörerna att rapportera problem de stöter på. Denna metod understryker att engagemang 

från alla medarbetare, från högsta ledningen ner till arbetarna på verkstadsgolvet, är en viktig 

framgångsfaktor för implementeringen av prestanda indikator. 

 

Dessutom  visar studierna som utförts av författaren till denna uppsats att den övergripande 

prestandan hos halvautomatiska produktionslinjer påverkas av organisationen, produktions 

medel samt produktens prestanda. Dessa analyser påvisar att uttrycka den övergripande 

prestandan som den genomsnittliga prestandan av de tre entiteter som nämns ovan återspeglar 

den faktiska produktiviteten hos halvautomatiska produktionslinjer. Klassificeringen av 

tidsförlusterna med avseende på den entitet som  de tillhör gör det möjligt att detektera den 

begränsande faktorn för den övergripande prestandan. Utöver detta så förser Pareto 

diagrammen, som visas i verktyget som utvecklats av författaren,  en visuell identifiering av 

de områden där förbättringsåtgärder måste sättas in först. 
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1 Introduction 
1.1 Background 

 

In a highly competitive manufacturing environment, companies need to continuously 

improve their processes in order to remain competitive. The limitations of the ‘Lean 

Manufacturing’ programs caused by the unreliability and inflexibility of equipment 

compelled companies to consider the importance of the maintenance (Tajiri and Gotoh, 

1992). To increase their equipment effectiveness, companies invested in the Total Productive 

Maintenance (TPM) model developed in Japan in the 1970s. The main objective of TPM is to 

increase the Overall Equipment Effectiveness (OEE); a measurement that gives the degree to 

which the equipment is doing what it is supposed to do based on availability, performance 

and quality rate (Williamson, 2006). 

 

The implementation of the OEE in several companies in the 1990s brings out the limitations 

of this tool. Muchiri and Pintelon (2008) pointed out that the scope of the OEE is restricted to 

the productivity behaviour of individual isolated equipment. To assess the productivity at a 

factory level, companies designed indicators based on the OEE philosophy that fits their 

particular requirements. This led to the development of the Total Equipment Effectiveness 

Performance (TEEP), the Overall Throughput Effectiveness (OTE), the Overall Factory 

Effectiveness (OFE), the Overall Plant Effectiveness (OPE) and the Overall Asset 

Effectiveness (OAE), to name but a few. 

 

These indicators inspired by the OEE are used to identify the major reasons for performance 

losses. This provides knowledge about the areas where root cause analyses must be led and 

where improvement methods shall be settled down. 

 

1.2 Purpose and Motivations 

 

This thesis analyses the case of a company which develops and produces aircraft navigation 

instruments. To satisfy high-quality standards, the company employs qualified operators and 

uses state-of-the-art production means. The manufacture of a product requires both the 

manual intervention of skilled workers and the automated intervention of reliable machines. 

The low production volume ensures that the manufacture of a product is focused on meeting 

the quality requirements of the aeronautical sector. Furthermore, considering the costs of the 

products, no scraps are allowed and all the defective parts are repaired. 

 

The company is already involved in several ‘Lean Manufacturing’ programs and now wish to 

implement a performance indicator inspired by the OEE to identify where further 

improvement can be implemented. This performance indicator must fit with the company 

specifications in order to provide relevant information for the managers. 

 

Jauregui Becker et al. (2015) put forward that the indicators presented in the previous chapter 

were implemented in companies where processes are automated. Kronos (2007) developed 

the Overall Labour Effectiveness (OLE) to assess the productivity of companies where 

processes are manual. However, no literature reports the implementation of the OEE in a 

company with semi-automated processes (i.e. processes that requires both manual and 

automated interventions). 

 

The purpose of this thesis is to present the design and the implementation of a performance 

indicator inspired by the OEE in a company where the processes are semi-automated.  
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1.3 Scope and Delimitation 

 

The scope of the study is limited to nine production lines of the company mentioned above. 

The processes, the machines used and the products realised slightly differ from one line to 

another. The performance indicator is designed to assess the productivity of each line 

separately. This thesis does not provide indications on how to evaluate the performance at the 

company level. The external services performance (products supply and delivery) is not 

included in the scope of this thesis. 

 

1.4 Methodology 

 

The literature research around the OEE philosophy stands for the beginning of this thesis. 

This academia study ensures that the project does not start from scratch and relies on solid 

bases. The objective of this working step is to make sure that neither other researchers nor 

other companies developed a performance indicator inspired by the OEE in a company where 

processes are semi-automated. The analyses of the literature confirm the relevance to perform 

this research project. 

 

The company where this thesis is carried out employs qualified operators and uses state-of-

the-art production means to realise high-quality-standards products. Analyses performed by 

the managers of the company point out that the current method to assess the productivity does 

not reflect the actual performance of the production lines. Investigations led by the author of 

this paper identify that the limitations of this method where due to the lack of consideration 

of the organisation and production means performances in the efficiency calculation. 

 

To define a process that collects time losses, the author of this paper set up three working 

groups: one concerning the organisation, another one the production means and the last one 

the products. These groups composed of persons knowledgeable in the areas mentioned 

before developed a table on an A3 format to collect the number of products impacted by each 

source of time losses. This data collection is designed to be performed by the operators. 

 

To implement this table on the nine production lines of the company, discussions are 

performed with the operators. These discussions aim at adapting the fields of the table to the 

specificities of each line. These exchanges also provide the instructions to the operators on 

how to fulfil this A3 format. 

 

To define how to calculate the figures provided by the performance indicators depending on 

the data collected, the author of this paper set up a fourth working group. This group 

composed of the managers of the company decided to express the productivity as the number 

of products that are not impacted by time losses. 

 

To provide visual information about the time losses and the performances of the production 

lines to the operators, the author of this thesis developed an Excel tool. This tool is filled in 

by the operators with the data collected on the workshop and displays a Pareto chart of the 

time losses and graphs with the performances evolution through the year. This information is 

used as a support to identify the areas where improvement actions must be performed. The 

deployment of this tool on the nine production lines marks the end of this thesis. 

 

The improvement actions performed to address the time losses and the use of the tool 

developed by the author to monitor the production are not developed in this thesis.  
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2 Literature and state-of-the-art study 
2.1 Lean Manufacturing 

 

After the end of World War II, Japan benefits from financial support from the United States. 

However, at the end of Korea War, the American government cut its investment in the 

military procurement, bringing Japan economy to a deep recession. Despite the financial help 

provided by the Japanese government, Japanese companies still need to find a way to catch 

up with the western industries. In the United States, the automotive companies follow the 

mass production model designed by Henry Ford. However in Japan, the lack of natural 

resources and the weak consumption force Japanese companies to develop their own 

scientific organisation of work. Toyota Motor Corporation, a Japanese automotive company 

founded in the 1930s by Sakichi Toyoda and his son Kiichiro Toyoda, develop an alternative 

model to Fordism. Taiichi Ohno, industrial engineer at Toyota designs a flow production 

system pulled by the actual demand rather than forecasts. This ‘pull-system’, in opposition to 

the western ‘push system’, only produces the parts required by the customers. This system, 

later known as Just-In-Time (JIT) enables Toyota to reduce its costs and increase its 

productivity (Monden, 2011). 

 

To compete with the American automotive industries in Detroit, Taiichi Ohno develops a 

model termed Toyota Production System (TPS). More comprehensive than the Just-In-Time, 

it aims at eradicating inefficiency and eliminating waste in the production process. To ensure 

that the products are ‘built-in-quality’, Toyota uses intelligent machines that automatically 

stop when a problem occurs. This system known as Jidoka highlights the root cause of the 

issues and compels operators to find a solution. To reduce the production costs, Ohno (1998) 

identifies three main sources of loss: overburden (Muri in Japanese), unevenness (Mura) and 

the ‘seven wastes’ (Muda): Transportation, Inventory, Motion, Waiting, Over-production, 

Over-processing and Defects. The model developed by Taiichi Ohno enables Toyota to 

perform twice better than western companies in term of productivity and one hundred times 

better in term of quality (Womack et al., 1990). 

 

The Toyota Production System inspires numerous companies, inside and outside Japan, that 

apply Taiichi Ohno philosophy to improve their productivity. In the West, the model 

becomes known under the name of ‘Lean Production’. Even if the culture differs, western 

companies try to transform their large batch size production into ‘one-piece-flow’ production 

(McCarthy and Rich, 2004). 
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2.2 TPM - Total Productive Maintenance 

 

Despite the investment in ‘Lean Production’ programs to improve their organizational 

capabilities, companies saw their benefits limited by the unreliability and inflexibility of 

equipment (Tajiri and Gotoh, 1992). Companies, that see the maintenance as a source of 

expenses, understand the strategic impact of this tool. Until then, maintenance consisted in 

using the equipment until it breaks and repairing it afterwards. In the United States, this 

‘reactive maintenance’ becomes replaced by new maintenance theories: Preventing 

Maintenance and Productive Maintenance. These theories, promoted in the 1950s in Japan, 

aim at preventing equipment failure through a continuous maintenance work (McKone and 

Weiss, 1998). However in the American model, operators do not realise maintenance 

operations that are ensured by a specific department. In opposition to this “I operate, you fix” 

model, Seiichi Nakajima, vice-chairman of the Japanese Institute of Plant Maintenance 

(JIPM), develop in 1971 the Total Productive Maintenance (TPM). More comprehensive than 

the American theories, TPM aims at providing a company-wide approach of maintenance 

management through the all staff participation. Seiichi Nakajima model was promoted in the 

United States in the 1980s to answer the need from American companies to increase their 

profitability through improvement programs. (Ramayah et al., 2002). 

 

The traditional approach of Total Productive Management is composed by eight ‘pillars’ 

(supporting activities) and a 5S foundation (Vorne Industries, 2013): 

 

  
 

Figure 1: Traditional model of TPM composed of eight ‘pillars’ and a 5S foundation 

 

To be successful, TPM implementation must answer the following five factors identified by 

the JIPM (Tsuchiya, 1992): 

 

 Maximize equipment effectiveness; 

 Establish a productive maintenance system for the life of the equipment; 

 Involve all departments in relation with the equipment (planning, design, use, 

maintenance) in TPM implementation; 

 Involve all employees from top management down to shop-floor workers; 

 Promote TPM through motivation management: voluntary small-group activities.  
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2.3 OEE – Overall Equipment Effectiveness 

 

The main objective of TPM is to increase equipment effectiveness. Seiichi Nakajima (1988) 

introduced the Overall Equipment Effectiveness (OEE), a measurement tool that gives the 

degree to which the equipment is doing what it is supposed to do based on availability, 

performance and quality rate (Williamson, 2006). 

 

2.3.1 The Six Big Losses 

 

The OEE tool is designed to identify losses that reduce the equipment effectiveness. These 

losses are activities which absorb resources without creating value (Jonsson and Lesshammar, 

1999). According to Nord et al. (1997) these losses are the result of disturbances that are 

either sporadic or chronic. Sporadic disturbances are easy to identify as they occur rapidly 

and largely deviates from the normal state. They occur irregularly but result in serious 

problems due to their dramatic effect. Chronic disturbances are difficult to identify as they 

are small and caused by multiple interacting factors. They occur repeatedly and result in a 

poor utilization of equipment and high costs. To identify them, a comparison must be done 

between the actual performance and the theoretical capacity of the equipment. 

 

The OEE identifies six main sources of manufacturing productivity loss: ‘breakdown losses’, 

‘setup and adjustment losses’, ‘idling and minor stoppage losses’, ‘reduced speed losses’, 

‘quality defects and rework’ and ‘start-up losses’. These losses, named the ‘Six Big Losses’ 

(Nakajima, 1988) are placed into three primary categories: downtime losses, speed losses and 

quality losses. According to Jonsson and Lesshammar (1999), the ‘Six Big Losses’ can be 

defined as follow: 

 

Downtime losses: 
 

1. Breakdown losses: are categorised as time losses when the failure reduces 

productivity and as quantity losses when it is caused by defective products. 

 

2. Setup and adjustment losses: occur when the production shifts from one item 

requirements to another. 

 

Speed losses: 
 

3. Idling and minor stoppage losses: occur when a machine is idling or when temporary 

malfunction interrupts the production. 

 

4. Reduced speed losses: refer to the difference between actual operating speed and 

equipment design speed. 

 

Quality losses: 
 

5. Quality defects and rework: are losses in quality caused by malfunctioning production 

equipment. 

 

6. Start-up losses: are yield losses that occur on the early stages of production from 

machine start-up to stabilisation. 
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Figure 2: Times considered in OEE in relation with the Six Big Losses 

 

2.3.2 OEE Calculation 

 

The OEE measurement tool provides an indication on the ineffectiveness caused by the ‘Six 

Big Losses’. According to Jauregui Becker et al. (2015), an effective production requires that: 

 

 The equipment runs during the planned production time; 

 The equipment produces the parts in the optimal (expected) speed; 

 The parts are produced according to specifications. 

 

The OEE is expressed as the multiplication of three rates: Availability (A), Performance (P) 

and Quality (Q). These rates take respectively into account the ‘downtime losses’, the ‘speed 

losses’ and the ‘quality losses’. The availability measures the difference between the time the 

equipment was available and the time it was programmed to work. The performance rate 

indicates how the equipment works compared with the ideal cycle time to produce a part. The 

quality rate measures the ratio of the total number of good parts produced to the total number 

of parts produced (Pereira Castro and Oliveira de Araujo, 2012). The calculation of these 

rates differs depending on the applications and authors (Jonsson and Lesshammar, 1999). The 

two main definitions developed by Nakajima (1988) and De Groote (1995) are presented on 

the figure 3. 
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Figure 3: Definition of the OEE variables, Source: Jonsson and Lesshammar, (1999) 

 

2.3.3 TEEP 

 

The OEE quantifies how performant is a manufacturing unit during the time in which it is 

scheduled to run (Capstone Metrics, 2011). It can be expressed as the ratio of the ‘valuable 

operating time’ to the ‘planned production time’. This indicator takes into account the 

‘downtime losses’, the ‘speed losses’ and the ‘quality losses’. However, the ‘loading losses’ 

identified as planned downtime on the figure 2, are not included in the OEE calculation. 

 

To take into account these ‘loading losses’, Ivancic (1998) introduces a new indicator called 

Total Equipment Effectiveness Performance (TEEP). The TEEP can be expressed as the ratio 

of the ‘valuable operating time’ to the ‘available production time’. It quantifies how 

performant is a manufacturing unit during the time the factory is opened. The TEEP tool 

encompasses the OEE tool and provides information about the influence of the scheduled 

maintenance on equipment effectiveness. While OEE is used at a shop-floor level, TEEP is 

used by production managers to design maintenance strategies (Muchiri and Pintelon, 2008). 

 

 
 

Figure 4: Definition of the TEEP variables  
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2.3.4 World Class Figures 

 

The OEE is used by manufacturing companies to assess the productivity of their 

manufacturing units. It is also used as a benchmark and a tool to compare the productivity of 

different lines inside a factory (Charaf and Ding, 2015). As the OEE definition differs from 

one business to another, the optimum OEE figure is not defined clearly. Nakajima (1988) 

considers that a world-class company should achieve an OEE of at least 85%. However, the 

analyses led on several ‘world-class’ companies by Ericsson (1997) show that the OEE value 

varies between 30% and 90%. These analyses support the arguments of Kotze (1993), who 

sets a more realistic value for ideal OEE around 50%. 

 

 
 

Figure 5: Word Class Figures for OEE variables, Source: Nakajima, (1988) 

 

2.3.5 Evolution of the OEE 

 

The OEE tool developed by Seiichi Nakajima in 1988 is restricted to the productivity 

behaviour of individual isolated equipment (Muchiri and Pintelon, 2008). To assess the 

productivity at a factory level, the OEE is not sufficient. Bluegrass Consulting (2013) 

identifies limiting factors of the OEE through two situations: 

 

 OEE is high – but required an important mobilisation of the workforce to keep the 

manufacturing unit operational 

 OEE is low – but the losses result from issues related to the workforce such as low 

attendance and poor scheduling. 

 

Kronos (2007) developed an indicator termed Overall Labour Effectiveness (OLE) to assess 

the productivity of a workforce. As the OEE, the OLE is the result of the multiplication of the 

three rates availability, performance and quality. However, as OLE is focused on the people, 

the definition of the rates differs. The availability is expressed as the ratio of the actual 

productive working time of operators to the scheduled operator time. The performance is 

expressed as the ratio of the actual output of operators to the expected output defined by the 

labour standards. The quality is expressed as the ratio of the number of saleable parts 

produced to the total number of parts produced (Bluegrass Consulting, 2013). A comparison 

between the definition of OEE and OLE sources of losses is presented on the figure 6.   
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Figure 6: Examples of sources of losses in OEE and OLE. 

 

Pearson Packaging Systems (2014) identifies that the OLE factors are often included in the 

calculation of the OEE. From this analysis, companies tend to develop a single indicator to 

asset the performance of their own business. To achieve this, Huang et al. (2003) introduced 

the Overall Throughput Effectiveness (OTE). This indicator can be expressed as the ratio 

between the actual number of good parts leaving the factory to the theoretical number of parts 

leaving the factory. Similar approaches led to the development of the Overall Factory 

Effectiveness (OFE), the Overall Plant Effectiveness (OPE) and the Overall Asset 

Effectiveness (OAE) (Muchiri and Pintelon, 2008). 
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2.4 Pareto Chart 

 

At the end of the 19th century, Vilfredo Pareto, an Italian economist, stated that 20% of the 

population owns 80% of the wealth (Grosfeld-Nir et al., 2007). In 1896, Joseph M. Juran, a 

management consultant, introduced the ‘80/20 principle’ based on Vilfredo Pareto 

observations.  This principle states that 20% of the causes generate 80% of the effects. It also 

classifies the causes into three classes ‘A’, ‘B’ and ‘C’. The ‘A’ group, named the ‘vital few’, 

encompasses the 20% of items causing 80% of the phenomenon. The ‘B’ group encompasses 

the next 30% of the items causing 10% of the phenomenon. The ‘C’ group, named the ‘trivial 

many’, encompasses the last 50% of the items causing 10% of the phenomenon. 

 

Ronen et al. (2005) design the ‘Pareto focusing methodology’ to identify areas that require 

specific supervision. It consists in classifying the different causes in the ‘A’, ‘B’ and ‘C’ 

classes through a Pareto chart. This chart is a frequency block diagram that displays the 

frequency of the different symptoms in descending order. Once the classification is realized, 

a set of rules is created for each class to define the resources that must be allocated to the 

improvement actions aiming at limiting the symptoms impact. An example of a Pareto chart 

is presented on the figure 7. 

 

 
 

Figure 7: Pareto chart of the reasons of downtime losses, Source: Vorne Industries (2008) 
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3 Other Background Descriptions 
3.1 Semi-automated Processes 

 

The manufacture of an aircraft navigation instrument is realised by manual operations on 

work stations and automated operations on machines. The technical specifications differ from 

one product to another. However the main steps are common to every production line and are 

presented on the figure 8. 

 

 
 

Figure 8: Main steps for the manufacture of an aircraft instrument 

 

3.2 Production Organisation 

 

The production is organised around a ‘smooth-pull flow’. ‘Pull’ means that the production is 

based on the actual monthly demand. ‘Smooth’ means that this demand is distributed over the 

month to fit the capacity of the production lines. To ensure the on-time delivery, each line has 

a safety stock of saleable products. 

 

The operators are trained on every step of the production process. They perform the manual 

operations on the work stations and set up the machines. The machines have a cycle time of 

24h and a capacity that vary from one line to another. The operators follow the same 

organisation every day. An example of organisation is presented on the figure 9. 

 

 
 

Figure 9: Daily organisation of one production line with two operators   
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3.3 Rework 

 

The products realised on the nine production lines must meet high-quality requirements. 

Failing a test on a machine or failing an aesthetical control are the criteria which bring about 

that a product is defective. The employment of qualified workforce ensures that very few 

breakdowns are due to improper handling from operators. In the same perspective, the use of 

reliable production means makes certain that no breakdowns can be imputed to the machines. 

 

The cost of the products makes it more viable to allocate time to repair the defective parts 

than to dump them. The flow of defective parts is separated from the production flow and the 

repairs are ensured by dedicated operators. The parts repaired are then injected again in the 

production flow at the supply area level. The time spent by the operators on the production 

line to process these repaired parts from the supply area to the operation where the 

breakdown occurred is termed as ‘rework time’. 

 

3.4 Performance Indicators 

 

The managers set up a tool to inventory the products breakdowns. This tool is used as a basis 

to calculate the number of breakdowns, the total rework time and the FPY (First Pass Yield). 

The company uses the FPY to assess the performance of its production lines. This indicator is 

expressed as the ratio of the number of good products leaving the production line without 

rework to the total number of products put into the line. The FPY is calculated according to 

the formula presented on the figure 10. 

 

 
 

Figure 10: Formula to calculate the FPY 

 

The FPY is the only performance indicator implemented on the production lines. It identifies 

and quantifies the time losses due to products breakdowns. However, investigations led by 

the managers of the company brought out that this tool does not reflect the actual 

performance of the production lines.  
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4 Analyses, Results and Proposals 
4.1 FPY Limitations 

 

The limitations of the FPY to assess the production lines efficiency entail the necessity to 

develop another performance indicator. To reach this target, the managers of the company 

wish to implement a tool inspired by the OEE to identify the sources of time losses.  

 

In order to develop a relevant tool, investigations are led by the author of this thesis to 

understand the reasons why the FPY failed to assess the performance of the production lines 

in this company. The literature study conducted on the OEE philosophy brings out a first 

answer. The FPY scope is limited to the study of quality losses. However, as presented in the 

chapter 2.3, downtime losses, speed losses and loading losses also impact the performance of 

the production lines. 

 

A second answer is given through a trivial observation. In a company with semi-automated 

processes, the manufacture of a product requires machines and operators. This entails that the 

overall performance of the production lines depends on the organisation, on the production 

means and on the products. The FPY only assesses the performance of the product and 

neglects both the performance of the organisation and the one of the production means. 

 

These analyses point out that the development of the new performance indicator must include 

data on the organisation, the production means and the products. It also underlines that the 

scope of this indicator must not only include quality losses but also downtime losses, speed 

losses and loading losses. 

 

4.2 Time Losses Collection 

 

In order to get further understanding of the specificities of each field, the author of this paper 

set up three working groups: one concerning the organisation, one concerning the production 

means and one concerning the products. These working groups were composed of persons 

knowledgeable on the areas mentioned before and led by the author of this paper. 

 

The discussions carried out during these groups concluded that the collection of the time 

losses data have to be performed by the operators. This choice aimed at compelling the 

operators to identify the issues that slow the performances of their production lines. 

 

To compare the impact of every source of disturbances, the decision has been taken to 

express the time losses with a common unit. Analyses led through the working groups 

brought out that having the impact expressed in hours was too binding for the operators. To 

solve this matter, the choice has been made to measure the number of products impacted by 

each issue. 

 

To do so, the working groups developed a table to be implemented on every production line. 

This table displays a list of issues classified according to the category they are related to: 

organisation, production means or products. Every time an operator undergoes a time loss, he 

identifies the source of the problem and draws a stick for each product impacted in the line of 

the table corresponding to this issue.  
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4.3 Topics Identification 

 

The implementation of the table mentioned on the previous chapter on the nine production 

lines was preceded by discussions with the operators. These discussions aimed at presenting 

them the file and at identifying for each production line the main sources of disturbances. 

This identification based on feelings and feedbacks enabled to prefill the table.  

 

The decision has been taken to limit the number of fields for each category to five. A field 

termed ‘Others’ has been defined to collect the number of products impacted by topics that 

have not been identified. Notes about these specific cases are written down in a dedicated 

area termed ‘Comments’. The final design of the table is presented on the appendix 1. 

 

Every month, the main sources of time losses are identified on each production line based on 

the information provided by the collecting tool. In case the field ‘Others’ is more filled in 

than one of the five fields identified, the table is modified to display the new five main topics. 

 

4.4 Indicators Calculation 

 

In order to display the performances of the production lines through figures, a fourth working 

group has been set up. This group was led by the author of this paper and composed of the 

managers of the company. The exchanges conducted by the author were meant to define the 

links between the data collected with the table and the figures provided by the indicators. 

 

The choice has been made to express the performance as the percentage of products that are 

not impacted by time losses. The formulas used to calculate the performances of a production 

line are presented on the figure 11. 

 

 
 

Figure 11: Formulas to calculate the performance indicators 

 

The reflections performed during this fourth group concluded that the indicators shall display 

the performances of the production line during a one-month period. To have a view on the 

evolution of these figures through a year, the values are displayed in a graph. The final design 

of the graph is presented on the appendix 4.  
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4.5 Tool Presentation 

 

To provide visual information about the time losses and the performances of the production 

lines to the operators, a tool has been developed by the author of this paper. This tool is an 

Excel file entitled ‘Production Monitoring’ and composed of four pages named respectively 

‘To Print’, ‘To Fill In’, ‘Information’ and ‘Performances’. An Excel file was developed for 

each production line and is updated monthly. In order to explain how this tool works, an 

example of use is presented in the chapters below. This example shows the utilisation of the 

tool during the month of November 2015 for the production line A that manufactures the 

product A. The design of the Excel document is presented on the appendices 1, 2, 3 and 4. 

 

4.5.1 Table Implementation 

 

At the beginning of November, the operators working on the production line A open the 

Excel document entitled ‘Production Monitoring – Product A’ available on the company 

internal database. They rename this document ‘Production Monitoring – Product A – 

November 2015’ and save it. 

 

The workers open the first tab of the Excel file named ‘To Print’. They fill in the fields 

‘Sources’ with the five main issues identified during the month of October for each category. 

This sheet is then printed on an A3 paper and put up on the production line A. The design of 

this sheet is presented on the appendix 1. 

 

4.5.2 Data Collection 
 

During the month of November, the operators fill in this A3 paper. Every day, they write the 

launch objective given by the manager, the launch realised, the delivery realised, the NOGO 

(Breakdowns) undergone in the table named ‘Objectives’ and the number of products 

impacted by time losses in the corresponding lines of the table named ‘Time Losses’. 

 

At the end of November, the operators open the second tab of the Excel file named ‘To Fill 

In’. They fill in this sheet with the data they have written down on the A3 format 

implemented on their production line. The design of this sheet is presented on the appendix 2. 

 

4.5.3 Time Losses Analyses 

 

The third tab of the Excel file named ‘Information’ extracts the data filled in by the operators 

in the page named ‘To Fill In’ and provides visual information about the time losses 

undergone on the production line A during the month of November. The design of this sheet 

is presented on the appendix 3. 

 

A Pareto chart displays the different sources of time losses undergone on the line in 

November, ranked in descending order. It provides the number of products impacted by each 

source of disturbances and the percentage this number represents among the total number of 

products impacted. This chart is used to determine the areas where improvement actions must 

be implemented. Every month, discussions between operators and managers are performed to 

decide on which of the main topics identified the actions must be carried out. However, the 

improvement actions performed are not presented in this thesis. The Pareto chart displaying 

the time losses undergone on the production line A during the month of November is 

presented on the figure 12.   
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Figure 12: Pareto chart of the time losses undergone on the production line A in November 

 

4.5.3 Performances Monitoring 

 

The page named ‘Information’ also calculates the percentages of performance of the 

production line A in November. These figures are transferred in the fourth tab of the Excel 

file named ‘Performances’. This sheet is completed with the percentages calculated during 

the previous months and displays four graphs showing the evolution of the performances of 

the production line A during the year 2015. These graphs enable to understand which 

category – organisation, production means or product – impacts the most the overall 

productivity. They also underlines if the performances drop below a target value set up by the 

managers. However, the use of this tool to monitor the production based on these graphs is 

not discussed in this thesis. The design of this fourth sheet is presented on the appendix 4. An 

example of a graph is presented on the figure 13. 

 

 
 

Figure 13: Evolution of the overall performances of the production line A in 2015.  
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5 Conclusion and Discussions 
5.1 Conclusion 

 

The methodology carried out during this thesis led to the development of a performance 

indicator inspired by the OEE that helps the managers of the company to identify the areas 

for further improvements. The investigations carried out by these managers conclude that the 

figures provided by the performance indicator reflect the actual performance of the 

production lines. The collection of the time losses classified in three categories – 

organisation, production means and products – ensures that the tool developed meets the 

requirements of a company where the processes are semi-automated. The implementation of 

the tool on nine production lines of the company that have different specificities points out 

that this indicator can be adapted to any production line with semi-automated processes. 

 

The key success factor to implement this performance indicator is to involve all employees 

from top management down to shop-floor workers. This analysis comforts the guideline 

provided by Seiichi Nakajima to implement ‘Total Productive Maintenance’ in a company. 

The decision to have the collection of the time losses data and the identification of the 

sources of disturbances done at the operators’ level ensures to have them involved in the 

project. The tool developed enables the operators to identify by themselves the main causes 

of performance losses and to suggest improvement actions to deal with these issues. The 

participation of the operators in the improvement actions motivates them to properly fill in 

the table collecting the time losses. The fact that the accuracy of the performance indicator 

relies on the information provided by the operators is rewarding for them. It shows that the 

managers of the company trust their abilities to understand the disturbances they experiment. 

 

The studies carried out during the literature research highlighted that the performance 

indicators inspired by the OEE were implemented either in companies where processes are 

automated (TEEP, OTE, OFE, OPE and OAE) or in companies where processes are manual 

(OLE). This thesis fills the gaps in the OEE literature by providing a methodology to 

implement a performance indicator in a company where processes are semi-automated. 

 

5.2 Critical Reflection 

 

As mentioned in the previous chapters, the accuracy of the performance indicators depends 

on the reliability of the data written manually by the operators. To limit the risk of oversights, 

the operators are instructed on how to fill in the A3 paper implemented on their production 

line every time they undergo a time loss. A misidentification of the source of disturbances 

will have a strong impact on the Pareto chart but only a limited one on the figures provided 

by the performance indicators. In the company where this thesis is carried out, the 

employment of qualified workers reduces this risk of misidentification. To collect the time 

losses in hours instead of in number of product impacted would provide more accurate 

analyses. This solution would yet add a huge workload to the workers and distract them from 

their daily tasks. 

 

In this thesis, the overall performance of a production line is expressed as the average of its 

organisation, production means and product performances. This calculation is based on the 

assumption that these three categories have the same influence on the overall performance. 

The use of a weighting average to calculate the overall performance would provide a more 

accurate definition of this figure. The difficulty faced to define a weight for each category 

motivates – at least for now – to perform the calculation with a simple average.  
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5.3 Future Work 

 

This thesis provides a methodology to implement performance indicators on semi-automated 

production lines. Nevertheless, it does not provide indications on how to implement a 

performance indicator to assess the productivity at the company level. In the literature, 

research performed in this perspective led to the development of the OTE, OFE, OPE and 

OAE, to name but a few. However, as described in the first chapters, no literature reports an 

attempt to implement such an indicator in a company where processes are semi-automated. 

Adapting the philosophy of these indicators to fulfil the requirements of companies with 

semi-automated process constitutes an opportunity to a room for further research. 

 

The tool developed to provide information and visuals about the time losses and the 

performances of the production lines does not include any financial data. The impact of the 

disturbances is measured in number of products. In order to have an idea on the financial 

impact of these disturbances, an average cost by occurrence could be estimated for each 

issue. This information would help to define Returns On Investment (ROI) for the 

improvement actions, i.e. how much money can be dedicated to these actions. The upgrade of 

this tool also constitutes a topic for future work.  



19 

References: 
 

Books 

McCarthy, D. and Rich, N. (2004), Lean TPM: A Blueprint for Change, Elsevier Science & 

Technology, Oxford, pp. 24-48. 

 

Monden, Y. (2011), Toyota Production System: An Integrated Approach to Just-In-Time, 4
th

 

edition, Productivity Press, Boca Raton, pp. xxiii-xxiv. 

 

Nakajima, S. (1988), Introduction to TPM: Total Productive Maintenance, Productivity 

Press, Cambridge. 

 

Nord, C., Pettersson, B. and Johansson, B. (1997), TPM: Total Productive Maintenance med 

Erfarenhet från Volvo, Idrottens Grafiska i Göteborg AB, Mölnlycke. 

 

Ohno, T. (1988), Toyota Production System: Beyond Large-scale Production, Productivity 

Press, Portland, pp. 17-44. 

 

Tajiri, M., & Gotoh, E. (1992), TPM Implementation: A Japanese Approach, McGraw-Hill, 

New York. 

 

Tsuchiya, S. (1992), Quality Maintenance: Zero Defects through Equipment Management, 

Productivity Press, Cambridge. 

 

Womack, J., Jones, D. and Roos, D. (1990), The Machine That Changed The World, Rawson 

Associates, New York. 

 

Articles 
Charaf, K. and Ding, H. (2015), Is Overall Equipment Effectiveness (OEE) Universally 

Applicable? The Case of Saint-Gobain, International Journal of Economics and Finance, 

Volume 7, Issue 2, pp. 241-252. 

 

De Groote, P. (1995), Maintenance performance analysis: a practical approach, Journal of 

Quality in Maintenance Engineering, Volume 1, Issue 2, pp. 4-24. 

 

Grosfeld-Nir, A., Ronen, B. and Nir, K. (2007), The Pareto managerial principle: when does 

it apply?, International Journal of production Research, Volume 45, Issue 10, pp. 2317-2325. 

 

Huang, S. H., Dismukes, J. P., Shi, J., Qi, S., Razzak, M. A., Bodhale, R. and Robinson, D. E. 

(2003) Manufacturing Productivity Improvement Using Effectiveness Metrics and Simulation 

Analysis. International Journal of Production Research, Volume 41, Issue 3, pp. 513–527. 

 

Jauregui Becker, J. M., Borst. J. and Van der Veen, A. (2015), Improving the overall 

equipment effectiveness in high-mix-low-volume manufacturing environments. CIRP Annals 

- Manufacturing Technology, Volume 64, pp. 419-422. 

 



20 

Jonsson, P. and Lesshammar, M. (1999), Evaluation and improvement of manufacturing 

performance measurement systems – the role of OEE. International Journal of Operations & 

Production Management, Volume 19, Issue 1, pp. 55-78. 

 

Kotze, D. (1993). Consistency, accuracy lead to maximum OEE benefits, TPM Newsletter, 

Volume 4, Issue 2. 

 

McKone, K. and Weiss, E. (1998), TPM: Planned and Autonomous Maintenance: Bridging 

the gap between Practice and Research, Production and Operations Management, Volume 7, 

Issue 4, pp. 335-351. 

 

Muchiri, P. and Pintelon, L. (2008), Performance measurement using overall equipment 

effectiveness (OEE): literature review and practical application discussion, International 

Journal of Production Research, Volume 46, Issue 13, pp. 3517-3535. 

 

Pereira Castro, F. and Oliveira de Araujo, F. (2012), Proposal for OEE (Overall Equipment 

Effectiveness) Indicator Deployment in a Beverage Plant. Brazilian Journal of Operations & 

Production Management, Volume 9, Issue 1, pp. 71-84. 

 

Ramayah, T., Jantan, M. and Hassan, M. M. (2002), Change management and 

implementation of Total Productive Maintenance: An exploratory study of Malaysian 

manufacturing companies. Utara Management Review, Volume 3, Issue 1, pp. 1-17. 

 

Websites 

Bluegrass Consulting (2013), WFE – The workforce dimension to OEE? Or how to measure 

the effective use of your workforce, at URL: http://www.bluegrassconsulting.be/wfe-the-

workforce-dimension-to-oee-or-how-to-measure-the-effective-use-of-your-workforce/ 

(viewed 19/07/2015) 

 

Capstone Metrics (2011), Overall Equipment Effectiveness (OEE) A General Discussion with 

Calculation Methods, at URL: http://capstonemetrics.com/files/whitepaper-oeeoverview.pdf 

(viewed 17/07/2015) 

 

Kronos (2007), Overall Labor Effectiveness (OLE): Achieving a Highly Effective Workforce, 

at URL: http://www.workforceinstitute.org/wp-content/uploads/2008/01/ole-achieving-

highly-effective-workforce.pdf (viewed 20/07/2015) 

 

Pearson Packaging Systems (2014), Does OLE mess with your OEE?, at URL: 

http://pearsonpkg.com/news/does-ole-mess-your-oee? (viewed 20/07/2015) 

 

Vorne Industries (2008), OEE Overall Equipment Effectiveness, at URL: 

http://www.oee.com/ (viewed 06/07/2015) 

 

Vorne Industries (2013), TPM – Total Productive Maintenance, at URL: 

http://www.leanproduction.com/tpm.html (viewed 15/07/2015) 

 

Williamson, R.M. (2006), Using Overall Equipment Effectiveness: the Metric and the 

Measures, at URL: https://www.swspitcrew.com/articles/OEE 0206.pdf (viewed 16/07/2015) 



21 

Conferences 
Ivancic, I. (1998), Development of Maintenance in Modern Production, Euromaintenance’98 

Conference, Dubrovnik, Hrvatska, October 5-7, 1998. Proceedings of 14th European 

Maintenance Conference, 1998. 

 

Reports 

Ericsson, J. (1997), Disruption Analysis – An Important Tool in Lean Production, 

Department of Production and Materials Engineering, Lund University, Lund. 

 

Ronen, B., Spiegler, I. and Kozlovsky, N. (2005), The use, misuse and abuse of the Pareto 

principle, Working paper, Tel Aviv University, Faculty of Management. 

  



22 

Appendix 1. Production Monitoring Tool – Page 1 ‘To Print’ 
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Appendix 2. Production Monitoring Tool – Page 2 ‘To Fill In’ 
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Appendix 3. Production Monitoring Tool – Page 3 ‘Information’ 
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Appendix 4. Production Monitoring Tool – Page 4 ‘Performances’ 
 

 


